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] ) ] AIGA 056/23
HUONG DAN THU'C HANH AN TOAN CHO

NHA MAY TACH KHi SIEU LANH
SAFE PRACTICES GUIDE FOR
CRYOGENIC AIR SEPARATIONS PLANTS

La moét phan cha chwong trinh hai hoa héa céc tiéu chuan nganh, Hiép hoi Khi cdng nghiép Chau A (AIGA)
da xuét ban AIGA 056, “Huéng dan ‘Thu’c hanh An tqén ,cho Nha n:léy Tach kh[ Siéu lanh”, dwoc san xuét
chung b&i cac thanh vién clia H6i dong Hai hoa Qudc té va ban dau dwgc xuat ban béi Hiép hoi Khi nén
(CGA) voi tén CGA P-8 “Hwéng dan Thuc hanh An toan cho Nha may Téch khi Siéu lanh”.

As part of a program of harmonisation of industry standards, the Asia Industrial Gases Association (AIGA) has published AIGA
056, “Safe Practices Guide for Cryogenic Air Separation Plants”, jointly produced by members of the International Harmonisation
Council and originally published by Compressed Gas Association (CGA) as CGA P-8 “Guideline for Safe Practices for Cryogenic
Air Separation Plants”.

An phdm nay dwoc du dinh la mot tiéu chuan hai hoa qubc té dé sir dung va ap dung trén toan thé gi¢i cho
tAt ca cac thanh vién cla Hiép hoi Khi cong nghiép Chau A (AIGA), Hiép hoi Khi nén (CGA), Hiép hoi Khi
coéng nghiép Chau Au (EIGA) va Hiép hdi Khi cédng nghiép va Y té Nhat Ban (JIMGA). Noi dung ky thuat
ctia mbi hiép hoi la gidbng hét nhau, ngoai trlr cac yéu cau phap ly khu vuc va cac thay ddi nhé vé dinh dang
va chinh ta.

This publication is intended as an international harmonized standard for the worldwide use and application of all members of the
Asia Industrial Gases Association (AIGA), Compressed Gas Association (CGA), European Industrial Gases Association (EIGA),
and Japan Industrial and Medical Gases Association (JIMGA). Each association’s technical content is identical, except for
regional regulatory requirements and minor changes in formatting and spelling.

Tuyén bd mién trir trach nhiém
Disclaimer

T4t ca cac 4n pham clia AIGA hodc mang tén AIGA déu chira thong tin, bao gdm Quy tac Thwe hanh, quy trinh an toan va cac thong tin
k§ thuat khac dwoc thu thap tir cac nguon ma AIGA tin 1a dang tin cay va/hoac dya trén thong tin ky thuat va kinh nghiém hién co tur
cac thanh vién ciia AIGA va nhirng ngudi khac tai thoi diém xuat ban. Do dd, chung t6i khong dua ra bat ky tuyén bb hay bao dam nao
cung nhuw khdng chdp nhan bat ky trach nhiém phap Iy nao vé tinh chinh xac, day di hodc ding dén cla thong tin co trong cac &n
pham nay.

All publications of AIGA or bearing AIGA’s name contain information, including Codes of Practice, safety procedures and other technical information that
were obtained from sources believed by AIGA to be reliable and/ or based on technical information and experience currently available from members of
AIGA and others at the date of the publication. As such, we do not make any representation or warranty nor accept any liability as to the accuracy,
completeness or correctness of the information contained in these publications.

Méc du AIGA khuyén nghi cac thanh vién ctia minh tham khao hoéc str dung cac &n pham clia minh, viéc tham khao hodc s dung do
clia cac thanh vién hodc bén th ba hoan toan la tw nguyén va khong mang tinh rang budc.

While AIGA recommends that its members refer to or use its publications, such reference to or use thereof by its members or third parties is purely
voluntary and not binding.

AIGA hoac céc thanh vién ctia minh khéng dam bao vé két qua va khong chiu bat ky trach nhiém phap ly hodc trach nhiém nao lién
quan dén viéc tham khao hoac s dung théng tin hodc dé xuét cé trong cac 4n phdm clia AIGA.

AIGA or its members make no guarantee of the results and assume no liability or responsibility in connection with the reference to or use of information or
suggestions contained in AIGA’s publications.

AIGA khong c6 bat ky quyen kiém soat nao déi véi hiéu suat hodc khong hiéu suét, viéc hidu sai, sir dung dung hodc khong dung bat
ky théng tin hodc dé& xuat nao co trong cac 4n phdm clia AIGA bi bat ky ca nhan hodc té chirc ndo (bao gdm cac thanh vién AIGA) va
AIGA tlr chdi rd rang moi trach nhiém phap ly lién quan dén didu do.

AIGA has no control whatsoever as regards, performance or non performance, misinterpretation, proper or improper use of any information or suggestions
contained in AIGA’s publications by any person or entity (including AIGA members) and AIGA expressly disclaims any liability in connection thereto.

Cac 4n pham ctia AIGA dwgc xem xét dinh ky va ngudi ding dwoc khuyén cdo nén lay phién ban méi nhat.

AIGA’s publications are subject to periodic review and users are cautioned to obtain the latest edition.

© DBuwoc sao chép va&i su cho phép clia Hiép hoi Khi cong nghiép Chau Au (EIGA). Bao lwu moi quyén.
Reproduced with permission from European Industrial Gases Association (EIGA). All Rights Reserved.
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1.

L&i gi¢i thiéu / Introduction

An pham nay cung cap hwéng dan vé van hanh an toan cac nha may tach khi siéu lanh. N6 dwa trén
kinh nghiém cla cac céng ty thanh vién CGA van hanh cac don vi tach khi siéu lanh (ASU).

This publication provides guidance on the safe operation of cryogenic air separation plants. It is based on the
experience of CGA member companies that operate cryogenic air separation units (ASUSs).

Qué trinh tach khi siéu lanh céng nghiép c6 mét s mébi nguy tiém an phai dwoc nhan biét va giai
quyét. Cac méi nguy bao gdm dién, khi nén, nhiét do rat thap, kha néng oxy day nhanh qua trinh
chay, va tinh chét gay ngat cta nito, argon va cac khi hiém [1]."

Industrial cryogenic air separation has some potential hazards that must be recognized and addressed. The
hazards include electricity, gases under pressure, very low temperatures, the ability of oxygen to accelerate
combustion, and the asphyxiant properties of nitrogen, argon, and the rare gases [1].

Coéng nghé tach khi siéu lanh khéng tinh; né da va dang phat trién trong nhiéu thap ky va sé tiép tuc
nhw vay nh& nhitng nd lwc phat trién k§ thuat. Do do, chu trinh quy trinh nha may, thiét bi va diéu
kién van hanh cé thé va dang c6 nhiéu loai khac nhau. Vi vay, &n pham nay bao gdm cac tuyén bd va
khuyén nghi chung vé nhirng van dé c6 sy da dang vé y kién hodc thuc tién. Ngwdi dung huéng dan
nay nén nhan ra rang né dwoc trinh bay v&i sw hiéu biét rdng né khong thé thay thé cho sw danh gia
ky thuat hop ly, dao tao va kinh nghiém. N6 khéng cAu thanh, va khéng nén dwoc hiéu la, mot bd quy
tac ho&c quy dinh.

Cryogenic air separation technology is not static; it has been progressing for decades and will continue to do so
because of engineering development efforts. Consequently, plant process cycles, equipment, and operating
conditions can be and are of varying kinds. Therefore, this publication includes generalized statements and
recommendations on matters for which there is a diversity of opinion or practice. Users of this guide should
recognize that it is presented with the understanding that it cannot take the place of sound engineering judgment,
training, and experience. It does not constitute, and should not be construed to be, a code of rules or regulations.

Pham vi/ Scope

An phadm nay phuc vu lgi ich ctia nhirng ngu(‘)ji lién quan hoac quan tam dén hoat dong clia nha may
tach khi va ap dung cho an toan trong thiét ké, vj tri, xay dwng, lap dat, van hanh va bao tri cac nha
may tach khi siéu lanh. Trong tam dwoc dat vao cac tinh nang thiét bi, van hanh va bao tri déc thu
cho cac quy trinh tach khi siéu lanh. Pham vi gi¢i han dugc dwa ra dbi véi cac thiét bi nha may nhw
may nén khi, vén dwoc str dung trong céac trng dung cong nghiép khac va cac thwc hanh an toan
trong thiét k&, 1ap dat va s& dung da dwoc thiét 1ap & noi khac. Hon nira, vi 4n phdm nay khong
nhdm muc dich tré thanh sé tay thwe hanh an toan phd quat cho céac tinh nang thiét ké va an toan cu
thé, diéu quan trong |a phai tham khao s6 tay van hanh cua cac nha cung cap thiét bi.

This publication serves the interest of those associated or concerned with air separation plant operations and
applies to safety in the design, location, construction, installation, operation, and maintenance of cryogenic air
separation plants. Emphasis is placed on equipment and operational and maintenance features that are specific
to cryogenic air separation processes. Limited coverage is given to plant equipment such as air compressors,
which are used in other industrial applications and for which safe practices in design, installation, and use have
already been established elsewhere. Further, as this publication is not intended as a universal safe practice
manual for specific design and safety features, it is also important to refer to the operating manuals of the
equipment suppliers.

Bat ky yéu cau thiét ké va 13p dat mai ndo co trong 4n ban nay chi ap dung cho cac 13p dat m&i bat
dau sau thdi diém xuét ban ch& khéng ap dung cho cac I&p dat hién cé. Tuy nhién, cac yéu cau va
khuyén nghi m&i c6 thé dwoc nguwdi diing xem xét cho cac don vi van hanh hién c¢6 hodc nhirtng don
vi dang trong giai doan dw an.

Any new design and installation requirements contained in this edition only apply to new installations begun after
the time of publication and not to existing installations. However, new requirements and recommendations may
be considered by the user for existing operating units or those in the project phase.

Nhirng diéu sau day dwoc loai triv khéi 4n pham nay:
The following are excluded from this publication:

e co s& chiét nap chai;
cylinder filling facilities;

o hé thdng tinh ché khi hiém; va

' Tai lieu tham khao duoc thé hién béng sé trong ngodc vudng va duoc liét ké theo thiy ty xuat hién trong phan tai liéu tham khao.
References are shown by bracketed numbers and are listed in order of appearance in the reference section.
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rare gas purification systems; and

o dwdng bng truyén tai sdn pham bén ngoai ranh gi¢i nha may.
product transmission piping outside the plant boundaries.

3. Cac tinh nang dién hinh cta don vj tach khi / Typical air separation unit features

- Céac ASU siéu lanh c6 cac tinh nang sau:
Cryogenic ASUs have these features:
e nén khi;
air compression;
« loai bd tap chét khong khi;
air contaminant removal;
e trao ddi nhiét;
heat exchange;
e chwngcét; va
distillation; and
e gidn n& (hodc cac ngudn lam lanh khac).
expansion (or other refrigeration sources).

- Hinh 1 1& mét vi du vé lwu dd dé tach khi bdng phwong phap chwng cét siéu lanh tao ra cac san

ph&m oxy, nito va argon. Khéng khi dwoc nén trong may nén khi chinh (MAC) dén ap suét tlr 4 atm
dén 10 atm. Sau d6 né dwoc lam mat dén nhiét do méi trwéng. Céac tap chéat vét nhw nwéc, carbon
dioxide va hydrocarbon nang dwoc loai bd bang cac hé théng nhw bd phan tién tinh ché (PPU) hoac
bd trao dbéi nhiét ddo chiéu (REVEX). Bd trao dbi nhiét chinh lam mat khéng khi dén gan nhiét d6 hoa
ldng cla né trwdc khi di vao thap chwng ap suét cao. Mot phan khéng khi dwoc gidm ap trong bo
gidn n& dé tao ra sy lam lanh, khac phuc ro ri nhiét va sy kém hiéu qua cla quy trinh. Nito' dang khi
tr dinh thap ap suét cao dwoc ngwng tu bdng bd dun séi lai va 16ng dwoc st dung dé hdi lwu ca hai
thap. Nito ngwng tu gidi phong nhiét dé héa hoi oxy 16ng trong day thap ap suét thap, sau dé duoc
l4y Iam san phdm hodc dwoc glri [am khi twdc (stripping gas) dén thap ap suét thap.
Figure 1 is an example of a flow diagram for separating air by cryogenic distillation producing oxygen, nitrogen,
and argon products. Air is compressed in the main air compressor (MAC) to between 4 atm and 10 atm. It is then
cooled to ambient temperature. Trace contaminants such as water, carbon dioxide, and heavy hydrocarbons are
removed using systems such as a prepurification unit (PPU) or a reversing heat exchanger (REVEX). The main
heat exchanger cools the air to near its liquefaction temperature before entering the high pressure distillation
column. Some of the air is reduced in pressure in the expander to produce refrigeration, overcoming heat leak
and process inefficiencies. Gaseous nitrogen from the top of the high pressure column is condensed by the
reboiler and the liquid used to reflux both columns. Condensing nitrogen releases heat to vaporize liquid oxygen
in the low pressure column sump, which is then taken as product or sent as stripping gas to the low pressure
column.
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Hinh 1—Vi du vé so do dong chay ctia nha may tach khi
Figure 1—Example of an air separation plant flow diagram

Oxy c6 diém s6i cao nhét trong ba thanh phan chinh va dwoc |4y ra tir day thap ap suét thap. Nito
dwoc |4y ra tlr dinh thap ap suét thap hodc ap suét cao. Dong gidu argon cé thé dwoc rat ra tir gitra
thap ap suét thap va dwoc tinh ché thanh sadn pham tinh khiét trong cac thap chung cét khac. Cac
dong sén phdm dwoc lam d&m dén nhiét 4o méi trwdng bang cach trao ddi nhiét véi khong khi di vao
trong bd trao ddi nhiét chinh dé thu hdi sy lam lanh. Ciing c6 thé loai bé cac san pham khdi hé théng
chuwng cét duéi dang 16ng, néu cé dd su lam lanh. Viéc san xuét s lwong Ién sé&n phdm 16ng doi hoi
phéi c6 thém sw lam lanh, thwong dwoc cung cip bdi mot don vi héa 1dng nito. Chét 16ng cé thé
dwoc lwu trir d& dw phong dwéng 6ng hodc ban thwong mai.

Oxygen has the highest boiling point of the three main components and is taken from the bottom of the low
pressure column. Nitrogen is taken from the top of the low pressure or high pressure columns. An argon-rich
stream can be withdrawn from the middle of the low pressure column and refined to a pure product in other
distillation columns. The product streams are warmed to ambient temperature against incoming air in the main
heat exchanger to recover the refrigeration. It is also possible to remove the products from the distillation system
as liquid, if sufficient refrigeration is available. Producing large quantities of liquid products requires extra
refrigeration, often supplied by a nitrogen liquefier unit. Liquid may be stored for pipeline backup or merchant
sales.

C6 hai cAu hinh ASU dién hinh dé san xuét oXy 6 ap suét. Trong cau hinh nha may khi (con goi la
quy trinh oxy dang khi hodc quy trinh khi cé dién), oxy dwoc lay dwdi dang hoi tu’ day thap ap suét
thap va dwoc lam 4m bang khong khi di vao trong bd trao déi nhiét chinh. Néu can san pham oxy ap
suat cao, N6 sé dwoc nén dén ap suat yéu cdu. Mot dong thong théi oxy 16ng duoc lay tir day thap ap
suét thAp dé ngén cac tap chat vét tap trung vwot qua gi¢i han an toan cho phép. Trong quy trinh oxy
I6ng dwoc bom (con duwoc goi la quy trinh nén bén trong), oxy dwoc ldy dwéi dang 16ng tir day thap
ap suét thap, dwoc bom dén ap suat yéu cau va duwoc hdéa hoi trong bod trao dbi nhiét chinh bang
cach trao doi nhiét véi khong khi 4p suét cao tlr may nén khi tang ap. Dong oxy dwoc bom loai bd
cac tap chat vét khoi day thap ap suét thap, do doé co thé loai bd mdt dong théng thdi oxy 1dng riéng
biét tir day thap ap suét thap.

There are two typical ASU configurations for producing pressurized oxygen. In the gas plant configuration (also
called gaseous oxygen process or classic gas process), oxygen is taken as a vapor from the bottom of the low
pressure column and warmed by incoming air in the main heat exchanger. If a high pressure oxygen product is
needed, it is compressed to the required pressure. A liquid oxygen purge stream is taken from the sump of the
low pressure column to prevent the trace contaminants from concentrating above allowable safety limits. In the
pumped liquid oxygen process (also known as the internal compression process), oxygen is taken as a liquid
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from the low pressure column sump, pumped to the required pressure, and vaporized in the main exchanger
against high pressure air from the booster air compressor. The pumped oxygen stream removes trace
contaminants from the low pressure column sump, so a separate liquid oxygen purge stream from the low
pressure column sump may be eliminated.

- Co nh‘i‘éu céu hinh khac cta quy trinh ASU dwoc diéu chinh d&c biét cho cac hén hop séan pham va
nhu cau khach hang khac nhau. Viéc thao luan chi tiét vé nhirng diéu nay nam ngoai pham vi clia an

pham

nay.

There are many other configurations of the ASU process that are specifically tailored for different products mixes
and customer needs. A detailed discussion of these is beyond the scope of this publication.

Dinh nghia / Definitions

- Vi muc dich cGia 4n phdm nay, cac dinh nghia sau dwoc ap dung.
For the purpose of this publication, the following definitions apply.

4.1.

4.2,

Thuat ngiv xuat ban / Publication terminology

4.1.1.

4.1.2.

4.1.3.

4.1.4.

4.1.5.

Phai / Shall

Chi ra rang quy trinh Ia b4t budc. N6 duwoc sir dung & bt clr noi nao tiéu chi tuan tha
céac khuyén nghi cu thé khéng cho phép sai léch.

Indicates that the procedure is mandatory. It is used wherever the criterion for conformance to
specific recommendations allows no deviation.

Nén / Should

Chi ra rdng mét quy trinh dwoc khuyén nghi.
Indicates that a procedure is recommended.

C6 thé / May

Chi ra rang quy trinh la tiy chon.
Indicates that the procedure is optional.

Sé / will

Chi dwoc str dung dé chi twong lai, khéng phai mirc do yéu cau.
Is used only to indicate the future, not a degree of requirement.

Co6 thé / Can

Chi ra mét kha nang hoac nang Iwc.
Indicates a possibility or ability.

Dinh nghia ky thuat / Technical definitions

4.2.1.

4.2.2.

Khi axit/ Acid gas

Cac tap chat trong khéng khi nhw Clo, NOx va SOx c6 thé tao thanh axit khi két hop
vGi nuwéec.

Air contaminants such as chlorine, NOx, and SOx that can form acid when combined with water.
LUU Y—Céc khi axit cé thé tao ra diéu kién &n mon trong céc bod trao ddi nhiét nhém han
(BAHX) va cac thiét bi khac.

NOTE—Acid gases can create corrosive conditions in brazed aluminum heat exchangers
(BAHXs) and other equipment.

Hap phu / Adsorption

Qua trinh tinh ché trong d6 mét hoac nhiéu thanh phan tir khi hoac I6ng dwec hap phu
wu tién 1&n chat hut &m rén hoac chat hap phu khac.

Purification process in which one or more components from a gas or liquid is preferentially
adsorbed onto a solid desiccant or other adsorbent.

LUU Y—Cac chét hap phu dién hinh bao gém:

NOTE—Typical adsorbents include:
sang phan ti—chét hap phu dang hat (thwong 1a 13X) dwoc sir dung trong cac thiét
bi PPU khéng khi dé loai bd nwéc, carbon dioxide va hydrocacbon;

molecular sieve—granular adsorbent (typically 13X) used in air PPUs for water, carbon
dioxide, and hydrocarbon removal;
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4.2.3.

4.2.4.

4.2.5.

4.2.6.

4.2.7.

4.2.8.

4.2.9.

4.2.10.

alumina—chat hap phu dang hat thwéng dwoc sir dung trong cac thiét bi PPU khéng
khi ho&c may say dé loai bé nuéc; va

alumina—granular adsorbent typically used in air PPUs or dryers for water removal; and

silica gel—chét hap phu dang hat thwérng dwoc st dung trong may hap phu siéu lanh
dé loai bé carbon dioxide va hydrocacbon.

silica gel—granular adsorbent typically used in cryogenic adsorbers for carbon dioxide and
hydrocarbon removal.

Ngat thé / Asphyxiation

Tré nén bat tinh hodc chét do thiéu oxy.
To become unconscious or die from lack of oxygen.

Théng théi / Blow out

Quy trinh b&o tri hodc chay thir trong d6 mét chat 1dng, thuweng la khéng khi khd, dwoc
thdi qua dwdrng dng va thiét bi dé loai bd bui ban, hoi Am hodc céc tap chéat khac.
Maintenance or commissioning procedure in which a fluid, typically dry air, is blown through
piping and equipment to eliminate dirt, moisture, or other contaminants.

Thiét bj trao déi nhiét nhém han (BAHX) / Brazed aluminum heat exchanger (BAHX)

Thiét bi trao d6i nhiét dang tAm va canh nhém bao gébm céac tdm lwon séng dwoc phan
tach bang cac tAm phan céch va khung ngoai bao gdm céc thanh ¢6 16 cho dau vao va
dau ra cla chét 16ng, dwoc trang bi cac dau ndi va voi phun dé két néi véi dwdng dng
bén ngoai.

Aluminum plate and fin heat exchanger consisting of corrugated sheets separated by parting
sheets and an outer frame consisting of bars with openings for the inlets and outlets of fluids,
equipped with headers and nozzles to connect to external piping.

LUU Y—Do day gan dung cla cac tAm lwon séng 1a 0,2 mm dén 0,5 mm, trong khi cac
tAm phan cach c6 d6 day t» 1,0 mm dén 2,4 mm. Thong tin chi tiét co trong AIGA 057,
S dung an toan thiét bj trao dbi nhiét nhém han dé san xuét oxy diéu ap [2].

NOTE—The approximate thickness of the corrugated sheets is 0.2 mm to 0.5 mm, while the
parting sheets have thicknesses between 1.0 mm and 2.4 mm. More information is provided in
AIGA 057, Safe Use of Brazed Aluminum Heat Exchangers for Producing Pressurized Oxygen

2]
V6 / Casing

Céc birc twdng bén ngoai clia hop lanh hodc 6ng dan siéu lanh. Mat c&t ngang cé thé
Ia hinh tron hoac hinh chir nhat.

Outside walls of a coldbox or cryogenic piping duct. The cross section can be circular or
rectangular.

Chét xtc téc / Catalyst

Vat liéu giup thuc ddy phan rng nhwng ban than né khong bi thay dbi.
Material that helps promote a reaction but is not changed itself.

Sw xam thuwc / Cavitation

Hién twong nay xay ra khi ap suét clia chét 16ng gidm xubng thap hon &p suét hoi cla
chét 1dng & mot nhiét dd nhéat dinh. Tai thoi diém nay, chét 1dng béc hoi, do dé tao ra
bot hoi. Nhirng bong béng nay c6 thé khién may bom méat 4p hodc bi rung va hu héng
nang.

Thisgphenomenon occurs when the pressure of a liquid drops to less than the vapor pressure of
the liquid at a certain temperature. At this point, liquid vaporizes, thereby creating vapor bubble.
These bubbles can cause a pump to lose prime or suffer heavy vibration and damage.

Ly tam / Centrifugal

May nén hodc bom dong hoat dong béng cach tang téc chat 1ong trong moét canh quat
quay v&i sw chuyén ddi tiép theo cla nang lwong nay thanh ap suét.

Dynamic compressor or pump that works by accelerating a fluid in a rotating impeller with
subsequent conversion of this energy into pressure.

Lam sach / Cleanup
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4.2.11.

4.2.12.

4.2.13.

4.2.14.

4.2.15.

4.2.16.

4.2.17.

4.2.18.

Loai bd cac tap chat dau vét khéi dong hodc khai thiét bi xtr ly.
Removing trace contaminants from a stream or from process equipment.

Hép lanh / Coldbox

CAu truc chira cac cot chwng cét siéu lanh, céc thiét bi xt ly khac, dwong dng va 16p
cach nhiét. N6 ciing c6 thé dé cap dén phan siéu lanh cia mot ASU.

Structure that contains cryogenic distillation columns, other process equipment, piping, and
insulation. It can also refer to the cryogenic portion of an ASU.

Hé théng diéu khién / Control system

Hé thdng phan hdi cac tin hiéu dau vao tlr quy trinh, ngwdi van hanh hodc ca hai va
tao ra mot dau ra khién quy trinh hoat dong theo cach da dinh.

System that responds to input signals from the process, operator, or both and generates an
output that causes the process to operate in the intended manner.

Hé théng tinh ché argon thé / Crude argon purification system

Thiét bi &m bao gdm may nén, bd phan (rng xuc tac, bo trao ddi nhiét, bd sy va thiét
bi lam mat dwoc str dung dé loai bd oxy khdi argon thé.

Warm equipment including compressors, catalytic reactors, heat exchangers, dryers, and chillers
used for removing oxygen from crude argon.

Chét 16ng siéu lanh / Cryogenic liquid

Chét 16ng cwe lanh, dwdi —130 °F (—90 °C).
Liquid that is extremely cold, less than —130 °F (=90 °C).

Sw sé6i & diém chét (s6i hb, séi ndi) / Dead end boiling (pool boiling, pot boiling)

Diéu kién xay ra trong cac bo dun s6i tudn hoan nhiét, do tdc nghén, dong 16ng bi han
ché trong cac kénh clia bd dun sdi, do d6 lam gidm viéc loai bd cac tap chét béng tac
dong rira tréi clia chat I16ng. Con dwoc goi la s6i hd hodc sbi ndi. Hién twong nay ciing
c6 thé xay ra trong céac khoang va cac phan cta duong éng, noi chat 1dng giau oxy cé
thé bi gitr lai va bbc hoi do rd ri nhiét.

Condition occurring in thermosyphon reboilers where, due to blockages, the flow of liquid is
restricted within the channels of the reboiler, thereby reducing the removal of contaminants by
the flushing action of the liquid. Also known as pool or pot boiling. This phenomenon can also
occur in cavities and sections of piping where oxygen- enriched liquid can be trapped and
vaporized by heat leak.

LUU Y—Qua trinh nay d&c biét nguy hiém khi 1dng giau oxy chira hydrocacbon bj co
d&c trong qua trinh bbc hoi.

NOTE—This process is particularly hazardous when the oxygen-enriched liquid contains
hydrocarbons that become concentrated during vaporization.

Khir oxy hodc deoxo / Deoxidation or deoxo

Sw loai bd bang xuc tac tap chat vét oxy khéi khi bang phan (rng véi hydro, thuwong 1a
trong san xuét argon 4&m trong ASU.

Catalytic removal of trace oxygen contaminant from a gas by a reaction with hydrogen, typically
in warm argon production in ASUSs.

Thiét bi Deoxo / Deoxo unit

Hé théng dwa trén chét xuc tac dwoc st dung trong mot sb hé théng tinh ché argon dé
loai bd oxy. Hydro dwoc thém vao dong argon thé va sau dé phan &ng véi oxy dé tao
thanh nuéec.

Catalytic-based system used in some argon refining systems to remove oxygen. Hydrogen is
added to the crude argon stream and then reacts with oxygen to form water.

Ra déng / Deriming

Quy trinh bao tri phong ngtra dinh ky, trong dé thiét bi x& ly dwoc lam &m 1én ddng thoi
dwoc quét bang khi khé sach dé loai bé moi hoi &m, carbon dioxide va cac tap chét
trong khi quyén tich tu.
Periodic preventive maintenance procedure where the process equipment is warmed up while
simultaneously being swept with clean dry gas to remove any accumulated moisture, carbon
dioxide, and atmospheric contaminants.
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4.2.19.

4.2.20.

4.2.21.

4.2.22.

4.2.23.

4.2.24.

4.2.25.

4.2.26.

LUU Y—Con dwoc goi la ra dong, khtr bang va lam tan bang.
NOTE—AIso known as defrosting, de-icing, and thawing.

Chénh Iéch nhiét dé (AT) / Differential temperature (AT)

Chénh léch nhiét do gitra hai dong trong moét bod trao ddi nhiét, day 1a moét chi sé vé
hiéu suét va hiéu qua cta bo trao dbi.

Temperature difference between two streams in a heat exchanger, which is an indicator of the
exchanger’s performance and efficiency.

Miéng dém / Distance piece

Miéng dém kéo dai, gia d& trung gian hodc khung d& cach ly dau quy trinh ciia may
bom ho&c may nén khdi dong co hodc vong bi ctia né dé ngan chan s di chuyén cuia
chét 16ng quy trinh, dau, nhiét hodc lam lanh.

Extended spacer, intermediate support, or carrier frame that isolates the process end of a pump
or compressor from its motor or bearings to prevent migration of process fluid, oil, heat, or
refrigeration.

Khoéa kép va xa / Double block and bleed

Sép xép dwdng bng hodc dung cu két hop hai van chan (ho&c cach ly) néi tiép véi mot
van x& & gilra cac van chan nhu mét phwong tién gidi phong ap suét gitra cac van
chan vé&i muc dich cung cip kha nang cach ly duwong.

Piping or instrument arrangement that combines two block (or isolation) valves in series with a
vent valve in between the block valves as a means of releasing pressure between the block
valves with the intent to provide positive isolation.

S6i khé / Dry boiling

Diéu kién xay ra khi 1dng giau oxy di vao cac khoang va cac phan ctia dwéng 6ng hodc
thiét bi va bi bay hoi hoan toan, do do c6 dac bat ky tap chat kém bay hoi nao véi hé
sO cwc cao.

Condition occurring where oxygen-enriched liquid enters cavities and sections of piping or
equipment and is totally vaporized, thereby concentrating any less volatile contaminants by
extremely high factors.

LUU Y—Con dwoc goi la bay hoi kho.
NOTE—AIso known as dry vaporization.

Téa nhiét/ Exothermic

Phan rng tao ra nhiét.
Reaction that produces heat.

Thiét bj gian né / Expander

May gidn n& chat 16ng tr 4p suat cao xudng ap suét thdp hon, do dé loai bé nang
lvong (codng) va tao ra qua trinh lam lanh.

Machine that expands a fluid from higher to lower pressure thereby removing energy (work) and
creating refrigeration.

An toan / Failsafe

Khi mét thanh phan cla hé théng bi héng, tinh hudéng két qua khéng gay ra lo ngai vé
an toan.

When a failure of a component of the system occurs, the resulting situation does not present a
safety concern.

LUU Y—M@t vi du la cac van cach ly déng lai khi nguén cung cép khi hodc dién cua
nha may bj héng.

NOTE—One example is isolation valves closing when the plant air or power supply fails.

Thiét bj loc / Filtering device

Thiét bi loai b va gil lai cac hat tir dong 16ng hoac khi.
Device that removes and retains particles from a liquid or gas stream.
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4.2.27.

4.2.28.

4.2.29.

4.2.30.

4.2.31.

4.2.32.

LUU Y—Kich thwéc hat bj loai b phu thudc vao thiét ké thiét bi thwc té. Cac thuat ngir
bC)’IQc, Iwdi loc va bd loc déi khi dwge sir dung thay thé cho nhau; tuy nhién, ching c6
thé dwoc phan loai theo kich thwéc hat bi loai bd nhw sau:
NOTE—The particle size removed is dependent on the actual device design. The terms filter,
screen, and strainer are sometimes used interchangeably; however, they can be classified by the
particle size removed as follows:
o bo loc—thiét bj loai bd va gii lai cac hat twong ddi tho;

strainer—device that removes and retains relatively coarse particles;
o |wi loc—thiét bi loai bo va gilr lai cac hat min; hoac

screen—device that removes and retains fine particles; or
o bo loc—thiét bi loai bd va gitr lai cac hat rat min.

filter—device that removes and retains very fine particles.

Bam bén / Fouling

Sw tic nghén hodc 16p phi bé mat bang bat ky tap chat nao trong bt ky thiét bi nha
may nao (vi du: bd trao ddi nhiét, bd gidn né, v.v.) c6 thé anh hwdng xau dén do sut ap
ho&c hiéu suét nhiét ctia né.

Blockage or surface coating with any contaminants in any plant equipment (for example, heat
exchanger, expanders, etc.) that can adversely affect its pressure drop or thermal performance.

LUU Y—Trong mét ASU, su tc nghén hodc bit kin thwong do carbon dioxide, nwéc
ho&c hydrocarbon bi déng bang trong cac bd trao ddi siéu lanh gay ra. Bam ban ciing
la mot van dé dang lo ngai dbi véi cac bd trao dbi nhiét trong hé théng lam mat.
NOTE—In an ASU, blocking or plugging is usually caused by frozen carbon dioxide, water, or
hydrocarbons in cryogenic exchangers. Fouling is also a concern with heat exchangers within the
cooling system.

Chat héap thu (Getter)/ Getter

Vat liéu phan tng loai bd cac tap chéat vét khai khi.
Reactive material that removes trace contaminants from a gas.

LUU Y—Vi tap chat dwoc chat hap thu hap phu hdéa hoc, nén cac chéat hap thu co thé
bi tiéu hao hoac dwoc tai sinh.

NOTE—Since the contaminant is chemically adsorbed by the getter, getters can be either
consumed or regenerated.

Khi / 16ng tro/ Inert gas/Inert liquid

Cac chét 16ng khong dé phan (rng v&i cac vat liéu khac trong diéu kién nhiét do va ap
suat binh thuong.
Fluids that do not readily react with other materials under normal temperatures and pressures.

LUU Y—Nitrogen, argon va helium I& cac vi du vé khi tro.
NOTE—Nitrogen, argon, and helium are examples of inert gases.

Cédnh hwéng dong dau vao / Inlet guide vanes

Thiét bi & dau vao clia may nén giup thay dbi cong suét cia may hiéu qué hon van tiét
Iwu hut.

Device on the inlet of a compressor that changes the capacity of the machine more efficiently
than a suction throttling valve.

Voi phun dau vao / Inlet nozzle

Thiét bi & dau vao clia bd gian né, la moét phan ciia qua trinh gian né.

Device on the inlet of an expander that is part of the expansion process.

LUU Y—Céc voi phun dau vao di dong c6 thé dwoc st dung dé diéu chinh cong suét
clia b gian né.

NOTE—Movable inlet nozzles can be used to adjust the capacity of the expander.

Hé théng thiét bj do lwong / Instrumented system

Hé théng bao gom cac cam bién (vi du: b truyén ap suét, lvu lwong, nhiét d6), bo giai
quyét logic hoac hé thong dieu khién (vi du: bd diéu khién lap trinh, hé thong diéu
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4.2.33.

4.2.34.

4.2.35.

4.2.36.

4.2.37.

4.2.38.

khién phan tan) va cac phan t& cudi cung (vi du: van diéu khién) dwoc thiét k& dé thuc
hién mot chirc néng cu thé.

System composed of sensors (for example, pressure, flow, temperature transmitters), logic
solvers or control systems (for example, programmable controllers, distributed control systems),
and final elements (for example, control valves) designed to perform a specific function.

LUU Y—Dé biét thém thong tin, hay xem ANSI/ISA/IEC 61511-1, An toan chirc ndng—
Hé thdng thiét bi an toan cho Linh vic Cong nghiép Quy trinh—Phan 1: Khung, dinh
nghia, hé thong, phan clrng va cac yéu cau lap trinh &rng dung [3].

NOTE—For more information, see ANSI/ISA/IEC 61511-1, Functional safety—Safety
Instrumented Systems for the Process Industry Sector—Part 1: Framework, definitions, system,
hardware and application programming requirements [3].

Gian né Joule-Thomson / Joule~-Thomson expansion

Qua trinh trong dé chét 1dng dwoc gidn né doan nhiét (khong loai bd cong) tir ap suét
cao xuéng ap suét thap hon, thwéng théng qua van.

Process by which a fluid is expanded adiabatically (no work removed) from high pressure to
lower pressure, usually through a valve.

LUU Y—DBAi véi cac ng dung khi trong cac nha may tach khi, diéu nay dan dén sw
gidm nhiét do.

NOTE—For gas applications in air separation plants, this results in a temperature drop.

Mé cung (Labyrinth) / Labyrinth

Loai phét khi s& dung mét loat rang dé giam thiéu ro ri 1dng trong quy trinh.
Type of gas seal that uses a series of teeth to minimize leakage of the process fluid.

Khéa cach ly / Lockout

Tinh trang ma moét thiét bi khéng thé van hanh néu khéng cé hanh déng cd y, coy thirc
dé lam nhuw vay nhdm dam b&o an toan bang cach céach ly tich cwe cac ngudn nang

lwong (ap suat, dién, nhiét dd va hdéa chét).

Condition where a device cannot be operated without a willful, conscious action to do so to
ensure safety by positively isolating energy sources (pressure, electrical, temperature, and
chemical).

LUU Y—Mét vi du Ia khi dién bi ngét va khong thé dwoc khoi phuc néu khong thao
thiét bj bao vé nhuw 6 khda khai thiét bi truyén dong. Mot vi du khac la van da thao tay
cam va cét gitr an toan cho dén khi van hanh van an toan.

NOTE—An example is when electricity is turned off and cannot be regained without removing a
protective device such as a padlock from the actuating device. Another example is a valve where
the handle is removed and stored securely until it is safe to operate the valve.

Gi®i han né dwéi (LEL) / Lower explosive limit (LEL)

Nong dé thap nhét cta khi d& chay trong chat oxy héa ma sé lan truyén khi dwoc dbt
chay.
Lowest concentration of a flammable gas in an oxidant that will propagate when ignited.

LUU Y—LEL d6i khi dwoc goi 1a gi¢i han chay duéi (LFL).
NOTE—LEL is sometimes referred to as lower flammability limit (LFL).

Cét ap hat dwong thuwe (NPSH) / Net positive suction head (NPSH)

Bién d6 chénh léch (dwoc do bang chiéu cao) gitra 4p suat thuc té cta chét 1dng chay
vao may bom va ap suét hoi ctia chat 1dng.

Margin of difference (measured in height) between the actual pressure of a liquid flowing into a
pump and the vapor pressure of the liquid.

Nitrogen NF

Nitrogen dap (rng cac yéu ciu cla Dwoc dién Hoa Ky va Céng thirc Québc gia (USP-
NF) [4].

Nitrogen that meets United States Pharmacopeia and National Formulary (USP—NF)
requirements [4].

LUU Y—Xem CGA G-10.1, Bac diém ky thuat hang héa cho Nitrogen, dé biét thém
thdng tin [5].
9
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4.2.39.

4.2.40.

4.2.41.

4.2.42.

4.2.43.

4.2.44.

4.2.45.

4.2.46.

4.2.47.

4.2.48.

NOTE—See CGA G-10.1, Commodity Specification for Nitrogen, for additional information [5].
Voi phun / Nozzle

Ong dwoc két ndi véi bat ky binh chira nao.
Pipe connected to any vessel.

Méi treorng thiéu oxy / Oxygen-deficient atmosphere

Bau khi quyén trong d6 ndng dd oxy theo thé tich nhé hon 19,5%.
Atmosphere in which the oxygen concentration by volume is less than 19.5%.

Méi trurorng giau oxy / Oxygen-enriched atmosphere

Bau khi quyén trong d6 ndng dod oxy vuwot qua 23,5%.
Atmosphere in which the oxygen concentration exceeds 23.5%.

Oxygen USP

Oxygen dap (rng cac yéu cau ctia USP-NF [4].
Oxygen that meets USP-NF requirements [4].

LUU Y—Xem CGA G-4.3, Bac diém ky thuat hang héa cho Oxygen dé biét thém thong
tin [6].
NOTE—See CGA G-4.3, Commodity Specification for Oxygen for additional information [6].

Chat két tua / Precipitate

Sw hinh thanh chét rén tir dung dich 16ng hodc hoi khi vwot qua gidi han dd hoa tan
cta mot thanh phan.

Formation of a solid from a liquid or vapor solution when the solubility limit for a component is
exceeded.

Thiét bj giam ap (PRD) / Pressure relief device (PRD)

Thiét bi doc 1ap duoc thiét ké dé bao vé binh chira hoac dwdng bng khoi dat ap suét
cao hon hodc thap hon (chan khong) so vai thiét ké ciia né nham ngan nglra sw co
ctia dworng 6ng hodc binh chra; né bao gébm van an toan va dia nd.

Self-contained device designed to protect a vessel or piping from achieving pressures higher or
lower (vacuum) than its design to prevent failure of the piping or vessel; includes safety relief
valves and rupture disks.

Théng théi / Purge

Loai bé tap chat khéng mong mudn bang cach thay thé bang chét 16ng khac.
Elimination of an undesirable contaminant by displacement with another fluid.

LUU Y—Viéc théng théi nitrogen vao thiét bi quy trinh ngdn chan sy tiép xuc cda hoi
4m v&i thiét b siéu lanh. Oxy 16ng chira hydrocarbon dwoc thong thdi ra khoi bé chira
day ndi hoi bang oxy 16ng sach.

NOTE—A nitrogen purge of process equipment prevents the contact of moisture with cryogenic
equipment. Liquid oxygen containing-hydrocarbons are purged from the reboiler sump with clean
liquid oxygen.

Khi hiém / Rare gases

Neon, krypton va xenon dworc coi |a khi hiém.
Neon, krypton, and xenon are considered rare gases.

LUU Y—Céac khi hiém krypton va xenon déi khi dwoc thu héi & néng dd thap tir cac
nha may tach khi siéu lanh. Krypton va xenon cé thé dwoc chiét xuat tir chat 16ng day
cot 4p suét thap théng qua qua trinh x& ly tiép theo.

NOTE—The rare gases krypton and xenon are sometimes recovered at low concentrations from
cryogenic air separation plants. Krypton and xenon can be extracted from the low pressure
column sump liquid through further processing.

Chuyén déng tinh tién / Reciprocating

May nén, bd gian n& hodc may bom kiéu dich chuyén tich cwc s dung piston.
Positive displacement-type compressor, expander, or pump that uses pistons.

Tai sinh / Regeneration
10
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4.2.49.

4.2.50.

4.2.51.

4.2.52.

4.2.53.

4.2.54.

4.2.55.

S tai hoat hoa mC)t’binh, hap phu da str dung ho&c da bdo hoa bang cach st dung khi
néng va/hoac ap suat thap.
Reactivation of a spent or loaded adsorbent vessel using a hot and/or low pressure gas.

Khu vwc an toan / Safe area

Vi tri noi khi dwoc xa an toan dé ngén ngtra tén hai cho nhan vién hoac tai san.
Location where gases are vented safely to prevent harm to personnel or property.

LUU Y—Trong khu vuc an toan, cac vat liéu xung quanh phai twong thich véi khi thai.
NOTE—In a safe area, the surrounding materials should be compatible with the exhaust gas.

Bang dir liéu an toan (SDS) / Safety data sheet (SDS)

Cac tai liéu mo ta vat lieu va cac méi nguy lién quan cla no theo quy dinh cua chinh
phtu va dwge nha cung cap vat liéu cung cap.

Documents describing a material and its associated hazards mandated by the government and
made available by the material supplier.

Hé théng thiét bj an toan (SIS) / Safety instrumented system (SIS)

Hé thdng dwoc st dung dé thwe hién mot hodc nhiéu chirc néng can thiét nhdm ngén
chan méi nguy phat sinh va/hoadc gidm thiéu hau qua cda né.

System used to implement one or more functions necessary to prevent a hazard from arising
and/or to mitigate its consequences.

LUU Y—SIS bao gébm béat ky sw két hop nao cla cac cdm bién (vi du: bo truyén ap
suét, lvu lwong, nhiét d6), bo giai quyét logic hodc hé thdng diéu khién (vi du: bo diéu
khién lap trinh, hé théng diéu khién phan tan) va cac phan t& cudi cung (vi du: van diéu
khién). Viéc s dung thuat nglr SIS ngu y rang IEC 61511 da dwoc s dung dé thiét
ké, van hanh va bao tri hé thong an toan [3].

NOTE—A SIS is composed of any combination of sensors (for example, pressure, flow,
temperature transmitters), logic solvers or control systems (for example, programmable
controllers, distributed control systems), and final elements (for example, control valves). Use of
the term SIS implies IEC 61511 has been used to design, operate, and maintain the safety
system [3].

D6 hoa tan / Solubility

Lwong cla mot thanh phan co thé duy tri hoa tan trong chét 1dng hodc hoi ma khéng
két tda thanh chat ran.

Amount of a component that can remain dissolved in a liquid or vapor without precipitating out as
a solid.

Dém c6 cau tric / Structured packing

Cac tam kim loai lwgn séng duoc sap xép trong thap chuwng cat dé thuc day sy tiép
xuc gan gii gitra hoi chay 1&n va chét 16ng chay xubng.

Sheets of corrugated metal arranged in a distillation column to promote intimate contact between
vapor flowing upward with liquid flowing downward.

Hé thu / Sump

DPay cla thap chwng cét hodc binh chira khac cé thé chra Iwong chét 1dng tdn kho,
lwong gilr lai, hoac mirc dy trir.

Bottom of a distillation column or other vessel that can contain a liquid inventory, hold-up, or
reserve level.

Gan thé cam van hanh / Tagout

Thong bao bang van ban rdng mot thiét bi da ngrng hoat dong va khong thé van hanh
néu khong cé sw cho phép tlr nhan sy dwoc Gy quyeén.

Written notification that a piece of equipment is out of service and cannot be operated without
clearance from authorized personnel.

LUU Y—Thiét bj da dwoc gan thé cdm van hanh thuong co mét thé gidy duoc géan
tryee tiép vao no, cho biét muc do da ngirng hoat déng.

NOTE—Equipment that has been tagged out typically has a paper tag attached directly to it
indicating that the item is out of service.

11
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4.2.56. Giay phép lam viéc / Work permits

- C4c tai lieu quy trinh néu bat cac can nhac an toan d&c biét dwoc ban hanh dé cho
phép cong viéc bat dau tai mot dia diém cu thé.
Procedural documents highlighting special safety considerations that are issued to allow work to
commence in a specific location.

5. Cac mdi nguy vé strc khée / Health hazards

- Mot s mbi nguy vé strc khoe lién quan truc tiép dén nganh cong nghiép khi nén. Tinh chét clia mot

sb6 san pham khi cé thé khién nhan sy tiép xuc véi nhiét dd cwc lanh, bau khi quyén thiéu oxy (gay
ngat), hodc bau khi quyén giau oxy (t&ng nguy co chay). Kién thirc co ban vé tinh chét cda khi va
viéc thuc hién cac bién phap phong ngtra nhw méc thiét bj bao ho sé& giam thiéu rdi ro tr cac mbi
nguy nay. Tham khao cac bang di liéu an toan (SDS) cla nha san xuét dé biét thong tin cu thé vé
cac vat liéu dwgce thao tac trong cac nha may phan tach khi.
Some health hazards are directly associated with the compressed gas industry. Properties of certain gas
products can subject personnel to extreme cold temperatures, oxygen-deficient (asphyxiating) atmospheres, or
oxygen- enriched (increased fire risk) atmospheres. A basic knowledge of the gas properties and taking
precautions such as wearing protective equipment minimizes the risks of these hazards. Refer to the producer’s
safety data sheets (SDS) for specific information on materials handled in air separation plants.

5.1. Long siéu lanh / Cryogenic liquids

- Céc san pham cta nha may phan tach khi siéu lanh cé cac méi nguy lién quan nhu:
The products of a cryogenic air separation plant have associated hazards such as:

e Chan thwong hodc bdng siéu lanh do da tiép xuc véi hoi, chét 16ng hodc bé mat rat lanh.

Céac tac dong twong tw nhw béng nhiét. Mirc d0 nghiém trong khac nhau tuy thudc vao nhiét
dd va thoi gian tiép xdc. Cac bd phan co thé bi 16 hodc dwoc bdo vé khong day da co thé
dinh vao cac bé mat lanh do d6 &m c¢6 san bi déng bang nhanh chéng, va da thit cé thé bi
rach khi g& ra;
Cryogenic injuries or burns resulting from skin contact with very cold vapor, liquid, or surfaces. Effects
are similar to those of a heat burn. Severity varies with the temperature and time of exposure.
Exposed or insufficiently protected parts of the body can stick to cold surfaces due to the rapid
freezing of available moisture, and skin and flesh can be torn on removal;

o Nguy co bj t& cédng hodc ha than nhiét (co thé bi lanh toan than) trong méi trwerng lanh. C6

thé co cac dau hiéu canh bao, trong trudng hop té cong, trong khi cac bd phan co thé bi
doéng bang. Khi nhiét d6 co thé gidm xubng, nhirng dau hiéu dau tién cta ha than nhiét Ia
hanh vi ky la hodc bat thwong, sau d6, thwdng la nhanh choéng, 1a mét y thire;
Risk of frostbite or hypothermia (general cooling of the body) in a cold environment. There can be
warning signs, in the case of frostbite, while the body sections freeze. As the body temperature drops,
the first indications of hypothermia are bizarre or unusual behavior followed, often rapidly, by loss of
consciousness;

e Céac van dé vé ho hap do hit phai khi lanh. Tiép xtc ngén han thwdng gay khé chiu; tuy
nhién, hit phai kéo dai cé thé dan dén cac tac dong gay ra bénh nghiém trong nhu phu phdi
hoéc viém phdi; va
Respiratory problems caused by the inhalation of cold gas. Short-term exposure generally causes
discomfort; however, prolonged inhalation can result in effects leading to serious illness such as
pulmonary edema or pneumonia; and

e No6ng d6 nguy hiém va/hodc tdm nhin gidm ciing cé thé xay ra & khoang cach dang ké so
v&i diém xa, tuy thudc vao dia hinh va diéu kién thoi tiét. Khi lanh nang hon khéng khi, cé xu
hwéng lang xudng va chay dén cac murc thap, va cé thé tao ra swong mu hoi nwéc day dac.
Hazardous concentrations and/or reduced visibility can also occur at considerable distances from the
point of discharge, depending on topography and weather conditions. Cold gases are heavier than air,
tend to settle and flow to low levels, and can create a dense water vapor fog.

- Xem CGA P-12, Thao tac An toan véi Léng Siéu lanh, dé biét thém chi tiét [7].
See CGA P-12, Safe Handling of Cryogenic Liquids, for additional details [7].

5.2. San pham khi/ Gas products

- Nito va argon la chat gay ngat don gian va neu cé du sb lwong, chung co thé lam gidm oxy
trong bau khi quyen cuc bod xudng dudi mirc can thiét dé duy tri sw sdng. Néu co bat ky lwong
dang ké nao cua tap chét hydrocarbon, co thé xay ra buén nén, mé man hodc chéng mat. Viéc
loai bd khdi sw tiép xuc thwdng dan dén sw tré lai cac chirc ndng co thé va hanh vi binh
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5.3.

thworng. Bau khi quyén giau oxy 1am téng tinh dé& bat Itra va téc d6 chay co thé gap nhiéu lan
s0 v&i bau khi quyén binh thwéng.

Nitrogen and argon are simple asphyxiants and if present in sufficient quantity can reduce the oxygen in
the local atmosphere to less than that required to support life. If there are any significant quantities of
hydrocarbon contaminants, there can be some nausea, narcosis, or dizziness. Removal from exposure
generally results in return to normal body and behavioral functions. Oxygen-enriched atmospheres
increase susceptibility to ignition and combustibility rates can be many times that of normal atmospheres.

Gay ngat / Asphyxiation

Nong dd oxy binh thwéng trong khéng khi 1a khoang 21% theo thé tich. Khi chiva it hon 19,5%
oxy tao thanh méi truéng lam viéc nguy hiém theo dinh nghia cia Tiéu dé 29 clia B6 Quy tdc
Lién bang Hoa Ky (29 CFR) Phan 1910.146 [8]. Sw suy giam lwong oxy trong mot thé tich
khoéng khi nhét dinh do bj thay thé béng khi tro' la mét moi nguy tlem 4n dbi v&i nhan su, xem
CGA P-12, 29 CFR va AIGA 008, Cac méi nguy ctia Bau khi quyén Thiéu Oxy [7, 8, 9]. Ciing
xem cdc tai liéu ctia Uy ban Diéu tra va An toan Méi nguy Héa chat Hoa Ky (CSB) vé cac méi
nguy gay ngat nito [10, 11, 12].

The normal oxygen concentration in air is approximately 21% by volume. Gas containing less than 19.5%
oxygen constitutes a hazardous working environment as defined by Title 29 of the U.S. Code of Federal
Regulations (29 CFR) Part 1910.146 [8]. The depletion of the quantity of oxygen in a given volume of air
by displacement with an inert gas is a potential hazard to personnel, see CGA P-12, 29 CFR and AIGA
008, Hazards of Oxygen- Deficient Atmospheres [7, 8, 9]. Also see the U.S. Chemical Safety and Hazard
Investigation Board (CSB) materials on the hazards of nitrogen asphyxiation [10, 11, 12].

Khi ham lwong oxy trong khéng khi gidm xuéng khodng 15% hodc 16%, téc do chay clha vat
liéu dé chay gidm dang ké. Ngon Itra cla cac vat liéu d& chay théng thuwéng, bao gébm ca
nhirng vat liéu thwdng dwoc st dung lam nhién liéu d& swdi &m hodc chiéu sang, sé bi dap tat.
Day c6 thé la d4u hiéu dau tién cta méi nguy thiéu oxy. O ndng d6 thap hon mét chut so véi
mirc nay, mdt ca nhan hit thd bau khi quyén dé sé khéng dd kha nang tinh than dé chan doan
tinh huéng. Céac triéu chirng budn ngt, mét mai, ué oai, mat phdi hop, sai sét trong phan doan
va U 1&n bj che gidu béi trang thai hwng phéan, mang lai cho nan nhan cam giac an toan va
khée manh gia tao. Xem Bang 1 dé biét cac triéu chirng dién hinh khac clia bau khi quyén
thiéu oxy.

When the oxygen content of air is reduced to approximately 15% or 16%, the rate of burning of
combustible materials significantly decreases. The flame of ordinary combustible materials including those
commonly used as fuel for heat or light is extinguished. This can be the first indication of an oxygen-
deficient hazard. Somewhat less than this concentration, an individual breathing the atmosphere is
mentally incapable of diagnosing the situation. The symptoms of sleepiness, fatigue, lassitude, loss of
coordination, errors in judgment, and confusion are masked by a state of euphoria giving the victim a false
sense of security and well-being. See Table 1 for other typical symptoms of oxygen-deficient
atmospheres.

Viéc con nguoi tiép xic véi bau khi quyén chira 12% oxy tré xubng sé& dan dén bét tinh ma
khéng c6 canh bao va nhanh dén murc cac ca nhan khong thé tw gitp hoac ty bao vé minh.
Diéu nay dung néu tinh trang nay dat duoc do thay di méi trwdng ngay lap tirc hodc do oxy
can kiét dan. Tinh trang va mirc d hoat ddng clia ca nhan c6 anh huéng dang ké dén cac dau
hiéu va triéu chirng & cac mirc oxy khac nhau. Trong moét sb trudng hop, viéc gidm oxy kéo
dai c6 thé gay tén thuwong ndo ngay ca khi ca nhan dé sdng sét.

Human exposure to atmospheres containing 12% or less oxygen brings about unconsciousness without
warning and so quickly that individuals cannot help or protect themselves. This is true if the condition is
reached either by immediate change of environment or by gradual depletion of oxygen. The individual’s
condition and degree of activity has an appreciable effect on signs and symptoms at various oxygen
levels. In some cases, prolonged reduction of oxygen can cause brain damage even if the individual
survives.

Cac khu vic c6 kha ndng cé ham lwong oxy thdp, dac biét |a trong cac tda nha quy trinh va
phong diéu khién, phai dwoc théng gié tét. Cac 16 théng hoi khi tro nén dwoc dan ra bén ngoai
toa nha hodc dén khu vuc an toan. Noi co thé xay ra bau khi quyén thiéu oxy, phai thwc hién
cac bién phap phong nglra dic biét nhw |&p d&t may phan tich oxy c6 bao dong, ddm bao sb
l&n thay ddi khong khi tdi thiéu méi gie, thwe hién cac quy trinh ra vao dac biét, hoac két hop
cac quy trinh nay. Trong cac téa nha quy trinh va phong diéu khlen pha| dan cac bién canh
bao tai tat ca cac 16i vao khu vuc m0| nguy dé canh bao nhan su vé méi nguy tiém an cla bau
khi quyén thiéu oxy theo cac yéu ciu ctia OSHA trong 29 CFR Phan 1910 [8]. Cac cam bién
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clia may phan tich oxy phai dwoc dét & cac vi tri co kha nang xdy ra bau khi quyén thiéu oxy
nhéat va bao dong phai rd rang, dé nghe, hodc ca hai tai diém nhan sy ra vao.

Areas where it is possible to have low oxygen content, particularly in process buildings and control rooms,
shall be well ventilated. Inert gas vents should be piped outside of buildings or to a safe area. Where an
oxygen- deficient atmosphere is possible, special precautions such as installation of oxygen analyzers
with alarms, ensuring a minimum number of air changes per hour, implementing special entry procedures,
or a combination of these procedures shall be taken. In process buildings and control rooms, warning
signs shall be posted at all hazard area entrances to alert personnel to the potential hazard of an oxygen-
deficient atmosphere in accordance with OSHA requirements in 29 CFR Part 1910 [8]. Oxygen analyzer
sensors shall be located in positions most likely to experience an oxygen-deficient atmosphere and the
alarm shall be clearly visible, audible, or both at the point of personnel entry.

Khi c6 thé xay ra bau khi quyén khéng an toan dé th&, nén s dung thiét bi thé doc lap (SCBA)
hoac dwdng day khi va mat na da dwoc phé duyét, dac biét khi nhan sy di vao cac khu vyc
hogc binh kin. Khi thé phai dén tir mét nguén da dugc xac minh. Hé thdng khi diéu khién clia
nha may khong dwoc stv dung lam nguon khi thé.

When an unsafe breathing atmosphere can occur, self-contained breathing apparatus (SCBA) or
approved air lines and masks should be used, particularly when personnel enter enclosed areas or
vessels. Breathing air should come from a verified source. A plant instrument air system shall not be used
as a source of breathing air.

Nhan sy lam viéc trong hodc xung quanh bau khi quyén thiéu oxy phai st dung cac quy trinh
thich hop bao gdm viéc ra vao khéng gian han ché.

Personnel working in or around oxygen-deficient atmospheres shall use proper procedures including
confined space entry.

NGUY HIEM: Viéc di vao khu vwec c6 bau khi quyén thiéu oxy ma khéng tuéan theo cdc
quy trinh thich hop c6 thé gay thwong tich nghiém trong hodc tir vong.

DANGER: Entering an area with an oxygen-deficient atmosphere without following proper
procedures can cause serious injury or death.

Bang 1—Tac dong & cac mirc thé oxy khac nhau
Table 1—Effects at various oxygen breathing levels

Phén tram Oxy & mwc nwéc bién
(ap suat khi quyén = 760 mmHg) Tac dong
Oxygen percent at sea level (atmospheric| Effects
pressure = 760 mmHg)
209 Binh thwdng

Normal

M6t sb tac dong sinh Iy bat i xay ra, nhung khong thé nhan
19.0 thay.
Some adverse physiological effects occur, but they are unnoticeable.

Tang nhip tim va nhip thé. Suy gidm tw duy va sy chd y. Gidm
kha nang phdi hop.

Increased pulse and breathing rate. Impaired thinking and attention.
Reduced coordination.

16.0

Mét méi bat thuwong khi géng stre. Réi loan cdm xdc. Phéi
hop kém. Phan doan kém.

Abnormal fatigue upon exertion. Emotional upset. Faulty coordination.
Poor judgment.

14.0

Phan doan va phdi hop rat kém. Suy giam hé hap co thé gay
tdn thwong tim vinh vién. Budn ndén va nén ma.
Very poor judgment and coordination. Impaired respiration that could
cause permanent heart damage. Nausea and vomiting.

12.5

Mat kha n&ng thwc hién cac clr ddng khac nhau. Mét y thire.
Co giat. Tt vong.

Inability to perform various movements. Loss of consciousness.
Convulsions. Death.

<10

2 Cac

LUU Y / NOTES ]
1 Chuyén thé tr ANSI/ASSE Z88.2, Cac Thwc hanh Bao vé H6 hap [13].
Adapted from ANSI/ASSE Z88.2, Practices for Respiratory Protection [13].

chi dan nay danh cho mét nguwdi khde manh binh thuwédng khi nghi ngoi. Cac yéu té nhw stre
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khde ca nhan (chdng han nhw ngwdi hat thubce), mirc dd géng strc thé chat va dé cao co thé anh
hwéng dén cac triéu chirng nay va mrc oxy ma chung xay ra.

These indications are for a healthy average person at rest. Factors such as individual health (such as being a
smoker), degree of physical exertion, and high altitudes can affect these symptoms and the oxygen levels at which
they occur.

5.4.

5.5.

M6i nguy ctia oxy / Oxygen hazards

Noéng dd oxy Ién hon 23,5% tao ra cac mdi nguy chay nhung khong phai mbi nguy gay ngat.
Oxy khéng chay, nhung né thac day qua trinh chay rat nhanh cua vat liéu dé chay va mot so
vat liéu thwong dwoc coi 1a twong ddi khéng chay. Mac du ngudn danh Itra ludn can thiét khi
két hop voi vat liéu dé chay va oxy, viéc kiém soat hoac loai bd vat liéu d& chay la mot buwdc
phong ngtra. Dau bdi tron va cac vat liéu hydrocarbon khac cé thé phan (rng dir doi véi oxy
tinh khiét va phai tranh sw két hop nay.

Oxygen concentrations greater than 23.5% create fire hazards but not asphyxiation hazards. Oxygen is
not combustible, but it promotes very rapid combustion of flammable materials and some materials that
are normally regarded as being relatively nonflammable. Although a source of ignition is always
necessary in combination with flammable materials and oxygen, control or elimination of flammables is a
precautionary step. Lubricating oils and other hydrocarbon materials can react violently with pure oxygen
and the combination shall be avoided.

Nhan vién khéng nén tiép xtc véi méi trwdng giau oxy vi lam tédng nguy co chay. Khi ndng do
oxy téng trén 23,5%, kha nang bat Itra clia quan 4o tang Ién dang ké&. Mot khi bi dbt chay bdi
mot ngudn danh Ira twong di yéu nhu tia Itra hodc thude 14, quan do co thé bing chay va
chay rat nhanh. Trong méi tridng giau oxy, cac sg@i vai trén quan ao va tham chi ca Iéng trén
co thé va dau ciing dé bi chay bung, lan nhanh khép bé mat tiép xuc.

Personnel should not be exposed to oxygen-enriched atmospheres because of increased risks of fire. As
concentrations increase above 23.5% oxygen, ease of ignition of clothing increases dramatically. Once
ignited by even a relatively weak ignition source such as a spark or cigarette, clothing can burst into flame
and burn rapidly. In oxygen-enriched atmospheres, the fibers on clothing and even body hair and oil are
subject to flash fire that spreads rapidly over the entire exposed surface.

Céc khu vyc cé kha nang chira ham lwong OXy cao phai duoc thong gid tét. Ong thong hoi khi
phai dwoc dan ra bén ngoai tda nha hodc dén khu viec an toan. O’ nhirtng noi cé thé xay ra moi
trwérng gidu oxy, phai thuwe hién cac bién phap phong ngira déc biét nhw 1ap dat may phan tich
oxy c6 bao dong, dam bao s6 lan thay dbi khong khi t6i thiéu méi gio, thwe hién cac quy trinh
ra vao dac biét hoac ket hop cac quy trinh nay Phai dan bién canh bao tai tit ca cac 16i vao de
canh b&o nhan vién vé méi nguy tiém an clia moéi trwdng giau oxy. Dé biét thém théng tin vé
mdi nguy oxy, hay xem AIGA 005, Nguy co Chay cltia Oxy va Méi trwdng Giau Oxy [14].

Areas where it is possible to have high oxygen content shall be well ventilated. Gas vents shall be piped
outside of buildings or to a safe area. Where an oxygen-enriched atmosphere is possible, special
precautions such as installation of oxygen analyzers with alarms, ensuring a minimum number of air
changes per hour, implementing special entry procedures, or a combination of these procedures shall be
taken. Warning signs shall be posted at all entrances to alert personnel to the potential hazard of an
oxygen-enriched atmosphere. For additional information on oxygen hazards see AIGA 005, Fire Hazards
of Oxygen and Oxygen-Enriched Atmospheres [14].

Quan 4o bao hd va thiét bi bao vé ca nhan / Protective clothing and personal protective
equipment

Huéng dan lwa chon quan 4o bao ho cé thé dwoc tim thay trong AIGA 066, Lwa chon Thiét bi
Bao vé Ca nhéan [15].

Guidelines for the selection of protective clothing can be found in AIGA 066, Selection of Personal
Protective Equipment [15].

Quan 4o bao ho va thiét bi bdo vé ca nhan (PPE) cé tac dung gidm thiéu nguy co chan thuong
do méi nguy chay khi lam viéc voi oxy hoac béng khi lam viéc véi chéat 16ng hoac khi siéu lanh,
nhwng viéc phong ngira moi nguy phai la muc tiéu chinh.

Protective clothing and personal protective equipment (PPE) serve to minimize the risk of injury due to fire
hazards when working with oxygen or burns when working with cryogenic liquids or gases, but prevention
of the hazard should be the primary objective.

Phai deo gang tay cach nhiét hodc géng tay da (chwa thudc da va khéng dinh ddu m& déi voi
dich vu oxy) khi thao tac véi bat ci thir gi dwoc lam mat bang chat 1dng siéu lanh va trong cac
hoat ddng nap va d& chét 16ng siéu lanh. Gang tay phai vira van 1dng I8o dé co thé thao ra dé
dang néu chét 16ng ban vao hoac dinh vao chung.
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Insulated or leather gloves (untanned and oil-free for oxygen service) shall be worn when handling
anything that is cooled with cryogenic liquids and during cryogenic liquid loading and unloading activities.
Gloves shall fit loosely so they can be removed easily if liquid splashes on or in them.

Nhan vién phai ddm bao réng gang tay dwoc st dung dé thao tac thiét bj siéu lanh dwoc gitr
sach sé& va khong dinh dau, m& hoéac cac tap chat khac. Nhan vién nén cé hai boé gang tay —
mot bd dé thao tac thiét bj siéu lanh va mot bo khac dé thuc hién cac nhiém vu khac (vi du: tiép
nhién liéu cho xe). Dam bao rang gang tay khéong dwoc dé bi wét béi sdn pham chét 16ng siéu
lanh. Néu gang tay vé tinh bi wét b&i san pham 16ng, nhan vién nén thao gang tay ngay lap tirc
va sir dung mét déi gang tay sach khac. Dam bao rang gang tay duoc tén chira sao cho ching
khong tiép xtc véi cac dung cu hodc thiét bi khac cé thé cé6 manh vun hodc céac tap chét khac.
Vi duy, hay can nhéc ton chiva ching riéng biét trong mét tui nhya sach, c6 thé han kin. Néu
gang tay bj w6t boi san pham 16ng, hay dam bao rang ching dwoc phép khé tw nhién truéc
khi tén chira. Viéc dao tao nhan vién vé cach st dung gang tay dung cach trong qua trinh thao
tac thiét bi siéu lanh 1a diéu can thiét.

Personnel shall ensure that the gloves being used for handling cryogenic equipment are kept clean and
free from oils, grease, or other contaminants. Personnel should have two sets of gloves—one for handling
cryogenic equipment and another for performing other tasks (for example, vehicle fueling). Ensure that
the gloves are not allowed to become wet with liquid cryogenic product. If the gloves accidentally become
wet with the liquid product, personnel should immediately remove the gloves and use another pair of
clean gloves. Ensure that the gloves are stored so that they do not come into contact with other tools or
equipment that could have debris or other contaminants. For example, consider storing them separately in
a clean, sealable plastic bag. If the gloves are wetted with liquid product, make sure that they are allowed
to dry normally before storing. Training of personnel regarding proper use of gloves during handling of
cryogenic equipment is essential.

Phai deo kinh bdo hd c6 tAm chén bén va tAm che mat moi luc khi thao tac chat 1dng siéu lanh.
Safety glasses with side shields and a face shield shall be worn at all times when handling cryogenic
liquids.

C6 mot sb vat liéu chdéng chay cé s8n nhw Nomex® cho quan 4o bdo hod lao déng, nhung
chung c6 thé chay trong méi trwdng gidu oxy. Mot wu diém cla cac vat liéu nay la hau hét
chung sé tw dap tat khi dwoc dwa ra moéi trwerng khong khi binh thwéng. Tat ca quan 4o phai
sach sé va khong dinh ddu mé& vi nhirng tap chat nay lam gidm tinh chat cta céc vat liéu nay.
Giay dép khéng duoc co dinh hodc cac bd phan bao vé bang kim loai 16 ra ngoai cé thé gay ra
tia ICra.

There are a number of flame retardant materials available such as Nomex® for work clothing, but they
can burn in high-oxygen atmospheres. There is an advantage in these materials as most of them would
be self- extinguishing when removed to normal air atmospheres. All clothing should be clean and oil-free
as these contaminants compromise the properties of these materials. Footwear should not have nails or
exposed metallic protectors that could cause sparking.

Néu ca nhan vd tinh di vao hoc tiép xtc véi méi trwong giau oxy, ho phéi roi di cang nhanh
cang tét. Sau khi tiép xuc, tranh cac ngudn danh Ira va khéng hut thude trong it nhat 30 phut.
Céi hodc néi 16ng quan 4o va théng gid cho quan 4o trong it nhat 15 phat dé loai bd lwong oxy
duv thwra.

If individuals inadvertently enter or are exposed to an oxygen-enriched atmosphere, they shall leave as
quickly as possible. After exposure, avoid sources of ignition and do not smoke for at least 30 minutes.
Undo or loosen their clothing and ventilate it for at least 15 min in order to remove the excess oxygen.

6. Cac can nhac chung vé nha may / General plant considerations

6.1.

Lwa chon dia diém / Site selection

An toan nha may phan tach khi bat dau bang viéc danh gia an toan dia diém nha may dwoc de
xuét va khu vie xung quanh. Néi chung, cac nha may phan tach khi dwoc dat trong hoac gan
cac khu coéng nghiép nhw mét phan bd sung cho cac nha may coéng nghiép hoac hda chéat
khac. Nén thuyc hién danh gia rdi ro dinh lwong khi cac nha may dwoc dat gan cac ngudn hoa
chét hydrocarbon, &n mon, doc hai hodc hoa chat nguy hiém khac. Viéc |ap d&t nha may phai
tuan tha cac tiéu chuan ddng thuan cla nganh hién hanh va phai tuan tha tat ca cac quy dinh
hién hanh cta dia phuwong, tiéu bang, tinh/lanh thé va lién bang. Hoat dong cla nha may nén
dwoc xem xét vé kha nang two’ng thich v&i khu vire xung quanh. Vi dy, can nhan ra moi nguy
tiém &n cla ludng hoi thap giai nhiét hodc swong siéu lanh dbi véi cac nha may 1an can hodc
giao théng xe ¢d. Phai cung cap khoéng gian thich hop dé thai bé chéat 16ng siéu lanh. Tac dong
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6.2.

méi truéng clia cac nha may phan tach khi dwoc dé cap trong EIGA Doc 94, Tac dong Méi
trwong cha Cac Bon vi Phan tach khi [16].

Air separation plant safety begins with a safety evaluation of the proposed plant site and the surrounding
area. Generally, air separation plants are located in or near industrial areas as an adjunct to other
industrial or chemical plants. A quantified risk assessment should be performed when plants are sited in
proximity of hydrocarbon, corrosive, toxic, or other hazardous chemical sources. A plant installation
should conform to the applicable industry consensus standards and shall adhere to all applicable local,
state, provincial/territorial, and federal regulations. The plant operation should be reviewed for
compatibility with the surrounding area. For example, the potential hazard of the cooling tower plume or
cryogenic fog to nearby plants or vehicular traffic should be recognized. Adequate space should be
provided for cryogenic liquid disposal. Environmental impacts of air separation plants are addressed in
EIGA Doc 94, Environmental Impacts of Air Separation Units [16].

Cac yéu t6 an toan trong bé tri nha may / Safety factors in plant layouts

B4 tri nha may nén dwoc phat trién, xem xét va phé duyét dé dam bao bd tri an toan gitra cac
thanh phan chinh nhv tda nha co nguwoi &, hdp lanh clia don vi phan tach khi, tdbn chira chéat
I6ng siéu lanh sé Iwong I&¢n, co s& nap xe bon va dwdng édng dan nhién liéu va tén chira.
Phong diéu khién nha may co nguwoi & nén dwoc dat cach hop lanh clia don vi phan tach khi
va bdn tdn chra chét 1dng siéu lanh sb lwong Ién téi thiéu 50 ft (15,2 m) do nguy co gidu oxy
hoac thiéu oxy do ro ri khi hodc chét I6ng siéu lanh. Phai tuan tht cac can nhac thiét ké dwoc
quy dinh trong cac bé luat qudc gia, khu vwc va dia phwong thich hop khi ching dwoc coi la
nghiém ngat hon.

Plant layouts should be developed, reviewed, and approved to ensure safe layouts between major
components such _as occupied buildings, air separation unit coldboxes, bulk liquid cryogenic storage,
facilities for filling road tankers, and fuel pipelines and storage. An occupied plant control room should be
located a minimum of 50 ft (15.2 m) from air separation unit coldboxes and bulk liquid cryogenic storage
tanks because of risk of either oxygen enrichment or deficiency as the result of a cryogenic gas or liquid
release. Design considerations specified in the appropriate national, regional, and local codes shall be
followed when found more stringent.

Khéng nén s dung hd van, ranh hodc cé hai cho hé théng dwdng éng dan khi hoac chét 16ng
siéu lanh vi méi trwng gidu oxy hodc thiéu oxy co thé xay ra rat d& dang véi cac I&p dat nhw
vay. Néu hé théng duwéng dng dan khi va chat 16ng dwoc ldp d&t trong khong gian kin, nén ap
dung cac bién phap phong ngira nhw thong gié cuwdng blirc va hé thdng bao déng. Phai dan
céac bién canh bao thich hop.

The use of valve pits, trenches, or both for cryogenic gas or liquid piping systems is not recommended
because oxygen-enriched or oxygen-deficient atmospheres can occur very easily with such installations.
If gas and liquid piping systems are installed in enclosed spaces, precautionary measures such as forced
ventilation and alarm systems are recommended. Appropriate warning signs shall be posted.

Pudng 6ng thoat chét 16ng giau oxy khéng nén dwoc 1ap dét trong rénh. Theo thdi gian, ranh
cé thé tich tu dau, m&, rac hoac cac manh vun khac. Néu dwong 6ng bi rd ri, cé thé dan dén
chay.

Oxygen-enriched liquid drain lines should not be installed in a trench. Over time, trenches can accumulate
oil, grease, and trash or other debris. If a leak in the line develops, a fire could result.

Cén than trong dé ngén chét 16ng tran vao céng thoat san hodc hé théng thoat nudc. & nhivng
khu vwc chét 16ng giau oxy c6 kha néng tiép xuc véi mat dat, phai tranh I¢p phi méat d4t bang
nhwa dwdng, do kha nang gidi phéng ndng lvong do oxy tiép xdc véi hydrocarbon cé trong
nhya dwong. Dé biét thém thong tin, xem AIGA 085, Hé théng Nap Xe bdn Siéu lanh Oxy
Léng, Nito va Argon [17].

Caution should be taken to prevent liquid spills from entering floor drains or sewer systems. In areas
where oxygen-enriched fluids are likely to contact the ground, asphalt ground cover shall be avoided, due
to the potential for an energy release as a result of oxygen contact with hydrocarbons found in asphalt.
For more information, see AIGA 085, Liquid Oxygen, Nitrogen, and Argon Cryogenic Tanker Loading
Systems [17].

Viéc dinh tuyén dwong 6ng hoa chét dé chay, doc hai va cac hda chat nguy hiém khac tai dia
diém nha may phan tach khi nén dwoc gi¢di han & nhirng dwdrng dng can thiét cho hoat déng
clia nha may phan tach khi. Néu can thiét phai dinh tuyén dwdng 6ng van chuyén cac hda chét
dé di qua thiét bi quy trinh, khu vwc thao tac san phdm, tdn chira va khu vwc tran/gitr chét siéu
lanh clia nha may phan tach khi, thi can phai danh gia rdi ro dé chon céc chi tiét 18p dat thich
hop nhw:
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6.3.

Flammable, toxic, and other hazardous chemical pipe routing on the air separation plant site should be
limited to those required for air separation plant operation. If it is necessary to route piping for transporting
such chemicals across the air separation plant process equipment, product handling, storage and
cryogenic spill/detention area, a risk assessment is required to select the appropriate installation details
such as:

o dinh tuyén trén mé&t dat hoac dwéi long dat;
above or underground routing;

o mbi nguy tir sw cd dwong bng; va
hazards from failure of the piping; and

o tac dong tiém tang 1én dwdng 6ng tir cac sw cd clia nha may phan tach khi.
potential impact on the piping from air separation plant incidents.

Vat liéu ché tao / Materials of construction

Céc vat liéu dwoc sir dung trong nha may phan tach khi phai chiu nhiéu mac nhiét do, ap suét
va do tinh khiét khac nhau trong qué trinh van hanh. Phai lwa chon vat liéu twong thich véi cac
diéu kién dy kién, bao gdbm van hanh binh thuéng, khéi déng, dirng may va sw cb quy trinh.
The materials used in an air separation plant are exposed to a wide range of temperatures, pressures,
and purities during operation. Materials shall be selected that are compatible with the expected conditions
including normal operation, startup, shutdown, and process upsets.

Dé hé théng oxy hoat dong an toan, tat ca cac bo phan cia hé thdng phai dwoc xem xét vé
kha nang twong thich voi oxy trong moi dieu kién ma chung gap phai [18, 19]. Hé thong phai
duwoc thiet k& dé ngan nglra sy chay oxy bang cach:
For an oxygen system to operate safely, all parts of the system shall be reviewed for compatibility with
oxygen under all conditions they encounter [18, 19]. The system shall be designed to prevent oxygen
combustion by:
e lwa chon vat liéu twong thich;

selecting compatible material;
 van hanh trong gi¢i han ap suét, nhiét o va lwvu lwong da thiét ké; va

operating within the designed pressure, temperature, and flow limits; and
o dat dwoc/duy tri dd sach can thiét cho dich vu oxy.

obtaining/maintaining cleanliness required for oxygen service.

Khéng nén thay thé vat liéu ma khéng tham khado y kién ctia ngudn ky thuat cé trinh dd chuyén
mén trwde. Nha cung cép vat liéu ciing cé thé dwoc lién hé dé biét thong tin lién quan.
Substitution of materials should not be made without first consulting a qualified engineering source. The
vendor supplying the material may also be contacted for pertinent information.

6.3.1. Thao tdc v&i vat liéu dém nhém trong qué trinh 1ap dat / Handling of aluminum
packing during installation

- Vat liéu dém nhom cho thap phai dwoc gilr sach va kho réo trong qua trinh tén chira,
van chuyén va lap dat.
Aluminum packing for columns shall be kept clean and dry during storage, transport, and
installation.

- Can duy tri d6 kin d& ngdn nwéc xam nhap vao vat liéu dém nhém khi tdn chira ngoai
troi hodc 1ap dat trong thap. Thap da dwoc dong géi vat liéu dém nén dwoc diéu ap dé
van chuyén va kiém tra ap suét khi giao hang.

A seal should be maintained to prevent water ingress into aluminum packing when stored
outdoors or installed in the column. The packed column should be pressurized for transportation
and be checked for pressure at delivery.

- D& biét thém thong tin vé vat lieu dém nhém cé cAu tric, xem AIGA 076, S& dung an
toan vat liéu dém nhdm cé cau tric cho chwng cat Oxy [20].
For more information regarding aluminum-structured packing, see AIGA 076, Safe Use of
Aluminum-Structured Packing for Oxygen Distillation [20].

6.3.2. Kim loai / Metals

- Mé&c du céac vat liéu xay dwng théng thwéng nhw thép carbon, nhém va déng dwoc st
dung réng rai trong ché tao cac bd phan ca nha may phan tach khi, diéu quan trong
can nhé 1a viéc sir dung cac vat liéu nay la cé chon loc va phai twong thich véi cac
diéu kién van hanh [19]. Vi du, thép carbon théng thuwdng khéng dwoc st dung & nhiét
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6.4.

6.3.3.

dd dwdi -20 °F (-29 °C) vi & nhirng nhiét do nay, né mét di do déo, tré nén gion va dé
bi hdng trong diéu kién va dap. Mot sb kim loai ¢ thé dwoc st dung an toan & nhiét do
dudi —20 °F (29 °C) la thép khoéng gi Austenitic, nhém, déng, Monel®, ddng thau,
silicon-dér]g va niken 9% (thép ASTM A353). Théng tin tham khao vé viéc st dung kim
loai bao gom thép khong gi, nhém, déng, Monel® va dong thau [21, 22, 23, 24, 25, 26,
27, 28, 29].

While common construction materials such as carbon steel, aluminum, and copper are used
extensively in fabricating air separation plant components, it is important to remember that the
use of these materials is selective and shall be compatible with the operating conditions [19]. For
example, common carbon steel is not used at temperatures less than ~— 20 °F (1129 °C) because
at these temperatures it loses ductility, becomes brittle, and is subject to failure under impact
conditions. Some metals that can be used safely in temperatures less than —20 °F (=29 °C) are
austenitic stainless steel, aluminum, copper, Monel®, brass, silicon-copper, and 9% nickel
(ASTM A353 steel). Reference information on the use of metals includes stainless steel,
aluminum, copper, Monel®, and brass [21, 22, 23, 24, 25, 26, 27, 28, 29].

Vi ly do chi phi, thép carbon thwong dwoc s dung & nhiét d6 Ion hon —20 °F (=29 °C)
va & diéu kién nhiét dd moéi trwong cho dwong ong cong nghé lién két trong cac don vi
phan tach va héa 1dng khéng khi, cac binh tdn chira va dwéorng dng dan cho oxy, khéng
khi, hodc bat ky khi tro nao nhw argon hoéc nito [30, 31]. Trong céac truéng hop déc
biét nhw khi c6 hoi 4m, nén can nhéc sir dung thép khong gi hodc kim loai phu hop
khac dé ngan ngira an mon.

Because of cost, carbon steel is generally used in temperatures greater than —20 °F (-29 °C)
and at ambient temperature conditions for interconnecting process piping in air separation and
liquefaction units, storage vessels, and pipelines for either oxygen, air, or any of the inert gases
such as argon or nitrogen [30, 31]. In special cases such as when moisture is present, stainless
steel or other equally suitable metal should be considered to prevent corrosion.

Néu vat liéu dém nhém cé dién tich bé mét Ion tiép xdc véi nwéce, khi Hydro dwoc tao
ra do qua trinh oxy héa. Cac thap chwng cét dwoc dong géi vat liéu dém nhém cé thé
gay ra chay nd trong qua trinh ché tao ho&c l&dp dwng néu nwéc da xam nhap vao thap
va néu khi Hydro dwoc tao ra tao thanh hdn hop nd véi khong khi.

If high surface area aluminum packing contacts water, hydrogen gas is generated by oxidation.
Distillation columns packed with aluminum packing can cause explosions during fabrication or
erection if water has entered the column and if the hydrogen gas generated forms an explosive
mixture with air.

Nén duy tri d6 kin t6t d& ngan nwoc xam nhap doi voi vat liéu dém nhoém ton chra
ngoai troi va dbi véi viéc 1ap rap thap da dong goi tai cong trwong. Nén wu tién diédu ap
thap da dong goi dé van chuyen va kiém tra ap suét khi giao hang. Nén cé cac 16 thong
hoi & cac diém cao cta thap dé co6 thé thong thdi khi Hydro cé thé tich tu va kiém tra
ham Iwgng Hydro trwde khi lam viéc trén thap.

It is recommended to maintain a good tightness regarding water ingress for aluminum packing
outdoor storage and for packed column on-site assembly. It is preferred to pressurize packed
column for transportation and have a pressure check at delivery. It is recommended to have
vents at high points of the column in order to be able to purge the hydrogen possibly
accumulated and check the hydrogen content prior to working on the column.

Phi kim loai / Nonmetals

Céc vat liéu phi kim loai nhw giodng dém, vat liéu dém van, vat liéu cach nhiét va chat
béi tron phai dwoc kiém tra dé xac dinh xem chung c6 thé duwgc st dung cho mét (ng
dung cu thé hay khong [32]. TAt ca cac yéu tb lién quan dén viéc s& dung ching nhw
nhiét do, ap suat, v.v., phai dwoc xem xét khi quyét dinh xem vat liéu co thé dwoc st
dung ma khoéng lam gidm tinh toan ven an toan thiét ké cta hé thong hay khong Trong
hé théng oxy, sb lwong vat liéu phi kim loai nén dwoc gilr & murc tbi thiéu va, néu cé
thé, nén tranh xa dong khi tryc tiép.

Nonmetallic materials such as gaskets, valve packing, insulation, and lubricants shall be checked
to determine if they can be used for a particular application [32]. All factors associated with their
use such as temperature, pressure, etc., shall be considered in deciding if a material can be
used without decreasing the design safety integrity of the system. In an oxygen system, the
quantity of nonmetallic materials should be kept to a minimum and, where possible, be kept out
of the direct flow of the gas stream.

Vat liéu cach nhiét—ngoai trir hop lanh / Insulation—other than coldbox
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6.5.

6.6.

Cac duong dng coéng nghé lién két glua cac bd phan cta nha may phan tach khi hoat dong & nhiét
do thdp can vat liéu cach nhiét dé& gidm thiéu sw rd ri nhiét ctia qua trinh xubng murc chap nhan
dwoc va dé ngdn nhan vién tiép xdc véi nhiét d6 cuc thap. Nhiét d6 va dich vu cia dwong 6ng xac
dinh loai vat liéu cach nhiét dwgc str dung.

Interconnecting process lines between components of an air separation plant operating at low
temperatures require insulation to reduce process heat leak to an acceptable minimum and to prevent
exposure of personnel to extremely low temperatures. The temperature and service of the line determine
the type of insulation used.

Vat liéu cach nhiét cho dwdng éng oxy 16ng hodc cac dudng éng khac cé thé tiép xuc véi oxy 16ng
phai & vat liéu khdng chay dé bao vé chéng lai phan (ng cé thé xay ra trong trudng hop ro ri chét
Idng. Cac dwdng dng cong nghé khac hoat déng & nhiét d6 4m hon diém héa 16ng ctia khéng khi,
khodng —313 °F (-192 °C), c6 thé dwoc cach nhiét bang bét ky vat liéu cach nhiét dwoc chap nhan
thwong mai nao dap tng cac yéu cau thiét k&. Nén wu tién vat lieu cach nhiét khong chay trong
khéng khi. Chét ket dinh, hop chat lam kin va rao can hoi twong thich véi oxy phai duwoc st dung
trén cac dwdng dng mang oxy hoéc khi hoac chét 1dng lam giau oxy.

Insulation for liquid oxygen lines or other lines that can come in contact with liquid oxygen should be
noncombustible to protect against a possible reaction in the event of a liquid leak. Other process lines
operating at temperatures warmer than the liquefaction point of air, approximately —313 °F (=192 °C), may
be insulated with any commercially acceptable insulation that meets design requirements. Insulation that
is noncombustible in air should be given preference. Oxygen-compatible binders, sealing compounds,
and vapor barriers shall be used on lines carrying oxygen or oxygen-enriched gases or liquids.

Céac duwong 6ng cong nghé hoat dong & nhiét do lanh hon diém hoa I6ng chia khéng khi nén dwoc
cach nhiét bang vat lieu twong thich véi oxy. Néu vat liéu cach nhiét bi nirt hodc xudng cip & nhirng
nhiét do nay, khéng khi sé& khuéch tan vao vat liéu cach nhiét, ngwng tu trén b& mat dworng éng va
khién vat liéu cach nhiét tiép xdc v&i chat 1dng lam giau oxy. Ddi véi duwdng dng oxy cé vé chan
khéng, xem AIGA 106, Buwdng dng cé vé chan khdng trong dich vu Oxy I&ng [33].

Process lines operating at temperatures colder than the liquefaction point of air should be insulated with
material compatible with oxygen. If the insulation cracks or deteriorates at these temperatures, air is
diffused into the insulation, condenses against the surface of the pipe, and exposes the insulation material
to oxygen-enriched liquid. For vacuum-jacketed oxygen piping, see AIGA 106, Vacuum Jacketed Piping in
Liquid Oxygen Service [33].

Nhan vién phai dwoc bdo vé khdi cac dworng dng néng (Ién hon 140 °F [60 °C]) bang cach cach
nhiét dwdrng dng hodc cac rao chén khac ngan chén viéc tiép can khi dwerng 6ng con néng.
Personnel shall be protected from hot lines (greater than 140 °F [60 °C]) by either insulating the line or
other barriers preventing access while the line is hot.

Lam sach / Cleaning

Tht ca cac vat liéu dwoc st dung trong hodc lién két véi hé théng oxy phai dwoc lam sach thich hop
trwoc khi hé thdng dwgc dwa vao van hanh. Can can, ri sét, bui ban, xi han, dau, m& va cac vat liéu
hru co khac phai dwoc loai bd. Budng 6ng khdng dwoc lam sach dung cach trong dich vu oxy cé
thé 1a mdi nguy vi cac hat, m&, diu va cac vat liéu hiru co khac co thé gay chay. Cac quy trinh ché
tao va stra chiva nén dwoc kiém soat dé giam thiéu sy hién dién clia cac tap chat d6 va do dé don
gidn hoa cac quy trinh lam sach cubi cung. Xem AIGA 012, Lam sach thiét bi cho dich vu Oxy va
ASTM G93, Thyc hanh tiéu chudn vé Phwong phap 1am sach va Mc do sach cho Vat liéu va Thiét
bi dwgc str dung trong Mbi trieérng lam giau Oxy [34, 35].

All materials for use in or interconnected with oxygen systems shall be suitably cleaned before the system
is put into service. Mill scale, rust, dirt, weld slag, oils, greases, and other organic material shall be
removed. An improperly cleaned line in oxygen service can be hazardous because particulates, greases,
oils, and other organic materials can ignite a fire. Fabrication and repair procedures should be controlled
to minimize the presence of such contaminants and thereby simplify final cleaning procedures. See AIGA
012, Cleaning of Equipment for Oxygen Service and ASTM G93, Standard Practice for Cleaning Methods
and Cleanliness Levels for Material and Equipment Used in Oxygen-Enriched Environments [34, 35].

Thiét bi va dworng éng céng nghé siéu lanh x& ly chét 1dng tro phai dwoc lam sach cho dich vu siéu
lanh. Diéu nay ngan vat liéu la dén cac bd phan khac cta ASU.

Cryogenic process equipment and piping that handle inert fluids shall be cleaned for cryogenic service.
This prevents foreign material from reaching other parts of the ASU.

Yéu cau veé dién / Electrical requirements

Cac nha may phan tach khi thuong khéng duoc coi la khu viec méi nguy dbi véi thiét bi dién theo
dinh nghia cua Dieu 500 cua NFPA 70, National Electrical Code® [36]. Do do, trong hau hét cac
trwdng hop, cac loai day dién va thiét bj dién da nang hoac chong chiu thoi tiét la chap nhan dwoc
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tuy thudc vao vi tri la trong nha hay ngoai tréi. Cac nha may co thé co cac khu vc hodc thiét bi cu
thé doi hdi sy can nhac dac biét do thao tac cac vat liéu dé chay hodc dé bat Ira. Cac khu vwc d6
c6 thé bao gdbm hé thdng lam lanh st dung chét lam lanh hydrocarbon hodc amoniac ho&c don vi
tinh ché argon lién quan dén viéc s dung va thao tac Hydro.

Air separation plants are not typically considered hazardous locations for electrical equipment as defined
by Article 500 of NFPA 70, National Electrical Code® [36]. Therefore, in most cases, general purpose or
weatherproof types of electrical wiring and equipment are acceptable depending on whether the location
is indoors or outdoors. Plants can have specific areas or equipment that necessitate special consideration
due to handling of combustible or flammable materials. Such areas could include refrigeration systems
using a hydrocarbon or ammonia refrigerant or an argon purification unit involving the use and handling of
hydrogen.

- O nhitng khu virc c6 thé dw kién ndng dd oxy cao, nén tranh cac thiét bj dién cé tiép diém hé hoac

khong dwoc bado vé. Viéc gidm thiéu don gian bang cach dat thiét bi dién cach xa cac khu vyc cd
thé xay ra ndng dd oxy cao sé loai bd cac mdi nguy tiém an trong cac tinh hudng nay.
In areas where high oxygen concentrations could be expected, electrical equipment with open or
unprotected make-and-break contacts should be avoided. The simple mitigation of locating electrical
equipment away from areas where high oxygen concentrations can occur eliminates potential hazards in
these situations.

- Cac can nhic vé thiét ké duwoc quy dinh trong cac bo luat quéc gia, khu vwc va dia phuong thich

hop phai dwoc tuan thd. Cac hwéng dan clia nganh lién quan dén cac can nhac vé thiét ké ciing
nén dwoc xem xét. D& biét thém thong tin, xem NFPA 70 (& Hoa Ky) hodc EIGA Doc 134, Bau khi
quyén c6 kha nang gay nd, Chi thi EU 1999/92/EC (& Chau Au) [36, 37].
Design considerations specified in the appropriate national, regional, and local codes shall be followed.
Industry guidelines regarding design considerations should also be considered. For further information,
see NFPA 70 (in the United States) or EIGA Doc 134, Potentially Explosive Atmospheres, EU Directive
1999/92/EC (in Europe) [36, 37].

6.7. Tiéng on/ Noise

- Tiéng on do may nén va bd truyen dong ctia chung, do tuabin gidn n&, do van téc khi cao qua

duong éng va van, va do van gidm ap, 16 théng hoi hoac duo’ng vong phai duoc xem xét tlr goc do
moi nguy ° tiém an gay tén thuwong thinh giac cho nhan vién. D& danh gia méi nguy, cac cudc khao
sat tleng on nén dwoc thye hién sau khi kh&i dong ban dau va khi c6 cac slra dbi cé thé lam thay
ddi tiéng 6n phat ra [38, 39, 40, 41, 42] Viéc gidm thiéu tiéng &n va st dung thiét bj bdo vé tai ca
nhan phai tuan theo cac hwéng dan cua chinh phua (xem 29 CFR Phan 1910.95 [8]). Cac quy dinh
ctia dia phuong, tiéu bang va tinh/lanh thé cé thé nghiém ngat hon va phai duoc diéu tra.
The noise produced by compressors and their drives, by expansion turbines, by high gas velocities
through piping and valves, and by pressure relief valves, vents, or bypasses shall be considered from the
standpoint of potential hazard of hearing damage to employees. To assess the hazard, noise surveys
should be performed after initial startup and when modifications are made that could change the noise
emitted [38, 39, 40, 41, 42]. Noise abatement and use of personnel ear protection shall follow government
guidelines (see 29 CFR Part 1910.95 [8]). Local, state, and provincial/territorial regulations can be more
restrictive and shall be investigated.

- Thiét bi van hanh trong cac diéu kién khac nhau c6 thé yéu ciu cac cudc khao sat tiéng 6n bd sung
dé xac dinh kich ban tiéng n cao nhéat. Viéc kiém tra thinh lwc dinh ky dbi véi nhan vién co thé la
can thiét tuy thudc vao thoi gian tiép xdc va mae do tiéng on.

Equipment operated under varying conditions can require additional noise surveys to identify the highest
noise scenario. Periodic audiometric checks of personnel can be necessary depending on exposure times
and noise levels.

7. Chat lwgng khong khi dau vao / Intake air quality

- Chét lvong khéng khi cé thé &nh hwdng dén viéc lwa chon dia diém dat nha may phan tach khi va phai
dwoc danh gia. Nha may phan tach khi thuéng dwoc dat trong khu céng nghiép, do d6 co6 thé dw kién mot
mirc do 6 nhiém nhét dinh tir hoat dong clia cac nha may cong nghiép va’hodc héa chéat sé ton tai trong
khong khi. Cac tap chat vét trong khong khi khi quyén, dac biét la hydrocarbon, cé anh hwéng truc tiép
dén hoat ddng an toan clia nha may phan tach khi. Diéu quan trong la phai xac dinh cac tap chéat nay va
mirc d6 tap trung cta ching trong khong khi khi quyén. Cac phan tich chat lwgng khéng khi ngén han
khoéng dai dién cho mirc do tap chat khong khi dai han. Cac diéu kién dia diém thay ddi c6 thé anh huwéng
d’@'n chét lugng khéng khi va nén dwoc danh gia dinh ky hoac khi cac nganh coéng nghiép xung quanh thay
doi.

Air quality can have an impact on the air separation plant site selection and shall be evaluated. The air
separation plant typically is located in an industrial area and thus a degree of contamination released from
industrial and/or chemical plant operations can be expected to be present in the air. Trace contaminants in the
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atmospheric air, particularly hydrocarbons, have a direct bearing on the safe operation of an air separation plant.
It is important to identify these contaminants and their levels of concentration in the atmospheric air. Short-term
air quality analyses are not representative of long-term air contaminant levels. Changing site conditions can have
an impact on air quality and should be evaluated periodically or when the surrounding industries change.

71.

Cac tap chat / Contaminants

Cac tap chét vét c6 thé dwoc chia thanh ba loai chinh dwa trén cac van dé tiém 4n ma ching gay ra
trong ASU (gay tac nghén, phan (rng, hodc an mon) nhw thé hién trong Bang 2. Xem muc 9.1, mé t&
chi tiét cach xt ly tirng tap chat trong Bang 2 trong quy trinh ASU.

Trace contaminants can be put into three main categories based on the potential problems they cause in
the ASU (plugging, reactive, or corrosive) as shown in Table 2. See 9.1, which describes in detail how
each of the contaminants in Table 2 is dealt with within the ASU process.

Céac tap chét gay tdc nghén tap trung, két tiia dwdi dang chét ran, hodc ca hai trong quy trinh ASU.
Mac du téc nghén 1a mét van dé van hanh, né ciling cé thé dan dén séi khé (dry boiling) hodc sbi hé
(pool boiling), tlr 6 c6 thé lam cd dic cac tap chat phan tng dé tao thanh hén hop dé chay. Cac
tap chat gay t&c nghén dang lo ngai nhét Ia nuéc, carbon dioxide va nitrous oxide.

Plugging contaminants concentrate, precipitate out as a solid, or both in the ASU process. While plugging
is an operating problem, it can also lead to dry boiling or pool boiling, which can in turn concentrate the
reactive contaminants to form flammable mixtures. The plugging contaminants of most concern are water,
carbon dioxide, and nitrous oxide.

Céc tap chat phan (rng co thé tap trung bén trong ASU va tao thanh hén hop dé chay véi oxy hodc
khong khi giau oxy. Cac tap chat phan (rng quan trong nhét trong khéng khi la metan, etan, etylen,
axetylen, propan va propylen. Cac hydrocarbon cé diém séi cao hon khac thwong dugc xi ly
chung. Cac sol khi hydrocarbon tir khoi va swong mu la mot loai tap chat phan (rng dic biét va
duwoc thdo luan trong muc 7.5. NOx va ozon ciing la chat phan (rng, nhwng khong phai la méi lo
ngai Ién trong cac ASU dwoc van hanh dung cach. D& biét thém théng tin, xem AIGA 035 [43].
Reactive contaminants can concentrate within the ASU and form flammable mixtures with oxygen or
enriched air. The most important reactive contaminants in air are methane, ethane, ethylene, acetylene,
propane, and propylene. The other higher boiling point hydrocarbons are typically treated together.
Hydrocarbon aerosols from smoke and haze are a special type of reactive contaminant and are discussed
in 7.5. NOx and ozone are also reactive, but are not a major concern in properly operated ASUs. For
more information, see AIGA 035 [43].

Bang 2—Cac tap chat gay tac, phan trng va &n mén cé trong khéng khi
Table 2—Plugging, reactive, and corrosive contaminants in air

Gay tac Phan trng An mon
Plugging Reactive Corrosive
Tén héa chét Ky hiéu Tén héa chat Ky hiéu Tén héa chét Ky hiéu
Chemical name Symbol Chemical name Symbol Chemical name Symbol
Nwéc / Water H,O Methane CH, Sulfur dioxide SO,
Carbon dioxide CO, Acetylene C,H, Sulfur trioxide SO,
Nitrous oxide N,O Ethylene CHy Hydrogen sulfide H.S
Ethane C,Hs Chlorine Cl,
Propylene C;Hg Hydrochloric acid HCl
Propane C;Hg Ammonia NH;
Cac hydrocacbon khac Cac hop chat lwu huynh khac
Other hydrocarbons Other sulfur compounds
Céc oxit nito NO Céac clorua khac
Oxides of nitrogen x Other chlorides
Ozone 0;

LUU Y /NOTE . .
Bang nay ban dau dwoc phat trién cho AIGA 035, Van hanh an toan Thiét bj dun soi /B6 ngung tu trong cac Bon vj Tach khi [43].
This table was originally developed for AIGA 035, Safe Operation of Reboilers/Condensers in Air Separation Units [43].

Céac tap chat da thao luan trwéc dé tap trung trong oxy. Hydro va carbon monoxide tap trung trong
nito, san pham nito thai, hodc ca hai va thuwdng khong phai 1a méi nguy an toan.

The previously discussed contaminants concentrate in oxygen. Hydrogen and carbon monoxide
concentrate in nitrogen, waste nitrogen product, or both and are generally not safety hazards.

Cac tap chat an mon (khi axit va amoniac tir cac nguén nhw khong khi xung quanh hodc nuwéc lam
mat) co thé phan (rng véi thiét bi va duwdng éng, gay ra cac van dé van hanh va anh huéng dén tudi
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7.2,

tho thiét bi. Vi &n pham nay chd yéu dé cap dén an toan, cac tap chat nay khéng dwoc thao luan chi
tiét.

Corrosive contaminants (acid gases and ammonia from sources such as ambient air or cooling water) can
react with equipment and piping causing operating problems and impacting equipment life. Since this
publication is primarily dealing with safety, these contaminants are not discussed in detail.

Bang 3 la co s& thiét ké chat lwgng khong khi méc dinh dién hinh ma, trong trwéng hop khéng c6
di liéu khac, cé thé dwoc sir dung lam ndng d6 ddng thoi téi da tai clra hat khéng khi vao ASU. C6
thé can phai thay ddi thiét ké cia cac bé phan ASU khac nhau néu cac néng d6 nay bi vuot qua.
Di lieu thwc té vé dia phwong nén duwgc cung cip cho nha cung cip ASU bat c khi nao cé théng
tin do.

Table 3 is a typical default air quality design basis that in the absence of other data can be used as the
maximum simultaneous concentrations in the air intake to an ASU. Changes to the designs of various
ASU components can be required if these concentrations are exceeded. Actual data for the locality should
be provided to the ASU supplier whenever such information is available.

Bang 3—Co s& thiét ké chat lwong khong khi mac dinh dién hinh
Table 3 - Typical default air quality design basis

< Chét| khong khi
Céc tap chét Ky hiéu ah_‘,.‘"-’l’('lg ong kht
Contaminants Symbol thiet ke (ppm/v)
Design air quality (ppm/v)

Acetylene CoH2 0.3

Carbon dioxide CO; 425

Cac hydrocacbon khac Cs+ 1

Other hydrocarbons

Ethane CoHe 0.1

Ethylene CoHs 0.1

Methane CH, 5

Cac oxit nito NOy 01

Oxides of nitrogen )

Nitrous oxide N2O 0.35

Propane CsHg 0.05

Propylene CsHs 02

Cac tap chat phan (rng c6 trong oxy / Reactive contaminants that concentrate in oxygen

Hydrocarbon va hau hét cac tap chét phan &ng khac cé nhiét d s6i cao hon oxy. Chung tap
trung trong cac chat 16ng giau oxy dwoc tim thay & day cot va bd dun séi (reboilers). Mbi nguy
chinh 1a hydrocarbon tap trung trong oxy 1dng. Néu cac tap chat nay tap trung dén gidi han né
dwéi (LEL), phan (rng v&i oxy co thé xay ra. LEL clGa hydrocarbon trong oxy dang khi nam
trong khoang tr 5% dén 10% khi dwoc biéu thi bang metan twong dwong, va LEL trong oxy
Idng cao hon mot chat [44].

Hydrocarbons and most other reactive contaminants have boiling temperatures higher than that of
oxygen. They concentrate in the oxygen-enriched liquids found in the sumps of columns and reboilers.
The primary hazard is that the hydrocarbons concentrate in liquid oxygen. If these contaminants
concentrate to the lower explosive limit (LEL), a reaction with oxygen can occur. The LEL of hydrocarbons
in gaseous oxygen is between 5% and 10% when expressed as methane equivalent, and the LEL in liquid
oxygen is slightly higher [44].

Céac mdi nguy cu thé cla tirng hydrocarbon dwoc liét ké trong cac doan sau:

The specific hazards of each hydrocarbon are listed in the following paragraphs:

e Metan it bay hoi hon oxy mét chit va hoan toan hoa tan trong oxy 16ng. Hoi khé dé co déc
metan dén mirc khéng an toan trong hau hét cac quy trinh ASU;
Methane is slightly less volatile than oxygen and is completely soluble in liquid oxygen. It is somewhat
difficult to concentrate methane to unsafe levels in most ASU processes;

o D06 bay hoi va dd hoa tan cta Etan trong oxy 1dng, mac du thdp hon metan, khéng gay ra
tiém nang dang ké nao dé co dac dén mirc khong an toan hoac hinh thanh pha Iéng thir hai,
mién la duy tri viéc théng thdi chat 16ng day du & day bd dun séi lai;

Ethane’s volatility and solubility in liquid oxygen, while less than methane, poses no significant
potential to concentrate to unsafe levels or form a second liquid phase provided that an adequate
liquid purge is maintained on the reboiler sump;
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Etylen gay ra mot moi nguy dac biét vi n6 co thé két tta dwdi dang chét ran trong mot so
diéu kién van hanh ASU, cha yéu khi dun soi oxy léng ¢ ap suat dudi 44 psia (303.4 kPa,

abs), xem AIGA 057 [2].2 Néu c6 ngudn etylen & gan, can xem xét thiét ké nha may dé dam
bao etylen duy tri trong gi¢i han an toan bang cach thay déi quy trinh, bd sung thiét bi phan
tich, hodc tang cwdng théng thdi chat 16ng & day bd dun soéi lai;

Ethylene presents a special hazard because it can precipitate as a solid under some ASU operating

conditions, primarily when boiling liquid oxygen at less than 44 psia (303.4 kPa, abs), see AIGA 057
[2].2 If an ethylene source is nearby, consideration should be given to plant design to ensure that
ethylene remains within safe limits either by changing the process, adding analytical instrumentation,

or increasing the liquid purge on the reboiler sump;

Axetylen la mét tap chat phan (ng rat nguy hiém. Vi axetylen co d6 hoa tan thap trong oxy
I6ng, néu nd di vao hdp lanh (coldbox), né sé tép trung trong oxy long va két tha dwoi dang
chét rdn & néng do thap toi 4 ppm dén 6 ppm (tuy thudc vao ap suét oxy 1dng). Chat ran nay
twong dql khéng 6n dinh va chi can it nang lwong dé ch chay. Cac ASU dworc trang bi PPU
loai bo tat ca axetylen khdi khong khi nén khéng coé chat nao di vao hop lanh. Cac nha may
dwoc trang bi REVEX khong loai bd axetylen khai khéng khi dau vao va phai x& ly né trong
hop lanh, thuwéng bang cach str dung bd hap phu siéu lanh;

Acetylene is a very hazardous reactive contaminant. Because acetylene has a low solubility in liquid
oxygen, if it enters the coldbox it concentrates in liquid oxygen and precipitates out as a solid at
concentrations as low as 4 ppm to 6 ppm (depending on the liquid oxygen pressure). The solid is

relatively unstable and requires little energy to ignite. ASUs equipped with PPUs remove all of the

acetylene from the air so none enters the coldbox. Plants equipped with REVEX do not remove

acetylene from the incoming air and shall deal with it in the coldbox, typically by using cryogenic

adsorbers;

Propan la mot hydrocarbon twong dm nguy hiém do do bay hoi thap so v&i oxy va kha nang
hinh thanh pha Iong th hai néu nong do clha né du cao. O ap suét thap, pha 16ng th& hai
hinh thanh trwéc khi ndng dd cia né trong oxy ldng dat dén LEL. Pha 16ng thi hai cla
propan twong déi tinh khiét nay sau d6 c6 thé phan &ng véi pha giau oxy, néu bi dét chay.
Propan khéng duwoc loai bd bdi REVEX va chi dwoc loai bd méot phan béi PPU; phan con lai
phai dwoc loai bd bang cach thong thdi chét 16ng;

Propane is a relatively hazardous hydrocarbon because of its low volatility relative to oxygen and its
ability to form a second liquid phase if its concentration is high enough. At low pressures, the second
liquid phase forms before its concentration in liquid oxygen reaches the LEL. This second liquid phase
of relatively pure propane could then react with the oxygen-rich phase, if ignited. Propane is not
removed by the REVEX and is only partially removed by the PPU; the remainder shall be removed by
liquid purge;

Propylen twong tw nhw propan ¢ & ché né hinh thanh pha 1dng thé hai trong oxy 16ng néu
nong do cla né du cao. Pha Iéng th& hai nay cé tinh phan ng. Tuy nhién, propylen dwgc
loai bd twong déi dé& dang bang PPU hodc hap phu siéu lanh;

Propylene is similar to propane in that it forms a second liquid phase in liquid oxygen if its
concentration is high enough. This second liquid phase is reactive. However, propylene is removed
relatively easily either by PPUs or cryogenic adsorption;

Céac hydrocarbon khac 1a cac hydrocarbon c6 diém séi cao hon (C4+). Khi khéi lwong phan
tlr tang |&n, do hoa tan trong oxy 1dng gidm. Tuy nhién, chiung dwoc xt ly twong dbi dé dang
bdi tht ca cac hé thdng loai bd tap chat vét, mién la cac hé théng nay dwoc van hanh ding
cach;

Other hydrocarbons are the higher boiling point hydrocarbons (C4+). As the molecular weight
increases, the solubility in liquid oxygen decreases. However, these are dealt with relatively easily by
all trace contaminant removal systems provided that these systems are operated properly;

NOx c6 thé phan &ng v&i oxy nhwng duwoc loai bé badng PPU hodc hap phu siéu lanh. Cac
hop chat NOx chi yéu la nitric oxide va nitrogen dioxide trong khéng khi khi quyén va l1a san
pham phu clia qué trinh dbt chay khéng hoan toan. Néu ching di vao hop lanh, nitric oxide
va nitrogen dioxide sé& hinh thanh cac hop chat NOx cé khdi lwong phan tir ngay cang cao

psi, bar va kPa phai chi ap suét ddng hd trir khi dwoc ghi cha khac 1a (psia, bar, abs va kPa, abs) cho ap suét tuyét dbi hoac

(psid, bar, dif va kPa, differential) cho ap suat chénh léch. TAt ca cac gia tri kPa dwoc lam tron theo CGA P-11, Hwéng dan Thuc
hanh Hé mét trong Cong nghiép Khi Nén [45].

psi, bar, and kPa shall indicate gauge pressure unless otherwise noted as (psia, bar, abs, and kPa, abs) for absolute pressure or (psid, bar, dif, and
kPa, differential) for differential pressure. All kPa values are rounded off per CGA P-11, Guideline for Metric Practice in the Compressed Gas Industry

[45].
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7.3.

7.4,

hon (nitrogen trioxide, dinitrogen tetraoxide va dinitrogen pentoxide), sau do c6 thé két tha
va lam tac nghén thiét bi. O’ nhiét dd lanh, cac hop chat NOx cé thé phan (rng vé&i bat ky
dien khong bao hoa nao dwoc tim thay trong REVEX dé tao thanh chat déo nd [46, 47, 48];
va

NOx can react with oxygen but are removed either by the PPU or cryogenic adsorption. NOx
compounds are primarily nitric oxide and nitrogen dioxide in atmospheric air and are the by-products
of incomplete combustion. If they enter the coldbox, nitric oxide and nitrogen dioxide form increasingly
higher molecular weight NOx compounds (nitrogen trioxide, dinitrogen tetraoxide, and dinitrogen
pentoxide), which can then precipitate and plug equipment. At cold temperatures, NOx compounds
can react with any unsaturated dienes found in REVEXs to form explosive gums [46, 47, 48]; and

e LUU Y—NOXx (nitric oxide va nitrogen dioxide) la cac hop chat khac véi nitrous oxide.
NOTE—NOx (nitric oxide and nitrogen dioxide) are different compounds than nitrous oxide.

e Ozon khéng &n dinh va phan hly thanh oxy giai phéng nhiét, day 1a mot méi nguy tiém an.
Ozon dwoc loai bd bidng PPU hoéc hap phu siéu lanh.
Ozone is unstable and decomposes to oxygen-releasing heat, which is a potential hazard. Ozone is
removed either by PPU or cryogenic adsorption.

Cac tap chat cé phan (rng tap trung trong nito’ / Reactive contaminants that concentrate in
nitrogen

Hydro va cacbon monoxit c6 diém soi thap hon oxy va do do tap trung trong nito. Hé s6 tap trung
thuwong chi tlr 2 dén 10 Ian, vi vay ching van & nong d6 ppm thap. Hydro va cacbon monoxit la van
dé vé do tinh khiét khi san xuét nito siéu tinh khiét. Cacbon monoxit cling la mét van dé khi san xuat
nito NF. Ching c6 thé duoc loai bdé bing cac phwong tién khac nhw oxy héa xic tac & dau vao
hodc tinh ché nito.

Hydrogen and carbon monoxide have boiling points less than oxygen and thus concentrate in nitrogen.
The concentration factor is typically only 2 times to 10 times, so they remain at low ppm concentration.
Hydrogen and carbon monoxide are a purity issue when ultra high purity nitrogen is produced. Carbon
monoxide is also an issue when nitrogen NF is produced. They can be removed by other means such as
front-end catalytic oxidation or nitrogen purification.

Cac thanh phan gay tac / Plugging components

Déc diém cla cac thanh phan gay tic cu thé nhw sau:

Characteristics of the specific plugging components are as follows:

o Nuwéc rat khong hoa tan trong chét 16ng siéu lanh va phai duoc loai bd trwdc khi dén cac cot
chung cét. Nwéc duoc loai bd trong REVEX hodc PPU;
Water is very insoluble in cryogenic liquids and shall be removed before reaching the distillation
columns. Water is removed in the REVEX or PPU;

o Cacbon dioxit twong dbi khéng hoa tan trong oxy 16ng va dwoc loai bd bang PPU, REVEX
hodc h&p phu siéu lanh. Dong théng théi chét 1dng ndi hoi hd tro duy tri néng d6 cacbon
dioxit dwdi gi¢i han an toan trong bé chra ndi hoi, xem AIGA 035 [43]; va
Carbon dioxide is relatively insoluble in liquid oxygen and is removed by the PPU, REVEX, or
cryogenic adsorption. Reboiler liquid purge flows assist in maintaining carbon dioxide concentrations
below the safe limit in the reboiler sump, see AIGA 035 [43]; and

 Nito oxit twong déi khong hoa tan trong oxy 16ng; tuy nhién, né hoa tan hon cacbon dioxit.
Do do, déi véi hau hét cac tng dung, khdéng can loai bd nito oxit. N6 dwoc loai bd mét phan
bang cac PPU tiéu chuan nhwng cac thiét ké dac biét cia PPU co thé tang hiéu suat loai bo.
N6 cling dwoc loai b6 bang hap phu siéu lanh. Dong théng thdi chat 1dng ndi hoi h tre duy
tri nong dod nito oxit dwéi gidi han an toan trong bé chira néi hoi [43, 49].
Nitrous oxide is relatively insoluble in liquid oxygen; however, it is more soluble than carbon dioxide.
Therefore, for most applications, no nitrous oxide removal is required. It is partially removed by
standard PPUs but special designs of the PPU can increase the removal efficiency. It is also removed
by cryogenic adsorption. Reboiler liquid purge flows assist in maintaining nitrous oxide concentrations
below the safe limit in the reboiler sump [43, 49].

LUU Y—NOx (nitric oxit va nito dioxit) 1a cac hop chét khac véi nito oxit.
NOTE—NOx (nitric oxide and nitrogen dioxide) are different compounds than nitrous oxide.

Gi¢i han hoa tan cia hén hop nito oxit va cacbon dioxit trong chét Idng siéu lanh thap hon gi¢i han
cla tirng thanh phan riéng I khi ca hai cling tén tai vi ching tao thanh dung dich ran, xem 12.4.

The solubility limits of mixtures of nitrous oxide and carbon dioxide in liquid cryogens are less than their
single component limits when both are present because they form a solid solution, see 12.4.

D& biét thém thong tin vé sw tich tu hop chét gay tac nghén, xem AIGA 057 [2].
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For more information about plugging compound accumulation, see AIGA 057 [2].
7.5. Swong mu va khoi ttr dam chay / Haze and smoke from fires

- Swong mu va khéi tlr chay rirng, dét nwong ray, hoac dbt sinh khdi khac co thé tao ra ndng do
hydrocacbon trong khi quyén cao hon mrc binh thudng.
Haze and smoke from forest fires, burning farmland, or other biomass combustion can create higher than
normal hydrocarbon concentrations in the atmosphere.

- M6t phan tich vé mét dam chay cho thay khi thai bao gdm:
An analysis of one fire showed that emissions consisted of:
e Cac thanh phan hoi cla n-ankan, hop chat thom, va mét sé hop chat chira oxy cla
hydrocacbon ti» C3 dén C21; va
Vapor components of n-alkanes, aromatics, and some oxygen-containing compounds of C3 to C21
hydrocarbons; and

o+ Cac hat sol khi bao gébm cac giot c6 dwong kinh tir 0.1 um dén 2 pm, chi yéu la
hydrocacbon tor C8 dén C36 [50].
Aerosols composed of droplets of 0.1 Lim to 2 _m diameter, mainly C8 to C36 hydrocarbons [50].

- Néng d6 hoi va hat sol khi giau hydrocacbon khéng vwot qué gidi han thiét ké cla nha may thi
khong phai la méi lo ngai d6i v&i an toan ASU.
Concentrations of hydrocarbon-rich vapor and aerosols that do not exceed the design limits of the plant
are not a concern for ASU safety.

- Chi cac hop chét hoi dwoc hap phu bdi PPU; tuy nhién, cac hat sol khi thwerng qua nhé dé bi gitr lai
b&i bd loc bui khi dau vao hodc PPU, vén thuwéng gil lai cac hat ¢é kich thwédc tir 2 pm dén 5 um
tré 1én. Cac hat sol khi cé thé tich tu trong bé chira ndi hoi va tré thanh mot méi nguy dang ké néu
khéng dwoc xtr ly.

Only the vapor compounds are adsorbed by a PPU; however, the aerosols are typically too small to be
retained by inlet air or PPU dust filters, which typically capture particles 2 1 1m to 5 ~m and larger. The
aerosols can accumulate in the reboiler sump and become a significant hazard unless addressed.

- Lwong I6n hat sol khi dwoc dwa vao quy trinh khdng thé loai bé bang cach khir bing va cé thé can

rtra bang dung moi dé loai bd. Néu mét ASU c6 kha ndng cd lwgng I&n hat sol khi trong khong khi
xung quanh vwot qua gidi han thiét ké clia nha may trong thdi gian dai, cadc muc sau day nén dwoc
xem xét:
High amounts of aerosols that are introduced into the process cannot be removed by derime and could
require solvent wash to remove. If an ASU has the potential to have high amounts of aerosols in the
ambient air exceeding the plant design limits for extended periods of time, the following items should be
considered:

e S dung bd loc hiéu suat cao dé loai bd cac hat I&n hon 0.1 um dén 0.4 um. B6 loc c6 thé
dwoc dat & clra hut MAC hodc & dau ra cta bo tién tinh ché. Viéc 1ap dat va bao tri bo loc
hiéu suét cao dung cach la rat quan trong dé loai bd cac hat;

Use a high efficiency filter to remove particles larger than 0.1 Lim to 0.4 _m. The filter could be placed
on the MAC inlet or on the prepurifier outlet. Proper installation and maintenance of the high efficiency
filter is critical to remove patrticles;

o Do sut ap qua bd loc hiéu suét cao. Sut ap cao c6 thé cho thay b loc bj téc va can bao tri.
Sut ap thap c6 thé cho thdy sw bd qua bd loc (vi du: 1&p d&t khdng dung cach, bd loc bi
héng); va
Measure pressure drops across the high efficiency filter. High pressure drops can indicate the filter is
blocked and requires maintenance. A low pressure drop can indicate bypassing of the filter (for
example, improper installation, filter failure); and

o Lap dat/st dung may dém hat d& canh bao nhan vién van hanh vé& moét mébi nguy tiém an.
Install/use particle counters to alert operating staff to a potential hazard.

- Khi xay ra sw cb chay, cac muc sau day nén dwoc xem xét:
When fire events occur, the following items should be considered:
e Théng b&o cho ban quan ly cong ty vé tinh hinh;
Inform company management of the situation;
e Néu mot ASU hoat déng trong thoi gian ngén c6 swong mu day dac, hay dam bao ngay lap
tirc rang tat ca cac bién phap an toan dang dwoc tuan tha (vi du: mic ngép cua ndi hoi, loai
bd oxy 16dng khéi bé chira ndi hoi, v.v.);
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7.6.

If an ASU runs during a short period of high haze, immediately ensure that all safety measures are
being followed (for example, reboiler submergence, liquid oxygen removal from the reboiler sump,
etc.);

¢ Cac hat sol khi tich tu trong ASU theo th&i gian va c6 thé kho loai bo;
Aerosols accumulate in the ASU over time and can be difficult to remove;

o Céc hat sol khi khéng thé dwoc phat hién bang may phan tich hydrocacbon; tuy nhién, cé
thé phat hién sw gia tdng mrc d6 clia cac hydrocacbon nhe hon;

Aerosols cannot be detected by the hydrocarbon analyzer; however, an increase in the levels of lighter
hydrocarbons can be detected;

e Can chiy dé dam bao rang cac chat r&n nhu cacbon dioxit va nito' oxit khéng két tda tir chat
I6ng giau oxy. Theo ddi bé loc dau vao may nén chinh, b6 trao dbi nhiét va hé théng duong
ong dé phat hién sw gia tang sut ap hoac giam hiéu suét truyén nhiét. Pay |a nhirng dau
hiéu cho thdy chét ran co thé dang két tda;

Attention should be paid to ensure that solids such as carbon dioxide and nitrous oxide are not
precipitating from oxygen-rich fluids. Monitor the main compressor inlet filter, heat exchangers, and

piping systems for increases in pressure drop or decreased heat transfer performance. These are
indications that solids might be precipitating;

e Van hanh cac don vi tién tinh ché sao cho khéng cé sy xuyén thau cacbon dioxit trong cac
sw chd chay/swong mu; va
Operate prepurification units so that there is no carbon dioxide breakthrough during fire/haze events;
and

e Can nhéc céc tiéu chi clia nha san xuét va coéng ty van hanh dé& xac dinh xem cé nén tét
ASU trong mdi trwong swong mu day dac hay khong. Tham khado y kién nha san xuat dé
dwoc huwéng dan vé mirc d6 swong mu day d&c. Trong trwéng hop khong c6 hudng dan
ndo, ngwdng PM10 la 150 pg/m? cé thé dwoc s dung. PM10 1a khéi lwong cac hat co
dwodng kinh nhd hon 10 um chira trong 1 m® khéng khi. Biéu nay dwoc do lwéng béi nhiéu
co quan quan ly mdi trwedng trén khap thé gioi
Consider the manufacturer’s and operating company’s criteria to determine if an ASU should be shut
down in a high haze environment. Consult the manufacturer for guidance as to what constitutes a high
haze. In the absence of any guidelines, a PM10 threshold of 150 [g/m3 may be used. PM10 is the
mass of particles less than 10 _m diameter contained in 1 m3 of air. This is measured by many
environmental regulating agencies throughout the world

Téng quan vé swong mu va mot sb van dé an toan ASU tiém an c6 thé duwoc tim thay trong
“Hydrocarbon Haze and ASU Safety” [51]. Hydrocacbon t&¥ swong mu chdy rirng d& goép phan gay
ra mot vu né ASU I&n, nhw dwoc trinh bay chi tiét trong “Investigation of an Air Separation Unit
Explosion” [50].

An overview of haze and some of the potential ASU safety problems can be found in “Hydrocarbon Haze
and ASU Safety” [61]. Hydrocarbons from forest fire haze contributed to a large ASU explosion, as
detailed in “Investigation of an Air Separation Unit Explosion” [50].

Mot dau hiéu cta sw cd swong mu cd thé 13 tAm nhin han ché xung quanh nha may hosc dia diém.
Vi du, khi tdm nhin cuc bd gidm xudng dwdi 1.3 ddm (2 km).

An indication of a haze event can be limited visibility around the plant or site. For example, when local
visibility drops to less than 1.3 miles (2 km).

Nguodn tap chéat / Contaminant sources

Céc tap chét trong khong khi cé ngudn géc tir nhiéu nguén khac nhau. Ong théng hoi, 6ng khoi, mé
dét, khu viec dam 3y, rd ri quy trinh, khi thai tir 10 swéi khi tw nhién, khi thai tr dong co dét trong,
éng théng hoi hé théng béi tron may méc, bai rac, va chay ring hoac chay dbng ruéng la nhirng
ngudn phé bién nhat. Cac quy trinh héa chat va ddu mé trén cac khu dat lién ké va cac quy trinh
khac trong khuén vién nha may tach khi phai dwoc kiém tra can than nhw la cac ngudn gay 6 nhiém
tiém an.

Airborne contaminants originate from numerous sources. Vents, stacks, flares, swampy areas, process
leaks, natural gas heater emissions, exhausts from internal combustion engines, machinery lubrication
system vents, landfills, and forest or field fires are the most common sources. Chemical and petroleum
processes on adjoining properties and other processes within the air separation plant site shall be
carefully examined as possible contamination sources.

Chai axetylen khéng duoc lwu triv hodc sir dung gan clra hat khi cia MAC dang hoat dong.
Acetylene cylinders shall not be stored or used near the air intake of an operating MAC.
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Nén d&t cac bién bao gan ctra hut may nén khi cdm dbé xe va chay déng co dbt trong hodc may han
trong khu vuc. Da c6 sw cd khi thai tir ddu may xe Itra diesel gn d6 dwoc cho la nguyén nhan gay
ra sy xuét hién clia axetylen trong chét 1dng binh ngwng chinh.

Signs should be posted near air compressor intakes prohibiting the parking and running of internal
combustion engines or welding machines in the area. There have been incidents where the exhausts from
nearby railroad diesel locomotives have been attributed to the appearance of acetylene in main
condenser liquids.

Nhan dang tap chat / Identification of contaminants

Céc tap chét c6 thé dwoc nhan dang bang cach phan tich khéng khi xung quanh. Bang 3 cung cép
co s& thiét ké chat lwong khong khi méc dinh cho méi tredng cong nghiép dién hinh, cé thé duoc
st dung néu khong cé thdng tin nao khac.

Contaminants can be identified by analyzing the ambient air. Table 3 provides a default air quality design
basis for a typical industrial environment, which can be used if no other information is available.

Vi tri ctra hut khi / Location of air intake

Khoang cach ma ctra hut may nén khi phai dwoc gilr cach xa bat ky ngudn tap chét trong khong khi
tiém &n nao phu thudc vao kha nang loai bd ching cia nha may dé tranh néng dé nguy hiém bén
trong ASU, ciing nhu téc d6 gié va cac diéu kién thoi tiét khac cé thé anh hwdng dén sy pha loang
va phan tan tap chét.

The distance that the air compressor intake shall be kept away from any potential source of airborne
contaminants depends on the plant’s capability for removing them to avoid hazardous concentrations
within the ASU as well as wind velocity and other weather conditions that can affect contaminant dilution
and dispersal.

Viéc nang cao clra hat khi c6 thé tan dung van téc gié va cac diéu kién thoi tiét khac co thé anh
hwéng dén sw pha lodng va phan tan tap chét. Trong trwéng hop cwe doan, hai ctra hat khi cé thé
dwgc dat sao cho néu khong khi tai mét clra hut bi nhiém ban, cra hat thay thé s& ndm & phia
ngwoc gié hodc ngang gié so v&i cac ngudn gay 6 nhiém.

Elevating the air intake can take advantage of wind velocity and other weather conditions that can affect
contaminant dilution and dispersal. In the extreme case, two air intakes can be located so that if the air at
one intake is contaminated, the alternate intake is either upwind or crosswind from the sources of
contamination.

Giam sat khi dau vao / Monitoring intake air

Phan tich khi dau vao nén dwgc thwe hién khi kha ndng nhiém ban khoéng khi khi quyén cao. Cac
diéu kién xung quanh mét nha may cé thé thay dbi theo thoi gian, dan dén kha nang nhiém ban
khong khi khi quyén tang 1én. Néu nhitng thay déi nay anh hwéng tiéu cwc dén khong khi xung
quanh, viéc phan tich khi diu vao nén dwoc hoan thanh. Cac phwong phap phan tich cé thé khac
nhau, tlr xac dinh dinh ky tdng ndng dd hydrocarbon dén phan tich lién tuc dé vira nhan dang vira
xac dinh mirc ndng dd cla tivng hydrocarbon riéng 18. Néu xét thay can thiét, loai va tan suét cla
phwong phap phan tich phai dwgc xac dinh cu thé cho tivng nha may, co tinh dén thiét ké quy trinh
cla nha may va moi trwdng ma né sé hoat dong.

Analysis of the intake air should be conducted when the likelihood of atmospheric air contamination is
high. Conditions around a plant can change over time leading to an increased likelihood of atmospheric
air contamination. If these changes negatively affect the ambient air, an analysis of the intake air should
be completed. Analytical methods can vary from periodic determination of total hydrocarbon
concentrations to continuous analysis for both the identification and concentration level of each individual
hydrocarbon. If deemed necessary, the type and frequency of analysis method shall be determined
specifically for each plant, taking into consideration the process design of the plant and the environment in
which it will be operated.

Tai nhirng vj tri thwc hién phan tich lién tuc, di¥ liéu tap chat nén dwoc ghi lai. Hd so nén dwoc xem
xét dinh ky dé xac dinh xem cé bat ky xu hwéng nao dang phat trién hay khong. Bat ky sw gia tang
dang ké& nao vé mirc d6 nhiém ban déu nén duoc didu tra va xi ly.

At locations where continuous analysis is performed, contaminant data should be recorded. Records
should be reviewed periodically to determine whether any trends are developing. Any appreciable
increases in contamination levels should be investigated and addressed.

M6t may phan tich, thwéng giam sat khi dau vao, co6 thé dwoc chuyén sang chét 16ng day néi dun
s6i lai ho&c oxy 1dng san phdm dé phan tich dinh ky chat Idng d6 vé néng do tap chét.

An analyzer, which normally monitors the intake air, may be shifted to the reboiler sump liquid or product
liquid oxygen to periodically analyze that liquid for contaminant concentration.
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- Céac nha may phan tach khi dat tai cac dia diém cé nguy co nhw vay va noi hoat déng khéng co

nguoi trong coi hodc ty dong héa nén bao gdm chirc ndng hé théng diéu khién dé tat ASU khi mic
dd nhiém ban cao. Dé biét thém thong tin vé thiét ké va van hanh cac nha may khi khéng nguoi,
xem AIGA 028, Unmanned Air Gas Plants—Design and Operation [52].
Air separation plants located at sites where such a danger exists and where the operation is unattended
or automated should include a control system function to shut down the ASU when the contamination
level is high. For additional information on the design and operation of unmanned gas plants, see AIGA
028, Unmanned Air Gas Plants—Design and Operation [52].

8. MaAy nén/ Compressors

- Phan nay liét k& cac loai may nén dwoc st dung cho ASU, cac hé théng phu tro clia ching va cac can

nhac (rng dung dac biét. Hai loai may nén chinh dwgc st dung la may déng lwc hodc may turbo, bao gém
may nén hwéng truc va may nén ly tam, va may dich chuyén tich cwe, bao gdm cac loai piston, mang, ro-to
va truc vit.
This section lists the types of compressors used for ASUs, their auxiliary systems, and special application
considerations. The two major types of compressors used are dynamic or turbo machines, which include axial
and centrifugal compressors, and positive displacement machines, which include reciprocating, diaphragm,
rotary, and screw types.

- D& biét thém thong tin v& tiéu chuan an toan cho may nén, xem Tiéu chuén An toan cho Hé théng May nén
Khi ctia Hiép hoi K§ sw Co khi Hoa Ky (ASME) B19.1 va Tiéu chuén An toan cho May nén trong Céng
nghiép Ché bién [53, 54].

For more information on safety standards for compressors, see American Society of Mechanical Engineers
(ASME) B19.1, Safety Standard for Air Compressor Systems, and ASME B19.3, Safety Standard for
Compressors for Process Industries [53, 54].

8.1. May nén hwéng truc / Axial compressors

- May nén huéng truc thwong dwoc st dung cho MAC trén cac ASU Ién. Khi st dung may nén

hwdng truc, cn xem xét cac dac tinh hiéu suét dong clia may nén, dac biét chu trong dén cac diéu
kién tang ap dot ngot. Can c6 moét danh gia nghiem ngat vé do xoan va do téi han ngang cla toan
bo hé thdng may nén-hop sb- truyen dong. Viéc st dung mot hoac nhiéu hang canh quat tinh co thé
didu chinh dé kiém soat cong suat may nén la pho bién. Can xem xét thiét ké co cau truyen dong
canh quat tinh, nhAn manh vao viéc ngdn ngira ri sét va cin ban bam vao, didu nay cé thé gay ket
trong qua trinh van hanh. Ciing can dic biét xem xét ba hang canh quat quay dau tién, noi d6 4m
c6 thé gay ri sét va mét can bang. V6 may nén nén duoc thiét ké cho ap suét tdi da cé thé dat dwoc
trong bat ky diéu kién van hanh nao, ké ca tang ap d6t ngot.
Axial compressors are commonly used for the MAC on large ASUs. When axial compressors are used,
consideration should be given to the dynamic performance characteristics of the compressor with
particular emphasis on surge conditions. A rigorous torsional and lateral critical review of the entire
compressor-gear-drive system is required. The use of one or more rows of variable stator blades for
controlling compressor capacity is common. Consideration should be given to the design of the stator
blade actuating mechanism with emphasis on the prevention of rusting and dirt deposits on it, which can
cause binding in operation. Special consideration should also be given to the first three rows of rotating
blades where moisture can cause rusting and imbalance. The compressor casing should be designed for
the maximum pressure that can be reached under any condition of operation including surge.

8.2. May nén ly tdm / Centrifugal compressors

- May nén ly tam dwoc s dung rong rai cho nhiém vu MAC ciing nhw dich vu oxy san pham, nito' san

ph&m va nito tai ché. Twong tw nhu may hwéng truc, cAn xem xét cac déc tinh hiéu suét so véi cac
yéu cau van hanh dy kién cla nha may. Viéc xem xét d6 xoan va do t&i han ngang cung véi hop sb
va bo truyén dong di kém nén dwoc thuc hién cho méi 1an 1ap dat. V& may nén nén dwoc thiét ké
cho ap suét t6i da co thé dat dwoc trong bat ky diéu kién van hanh nao, k& ca ting ap dot ngot. Viéc
kiém soat cong suét thwerng duoc thwe hién bang cac canh dan hwéng dau vao cé thé diéu chinh &
it nhat 1a tAng dAu tién.
Centrifugal compressors are widely used for MAC duty as well as oxygen product, nitrogen product, and
nitrogen recycle service. As with the axial machine, consideration should be given to the performance
characteristics compared to the expected plant operating requirements. A review of the torsional and
lateral criticals with the gear and driver included should be performed for each installation. Compressor
casings should be designed for the maximum pressure that can be reached under any condition of
operation including surge. Capacity control is typically accomplished by variable inlet guide vanes on at
least the first stage.

8.3. Cac can nhac khac vé may nén dong lwc / Other dynamic compressor considerations

8.3.1. Kiém sodt chéng ting dp dét ngét / Antisurge control
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8.3.2.

8.3.3.

8.3.4.

- Tt ca cac may nén huéng truc va ly tam phai dwoc trang bi hé thdng kiém soat chdng

tang ap dot ngét tw dong véi van tuan hoan hodc van xa. Thoi gian phan hoi cta hé
thdng chéng tang ap dot ngdt nén phu hop véi dong lwe hoc clia hé thdng quy trinh.

All axial and centrifugal compressors shall be equipped with an automatic antisurge control
system with either a recirculation or blow-off valve. The response time of the antisurge system
should be consistent with the dynamics of the process system.

Van mét chiéu / Check valve

M6t van mét chidu phai dwoc 18p dat trong dwdng dng xa sau két ndi x& hodc duwong
vong tudn hoan cula tat cd cac may nén dong luc dé ngan nglra ting ap dot ngot va
quay ngwoc. Van moét chidu nén dwoc l1ap dat cang gan clra xa clia may nén cang tét.
Trong dich vu khi am, cac bo phan chuyén dong nén dwoc lam bang vat liéu khéng gi
dé dam bao van hoat déng dung céch.

A check valve shall be installed in the discharge line after the vent or recirculation bypass
connection of all dynamic compressors to prevent surge and reverse rotation. The check valve
should be installed as close as possible to the discharge of the compressor. In wet gas service,
moving parts should be made of nonrusting material to ensure proper operation of the valve.

Thiét bj giam sat / Monitoring devices

Cac khuyén nghj clia nha san xuét phai dwoc tuan thi dé giam sat cac thong sé van
hanh, canh bao va dirng may.

The manufacturer’s recommendations shall be followed for monitoring operating parameters,
alarms, and shutdowns.

Cac dau do va thiét bj giam sat do rung kiéu tiém can phai dwoc l1ap dat trén tat ca cac
hé théng may nén huéng truc hodc ly tdm dé do chuyén dong truc va kich hoat hé
thédng canh bao va dirng may. Cac dau do dich chuyén hwéng truc ciing nén duoc
xem xét nhw moét bién phap bao vé bd sung. D@ liéu tr cac cam bién nay nén dwoc
phan tich dinh ky. Néu cac chi s bat thuéng hodc néu may nén dirng do dd rung cao,
viéc xem xét can than di liéu b&i cac chuyén gia cé thé cung cép thong tin chi tiét vé
nguyén nhan gay ra cac chi sb dd rung cao. Khéng nén khéi dong lai may nén cho dén
khi nguyén nhan gay ra chi sé dé rung qua mirc duwoc giai quyét.

Proximity-type vibration probes and monitors shall be installed on all axial or centrifugal
compressor installations to measure shaft movement and actuate alarm and shutdown systems.
Axial displacement probes should also be considered as additional protection. The data from
these sensors should be periodically analyzed. If the readings are abnormal or if the compressor
shuts down on high vibration, careful review of the data by experts can provide insights into the
cause of the high vibration readings. The compressor should not be restarted until the cause of
the excessive vibration reading is resolved.

May nén ly tam cé thé gap phai cac dinh dd rung cao tirc thdi trong qua trinh khdi
dong khi ré-to tang tbc qua céac tan sb cong hucng Dé ngan chan cac lan dirng may
khong can thiét, nén xem xét viéc st dung cac diém dat dirng d6 rung cao hon trong
qua trinh kh&i dong thay vi bé qua bao vé dé rung.

Centrifugal compressors can experience momentary high vibration spikes during startup as the
rotor(s) accelerates through resonant frequencies. To prevent nuisance trips, the use of higher
vibration trip set points during startup should be considered rather than bypassing the vibration
protection.

DPong co dan dong may nén dong lwc cé thé bi qua tai trong mot sé diéu kién van hanh
mua déng ho&c bat thwong. Can xem xét viéc st dung bd diéu khién gidi han cwong
dod dong dién ghi dé 1én bo didu khién cong suét ctia may.

Motors driving dynamic compressors can be overloaded under certain winter or abnormal
operating conditions. Consideration should be given to amperage limit controllers overriding the
capacity control of the machine.

Phét tang / Stage seals

TAt c& cac may nén dong lwc ho&c may turbo déu st dung phot tang truc dé giam
thiéu hoac loai bé sw ro i khi quy trinh ¢ ap suét ra ngoai khi quyén va dé ngén ngira
sw nhiém ban dau vao khi quy trinh. Phét tAng cling dwoc siv dung dé kiém soat sy ro
ri khi quy trinh gitra cac tAng may nén trén mét truc chung. Loai phét tAng truc phd
bién nhat |a hé thédng phét mé cung, noi mét lwong rd ri nhéat dinh ¢6 thé dwoc chap
nhan. Tuy thudc vao yéu cdu quy trinh, médi nguy hiém, hodc ca hai lién quan dén khi
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dang dwoc nén, cac loai phdt khac co thé dwoc st dung. Vi du vé céc loai phét khac
la:

All dynamic or turbo machinery compressors use shaft stage seals to minimize or eliminate the
outward leakage of the pressurized process gas to the atmosphere and to prevent oil
contamination of the process gas. Stage seals are also used to control the leakage of process
gas between compressor stages on a common shaft. The most common type of shaft stage seal
is the labyrinth sealing system where some leakage can be tolerated. Depending on the process
requirements, hazards, or both involved with the gas being compressed, other types of seals can
be used. Examples of other types of seals are:

o Phét mé cung dém don hodc da cap cho phép bom khi dém vao gitra cac mé cung
dé ngan chén khi quy trinh téi da va dwoc st dung trén may nén oxy va nito. Nito' 1a
khi dém théng thwong dwoc str dung;

Single or multi-buffered labyrinth seals permit the injection of a buffer gas between the
labyrinths for maximum process gas containment and are used on oxygen and nitrogen
compressors. Nitrogen is the customary buffer gas used;

o Phét vong carbon néi dwoc st dung dé& gidm thiéu ro ri khi quy trinh va dwoc s
dung trén may nén nito va mét s may nén khi. Phét vong carbon ndi dwoc (rng
dung réng rai & nhirng noi ap suét khi nén cao va sw ro ri sé tén kém; hoac
Floating carbon ring seals are used for minimum process gas leakage and are used on
nitrogen and some air compressors. Floating carbon ring seals find wide application where
the compressed gas pressures are high and the leakage would be costly; or

e Phét khi kho dong lwc dwoc stv dung dé gidm thiéu ro ri khi quy trinh trong qua trinh
van hanh va lam kin gan nhw tuyét déi trong qua trinh dirng may. Phét khi kho dong
lwc dwoc st dung & nhivng noi rd ri khi quy trinh c6 thé gay nguy hiém hoac tén
kém.

Dynamic dry gas seals are used for minimum process gas leakage during operation and

near-positive sealing during shutdown. Dynamic dry gas seals are used where process gas
leakage can be hazardous or costly.

Phét mé cung ciing dwoc st dung dé ngdn chan dau bai tron di chuyén tir vé 6 truc
may nén ra khi quyén hodc vao khi quy trinh. Mot d6 chan khéng nhe thwdng dwoc
duy tri trén bé chra diu bdi tron may nén d& dam bao rang c6 moét phét dém khi chay
vao tai phot truc & truc.

Labyrinth seals also are used to prevent the migration of lubricating oil from the compressor
bearing housings into the atmosphere or the process gas. A slight vacuum is normally
maintained on the compressor lube oil reservoir to ensure that an inward flowing air buffer seal
exists at the bearing shaft seal.

May nén piston / Reciprocating compressors

May nén piston dwgc st dung réng rai cho dich vu oxy, nito, argon thdé san pham va khi ap
suat cao. Hai loai may nén piston 1a may nén chai khong boi tron va may nén chai bdi tron.
Mot sb yéu td anh hwéng dén viéc lwa chon may nén piston la:

Reciprocating compressors are widely used for oxygen, nitrogen, crude argon product, and high pressure
air service. The two types of reciprocating compressors are non-lubricated cylinder compressors and
lubricated cylinder compressors. Some factors that affect the selection of a reciprocating compressor are:

o thanh phan khi;
gas composition;
o tysbnén;
compression ratios;
 kha nang chiu dwng cta khi dbi véi sy nhiém ban dau; va
tolerance of the gas to oil contamination; and
e Ccac yéu cau bo tri.
maintenance requirements.

8.4.1.

Xy lanh khéng béi tron / Nonlubricated cylinders

Cé s&n mot sd vat liéu cho cac vong piston, vong dan huwéng va bo lam kin thanh
truyén khéng boéi tron. Cac vat lieu dwoc st dung phd bién nhét Ia
polytetrafluoroethylene (PTFE, thwérng dwoc goi la Teflon®) va PTFE c6 chat don. Cac
thanh piston va thanh chai phai dwoc kiém tra xem c6 bi mon bat thudng, trdy xwédc va
co xat hay khéng, khéng chi khi chay tht ma con trong subt thdi gian van hanh cia
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thiét bi. Cac van may nén trong dich vu khéng béi tron co thé co cac nat hodc thanh
dan hwéng chéng mai mon bang PTFE hodc twong dwong. D6i véi may nén oxy
piston khéng béi tron, bd lam kin thanh truyén cé thé dwoc lam mat bang nwéc.

Several materials are available for non-lubricated piston rings, rider rings, and rod packings.
Most commonly used materials are polytetrafluoroethylene (PTFE, commonly known as Teflon®)
and filled PTFE. Piston rods and cylinder walls should be inspected for abnormal wear,
scratches, and rubs, not only at commissioning but also during the operating life of the
equipment. Compressor valves in non-lubricated service can have PTFE or equivalent wear
buttons or guides. For non-lubricated reciprocating oxygen compressors, rod packing can be
water cooled.

Xy lanh béi tron bang dau / Oil-lubricated cylinders

Nha san xuat may nén khuyén nghi cac théng sb ky thuat cho chét bédi tron chai, tuy thudc
vao nhiét dd dw kién, kich thwdc chai, tbc dd piston va dac tinh cGa khi nén. Cac chét boi
tron khac nhau dwoc s dung cho chai va bd phan truyén doéng (hop truc khuyu). Cac chét
bdi tron cho cac chai va hdp truc khuyu phai khong dwoc hoan déi hodc trdn 1an. Néu dau
khoang dwoc st dung trong hop truc khuyu, né phai dwoc kiém tra dinh ky dé& xac dinh
xem c¢6 xay ra sy di chuy&n ctia diu tdng hop tr cac chai doc theo thanh piston va vao hép
truc khuyu hay khong. Néu ndng dé dau téng hop vuot qua khuyén nghi ctia nha san xuét,
dau hop truc khuyu phai dwoc thay.

The compressor manufacturer recommends the specifications for the cylinder lubricant, which
depends on the expected temperatures, cylinder size, piston speed, and the characteristics of
the gas compressed. Different lubricants are used for cylinder and running gear (crankcase)
lubrication. The lubricants for the cylinders and the crankcase shall not be interchanged or
mixed. If mineral oil is used in the crankcase, it shall be tested periodically to determine if
migration of synthetic oil from the cylinders along the piston rods and into the crankcase has
occurred. If the concentration of synthetic oil exceeds the manufacturer’'s recommendation, the
crankcase oil shall be changed.

Néu dau khoang dwoc st dung trong dich vu khi nén, diéu quan trong la phai kiém tra
dinh ky sw tich tu carbon trong thiét bj va duwéng éng phia sau may nén. Céc héc van
va dudng dng nén dwoc kiém tra ngay sau khi khdi dong dé xac dinh xem toc dod cap
dau c6 nam trong théng sé ky thuat thiét ké hay khong. Téc dd cip dau qua mirc gay
ra sy tich tu carbon I&n hon va cé thé gay ra hién twong ngap 16ng.

If mineral oil is used in air service, it is important to check periodically for carbon buildup in
equipment and piping downstream of the compressor. Valve pockets and piping should be
inspected shortly after startup to determine if oil feed rates are within design specifications.
Excessive feed rates cause greater carbon buildup and possible liquid slugging.

Néu mot may nén hién c6 dwoc chuyén ddi tir ddu khoang sang dau téng hop, nén
tham khao y kién clia ca nha san xuit may nén va nha san xuét chat béi tron. Toan bo
bén trong cac chai, b boi tron, bd lam mat trung gian va dwong 6ng két néi phai duoc
lam sach ky lwéng va, trong trudng hop son khéng twong thich véi chat béi tron téng
hop, 1&p son ndi that hién cé nén dworc loai bé. Kinh quan sat bang nhya trén bo boi
tron phai dwoc thay thé bang kinh. Tt cd cac miéng dém cao su va neoprene phai
dwoc thay thé bidng PTFE hodc PTFE c6 chat don. Cac vong gat dau hop truc khuyu
va thanh piston phai hoat déng hiéu qua theo ca hai hwéng dé chét boi tron chai tbng
hop khong thé lot vao hdp truc khuyu van dang st dung dau khoang.

If an existing compressor is converted from mineral oil to synthetic oil, both the compressor and
the lubricant manufacturers should be consulted. The complete interior of cylinders, lubricators,
intercoolers, and interconnecting piping shall be thoroughly cleaned and, in cases where the
paint is incompatible with the synthetic lubricant, the existing interior paints should be removed.
Plastic sight glasses on lubricators shall be replaced with glass. All rubber and neoprene gaskets
shall be replaced with PTFE or filled PTFE. The crankcase and piston rod scraper rings shall be
effective in both directions so that the synthetic cylinder lubricant cannot get into the crankcase
that still uses mineral oil.

Tbc d6 boi tron chai nén 1a me tdi thiéu can thiét dé lam wét toan bd thanh chai. Téc
dd cao hon dan dén can carbon qua murc trén cac van va trong cac dwérng dan. Khoéng
dwoc ¢c6 viing dau trong budng van hodc dwdrng éng két néi. Tuy thudc vao loai dau va
bd bdi tron, mét giot tlr bd bdi tron mbi phut cho méi chai thwéng 1a da cho 1000 ft2
(92 m2) bé& mat chai dwoc quét mdi phat. Nha san xuat may nén dé xuét tbc do cép
dau cho tirng chai khi khéi dong, nhung cac cudc kiém tra tiép theo nén huwéng dan
céac diéu chinh thém.
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The cylinder lubrication rate should be the minimum necessary to wet the entire cylinder wall.
Higher rates result in excessive carbon deposits on valves and in passages. There should be no
pools of oil in valve chambers or interconnecting piping. Depending on the type of oil and the
lubricator, one drop from the lubricator per minute per cylinder is generally sufficient for 1000 ft2
(92 m2) of cylinder surface swept per minute. The compressor manufacturer suggests feed rates
for each cylinder at startup, but subsequent inspections should guide further adjustments.

Viéc loai bd dau khéi may nén piston bat dau bang cac bo tach va bay sau bd lam mat
trung gian ctia méi cap va tai bd tach sau bd lam mat cudi cung. Phan Ién dau bj héa
hoi vao dong khi ngwng tu thanh swong mu trong cac bd lam mat, tao thanh cac giot
trong cac bo tach va thoat ra. Mot sd hoi diu van con trong dong khi ma co thé phai
duwoc loai bé bang cac phuwong phap khac. Bay dau nén dwoc xa dinh ky dé ngan
ngtra sy tich tu cé thé tré thanh ngudn nhién liéu gay chay may nén. Dau da xa phai
dwoc xtr ly theo quy dinh méi trwdng cua chinh phu.

Oil removal from reciprocating compressors starts with the separators and traps after each stage
intercooler and at the separator following the final stage aftercooler. Much of the oil vaporized
into the gas stream condenses into a mist in the coolers, forms droplets in the separators, and
drains. Some oil vapor is still in the gas stream that might have to be removed by other methods.
The oil trap(s) should be periodically drained to prevent accumulation that can become a source
of fuel for a compressor fire. Drained oil shall be handled in accordance with government
environmental regulations.

Déi véi may nén béi tron bang dau, can cé thiét bi phia sau dé loai bé dau khdi dong
khi quy trinh. Thiét bi nay thwdng bao gdm céc bo tach co hoc, tiép theo 1a bd loc, bod
két tu, tang hap phu, hodc bt ky sw két hop nao cla cac thiét bi nay. Cac hé thong
nay phai dwgc bao tri dé ddm bao loai bd dau hoan toan. Diéu nay dac biét quan trong
khi may nén |a MAC va viéc dau bi cudn theo c6 thé dan dén lam ban hop lanh.

For oil-lubricated compressors, downstream equipment is needed to remove oil from the process
gas stream. This typically consists of mechanical separators followed by filters, coalescers,
adsorptive beds, or any combination of these. These systems shall be maintained to ensure
complete oil removal. This is particularly critical when the compressor is the MAC and oil
carryover can result in coldbox fouling.

Cdc chai béi tron bang nwéc / Water-lubricated cylinders

Cac chai may nén bdi tron bang nudc xa phong hodc béi tron bang nwéc nén dwoc
van hanh theo hwéng dan clia nha san xuét. Xa phong loai chat ty rira phai tuyét dbi
khong duoc st dung. Nén s dung nuéc cat hodc nwéc khir khoang dé tranh can xa
phdng nang trén cac van.

Soap-water-lubricated or water-lubricated compressor cylinders should be operated in
accordance with the manufacturer’s instructions. Detergent-type soap shall never be used.
Distilled or demineralized water should be used to avoid heavy soap deposit on the valves.

Cdc chai béi tron bang dau halogen héa / Halogenated oil-lubricated cylinders

Céc chai may nén bdi tron bang dau halogen héa nén dwoc van hanh theo hwéng dan cla
nha san xuét. Cé s&n cac chat bdi tron halogen héa an toan dé st dung trong céac hé théng
may nén oxy.

Halogenated oil-lubricated compressor cylinders should be operated in accordance with the
manufacturer’s instructions. Halogenated lubricants are available that are safe for use in oxygen
compressor systems.

Cac doan dém / Distance pieces

Cac doan dém hé&, moét khoang la chép nhan dwoc trong dich vu may nén khi nén hoac
khi tro. Thiét ké doan dém nén chira dwoc mot chiéu dai hanh trinh day dd cong véi
khéng gian can thiét cho moét vong vang trén thanh piston d& khéng c6 phan nao cla
thanh bi dinh dau hop truc khuyu tiép xtc véi cac bd phan tiép xdc véi khi quy trinh.
Trong dich vu khi cé d6 tinh khiét cao, doan dém dau chai nén duwoc diéu ap dé ngan
chan viéc lam nhiém ban khi quy trinh bang khéng khi.

Single-compartment, open distance pieces are acceptable in air or inert gas compressor service.
Distance-piece design should accommodate one full stroke length plus the space needed for a
slinger on the piston rod so no portion of the rod that is wetted with the crankcase oil comes in
contact with the parts in contact with the process gas. In high purity gas service, the cylinder-end
distance piece should be pressurized to prevent contaminating the process gas with air.

M4y nén kiéu Iam kin mé cung / Labyrinth seal compressors
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- May nén kiéu 1am kin mé cung thang dirng dwoc str dung trong ca dich vu oxy va khi

8.4.7.

8.4.8.

8.4.9.

8.4.10.

tro va phu thudc vao piston cé ranh mé cung dwoc 1ap khit d& 1am kin. Cac vong lam
kin mé cung bang carbon dwoc str dung trong hép lam kin thanh truyén.

Vertical labyrinth seal compressors are used in both oxygen and inert gas service and depend on
a closely fitted labyrinth grooved piston for sealing. Carbon labyrinth rings are used in the rod
packing case.

Kiém soé&t céng suét / Capacity control

Trén may nén piston, viéc kiém soat cong suat thwong duwoc thwe hién bang cac hbc
khong gian chét, bd nang van, bo d& tai van hodc van tuan hoan ty dong. Cac hbc
khong gian chét nén dwoc chon dé gidi han viéc gidm coéng suat & mot dau cia chai
khéng I&n hon 50% nhdm ngan chan viéc nén lai khi qua mc va dan dén qua nhiét.
Céc don vi nhidu cip yéu ciu phai khép viéc gidm cong suét & tat ca cac cip dé ngan
ngtra nhiét dd xa cao do ty s& nén khdng can bang. Cac hbc khong gian chét, bd nang
van va b6 d& tai van phai khong dwoc str dung trong may nén oxy piston.

On reciprocating compressors, capacity control is normally accomplished by clearance pockets,
valve lifters, valve unloaders, or automatic recirculation valves. Clearance pockets should be
selected to limit the capacity reduction in one end of a cylinder to not greater than 50% to prevent
excessive recompression of gas and resultant overheating. Multi-stage units require matching of
capacity reduction on all stages to prevent high discharge temperatures caused by unbalanced
compression ratios. Clearance pockets, valve lifters, and valve unloaders shall not be used in
reciprocating oxygen compressors.

Binh giam xung / Pulsation bottles

Trong trwdng hop may nén dwoc bdi tron, binh gidm xung phai dwoc kiém tra dinh ky
xem ¢ tich tu carbon hay khéng va phai dwoc 1am sach khi can thiét.

In the case of lubricated compressors, pulsation bottles shall be inspected periodically for carbon
buildup and cleaned when necessary.

Lwu y dic biét déi véi dich vu nito / Special consideration for nitrogen service

Khi van hanh may nén nito piston dwoc béi tron, cé thé tich tu mét lwong vat liéu
carbon chwa bj oxy héa. Cac vu nb da xdy ra trong cac hé théng nay khi ham lwong
oxy cta khi ting lén dang ké& so v&i mie binh thuong. Hé théng nito nén dwoc theo
ddi dé phat hién sy gia tdng dang ké ndng dod oxy. Cac may piston dwoc bdi tron da st
dung trong thai gian dai trong dich vu nito hodc bat ky dich vu khi tro nao khac phai
dwoc kiém tra va lam sach cac hat mai mon hodc cin chét boi tron trwdc khi dwa vao
dich vu khi nén.

In operating a lubricated reciprocating nitrogen compressor, it is possible to accumulate a
quantity of unoxidized carbonaceous material. Explosions have occurred in these systems when
the oxygen content of the gas increases to significantly higher than normal. The nitrogen system
should be monitored to detect a significant increase in oxygen concentration. Lubricated
reciprocating machines used for long periods in nitrogen or any other inert gas service shall be
inspected and cleaned of wear particles or lubricant deposits before being placed in air service.

Thiét bi giam st / Monitoring devices

Nén xem xét cac khuyén nghi ctia nha san xuét vé vi tri 1ap dat cho cac thiét bj chi bao,
bao déng tir xa ho&c thiét bi ngat.

The manufacturer's recommendations regarding the location of installation for indicators, remote
alarm, or shutdown devices should be considered.

Céng tac rung nén duoc |&p dat trén tat ca cac may nén piston. Déi véi cac don vi lon,
nén xem xét it nhat mot cong tdc cho mdi hai 1an nén.

A vibration switch should be installed on all reciprocating compressors. On large units, at least
one switch should be considered for every two compression throws.

May nén mang / Diaphragm compressors

May nén mang thuwong dwoc st dung khi yéu cau ap suét cao va nén khong co tap chét. Cac
yéu cau vé bd phan truyén dong, lam mat va giam sat twong tw nhw cac yéu cau dbi véi may
nén piston. Nén xem xét cac hé théng phat hién ro ri trong mang.

Diaphragm compressors are normally used when high pressures and contaminant-free compression are
required. The running gear, cooling, and monitoring requirements are similar to the reciprocating
compressor requirements. Consideration should be given to systems for detecting leaks in the diaphragm.

34



AIGA

AIGA 056/23

8.6.

8.7.

8.8.

8.9.

Khi may nén mang dwoc st dung trong dich vu oxy, chat I16ng thdy lwc dwdi mang nén la dung
dich nwéc xa phong hodc chat 1dng halogen héa twong thich véi oxy. Vi mang cé thé phat trién
cac vét nit do méi cho phép chét 16ng thly lyc tiép xuc véi khi oxy, nén khuyén nghi st dung
thiét bi phat hién ro ri chét 1dng.

When a diaphragm compressor is used in oxygen service, the hydraulic fluid under the diaphragm should
be a soap-water solution or halogenated fluid that is oxygen compatible. As diaphragms can develop
fatigue cracks that allow the hydraulic fluid to come in contact with the oxygen gas, a detection device to
detect fluid leakage is recommended.

May nén kiéu quay dich chuyén dwong / Rotary positive displacement compressors

May nén quay dich chuyén dwong thuwdng dwoc st dung cho cac tng dung ap suét thap trong
dich vu khi nén va khi tro. Cac may nén nay can dwoc trang bi cac vong dém dé ngan ngira
dau 1an vao khi cong nghé.

Rotary positive displacement compressors are typically used for low pressure applications in air and inert
gas service. They should be provided with seals to prevent oil contamination of the process gas.

May nén méi chéat lanh / Refrigerant gas compressors

Ca may ly tam va may dich chuyén dwong déu dwoc st dung trong dich vu méi chét lanh. Can
cht y dén hoat déng cla céc thiét bj tach dau dé tranh dau 1an vao madi chat lanh. Hoat dong
chinh xac cta bo d& tai (unloaders), duong vong khi nong (hot gas bypass), hodc ca hai phai
ngan chan méi chat lanh 16ng di vao may nén trong diéu kién tai thap, diéu nay c6 thé dan dén
hw héng thiét bi nghiém trong. Viéc thay ddi dich vu sang méi chét lanh thay thé phai dwoc
thwe hién theo khuyén nghi ctia nha san xuét.

Both centrifugal and positive displacement machines are used in refrigerant service. Attention should be
given to the operation of the oil separation devices to avoid mixing oil with the refrigerant. The correct
operation of the unloaders, hot gas bypass, or both shall prevent liquid refrigerant from entering the
compressor under low load conditions, which can result in severe equipment damage. Change of service
to an alternative refrigerant shall be done in accordance with manufacturer’s recommendations.

May nén truc vit / Screw compressors

May nén truc vit dwoc st dung trong dich vu khi nén, khi tro hodc méi chét lanh va cé thé la
loai boi tron bang dau hodc khéng béi tron. May nén béi tron bang diu yéu cau thiét bj phia
sau dé loai bé dau khai dong khi quy trinh. Diéu nay thuwérng bao gdm céac bd tach co hoc, tiép
theo |a bo loc, bo két tu (coalescers), tAng hdp phu (adsorptive beds), ho&c bat ky sw két hop
nao cla chang. Cac hé théng nay phai dwoc bao tri dé ddm bao loai bé diu hoan toan. Diéu
nay dac biét quan trong khi may nén truc vit 1a MAC va viéc dau bi cubn theo sé dan dén lam
ban hop lanh (coldbox fouling).

Screw compressors are used in air, inert, or refrigerant service and are either oil-lubricated or
nonlubricated. Qil- lubricated compressors require downstream equipment to remove oil from the process
gas stream. This typically consists of mechanical separators followed by filters, coalescers, adsorptive
beds, or any combination of these. These systems shall be maintained to ensure complete oil removal.
This is particularly critical when the screw compressor is the MAC and oil carryover would result in
coldbox fouling.

Hé théng boi tron | Lubrication systems

Heé thdng boi tron nén dwoc thiét ké theo cac yéu cau riéng cua thiét bj lién quan. Hé théng nay
bao gdm mét thung chiva dau, bd lam mat, bo loc, bom va thiét b diéu khién phu tro'.

The lubrication system should be designed for the individual requirements of the affected equipment. This
system includes an oil reservoir, cooler, filters, pumps, and auxiliary control equipment.

8.9.1. Bom /Pumps

- Téi thiéu, hé théng béi tron nén dwoc trang bi moét bom dau chinh va mét ngudn dau
dw phong. Bom chinh c6 thé duwoc dan dong bang truc, dan déng bang dong co, dan
déng bang hoi nwéc hodc dan dong bang khi nén. Ngudn dy phong c6 thé la bom dan
dong bang déng co, dan déng bang hoi nwéc, dan dong bang khi nén hodc hé thdng
tich 4p dau. Néu s dung hai bom, chung khéng nén phu thudc vao cung mét ngudn
dién. M6i bom nén cé mot lwdi loc (strainer) dwoc 1ap dat & dau vao va mot van mot
chiéu (check valve) & dau ra. Khi sir dung hé théng thung chira tich ap, né nén dwoc
tw dong kich hoat dé cung cap dau cho & truc may nén trong qua trinh dirng quay
(coast down) néu bom chinh bi héng.
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As a minimum, the lubrication system should be equipped with a main oil pump and a standby oil
source. The main pump can be shaft drive, motor drive, steam drive, or pneumatic drive. The
standby source can be a motor drive, steam drive, or pneumatic drive pump or a pressurized oil
accumulator system. If two pumps are used, they should not be dependent on the same source
of power. Each pump should have a strainer installed at its inlet and a check valve at its
discharge. When an accumulator reservoir system is used, it should be automatically activated to
supply oil for compressor bearings during coast down should the main pump fail.

Ap suét bo tich ap nén dwoc kiém tra trong qua trinh bao tri dinh ky may nén.
The accumulator pressure should be checked during scheduled maintenance of the compressor.

Can c6 cac bién phap dé& cho phép béi tron day dd cho may nén dong (dynamic
compressors) khi bom béi tron chinh bj mat. Cac giai phap thay thé nay bao gom:
Provisions should be made to allow for adequate lubrication of dynamic compressors during loss
of the main lubrication pump. These alternatives include:
 bao vé chéng quay nguoc trén bom dau chinh;
reverse rotation protection on the main oil pump;
o bo tich 4p dau loai mang (bladder-type) c6 kich thuwéc di dé cung cép dau cho qua
trinh dirng quay; va
bladder-type oil accumulators sized to supply oil for coastdown, and
« thuing dau trén cao c6 kich thwéc du dé cung cap dau cho qua trinh dirng quay.
overhead oil tanks sized to supply oil for coastdown.

Boé loc / Filters

B0 loc dau nén loai bd cac hat Ién hon 10 pm va nén dugc thay thé bat ci khi nao dat
dén ap suat chénh l&ch t6i da cho phép clia nha san xuét. C6 thé sir dung b loc dau
kép dé cho phép thay thé céac phan tlr loc trong qua trinh van hanh binh thwdng. Cac
don vi nay dwgcc noi song song bang cach s dung van chuyén dong chay lién tuc &
dau hut va dau xa. Van xa (vent) va van nap (fill) nén dwoc bao gom trong mdi vd bod
loc d& cho phép bé sung dau cé klem soat vao mot don vi méi dwoc thay thé, va van
xa (drain valves) nén dwoc cung cap dé tao diéu kién thao bo loc.

Oil filters should remove particles larger than 10 ~ and should be replaced whenever the
manufacturer's maximum allowable differential pressure is reached. Dual oil filters can be used
to allow replacement of the filter elements during normal operation. These units are piped in
parallel using continuous flow transfer valves on the suction and discharge. Vent and fill valves
should be included in each filter housing to allow for the controlled addition of oil to a newly
replaced unit, and drain valves should be provided to facilitate filter removal.

B6 lam mat/ Coolers

Bo trao ddi nhiét phai dwoc thiét ké theo Hiép hoi cac nha san xuét bd trao ddi nhiét
dang éng (TEMA), ASME, hodc céc tiéu chuan céng nghiép hodc quéc gia khac theo
yéu cau [55, 56]. Ap suét dau bdi tron nén cao hon mdi chat lam mat dé ngan nuwéc rd
ri vao dau trong qua trinh van hanh.

The heat exchangers shall be designed to Tubular Exchangers Manufacturers Association
(TEMA), ASME, or other industry or national codes as required [55, 56]. The lube oil pressure
should be higher than the cooling medium to prevent water leakage into the oil during operation.

Thang chira / Reservoir

Thé tich cta thung chiva phai dd I6n dé chira tt ca dau trong hé théng béi tron (bao
gdm céc thung trén cao, bo tich ap va dwdrng 6ng) khi dau chay ngwoc vé thiung chira
trong qua trinh dirng may. Binh (container) nay phai dwoc lam kin d& ngan bui ban va
hoi am xam nhap vao dau.

The volume of the reservoir shall be of sufficient size to contain all of the oil in the lubrication
system (including overhead tanks, accumulators, and piping) when the oil drains back into the
reservoir during shutdown. This container shall be sealed to prevent the entry of dirt and
moisture into the oil.

Diéu khién va thiét bj do Iwong / Control and instrumentation

Dai voi cac may nén Ion, nén cung cép cac cam bién ap suét dau boi tron kép trong hé
thong ap suat dau bai tron. Thiet bi do lwong nay nén kh&i dong bom dau phu tre, tat
may nén va cung cap tin hiéu cho phép khé&i dong.
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On large compressors, dual lube oil pressure sensors should be provided in the lube oil pressure
system. This instrumentation should start up the auxiliary oil pump, shut down the compressor,
and provide a permissive start signal.

Thiét bi do lwdng nén duwgc bao gdbm dé phat hién cac diéu kién sau:
Instrumentation should be included to detect the following conditions:
o &p suat diu thap (bao dong va dirng may);
low oil pressure (alarm and shutdown);
o nhiét do dau cao (bao dong);
high oil temperature (alarm);
e murc dau béi tron cacte thap (bao dong va tat bo gia nhiét dau boi tron);
low sump lube oil level (alarm and lube oil heater shutdown);
e &p suat chénh léch bd loc dau cao (bdo dong);
high oll filter differential pressure (alarm);
o nhiét d6 dau bai tron thap (chi cho phép khéi dong); va
low lube oil temperature (permissive start only); and
e bom dy phong hoat dong (bao déng).
standby pump operation (alarm).

M6t van gidam ap phai dwoc bao gdbm sau méi bom dich chuyén dwong, va mét van
diéu chinh &p suét nén dwoc st dung dé kiém soat ap suét hé thdng. Cam bién ap
suat cho van diéu chinh nén dwoc dat trong dwong cung cap dau cho thiét bi.

A pressure relief valve shall be included after each positive displacement pump, and a pressure
regulating valve should be used to control system pressure. Pressure sensing for the regulating
valve should be in the oil supply to the equipment.

M6t van diéu khién nhiét d6 dau nén dwoc bao gdm xung quanh bd lam mat dau dé
duy tri nhiét dd cung cap thiét ké.

An oil temperature control valve should be included around the oil cooler to maintain the design
supply temperature.

Chat béi tron cho bé truyén déng, hdép sb va cacte / Lubricants for running gear,
gearcase, and crankcase

Phan nay mé ta cac chat boi tron dwoc siv dung cho bo truyén dong, hop sé va cacte
cho tat ca cac loai may nén. Chat boi tron cho xi lanh may nén piston dwoc mo ta trong
8.4.2.

This section describes lubricants to be used for running gear, gearcases, and crankcases for all
types of compressors. Lubricants for reciprocating compressor cylinders are described in 8.4.2.

D&u boi tron nén phu hop véi khuyén nghi clia nha san xuét. Cac loai diu nay co thé
la ddu khoang hodc hén hop tdng hop.

Lubricating oil should be consistent with the manufacturer’'s recommendations. These oils can be
either a mineral oil or a synthetic blend.

Viéc kiém tra déu‘ boi tron qén duwoc thl_,l’C‘ hién theo lich trinh thwdng xuyén. Cac thr
nghiém téi thiéu can duoc tién hanh bao gém:
Testing of lube oil should be performed on a regular schedule. Minimum tests to be conducted
should include:
o phan tich quang phd héa hoc—ham lwong héa chét;
spectrochemical analysis—chemical content;
 phan tich tinh chat vat ly—sb lwong hat, phan tram trong lwong va thé tich;
physical properties analysis—particulate count, percent weight, and volume;
e db nhot;
viscosity;
o kiém tra chi sé trung hda—ham luwgng axit; va
neutralization number testing—acid content; and
e ham lvgng nuéc.
water content.

8.10. Thiét bi lam mat va thiét bi phan tach / Coolers and separators
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B& lam mat phai dwoc thiét ké theo TEMA, ASME, hodc cac tiéu chuan quéc gia hodc cong
nghiép khac theo yéu cau [55, 56]. Can xem xét thiét ké dbi véi cac tap chat hoa hoc trong khi
quyén c6 thé gay ra didu kién axit trong bd lam mat trung gian va bod l1am mat sau clia may nén
khi, dan dén an mon.

Coolers shall be designed to TEMA, ASME, or other national or industry codes as required [55, 56].
Design consideration should be given to chemical contaminants in the atmosphere that can cause acidic
conditions in air compressor intercoolers and aftercoolers, resulting in corrosion.

B6 loc hoac Iwéi loc dau hat / Suction filters or screens

Moi may nén phai c6 bd loc hoadc lwdi loc dau hit d& ngan cac hat la di vao may nén. Bo loc
ho&c lwdi loc phai tuan thi cac khuyén nghi clia nha san xuét.

Every compressor shall have a suction filter or screen to prevent foreign particles from entering the
compressor. The filter or screen shall be in accordance with the manufacturer’'s recommendations.

8.11.1. B6 loc khi dau vao / Air inlet filters

- Phai cung cép hé thdng loc hai cap. Déi v&i cac may nén rat nhé, cé thé cung cap hé
thdng loc mét cap. Trong mdi trwdng cuc ky ban, nén xem xét viéc loc bd sung. Lwdi
chan coén trung, bao vé chéng déng bang va ndp che mualtuyét phai dwoc cung cap
khi can thiét.

Two-stage filtration shall be provided. For very small compressors, one-stage filtration may be
provided. In severely dirty environments, additional filtration should be considered. Insect
screens, freeze protection, and rain/snow hoods shall be provided when necessary.

- Nén khuyén nghi s& dung b6 chi thj va bao dong ap suat chénh léch. Cac vé bd loc Ion
phéi dwoc bdo vé chdng lai 4p suat chénh léch qua mac cé thé gay ra sy sup dé do
tac nghén bo loc.

A differential pressure indicator and alarm are recommended. Large filter houses shall be
protected against excessive differential pressures that could cause collapse as a result of filter
blockage.

- May nén hwéng truc va ly tm tiém an nhirng rii ro dac biét déi véi bo loc khi dau vao
ho&c nhan sw va vat liéu c6 thé & gan bd loc. Vi cac loai may nén nay cé thé bi hién
twong dang (surge), noi xay ra sy ddo nguwoc dong chdy nhanh chéng va khi néng cé
thé chay nguoc ra khdi bd loc, nén ton tai nhirng méi nguy hiém déc dao bao gébm:
Axial and centrifugal compressors present special risks with respect to inlet air filters or
personnel and materials that can be in the vicinity of the filter. Since these types of compressors
can be subjected to surge where rapid flow reversals occur and where hot air can flow
backwards out the filter, unique hazards exist including:

o suw bt Itra clia cac phan tlr loc dé chay;
ignition of flammable filter elements;

 thwong tich do béng déi véi nhan vién & gan; va
burn injuries to nearby personnel; and

« thiét hai do chay lan c6 thé xay ra déi v&i cac vat liéu lién ké.
possible collateral fire damage to adjacent materials.

- Cac bién phap bao vé sau day nén duoc xem xét dbi v&i tt ca cac bo loc khi dau vao
cla may nén khi ly tdm va hwéng truc:
The following safeguards should be considered for all axial and centrifugal air compressor inlet
air filters:

e Xac dinh khu vwc mdi nguy xung quanh cac bd loc khi dau vao dé ngan chan viéc
tdn chira tam thdi hodc vinh vién vat liéu dé chay va ngan nhan vién khéng can thiét
di vao khu vuc méi nguy;
Identification of a hazard zone around inlet air filters to prevent temporary or permanent
storage of flammable material and non-essential personnel entry into the hazard zone;

o Xem xét vat liéu ché tao clia cac phan tt loc va lwa chon vat liéu cé nhiét do tw bbc
chay cao (tranh cac phan t&r lam ti xenlulo);
Review of filter element materials of construction and selection of materials with high auto-
ignition temperatures (avoid cellulose based elements);

o Thiét lap cac quy tac lam viéc cAm kiém tra hodc thay thé phan t& loc khi may nén
dang hoat dong (trlr khi da dwoc danh gia rdi ro véi cac bién phap bao vé bd sung
thich hop);
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8.12.

8.13.

Establishment of work rules to prohibit filter element inspection or replacement with the
compressor in operation (unless risk assessed with appropriate additional safeguards);

o Kha nang chay clia cac tap chat khéng khi tich tu trén cac phan t& loc vi ching ¢
thé c6 nhiét o bat Itra thap hon ban than cac phan t&r do; va
Flammability of possible accumulated air contaminants on the filter elements as these can
have a lower ignition temperature than the elements themselves; and

o Phan loai v& b loc khi dau vao la khéng gian han ché.
Classification of inlet air filter housing as a confined space.

8.11.2. Cédc Iwéi chan hat khédc/ Other suction screens

- Kich thwéc mét lwéi phadi pht hop véi khuyén nghi cGa nha san xuat may nén. Ludi

chan phai dwoc thiét ké dé chiu dwoc toan bd ap suat van hanh di qua né tai diém dé
clia hé théng. Co thé I&p dat thiét bi do ap suat chénh Iéch qua bo loc nay dé xac dinh
nhu cau lam sach.
Mesh size should be in accordance with the compressor manufacturer’s recommendation. The
screen should be designed to withstand full operating pressure across it at that point of the
system. A differential pressure device can be put across this filter to determine the need for
cleaning.

8.11.3. Cdc céan nhdc vé bd loc cho mdy nén piston / Filter considerations for reciprocating
compressors

- Viéc lya chon va thiét k& bd loc hut cho may nén piston phai gidi quyét dwoc anh
hwéng clia dong khi dao dong.
The selection and design of suction filters for reciprocating compressors shall address the effect
of pulsating gas flow.

Can nhéc dac biét déi véi dich vu oxy / Special considerations for oxygen service

C6 nhirng can nhac dac biét dbi vai thiét ké va van hanh an toan may nén oxy. Chung bao gém:
There are special considerations for safe design and operation of an oxygen compressor. These include:
o vatliéu ché tao;

materials of construction;
e Vi tri va diéu khién van cach ly va van x3;

isolation and vent valve location and controls;
« cac khoang diéu chinh thé tich (clearance pockets) cho may nén piston; va

clearance pockets for reciprocating compressors; and
o nhiét do xa tang.

stage discharge temperature.

Chi tiét cac can nhéc déi voi dich vu oxy dwoc néu trong AIGA 012, AIGA 021, Hé théng
dwong dng va dng dan oxy, AIGA 048, May nén piston cho dich vu oxy, va AIGA 071, May nén
ly tdm cho dich vu oxy [34, 57, 58, 59].

Details of considerations for oxygen service are given in AIGA 012, AIGA 021, Oxygen Pipeline and Piping
Systems, AIGA 048, Reciprocating Compressors for Oxygen Service, and AIGA 071, Centrifugal
Compressors for Oxygen Service [34, 57, 58, 59].

Quy trinh van hanh va bao tri / Operating and maintenance procedures

Cac quy trinh dwoc lap thanh van ban phai duwoc st dung dé khdi dong, van hanh va dirng
tirng t6 may nén. Cac thdng sé van hanh chinh phai dwoc giam sat dinh ky. Cac diéu kién va
xu hwéng bat thwong phai duoc didu tra va gidi quyét. Dac biét, may nén san phadm nén dwoc
dirng khi ap suat hut thap dé ngan ngtra 6 nhiém san pham, tao chan khéng, hodc ca hai dbi
véi thiét bi siéu lanh. Hé théng diéu khién nha ‘may hodac may nén nén co cac quy dinh tw déng
bao déng, gidm tai hoac dirng dé tranh cac mdi nguy lién quan dén may nén san pham va quat
thdi tao chan khéng trong thap ap suét thap (hoac thap trén). Can chuan bi lich trinh bao tri
phong ngtra cho tlrng td may nén. Tan suat ban dau nén dwa trén khuyén nghi ctia nha cung
cap va sau dé dwa trén di liéu lich sv.

Documented procedures shall be used to start, operate, and shut down each compressor unit. The key
operating parameters shall be monitored periodically. Abnormal conditions and trends shall be
investigated and resolved. In particular, product compressors should be shut down on low suction
pressure to prevent product contamination, pulling a vacuum, or both on cryogenic equipment. The plant
or compressor control system should have automated alarm, unloading, or shutdown provisions for
avoiding hazards related to product compressors and blowers drawing a vacuum in the low pressure (or
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upper) column. A preventive maintenance schedule should be prepared for each compressor unit.
Frequencies should be based initially on vendor recommendations and eventually on historical data.

- Dbi véi may nén dan dong bang tuabin hoi, van ngét hoi ddng nhanh (van déng nhanh [QCV])
c6 thé khong dong hoan toan khi bj ngét. Cac bién phap dy doan va phan &ng sau day nén
duoc xem xét dé dirng tuabin hoi an toan trong truéng hop kich hoat ngét hodc khan cép:

For steam turbine driven compressors, the quick closing steam trip valve (quick closing valve [QCV])
might not fully close when tripped. The following predictive and reactive measures should be considered
for safe stoppage of the steam turbine in case of a trip initiation or emergency:

Thuc hién kiém tra hanh trinh mét phadn QCV dinh ky trong qua trinh van hanh;
Perform periodic QCV patrtial stroke testing during operation;

Xac minh viéc déng QCV khi tuabin bi ngat;

Verify QCV closure when a turbine trips;

Do thai gian giam téc dé tuabin khi bj ngét;

Measure turbine speed rundown duration upon a trip;

X&c minh tbc do tuabin |a khéng ddi va khong tang khi tai may nén cb dinh;
Verify turbine speed is constant and not increasing with fixed compressor load;

Thwe hién kiém tra chirc néng van diéu toc (phan &ng véi thay déi tai nhd); va
Perform governor valve functional check (response to minor load change); and

Cach ly hoi nuwéc ap suét cao khéi tuabin néu cad QCV va van diéu tbc déu gap truc tric.
Isolate high pressure steam to turbine if both QCV and governor valve malfunction.

9. Loai bé tap chat trong khong khi / Air contaminant removal

9.1.

Cac phwong phap loai bé / Removal methods

- C6 nhiéu phwong phap khac nhau dé loai bé cac thanh phan vét [60]:
There are various methods for removing trace components [60]:

PPU bao gdm hai ho&c nhiéu binh chira ddy chat hp phu. Mét binh dang hoat déng dé loai
bd cac tap chéat khdi khong khi trong khi binh kia dang ngoai tuyén dé tai sinh. Co thé co
mot, hai hodc nhiéu I6p chat hap phu dwoc didu chinh dé loai bd cac thanh phan cu thé. Cac
chét hap phu dién hinh dwoc st dung |a alumina dé loai bé d6 &m va sang phan tir 13X dé
loai bd d& &m, carbon dioxide, nitrous oxide va hydrocarbon. Mét sé tap chat khéng duoc
loai bd hoan toan va dwoc x& ly théng qua thdng théi oxy 16ng, bd hap phu pha Idng, hodc
két hop ca hai tuy thudc vao loai va mirc dd clia cac tap chat trong khéng khi xung quanh va
ca loai ndi hoi/bd ngwng tu;

PPUs consist of two or more vessels filled with adsorbent. One vessel is online removing the
contaminants from the air while the other vessel is offline being regenerated. There may be one, two,
or more layers of adsorbents tailored to remove specific components. Typical adsorbents used are
alumina for moisture removal and 13X molecular sieve for moisture, carbon dioxide, nitrous oxide, and
hydrocarbon removal. Some contaminants are not completely removed, and are dealt with through
liquid oxygen purge, liquid phase adsorbers, or a combination of both depending on the type and level
of the contaminants in the ambient air and also the type of the reboiler/condensers;

REVEX bao gém mét hodc nhiéu BAHX. Khéng khi ciing véi tat ca cac tap chat chira trong
dé dugc dwa vao BAHX. Tat cad trv lwong vét cla d6 am, carbon dioxide va cac
hydrocarbon c6 diém sdi cao hon dé&u bji déng bang va loai bé trong REVEX. Sau mét
khoang th&i gian (2 phat dén 15 phat), dwéng dan khi dwoc gidm ap va khi thai ap suét thap
tr qua trinh dwoc dwa qua cing mét dwdng dan ngwoc chiéu véi huwéng dong khi truéc do.
Céc tap chat dwoc loai bd bdng dong khi thai va cac dwong dan dwoc lam sach. Hai bo
dwdng dan luan phién dwoc chuyén ddi dinh ky dé duy tri dong khéng khi tinh khiét khong
ddi dén cac thap chwng cat. Mot sb tap chat, dac biét la axetylen, khéng duoc loai bd hoan
toan va dwoc xt ly thédng qua théng thdi oxy 1dng, bd hap phu pha 16ng, hodc két hop ca hai
tuy thudc vao loai va mirc do cla cac tap chét trong khoéng khi xung quanh va ca loai ndi
hoi/bd ngung tuy;

REVEXs consist of one or more BAHXs. Air with all of the contained contaminants is sent into the
BAHXs. All but trace amounts of moisture, carbon dioxide, and the higher boiling point hydrocarbons
are frozen out and removed in the REVEX. After a period of time (2 minutes to 15 minutes) the air
passage is depressurized and low pressure waste gas from the process is sent through the same
passage counter-currently to the direction of the previous air flow. The contaminants are removed by
the waste gas stream and the passage are cleaned. Two sets of alternating passages are periodically
switched to keep a constant flow of purified air to the distillation columns. Some contaminants,
particularly acetylene, are not completely removed, and are dealt with through liquid oxygen purge,
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liquid phase adsorbers, or a combination of both depending on the type and level of the contaminants
in the ambient air and also the type of the reboiler/condensers;

Bo tai sinh (Regenerators) twong tw nhw REVEX ngoai trir viéc thay vi BAHX, cac binh chira
day séi thach anh (quartzite pebbles) dwoc st dung va hoat ddng nhw mét bo tan nhiét. Khi
khong khi dwoc lam mat bang sw lanh dwoc ton tri trong sdi, cac tap chat bi déng bang trén
s6i va dwoc loai bd khdi dong khi. Sau mot khodng thdi gian (2 phat dén 15 phat), cac binh
dwoc chuyén ddi va khi thai ap suét thap loai bd cac tap chéat bi déng bang va lam mat soi.
Hai bo tai sinh luan phién dwoc chuyén dbi dinh ky dé duy tri dong khéng khi tinh khiét
khong ddi dén cac thap chwng cét. Cac 6ng chira oxy hodc nito sdn pham déi khi dwoc dan
qua l&p séi, lam dAm cac khi nay dén nhiét d6 méi trwdng. Ngoai ra, mét phan khéng khi cé
thé di vong qua bod tai sinh va dwoc lam sach bang may siy d6 am, REVEX, bo loc kiém
(caustic scrubbers), hodc bat ky sw két hop nao cla cac thiét bi nay. Mot s tap chét, dac
biét 1a axetylen, khong dwoc loai bd hoan toan va dwoc xi ly théng qua théng thdi oxy 1dng,
bd h&p phu pha ldng, hodc két hop ca hai tuy thudc vao loai va mirc do cla cac tap chéat
trong khéng khi xung quanh va ca loai ndi hoi/bd ngwng tuy;

Regenerators are similar to the REVEX except that instead of BAHXs, vessels filled with quartzite
pebbles are used and act as a heat sink. As the air is cooled by the refrigeration stored in the pebbles,
the contaminants are frozen on the pebbles and removed from the air stream. After a period of time (2
minutes to 15 minutes), the vessels are switched and the low pressure waste gas removes the frozen
contaminants and cools the pebbles. Two sets of alternating regenerators are periodically switched to
keep a constant flow of purified air to the distillation columns. Tubes containing product oxygen or
nitrogen are sometimes routed through the bed of pebbles, warming the gases to ambient temperature.
Also, a portion of the air may bypass the regenerators and be cleaned up by moisture dryers, REVEX,
caustic scrubbers, or any combination of these. Some contaminants, particularly acetylene, are not
completely removed, and are dealt with through liquid oxygen purge, liquid phase adsorbers, or a
combination of both depending on the type and level of the contaminants in the ambient air and also
the type of the reboiler/condensers;

Bo loc kiém (Caustic scrubbers) da dwoc st dung trong cac ASU ap suét cao ci hon.
Khong khi ap suét trung binh t may nén khi truéc tien dwoc dwa qua bd loc kiém, noi
carbon dioxide dwoc loai bd béng cach phan trng hoéa hoc véi dung dich natri hydroxit dang
nwéc tudn hoan trong thap hép thu. Khoéng khi nay dwoc nén tiép dén ap suéat cao trong
MAC. B4t ky dau va hydrocarbon ¢6 dlem s6i cao nao déu duoc loai bd trong bd hap phu
dau va khoéng khi dwoc dwa dén may say alumina, noi loai bé d& &m. Dong khi sau dé di
qua bd trao dbi nhiét chinh va cac hydrocarbon con lai dwgc x& ly théng qua théng thdi oxy
Idng, bd hap phu pha 16ng, hodc két hop ca hai tly thudc vao loai va mirc dd cla cac tap
chét trong khong khi xung quanh va ca loai néi hoi/bd ngung tu;

Caustic scrubbers were used in older high pressure ASUs. Intermediate pressure air from the air
compressor is first passed through the caustic scrubber, where carbon dioxide is removed by
chemically reacting with the circulating aqueous sodium hydroxide solution in an absorption tower. This
air is further compressed to high pressure in the MAC. Any oil and high boiling point hydrocarbons are
removed in an oil adsorber and the air is sent to the alumina dryers, which remove the moisture. The
air stream then passes to the main heat exchanger and the remaining hydrocarbons are dealt with
through liquid oxygen purge, liquid phase adsorbers, or a combination of both depending on the type
and level of the contaminants in the ambient air and also the type of the reboiler/condensers;

B& oxy héa xuc tac dat tai diu ra ctia tAng may nén khi da dwoc str dung dé oxy héa céc tap
chét nhuw hydrocarbon, Hydro, va carbon monoxide. Axetylen yéu cau nhiét do trong pham vi
305 °F dén 315 °F (152 °C dén 157 °C). Cac tap chat khac co thé yéu cau nhiét dé cao toi
800 °F (427 °C). Can cung cép céc thiét bi phan tich d& xac minh hiéu suét hoat dong chinh
xac clia cac bd oxy hda xuc tac; va

Catalytic oxidizers located on an air compressor stage discharge have been used to oxidize
contaminants such as hydrocarbons, hydrogen, and carbon monoxide. Acetylene requires
temperatures in the range of305 °F to 315 °F (152 °C to 157 °C). Other contaminants can require
temperatures as high as 800 °F (427 °C). Analyzers should be provided to verify proper performance of
the catalytic oxidizers; and

B& lam mat sau tiép xuc truc tiép (DCACs) dwoc st dung trong mot sé 1ap dat sau MACs.
Muc dich chinh cla cac don vi nay la lam mat khéng khi néng trweéc khi né di vao PPU hoac
REVEX. DCACs ciing c6 thé giup lam sach khéng khi khdi bui va céc tap chéat hoa tan trong
nwéc nhu sulfur dioxide, hydrogen sulfide, va amoniac.

Direct contact aftercoolers (DCACs) are used in some installations after the MACs. The primary
purpose of these units is to cool the hot air before it enters the PPU or REVEX. DCACs can also help
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9.2,

to clean the air of dust and water soluble contaminants such as sulfur dioxide, hydrogen sulfide, and
ammonia.

LUU Y—Né&u mubn thuc hién viéc lam sach nay, can phai x& ly nwéc ding cach.
NOTE—If this cleaning is desired, proper water treatment is needed.

Vi nwéc 1dng tiép xuc truc tiép véi khong khi, viéc tach nwéc la rat quan trong. Nuéc bi cudn
theo c6 thé 1am qua tai cac PPU hodc REVEX & ha lwu. Ngoai ra, viéc kiém soat mirc chat
Idng trong bé chira DCAC phai dwoc van hanh va bao tri ding cach. Néu bo kiém soat mic bi
16i va nwéc khong dwoc loai bdé khdi DCAC, thap DCAC sé nhanh chéng day nwéc va xay ra
hién twong cudn theo lwgng Ién vao thiét bi ha lwu. Didu nay gay ra hu hdng Ién cho thiét bi
ha lwu. Néu qua nhiéu nwéc bj loai bd, I6p dém kin chat Idng & day DCAC c6 thé bi mat va
khong khi cé ap suét cé thé di vao dwdng dng nwéc lam mat héi lwu dén thap gidi nhiét. Diéu
nay s& gay ra hw héng I&n cho thap giai nhiét trir khi dwdng dng nwéc lam mat hoi lwu dwoc
xa (qua moét 6ng dirng) dang cach dén mét vi tri an toan.

Because liquid water is in direct contact with the air, water separation is critical. Water carryover can
overload the downstream PPUs or REVEX. Also, the DCAC sump liquid level control shall be operated
and maintained properly. If the level control fails and water is not removed from the DCAC, the DCAC
tower quickly fills with water and extensive carryover into the downstream equipment occurs. This causes
major damage to the downstream equipment. If too much water is removed, the liquid seal at the bottom
of the DCAC can be lost and pressurized air can enter the cooling water return piping to the cooling tower.
This would cause major damage to the cooling tower unless the cooling water return pipe is properly
vented (through a standpipe) to a safe location.

Trong cac hé théng REVEX, lwu lwgng khong khi qua DCAC cé thé cao hon nhiéu trong thoi
gian ngén khi cac dworng dan chuyén déi gitra ludng khong khi va ludng khi thai. Diéu nay phai
dwoc xem xét trong qua trinh thiét k& DCAC va hé théng loai bd nuwéc.

In REVEX systems, the air flow through the DCAC can be much higher during the short time that the
passages switch between air and waste gas streams. This shall be considered during the design of the
DCAC and water removal system.

Trong hau hét cac nha may c6 DCAC, mét phan thi hai dwoc thém vao DCAC, noi nwéc lanh
lam mat khéng khi hon nira. Nwéc lanh nay thwong dwoce tao ra trong may lam lanh co hoc
ho&c trong bo lam mat bay hoi. Trong bé lam mat bay hoi, mét phan khi thai giau nito tiép xdc
trwc tiép voi nwdc. Mot phan nhd nwéc bay hoi, lam mat lwong nwéc con lai. Qua trinh [am
mat c6 thé dang ké&; do dé, trong qua trinh van hanh mua déng, phai can than dé& ngan nwéc
doéng bang bang cach kiém soat lwu lwong khi thai giau nito dén bd lam mat bay hoi.

In most plants with a DCAC, a second section is added to the DCAC, where chilled water further cools the
air. This chilled water is typically produced in either a mechanical chiller or in an evaporative cooler. In the
evaporative cooler, a portion of the nitrogen-rich waste gas directly contacts the water. A small portion of
the water evaporates, cooling the remaining water. The cooling can be substantial; therefore, during
winter operation, care shall be taken to prevent the water from freezing by controlling the flow of nitrogen-
rich waste gas to the evaporative cooler.

CANH BAO: Khi thai giau nito’ trong bé lam mat bay hoi bi thiéu oxy va cé6 thé gay ngat
the.

WARNING: The nitrogen-rich waste gas in the evaporative cooler is oxygen deficient and can
cause asphyxiation.

Kha nang khi thai co thé tré nén giau oxy trong qua trinh kh&i déng nha may hodc sw cb quy
trinh phai dwoc xem xét.

The possibility that the waste gas can become oxygen enriched during plant startup or process upsets
shall be considered.

Cac giai doan loai bé tap chat / Contaminant removal stages

Cac giai doan loai b tap chéat dwoc liét ké trong Bang 4 va 5, bao gdm cac phuong phap gidm
thiéu tap chéat vét. Déi véi mdi tap chat, Bang 4 cho thdy phwong phap loai bd nao 1a hiéu qua.
The contaminant removal stages are listed in Tables 4 and 5 including trace contaminant abatement
methods. For each of the contaminants, Table 4 shows which removal method is effective.

LUU Y—Khéng phai tat ca cac giai doan loai bd tap chat déu c6 mat trong moi quy trinh.
NOTE—AII contaminant removal stages are not present in every process.
Giai doan 1—Hép phu lén sang phan t& va alumina trong cac bd hap phu phia truéc tién xi ly
khéng khi.
Stage 1—Adsorption onto molecular sieve and alumina in the air pretreatment front-end adsorbers.
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Giai doan 2—Lang dong tlr khéng khi trong REVEX va tai bay hoi vao luéng khi thai ap suat
thap. Giai doan 3—H4p phu trén gel silica tir khéng khi roi khdi bo trao dbi chinh va di vao céac
thap chung cét.

Stage 2—Deposition from the air in the REVEX and re-evaporation into the low pressure waste gas
stream. Stage 3—Adsorption on silica gel from the air leaving the main exchanger and entering the
distillation columns.

Giai doan 4—H4p phu tr chat 16ng giau roi khéi bé chiva clha thap ap suét cao 1én gel silica
trong cac bd hap phu pha léng.

Stage 4—Adsorption from the rich liquid leaving the sump of the high pressure column onto silica gel in
the liquid phase adsorbers.

Giai doan 5—H4p phu tir oxy I16ng tinh khiét trong bé chira ctia thap &p suét thdp 1én cac hat
gel silica trong bd hap phu bao vé.

Stage 5—Adsorption from the pure liquid oxygen in the sump of the low pressure column onto silica gel
beads in the guard adsorber.

Giai doan 6—Loai bd trong san pham oxy 16ng (hoac thong théi) roi khéi bé chira clia thap ap
suat thap.
Stage 6—Removal in the liquid oxygen product (or purge) leaving the sump of the low pressure column.

Giai doan 7—Loai bd trong san phdm oxy dang khi roi khdi bé chira cia thap ap suét thap
(néu oxy 16ng dworc lay tir bé chira va hoéa hoi trong bo trao ddi chinh, thi day la loai loai bd
Giai doan 6).

Stage 7—Removal in the gaseous oxygen product leaving the sump of the low pressure column (if liquid
oxygen is taken from the sump and vaporized in the main exchanger, then this is a Stage 6 removal type).

Bang 4—Loai bé dién hinh trong quy trinh PPU
Table 4—Typical removal in PPU process

Giai doan
Stage
1 3&4 5 6 7
C:r?tgr:?n?nt (PPU) (Be ha'élpi’a“%h%gs‘;il hoac (B?)tlap Phl.l (Thérlg th’6i oxy ong (Oxy dang khi)
(Vapor or rich liquid ao v¢) r_‘°‘i‘_° san pham) (Gaseous oxygen)
adsorber) (Guard (Liquid oxygen purge
adsorber) or product)

Methane X hoac/or P (0]
Ethane X
Acetylene X (6] T
Ethylene P (@) P
Propane P (6] P
Propylene X T
Cyt X T
Nwdc / Water X
Carbon dioxide X O T
Nitrous oxide P (@) P
NOy X
Ozone X

X = loai bé gan nhw hoan toan trong buéc

X = essentially complete removal in step

P = loai bd mét phan trong buwéc

P = partial removal in step

O = budc tuy chon (néu bao gdm, loai bd mot phan hoac toan bd thanh phan)
O = optional step (if included, partial or total removal of the component)

T = loai bd bat ky dau vét nao cé thé co

T = removal of any traces that can be present

LUU Y—Cac Giai doan 3 va 4 khéng ap dung cho quy trinh PPU.
NOTE—Stages 3 and 4 are not applicable to the PPU process.
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Bang 5—Loai bo dién hinh trong quy trinh REVEX
Table 5—Typical removal in REVEX process
Giai doan
Stage
Tap chat 2 3&4 5 (] 7
Contaminant
(Bd hap phu hoi (Bd hép phu (Théng théi 15
hosc diau 16 2 Tlap PhiL ong t| 10i oxy long (Oxy dang
(REVEX) oa(cvg;t: ot:ng) . b:o;le)rb ) hoic san pham) khi)
uard adsorber] -
rich liquid adsorber) (Liquid oxygen purge (Gaseous
or product) oxygen)
Methane X hoac/ or P (6]
Ethane X
Acetylene X T T
Ethylene [ P
Propane P P
Propylene P P T
C4t X T
Nwéc / Water X T
Carbon dioxide P P T T
Nitrous oxide P P P
NO X T
Ozone X T
X = Loai bd gan nhw hoan toan trong bwéc
X = Essentially complete removal in step
P = Loai bd mét phan trong buéc
P = Partial removal in step
O = Buéc tly chon (néu bao gdm, loai b mét phan hodc toan bé thanh phan)
O = Optional step (if included, partial or total removal of the component)
T = Loai bd bét ky du vét nao cé thé co
T = Removal of any traces that can be present

9.3. Van hanh cum thiét bi tién tinh ché / Prepurification unit operation

- Van hanh PPU bao gdm céc bwéc sau:
PPU operation consists of the following steps:

a)

Trwc tuyén—Binh dwoc dwa vao van hanh véi dong khong khi di qua. Nhw thé hién trong

Bang 4, cac tap chat vét duwoc loai bd bang co ché hap phu. Carbon dioxide dwoc st dung

lam thanh phan kiém soat va mot thiét bj phan tich cé thé dwoc st dung dé xac dinh khi

ndo chat hap phu bdo hoa. Trwéc khi vat liéu hdp phu bdo hoa hoan toan, buwéc van hanh

trwc tuyén sé dwoc dirng lai;

Online—The vessel is online with air passing through the vessel. As shown in Table 4, trace
contaminants are removed by adsorption. Carbon dioxide is used as the controlling component and an
analyzer can be used to determine when the adsorbent is saturated. Before the adsorbent is saturated,
the online step is stopped;

Giadm ap—Binh dwoc dwa ra khdi van hanh va xa ap ra khi quyén;

Depressurization—The vessel is removed from service and vented to atmosphere;

Tai sinh— Dong khi thai khé dwoc dwa vao binh dé loai bd cac tap chat vét. Dong khi nay

sau d6 dwoc xa ra khi quyén;

Regeneration—The dry waste gas is sent through the vessel to remove the trace contaminants. This
gas is vented to atmosphere;

Tang 4p— Binh dwoc téng ap tré lai dén ap suét khi cap cla coldbox bdng mét phan dong

khi 14y tir thiét bi dang van hanh trwc tuyén khéac.

Repressurization—The vessel is brought back to the coldbox air feed pressure with a portion of the air
from another online vessel; and

Song song—Cac van dwgc mé, cho phép khong khi di qua binh vira dwgc tai sinh. Cac van

trén binh dang van hanh truc tuyén ciing dwoc gitr mé, dé& khong khi chay qua ca hai lop

h&p phu song song. Budc nay ddm bdo rang I&p hdp phu méi hoan toan hoat dong tot

trwdc khi dwa binh dang hoat déng truc tuyén ra khéi van hanh.
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Parallel—The valves are opened, allowing air to flow through the freshly regenerated vessel. The
valves on the vessel currently online are also left open, so that air flows through both beds in parallel.
This step ensures that the fresh bed is completely functional before taking the online vessel offline.

Trong bwéc tai sinh, mot dong khi néng va khé dwoc st dung dé day céc tap chat ra khoi vat
liéu hap phu. Trong trwéng hop nay, khi tai sinh dwoc gia nhiét trong mot khodng thoi gian,
sau d6 la moét giai doan lam ngudi nham dua I6p vat ligu hap phu tr& vé gan nhiét dd van hanh
trwdc khi dwoc dwa tré lai van hanh tryc tuyén. Quy trinh nay dwoc goi la hdp phu chuyén
nhiét (temperature swing adsorption — TSA) vi nhiét d6 dao ddng gilra nhiét d6 van hanh va
nhiét do tai sinh cao hon. Trong quy trinh TSA, th&i gian van hanh truc tuyén thuwong tir 2 dén
12 gio.

In t%e regeneration step, a hot, dry gas is used to drive off the contaminants. In this case, the
regeneration gas is hot for a period, followed by a cooling flow to return the bed to near operating
temperatures before it is placed back online. This process is called temperature swing adsorption (TSA)
because the temperature varies between online temperature and a higher regeneration temperature. In
the TSA process, the online times are typically 2 hours to 12 hours.

Tai sinh ciing c6 thé dwoc thuwc hién bang cach sir dung ap suéat thap hon cltia dong khi tai sinh
dé loai bd cac tap chat. Quy trinh nay dwoc goi la hdp phu chuyén ap (pressure swing
adsorption — PSA) va thoi gian van hanh truc tuyén thweng tir 5 dén 30 phut.

The regeneration can also be accomplished by using the lower pressure of the regeneration gas to
remove contaminants. This process is called pressure swing adsorption (PSA), and the online times are
typically 5 minutes to 30 minutes.

Nha san xuét dwa cac hwéng dan van hanh cu thé cho PPU va cac hwéng dan nay nén dwoc
tuan tha.
The manufacturer gives specific operating instructions for the PPU and these should be followed.

Heé thdng PPU duorc thiét ké dé loai bd toan bo hoi &m trong khong khi, hau hét carbon dioxide
va nhiéu thanh phan hydrocarbon. PPU loai bd hoan toan cac hydrocarbon C4+, axetylen va
propylen. N6 thwong loai bd méot phan ethylene va propane, va hau nhw khéng loai bd
methane va ethane. Cac chét hap phu dic biét cé thé loai bé nhidu tap chat hon. Carbon
dioxide & hop chét chi thi, va mét thiét bi phan tich nén dwoc s dung dé giam sat hoat dong
cta PPU.

PPU systems are designed to remove all of the water in the air, most of the carbon dioxide, and many of
the hydrocarbons. The PPU removes all of the C4+, acetylene, and propylene. It typically removes a
portion of the ethylene and propane, and essentially none of the methane and ethane. Special adsorbents
can remove more contaminants. Carbon dioxide is the marker compound, and an analyzer should be
used to monitor PPU operation.

THAN TRONG: Mét tinh ndng an toan quy trinh quan trong la PPU loai b6é carbon dioxide
va nhiéu hydrocarbon. Van hanh PPU ding céch la téi quan trong dé van hanh ASU mét
cédch an toan. Carbon dioxide dwoc loai bé dé tranh két tinh va gay tic nghén, diéu nay
c6 thé dan dén séi khé hodc séi hé, tich tu hydrocarbon, va cudi cung cé thé gy ra
phan rng cia hydrocarbon va oxy. PPU dworc thiét ké dé loai bé nhiéu hydrocarbon,
nhwng néu van hanh khéng dung sé cho phép ching di vao hép lanh.

CAUTION: A key process safety feature is that the PPU removes carbon dioxide and many
hydrocarbons. Running the PPU properly is essential for safe ASU operation. Carbon dioxide is
removed to prevent precipitation and plugging, which can lead to dry or pool boiling, hydrocarbon
accumulation, and ultimately a reaction of the hydrocarbons and oxygen. The PPU is designed to
remove many hydrocarbons, but if operated improperly allows them to enter the coldbox.

B4t ky hién twong ro lot (breakthrough) carbon dioxide nao phai dwoc gi¢i han khéng vuwot qua
khuyén nghi ctia nha san xuét. Mrc cdnh bao dién hinh 13 1 ppm, va gia tri nay phai dwoc st
dung néu nha san xuét khong dwa ra khuyén nghi nao. Néu xay ra breakthrough, cac binh hap
phu dang van hanh tryc tuyén phai dwoc chuyen ddi ngay lap tlrc néu cac binh ngoai tuyén da
dwoc tai sinh hoan toan. Cac bwdc khac can thwc hién cé thé bao gom:
Any carbon dioxide breakthrough shall be limited to no more than the manufacturer’s recommendation. A
typical alarm level is 1 ppm, and this value shall be used if the manufacturer gives no recommendation. If
breakthrough occurs, the online adsorber vessels shall be switched immediately if the offline vessels are
completely regenerated. Other steps to be taken may include:
e rut ngan thdi gian hoat dong truc tuyén tiép theo;

shortening subsequent online times;

e gidm lwu lwong khi;
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reducing air flow;

 kiém tra mirc va hinh dang I6p chét hap phu va hiéu suét chat hap phu;
inspecting adsorber bed level and shape and adsorbent performance;

o do dd &m khi tai sinh; va
measuring regenerator gas moisture content; and

« theo déi ndng dd carbon dioxide, nitrous oxide va hydrocarbon trong bé day ndi hoi, va dam
bao rang ching nam trong gi¢i han an toan bang cach toi da hoa lwu lwvong thong thdi oxy
Idng. Dé biét thém théng tin vé hoat dong ctia ndi hoi, xem AIGA 035 [43].
monitoring the reboiler sump concentrations of carbon dioxide, nitrous oxide, and hydrocarbons, and

ensuring that these stay within safe limits by maximizing the liquid oxygen purge rate. For more
information regarding reboiler operations, see AIGA 035 [43].

Nha may phai dwoc ngirng hoat ddng néu xay ra bat ky diéu nao sau day:

The plant shall be shut down if any of the following occurs:

e carbon dioxide thoat ra khéi PPU vwot qua 10 ppm;
carbon dioxide leaving the PPU exceeds 10 ppm;

o ndng dd tap chét trong bé day ndi hoi vwot qua gi¢i han an toan, xem AIGA 035 [43]; ho&c
reboiler sump contaminant concentrations exceed safe limits, see AIGA 035 [43]; or

« binh hap phu khéng thé dugc chuyén ddi trong vong 30 phit sau khi c6 canh bao carbon
dioxide cao va khong c6 phan tich bé day ndi hoi.
adsorber vessel cannot be switched within 30 minutes after the high carbon dioxide alarm and there is
no reboiler sump analysis.

Sw o i carbon dioxide thdp nhuwng lién tuc ciing nguy hiédm nhw sy xuyén thing vao cudi chu
ky vi né cho thay cac tap chat khong khi nhw axetylen, cac hydrocarbon khac va dé &m khong
duwoc hap phu. Néu m&c d6 ro ri lién tuc dat 0,2 ppm dén 0,5 ppm carbon dioxide (theo kha
nang phat hién cta may phan tich), hay diéu tra nguyén nhan gay ra sw ro ri carbon dioxide
tang lén va tim kiém hé tro k§ thuat d& xac dinh xem nha may c6 thé tiép tuc hoat ddng an toan
hay khéng.

A low but continuous slip of carbon dioxide is just as dangerous as a breakthrough at the end of the cycle
because it indicates that air contaminants such as acetylene, other hydrocarbons, and moisture are not
being adsorbed. If the level of a continuous slip reaches 0.2 ppm to 0.5 ppm of carbon dioxide (according
to the detection capability of the analyzer), investigate the cause of the increased carbon dioxide slip and
seek technical assistance to determine whether the plant can continue to safely operate.

Dé PPU hoat dong hiéu qua, mdi bwdc tai sinh phai dwgc hoan thanh va chinh xac. Diéu nay
d&m bao rang chat hap phu c6 di céng suat cho buéc hoat dong truc tuyén tiép theo.

For a PPU to work effectively, each regeneration step shall be complete and correct. This ensures that
the adsorbent has the full capacity for the next online step.

Bién s6 chinh cho méi loai quy trinh phai dwoc theo di va duy tri. Déi véi TSA, chat hap phu
dwoc tai sinh bang nhiét, vi vay nhiét lwong can thiét phai dwoc dwa vao binh. Nhiét dd chinh
xac phai dat dwoc & dau ra clGa binh da tai sinh, lwu lwong tai sinh phai du va thoi gian gia
nhiét phai du dai.

The key variable for each type of process shall be monitored and maintained. For a TSA, the adsorbent is
regenerated with heat, so required heat shall be introduced into the vessel. The correct temperature shall
be reached at the outlet of the regenerated vessel, the regeneration flow rate shall be adequate, and the
heating time shall be long enough.

Buwdc lam mat cling phai di dé& 1am mat hoan toan binh hap phu da tai sinh trwéc khi dwa né
tré lai hoat dong trwc tuyén. Néu budc lam mat khong dd, cong suét chat hap phu sé bi giam;
ngoai ra, khi ndng dwoc glvi dén thiét bj ha nguén c6 kha nang gay hw hédng. Can cé canh bao
nhiét d6 cao va ngat hoat dong ddi voi khi thoat ra khéi PPU TSA dé ngan ngira hw héng cho
bé loc ha ngudn va thiét bj siéu lanh.

The cooling step shall also be sufficient to completely cool the regenerated adsorber vessel before
placing it back online. If the cooling step is insufficient, the adsorbent capacity is reduced; in addition, hot
gas is sent to the downstream equipment potentially causing damage. There should be a high
temperature alarm and shutdown for the air leaving a TSA PPU to prevent damage to the downstream
filter and cryogenic equipment.

Trong moi trvong hop, khi tai sinh phai kh. Néu co ngudn nwéc tiém an di vao khi tai sinh,
nén s&r dung may phan tich diém swong. Ngudon nwéc pho bién nhat di vao khi tai sinh la khi
st dung bd gia nhiét hoi nwdc va bd gia nhiét hoi nwédc bi ro ri. Néu may phan tich diém
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swong bao déng, ngudn nwdc phai dwoc diéu tra va giai quyét nhanh chong néu khéng chat
hap phu sé& bi hw hdng vinh vién.

In all cases, the regenerating gas shall be dry. If a potential source of water into the regeneration gas
exists, a dew point analyzer should be used. The most common source of water into regeneration gas is
when a steam heater is used and the steam heater develops a leak. If the dew point analyzer alarms, the
source of the water should be quickly investigated and resolved or the adsorbent will be permanently
damaged.

Nhiét kich hoat lai thwo'ng dwoc Iy théng qua cac bd gia nhiét dét gas, hoi nwéc hodc dién.
Mbi hé thdng nén c6 bao vé ngét do nhiét do va/hoadc lvu lvong thap dé bado toan tinh toan ven
cla bd gia nhiét va phan con lai ctia hé théng, dac biét trong trwdng hop méat lwu lweng khi
kich hoat lai.

Reactivation heat is usually obtained through gas-fired, steam, or electric heaters. Each system should
have temperature and/or low flow shutdown protection to preserve the integrity of the heater and the rest
of the system, especially in case of loss of reactivation gas flow.

Di v&i PSA, cac bién sb chinh 1a lwu lwong va ap suét cta khi tai sinh. Ching nén dwoc theo
déi d& dam bao tai sinh dung cach. Can cé canh bao lwu lwgng tai sinh thdp dé& canh bao
ngwdi van hanh vé kha nang tai sinh khéng da.

For a PSA, the key variables are flow and pressure of the regeneration gas. These should be monitored
to ensure proper regeneration. A low regeneration flow alarm should be present to alert the operator to
possible insufficient regeneration.

PSA c6 thé gay ra nhiéu dao déng &p suét hon trong khi dau vao hop lanh. D& hop lanh hoat
doéng 6n dinh, téc do tai ap suat phai dwoc kiém soat.

PSA can cause more pressure fluctuations in the inlet air to the coldbox. For stable coldbox operation, the
repressurization rate shall be controlled.

Trong qua trinh tai sinh, binh hap phu & ap suat thap. biéu quan trong la phai dwa binh hap
phu gan bang ap suat khi dau vao trudc khi mé van cép liéu de dwa binh tr¢ lai hoat dong.
Néu van dau vao hoac dau ra dwgc mé trwde khi binh dat hodc gan ap suét cép liéu, hw héng
dang ké va vinh vién co thé xay ra do lwu lwong tai ap suat nhanh. Khoa lién dong ap suét phai
dwoc st dung dé ngan cac van mé khoéng dung thoi diém.

During regeneration, the adsorber vessel is at low pressure. It is important to bring the adsorber vessel
close to inlet air pressure before opening the feed valves to return the vessel to service. If the inlet or
outlet valve is opened before the vessel is at or close to the feed pressure, significant and permanent
damage can occur due to rapid repressurization flow. Pressure interlocks shall be used to prevent the
valves from being opened at the incorrect time.

Ham lvgng nwéc cta khi dau vao phai dwoc gitr & mire thdp hon me téi da thiét ké clta no,
néu khéng sw xuyén thiing carbon dioxide sém sé& xay ra khi lwong nuwéc dw thira chiém ché
carbon dioxide. Nguén nuwéc du thiva phd bién nhét 1a nhiét d6 khi dau vao PPU cao.

The water content of the inlet air shall be kept to less than its design maximum or premature carbon
dioxide breakthrough occurs when the excess water displaces the carbon dioxide. The most common
source of extra water is a high PPU inlet air temperature.

LUU Y—Ngay c& mét sy tang nhé vé nhiét dd khi dau vao ciing cho thdy lvgng nuwéc dw thira
dang ké vi ham lwong nuéc trong khong khi tang gan gép déi clr sau mdi 18 °F (10 °C) tang
nhiét do.

NOTE—Even a small increase in the inlet air temperature indicate significant excess water because the
water content of the air approximately doubles for every 18 °F (10 _C) increase in its temperature.

Diéu quan trong la phai ddm béo rdng khong c6 nuwéc 16ng bi cudn theo tir thiét bj thwong
ngudn vao PPU. Nwérc 18dng nay lam qué tai chat hdp phu, chiém chd carbon dioxide va gay ra
sy xuyén thing s&m. Ngoai ra, nwéc 16ng c6 thé lam héng chat hdp phu va gay ra nhiét do
vuot qua 212 °F (100 °C) bén trong I6p chat hap phu. Thém vao do, khi di vao co thé chira cac
héa chét an mon twr cac nguén nhw khong khi xung quanh hoac nwdc lam mat, diéu nay co the
dan dén cac van dé an mon lau dai déi voi cac bo phan bén trong PPU va/hodc dwong éng
dau vao PPU. Ciing can xem xét viéc |&p dat cac van x& nwéc ngung tu trén duwong 6ng khi
dau vao.

It is also important to ensure that no liquid water is carried over from upstream equipment into the PPU.
This liquid water overloads the adsorbent, displacing carbon dioxide and causing premature
breakthrough. In addition, the liquid water can damage the adsorbents and cause temperatures in excess
of 212 °F (100 T C) within the bed. Additionally, the incoming air can contain corrosive chemicals from
sources such as ambient air or cooling water that can lead to long term corrosion issues with PPU
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9.4.

internals and/or the inlet piping to the PPU. Consideration should also be given to installing condensate
drains on the inlet air line.

Céc chat hap phu la vat liéu dang hat, thwdng c6 kich thwéc tr 1 mm dén 5 mm. Nhivng vat
liéu nay dé bi v& hodc bui héa néu PPU dwoc van hanh khoéng dung cach. Ngoai ra, mét lwong
nhd bui cé mét trong chat hdp phu trong qua trinh nap vat liéu ban dau. Can cé bd loc hodc
bién phap bao vé twong dwong dé ngan bui nay di vao thiét bi siéu lanh. Bo loc c6 thé Ia bén
trong hodc bén ngoai binh hap phu. B6 loc bén trong la loai tw lam sach, nhwng c6 thé can
kiém tra dinh ky. B6 loc bén ngoai c¢é thé can kiém tra va thay thé dinh ky.

The adsorbents are granular materials, typically 1 mm to 5 mm in size. These materials are prone to
breakdown or dusting if the PPU is incorrectly operated. In addition, a small amount of dust is present in
the adsorbent during initial loading of the material. A filter or equivalent safeguard is required to prevent
this dust from entering the cryogenic equipment. Filters can be either internal or external to the adsorber
vessel. Internal filters are self- cleaning, but might require occasional inspection. External filters might
require occasional inspection and replacement.

Cac chét hap phu la chat hut &m manh va phai dwoc xt ly can than trong qua trinh nap va dé.
Chung dé dang hép phu nuwéc va co thé tr& nén nong, dat trén 212 °F (100 °C). Nén tham
khao hwéng dan clia nha san xuéat va SDS trwdc khi thwe hién cac hoat ddng nay.

The adsorbents are powerful desiccants and shall be handled carefully during loading and unloading.
They adsorb water readily and can get hot, reaching over 212 °F (100 °C). The manufacturer’s
instructions and SDS should be consulted before undertaking these operations.

Trong mét sb trung hop, khi tai sinh dwoc lam giau oxy, cé thé trong qua trinh van hanh binh
thuong, khdi dong hodc sw ¢ quy trinh. Kha nang nay phai dwoc tinh dén trong qua trinh thiét
ké. Vat liéu ché tao PPU, vat liéu chat hap phu va phwong phap lam sach PPU pha| phu hop
véi ndng d6 oxy tbi da cé thé gap phai. Can lwu y rang cac bo gia nhiét tai sinh co6 thé 1a ngudn
gay chay.

In some cases, the regeneration gas is enriched in oxygen, either during normal operation, startup, or
process upsets. This possibility shall be taken into account during design. The materials of construction of
the PPU, the adsorbent materials, and the PPU cleaning method shall be suitable for the maximum
oxygen concentration that can be encountered. It should be noted that the regeneration heaters can be an
ignition source.

Chét hap phu ray phan t& hap phu nito wu tién hon oxy. Khi cac binh dwoc gidm ap, khi trong
cac khoang tréng dwoc xa va dwoc thay thé bang khi giau nito dwgc gidi phong tir chat hap
phu.

Molecular sieve adsorbents adsorb nitrogen preferentially to oxygen. When the vessels are
depressurized, the gas in the void spaces is vented and replaced by nitrogen-enriched gas released from
the adsorbent.

CANH BAO: Bét cir luc nao, céc binh rdy phéan tir cé6 thé chira bau khi quyén thiéu oxy,
c6 thé gay ngat cho béat ky ai di vao binh hodc lam viéc gan 16 mé cuda binh. Bat ky ai lam
viéc trong binh phai tuén thua cdc quy trinh ra vao khéng gian han ché.

WARNING: At any time, molecular sieve vessels can contain oxygen-deficient atmospheres that
can asphyxiate anyone entering the vessel or working near an opening of the vessel. Anyone
working in the vessel shall follow confined space entry procedures.

Van hanh bo trao dbi nhiét dao chiéu / Reverse heat exchanger operation

Trong cac REVEX, khi r&i khdi MAC, dwoc lam mat gan nhiét do mai trwéng, va sau dé di vao
bod trao déi nhiét chinh, noi nd dwoc lam mat thém dén nhiét do siéu lanh. Khi dwoc 1am mat,
nwéc, carbon dioxide va mét sé hydrocarbon (xem Bang 5) déng bang trén bé mét bd trao déi
nhiét. Cac hydrocarbon c6 diém séi thap, mirc vét carbon dioxide va nitrous oxide trong khong
khi thoat ra khoi bd trao ddi nhiét chinh va di vao khu vuc chwng cAt siéu lanh cla nha may.
Cac tap chét vét nay phai dwoc xt ly béng cach thoat ra khdi hé théng trong cac dong san
phadm oxy khac nhau (dang khi hodc 16ng) hodc bang cach loai bd théng qua hap phu siéu
lanh.

In REVEXs, the air leaves the MAC, is cooled close to ambient temperature, and then enters the main
heat exchanger where it is further cooled to cryogenic temperatures. As it is cooled, water, carbon
dioxide, and some hydrocarbons (see Table 5) freeze out on the surface of the heat exchanger. The low
boiling point hydrocarbons, trace levels of carbon dioxide, and nitrous oxide in the air exit the main heat
exchanger and enter the cryogenic distillation section of the plant. These trace contaminants shall be
dealt with either by exiting the system in various oxygen product streams (either gaseous or liquid) or by
removal through cryogenic adsorption.
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Khoéng khi dwoc 1am lanh bang cach 1am 4m cac dong khi lanh gém oxy, nito' va khi thai. Sau
vai phut, cac van chuyén dbi hwéng dong khong khi vao cac dwong dan trwdc day chira khi
thai, va khi thai dwgc huwéng vao cac dwdng dan khéng khi trwdc day. Khi khi thai ndng 1én
trong BAHX, né bay hoi va cubn tréi cac tap chat da I&ng dong trén bé mét bd trao ddi nhiét,
lam sach dwéng dan.

The air is cooled by warming cold gas streams of oxygen, nitrogen, and waste gas. After several minutes,
switching valves direct the air stream into the passages that formerly contained the waste gas, and the
waste gas is directed into the former air passages. As the waste gas warms up in the BAHX, it evaporates
and sweeps the contaminants that were deposited on the heat exchanger surface, cleaning up the
passage.

Phai duy tri sw can bang can than trong bo trao ddi nhiét d& dam bao rang céc tap chat da lang
dong dworc loai bd. Khi thai co6 khd nang mang di cac tap chat vét Ién hon vi nd & ap suét thap
hon; tuy nhién, né lanh hon dong khéng khi vai d6, diéu nay lam giam kha nang loai bd cac tap
chét vét clia nd. Cac dé&c tinh vat ly cla khéng khi va khi thai 1a néu khéng cé mét sb bién phap
bd sung, khi thai s& qua lanh & dau lanh cla bo trao ddi nhiét dé loai bd cac tap chét vét. Theo
thoi gian, dau lanh cta bd trao ddi nhiét khéng dwoc lam sach hoan toan va cudi cung bi tic
nghén.

Agcareful balance shall be maintained in the heat exchanger to ensure that the deposited contaminants
are removed. The waste gas has a greater capacity to carry away the trace contaminants because it is at
a lower pressure; however, it is a few degrees colder than the air stream, which reduces its capacity to
remove the trace contaminants. The physical properties of the air and waste gas are such that without
some extra measures, the waste gas is too cold at the cold end of the heat exchanger to remove the trace
contaminants. Over time, the cold end of the exchanger is not completely cleaned and eventually plugs
up.

Dé hd tro qua trinh lam sach, can thém khi lanh & dau lanh cta bd trao dbi nhiét. Phuong
phap phd bién nhéat 1a 4y mot phan nito tlr dinh thap ap suét cao va lam 4m né trong bo trao
déi nhiét chinh. Khi ap suét cao 4m hon nay sau d6 dwoc gian né. Khi khi duoc gidn nd, né di
lanh dé dwoc thém vao dong khi thai & dau lanh cla bo trao déi nhiét chinh, cung cap thém khi
lanh. Dong nay dwoc goi la dong tai nhiét (hodc dong mat can bang), va viéc kiém soat né la
rat can thiét dé lam sach REVEX hoan toan.

To assist in the cleanup, more cold gas is needed at the cold end of the heat exchanger. The most
common method is to take a portion of nitrogen from the top of the high pressure column and warm it up
in the main heat exchanger. This warmer high pressure gas is then expanded. When the gas is
expanded, it is cold enough to be added to the waste gas stream at the cold end of the main heat
exchanger, providing additional cold gas. This stream is called the reheat (or unbalance) stream, and its
control is essential for complete REVEX cleanup.

Méc du nito tlr thap ap suét cao 1a ngudn phd bién nhéat clia dong tai nhiét nay, cac dong khac
ciing ¢c6 thé dwoc st dung tiy thudc vao quy trinh.

While nitrogen from the high pressure column is the most common source of this reheat stream, other
streams can also be used depending on the process.

Nhiét d6 tai diém gitra cia REVEX nén dwoc theo déi. Néu nhiét dd qua lanh, tic la lwvu lwong
tai nhiét qua nhiéu, didu nay lam gidm kha nang lam sach carbon dioxide va lam tang dd chénh
léch nhiét d6 dau néng (AT). Viéc tdng AT dau néng lam ting yéu ciu lam lanh cla quy trinh
va khong hiéu qua. Néu lwu lwong tai nhiét qua thap thi nhiét d6 diém gitra qua 4m va $\Delta
T$ dau lanh cta bo trao ddi nhiét trd nén qua I&n, dan dén viéc lam sach carbon dioxide khoéng
day dd. M&c du pham vi chinh xac cta nhiét dd diém gitra chdp nhan dwoc phu thudc vao quy
trinh cu thé va nén dwoc lay tir nha san xuét, nhiét do diém gitra dién hinh dao dong tir —94 °F
dén —184 °F (=70 °C dén —120 °C).

Temperatures at the REVEX midpoint should be monitored. If temperatures are too cold there is too much
reheat flow, which reduces the carbon dioxide cleanup capacity and increases the warm-end differential
temperature (AT). Increasing the warm-end LIT increases the refrigeration requirements of the process
and is inefficient. If the reheat flow is too low then the midpoint temperatures are too warm and the cold-
end AT of the heat exchanger becomes too large, resulting in inadequate carbon dioxide cleanup. While
the exact range of acceptable midpoint temperatures depends on the particular process and should be
obtained from the manufacturer, typical midpoint temperatures range from —94 °F to —184 °F (-70 °C to —
120 °C).

Hau hét cac nha may c6 hai hodc nhiéu bd trao déi nhiét chinh mac song song. Méi b6 trao dbi

nhiét chinh phai c6 mét phép do nhiét do diém gilra riéng biét. Didu quan trong déi véi viéc lam

sach carbon dioxide 1a moi nhiét do diém gitba phai dwoc kiém soat trong pham vi ch4p nhan

duwoc. M&i bo trao dbi nhiét chinh phadi c6 moét van can bang trén mét dong khéng dao chiéu
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(thwerng la oxy) dé diéu chinh cac bién ddi lwu lwong do sw khac biét vé dién tré lwu lwong cla
duong dng va bo trao déi nhiét rieng 18. Van nay c6 thé duwgc diéu chinh dé budc lwu lwong
nhiéu hon hoéc it hon dén mdi bo trao ddi nhiét, dwa nhiét do diém gitra riéng 1é vao gi¢i han
chép nhan dwoc. Cac van nay thwdng dwgc cai dat trong qua trinh van hanh th&r ban dau cua
nha may va hiém khi dwoc diéu chinh lai.

Most plants have two or more main heat exchangers in parallel. Each main exchanger shall have an
individual midpoint temperature measurement. It is critical for carbon dioxide cleanup that every midpoint
temperature be controlled within the acceptable range. Each main heat exchanger shall have a balancing
valve on a nonreversing stream (typically oxygen) to correct for flow variations caused by differences in
individual piping and exchanger flow resistances. This valve can be adjusted to force more or less flow to
each exchanger, bringing the individual midpoint temperatures within acceptable limits. These valves are
typically set during the initial plant commissioning and are rarely readjusted.

Nhiét d6 dau lanh phai dwoc gitr I&n hon nhiét d6 héa I6ng clia khong khi. Khi bo trao dbi nhiét
dwoc chuyén ddi, lwong chét 1dng ton kho sé& bi méat néu khong khi héa 16ng trong bo trao dbi
nhiét chinh. Sw mat mat lanh nay la khéng thé chap nhan dwoc va hw hdng thiét bj ciing cé thé
xay ra.

Thg cold-end temperature shall be kept greater than the liquefaction temperature of air. When the
exchanger is switched the liquid inventory is lost if air liquefies in the main exchanger. This refrigeration
loss is unacceptable and equipment damage can also occur.

Nhiét dd dau lanh phai dwoc gitr nhé hon nhiét do tdi da cho phép (do nha san xuét cung cép)
dé dadm bao rang hydrocarbon dworc gitr lai bén trong REVEX va khong bi cudn vao thap tach
khi v&i ndng dd cao. Néu bat cv IGc nao nhiét do6 dau lanh tang 1én trén nhiét do téi da cho
phép, lvu lwong khéng khi di qua binh d6 dén thap tach khi phai dwoc dirng lai ngay lap tirc.
Chi khéi dong lai khi dat dwgc nhiét dé an toan.

The cold-end temperature shall be kept less than the maximum allowable temperature (provided by the
manufacturer) to ensure that hydrocarbons are contained within the REVEX and not carried into the air
separation column in high concentrations. If at any time the cold-end temperature rises above the
maximum allowable temperature, the airflow through that vessel to the air separation column shall be
stopped immediately. Restart only when safe temperatures are attained.

Néu bd trao déi nhiét khdng dwoc lam sach ding cach, carbon dioxide da 1&ng dong sé con lai
trong REVEX. Diéu nay &nh hwdng dén hiéu suét nha may bang cach gidm truyén nhiét va
tang dd chénh léch nhiét d6 dau néng, tr d6 lam tang tai lanh. $\Delta T$ dau ndéng tang 1én
thwéorng 1a d4u hiéu dau tién ctia van dé lam sach. Néu viéc 1am sach khéng day du tiép tuc du
lau, d6 sut ap ctia khéng khi va khi thai cling tdng 1én, nhwng diéu nay thuwong xay ra rat lau
sau khi $\Delta T$ dau néng tré nén khong thé chap nhan duoc.

If the exchanger is not cleaning up properly, deposited carbon dioxide remains in the REVEX. This
impacts plant performance by reducing the heat transfer and increasing the warm-end temperature
difference, thereby increasing the refrigeration load. The increased warm end T is typically the first
indication of a cleanup problem. If inadequate cleanup continues long enough the air and waste pressure
drops also increase, but this is typically long after the warm-end _ T becomes unacceptable.

Thoi gian van hanh dién hinh cho mét bd trao dbi nhiét 1a 4 phut dén 10 phut. Gidm thoi gian
van hanh lam ting kha nang lam sach ctia hé thdng nhwng doi héi nhiéu lanh hon va lam tang
tdn that chuyén déi.

The typical onstream time for a heat exchanger is 4 minutes to 10 minutes. Reducing the onstream time
increases the cleanup capacity of the system but requires more refrigeration and increases switch loss.

Khi nha may nglrng hoat dong, nuwéc phai dwoc xa ra khéi REVEX. Néu khong lam nhu vay,
nwéc co thé dong bang va lam tac hodc héng b trao dbi nhiét. Can cé mét quy trinh théng thoi
4m thich hop dé ngan diu néng cla bd trao dbi nhiét tré nén qua lanh. Néu dau néng cla bd
trao dbi nhiét xubng dwdi 32 °F (0 °C), cac quy trinh ddc biét do nha san xuét xac dinh nén
duwoc st dung trwdc khi van hanh lai nha may.

When the plant is shut down, water shall be drained from the REVEX. If this is not done, the water can
freeze and block or damage the exchanger. A proper warm purge is needed to prevent the warm end of
the exchanger from becoming too cold. If the warm end of the exchanger gets less than 32 °F (0 °C),
special procedures defined by the manufacturer should be used before operating the plant again.

Céc dong khong khi va khi thai & dau _néng ctia bg trao déi nhiét dwoc hwdng dén cac dwong
dan thich hop bang céc van chuyén dbi. Dau lanh cta b trao dbi nhiét thwéng cé cac van mot

chiéu. Céac van chuyén déi va van moét chiéu nay phai dwoc bao tri dung cach dé dam bao hoat
ddng dang tin cay.

50



AIGA

AIGA 056/23

The air and waste flows on the warm end of the heat exchanger are directed to the proper passages by
switch valves. The cold end of the exchanger typically has check valves. These switching and check
valves shall be properly maintained to ensure reliable operation.

Nwéc ngung tu trong bd trao dbi nhiét chinh khi khéng khi ngudi di. Bat ky khi &n mon nao
trong khong khi hoa tan trong nwéc nay va cé thé gay an mon rat manh déi véi bd trao doi
nhiét chinh. Néu c6 ndéng dd khi axit cao, khéng khi nén dwoc xt ly so bd dé ngan cac thanh
phan nay di vao bo trao ddi nhiét chinh. Nném trong BAHX d&c biét d& bi an mon bdi clo va
SOx.

Water condenses in the main exchanger as the air cools. Any corrosive gases in the air dissolves in this
water and can be very corrosive to the main exchanger. If high levels of acid gases are present, the air
should be pretreated to prevent these components from entering the main exchanger. The aluminum in
the BAHX is particularly susceptible to corrosion from chlorine and SOx.

Céac REVEX trai qua cac chu ky &p suét va nhiét do cir sau vai phut. Trong nhiéu ndm van
hanh, nhirng chu ky nay co6 thé gay ra héng héc do méi clia cac bd trao dbi nhiét va cac dwo’ng
dan bat dau ro ri. Cac dong san pham nén dwoc theo déi thwerng xuyén dé phat hién ro ri va
sCra chira bo trao dbi nhiét khi can thiét. Nhirng stra chira nay la chuyén biét va chi nén dwogc
thwe hién b&i nhan vién co trinh do6.

REVEXs experience pressure and temperature cycles every few minutes. Over many years of operation,
these can cause fatigue failure of the exchangers and the passages begin to leak. The product streams
should be routinely monitored for leaks and repairs made to the exchanger as needed. These repairs are
specialized and should be made only by qualified personnel.

Mot sb tap chéat vét lot qua REVEX chinh do nhiét d6 séi twong ddi thap cta ching. Diéu dang
lo ngai nhat 1a axetylen, chat khéng bi déng bang trong REVEX. Axetylen chi hoa tan mét chat
trong chét siéu lanh 16ng va bét ky tinh thé rdn nao hinh thanh déu c6 thé phan hay nd. Carbon
dioxide cling thoat ra khéi bo trao ddi nhiét chinh véi s lwong ppm thdp va cé thé két tda trong
thiét bi ha ngudn, tao ra cac vi tri ¢ thé xay ra s6i khd. Hai thanh phan nay dwoc loai bd bang
hap phu siéu lanh (xem 12.2) va théng thdi tir bé chira cla thap ap suat thap. Téc do thong
théi téi thiéu dwoc quy dinh trong AIGA 035 [43].

Some trace contaminants get through the main REVEX because of their relatively low boiling
temperature. Of most concern is acetylene, which does not freeze out in the REVEX. Acetylene is only
slightly soluble in liquid cryogens and any solid crystals that form can explosively decompose. Carbon
dioxide also leaves the main exchanger in low ppm quantities and can precipitate in downstream
equipment creating locations where dry boiling can occur. These two components are removed by
cryogenic adsorption (see 12.2) and purge from the sump of the low pressure column. A minimum purge
rate is specified in AIGA 035 [43].

Vi dong cép vao REVEX chira cac tap chat gay tdc nghén, viéc khéi dong can hét strc can
than. Nha san xuéat dwa ra cac hwéng dan cu thé. Tuy nhién, quy trinh co ban dién hinh nhw
sau:

Because the feed to the REVEX contains plugging contaminants, the startup takes a great deal of care.
The manufacturer gives specific instructions. However, the typical basic procedure is as follows:

a) G mot phan khong khi dén bd gia nhiét va sau d6 gri khong khi &m nay (110 °F dén
150 °F [43 °C dén 66 °C]) di khap thiét bi siéu lanh dé& l1am bay hoi bat ky nwéc Idng nao
trong nha may;

Send a portion of the air to a heater and then send this warm air (110 °F to 150 °F [43 °C to 66 °C])
throughout the cryogenic equipment to evaporate any liquid water in the plant;

b) Céch ly (cac) thap chung cét;
Isolate the distillation column(s);

c) G khong khi qua bod trao dbi nhiét chinh, gidm ap suét, va dwa khong khi tré lai cac
dwong dan khi thai. Chuyén dbi cac b trao déi nhiét theo chu ky thoi gian twong déi ngan.
GUi mét phan khong khi dén bd gian nd dé cung cép lanh lam ngudi cac bod trao ddi nhiét.
Khi thai ctia bd gian nd nén duwoc glri dén mach khi thai dé té6i da héa lwu lwgng lam sach;
Send air through the main exchanger, let down the pressure, and return the air to the waste passages.
Switch the exchangers on a relatively short time cycle. Send a portion of the air to the expander to
provide refrigeration to cool down the exchangers. The expander exhaust should be sent to the waste
circuit to maximize the cleanup flow;

d) Lam ngudi cac bd trao déi nhiét chinh ddng déu dé ngan ngtra su tich tu va tdc nghén carbon
dioxide;
Cool down the main exchangers evenly to prevent carbon dioxide accumulation and blockage;
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9.5.

e) Khi dau lanh ctia bd trao ddi nhiét chinh dat khodng —100 °F (-73 °C), khéng khi vé& co ban

la khéng c6 nwéc. Khong khi khé nay sau dé dugc st dung dé théng théi phan siéu lanh
clia nha may nham dam béo khéng c6 hoi nwéc trong hé théng; va

When the cold end of the main exchanger is approximately —100 °F (-73 °C), the air is essentially
water- free. This dry air is then used to blow out the cryogenic portion of the plant to ensure there is no
vapor water in the system; and

Sau khi thdi sach hé thdng siéu lanh, 1am lanh dén nhiét d6 khong khi [dng va sau do6 thiét 1ap lvu
lwong binh thwdng.
After blowing out the cryogenic system, cool to liquid air temperatures and then establish normal flows.

Mot s6 thanh phan c6 diém sbi cao hon khéng dwoc lam sach hoan toan trong REVEX, ngay
ca khi nhiét do diém gitra dwoc duy tri ding cach. Cac thanh phan nay phai dwoc loai bd bang
cach x& bang dinh ky. Khi qua trinh x& bang nay xay ra, tat ca cac thanh phan nay dwoc giai
phdng trong vai gid. Dac biét, cac thanh phan NOXx c6 thé dwoc gidi phéng véi ndng do twong
ddi cao. Nhan vién nén can than dé gitr mrc do tiép xuc cla ho trong gidi han an toan trong
cac khoang thoi gian nay. Khi khi quyén chira NOx va diene lién hop, cac thanh phan nay cé
thé phan (rng tao thanh moét chat keo (gum) con sét lai trong REVEX. Chét keo nay phai dwoc
loai bd bang cach xa bang dinh ky. Néu dwoc phép tich tu dén mic dd Ién, nd cé thé tw phat
nod [46, 47, 48].

Some higher boiling point components do not completely clean up in the REVEX, even when the midpoint
temperatures are properly maintained. These components shall be removed by periodic deriming. When
this derime occurs, all of these components are released over a few hours. In particular, NOx components
can be released in relatively high concentrations. Personnel should take care to keep their exposure to
within safe limits during these periods. When the atmosphere contains NOx and conjugated dienes, these
components can react to form a gum that remains in the REVEX. This gum shall be removed by periodic
deriming. If allowed to accumulate to sufficient levels, it can spontaneously explode [46, 47, 48].

Khi mét REVEX duoc ngirng hoat dong, phai st dung cac quy trinh thich hop dé dam bao viéc
kh&i dong lai khéng gap sw cb va an toan. Bo trao déi nhiét nén dwoc khéa hoan toan dé ngén

khi lanh chay qua né.
When a REVEX is shut down, proper procedures shall be used to ensure that the restart is trouble-free
and safe. The exchanger should be completely blocked in to prevent cold gas from flowing through it.

Néu dau néng cta bd trao dbi nhiét qua lanh, nwdc sé déng bang va lam hdng bo trao ddi
nhiét. Nhiét d6 dau nong ctia bd trao déi nhiét phai Ion hon mirc téi thiéu ctia nha san xuét dé
kh&i dong lai. Can thiét lap cac quy trinh d& 1am &m cac bo trao dbi nhiét trwéc khi dwa ching
vao dich vu chuyén dbi néu nhiét d6 dau néng thap hon muc tbi thiéu ciia nha san xuét.

If the warm end of the exchanger is too cold, water freezes and damages the exchanger. The exchanger’s
warm- end temperature shall be greater than the manufacturer’s minimum for restart. Procedures should
be established to warm the exchangers before placing them in switching service if the warm-end
temperatures are less than the manufacturer’s minimums.

Thiét bi 1am lanh co’ hoc bé sung / Supplemental mechanical chillers

Dai khi, thiét bi lam lanh co hoc dwoc sir dung dé ngwng tu hoi &m tir khi nén nhdm giam tai
nwéc lén PPU hodc REVEX, céi thién kha nang hap phu cia PPU va nang cao hiéu suét van
hanh quy trinh. Qué trinh lam lanh dat dwgc bang cach lam bay hoi chat lam lanh trong thiét bi
lam lanh. Thiét bj lam lanh nén c6 bd diéu khién nhiét d6 thap dé ngan nwéc déng bang trong
dong quy trinh dworc thao tac béi thiét bi lam lanh.

Sometimes a mechanical chiller is used to condense moisture from the compressed air to reduce water
loading on the PPU or REVEX, to improve the PPU adsorbent capacity, and to improve process operating
efficiency. Cooling is obtained by the evaporation of a refrigerant in a chiller. Chillers should have low
temperature controls to prevent freezing water in the process stream handled by the chiller.

Phai xem xét kha nang ro ri ctia hé théng chat lam lanh. Tuy thudc vao ap suét, khéong khi cé
thé ro ri vao hé théng chét 1am lanh, cé kha nang tao ra hdn hop dé nd. Ngoai ra, chat lam lanh
c6 thé ro ri vao quy trinh, lai tao ra hdn hop dé nd. Chéat 1am lanh sau d6 ciing c6 thé di vao
thiét bi ha ngudn, va anh hwéng cta né ddi véi quy trinh va thiét bi phai dwoc xem xét.

The possibility of leakage of the refrigerant system shall be considered. Depending on the pressures, air
can leak into the refrigerant system, potentially creating an explosive mixture. Alternatively, the refrigerant
can leak into the process, again creating an explosive mixture. The refrigerant can then also pass into the
downstream equipment, and its effect on the process and equipment shall be considered.

Kha nang va mdi nguy ro ri phai xem xét cac kich ban van hanh binh thuwéong, khéi déng va
ngrng hoat dong.
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The possibility and hazards of leaks shall consider scenarios of normal operation, startup, and shutdown.

- Khi bao tri ho&c stra chiva thiét bi nay lién quan dén viéc mé& hé thdng hodc c6 kha nang tiép

xtic voi chét lam lanh, phai xem xét cac dac tinh doc hai hoac dé chay ciia chét lam lanh dwoc
st dung. Nghi dinh thw Montreal vé cac chat lam suy gidm tang ozone va cac quy dinh cla
chinh pha han ché viéc s dung nhiég chét fluorocarbon va cam thai chiing ra khi quyén [61].
Can c6 thiét bj va quy trinh dac biét dé chlra cac chat lam lanh nay trong qua trinh bao tri. Bat
ky ro ri chat lam lanh nao ra khi quyén nén duoc stra chiva kip thoi.
When maintenance or repair of this equipment involves opening the system or possible exposure to the
refrigerant, consideration shall be given to the toxic or flammable properties of the refrigerant used. The
Montreal Protocol on Substances that Deplete the Ozone Layer and government regulations restrict the
use of many fluorocarbons and prohibit their release to the atmosphere [61]. Special equipment and
procedures are necessary to contain these refrigerants during maintenance. Any refrigerant leaks to the
atmosphere should be promptly repaired.

9.6. Thiét bj rira kiém / Caustic scrubbers

- Thiét bj rlra kiém d6i khi dwoc st dung dé loai bd carbon dioxide khdi khéong khi. Méi nguy

dang ké& nhét lién quan dén cac thiét bi rira nay la thao tac dung dich xut an da. Tiép xuc voi
dung dich kiém cé thé gay bdng nghiém trong. Phai tuan thd cac khuyén nghi cGia nha san xuét
vé thao tac an toan dung dich kiém. Phai mé&c quan 4o bao hd bang cao su va deo tdm che
maét bat cl khi nao thwe hién coéng viéc xung quanh hé théng kiém.
Caustic scrubbers are occasionally used to remove carbon dioxide from the air. The most significant
hazard associated with these scrubbers is handling of caustic soda solution. Serious burns can be caused
by exposure to the caustic solution. The manufacturer’s recommendations on safe handling of the caustic
solution shall be followed. Protective rubber clothing and face shields shall be worn any time work is
performed around the caustic system.

- Phai I&p dat cac tAm chan xung quanh khép ndi va truc gan phét bom dé ngan dung dich kiém
ro ri ban tung tée vao cac khu virc xung quanh va vao nhan vién.
Guards shall be installed around couplings and shafts adjacent to pump seals to prevent the slinging of
leaking caustic solution into surrounding areas and onto personnel.

- Trong nhiéu &ng dung, thiét bi rira kiém dwoc theo sau béi may sy dé loai bd lwong nuéc

con lai khai khong khi. Can lwu y rdng may say khong duoc thiét ké dé loai bd carbon dioxide
va cac tap chat khac ma chi dé loai bo nwéc. Bét ky hé thdng nao duoc thiét ké dé ngan chan
sw cudn theo kiém vao may sdy phai dwoc bao tri theo huwéng dan clia nha san xuét.
In many applications, caustic scrubbers are followed by dryers to remove the remaining water from air. It
should be noted that dryers are not designed to provide removal of carbon dioxide and other
contaminants but to remove water only. Any systems designed to prevent caustic entrainment into the
dryer shall be maintained in accordance with the manufacturer’s instructions.

10. Thiét bj gian n& / Expanders

Thiét bi gian n& dwoc st dung dé cung cap kha nang lam lanh cho quy trinh. Cé hai loai thiét bj gidn
nd: kiéu tuabin va kiéu piston (kiéu tinh tién).

Expanders are used to provide refrigeration to the process. There are two types of expanders, turbo and
reciprocating.

Thiét bj gidn né trich xuét nang lwong tir dong quy trinh bang cach tai cac thiét bj dién, co hoc hoac
thay lwc dwoc gan vao thiét bj gidn né. Thiét bi gidn né tuabin thworng dwoc tai bang may phat dién,
quat thdi, may nén téng ap hodc may do lwc ké dau. Pong co gian né kiéu piston thwong dwoc tai
bang cach ghép ndi trwc tiép véi may nén hodc tai bang day dai béi may phat dién.

Expanders extract energy from the process stream by loading electrical, mechanical, or hydraulic devices
attached to the expander. Turboexpanders are usually loaded by generators, blowers, booster compressors, or
oil dynamometers. Reciprocating expansion engines are usually loaded by being directly coupled to compressors
or belt loaded by electric generators.

Khi van hanh thiét bi gian n&, cAn xem xét nhirng diéu sau:
When operating expanders, the following should be taken into consideration:
o mét tai va qua toc;

loss of loading and overspeed;
e nhiém bén dau vao quy trinh;

oil contamination of the process;
e hdng phdt truc;

failure of shaft seals;
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nhiét o thap bat thuwong;
abnormally low temperatures;

e chét ran trong dong khi;
solids in the gas stream;

e mét bdi tron;
loss of lubrication;

o nhiét dd 6 truc bat thwong;
abnormal bearing temperature;

e rung dong bét thwong;
abnormal vibration;

o tbc

do bat thwong;

abnormal speed;

o tbc

doé t&i han;

critical speed;
« thiét bj gian né bi ban do bang ho&c carbon dioxide;
fouling of the expander with ice or carbon dioxide;
e khé&i dong va ngirng hoat dong; va
startup and shutdown; and
e van hanh va bao tri.
operating and maintenance.

Lich bao tri cé thé duwoc sap xép dwa trén sb gi® van hanh hodc theo lich dwong tuy theo sw phi hop

nhat vai thiét bi cu thé.
Maintenance schedules can be arranged on an operating hours or calendar basis as most suitable for the
specific equipment.

10.1.

10.2.

Mat tai va qua toc / Loss of loading and overspeed

Néu vi bat ky ly do nao ma thiét bi tai khong tiép tuc ap dung tai I&n truc thiét bi gian né&, cong
viéc dworc tao ra bdi khi gian n& sé khién thiét bi gian né tang tbc d6 nhanh chéng dén mirc co
thé xay ra hu hdng co hoc.

If for any reason the loading device fails to continue to apply load to the expander shaft, the work created
by the expanding gas causes the expander to rapidly increase its speed to a point where mechanical
damage can occur.

Thiét bj gian n& phai dwoc trang bi hé théng kiém soat ngirng hoat dong khi qua téc, hé théng
nay sé& dirng may khi mét tai xay ra. Thiét bi gidn n& duwoc tai bang may phat dién ciing phai
duoc trang bi thiét bi do lwérng d& cdm nhan s tach roi khéi lwéi dién va ngirng hoat dong
may truée khi xay ra hw héng.

Expanders shall be equipped with an overspeed shutdown control system that stops the machine when
loss of load occurs. Generator-loaded expanders also shall be equipped with instrumentation to sense a
separation from the power grid and shut down the machine before damage can occur.

Nhiém ban diu vao quy trinh / Oil contamination of the process
10.2.1. Thiét bj gian né tuabin / Turboexpanders

- Thiét bi gidn n& tuabin c6 hé thdng phdt khi mé cung dé ngan khi quy trinh cuc lanh
thoat ra khi quyén hodc 6 truc va ngdn nglra nhiém ban dau vao quy trinh. Ap suét
chét Iong twong dbi khong phu hop trong cac khoang clia hé thdng phot hoac mét ap
suat khi phét sé gay ra sy thoat khi quy trinh lanh hoac dau di chuyén doc theo truc va
di vao dong khi quy trinh. Ty thudc vao thiét ke cua thiét bij gian n& tuabin, khi phét co
thé dwoc cung cap tir khi quy trinh hodc ngudn bén ngoai. Can cung cép nguon khi
phét bén ngoai khi thiét bi gian né ngrng hoat dong dé ngan chan sy di chuyén cla
khi lanh va/hodc khi giau oxy vao phan béi tron bang dau cua thiét bi gian né.
Turboexpanders have a labyrinth gas sealing system to prevent the escape of extremely cold
process gas to the atmosphere or bearings and to prevent oil contamination of the process.
Improper relative fluid pressures in the cavities of the seal system or loss of seal gas pressure
causes the escape of cold process gas or oil migration along the shaft and into the process gas
stream. Depending on the design of the turboexpander, the seal gas can be supplied from either
the process gas or an external source. An external source of seal gas should be provided when
the expander is shut down to prevent the migration of cold and/or oxygen-rich gas into the oil-
lubricated section of the expander.
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10.2.2.

Khi phot phai kho, khéng dau va dwoc loc dé ngdn nglra nhiém ban hé théng va hw
héng thiét bj gian n&.

Seal gas shall be dry, oil-free, and filtered to prevent system contamination and expander
damage.

Phép do &p suét khi phét phéi duwoc dua vao hé théng diéu khién cua thiét bi gian né.
Ap suét khi phét phai dwoc duy tri trén mirc khuyén nghi téi thiéu ctia nha san xuét dé
cho phép khéi ddng va van hanh thiét bi gian né. Néu ap suét khi phét gidm xudng
dwdi mirc khuyén nghi téi thiéu, thiét bj gian né va bom dau boi tron phai duoc ngirng
hoat dong ngay |ap tirc. Néu ap suét khi phot gidm xudng dwi gia tri téi thiéu khi thiét
bi gidn né& ngirng hoat dong, hé théng diéu khién phai ngirng hoat ddng bom bbi tron.
Seal gas pressure measurement shall be included in the expander’s control system. The seal
gas pressure shall be maintained above the manufacturer’'s minimum recommendation to allow
starting and operating of the expander. If the seal gas pressure falls below the minimum
recommendation, the expander and the lube oil pump shall be shut down immediately. If the seal
gas pressure falls below the minimum value when the expander is shut down, the control system
shall shut down the lubrication pump.

Néu dau xuét hién trong xa& khi phdt, co sy gia tang dang ké trong tiéu thu dau boi
tron, hodc cé bat ky ly do nao dé& nghi ng® nhiém ban dau, thiét bi gidn né nén dwoc
ngrng hoat déng va sira chiva hodc thay thé bdng mot hop dw phong. Budng éng
coéng nghé két ndi vai thiét bi gian néd nén dwoc kiém tra xem c6 nhiém ban diu hay
khéng va lam sach néu can.

If oil appears in the seal gas vent, there is significant increase in lube oil consumption, or there is
any reason to suspect oil contamination, the expander should be shut down and either repaired
or replaced with a spare cartridge. Process piping connected to the expander should be
inspected for any oil contamination and cleaned if required.

Thiét bj gidn né kiéu piston/ Reciprocating expanders

Cé hai loai may gian né kiéu piston: khéng bdi tron va dwoc béi tron.
There are two classes of reciprocating expanders: nonlubricated and lubricated.

10.2.2.1. May gidn né kiéu piston khéng béi tron / Nonlubricated reciprocating expanders

- Cac may khong bai tron dworc thiét ké véi cac bo phan cach ly hé, cé chiéu

dai tdng cwdng va can piston dwoc l&p vong chén dau dé ngan dau di
chuyén tr phan dwoc boi tron clia may gian né. Bo phan cach ly hé nén
dwoc kiém tra thworng xuyén dé dam bao khoéng cé dau tich tu trong khu
vC nay.
Nonlubricated machines are designed with extra-length, open distance pieces and
piston rods fitted with slinger collars to prevent oil migration from the lubricated
section of the expander. The open distance piece should be inspected frequently to
ensure there is no accumulation of oil in this area.

10.2.2.2. May gidn n& kiéu piston duoc béi tron / Lubricated reciprocating expanders

- Méc du cac dong co gian nd dwoc boi tron bang dau duoc thiét ké véi he
thdng lam sach dau, lwong dau qua mac cé thé gay qua tai hé théng lam
sach va cudi cung |a gay 6 nhiém nha may.

Although oil-lubricated expansion engines are designed with oil cleanup systems,
excessive oil can cause overloading of the cleanup system and ultimately
contamination of the plant.

- Téc d6 cép dau vao long chai phai dugc gitr & mure téi thiéu, twong thich
véi tudi tho vong (piston) tét va tinh trang chai.
Oil feed rate to the cylinder bore should be kept to a minimum, compatible with good
ring life and cylinder condition.

- Lwong dau di qua chai cGia déng co gidn nd dwoc bdi tron khéng chi gidi
han & lwong dau dwoc dwa vao qua bd béi tron chai. Dau hép truc khuyu,
doi khi véi s lwong vwot xa lwu lwong cla bd bdi tron nay, cé thé dugc
dwa vao & dau truc khuyu cla chai. Tinh trang nay thwdng do truc trdc nao
dé cla gat dau can piston hodc do khéng xa& dau tich tu khdi cac bd phan
cach ly.

The amount of oil passing through the cylinder of a lubricated expansion engine is
not limited to that introduced through the cylinder lubricator. Crankcase oil,
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sometimes in quantities far in excess of this lubricator flow, can be introduced at the
crank end of the cylinder. This condition is usually caused by some malfunction of
the piston rod oil wipers or failure to drain accumulated oil from the distance pieces.

Trong trwéng hop ddng co gidn nd dwoc boi tron, phai chu y k§ dén thiét bi
loai b dau. Thiét bi loai bé dau thwong thude loai Iop dém dong géi hodc
loai loc co hoc. Thiét bj loai bé dau dwoc van hanh trong mét khoang thoi
gian cb dinh ho&c cho dén khi xay ra do sut ap suéat nhét dinh trén hé théng.
Vao thoi diém d6, hé théng dwoc dwa ra khéi dich vu va thwong duoc tai
sinh bang cach s&r dung dong khi néng (tét nhat la khi tro). Diéu can thiét 1a
thé tich lwu lwong tai sinh va nhiét do dong ra cudi cung clGa né phai dwoc
duy tri & mirc do nha san xuét quy dinh.

In the case of lubricated expansion engines, close attention shall be paid to the oil
removal equipment. Oil removal equipment is usually of the packed-bed or
mechanical-filter type. The oil removal equipment is operated either for a fixed
period or until a given pressure drop across the system occurs. At such time the
system is removed from service and usually regenerated using a flow of hot
(preferably inert) gas. It is essential that the volume of regeneration flow and its
ultimate effluent temperature be maintained at the level specified by the
manufacturer.

Sau khi tai sinh nhuw vay, hé thdng nén dwoc lam mat dén nhiét d6 quy dinh
trong hwdng dan van hanh trwéc khi dwa tré lai hoat dong. Diéu nay dac
biét quan trong néu dong quy trinh ch*ra d0 oxy dé hé tro qua trinh dbt
chay.

Fo//gwing such regeneration, the system should be cooled down to the temperature
prescribed by operating instructions before being placed back in service. This is
especially important if the process stream contains sufficient oxygen to support
combustion.

Mét s6 hé thdng loc co hoc duoc tai sinh bang cach thao vat liéu loc ra khoi
bd loc va rira bang dung méi. Vat liéu da rira dwoc say kho va 1ap lai vao
bd loc. Phai c&n than d& ddm bao rira va say khoé hoan toan, va dam bao
réng vat liéu dwoc lap dat lai dang cach dé ngén chan viéc b qua bd loc.
Some of the mechanical filtration systems are regenerated by removing the filter
media from the filter and washing it in a solvent. The washed media is dried and
reinstalled in the filter. Care shall be taken to ensure complete washing and drying
and to ensure that the media is properly reinstalled to prevent filter bypassing.

Puong dng ngay sau |&p dém dong géi hoac bd loc co hoc nén dwoc kiém
tra thwéng xuyén trong giai doan van hanh ban dau dé xac dinh réng khong
xay ra hién twong bé qua bd loc hodc xuyén thdng.

The piping immediately downstream from either a packed bed or a mechanical filter
should be inspected frequently during initial periods of operation to ascertain that
filter bypassing or breakthrough is not occurring.

Céc I6p dém déng goi nén dwoc thay thé it nhat thwerng xuyén theo khuyén
nghi cia nha san xuét trlr khi ¢é dd lich st van hanh cho phép kéo dai tudi
tho 16p dém.

Packed beds should be replaced at least as frequently as recommended by the
manufacturer unless sufficient operating history exists to allow extending the bed
life.

10.3. Hong phét truc / Failure of shaft seals

10.4.

Trong mét s6 diéu kién nhét dinh, viéc hong phat ciia may gian nd co thé dan dén qua ap cia
thiét bi phu tro, vi du: binh chra diu. Phai tién hanh phan tich sw cb d& ngdn ngira hodc gidm
thiéu cac hau qua tiém an cla viéc hdng phét.

Under certain conditions, the failure of the expander seals can lead to overpressure of auxiliary
equipment, for example, oil reservoir. A failure analysis shall be conducted to prevent or mitigate the
potential consequences of seal failure.

Nhiét do thap bat thwong / Abnormally low temperatures

Viéc van hanh may gian n& dwéi nhiét do diém suwong cua khi dang dwoc gian né sé tao thanh
chat 1dng bén trong may gidn n&. Sw hién dién cta chat Idng trong chai déng co gidn né kiéu
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10.5.

10.6.

piston gay ra hw hdng Ién. Trong cac may gidn né tuabin khéng dwoc thiét ké dé héa Idng mot
phan, sy hién dién clia cac giot chat 1dng cé thé gay x6i mon voi phun hodc x6i mon canh quat,
ca hai déu co6 thé gay mét hiéu suat, mat can béng va cudi ciing 1a hdng héc co hoc. May gian
né tuabin dwoc thiét ké dé chiu dwoc sw hién dién clia chat 16ng trong khi thai cia ching c6
thé dwoc van hanh ma khéng cé nguy co hw hdng do xéi mon.

The operation of expanders less than the dew point temperature of the gas being expanded forms liquid
in the expander. The presence of liquid in a reciprocating expansion engine cylinder causes major
damage. In turboexpanders not designed for partial liquefaction, the presence of liquid droplets can cause
nozzle erosion or impeller erosion, both of which can cause a loss of efficiency, unbalance, and eventual
mechanical failure. Turboexpanders designed to tolerate the presence of liquid in their exhaust can be
operated without the risk of erosion damage.

Dé xac dinh trang thai cGa chat I6ng tai dau ra clia may gidn né, cac diéu kién van hanh thiét
ké cla may gian nd nén duoc kiém tra dwa trén cac dac tinh vat ly (Biéu dd Nhiét do-Entropy)
cla khi dang dwgc gian né.

To determine the state of the fluid at the expander discharge, the design operating conditions of the
expander should be checked against the physical properties (Temperature-Entropy Chart) of the gas
being expanded.

D& ngén chén sy hinh thanh chat 1dng trong cac may gidn nd khong dworc thiét ké cho dich vu
do, nhiét dd xa ctia may gian nd nén dwoc duy tri khéng lanh hon 5 °F dén 15 °F (2.8 °C dén
8.3 °C) so v&i diém swong cla khi dang dwoc gidn né.

To prevent the formation of liquid in expanders not designed for such service, the discharge temperature
of the expander should be maintained no colder than 5 °F to 15 °F (2.8 °C to 8.3 °C) above the dew point
of the gas being expanded.

Cac may gian né khong duoc thiét ké dé x& Iy sw hinh thanh chat Idng nén cé thiét bi giam sat
nhiét do & dau ra clia may gidn n& dé cung cip canh bao trong trudng hop nhiét do thap.
Expanders not designed to handle liquid formation should have a temperature monitoring device in the
expander discharge that provides an alarm in the event of low temperature.

Nhiét d6 dau vao ctia may gidn né& nén duoc duy tri theo khuyén nghi cGia nha san xuét. Trong
trwong hop cwe doan, nhiét dd diu vao rat lanh c6 thé khién chat 16ng hinh thanh trén cac voi
phun dau vao clia may gién né tuabin.

The expander inlet temperature should be maintained in accordance with the manufacturer’s
recommendation. In an extreme case, a very cold inlet temperature can cause liquid to generate over a
turboexpander’s inlet nozzles.

Vat thé ran trong dong khi / Solids in gas stream

Khi c6 mat trong dong khi ddu vao clia may gian né, cac hat cin dng hodc hat min chat hat dm
c6 thé gay hu hong x6i mon nghiém trong cho cac bo phan bén trong ctia may. May glan né&
tuabin d&c biét d& bi mon voi phun, canh quat va phét khi mé cung. Béng co gidn né kiéu
piston bi mon vong (piston) va 16t (liner) nhanh hon.

When present in the expander inlet gas stream, particles of pipe scale or desiccant fines can cause
serious erosion damage to the machine’s internal parts. Turboexpanders are especially susceptible to
nozzle, impeller, and labyrinth gas seal wear. Reciprocating expansion engines experience accelerated
ring and liner weatr.

Nén st dung Iwéi loc dau vao dé gidm thiéu lwong hat ran di vao may gidn né. Cac lwdi loc
nay thuong dwoc lam béng lwdi dét min. Do sut ap suat qua lwdi loc dau vao nén duwoc giam
séat, va c6 thé dwoc trang bi canh bao dé& xac dinh khi ndo can lam sach hoéc thay thé va dé
dam bao rang khong xay ra do sut ap sudt qua mirc, diéu nay co thé gay nd. Ludi loc nén
dwoc ché tao sao cho dinh mirc ap suét sup dé cia né Ién hon ap suat van hanh dy kién cla
may gidn nd.

Inlet screens should be used to minimize the amount of solid particles entering the expander. These
screens are ordinarily made of finely woven mesh. The pressure drop across the inlet screen should be
monitored, and may be equipped with an alarm to determine when cleaning or replacement is necessary
and to ensure that excessive pressure drop, which could cause rupture, does not occur. The screen
should be constructed so that its collapse pressure rating is greater than the expected operating pressure
of the expander.

Sw mat boi tron / Loss of lubrication

Mét boi tron may gidn né nhanh chéng‘dén dén hw héng may trén dién rong. O truc may gian
né tuabin dwoc boi tron cwdng blrc bang bom dau dwoc nodi trwe tiép hodc bom dan dong
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10.7.

10.8.

10.9.

bang dién. O truc may gian né& kiéu piston dwoc bdi tron vang té tlr hop truc khuyu hodc boi
tron cwdng blrc bdng bom dan dong truc tiép ti truc khuyu hodc dan dong tir xa.

Loss of expander lubrication quickly results in extensive machine damage. Turboexpander bearings are
force- fed lubricated by either directly coupled oil pumps or electrically driven pumps. Reciprocating
expander bearings are splash lubricated from the crankcase or force lubricated by pumps either directly
driven from the crankshaft or remotely driven.

Khi bom dau néi tryc tiép dwoc st dung dé boi tron, mot bom phu d&n dong bang dién hoac
binh tich ap ciing can thiét. Ap suét dau hé thong phai dwgc giam sat bang cam bién ap suét
c6 thé khai doéng bom dau phu khi ap suat dau gidm va tat may gian né néu ap suét giam
thém. Khi bom dau dan déng bang dién dwoc s dung dé béi tron, can cé binh tich ap dé cung
cép bai tron trong qué trinh chay ra ctia may gidn né sau khi mat dién. Khi st dung binh tich
ap, chung nén dwoc kich hoat ty déng.

When direct-coupled oil pumps are used for lubrication, an auxiliary electric-driven pump or accumulator
reservoir is also necessary. The system oil pressure shall be monitored with a pressure sensor that can
start the auxiliary oil pump when oil pressure falls and shut down the expander if the pressure falls further.
When electrically driven oil pumps are used for lubrication, an accumulator reservoir is necessary to
provide lubrication during an expander coastdown after loss of electric power. When accumulator
reservoirs are used, they should be automatically activated.

Ap suét binh tich ap nén dwoc kiém tra trong qua trinh bao tri dinh ky may gién né.
The accumulator pressure should be checked during scheduled maintenance of the expander.

Nhiét do 6 truc bat thworng | Abnormal bearing temperature

Nhiét do 6 truc cao hodc thap bat thworng cé thé xay ra trong qua trinh van hanh may gian nd.
Nhiét do 6 truc cao bat thuwong co thé xay ra néu lwu lwgng dau dén 6 truc bi han ché, tai trong
bt thwong dwoc ap dung cho 6 truc hoac 6 truc bi hong. Nhiét d6 6 truc thap bét thwong
thuwong xay ra nhat déi véi may gian né tuabin va cé thé xay ra trong tredng hop ro ri phot
nang hodc néu lvu lwong dau bi han ché. May gidn né tuabin va hau hét cac may gian né kiéu
piston déu co thiét bi do nhiét . Thiét bi nay ciing nén cung cap cac chirc ndng canh bao va
tat may. Nhan vién van hanh nén theo déi cac sai léch dang ké so véi nhiét dd van hanh binh
thwong va diéu tra nguyén nhan clia ching. Viéc phat hién nhiét d6 6 truc dau lanh thap
thuwdng Ia mét phan clia mach khéi dong cho phép trén may gian né tuabin.

Abnormally high or low bearing temperatures can be experienced in the operation of expanders.
Abnormally high bearing temperatures can occur if oil flows to the bearing are restricted, abnormal
loading is applied to the bearing or the bearing is damaged. Abnormally low bearing temperatures are
most particular to turboexpanders and can occur in the event of heavy seal leakage or if oil flows are
restricted. Turboexpanders and most reciprocating expanders have temperature-measuring
instrumentation. This instrumentation should also provide alarm and shutdown functions. Operating
personnel should watch for significant deviations from normal operating temperatures and investigate
their causes. Low cold-end bearing temperature detection is often part of the permissive start circuitry on
a turboexpander.

Rung déng bat thwong / Abnormal vibration

Hw héng dang ké cé thé xay ra dbi véi may gian né tuabin bat c khi nao cé rung déng qua
mirc. Phai l&p dat dau do va thiét bi giam sat rung dong kiéu tiém can trén tat ca cac may gian
né tuabin dé do chuyén déng cla truc va nén kich hoat cadnh bao, hé thdng tat may, hodc ca
hai. Di¥ liéu tir cac cam bién nay nén dwoc phan tich dinh ky. Néu cac chi sé bat thwérng hodc
néu may gidn né tuabin t&t may do rung déng cao, viéc xem xét can than di liéu bdi cac
chuyén gia cé thé cung cép théng tin chi tiét vé nguyén nhan cla cac chi sé rung déng cao.
May gian né& tuabin phai khong dwoc khéi dong lai cho dén khi nguyén nhan cla chi sé rung
déng qua mire dworc giadi quyét.

Significant damage can occur to a turboexpander whenever there is excessive vibration. Proximity-type
vibration probes and monitors shall be installed on all turboexpanders to measure shaft movement and
should actuate alarms, shutdown systems, or both. The data from these sensors should be periodically
analyzed. If the readings are abnormal or if the turboexpander shuts down on high vibration, careful
review of the data by experts can provide insights into the cause of the high vibration readings. The
turboexpander shall not be restarted until the cause of the excessive vibration reading is resolved.

B gian né kiéu piston thwdng cé cdng tic dia chan.
A reciprocating expander typically has a seismic switch.

Toc do bat thwong / Abnormal speed
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10.10.

10.11.

10.12.

Tbc dd bat thwong 1a téc d6 van hanh vwot qua gidi han thiét ké hodc & mirc khéng tao ra do
lanh can thiét. Bo gian né tuabin dé bi hw hdng néu van hanh vwot qué gidi han thiét ké. Viéc
tich hop gi¢i han téc dd qua mirc vao hé théng diéu khién bo gian né 1a mot thwe hanh thiét ké
tét. Bo gian nd tuabin nén dwoc trang bi cac canh bao va diéu khién ngirng hoat dong dé bao
vé chong lai viéc van hanh vuot qua gidi han thiét kée.

Abnormal speed is either operating in excess of the design limit or at a level that does not produce the
required refrigeration. Turboexpanders are susceptible to damage if operated in excess of the design
limits. It is a good design practice to incorporate an excessive speed limit into the expander control
system. Turboexpanders should be equipped with alarms and shutdown controls to protect against
operation in excess of the design limits.

Té6c do t&i han / Critical speed

B gidn né tuabin dé bi hv hdng néu van hanh gan tan s cong hwéng téi han. Cac téc do toi
han nay, dwa trén tan sé cong huwéng (ving cdm dirng), dwoc nha san xuét xac dinh. Trong
qué trinh khéi dong, can phai nhanh chéng vuot qua bat ky tAn sb cong hwéng téi han nao
trong khi tai bd gidn né tuabin. Viéc tich hop gi¢i han téc d6 vao hé théng diéu khién bo gian
né 1& mot thwe hanh thiét ké tét. Néu nha san xuét xac dinh ving cdm dirng, can lap dat hé
thdng ngirng hoat déng thich hop.

Turboexpanders are susceptible to damage if operated near a critical resonance frequency. These critical
speeds, based on resonance frequencies (no-dwell zones) are defined by the manufacturer. During
startup, it is necessary to pass quickly through any critical resonance frequencies while loading the
turboexpander. It is a good design practice to incorporate speed limits into the expander control system. If
the manufacturer defines a no-dwell zone, an appropriate shutdown should be installed.

Sw bam ban bd gidn né do biang hoidc carbon dioxide / Fouling of expander with ice or
carbon dioxide

Hiéu suét cta bd gian n& co thé bi anh huwdng xau do sy hinh thanh cac can bang nwéc hoac
carbon dioxide, c6 thé trén lwdi loc dau vao hodc bén trong ban than b6 gian nd. Cac ngudn
tap chat dién hinh nay la:
Expander performance can be adversely affected by the formation of water ice or carbon dioxide deposits
either on the inlet screen or within the expander itself. Typical sources of these contaminants are:
e sy xuyén thing cla bd tién loc;
prepurifier breakthrough;
e 10 i nwdc tlr bd lam mat may nén;
water leakage from compressor coolers;
e suwcd REVEX;
REVEX upset;
 hut khong khi khi quyén trong qua trinh ngirng hoat dong; va
atmospheric air aspiration during a shutdown,; and
e khtr bang khéng dung cach.
improper deriming.

Sy bam ban bd gian né& cé thé xay ra ngay sau mét trong cac sy kién nay hoac khi cac tap
chét tich tu di chuyén tir noi khac bén trong hop lanh khi diéu kién van hanh thay déi.

Fouling of the expander can occur immediately following one of these events or when accumulated
contaminants migrate from elsewhere within the coldbox when operating conditions change.

Nguwdi van hanh nén theo déi hiéu suét clia bo gidn né ciing nhw &p suét chénh léch qua lui
loc dau vao cla bd gidn néd. Hiéu suat gidam sut hodc ap suat chénh léch cao cé thé cho thay
bd gidn n& bi bam ban. Nhu cau kht» bang bd gidn né thworng xuyén cé thé cho thdy van dé
bam ban dang dién ra.

Operators should monitor the expander performance as well as the differential pressure across the
expander inlet screen. Deterioration of the performance or high differential pressure can indicate
expander fouling. The need for frequent deriming of the expander can indicate an ongoing fouling
problem.

Khéi dong va dirng may / Startup and shutdown

Phai tuan theo quy trinh khéi dong dwoc nha san xuat thiét bi khuyén nghi dé ap dung tai. Can
dac biét pén than khi tai bo g'ién nd. !Bc} gian n'<’y tuabin co thé yéy cau tai dwgc ap dung nhanh
chong dé tranh van hanh & toc dé thap hodc toc d6 t¢i han cé thé lam héng bo gian né.
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The equipment manufacturer’s recommended starting procedure to apply the load should be followed.
Special care should be exercised in loading the expander. A turboexpander can require that the load be
applied quickly to avoid operating at low or critical speeds that could damage the expander.

Viéc ngirng hoat dong phai dwoc thiét ké dé dirng dong khi dén bd gian né bang cach déng
van dau vao bo gian né. Viéc déng cac voi phun dau vao cutia bd gidn né tuabin hodc di chuyén
cam dong co gidn né kiéu piston dén vi tri khdng c6 dong chay ciing la mét thye hanh tét. Déi
véi cac bo gian néd tai bang may phat dién, hé théng diéu khién phai dwoc thiét ké dé& ngan
may phat dién bj ngat két ndi trwdc khi dong khi dwoc dirng lai. Viéc khéng lam nhu vay co thé
gay hw hong cho may gidn né. Ludn phai thyc hién kiém tra day da chrc nang clia hé théng
diéu khién an toan bo gian né trong qua trinh béo tri dinh ky cGa bd gidn né.

Shutdowns shall be designed to stop the gas flow to the expander by closing the expander inlet valve. It is
also a good practice to close the turboexpander inlet nozzles or move the reciprocating expansion engine
cam to the no flow position. For generator-loaded expanders, the control system shall be designed to
prevent the disengagement of the generator before the gas flow has been stopped. Failure to do so can
cause damage to the expander machine. A complete functionality test of the expander safety control
system should always be performed during normally scheduled maintenance of the expander.

Do thiét ké cta no, bd gidn né tai bang may phat dién cé thé hoat ddng nhu mét may nén néu
may phat dién hoat déng nhv mét ddng co. Didu nay cé thé dan dén qua nhiét va hw héng co
hoc nghiém trong. Hé théng an toan diéu khién nén dwoc thiét ké dé ngan may phat dién cla
bd gidn nd hoat ddng nhw mdt dong co béng cach tich hop céc thiét bi cdm bién dién dac biét.
Mé&c du mot sé thiét ké hé théng diéu khién bd gidn né ddi dau cho phép khéi déng bo gidn né
bang cach bién may phat dién thanh dong co trwéc, nhwng day khéng phai |a thue hanh thiét
ké hién tai.

Due to its design, the generator-loaded expander can operate as a compressor if the generator acts as a
motor. This can lead to overheating and severe mechanical damage. The control safety system should be
designed to prevent the expander generator from operating as a motor by incorporating special electrical
sensing devices. Although some early expander control system designs allowed starting the expander by
first motorizing the generator, this is not the current design practice.

10.13. Quy trinh van hanh va bao tri / Operating and maintenance procedures

Phai s dung cac quy trinh bang van ban dé kh&i dong, van hanh va ngrng hoat dong tirng bo
gian n& va thiét bi tai clia nd. Cac théng sb van hanh chinh phai dwoc theo ddi dinh ky. Cac
diéu kién va xu hwéng bat thwdng phai dwoc diéu tra va giai quyét.

Written procedures shall be used to start, operate, and shut down each expander and its loading device.
The key operating parameters shall be monitored periodically. Abnormal conditions and trends shall be
investigated and resolved.

Nén chuan bij lich bao tri phdng nglra cho tirng bd gidn né va thiét bj tai cia né. Tan suét nén
dwa trén khuyén nghi ctia nha cung cép ban dau va cudi cung 1a dwa trén di liéu lich str.
A preventive maintenance schedule should be prepared for each expander and its loading device.
Frequencies should be based initially on vendor recommendations and eventually on historical data.

Bao tri ddng co gidn nd kiéu piston thuwong dwoc thwe hién hang nam.
Maintenance on reciprocating expansion engines is typically performed annually.

11. Bom siéu lanh / Cryogenic pumps

Phan nay tém tat mot s6 yéu té thiét ké va van hanh anh hwéng dén hoat déng va bao tri bom siéu
lanh. Thong tin bd sung vé thiét ké va van hanh bom siéu lanh cé thé duwoc tim thay trong AIGA 055,
Bom Oxy Léng Ly Tam C6 Binh, Dan Béng Bang Bong Co Dién va AIGA 089, Bom Siéu Lanh Kiéu
Piston va Lap D&t Bom cho Oxy, Argon va Nito [62, 63].

This section briefly reviews a number of design and operational factors that affect the operation and maintenance
of cryogenic pumps. Additional information on the design and operation of cryogenic pumps can be found in
AIGA 055, Stationary, Electric-Motor-Driven, Centrifugal Liquid Oxygen Pumps and AIGA 089, Reciprocating
Cryogenic Pumps and Pump Installations for Oxygen, Argon, and Nitrogen [62, 63].

11.1.

Téng quan / General

Thiét ké chirc nang va van hanh ctia mét nha may phan tach khi cé thé phu thudc vao viéc irng
dung mot hodc nhiéu bom chét 1dng siéu lanh. Loai bom dwoc st dung cé thé khac nhau tuy
thudc vao yéu cau cla quy trinh hodc ngwdi dung cudi. Cac bom nay cé thé dwoc yéu ciu dé:
The functional design and operation of an air separation plant can depend on the application of one or
more cryogenic liquid pumps. The type of pump used can vary depending on the requirements of the
process or the end user. These pumps can be required to:
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chuyén chét 16ng quy trinh tir thap chwng cat nay sang thap chwng cét khac;
transfer process liquids from one distillation column to another;
e tuan hoan oxy 16ng qua bd dun séi lai;
circulate liquid oxygen through a reboiler;
« tudn hoan chét Idng quy trinh qua bo hap phuy;
circulate process liquids through an adsorber;
e bom san pham Idng gitra quy trinh va bén ton chra;
pump liquid products between the process and storage tanks;
o bom s&n phdm 16ng dén ap suét cao hon dé hoéa hoi trong b trao ddi nhiét chinh ctia ASU;
pump liquid products to a higher pressure for vaporization in the ASU main heat exchanger;
o bom sdn phadm Idng tir bdn tdn chira ap suat thap vao bdn tdn chira &p suét cao va/hodc bod
héa hoi dw phong; va
pump liquid products from low pressure storage into high pressure storage tanks and/or back-up
vaporizers; and
o bom s&n phdm 18ng gilra cac bdn tén chira va xe kéo hoac toa xe Itra.
pump liquid products between storage tanks and trailers or railcars.

- Nha thiét ké nha may phai xac dinh ham lwong oxy cla chat 1dng dwoc bom trong tat ca cac
ché d6 van hanh. Néu b4t ky ché d van hanh nao dan dén chét 16ng giau oxy, phai st dung
cac loai bom phu hgp cho dich vu oxy.

The plant designer shall determine the oxygen content of the pumped fluid during all modes of operation.
If any operating mode results in oxygen-enriched fluid, pumps that are suitable for oxygen service shall be
used.

11.2. Cac loai bom / Types of pumps
11.2.1. Ly tdm / Centrifugal

- Bom ly tam c6 thé dworc thiét ké dé dap rng nhiéu yéu ciu vé lwvu lwong va tao cot ap.

Cac bom nay co thé duwoc 1ap dat theo chiéu ngang hoac chiéu doc. Kich thwéc canh
quat, tbc d6 quay truc va sé tAng bom xac dinh lwu lwgng va ap suét cé thé dat duoc.
Céc quy tac thiét ké cu thé cho bom oxy ly tam dwoc dé cap trong AIGA 055 [62].
A centrifugal pump can be designed to meet a wide range of flow and head generating
requirements. These pumps can be mounted either horizontally or vertically. Impeller size, shaft
rotating speed, and the number of pump stages determine the achievable flow and pressures.
Specific design rules for centrifugal oxygen pumps are addressed in AIGA 055 [62].

11.2.2. Kiéu piston / Reciprocating

- Bom kiéu piston 1a thiét bj tao lwu lwong thé tich thdp/cot ap cao. Pwérng dng dau vao

va 4o xi lanh thwéng dwoc cach nhiét chan khéng dé gidm thiéu ro ri nhiét va ngan
chan su héa hoi chéat 1dng d4u vao. Bo giam chan xung cé thé gidm thiéu hiéu trng bua
nwéc gay ra bdi téc do tinh tién cao cla piston.
A reciprocating pump is a low volume flow/high head generating device. The inlet piping and
cylinder jacket are often vacuum-insulated to minimize heat leak and prevent inlet liquid
vaporization. Pulsation dampeners can minimize fluid hammer effects caused by the high
reciprocating speed of the piston.

- Bom kiéu piston c6 thé dwoc siv dung lién tuc trong ASU dé loai bd s&n pham léng,

dién hinh la oxy, va bom né dén ap suét rat cao trwdc khi né dwoc héa hoi trong bo
trao ddi nhiét chinh. Bom kiéu piston ciing c6 thé dwoc st dung khong lién tuc dé loai
bd sé@n pham Idng khdi bdn tdn chira va bom né dén ap suét rat cao trwéc khi né dwoc
héa hoi trong b trao d6i nhiét. S&n phdm da héa hoi cé thé duwoc str dung dé nap vao
cac chai khi ap suét cao ho&c binh chta khi.
A reciprocating pump may be used continuously within the ASU to remove a liquid product,
typically oxygen, and pump it to a very high pressure before it is vaporized in the main heat
exchanger. A reciprocating pump may also be used intermittently to remove a liquid product from
storage and pump it to a very high pressure before it is vaporized in a heat exchanger. The
vaporized product can be used to fill high pressure gas cylinders or gas receivers.

- Xem AIGA 089 dé biét thém thong tin vé bom kiéu piston [63].
See AIGA 089 for additional information on reciprocating pumps [63].

11.3. Vat liéu ché tao / Materials of construction
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Tét ca cac bom siéu lanh phai dwoc ché tao bang vat liéu phu hop véi cac diéu kién quy trinh
dw kién d& dadm bao dich vu an toan va dang tin cay. Ham lwong oxy cla chét 16ng dwoc x& ly
c6 thé thay dbi vé do tinh khiét tir rat cao dén khong dang ké tuy thudc vao diéu kién quy trinh.
Do tinh khiét ctia chat 16ng trong toan bd pham vi van hanh bao gém van hanh binh thwong,
kh&i dong, ngirng hoat déng va sy cd quy trinh phai dwoc xem xét khi xac dinh xem bom cé
duorc thiét ké cho dich vu oxy hay khong.

All cryogenic pumps shall be constructed with materials suitable for the intended process conditions to
ensure safe and reliable service. The oxygen content of the fluid handled can vary in purity from very high
to insignificant depending on process conditions. The fluid purities over the entire operating range
including normal operation, startup, shutdown, and process upsets shall be considered when determining
whether a pump is designed for oxygen service.

. Thiét ké hé thong bom / Pump system design

Khi thiét ké va lap d&t bom siéu lanh, phai chi y ddm béo rang cac &ng suét dwéng dng do co
ngé6t khi lam lanh dwéng 6ng, trong lwong chét 16ng, sw hinh thanh béng va lwc ddng hoc khi
bom hoat ddng dwoc cach ly khdi vé bom dé ngan ngira hw héng. Diéu nay c6 thé dat dwoc
bang cach thiét ké tinh linh hoat vao hé théng dwong bng hat va xa cta bom, déng thoi cung
cap gia do phu hop cho cac dwong éng nay Mot phwong phap thiét ké cach ly la st dung cac
két n6i mém nhw 6ng mém bén tai cac diém két ndi bom vao hé théng dworng bng.

When designing and installing a cryogenic pump, care shall be taken to ensure that piping stresses due to
pipe cooldown shrinkage, liquid weight, ice formation, and pump operating dynamic forces are isolated
from the pump housing to prevent damage. This can be accomplished by designing flexibility into the
pump’s suction and discharge piping system and by providing proper support for these lines. A design
method of isolation is to use flexible connections such as braided flexible hoses at pump tie-in points to
the piping system.

Phai |&p dat lwdi loc dau vao bom trong dwdng éng hit d& ngan cac hat lam héng bom. Kich
thwdc mét lwéi loc dau vao duwoc khuyén nghi phai do nha san xuét bom xac dinh, xem AIGA
055 va AIGA 089 [62, 63]. Nén lap dat lwi loc dau vao gitra bom va két ndi mém.

A pump inlet screen shall be installed in the suction line to prevent particles from damaging the pump.
The recommended inlet screen mesh size shall be determined by the pump manufacturer, see AIGA 055
and AIGA 089 [62, 63]. It is preferable to install the inlet screen between the pump and the flexible
connection.

Hé théng dwong dng cho bom siéu lanh phai dwoc thiét ké dé& khong ro ri béng cach gidm
thiéu viéc str dung cac két néi ren va mat bich. Chét I6ng siéu lanh bj ro ri c6 thé lam nirt vo
thép carbon, khung I&p d&t va vé dong co, ddng théi co thé 1am déng bang 6 truc déng co.

The piping system for cryogenic pumps shall be designed to be leak-free by minimizing the use of
threaded and flanged connections. Leaking cryogenic fluids can crack carbon steel enclosures, mounting
frames, and motor housings and can also freeze motor bearings.

CANH BAO: Ro ri oxy xung quanh dong co truyén déng bom c6 thé gay ra tinh trang
cwe ky nguy hiém dan dén chédy hodc né.

CAUTION: Oxygen leaks around pump drive motors can cause an extremely hazardous condition
resulting in a fire or explosion.

Phai 1&p d&t Thiét bi gidm ap (PRD) trén dwdng 6ng hut cia bom dé bao vé vé bom va phét
khéi qua ap trong trwong hop chét 16ng bi mac ket. Ap sudt cai dat cda thiét bj giam ap nay
phai thp hon ap suat lam viéc téi da cho phép (MAWP) clia vé bom va phét. Thiét bi giam ap
(PRD) ciing c6 thé can thiét trén dwdng bng xa.

A PRD shall be installed on the pump suction line to protect the pump housing and seal from
overpressure in the event of a trapped liquid condition. The set pressure of this relief device shall be
below the maximum allowable working pressure (MAWRP) of the pump housing and seal. A PRD may also
be needed on the discharge piping.

Vi tri va céch bb tri bom cling véi dworng dng clia né phai dwoc xem xét cho viéc lam lanh va
mdi bom, ddng thdi dé giam thiéu tén that san pham. Bwdng bng hut bom tlr bdn chira chat
Idng nén cang ngan cang tét véi sd lwgng doan cong va phu kién tdi thidu. Cot ap hat duwong
thwe (NPSH) day di nén c6 sén & tat cad cac mlrc chéat 16ng trong bon chira dé tranh hién
twong xam thwc bom. Buwéong lam lanh va héi lwu bom, dwoc trang bi van diéu khién thich
hop, nén dwa khi lanh va chét I1dng bom dw thira tré lai bdn chira chat 1dng khi bom dang lam
lanh hodc hoat dong. Chirc nang hdi lwu cé thé dwoc tw dong hda béng thiét bi do lwdng kiém
soat ap suét. Bat ky chét 1dng x& nao cling nén dwoc xa dén mot vj tri an toan (xem 17.2). Nén
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cung cap cac van dé cach ly bom khdi ngudn cung cép chét 16ng khi khéong st dung hodc
trong trwdng hop khan cép. Ciing nén cung cap mét van mét chiéu xa.

The location and arrangement of the pump and its piping shall be considered for pump cooldown and
priming and to minimize loss of product. The pump suction piping from the liquid reservoir should be as
short as possible with a minimum of bends and fittings. Adequate net positive suction head (NPSH)
should be available at all liquid reservoir levels to avoid pump cavitation. A pump cooldown and
recirculation line, equipped with an appropriate control valve, should return cold gas and excess pumped
liquid back to the liquid reservoir when the pump is cooling down or operating. The recirculation function
can be automated with pressure control instrumentation. Any vented liquid should be discharged to a safe
location (see 17.2). Valves should be provided to isolate the pump from the liquid supply when not in use
or in the event of an emergency. A discharge check valve should also be provided.

Khu vc phét truc co khi ciia bom phai dwoc théng thdi bang khi khé tro d& han ché su hinh
thanh bang xung quanh phét.

A pump mechanical shaft seal area shall be purged with an inert dry gas to limit ice formation around the
seal.

Cach nhiét thich hop cho dwdng dng hat bom siéu lanh 1a diéu can thiét d& gidm thiéu ro ri
nhiét vao chét 1dng hat, ddm bao dé& dang méi bom va bom hoat dong tét. RO ri nhiét cla
duwdng 6ng hat phai dwoc tinh vao phép tinh NPSH clia bom. Hé thdng cach nhiét dwoc st
dung cé thé bao gém 6ng dan dwérng dng kim loai va hép bom hodc cach nhiét tirng bd phan
duong éng riéng 18 (cach nhiét 6 kin hodc vé chan khong) va nén dwoc bit kin d& chéng &m
xam nhap. Néu st dung thiét k& cach nhiét bang dng dan kim loai va hop bom, né phai dwoc
théng thdi bang khi tro. Théng thwdng, néu st dung thiét k& hop bom, tat ca cac van cach ly
hat va xa can thiét, lwéi loc dau vao, két néi mém va van mot chiéu déu ndm bén trong hop
bom. Nén tranh cac diém cao noi khi c6 thé bi mac ket trong hé théng dwdng éng.

Proper insulation of a cryogenic pump suction pipe is essential to minimize heat leak into the suction
liquid, ensuring ease of pump priming and good pump operation. The suction piping heat leak shall be
included in the pump NPSH calculation. The insulation system used may include a metal piping duct and
pump box or individual piping component insulation (either closed-cell insulation or vacuum jacketed) and
should be sealed against moisture infiltration. If the metal duct and pump box insulation design is used, it
shall be purged with an inert gas. Typically, if the pump box design is used, all required suction and
discharge isolation valves, inlet strainers, flexible connections, and check valves are located within the
pump box. High points where gas can be trapped in piping systems should be avoided.

Tuy thudc vao yéu cau thiét ké cong nghé, duwong dng xa tr bom, bao gébm ca dwdng lam lanh
va hoi lvu bom, co6 thé khoéng dwoc cach nhiét. Trong trwdng hop khéng cé cach nhiét, phai
cung cap bién canh bao va/hoac bao vé ca nhan.

Depending on process design requirements, the discharge piping from a pump including the pump
cooldown and recirculation line may not be insulated. Where there is no insulation, warning signs and/or
personnel protection shall be provided.

. Can nhac dac biét doi véi irng dung oxy / Special considerations for oxygen service

C6 nhirng can nhac dac biét dbi voi thiét ké va van hanh an toan clia bom oxy. Ching bao
gsen;é are special considerations for safe design and operation of an oxygen pump. These include:
o vatliéu ché tao;

e materials of construction;

e Vijtri va diéu khién van cach ly va van xa;

e isolation and drain valve location and controls;

e phat hién ro ri phét;

e seal leak detection;

o tinh twong thich oxy cta chét béi tron; va

e oxygen compatibility of lubricants; and

« thong théi dong co va phot.

¢ purge of motors and seals.

Chi tiét cac can nhéc déi véi (rng dung oxy dwoc néu trong AIGA 055 [62].
Details of considerations for oxygen service are given in AIGA 055 [62].

. Péng co bom [ Pump motor
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DPang co bom nén co kich thuwéc phi hop dé x& Iy moi tai trong dw kién ma bom yéu cau. Bom
ly tdm c6 thé vuot qua cong suét dinh mrc cla ddng co trong diéu kién ap suét xa thap va
bom nén dwoc trang bi bdo vé qua tai dong co. Bom ly tam truc ding va truc ngang duoc dan
dong bang truc dong co kéo dai dwec ndi truc tiép phai cé phwong tién chac chan dé cb dinh
vi tri doc truc cla truc déng co. Diéu nay thwong dwoc thwe hién bang 4 truc chan.

The pump motor should be properly sized to handle any anticipated loads required of the pump. It is
possible for a centrifugal pump to exceed the motor’s rated power output under low discharge pressure
conditions and it should be provided with motor overload protection. Vertical and horizontal centrifugal
pumps driven by direct- coupled extension of the motor shaft shall have positive means to fix the axial
position of the motor shaft. This is usually accomplished by a thrust bearing.

Nén cé mét rao can nhiét thich hop, bang cach sir dung doan cach ly hodc vat liéu cach nhiét,
gilra bom va vé 6 truc dau truyén dong dong co' dé bao vé 6 truc khéi nhiét do cuc thap. Trong
treong hop truc dong co dwgce két nodi trirc tiep véi bom va bom ngirng hoat dong & nhiét do
siéu lanh trong thoi gian dai, nén cung cap bd gia nhiét dién cho 6 truc dau truyén déng dong
co. Bong co nhw vay ciing ¢ thé dwoc trang bi bo gia nhiét khéng gian déng co.

There should be an adequate thermal barrier, by means of either a distance piece or insulating material,
between the pump and the motor drive end bearing housing to protect the bearing from extreme low
temperatures. Where the motor shaft is directly connected to the pump and the pump is shut down at
cryogenic temperatures for extended periods, a motor drive end bearing electrical heater should be
provided. Such a motor may also be equipped with a motor space heater.

DPong co trong (rng dung oxy phai la loai kin hoan toan, lam mat bang quat ho&c loai kin hoan
toan, thdng gi6é cuwdng burc.

Motors in oxygen service shall be of the totally enclosed, fan-cooled type or totally enclosed forced
ventilation type.

Chét béi tron 6 truc déng co cho déng co bom nito' 16ng hodc argon 16ng nén la mé& va dau
gbc khoang, dinh mirc nhiét d6 thap, néu thiét ké dong co cach ly cac bd phan dwoc béi tron
khéi bom. Phéi can than d& dam bao réng khéng cé chét béi tron 6 truc ddng co nao co thé di
vao dwong dng cong nghé. Xem AIGA 055 dé biét cac yéu ciu boi tron dbi véi dong co trong
trng dung oxy [62].

Motor bearing lubrication for liquid nitrogen or liquid argon pump motors should be low temperature-rated,
mineral oil-based greases and oils, if the motor design isolates the lubricated components from the pump.
Care should be taken to ensure that no motor bearing lubricant could enter the process piping. See AIGA
055 for lubrication requirements for motors in oxygen service [62].

. Van hanh boom / Pump operation

Tranh khéi dong bom cho dén khi bom dat dén nhiét d6 hoat dong du kién d& ddm bao duy tri
m&i bom va ngan ngira hw hong thiét bi. Mat méi bom co thé do lam lanh duéi mirc chét long
khéng da, mire chat 1dng trong bon chira khong du hodc sut ap cao qua lwdi loc dau vao. Bom
ly tdm ciing c6 thé mét mdi néu ap suét xa tré nén quéa cao hodc qué thap.

Avoid starting a pump until it has reached the intended operating temperature to ensure that pump prime
is maintained and to prevent equipment damage. Loss of pump prime can be caused by insufficient liquid
subcooling, insufficient liquid reservoir level, or high inlet screen pressure drop. A centrifugal pump can
also lose prime if the discharge pressure becomes too high or too low.

Cac muc sau day la cac quy tac van hanh dbi véi bom siéu lanh:

The following items are operating practices for cryogenic pumps:

e Bom trong (rng dung oxy 1dng ho&c oxy lam giau phai dwoc dirng lai néu cé bat ky diu hiéu
truc tréc nao nhw ro ri phét qua mire, co xat bén trong hodc tiéng 6n bat thuong;
Pumps in liquid oxygen or oxygen-enriched service shall be shut down if there is any evidence of
malfunctioning such as excessive seal leakage, internal rubbing, or unusual noise;

e Bom trong (rng dung chét 16ng tro nén dwoc dirng lai néu cé bat ky dau hiéu truc trac nao
nhw rd ri phét qua mire, co xat bén trong hodc tiéng dn bat thwéng;
Pumps in inert liquid service should be shut down if there is any evidence of malfunctioning such as
excessive seal leakage, internal rubbing, or unusual noise;

e Bom oxy & ché dd chd lanh phai dwoc xa va théng théi dinh ky bang chéat Idng méi dé ngén
nglra su tich tu hydrocarbon trong chét Idng bom theo thoi gian;

An oxygen pump in cold standby shall be periodically drained and purged with fresh liquid to prevent
the accumulation of hydrocarbons in the pump liquid over time;
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« Bom dwoc trang bi 6 truc ngoai khdng nén nglrng hoat ddng va bi ngap trong chat 16ng triy
khi da cung cip cac phwong tién dé& ngan nglra lam lanh qua mic cac 6 truc ngoai cla
bom; va
A pump equipped with external bearings should not remain shut down and flooded with liquid unless
means have been provided to prevent excessive cooling of pump external bearings; and

o Bom van hanh thu cong phai dwoc giam sat tai ché trong khi n6é dang chay dé cé thé thuc
hién hanh déng khac phuc khi can thiét.

A manually operated pump shall be monitored locally while it is running so that corrective action can
be taken as required.

- Bom nap xe bdn c6 thé 1a tw ddng hodc thi cong. Xem CGA P-31 dé biét thém thong tin [17].
Tanker loading pumps can be automatic or manual. See CGA P-31 for additional information [17].

- Viéc bao vé chéng mét lvu lwong hodc xam thwe bom co thé dwoc cung cap béng cach giam

sat tai dién dong co thap, ap suat xa bom thap, ap suét chénh léch thdp qua bom hodc NPSH
thap. Thiét bi NPSH ciing c6 thé dwoc cung cap dé ngan bom kh&i dong ma khoéng cé da thoi
gian lam lanh bom hodc cét ap dau vao can thiét. D6i véi bom oxy, viéc bdo vé phai tuan tha
AIGA 055 [62].
Protection against pump loss of flow or cavitation may be provided by monitoring for low motor electrical
load, low pump discharge pressure, low differential pressure across the pump, or low NPSH. An NPSH
device also may be provided to prevent starting of a pump without sufficient pump cool down or required
inlet head. For oxygen pumps, the protection shall be in accordance with AIGA 055 [62].

11.8. Quy trinh van hanh va bao tri / Operating and maintenance procedures

- Quy trinh bang v&n ban phai dwoc st dung dé khéi dong, van hanh va dirng tirng cum bom.
Xem AIGA 055 dé biét thém thong tin chi tiét vé quy trinh bang van ban cho bom oxy [62]. Cac
théng s6 van hanh chinh phai dwoc theo déi dinh ky. Cac diéu kién va xu hwéng bat thwong
phai dwoc diéu tra va giai quyét.

Written procedures shall be used to start, operate, and shut down each pump unit. See AIGA 055 for
more detailed information on written procedures for oxygen pumps [62]. The key operating parameters
shall be monitored periodically. Abnormal conditions and trends shall be investigated and resolved.

- Neén chuén bj lich bao tri phong ngtra cho tirng cum bom. Tan suat nén dwa trén khuyén nghi
clia nha cung cép va/hoac kinh nghiém cdia nguoi dung.
A preventive maintenance schedule should be prepared for each pump unit. Frequencies should be
based on vendor recommendations and/or user experience.

- Can xac dinh s quay tw do cla truc bom sau khi bao tri bom.
Free pump shaft rotation should be ascertained after pump maintenance.

12. Ho6p lanh / Coldbox

- AIGA 079, Thiét ké va Van hanh An toan Hop Siéu lanh, xem xét thiét k& va van hanh an toan cua
hép lanh [64].
AIGA 079, Safe Design and Operation of Cryogenic Enclosures, reviews the safe design and operation of the
coldbox [64].

- Théng tin bd sung vé thiét ké va van hanh cua thiét bi hop lanh cu thé co thé tim dwoc trong AIGA
057, AIGA 035, va AIGA 076 [2, 43, 20].
Additional information on the design and operation of specific coldbox equipment can be found in AIGA 057,
AIGA 035, and AIGA 076 [2, 43, 20].

12.1. Loai bé vat chat dang hat / Removing particulate material

- Cac thiét bj loc co hoc c6 thé dwoc yéu ciu dé ngan chan sy di chuyén cda vat chat qua hé
thdng quy trinh. Ching thuéng dwoc dét tai ngudn vat chat di chuyén va tai dau vao cla thiét
bi c6 thé nhay cdm v&i sy hién dién cla chung. Vi du la:

Mechanical filtering devices can be required to prevent the migration of materials through the process
system. They are usually located at the source of the migrating material and at the inlet of equipment that
could be sensitive to its presence. Examples are:
o Neén cung cép lwéi loc dau vao va dau ra dé gitr chat hap phu trong céc binh chira;

Inlet and outlet screens should be provided to retain the adsorbent in the vessels;
o Nén cung cép lwéi loc tai ddu hut cla bom hodc may gian nd va may nén; va

Screens should be provided at pump or expander and compressor suctions; and

e C6 thé cung cép Iwdi loc khi lam bay hoi oxy dén kho, xem AIGA 057 [2].
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Screens may be provided when boiling oxygen to dryness, see AIGA 057 [2].

Do muc dich cu thé cta chung la gil lai ho&c tich tu vat chat di chuyén, cac thiét bi nay nén
dwoc kiém tra va lam sach dinh ky.

Because of their specific purpose to retain or to accumulate migrating material, these devices should be
inspected and cleaned on a periodic basis.

D3 xay ra su cb khi cac hat (vi du: perlite, silica gel) di vao bé chira cot ap suét thap va lam téc
cac dwong dan cla bo tai séi. Cac sy cd nay dan dén so6i hd chira va tich tu hydrocarbon nguy
hiém. Néu cé bang chirng cho thdy cac hat da di vao bé chira cot ap suét thap, didu nay phai
dwoc danh gia va nén xem xét cac hanh dong nhv dirng nha may va loai bd cac hat.

Incidents have occurred when particulates (for example, perlite, silica gel) have entered the low pressure
column sump and blocked reboiler passages. The incidents led to pool boiling and a dangerous
accumulation of hydrocarbons. If evidence indicates that particulates have entered the low pressure
column sump, this shall be evaluated and actions such as a plant shutdown and particulates removal,
should be considered.

Bo hap phu siéu lanh / Cryogenic adsorbers

Bo hap phu siéu lanh c6 thé dwoc dat tai nhidu diém khac nhau trong quy trinh dé loai bd
hydrocarbon va carbon dioxide.

Cryogenic adsorbers may be placed at various points in the process to remove hydrocarbons and carbon
dioxide.

Trong cac nha may trang bi REVEX, bd hdp phu siéu lanh phai dwoc cung cap dé loai bd
hydrocarbon va carbon dioxide vét khdi khong khi di qua REVEX va di vao cac cét chwng cét
siéu lanh. B6 hap phu siéu lanh c6 thé dwoc cung cap tai cac nha may trang bi PPU dé loai bd
céc tap chét co thé xuyén thing PPU.

In REVEX-equipped plants, cryogenic adsorbers shall be provided to remove hydrocarbons and traces of
carbon dioxide from the air that pass through the REVEX and enter the cryogenic distillation columns.
Cryogenic adsorbers may be provided on PPU-equipped plants to remove contaminants that can break
through the PPU.

M&c du cac bd hap phu siéu lanh thuweng khong dwoc thiét ké d& hap phu nito oxit, kinh
nghiém trong nganh cho thay hau hét ching déu hiéu qua trong viéc loai bé nito' oxit khdi cac
dong chét 16ng.

Although cryogenic adsorbers are not typically designed to adsorb nitrous oxide, industry experience
indicates that most are effective in removing nitrous oxide from liquid streams.

B6 hap phu siéu lanh nén dwoc van hanh theo khuyén nghi cia nha san xuat dé ngan chan
céac tap chéat da hap phu xuyén thing. Bd hap phu siéu lanh nén dwoc tai sinh bang khi nito
kho, khong dau. Trong diéu kién quy trinh bét Igi hodc néu xay ra sy xuyén thing ctia bd héap
phuy, bd hap phu nén duoc tai sinh thwdng xuyén hon.

Cryogenic adsorbers should be operated in accordance with the manufacturer's recommendations to
prevent adsorbed contaminants from breaking through. Cryogenic adsorbers should be regenerated using
dry, oil-free nitrogen gas. Under adverse process conditions or if adsorber breakthrough occurs, the
adsorber should be regenerated more frequently.

Khi nha san xuét da cung cép cac yéu cau vé lwu lwong téi thidu ciia bd hap phu siéu lanh,
ching phai dwoc tuan tha nghiém ngat dé& dam bao loai bd tap chat. Lwu lwong nay co thé
dwoc chi thi bang phép do lvu lwgng hodc chénh léch ap suét. Ddi véi cac bd hap phu siéu
lanh loai bd tap chat khdi pha hoi, sw tang dang ké& nhiét dd dong c6 thé gay ra sw giai hap dot
ngdt cac tap chéat, gidi phdng ching vao thiét bi ha ngudn. Pay cé thé la mét méi nguy an toan
dang ké.

When the manufacturer has provided minimum cryogenic adsorber flow requirements, they shall be
strictly followed to ensure contaminant removal. This flow can be indicated by flow measurement or
pressure differential. For cryogenic adsorbers that remove contaminants from the vapor phase, a
significant increase in stream temperature can cause sudden desorption of the contaminants, releasing
them into downstream equipment. This can be a significant safety hazard.

Vi tri thwe té cla cac bd hap phu trong hé thdng quy trinh phu thudc vao thiét ké quy trinh cu
thé. Mot sé vi du dwoc thé hién trong Bang 6.

The actual location of the adsorbers in the process system depends on the specific process design. Some
examples are shown in Table 6.

Bang 6—Tén bd hap phu siéu lanh
Table 6—Cryogenic adsorber names
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Vi tri Tén thwong goi
Location Common names
Dong khi cap vao thap ap suat cao Bay gel dau lanh, bo h4p phu hydrocacbon
Air feed to high pressure column Cold end gel trap, hydrocarbon adsorber
Dong khi cap vao thap ap suét thap Bay gel xa bén
Air stream feeding low pressure column Side bleed gel trap

Dong chét I&dng ra khéi bé chira thap ap suét cao
Liquid stream out of high pressure column sump

B hap phu hydrocacbon, bé hdp phu chét Iong giau, bay gel
chat 16ng noi hoi
Hydrocarbon adsorber, rich liquid adsorber, kettle liquid gel trap

Bé chwra thap ap suét thap B& hap phu bao vé, bd loc oxy 1dng, bay gel tudn hoan
Low pressure column sump Guard adsorber, liquid oxygen filter, recirculation gel trap
D3u ra cia bom oxy 1édng B& hap phu bao vé, bd loc oxy 1dng, bay gel tudn hoan
Discharge of liquid oxygen pumps Guard adsorber, liquid oxygen filter, recirculation gel trap

Néu cung cap cac bd hap phu don 1é thudc céac loai khac nhau, ching nén dwoc tai sinh tirng
cai mot dé gidm thiéu rdi ro tr sy xuyén thing tap chat moi Iic. Bién phap phong ngira nay
khéng ap dung néu cung cép cac bd hap phu kép cung loai.

If single adsorbers of different types are provided, they should be regenerated one at a time to minimize
exposure from contaminant break through at all times. This precaution is not applicable if dual adsorbers
of the same type are furnished.

Vat liéu hap phu thwéng dwoc st dung |a silica gel.
A commonly used adsorbent material is silica gel.

Cac bién phap phong ngtra can thyc hién khi tai sinh va lam lanh bd hap phu siéu lanh bao

gom:

Precautions to be taken when regenerating and cooling down a cryogenic adsorber include:

e Tuan tha lwu lwong tai sinh dwoc nha san xuét khuyén nghi dé tranh sw chay héa va phan
huy silica gel;

Follow the manufacturer’'s recommended regeneration flows to avoid fluidization and breakdown of the
silica gel;

o Tuan tha nhiét d6 va thdi gian bwéc dwoc nha san xuét khuyén nghi d& ddm bao loai bd
hoan toan cac tap chat da hap phu;

Follow the manufacturer’s recommended temperatures and step times to ensure complete removal of
adsorbed contaminants;

o Tranh thay déi nhiét d& nhanh chéng (ca lam néng hodc lam lanh) d& ngdn ngtra sw phan
huy silica gel;

Avoid rapid temperature change (either heating or cooling) to prevent breakdown of the silica gel;

o Khi lam lanh, t& tr dwa chét 16ng siéu lanh vao dé ngan ngtra sy chay héa va phan hay
silica gel;

When cooling down, slowly introduce cryogenic liquids to prevent fluidization and breakdown of the
silica gel;

e Tranh dwa nwéc I6ng vao, vi né lam phan huy silica gel;

Avoid introducing liquid water, which breaks down the silica gel;

o Trong qua trinh tai sinh, cho khi &m chay qua tat ca cac doan cla dwong dng tai sinh. Diéu
nay ddm bdo rang khéong cé doan 6ng chét hoac khu vwc khéng dwoc quét sach noi
hydrocarbon vét c¢ thé tich tu. Hydrocarbon vét c6 thé tich tu trong chat Idng, trén bui silica,
hoac dw¢i dang hat trong dwdng ong; va
During regeneration, flow warm gas through all portions of the regeneration line. This ensures that
there are no dead legs or unswept areas where trace hydrocarbons can accumulate. The trace
hydrocarbons can accumulate in liquids, on silica dust, or as particles in the piping; and

o Nhiét dd dau ra tai sinh nén dwoc theo déi dé ddm bao dat dwoc nhiét do tdi thiéu can thiét.
Regeneration outlet temperatures should be monitored to ensure that the minimum required
temperature is achieved.

LUU Y—Viéc khong dat dwoc nhiét do tdi thidu can thiét co thé 1a do van cach ly bi ro ri.
NOTE—Failure to achieve the required minimum temperature can be the result of leaking isolation valves.

Khi silica gel bi phan hy thanh cac hat nhé va bui, n6 c6 thé tao ra cac van dé an toan dang
ké va nén dugc thay thé cang som cang tot. Cac triéu chirng cla s phan hdy nay bao gém
hiéu suat kém cuta bd hap phu siéu lanh, mic silica gel gidm trong boé hap phu, bui hodc hat
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silica gel trong khi xa tai sinh, hodc dd sut ap suéat Ién hon trong mach bd hap phu siéu lanh.
Néu thay bat ky triéu chirng nao trong sb nay, chung phai dwoc diéu tra ngay lap tirc va loai b
nguyén nhan. Sy di chuyén cua silica gel c6 thé lam téc nghén cac bo trao ddi nhiét ha nguén,
diéu nay co thé dan dén séi kho va tdng nguy co gidi phéng nang lwong.

When silica gel breaks down into small particles and dust, it can create significant safety problems and
should be replaced as soon as practical. Symptoms of this breakdown include poor cryogenic adsorber
performance, reduced silica gel level in the adsorber, dust or silica gel particles in the regeneration gas
vent, or greater pressure drop in the cryogenic adsorber circuit. If any of these symptoms are seen, they
shall be investigated immediately and the cause eliminated. Silica gel migration can plug downstream
heat exchangers, which can lead to dry boiling and increase the risk of an energy release.

Cac van cach ly nén dwoc kiém tra ro ri va sira chira khi can thiét. Bo hap phu c6 thé khong
dat dwoc nhiét do tai sinh thich hop do ro r trong qua trinh tai sinh. Ngoai ra, ro ri c6 thé dan
dén sbi & diém cudi chét trong dwong éng xa va hanh déng mé van ho&c gidm ap suét cé thé
tao ra du nang lwong dé dét chay bat ky hydrocarbon tich tu nao.

Isolation valves should be examined for leaks and repaired as needed. Adsorbers might not achieve the
proper regeneration temperature as a consequence of leaks during regeneration. Additionally, the leak
can result in dead end boiling in the drain line and the action of opening the valve or depressurization can
create sufficient energy to ignite any accumulated hydrocarbons.

TAt cd mirc 16p hap phu siéu lanh nén dwoc do trong cac dot dirng bao tri nha may theo lich
trinh. Hwéng dan van hanh thém dwoc cung cap trong AIGA 035 [43].

All cryogenic adsorber bed levels should be measured during scheduled plant maintenance shutdowns.
Further operating guidance is given in AIGA 035 [43].

Mtrc 16ng / Liquid levels
12.3.1. Cét dp suét cao / High pressure column

- Trong qua trinh van hanh binh thwéng, cdn c6 mrc chat 16ng dd trong bé chira cot ap

suét cao dé cung cap Iop dém chét I6ng nham ngan hoi di vong va dam bao dong chét
Idng dén cac bo hap phu siéu lanh, néu c6. Mirc chét Iong cot ap suét cao phai dwoc
duy tri bang ho&c thap hon gia tri tdi da cla nha san xuét. Diéu nay ngan ngra hw
héng thdy tinh (bia nwéc) ddi véi cac bd phan bén trong cot. Trwdc khi khéi dong,
mirc bé chira cot ap suat cao phai dwoc giam xudng thap hon gia tri tbi da cta nha
san xuét.
During normal operation, a sufficient liquid level is required in the high pressure column sump to
provide a liquid seal to prevent vapor bypassing and to ensure liquid flow to the cryogenic
adsorbers, if present. The high pressure column liquid level shall be maintained at or less than
the manufacturer’s maximum value. This prevents hydrostatic damage (water-hammer) to
internal column components. Prior to startup, the high pressure column sump level shall be
reduced to less than the manufacturer’'s maximum value.

12.3.2. Cét &p suét thap / Low pressure column

- Déi voi bo tai soi kiu tudn hoan tw nhién, mirc chéat 1dng bé chira cot ap suat thap phai
duwoc gitv trong pham vi m&c khuyén nghi cGia nha san xuét d& dam bao tuan hoan
chét Idng thich hop qua bo tai s6i. Diéu nay ngan chan cac tap chét tap trung dén mac
nguy hiém trong oxy 1dng. Buwéong 6ng thiét bi do mirc chét I6ng clia bo tai séi bi hdng
c6 thé gay kho khan trong viéc xac nhan mac chat 16ng thuc té& do cac chi sé sai.
Puong dng thiét bi do mre chét 16ng va/hodc dwdng dng quy trinh chét 16ng ctia bod tai
s6i bi hdng co6 thé gay kho khan trong viéc duy tri mirc chét 16ng téi thiéu can thiét do
thiéu lwong chét 16ng ton kho tlr viéc méat sdn phdm/mét lanh bén trong vé boc siéu
lanh. Néu khéng thé duy tri dd ngap cla bd tai séi, nha may phai dwoc dirng lai dé
danh gia ro ri vi van hanh & mlrc chat 1dng thap c6 thé dan dén cac diéu kién khéng an
toan. D& biét thém chi tiét, xem AIGA 035 [43].

For thermosyphon reboilers, the low pressure column sump liquid level shall be kept within the
manufacturer's recommended level range to ensure proper liquid recirculation through the
reboiler. This prevents contaminants from concentrating to a dangerous level in the liquid
oxygen. Broken reboiler liquid level instrument lines can make it difficult to confirm the actual
liquid level due to erroneous readings. Broken reboiler liquid level instrument and/or liquid
process lines can make it difficult to maintain the required minimum liquid level due to lack of
liquid inventory from product/refrigeration loss within the cryogenic enclosure. If reboiler
submergence cannot be maintained, the plant shall be shutdown to assess the leak since
running at low liquid levels can result in unsafe conditions. For further details, see AIGA 035 [43].
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- Ddi v6i cac nha may duoc trang bi bd dun sdi dong chay xudng hoac déi véi cac cot
khéng chra bo dun sbi, mirc chat 16ng trong bé chira cot ap suét thap phai duoc gitr
trong pham vi mirc khuyén nghi ctia nha san xuét d& ddm bao cot ap thay tinh dd cho
bat ky bom quy trinh nao duoc két nbi.

For plants equipped with downflow reboilers or for columns that do not contain a reboiler, the low
pressure column sump liquid level shall be kept within the manufacturer’s recommended level
range to ensure sufficient hydrostatic head for any connected process pumps.

- Céc sy cb hodc nglrng hoat ddng nha may khac nhau lam cét dét ngdt ngudn khi cap

cho cac cot chwng cat cé thé khién chat 16ng trong cot ap suét thap va cot argon tho
chdy vao bé chva cla cot 4p suét thap. Mirc bé chira nay tang I&n, c6 thé che pha voi
ldy oxy dang khi. Ap suét chénh léch gitra cot va mach oxy dang khi va/hoac cét ap
chét 16ng trong bé chtra c6 thé day chat 16ng tiv bé chia di qua cac bg trao ddi nhiét
chinh va vao dwéng 6ng 4m cua mach oxy dang khi. Thiét k& nén bao gom mot vong
lap hwéng Ién trong dwdng éng oxy dang khi lanh, thé tich I&n trong bé chtra cot ap
suat thap, hodc cac bién phap thich hop khac dé ngan chan méi nguy nay xay ra. Khi
nha may ngrng hoat dong, van oxy dau &m nén dwoc déng lai d& ngan chén sw cubn
theo chat Idng.
Various plant upsets or shutdowns that suddenly cut off air to the distillation columns can cause
the liquid in the low pressure column and crude argon column to drain into the sump of the low
pressure column. This sump level rises, possibly covering the gaseous oxygen off-take nozzle.
Differential pressure between the column and the gaseous oxygen circuit and/or the liquid head
in the sump can push liquid from the sump through the main exchangers and into the warm
piping of the gaseous oxygen circuit. The design should include an upward loop in the cold
gaseous oxygen piping, ample volume in the sump of the low pressure column, or other
appropriate measures to prevent this hazard from occurring. When the plant shuts down, the
warm-end oxygen valve should be closed to prevent liquid carryover.

- Trwde khi khéi dong lai mot nha may lanh, hay xa chéat 1dng trong bé chiva cot ap suét

thap xuéng mirc khuyén nghi clia nha san xuét. Diéu nay dam béo rang mdc chat I16ng
trong bé chira cot ap suét thdp khong qua cao, diéu c6 thé dan dén hu hdng thiét bi
ho&c cudn theo chét 16ng dén dau 4m cla nha may.
Before restarting a cold plant, drain the low pressure column sump to the level recommended by
the manufacturer. This ensures that there is no liquid level high enough in the low pressure
column sump that could lead to equipment damage or carryover of liquid to the warm end of the
plant.

Giam sat tap chat / Monitoring contaminants

Viéc giam sat tap chat gia dinh chét lwong khéng khi xung quanh dién hinh (xem 7.1). Phan
tich khuyén nghi va gi¢i han tap chét trong chét 16ng bé chira cot ap suét thdp dwoc mo ta
trong AIGA 035 [43].

Contaminant monitoring assumes typical ambient air quality (see 7.1). The recommended analysis and
contaminant limits in the low pressure column sump liquid are described in AIGA 035 [43].

Tan suét phan tich phu thudc vao chu ky hoat ddng ctia nha may, vi tri nha may, diéu kién thoi
tiét va bt ky diéu kién bat thworng ndo. Déi véi cac nha may dwoc trang bi REVEX va/hodc bd
tai sinh, phan tich axetylen phai dwoc thywc hién dinh ky theo khuyén nghi ctia nha san xuét.
Téng hydrocacbon va hydrocacbon cu thé nén dwoc kiém tra dinh ky theo khuyén nghi cla
nha san xuat tai tt ca cac nha may. B4t ky sw khac biét nao so voi mirc binh thuwong nén
duwoc diéu tra va xac dinh nguyén nhan cla sy thay dbi.

The frequency of analysis depends on plant cycles, location of the plant, weather conditions, and any
abnormal conditions. For REVEX- and/or regenerator-equipped plants, an acetylene analysis shall be
routinely performed in accordance with manufacturer's recommendations. Total hydrocarbons and
specific hydrocarbons should be checked periodically in accordance with manufacturer’s
recommendations in all plants. Any divergence from normal levels should be investigated and the cause
of the change determined.

Giam sat carbon dioxide trong chét 16ng bé chira cot ap suét thép la mét thong s6 van hanh
hoac hwong dan ngirng hoat doéng cé gia tri. O cac nha may st dung bo hé&p phu siéu lanh,
nong d6 carbon dioxide tang |én trong chét 16ng bé chira cot ap suét thap, ngoai nguyén nhan
tr sw c6 tam thoi hoac viéc bd qua bo hé&p phu siéu lanh, cé thé 1a mét chi bao vé sy xuyén
thiing cGa bd hap phu siéu lanh. Néu khong duwoc khac phuc, diéu nay sé dan dén sy xuyén
thiing cla axetylen.
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Monitoring of the low pressure column sump liquid for carbon dioxide is a valuable operating parameter or
shutdown guide. In plants that use cryogenic adsorbers, an increasing concentration of carbon dioxide in
the low pressure column sump liquid other than from a temporary upset or bypassing of the cryogenic
adsorber can be an indicator of cryogenic adsorbers breakthrough. If left uncorrected, this would be
followed by the breakthrough of acetylene.

DPbi v&i cac nha may PPU, viéc giam sat carbon dioxide thwdng dwoc thic hién & dau ra cua
bd tién tinh ché. Viéc phan tich carbon dioxide dinh ky trong chét 1dng bé chira cot ap suét thap
ciing 1a mét thwe hanh van hanh tét. Hwéng dan thém dwoc cung cép trong AIGA 035 [43].

For PPU plants, monitoring for carbon dioxide is typically done on the outlet of the prepurifier. It is a good
operating practice to also periodically analyze for carbon dioxide in the low pressure column sump liquid.
Further guidance is given in AIGA 035 [43].

MUrc carbon dioxide I&n hon giéi han d6 hoa tan cta né la moét dau hiéu cta van dé tiém an.
Carbon dioxide rén cé thé 1am téc nghén cac dwong dan trong bo dun sdi. Séi khod sau d6 cé
thé dan dén ndng d6 hydrocacbon cuc bd va nguy hiém I&n hon Giéi han nd dwdi (LEL). Gidm
sat carbon dioxide béng phan tich hdng ngoai gitp tranh van dé& tdc nghén carbon dioxide.
Ngoai ra, carbon dioxide trong bé chira cot ap suét thap co thé dwoc giam sat bang cach lay
mau chéat léng trong binh dewar chan khong cb hep bang thiy tinh trong subt va quan sat do
trong cla chét Idng. Mirc carbon dioxide I&n hon 5 ppm gay ra vé ngoai duc nhw si*a va cubi
cuing cac manh carbon dioxide ran tré nén rd rang.

A level of carbon dioxide greater than its solubility limit is an indication of a potential problem. Solid
carbon dioxide can plug passages in the reboiler. Dry boiling can then result in localized and dangerous
levels of hydrocarbon concentrations greater than the LEL. Monitoring carbon dioxide by infrared analysis
helps to avoid a carbon dioxide plugging problem. Alternatively, carbon dioxide in the low pressure
column sump can be monitored by taking a liquid sample in a clear glass narrow neck vacuum dewar
flask and observing the clarity of the liquid. Carbon dioxide levels greater than 5 ppm cause a milky
appearance and ultimately flakes of solid carbon dioxide become evident.

CANH BAO: Tat ca cdc chéat 16ng siéu lanh déu cwc ky lanh. Chét I6ng siéu lanh va hoi
bay hoi lanh cta ching cé thé Iam déng cirng nhanh chéng mé ngwi. Phai méc Thiét bj
béo hé cd nhan (PPE) phu hop khi ldy méu chét 16ng siéu lanh. Xem CGA P-12 [7].
CAUTION: All cryogenic liquids are extremely cold. Cryogenic liquids and their cold boil off
vapors can rapidly freeze human tissue. Proper PPE shall be worn when taking cryogenic liquid
samples. See CGA P-12 [7].

Nitrous oxide co thé tap trung va cé kha nang két tGa trong chéat 16ng bé chiva cot ap suét thap
[43]. Nitrous oxide ran c6 thé lam tac nghén cac dudng dan trong bd dun séi. S6i kho sau dod
c6 thé dan dén ndng do hydrocacbon cuc bd va nguy hiém Ién hon Giéi han nd dwdi (LEL).
Van hanh nha may theo hwéng dan cla nha san xuat thwerng ngan nitrous oxide tap trung
vwot qua gi¢i han van hanh an toan. Nén thyc hién giam sat dinh ky nhw kiém tra 16 ho&c kiém
tra do trong dé phat hién sy hién dién cta nitrous oxide. Néu phat hién muc nitrous oxide nguy
hiém, hay xac dinh ly do va thwc hién hanh dong khic phuc dé giai quyét van dé. Giam sat
chét 16ng bé chira ap suét thap thwdng xuyén hon dbi véi nitrous oxide cho dén khi van dé
duoc giai quyét.

Nitrous oxide can concentrate and potentially precipitate in the low pressure column sump liquid [43].
Solid nitrous oxide can plug passages in the reboiler. Dry boiling can then result in localized and
dangerous levels of hydrocarbon concentrations greater than the LEL. Operating plants in accordance
with the manufacturer’s instructions usually prevents nitrous oxide from concentrating above safe
operating limits. Periodic monitoring such as a batch test or clarity test should be performed to detect the
presence of nitrous oxide. If hazardous levels of nitrous oxide are detected, determine the reason and
take corrective action to resolve the problem. Monitor the low pressure sump liquid more frequently for
nitrous oxide until the problem is resolved.

Gidi han do hoa tan cla carbon dioxide trong oxy Iong xap Xi 5 ppm & ap suét khi quyén. Gidi
han dé hoa tan cua nitrous oxide trong oxy 16ng xap xi 140 ppm dén 160 ppm & ap suét khi
quyén, xem AIGA 035 [43]. C4c gi¢i han nay cao hon & ap suét cao hon. Carbon dioxide va
nitrous oxide tao thanh mét dung dich rén khi ca hai cung hién dién. TAm quan trong thyc té
cta dung dich ran 1a gi¢i han d6 hoa tan clia méi thanh phan thap hon khi ca hai cung hién
dién [65, 66]. Dé xac dinh thanh phan cla két tia quan sat dwoc, can phai thwe hién phan tich
chi tiét hon.

The solubility limit of carbon dioxide in liquid oxygen is approximately 5 ppm at atmospheric pressure. The
solubility limit of nitrous oxide in liquid oxygen is approximately 140 ppm to 160 ppm at atmospheric
pressure, see AIGA 035 [43]. These limits are higher at higher pressures. Carbon dioxide and nitrous
oxide form a solid solution when both are present. The practical importance of a solid solution is that the
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solubility limit of each component is lower when both are present [65, 66]. To identify the composition of
an observed precipitate, it is necessary to do a more detailed analysis.

Tach va tinh ché Argon / Argon separation and purification

12.5.1.

12.5.2.

M6 ta quy trinh / Process description

Viéc tach va tinh ché Argon trong hdp lanh ASU bat diu bang viéc lam giau argon dén
xap xi 8% dén 20% & gitra cot ap suéat thip. Sau d6, né dwoc cap vao mét cot chung
cat phu @é tiép tuc lam giau argon 1&én 96% dén 99.9% hoac hon. O’ mét s6 nha may co
cot dém, san pham dinh cta cot phu khéng can loai bd oxy thém nira. O hau hét cac
nha may khac, argon thé chira 0.1% dén 4% oxy va can dwoc xi ly thém trong hé
thdng tinh ché argon thé. Céng nghé phd bién nhét loai bd oxy xudng mirc vét bang
phan (rng téa nhiét dwgc xdc tac voi Hydro (khtr oxy hodc deoxo). Mot cong nghé it
dwoc str dung hon la st dung chat hap thu oxy dworc tai sinh bang Hydro.

Argon separation and purification in the ASU coldbox begins with the concentration of argon to
approximately 8% to 20% in the middle of the low pressure column. It is then fed to a side
distillation column that further concentrates the argon to 96% to 99.9% or more. In some plants
with packed columns, the side column’s overhead product needs no further oxygen removal. In
most other plants, the crude argon contains 0.1% to 4% oxygen and needs further treatment in a
crude argon purification system. The most common technology removes oxygen to trace
quantities by a catalytically promoted exothermic reaction with hydrogen (deoxidation or deoxo).
A less frequently used technology uses oxygen getters regenerated with hydrogen.

Sau khi loai bo oxy, Hydro va nito dang vét thwong dwoc loai bd khdi argon trong mét
cot chung cét cudi cung.

After oxygen removal, hydrogen and trace nitrogen are normally removed from the argon in a
final distillation column.

Méi nguy / Hazards

Céac méi nguy sau day lién quan dén viéc st dung Hydro trong hé théng tinh ché argon

tho:

The following hazards are associated with hydrogen use in the crude argon purification system:

o Bét ky khi nao chira I16n hon 4% oxy khi c6 mat I6n hon 4% Hydro la mot hén hop

co kha nang gay nd. Phai thwc hién cac bién phap phong nglra déc biét d& dam bao
rang ca nong d6 Hydro va oxy khong vwot qua 4% cung moét luc. Trong hau hét cac
don vi deoxo, ndng dd Hydro gan nhw ludn 1én hon 4%, vi vay diéu quan trong la
phai gi¢i han ham lwong oxy téi da cta argon tho;
Any gas containing greater than 4% oxygen in the presence of greater than 4% hydrogen is a
potentially explosive mixture. Special precautions shall be taken to ensure that both the
hydrogen and oxygen concentrations do not exceed 4% at the same time. In most deoxo
units, the hydrogen concentration is almost always greater than 4%, so it is critical to limit the
crude argon’s maximum oxygen content;

+ Lo phan (rng xuc tac co thé qua nhiét vuot qua nhiét do thiét ké néu argon thé chira

quéa nhiéu oxy, vi phan (rng nay tao ra nhiét. Co thé can phai tai che argon khéng
chira oxy tir diu ra cGa don vi deoxo d& gidm ham lwong oxy xubng gi6¢i han an
toan. L6 phan trng nén dwoc ngirng hoat ddng bat clr khi nao ndng dé oxy vwot qua
mirc tdi da cho phép dwoc quy dinh bdi nha san xuét thiét bi. Trong trwdng hop
khéng c6 quy dinh ki thuat cla nha san xuét, 2% la ndng dd oxy an toan téi da dién
hinh. Trong qua trinh khéi dong hé théng tinh ché argon, diéu bat budc la ham
lwong oxy cla argon thé phai thdp hon gi¢i han ngwdng oxy trwéc khi dwa Hydro
vao,
The catalytic reactor can overheat above its design temperature if the crude argon contains
too much oxygen, since the reaction produces heat. It may be necessary to recycle oxygen-
free argon from the outlet of thedeoxo unit to reduce the oxygen content to a safe limit. The
reactor should be shut down whenever the oxygen concentration exceeds the maximum
allowable specified by the equipment manufacturer. In the absence of a manufacturer’s
specification, 2% is a typical maximum safe oxygen concentration. During startup of the
argon purification system, it is imperative that the oxygen content of the crude argon be less
than the oxygen threshold limit before introducing hydrogen;

. Phén &ng tda nhiét cé thé tao ra nhiét do vuot qua 1000 °F (538 °C). Nén Iég dat hé
thdng ngirng hoat dong khi nhiét dé cao dé bao vé binh cha va dwdng 6ng. Lo
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phan &ng thwdng khéng dwoc cach nhiét dé tan nhiét. Phai d&t cac rao chan bao vé
céa nhan thich hop xung quanh binh chira 16 phdn (rng va dwdrng éng néng;

The exothermic reaction can produce temperatures exceeding 1000 °F (5638 °C). A high

temperature shutdown should be installed to protect the vessel and piping. The reactor is not
normally insulated to dissipate heat. Suitable personnel protection barriers shall be placed
around the reactor vessel and hot piping;

Néng dd Hydro thoat ra khdi 16 phan (rng phai dwoc giam sat. Néu né vuwot qué gidi
han khuyén nghi clia nha san xuét, phai thwc hién cac hanh dong khac phuc dé
gidm néng dd Hydro xudng mirc khuyén nghi. Hé théng cung cép Hydro cho hé
thdng tinh ché argon thd phai dwoc trang bi hé thdng khoa kép va xa tw dong dé co
lap Hydro trong qua trinh ngirng hoat déng hé théng;

The hydrogen concentration exiting the reactor shall be monitored. If it goes above the

manufacturer’s recommended limit corrective actions shall be taken to reduce the hydrogen

concentration to recommended levels. The hydrogen supply system to the crude argon

purification system shall be provided with an automatic double block and bleed system that
isolates the hydrogen during a system shutdown;

Diéu bat budc la phai ngan chén sw di chuyén ctia Hydro vao cac khu vic cla nha
may cé chira oxy. Phai str dung cac hé théng cach ly thich hop (vi du: van mét chiéu
va van chan ty dong). S dung cac dwdng 6ng thong thdi va thai bd riéng biét cho
cac hé thdng tinh ché argon dé ngan cac dwéng 6ng nay tré thanh dwdng dan cho
Hydro di vao cac cbng xa ctia ASU;

It is imperative to prevent hydrogen migration into sections of the plant that contain oxygen.

Proper isolation systems shall be used (for example, check valves and automatic block

valves). Use separate purge and disposal headers for the argon purification systems to

prevent these headers from providing a route for hydrogen to enter the ASU drains;

Trong cac ASU c6 bo thu (getter), diéu quan trong la phai gi¢i han ndng d6 oxy cta
argon thé va néng dd Hydro cuia khi tai sinh dé tranh qua nhiét. Qua nhiét cé thé lam
héng vat liéu bd thu vinh vién;

In ASUs with getters, it is important to limit the oxygen concentration of the crude argon and
the hydrogen concentration of the regeneration gas to avoid overheating. Overheating can

irreversibly damage the getter material;

Hydro 1a mét loai khi d& chay, chay véi ngon Ilra vo hinh va yéu cau cac bién phap
phong ngtra thao tac dac biét. Tham khao CGA G-5, Hydrogen; AIGA 087, Standard
for Hydrogen Piping Systems at User Locations; CGA G- 5.5, Standard for Hydrogen
Vent Systems; va CGA P-28, OSHA Process Safety Management and EPA Risk
Management Plan Guidance Document for Bulk Liquid Hydrogen Supply Systems
[67, 68, 69, 70];

Hydrogen is a flammable gas that burns with an invisible flame and requires special handling

precautions. Refer to CGA G-5, Hydrogen; AIGA 087, Standard for Hydrogen Piping Systems

at User Locations; CGA G- 5.5, Standard for Hydrogen Vent Systems; and CGA P-28, OSHA

Process Safety Management and EPA Risk Management Plan Guidance Document for Bulk
Liquid Hydrogen Supply Systems [67, 68, 69, 70];

Hydro dung dé tinh ché argon dén tir nhiéu ngudn nhw khi hodc 18ng tinh khiét,
amoniac phan ly, metanol, pin dién phan, ho&c khi thai tr nha may loc dau ho&c héa
chét. Po tinh khiét ctia Hydro phai nam trong gi¢i han chap nhan dwoc. C4c tap chét
vét c6 thé anh hudng dén viéc lwa chon vat liéu, do tinh khiét cla san pham va/hodc
lam ngé déc chét xuc tac 10 phan (rng hoac vat liéu b thu;

Hydrogen for argon purification comes from many sources such as pure gas or liquid,

dissociated ammonia, methanol, electrolytic cells, or refinery or chemical plant off-gas. The

hydrogen purity shall be within acceptable limits. Trace contaminants can affect material
selection, product purity, and/or poison the reactor catalyst or getter material;

Hé thdng say phai hoat dong dung cach dé ngén chdn hoi dm cudn theo c6 thé lam
dong bang thiét bi siéu lanh phia ha lwu;

The dryer system shall work properly to prevent moisture carryover that could freeze
downstream cryogenic equipment;

Hé thdng sdy argon nén dwoc van hanh truéc khi dwa Hydro vao hé théng tinh ché
dé& ngan Hydro tich tu dén mi&c khéng an toan & phia thwong lwu ctia hé théng sy;
va
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The argon dryer system should be operational prior to introducing hydrogen into the
purification system to prevent hydrogen from accumulating to unsafe levels upstream of the
dryer system; and

o Trong mét sé trwdng hop, dwdng éng hdi lvu Hydro trong coldbox cé thé dwgc boc

trong mot 1&p vé (jacket) d& ngdn chan rod ri Hydro tiém &n vao vé coldbox. Trong
trwong hop dwdng dng bén trong bi nirt, Hydro cé thé di vao va tich tu bén trong
khéng gian hinh vanh khuyén (annular space) ctia dwéng dng boc vé. Néu khéng
khi di vao khéng gian hinh vanh khuyén nay, vi du trong qua trinh ra déng ngay sau
khi nha may ngirng hoat dong, mét hén hop nd co thé hinh thanh bén trong khong
gian hinh vanh khuyén, diéu nay cé thé gay ra giai phong nang lwong. Dé tranh diéu
nay, ap suét trong khéng gian hinh vanh khuyén cda dwéng ong boc vo nén dugc
theo d6i va cac hanh dong thich hop phai dwoc thwe hién néu nghi ngo co ro ri
Hydro vao khéng gian hinh vanh khuyén cta dwérng éng boc va.
In some cases, hydrogen return piping in the coldbox may be enclosed in a jacket to prevent
potential hydrogen leakage into the coldbox enclosure. In case of a crack in the inner piping,
it is possible for hydrogen to enter and accumulate inside the annular space of the jacketed
piping. If air enters this annular space, for example during deriming immediately after a plant
shutdown, an explosive mixture can form inside the annular space, which may cause an
energy release. To avoid this, pressure in the annular space of the jacketed piping should be
monitored and appropriate actions taken if a hydrogen leak into the annular space of the
Jacketed piping is suspected.

Théng théi khi khong ngwng tu / Noncondensable purge

Cac chét khéng ngung tu vét co diém séi thap trong khdng khi nhw Hydro, heli va neon tap
trung & dinh thap ap suét cao. Cac chat khdng ngwng tu cé diém soi thap nay cé thé tich tu du
dé lam giam hiéu suét cda thiét bi ngwng tu ndi dun (reboiler condenser). Cac chéat khong
ngwng tu nay cé thé dwoc loai bd bang cach:

Low boiling point trace noncondensables in the air such as hydrogen, helium, and neon concentrate at the
top of the high pressure column. The low boiling point noncondensables can accumulate sufficiently to
degrade the reboiler condenser performance. These noncondensables can be removed by either:

o Dong khi quy trinh dwoc Iy tir dinh thap &p suét cao; hoadc
Gaseous process stream taken from the top of the high pressure column; or

* Xa trén dong nito roi khéi thiét bi ngung tu ndi dun. Lvong xa nay thuong duoc dwa dén
dong thai hodc dong quy trinh di vao thap ap suat thap hoac dong thai roi khaéi thap ap suat
thap.
Vent on the nitrogen stream leaving the reboiler condenser. This vent is typically sent to a waste or
process stream entering the low pressure column or a waste stream leaving the low pressure column.

CANH BAO: Hydro thoét ra tir cdc nguén gan dé cé thé di vao quy trinh va tich tu dén
mirc nguy hiém. Can thwc hién céc bién phéap an toan dé ngan chan tap chat nay dat dén
gi¢i han dé chay.
CAUTION: Hydrogen released from nearby sources can enter the process and accumulate to
hazardous levels. Safety measures should be taken to prevent this contaminant from reaching
flammability limits.

Vé sinh coldbox / Coldbox cleaning

Cac nha may bi nhiém dau va/hoac cac hydrocarbon khac can phai dwoc vé sinh. Chi tiét vé
vat liéu va quy trinh vé sinh dwoc tim thay trong AIGA 057, AIGA 012 va AIGA 076 [2, 34, 20].
Plants that are contaminated by oil and/or other hydrocarbons require cleaning. Details on cleaning
materials and procedures are found in AIGA 057, AIGA 012, and AIGA 076 [2, 34, 20].

Thoi gian gite an toan cho oxy léng / Safe holding time for liquid oxygen

Cac didu kién van hanh co thé yéu cau coldbox phai ngirng hoat déng va dwoc duy tri & trang
thai dw phong lanh (cold standby). Viéc kh&i déng lai s& nhanh hon néu lwong chét 1dng tén
kho dwoc duy tri trong thoi gian dw phong lanh; tuy nhién, ro ri nhiét lam bay hoi mét phan
lwong chét 16ng tdn kho nay, lam cd d&c cac tap chat trong phan chét 1dng con lai. Xem huéng
dan cla nha san xuét, AIGA 035, hodc ca hai dé biét cac quy trinh dw phong lanh va khéi dong
lai an toan [43].

Operating conditions may require that a coldbox be shut down and maintained in a cold standby
condition. Restart is faster if liquid inventories are maintained during the cold standby; however, heat leak
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vaporizes a portion of this liquid inventory concentrating contaminants in the remaining liquid. See
manufacturer’s instructions, AIGA 035, or both for safe cold standby and restart procedures [43].

Héa léng khéng khi trong bé trao déi nhiét chinh /| Liquefaction of air in the main heat
exchanger

Viéc hoéa 16ng khong khi & dau lanh cliia cac bo trao dbi nhiét chinh co6 thé dan dén tinh huéng
nguy hiém. Hau hét cac bo trao doi nhiét dao chiéu khéng duoc thiét ké dé hoa 1dng khong khi
va nén duoc van hanh dé ngan chan diéu nay xay ra. Chét Idng hinh thanh giau oxy (35% dén
40% oxy) va cé thé chira ndong d6 dang ké cac tap chét trong khi quyén nhu hydrocarbon C2
va C3. Trir khi tat cd cac bd phan clia mach khéng khi dwoc thiét ké d& dam bao chét 16ng
chay trwc tiép va lién tuc dén thap chwng cét, néu khong cé thé dan dén sy tich tu cia mét hén
hop c6 kha nang phan &rng cao.

Liquefaction of air at the cold end of the main heat exchangers can lead to a hazardous situation. Most
reversing exchangers are not designed for air liquefaction and should be operated to prevent its
occurrence. Liquid formed is oxygen-rich (35% to 40% oxygen) and can contain significant concentrations
of atmospheric contaminants such as C2 and C3 hydrocarbons. Unless all parts of the air circuit are
designed to ensure that liquid flows directly and continuously to the distillation column, accumulation of a
highly reactive mixture can result.

Van hanh hé théng tach khi khi cé ro ri tir quy trinh vao khéng gian cach nhiét ctia vé
thiet bi siéu lanh / Air separation unit operation with process leaks into the cryogenic enclosure
insulation space

RO ri quy trinh vao khong gian cach nhiét clia vo siéu lanh 1a diéu cé thé xay ra ngay ca khi da
thwc hién tat cad cac khau thiét k&, ché tao, kiém soat chat lwong va thtr nghiém dwoc néu
trong AIGA 079 [64]. Cac sw cd an toan nghiém trong cé thé xay ra khi cac rd ri nhd khong
dwoc kiém tra va phat trién theo thoi gian.

Process leaks into the cryogenic enclosure insulation space are possible even with all the design,
fabrication, quality control, and testing outlined in AIGA 079 [64]. Significant safety events can occur when
small leaks are left unchecked and grow over time.

12.10.1.Nguén ro ri / Leak sources

- RO rico thé xay ra tr thiét bi quy trinh va cac dwong dng thiét bi do dac nhd, bat diu

bang mét rd ri khi hodc 16ng nhd. Ro ri khi hodc 1dng c6 thé dan dén mai mon perlite,
diéu nay co thé tao ra cac 16 hé Ién hon trong dwdng éng thiét bi do dac hodc lam xdi
mon cac dwdng dng quy trinh I1&n hon lién k&, dan dén ro ri bd sung. Dé biét thém
thong tin v& mai mon perlite, xem 5.4 clia AIGA 032, Quan ly Perlite va dé biét thém
thong tin vé sw x6i mon thiét bi, xem 7.5 cta AIGA 079 [71. 64].
Leaks can occur from process equipment and small_instrumentation lines starting with a small
gas or liquid leak. A gas or liquid leak can lead to perlite abrasion, which can result in larger
openings in the instrument line or eroding adjacent larger process lines resulting in _additional
leaks. For additional information on perlite abrasion, see 5.4 of AIGA 032, Perlite Management
and for more information on the erosion of equipment, see 7.5 of AIGA 079 [71, 64].

- Tbc db tdng nhiét hodc gidm nhiét qua mirc hodc viéc tdng nhiét va gidm nhiét khéng
chinh xac cuda thiét bi quy trinh va dwdng dng vé siéu lanh co thé gay ra mirc trng suét
cao, vrot qua thiét ké ban dau cuda thiét bi va dan dén ro ri. Mdt ngudn ro ri phd bién
nhw vay l1a cac dwdng 6ng thiét bi do dac cé dwdng kinh nhd chiu (rng suit qua mirc
trong qua trinh tdng nhiét va gidm nhiét. Chu trinh nhiét (Thermal cycling) cia BAHXs
vwot qua chu ky 1am viéc va/hodc pham vi nhiét dd ctia ching ciing c6 thé gay ra ro ri.
Excessive rates of warm up or cool down or incorrect warm up and cool down of the cryogenic
enclosure process equipment and piping can induce high stress levels, which can exceed the
original equipment design and result in leaks. A common source of such leaks is small bore
instrument lines exposed to excessive stresses during warm up and cool down. Thermal cycling
of BAHXs either beyond their duty cycle and/or temperature ranges can also cause a leak.

- Bang roi hodc su tich tu bing ndi chung 1a mdt ngudn Iwc bd sung khac cé thé lam
héng va dit dwdng dng.
Falling ice or ice buildup in general is another source of additional forces that can damage and
break lines.

- Cac diém rd ri bd sung cé thé bao gdm héng cac mdi ndi gidn né va co khi cling nhw
s an mon chung cta cac bd phén bang nhém.
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Additional leak points can include failure of expansion and mechanical joints and general
corrosion of the aluminum components.

12.10.2.Phat hién va giam sat ro ri/ Leak detection and monitoring

Ap suét khdng gian cach nhiét, ham Iwong oxy, déng bing bé mét bén ngoai, nhiét do
v va/hodc mong, va hinh anh nhiét cé thé dwoc st dung dé xac dinh xem cé ro ri hay
khdng va ciling c6 thé dwoc st dung dé gidm sat ro ri.

Insulation space pressure, oxygen content, external surface icing, casing and/or foundation
temperatures, and thermal imaging can be used to determine if a leak exists and can also be
used to monitor leaks.

12.10.3.Tiép tuc van hanh khi cé ro ri / Continued operation with leaks

Dva trén di liéu c6 san tir viéc phat hién va giam sat ro ri, phai tién hanh danh gia rai
ro dwa trén cac quy trinh cta cong ty dé xac dinh xem quy trinh cé tiép tuc van hanh
hay can phai ngirng hoat déng. Cac thdng s6 can xem xét bao gom:
Based on available data from leak detection and monitoring, a risk assessment shall be
conducted based on company procedures to determine if the process continues to operate or a
shutdown is required. Parameters to be considered include:
e quy trinh—tro, dé chay, oxy;
process—inert, flammable, oxygen;
e loai—khi so v@i ldng;
type—aqas versus liquid;
e kich thwéc rd ri—nho so voi [on
size of the leak—small versus large
e 4p suét ngubn—ap suat cao so v&i ap suét thap;
source pressure—high pressure versus low pressure;
e Vi tri vat ly bén trong vé siéu lanh—dd cao, gan vo;
physical location within the cryogenic enclosure—elevation, proximity to the casing;
e loai vat liéu cach nhiét;
type of insulation;
o lich st* van hanh;
operating history;
« tinh toan ven cla v coldbox, cu tric va cac bd phan;
integrity of coldbox casing, structure, and components;
e Kkich thwdce coldbox;
size of coldbox;
e cac thong sé vo (vi du: ap suét, do tinh khiét, kich thwéc, vi tri va sw phat trién cua
diém lanh, v.v.);
casing parameters (for example, pressure, purity, size, location, and evolution of cold spot,
etc.);
e hau qua ngoai cong treong (vi du: giao thong, khu dan cw); va
offsite consequences (for example, traffic, residential areas); and
e cac cong cu chan doan c6 san (vi du: thay ddi trong hanh vi &y mau va thiét bi do).
available diagnostic tools (for example, changes in instrument and sample tapping behavior).

Céc didu kién phai dwoc giam sat dé phat hién bat ky thay déi nao va viéc danh qia rdi
ro phai dwoc xem xét va cap nhat khi can thiét.

Conditions shall be monitored for any changes and the risk assessment shall be reviewed and
updated as needed.

Théng tin bd sung c6 thé dwoc tim thdy trong AIGA 079 [64]. Cac danh gia va hanh
dong twong tw coé thé ap dung cho céc thiét bi thao tac san phdm ASU khac nhw cac
bdn tdn chira sb lwong I¢n dwoc 1ap dét tai hién trwong.

Additional information can be found in AIGA 079 [64]. Similar reviews and actions can apply to
other ASU product handling equipment such as field erected bulk storage tanks.

12.11.B6 trao déi nhiét nhém han (BAHXs) trong ché dé van hanh theo chu ky / Brazed aluminum
heat exchangers (BAHXs) in cyclic service
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BAHXs trong ASU c6 thé bj mdi do chu ky nhiét dd hodc ap suat. Chu ky ap suét xay ra trong
méi 1an kh&i dong va dirng may, va ching cé thé xdy ra néu cac diéu kién van hanh thay déi
dang ké&. Chu ky nhiét do xay ra trong méi lan kh&i dong va dirng may. Van hanh theo thoi gian
trong ngay cé thé bao gébm viéc kh&i dong va dirng bo trao ddi nhiét thuwérng xuyén (vi du: hang
ngay).

B%H}Qs in an ASU can be exposed to fatigue by temperature or pressure cycling. Pressure cycles occur
on each startup and shutdown, and they can occur if the operating conditions are significantly changed.
Temperature cycles occur on each startup and shutdown. Time of day operation can involve regular (for
example, daily) startup and shutdown of the exchanger.

Néu ap suét hodc nhiét do van hanh thay ddi thuwéng xuyén, diéu nay phai dwoc xem xét trong
thiét ké cia BAHX. Lwu y rdng (rng suét nhiét khé quan ly hon trong céc 16i khdi han vi sy gian
n& va co lai do nhiét cha I6i bj han ché b&i méi han.

If the operating pressure or temperature change frequently, this shall be considered in the design of the
BAHX. Note that thermal stresses are more difficult to manage in welded block cores because thermal
expansion and contraction of the core is constrained by the weld.

Sw cd trong quy trinh / Process upsets

Can xem xét &nh hwéng cla cac sy cd quy trinh dbi vai thiét bi, dwéng éng phia ha lwu va
muc dich s dung clia cac chét 16ng.

Consideration should be given to the effect of process upsets on downstream equipment, piping, and the
uses of the fluids.

12.12.1.Sw lam giau oxy / Oxygen enrichment

- Can cung cap cac hé thong canh bao phan tich va dixng may trén cac dong argon, nito
ho&c cac dong khac co thé bi lam giau oxy do ro ri hodc sy co nha may. Sy lam giau
oxy cla dong khi hoac khi tro cé thé tao ra méi nguy chay tlem 4n. Cac vi du vé dong
quy trinh dé bi lam giau oxy trong qua trinh xay ra sy c6 bao gém:

Analytical alarms and shutdown systems should be provided on argon, nitrogen, or other streams
that can become oxygen-enriched by leaks or plant upsets. Oxygen enrichment of an air or inert
gas stream can create a potential combustion hazard. Examples of process streams that are
subject to oxygen enrichment during upsets include:
e céac dong khi hoac nito tai ché;

air or nitrogen recycle streams;
e cac dong khi tai sinh;

regeneration gas streams;
e cac dong san pham nito; va

nitrogen product streams; and
e nguyén liéu thé cAp cho hé théng tinh ché argon.

crude feed to argon purification systems.

- Trong qua trinh dirng may, khdi dong hodc diéu kién sw cb, ndng dd oxy cao co thé
xuét hién trong cac dong quy trinh ma chi cé khi tro trong qua trinh van hanh binh
thwdrng. RUi ro nay phai dwoc xem xét khi van hanh thiét bi.

During plant shutdown, start up, or upset conditions, high concentrations of oxygen can be
present in process streams where only inert gases are present during normal operation. This risk
shall be considered while operating the equipment.

- Céc co s& ¢ nhiéu ASU €d nguy co cao hon trong viéc dwa dong oxy lam giau dén

may nén san pham nito néu cac hé thdng nén san pham duwoc ndi chéo gilra cac ASU
Viéc cach ly gitra cac ASU phai xem xét kha nang nhiém chéo trong qué trinh sy cb va
khéi dong nha may.
Facilities with multiple ASUs have a higher risk of sending an enriched oxygen stream to a
nitrogen product compressor if the product compression systems are cross-tied between ASUSs.
Isolation between ASUs shall consider the potential for cross contamination during plant upsets
and startups.

12.12.2.Thiéu oxy / Oxygen deficiency

- Trong trvong hop hé thong khi dleu khién dwoc dy phong bang ngudn nito, can cén
than dé tranh kha nang xay ra moi nguy ngat thé. Can c6 cac canh bao hé théng bao
hiéu sy hién dién cuia nito trong hé thong khi diéu khién (xem 5.3) hodc cac quy trinh
dé ngan chan viéc s dung khi didu khién cé kha nang thiéu oxy dé thé hoic trong
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khong gian kin. Dé biét them thong tin vé hé thdng khi diéu khién dwoc dw phong bdng
nito, xem CGA P-78, Hwéng dan sir dung an toan hé théng khi diéu khién duoc dw
phong bang céc loai khi khac ngoai khéng khi [72].

In instances where instrument air systems are backed up by a nitrogen source, care should be
taken to avoid the possibility of an asphyxiation hazard. There should be system alarms warning
of the presence of nitrogen in an instrument air system (see 5.3) or procedures to prevent use of
potentially oxygen-deficient instrument gas for breathing or in enclosed spaces. For more
information on instrument air systems backed up by nitrogen, see CGA P-78, Guideline for the
Safe Use of Instrument Air Systems Backed Up by Gases Other Than Air [72].

12.12.3.Nhiét dé thap bat thuwong / Abnormally low temperature

Trong nhiéu (ng dung, chat Idng hoac khi siéu lanh dwoc lam 4m bang méi chat gia
nhiét khac trong bd trao déi nhiét trwde khi roi khéi hop lanh. Néu nguon nhiét nay bij
mét, c6 thé dwa chét 16ng siéu lanh hodc khi lanh vao thiét bi hodc quy trinh khéng
duoc thiét ké cho nhiét do siéu lanh, dan dén gion va héng thép carbon. Can c6 cac hé
théng thiét bi an toan (SIS) thich hop dé bao vé chéng lai mdi nguy tiém an nay.

In many applications, cryogenic fluids or gases are warmed by other heating media in a heat
exchanger before leaving the coldbox. If this heat source is lost it is possible to send cryogenic
liquids or cold gases into equipment or processes not designed for cryogenic temperatures,
resulting in carbon steel embrittlement and failure. There should be appropriate safety
instrumented systems (SIS) to protect against this potential hazard.

Cac vi du vé& quy trinh dé bi sy cb nhiét d6 thdp bao gébm cac quy trinh dun séi oxy
Idng c6 ap suét trong bd trao ddi nhiét chinh va khi quy trinh thoat ra khdi bd trao dbi
nhiét hop lanh.

Examples of processes that are subject to low temperature upsets include processes that boil
pressurized liquid oxygen in the main heat exchanger and process gases exiting coldbox heat
exchangers.

Khi nha may dirng, cac van dau 4m phai dwoc dong lai. Néu thoi gian dirng lau hon
vai gio, nhiét d6 dau 4m phai dwoc giam sat dé dam bao ching duy tri trén nhiét do
gion cta dwdng 6ng san pham (thweng 1a —20 °F [-29 °C]). Néu nhiét d6 qua lanh,
chét 16ng phai dwoc xa ra.

When the plant is shut down, the warm-end valves shall be closed. If the shutdown is longer than
several hours, the warm-end temperatures shall be monitored to ensure that they stay above the
product piping embrittlement temperature (typically —20 °F [-29 °C]). If the temperatures get too
cold, the liquid should be drained.

Khi c6 may nén khi téng ap, c6 nguy co dong chdy ngwoc trong dwdng dng khi ap suat
trung binh tronq qua trinh kh&i dong lai nha may lanh hoac tronq diéu kién sw cb.
Ngoai ra, néu cd cac bd trao ddi nhiét ddu Am riéng biét, bd trao ddi nhiét chinh co thé
mat dong khi &m di vao trong mét sé tredng hop nhét dinh. V&i dong khi lanh di ra tiép
tuc chay va kha nidng dong chay ngwoc trong dworng 6ng khi dm, dwdng édng dau &m
ctia b trao déi nhiét nay cé thé ngudi di nhanh chéng, ¢6 kha ndng dan dén gion lanh.
Nguy co gion lanh 13 dang ké trong qué trinh kh&i déng lai lanh ASU hodc diéu kién sw
cb (dac biét khi MAC dwoc d& tai hodc khi MAC bi ngét trong trudng hop ciu hinh
nhiéu MAC). Su sut gidm nhiét dé & diu dm co thé kha nhanh. Nhiét d6 dwerng éng
dau Am c6 thé giam xudng dwdi nhiét d6 dan hdi cua thép carbon trong vong vai phut.
Cac bién phap gidm thiéu chdng lai dong chdy ngwoc/dong chdy ngwoc nhw vay phai
dworc thwe hién. Xem Hinh 2 dé biét cac vi du vé gidm thiéu.

When a booster air compressor is present, there is a risk of reverse flow in the medium pressure
air line during the cold plant restarts or during upset conditions. Also, if separate warm-end heat
exchangers are present, the main heat exchanger may lose the incoming warm air stream under
certain circumstances. With the continuing flow of outgoing cold gas streams and the potential
reverse flow in the warm air piping, the warm end piping of this exchanger may cool down quickly
potentially resulting in cold embrittlement. The cold embrittlement risk is significant during ASU
cold restart or upset conditions (particularly when the MAC is unloaded or when a MAC has
tripped in the case of a multiple MAC confiquration). The drop in temperature at the warm end
can be quite fast. It is possible for the warm-end piping temperature to fall below the resilient
temperature of carbon steel within a few minutes. Mitigations against such backflow/reverse flow
shall be implemented. See Fiqure 2 for examples of mitigation.

CANH BAO: Sy gion thép carbon do nhiét dé lanh c6 thé lam né dwong 6ng, dan
dén thwong tich ca nhan hoac hw héng thiét bj. Can thwc hién hanh déng dé dam
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bdo rang hién twong gion khéng xay ra. Bé biét thém théng tin, xem AIGA 027,
Hé théng héa hoi siéu lanh—Ngan ngtra niet gion thiét bi va dwong éng [73].
WARNING: Carbon steel embrittlement by cold temperatures could rupture piping,
resulting in personnel injury or equipment damage. Action should be taken to ensure that
embrittlement does not occur. For more information, see AIGA 027, Cryogenic
Vaporization Systems—Prevention of Brittle Fracture of Equipment and Piping [73].

12.12.4.Cdc sw c6 quy trinh va dirng may khdc / Other process upsets and shutdowns

Mot s6 didu kién van hanh bat thwong phai bat diu cac bién phap khéc phuc kip thoi
dé dwa hop lanh tré lai diéu kién van hanh binh thuworng. Néu khong thé thiét 1ap lai cac
diéu kién van hanh binh thwéng trong mét khoang théi gian xac dinh, hdp lanh phai
dwoc dirng. Viéc tiép tuc van hanh bat thuwong cé thé dan dén thwong tich cho nhan
vién, hw hdng thiét bi hodc hau qua dang ké ngoai dia diém. Thoi gian can thiét dé tré
lai diéu kién van hanh binh thuwéng dwoc nha san xuét thiét 1ap va thay dbi tuy theo
tirng diéu kién van hanh b4t thwong.

Certain abnormal operating conditions should initiate prompt corrective measures to return the
coldbox to normal operating conditions. If normal operating conditions cannot be re-established
within a specified time the coldbox shall be shut down. Continued abnormal operation can result
in injury to personnel, damage to equipment, or significant off-site consequences. The time
required to return to normal operating conditions is established by the manufacturer and varies
for each abnormal operating condition.

Cac didu kién van hanh bat thueng co thé dan dén divng may cé thé bao gém:

Abnormal operating conditions that can lead to a shutdown can include:

o Nobng dd hydrocarbon va/hodc axetylen cao trong chat 1dng day cot ap suét thap
[43];

High hydrocarbon and/or acetylene concentrations in the low pressure column sump liquid
[43[;

» Carbon dioxide cao trong chat long day cot ap suat thap va/hodc dau ra b tién tinh
che [43];

High carbon dioxide in the low pressure column sump liquid and/or prepurifier outlet [43];

o Murc reboiler thap va cao [43];
Low and high reboiler level [43];

e Murc chét 1dng cao trong cot ap suét cao;
High liquid level in the high pressure column;

e Lwu lwong théng théi chat 16ng thap tir day reboiler [43];
Low liquid purge rate from the reboiler sump [43];

e B0 trao ddi nhiét oxy ldng bom. M&i nha san xuét thiét 1ap cac gi¢i han van h?nh an
toan cho cac b trao ddi nhiét nay, xem AIGA 057 [2]. Cac gidi han nay bao gém:
Pump liquid oxygen exchanger. Each manufacturer establishes operating limits for safe
operation of these exchangers, see AIGA 057 [2]. These limits include:

o Ap suét oxy téi thiéu
Minimum oxygen pressure
o Ap suét khi téi thiéu
Minimum air pressure
o Lwu lwong khi téi thiéu
Minimum air flow rate
o Lwulwong oxy téi thiéu
Minimum oxygen flow rate
o Ap suét chénh léch gitra khi va oxy;
Differential pressure between the air and oxygen;

e Nhiét do khi cao di vao hop lanh; va
High temperature air into the coldbox; and

o Luwuluwong thap déi véi bom tuan hoan reboiler dong chay xudng.

Low flow for downflow reboiler circulating pump.

Hé théng duwdng ong nha may, d&c biét 1a dwdng dng oxy, khédng nén van hanh véi do
rung cao. Néu didu nay xay ra vi bat ky ly do gi, nguwdi van hanh phai diéu tra ngay lap
tirc va thwc hién cac bién phap giam thiéu.
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Plant piping systems, especially oxygen piping, should not be operated with high vibration. If this
occurs for any reason, operators should immediately investigate and implement mitigation
measures.

Khdng khi &p trung binh | [\J }
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E Van mét chiéu cho :
khi trung 4p } !

Medium pressure

! air check valve : ' :

. & ------------------------ h
Cot &p thdp

May nén khi tdng 4p Cot ép fha
Booster air compressor w ;‘)r ure
column

Téng 4p - Gidn ng

Booster - Expander (r\
0 dun soi -
binh ngung chinhy
1
L —J |

Main reboiler
_—

v | condense] )
L)
1 /\
|
1
[
! dos
1 Cot ap cao

' High pressure
column

B3 trao déi nhiét
cao ap
High pressure
heat exchanger

BA trao déi nhiét chinh
Main heat exchanger

i Cac bién phap giam thiéu dé ngén ngtra hién
| tuong gion do lanh gay ra bdi dong ngugc
E Mitigations to prevent cold embrittlement due to back flow

Ghi chi: Cac dong lanh qua b trao ddi nhiét )
khong dugc thé hién. BS ting 4p - Gian né c6 thé
c6 céc cdu hinh luu lugng khac nhau

4,

Note: Cold streams through the exchangers are not shown.
Booster - Expanders may have different flow configurations

Hinh 2—Vi du vé cdc bign phdp giam thiéu chéng lai dong chdiy ngwoc/dong chiy ngwoc
Figure 2—Example of mitigations against backflow/reverse flow

12.13.Van hanh va bao tri / Operation and maintenance
12.13.1.Van hanh hép lanh / Coldbox operation

- Hwéng dan van hanh bing van ban phai dwoc cung cip cho nhan vién van hanh.
Documented operating instructions shall be supplied to operating personnel.

- Céac hvéng dan phai xac dinh gidi han van hanh an toan clia hé thdng va moi quy trinh

can thiét dé van hanh hé thdng trong tinh huéng khan cép. Cac huwéng dan van hanh
phai bao gdm moi hanh déng can thwc hién d& ¥ng phd véi viéc vwot qua gi¢i han
thiét ké& ctia hé thdng (vi du: qua ap, thay dbi nhiét dd6 nhanh, hw hdng co hoc).
The instructions shall define the safe operating limits of the system and any procedures that are
required to operate the system in _an emergency situation. The operating instructions shall
include any actions required to be taken in response to an excursion outside the design limits of
the system (for example, overpressure, rapid temperature change, mechanical damage).

12.13.2.Céng viéc néng / Hot work

- Cdng viéc néng chi dwoc thwe hién theo gidy phép lam viéc.
Hot work shall only be performed under a work permit.

12.13.3.Kiém tra va bao tri dinh ky / Periodic inspection and maintenance
12.13.3.1. Chung / General

- Phai thwc hién kiém tra va bao tri bén ngoai dinh ky dbi v&i vé hdp lanh dé
dam bao ring hé thdng 13p dit van & trong tinh trang an toan. Kiém tra bén
ngoai dinh ky ciing phai dwoc thwe hién dé xac nhan rang cac duwdng éng,
van va bod diéu khién 156 ra ngodi khong cé béat ky khiém khuyét nao. Khi
phat hién khiém khuyét, chung phai dwoc diéu tra va khic phuc. Cac bd
phan bén trong hop lanh khdong can kiém tra va bdo tri dinh ky (vi du:
dwdng 6ng, thap chwng cét, binh chira, bod trao ddi nhiét, v.v.). Pham vi va
khodng thdi gian kiém tra, bao tri va slra chiva phai dwoc ngudi sir dung
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12.13.3.2.

thiét 1ap sau khi tham khao v kién clia nha san xuét, cac quy dinh hién hanh
va chinh quyén dia phwong, néu phu hop.

Periodic_external inspection and maintenance of the coldbox enclosure shall be
carried out to _ensure that the installation remains in _a safe condition. Periodic
external inspection shall also be carried out to confirm that exposed pipework,
valves, and controls do not indicate any defects. Where defects are found, they shall
be investigated and rectified. Internals of the coldbox do not require periodic
inspection _and maintenance (for example, piping, columns, vessels, heat
exchangers, etc.). The scope and time interval for the inspection, maintenance, and
repair_shall _be established by the user in consultation with the manufacturer,
applicable requlations, and local authorities, as appropriate.

Dia diém nén dwoc kiém tra thworng xuyén dé dam bao rdng né dwoc duy
tri trong diéu kién thich hop cho loai hinh 13p dat. M6i nguy dic biét 1 sw
tich tu bang trén bé mat bén ngoai ctia hép lanh hodc dwong 6ng bén
ngodi. Xem AIGA 079 va AIGA SB 22/20 dé biét thém thong tin [64, 93].

The site _should be inspected reqularly to ensure that it is _maintained in _an
appropriate condition for the type of installation. A particular hazard is ice buildup on
the external surface of the coldbox or external piping. See AIGA 079 and AIGA SB
22/20 for more information [64, 93].

Phai c6 s8n mot hé so 13p dét toan dién va phai bao goém:
A comprehensive installation dossier shall be available and shall include:
e so dd quy trinh va thiét bj do lwong;
process and instrumentation diagrams;
e hd so binh chju ap lyc; va
pressure vessel dossier; and
e huwéng dan van hanh.
operating instructions.

Viéc cung cap khi théng théi vao khéng gian vanh khuyén nén dwoc kiém
tra dinh ky d& dadm bao duy tri viéc théng théi hiéu qua. Viéc thong thdi bi 15
c6 thé dan dén tich tu d& 4m trong khong gian vanh khuyén, gay ra sw hinh
thanh bang hodc ngwng tu khong khi. Dé biét thém théng tin, xem AIGA
079 [64].

The supply of purge gas to the annular space should be checked periodically to
ensure _an_effective purge is being maintained. Failure of a purge could lead to
moisture accumulation in the annular space leading to ice formation or condensation
of air. For more information, see AIGA 079 [64].

Nén s dung phu tung thay thé cta nha san xuét thiét bi gbc (OEM). Néu
khong thé, tinh phu hop cta phu tung thay thé phai dwoc phé duyét béi
ngwdi c6 thdm quyén théng qua quy trinh quan ly thay déi (MOC). Dé biét
thém théng tin, xem AIGA 010, Quan ly Thay déi [74].

Original equipment manufacturer (OEM) spare parts should be used. If this is not
possible, the suitability of the spare part shall be approved by a competent person
through a management of change (MOC) process. For more information, see AIGA
010, Management of Change [74].

Viéc bao tri va lap rap thiét bi cho dich vu oxy phai dwgc thwc hién trong
didu kién sach sé&, khong dau m&. T4t cad cac céng cu va quan 4o bao ho
(chdng han nhw quan 4o bao hd lao ddng, gang tay va giay dép) phai sach
sé va khong dinh dau mé&. Bé duoc hwéng dan thuc té vé do sach cho dich
vy oxy, xem AIGA 012 [34].

The maintenance and assembly of equipment for oxygen shall be carried out in
clean, oil-free_conditions. All tools and protective clothing (such as overalls, gloves,
and footwear) shall be clean and free of grease and oil. For practical quidance on
cleanliness for oxygen service, see AIGA 012 [34].

Thép chung cét, binh xt ly siéu lanh va bo trao déi nhiét / Column, cryogenic
process vessels, and heat exchangers

Noi chung, viéc kiém tra hodc th& nghiém dinh ky thap chung cét, binh xt
ly siéu lanh va bd trao dbi nhiét khong dwoc coi la can thiét vi:
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In general, periodic inspection or test of the column, cryogenic process vessels, and
heat exchangers is not considered necessary because of:
o diéu kién dich vu khé va sach;
dry and clean service conditions;
e tinh khéng an mon cutia chét 16ng;
noncorrosivity of liquids;
e cac dac tinh vat liéu dwgc tang cwong & nhiét dé thap; va
enhanced material properties at low temperatures; and
« khong gian théng thdi bang khi quyén tro, kho.
dry, inert atmosphere purge space.

- P& biét thém théng tin, xem AIGA 117, Quan ly Tinh toan ven clia Nha may
[75].

For additional information, see AIGA 117, Plant Integrity Management [75].

- Thiét bi khdng dwoc dwa ra khai dich vu dé stra chiva cho dén khi chét 16ng
da dvoc xa hét va ap suit da dwoc gidi phong. Bat ky ro ri ndo phai dwoc
khac phuc kip thdi va mot cach an toan. Xem 16.11.

Equipment shall not be taken out of service for repair until liquid has been drained
and pressure _has been released. Any leakage shall be rectified promptly and in a
safe manner. See 16.11.

- Khi hop lanh dwoc dwa ra khai dich vu dé stra dbi hodc bao tri, cac khu vuc
dé tiép can cda hdp lanh nén dwoc kiém tra béi ngudi cd thAm quyén.
When a coldbox is taken out of service for modification or maintenance, the
accessible areas of the coldbox should be examined by a competent person.

12.13.3.3. Thiét bj gidm &p cta binh chju ap luc / Pressure vessel pressure relief devices

- Phai thwc hién kiém tra dinh ky dbi v&i tirng van giam ap dé chirng minh
kha ndng hoat déng tét clia nd trong mot thdi gian phuc vu tiép theo. Cac
van gidm ap phai dwoc kiém tra theo quy trinh van hanh tiéu chudn cla
trng cbng ty hoac quy dinh dia phwong.
A periodic test of each pressure relief valve shall be carried out to demonstrate its
fitness for a further period of service. Pressure relief valves shall be tested in
accordance _with _individual _company standard operating procedures or local
requlations.

- Cac phan tr dia nd cé thé bi xubng cip theo thoi gian, dan dén viéc dinh
mirc ap suét gidm &p cla ching bi gidm. Do d4, c6 thé cin phai thay thé
cac phan tt dia dinh ky.

Bursting disk elements can deteriorate with time resulting in _their relief pressure
rating being reduced. It may, therefore, be necessary to replace disk elements
periodically.

- Trwong hop van chan duoc 13p dit & phia trwdc (upstream) ctia PRD dé

cho phép kiém tra va thtr nghiém ching khi hdp lanh dang hoat ddng, phai
co cac hé théng khoa va quy trinh van hanh cu thé dé thao ching ra nhdm
muc dich th& nghiém va dé& dam bao rang PRD khéng bi cb 1ap sau khi the
nghiém.
Where block valves are installed upstream of PRDs to allow their inspection and
testing with the coldbox in operation, specific locking systems and operational
procedures shall exist for their removal for testing and to ensure that the PRDs are
not isolated after their testing.

- TAt ca cac PRD trong dich vu siéu lanh nén dwoc kiém tra dinh ky dé tim sw
tich tu bang bén ngoai. Bang tich tu nén dwoc loai bd Kip thoi. Viéc khdng
[am nhw vay c6 thé ngdn PRD hoat ddng theo cac yéu cau thiét ké.

All PRDs in_cryogenic _service should be inspected periodically for external ice
accumulation. Accumulated ice should be removed promptly. Failure to do so can
prevent the PRD from operating in accordance with the design requirements.

13. Hé théng diéu khién / Control systems

13.1. Chtrc ndng cuia hé théng do lwéng/diéu khién / Instrumented systems functions
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13.2.

Hé thdng thiét bi do lweng/diéu khién dwoc yéu cau thwe hién cac chirc ndng lién quan dén an
toan ciing nhw cac chirc ndng diéu khién truyén théng cta cac nha may phan tach khi siéu
lanh [3]. Kién tric hé théng bao gdm tir cac vong diéu khién khi nén don gian véi logic role
dién dén cac hé théng dwa trén may tinh phirc tap cho phép khéi dong va dirng ty dong ciing
nhw van hanh tlr xa va khéng can ngudi giam sat dwa trén cac thuat toan diéu khién phirc tap.
Hé thdng thiét bi do lwérng/diéu khién co thé dwoc chia thanh ba chirc ndng chinh sau:
Instrumented systems are required to perform safety-related functions as well as traditional control
functions of cryogenic air separation plants [3]. System architecture ranges from simple pneumatic control
loops with electrical relay logic to sophisticated computer-based systems allowing automated start and
shutdown as well as unattended and remote operation based on complex control algorithms.
Instrumented systems can be divided into the following three main functions:

o Heé thdng an toan quan trong dé ngan chén:

Critical safety systems to prevent:

o Su gidi phdng khong kiém soat chat doc hai hodc médi nguy
Uncontrolled release of a toxic or hazardous substance

o Chay
Fire

o Nb hoéc giai phéong nang lwong dot ngot
Explosion or sudden release of energy

o Batky sw c6 ngoai ké hoach nao khac co thé gay tir vong hoac thuong tich de doa tinh
mang cho nhan vién, nha thau hodc ngwoi bén ngoai nha may hoac tac dong nghiém
trong dén moi trwong, dia diém hodc cong déng, doi hdi phai coé phan rng ngay lap tirc;
Any other unplanned incident that could cause death or life-threatening injury to employees,

contractors, or persons outside the plant or serious environmental, location, or community impact,
which requires immediate response;

o Heé thdng an toan van hanh dé ngan chén sy c¢b ngoai ké hoach cé thé gay thuwong tich nhan
sy khong de doa tinh mang, hw héng thiét bj gi&i han hoac tac dong nhd ngoai dia diém; va
Operational safety systems to prevent an unplanned incident that could cause nonlife-threatening
personnel injury, limited equipment damage, or minor off-site impact; and

o Hé thdng diéu khién van hanh nha may thwong xuyén cho hoat dong nha may thwong
Xxuyén va bao vé thiét bi.
Routine plant operation control systems for routine plant operation and equipment protection.

Hé thong an toan trong yéu / Critical safety systems

Céc hé thdng an toan trong yéu phai dwoc trang bi va phai cé tinh nang an toan khi xay ra 16i
(failsafe). Cac hé théng an toan trong yéu cla tirng co s& phai dwoc lap hd so day dd. Khi bat
ky thanh phan trong yéu nao bi hdng, hé théng phai tw dong ngirng hoat déng va dwoc co lap
theo mét trinh tw da dwoc xac dinh trwéce. Cac hé théng an toan trong yéu phai dwgc bao vé
khi viéc thay ddi ngoai y muén thong qua mat khau, khéa co khi ho&c céc bién phap bao vé
khac.

Critical safety systems shall be provided and shall be failsafe. The critical safety systems for each facility
shall be documented. The failure of any critical component shall result in the shut down and isolation of
the system in a predetermined manner. Critical safety systems shall be protected from accidental change
by use of passwords, key locks, or other methods.

Cac hé thdng an toan trong yéu co thé doc 1ap véi hé théng diéu khién van hanh théng thuong
cla nha may. Cac hé thong nay ciing cé thé yéu cau murc d6 dy phong (redundancy) bang
cach nhan d6i cac thanh phan hoac chirc nang trong yéu. Hé thong an toan trong yeéu co the
dung chung mét sé thanh phan v&i hé théng diéu khién van hanh néu chirng minh dwoc rang
viéc héng hé théng dleu khién théng thwdng khéng lam suy gidm hodc gay nguy hiém cho hé
thdng an toan trong yéu.

Critical safety systems may be separate from controls necessary for routine plant operation. These
systems also can require redundancy through duplication of critical components or functions. The critical
safety system may share components with the routine plant control system if it can be shown that failure
of the routine plant control system does not compromise the critical safety system.

Cac hoat dong dung cuia hé thdng an toan trong yéu phai dwoc xac minh va lap thanh tai liéu
nhw sau:
The proper operation of critical safety systems shall be verified and documented as follows:
e trong qua trinh chay th(r va khéi dong hé théng diéu khién ban dau;
during initial control system commissioning and startup;
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« sau khi bao tri dwoc thye hién trén hé thong an toan trong yéu;
after maintenance is performed on the critical safety system;

 theo cac khoang thdi gian dinh ky nhw dwoc quy dinh trong tai liéu hé thdng an toan trong
yeu; va
at periodic intervals as specified in the critical safety system documentation; and

e sau mot thdi gian ngirng hoat dong kéo dai nhw dwgc quy dinh trong tai liéu hé théng an
toan trong yéu.
after an extended outage as specified in the critical safety system documentation.

Viéc xac minh phai bao gdm toan bd hé thdng tir thiét bi phat hién dén phan t& cudi cung.
The verification shall include the complete system from the detection device to the final element.

Viéc kiém tra nay nén bao gom viéc mé phong kich hoat cac thiét bi bao vé dat tai hién trwong
théng qua hé thong thiét bi phat hién lién quan. Déi voi cac van thudc hé thdng an toan trong
yéu, khi c6 thé, viéc dong van can dwoc xac nhan bang thtr nghiém ro ri dwdi ap suét quy trinh
thay vi chi dwa vao chi bao vj tri van tir bén ngoai

Such testing should include simulated activation of field located protective devices by the associated
detection instrumentation. For valves that are part of critical safety systems, when possible, shutoff should
be confirmed by leak testing against process pressure rather than relying solely upon external visual
indication of valve position.

Viéc stra ddi bat ky hé théng an toan trong yéu nao, bao gdm ca viéc tam thoi bypass chirc
nang phuc vu van hanh, phai tuan theo quy trinh quan ly su thay déi (MOC) dwoc lap hd so,
bao gdm viéc ra soat béi nhan sw cé nang lwc ky thuat va phé duyét béi ngwdi cé thdm quyén
(xem 19.4).

Modification of any critical safety system including bypassing functionality for temporary operation shall
require a documented management of change (MOC) procedure including review by technically
competent personnel and approval by authorized personnel (see 19.4).

Mét hé théng diéu khién ghi d& bén ngoai (external override), tirc hé thdng dirng khan cép déc
lap v&i hé théng diéu khién ctia nha may, phai dwoc trang bi dé c6 thé dirng ngay lap tirc mot
phan hodc toan bd co s& nham bao vé nhan sy va gidm thiéu hau qua tiém an ctia mot sy cb
an toan van hanh nghiém trong. Hé thdng ghi d& bén ngoai phai yéu cau reset thi céng bang
mot phuong thirc riéng biét va an toan nham tranh khéi dong lai ngoai y muén. B4t ky hé
théng ghi dé bén ngoai nao ciing phai dwgc nhan dién ré rang va nhan sy van hanh phai duwoc
théng bao vé vi tri ciia chung.

An external override (a plant emergency shutdown that is independent of the plant control system) shall
be provided to immediately shut down part or all of a facility to safeguard personnel and mitigate the
potential consequences of a major operational safety event. The external override shall require manual
reset by a separate and secure means to prevent unintentional restart. Any external override shall be
clearly identified and plant personnel made aware of its location.

Van diéu khién déi khi dwoc trang bi tay quay thao tac thi cong cé thé ghi d& co ciu chép
hanh cta van. Ché do thao tac thi céng nay c6 thé han ché hoat ddng binh thuwéng clia van va
ngan can van déng hodc mé hoan toan, khién van khong thé thwc hién chivc nang thiét ké cla
né. Hé qua nay can dwoc xem xét khi quyét dinh co 18p dat tay quay thd cong hay khéng, va
néu I&p dét thi phai xac dinh cach quan ly phu hop.

Control valves are sometimes fitted with a manual handwheel that can override the valve actuator. This
manual override can limit the normal operation of the valve and prevent it from fully closing or opening,
thus preventing the valve from performing its intended function. This consequence shall be considered
when deciding whether to install and if installed, how to manage a manual override.

Hé théng an toan van hanh / Operational safety systems

Hé thdng an toan van hanh phai duwgc cung cép va cé thé tach biét véi cac bo diéu khién can
thiét cho hoat déng nha may thuwong xuyén. Hé thdng an toan van hanh cho tirng co s& phai
duoc lap thanh tai liéu. Ching nén duoc bdo vé khdi sy thay déi ngau nhién bang cach st
dung mat kh4u, khéa chia ho&c cac phwong phap khéc.

Operational safety systems shall be provided and may be separate from controls necessary for routine
plant operation. The operational safety systems for each facility shall be documented. They should be
protected from accidental change by use of passwords, key locks, or other methods.

Hoat déng dung dan clia cac hé théng an toan van hanh dé phai dwoc xac minh:
The proper operation of such operational safety systems shall be verified:
e trong qua trinh chay thir va kh&i dong hé théng diéu khién ban dau;
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during initial control system commissioning and startup;

e sau khi bao tri dwoc thwe hién trén hé théng an toan van hanh;
after maintenance is performed on the operational safety system;

 theo cac khoang thoi gian dinh ky nhw dwoc quy dinh trong tai liéu hé théng an toan van
hanh; va
at periodic intervals as specified in the operational safety system documentation; and

e sau mot thdi gian ngrng hoat déng kéo dai nhw dwoc quy dinh trong tai liéu hé thdng an
toan van hanh.
after an extended outage as specified in the operational safety system documentation.

Viéc xac minh nén bao gém toan bd hé thdng tiv thiét bi phat hién dén phan t& cubi cung.
The verification should include the complete system from the detection device to the final element.

Viéc kiém tra d6 nén bao gdm kich hoat mé phdng céc thiét bi bdo vé dat tai hién trwdng bang
thiét bi do lwdng phat hién lién quan. Déi véi cac van |a mot phan cia hé thdng an toan van
hanh, khi cé thé, viéc ngat nén dwoc xac nhan bang cach kiém tra ro ri dwéi ap suét quy trinh
thay vi chi dwa vao chi bao trirc quan bén ngoai vé vj tri van.

Such testing should include simulated activation of field located protective devices by the associated
detection instrumentation. For valves that are part of operational safety systems, when possible, shutoff
should be confirmed by leak testing against process pressure rather than relying solely upon external
visual indication of valve position.

Viéc stra d6i bat ky hé thong an toan van hanh nao, bao gdm ca viéc bd qua chtrc nang dé van
hanh tam thoi, phai yéu cau mot quy trinh MOC dworc lap thanh tai liéu, bao gbm viéc xem xét
b&i nhan sw cé nang lwc ky thuat va phé duyét b&i nhan sy dwoc Gy quyen (xem 19.4).
Modification of any operational safety system including bypassing functionality for temporary operation
shall require a documented MOC procedure including review by technically competent personnel and
approval by authorized personnel (see 19.4).

Mét chirc nang ghi d& bén ngoai doc lap véi hé thdng diéu khién nha may nén dwoc cung cap
dé dirng ngay lap tirc cac thiét bj dwoc chon nhdm béo vé nhan sw va giam thiéu hau qua tiém
tang ctia mot sy kién an toan. Chirc nang ghi d& bén ngoai nén yéu cau dat lai tha cdng bang
mot phwong tién riéng biét va an toan dé ngan chén viéc khéi dong lai ngoai y mubn. Bat ky
chirc nang ghi de bén ngoai nao ciing phai dwgc xac dinh rd rang va nhan sy nha may phai
dwoc thdng bao vé vi tri ctia né.

An external override independent of the plant control system should be provided to immediately shut
down selected equipment to safeguard personnel and mitigate the potential consequences of a safety
event. The external override should require manual reset by a separate and secure means to prevent
unintentional restart. Any external override shall be clearly identified and plant personnel made aware of
its location.

Nén xem xét viéc thiét ké cac hé théng an toan van hanh theo nguyén téc an toan khi héng héc
(failsafe) dé sy cb cla bat ky thanh phan quan trong nao ciing dan dén viéc dirng va co lap hé
théng theo mét cach thire dwoc xac dinh trudec.

Consideration should be given to making operational safety systems failsafe so the failure of any critical
component results in the shut down and isolation of the system in a predetermined manner.

Hé théng diéu khién van hanh théng thwéng ctia nha may / Routine plant operation control
systems

Heé théng diéu khién van hanh nha may thwdng xuyén phai dwoc cung cap. Cac thuc hanh kj
thuat va thiét ké tot phai dwoc tich hop vao cac bd diéu khién mac du cac thanh phan dw
phong ho&c hoat ddng an toan khi hdng hdc thuweng khéng bat budc.

Routine plant operation control systems shall be provided. Good engineering and design practices shall
be incorporated into the controls although redundant components or failsafe operations are usually not
required.

Hoat déng clia cac bd diéu khién van hanh nha may thwdng xuyén nén dwoc xac minh:
The operation of routine plant operational controls should be verified:
e trong qua trinh chay th(r va khéi dong hé théng diéu khién ban dau;
during initial control system commissioning and startup;
e sau khi bao tri dwoc thwe hién trén hé théng; va
after maintenance is performed on the system; and
o theo cac khodng th&i gian dinh ky.
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at periodic intervals.

Viéc stra dbi chirc nang cla bd diéu khién van hanh nha may phai yéu cdu mét quy trinh MOC
duwoc lap thanh tai liéu, bao gdm viéc xem xét bdi nhan sy ¢6 nang luc ky thuat va phé duyét
b&i nhan sw dwoc Gy quyén (xem 19.4). Viéc thay dbi diém d&t hodc hang sé diéu chinh khong
yéu cau xem xét bang van ban.

Modification of the function of a plant operational control shall require a documented MOC procedure
including review by technically competent personnel and approval by authorized personnel (see 19.4). Set
point or tuning constant changes do not require documented review.

Van hanh khéng giam sat hoac giam sat mot phan / Unattended or partially attended
operation

Heé thdng diéu khién nha may dwa trén may tinh cho phép cac nha may phan tach khi siéu lanh
van hanh an toan ma khéng can nguoi tréng coi hodc véi nhan sy tdi thidu. Van hanh khéng
ngudi trdng coi hodc coé it ngwdi trong coi dat ra cac yéu cau bd sung dbi voi hé thdng diéu
khién dé giam séat va phan (rng véi cac diéu kién ma khong can thiét tai mot co s& cé day du
nhan sw. Cac phan &ng déi véi cac diéu kién quy trinh cé thé dwoc x& ly khong chinh thire tai
mot co s& cd day di nhan sy phai dwoc thiét ké cu thé vao cac bd diéu khién cho co s& khong
ngwoi tréng coi hodc co it ngudi tréng coi.

Computer-based plant control systems allow cryogenic air separation plants to safely operate either
unattended or with minimal staffing. Unattended or minimally staffed operation puts additional demands
on the control system to monitor and react to conditions that are not necessary at a fully attended facility.
Responses to process conditions that can be informally handled at a fully attended facility shall be
specifically designed into the controls for an unattended or minimally staffed facility.

Hé théng thiét bi do lwong phai dwoc thiét ké dé dirng an toan va bdo vé quy trinh va thlet bi
nha may ma khoéng can bt ky sw can thiép thi céng nao trong truéng hop xay ra sy cd quy
trinh hoac dirng hoat ddng ngoai ké hoach.

The instrumented system shall be designed to safely shut down and secure the process and plant
equipment without any manual intervention in the event of an unplanned process upset or shutdown.

Cac co s& khong nguoi trong coi cdé mirc dé ty dong hoa cao, dac biét la viéc ty dong khoi
dong thiét bi. Phai dac biét xem xét viéc ngan nglra thwong tich ca nhan khi co s& cé nguoi
tréng coi. Cling phai xem xét nhirng diéu kién ndo ngan chan viéc tw dong khdi dong lai thiét
bi.

Unattended facilities have a high degree of automation, particularly automatic starting of equipment.
Special consideration shall be given to preventing personnel injury when the facility is attended.
Consideration shall also be given to what conditions prevent the automatic restart of equipment.

Nén xem xét viéc giam sat bé sung tinh trang quy trinh va thiét bi. Viéc giam sat tir xa cac bién
quy trinh dwoc chon va/hodc trang thai hoac diéu kién thiét bj cling nén dwoc xem xét.
Consideration should be given to additional process and equipment condition monitoring. Remote
monitoring of selected process variables and/or equipment status or conditions also should be
considered.

Mét hé théng théng bao khan cap phai dwoc cung cp dé thong bao cho nhan sy ngoai hién
trworng khi c6 sw kién bat thwong (vi du: mie rat cao trong bdn tén chira).

An emergency notification system shall be provided to notify off-site personnel when there is an abnormal
event (for example, high high level in a storage tank).

Khi chi c6 mét nguoi & nha may, mot hé théng thong bao phai dwoc cung cdp dé canh béo
nhan sy dwoc chi dinh néu coé tinh huéng khan clp vé an toan ca nhan (vi du: nguoi bi
nga/mét kha nang).

When only one person is at a plant, a notification system shall be provided to alert designated personnel if
there is a personnel safety emergency (for example, man down).

D& biét thém thong tin vé cac nha may khéng ngudi trong coi, xem AIGA 028 [52].
For further information on unmanned plants, see AIGA 028 [52].

Van hanh ttr xa / Remote operation

Twong tw nhw van hanh khéng nguwdi trong coi, hé thdng diéu khién dwa trén may tinh cho
phép van hanh cac co s& mét cach an toan tir xa. Van hanh tir xa cho thdy nhan sy & xa co
s& c6 thé khdi dong va/hodc dirng thiét bi hodc thay ddi cac diém diéu khién quy trinh théng
qua cac lién két truyén théng. Co s& van hanh ti xa cé thé co nguwdi tréng coi, khdng nguoi
trdbng coi hoac co it nguwdi trong coi.
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As with unattended operation, computer-based control systems allow the safe operation of facilities
remotely. Remote operation indicates that personnel located away from the facility can start and/or stop
equipment or change process control points through communication links. The remotely operated facility
may be attended, unattended, or partially attended.

B&o vé an ninh dé& ngan chan truy cap va van hanh trai phép hé théng diéu khién phai dwoc
cung cép théng qua cac giao thirc bdo mat mat khau va phan mém dé dadm bao réng chi nhan
sy dwoc Oy quyén méi co thé thue hién thay ddi.

Security protection to prevent unauthorized access and operation of the control system shall be provided
through password and software security protocols to ensure that only authorized personnel can make
changes.

Nén xem xét cac loai thay déi dwoc phép thwc hién béi nhan sw & xa, bao gdm céac diéu kién
ngan chén viéc khdi dong lai tr xa. Nén xem xét hoat ddng cla hé théng diéu khién néu mat
lién lac trong khi dang thiwc hién thay déi.

Consideration should be given to the types of changes allowed by remotely located personnel including
conditions that prevent a remote restart. Consideration should be given to control system operation if
communications are lost while changes are being made.

Vi céc thay dbi vé thiét bi hodc quy trinh cé thé dwoc thuwc hién tir xa, phai dac biét xem xét
viéc ngan ngtra thwong tich ca nhan khi co s& c6 ngudi trong coi. Cac quy trinh phai dugc
cung cap dé thiét lap diéu khién cuc b6 hoan toan khi co s& c6 ngwoi trong coi. Twong tw, cac
quy trinh dwoc yéu cau dé thiét lap lai didu khién tlr xa khi nhan sy roi khdi co sé.

Since equipment or process changes can be made remotely, special consideration shall be given to
preventing personnel injury when the facility is attended. Procedures shall be provided to establish full
local control when the facility is attended. Likewise, procedures are required to re-establish remote control
when personnel leave the facility.

Dé biét thém thong tin v& cac nha may khong ngudi trong coi, xem AIGA 028 [52].
For further information on unmanned plants, see AIGA 028 [52].

Cac lwu y bé sung ddéi véi hé thédng diéu khién dwa trén may tinh / Additional
considerations for computer-based control systems

Bién dong va mét dién co thé 1am héng hé thdng diéu khién dwa trén may tinh. D& giam thiéu
tac dong cla cac diéu kién nay dbi véi hé thdng didu khién, nén s dung thiét bj diéu hoa
ngudn dién, bd diéu chinh dién ap, nbi dat hé thdng va bd ngudn lién tuc phu hop. Phan cing,
phan mém hé théng va thiét bi do lwdng tai hién trwong phai dwoc thiét ké dé tinh dén viéc
mét dién va ddm bao dirng va c6 |ap nha may an toan.

Power fluctuations and outages can damage computer-based control systems. To minimize the impact of
these conditions on the control system, proper power conditioning equipment, voltage regulators, system
grounding, and uninterruptible power supplies should be used. The system hardware, software, and field
instruments shall be designed to account for power loss and ensure safe plant shutdown and isolation.

Véi hé thdng diéu khién dwa trén may tinh, viéc ghi nhat ky tw dong cac thay dbi diém dat, xac
nhan bao ddng, va dirng va khéi dong thiét bj nén dwoc tao va lwu git.

With a computer-based control system, automatic logging of set point changes, alarm acknowledgement,
and equipment shutdowns and startups should be created and retained.

Hé thdng dwa trén may tinh dé& gap sw c¢b do 16i nguyén nhan chung. Dé gidm thiéu nhirng anh
hwédng nay, nén xem xét:
Computer-based systems are prone to problems from common cause failures. To minimize these effects,
consideration should be given to:
e nhém tin hiéu diu vao va dau ra;
grouping input and output signals;
e cac don vi giao dién van hanh dy phong; va
redundant operator interface units; and
o maét lién lac gitra cac thanh phan.
loss of communication between components.

Hé thdng diéu khién dwa trén may tinh nén xac minh cac dau vao cé tac dong dang ké dén
hoat dong cta hé théng, vi du:
The computer-based control system should verify inputs that significantly impact system operation, for
example:
e XOa tap tin;
deleting files;
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kh&i dong may moc;
starting machines;

o dau vao sb ndm ngoai pham vi; va
out of range numerical input; and

e gi¢i han téc do thay ddi diém dat.
limiting rate of change of set points.

Diéu nay thwong yéu cdu moét dau vao th hai d& xac nhan hanh dong dwoc yéu cau. Mot
phién ban dy phong cla chwong trinh hé théng diéu khién hién tai nén dwoc duy tri tai chd va
ngoai hién trwdng.

This typically requires a second input to confirm the requested action. A back-up version of the current
control system program should be maintained on-site and off-site.

Cac lwu y bd sung déi véi hé théng an toan khi xay ra 16i / Additional considerations for
failsafe systems

Trong mét hé théng an toan chdéng 16i, sw c6 clia mét bo phan quan trong sé dan dén viéc
ngtrng hoat dong co kiém soat va co lap hé thong theo mot phwong thire da dwoc dy doan va
an toan. Cac hé th{)ng c6 thé dwoc thiét ké an toan chéng 16i hodc thong qua moét s sira
ddi/bién phap bao gém:
In a failsafe system, failure of a critical component results in a controlled shutdown and isolation of the
system in a predicted and safe fashion. Systems can be rendered failsafe by design or through a number
of modifications/measures including:
« thiét bi/mach giam sat (watchdog);

watchdog devices/circuits;
« lwa chon ché d6 16i ctia bo truyén dong (16i mé/16i déng);

choice of actuator failure mode (fail open/fail close);
e chan doan bén trong/bén ngoai; va

internal/external diagnostics; and
 str dung quy wéc tin hiéu cap dién dé chay/ngéat dién dé ngat.

use of energize-to-run/de-energize-to-trip signal convention.

Hé théng canh bao / Alarm system

Hé théng diéu khién phai bao gdm mét hé thdng canh bao dé théng bao cho ngwdi van hanh
vé cac diéu kién van hanh bat thwong cla nha may can dwoc danh gia hoac hanh déng kip
thoi. Hé thdng canh bao phai duoc thiét ké co tinh dén kha nang phan (rng hiéu qua cua con
ngwdi dbi v&i cac cdnh bao. Cac hé théng canh bao dwoc thiét ké kém cé thé can tré thay vi
giip d& ngwoi van hanh va cé thé dan dén viéc khong xac dinh dwoc nhu ciu hanh déng,
hodc khéng chon dwoc mét hanh dong hiéu qua, dac biét trong cac diéu kién khan cép.

Control systems shall include an alarm system to inform the operator of abnormal plant conditions
requiring timely assessment or action. The alarm system shall be designed taking into consideration the
human capacity to respond effectively to alarms. Poorly designed alarm systems can hinder rather than
help the operator and can result in failure to identify a need to act, or failure to select an effective course
of action especially in emergency conditions.

Hé théng canh bao nén:
Alarm systems should:
 canh bdo, théng bao va huwéng dan;
alert, inform, and guide;
¢ hiru ich va phu hop v&i nguwdi van hanh;
be useful and relevant to the operator;
e cho phép ngudi van hanh co du thoi gian dé thwc hién mot phan (rng da dwoc xac dinh; va
allow adequate time for the operator to carry out a defined response; and
o duwoc thiét ké ré rang dé tinh dén nhirng han ché ctia con nguoi.
be explicitly designed to take into account human limitation.

Théng tin thém vé hé théng canh bao c6 s&n trong EEMUA 191, Alarm Systems - A Guide to
Design, Management and Procurement va EIGA Info HF 08, Task Alarm Management [76, 77].
Further information on alarm systems is available in EEMUA 191, Alarm Systems - A Guide to Design,
Management and Procurement and EIGA Info HF 08, Task Alarm Management [76, 77].
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Mét chirc nang phu clia hé théng canh bao cé thé I1a cung cip nhat ky canh bao, c6 thé duwoc
st dung dé t6i wu héa hoat dong clia nha may, dé phan tich sy cb va dé cai thién hiéu suét
cta chinh hé théng canh bao.

A secondary function of the alarm system can be to provide an alarm log, which can be used for
optimizing plant operation, for analysis of incidents, and for improving the performance of the alarm
system itself.

Hé thdng canh bao nén dwoc thiét ké dé giam thiéu cac thong bao canh bao phién toai.
Alarm systems should be designed to minimize nuisance alarm notifications.

13.9.1. Uu tién héa canh bao / Alarm prioritization

- Hé théng nén dwoc thiét ké dé wu tién cac canh bao theo:

The system should be designed to prioritize alarms according to:

e murc d6 nghiém trong ctia hau qua v& mét an toan (phong ngira hodc giam thiéu sw
cb), méi trwdng va kinh té (hw héng thiét bi, mat san xuat, gidm hiéu suat); va
severity of the consequences in terms of safety (prevention or mitigation of incidents),
environment and economic (equipment damage, loss of production, reduced efficiency); and

« thoi gian c6 sdn so véi thoi gian can thiét dé thwe hién hanh dong khac phuc va dat
dwoc hiéu qua mong mudn.
time available compared with the time required for the corrective action to be performed and
to have the desired effect.

- Céc canh bao thwdng dwoc phan loai la wu tién cao, trung binh hodc thap.
Alarms are typically categorized as high, medium, or low priority.
13.9.1.1. Canh béo wu tién cao / High priority alarm
- Bat ky diéu kién bat thwong nao ma ngwoi van hanh nha may phai giai

quyét ngay lap tirc dé cac quy trinh tng pho khan cap cé thé dwoc khdi
dong. Canh bao/ngét wu tién cao bao gom tt ca cac hé théng an toan quan
trong da dwoc xac dinh, va co thé bao gdm cac van dé an toan quan trong
khac nhw canh bao nhan vién gap nan (man down), canh bao chay, v.v.
Any abnormal condition that the plant operator shall immediately address so
emergency response procedures can be initiated. High priority alarms/trips include

all defined critical safety systems, and may include other significant safety issues
such as man down alarms, fire alarms, eftc.

- Céan xem xét viéc cung cap théng bao lai dinh ky déi véi cac canh bao wu
tién cao cho dén khi diéu kién canh bao duoc xoa.
Consideration should be given to providing periodic renotification of high priority
alarms until the alarm condition has been cleared.

13.9.1.2. Canh bao wu tién trung binh / Medium priority alarm

- Bét ky diéu kién bat thwong nao can dwoc gidi quyét dé duy tri hoac khoi
phuc san xuat clia co s&. Canh bao/ngat wu tién trung binh bao gom tat ca
cac hé thdng an toan van hanh da duwgc xac dinh.

Any abnormal condition that should be addressed to maintain or restore facility
production. Medium priority alarms/trips include all defined operational safety
systems.

13.9.1.3. Cénh bao wu tién thap / Low priority alarm

- Bét ky diéu kién bat thwong nao khéng dwoc phan loai 1a cao hoac trung
binh nhwng yéu cau théng bao cho ngudi van hanh.
Any abnormal condition not classified as high or medium that requires operator
notification.

Cac lwu y vé quy dinh / Regulatory considerations

Khi san xuét oxy USP va nito NF, cac hé théng kiém soat va dam béo chét lwgng cla nha may
theo yéu cau cta Cuc Quan ly Thwc phdm va Duwoc phdm Hoa Ky dwoc mo ta trong CGA P-
8.2, Guideline for Validation of Air Separation Unit and Cargo Transport Unit Filling for Medical
Oxygen and Medical Nitrogen [78].
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When oxygen USP and nitrogen NF are produced, the plant controls and quality assurance systems
required by the U.S. Food and Drug Administration are described in CGA P-8.2, Guideline for Validation
of Air Separation Unit and Cargo Transport Unit Filling for Medical Oxygen and Medical Nitrogen [78].

14. Thiét bj thao tac san pham / Product handling equipment

Céc méi nguy lién quan dén thiét bj thao tac san pham phu thugc vao tinh chét ciia san pham va cac
dieu kién ma chidng dwgc thao tac. Moi hé thong phai phu hgp v&i nhiét do, ap suat va chat 1édng lién

quan.

The hazards associated with product handling equipment depend on the properties of the products and the
conditions under which they are handled. Each system shall be suitable for the temperatures, pressures, and
fluids involved.

14.1. Ton chira ldng / Liquid storage

Do nhiét d6 rat thp cltia dich vu nay, bdn siéu lanh doi héi cac kj thuat thiét ké va cach nhiét
d&c biét. Cac hé théng nay phai dwoc thiét ké va ché tao chi bdi cac nha san xuét cé kién thirc
vé cdng nghé nay, cac quy chuan ap dung va kinh nghiém ctia nganh d& dam bao an toan va
tinh toan ven ctia chung. Xem AIGA 031, Bulk Liquid Oxygen, Nitrogen, and Argon Storage
Systems at Production Sites, va API Standard 620, Design and Construction of Large, Welded,
Low-pressure Storage Tanks [79, 80].

Because of the very low temperature of this service, cryogenic tanks require special design and insulation
techniques. These systems shall be designed and fabricated only by manufacturers knowledgeable in this
technology, the applicable codes, and the industry’s experience to ensure their safety and integrity. See
AIGA 031, Bulk Liquid Oxygen, Nitrogen, and Argon Storage Systems at Production Sites, and API
Standard 620, Design and Construction of Large, Welded, Low-pressure Storage Tanks [79, 80].

Bdn siéu lanh phai dwoc ché tao véi bdn trong lam bang vat liéu phu hop véi nhiét do siéu
lanh. Bdn ngoai nén duoc ché tao bang thép carbon, véi cac 16 xuyén dweng 6ng phu hop cho
dich vu siéu lanh. Khéng gian vanh khuyén gitra hai bén nay dwoc l4p day bang vat liéu cach
nhiét dé gidm thiéu ro ri nhiét va sy bay hoi cGia chét 16ng siéu lanh.

Cryogenic tanks shall be constructed with the inner tank made of material suitable for cryogenic
temperatures. The outer tank should be constructed of carbon steel, with piping penetrations that are
suitable for cryogenic service. The annular space between these two vessels is filled with insulation to
minimize heat leak and boil off of the cryogenic fluid.

Hai loai bdn siéu lanh dwoc st dung phd bién nhét la:

The two types of cryogenic tanks used most are:

e B6n day phang hoéc hinh cau &p suét thap véi khong gian vanh khuyén dwoc 1ap day bang
vat liéu cach nhiét va théng thdi bang nito khd. Loai thiét ké bdn nay thwong dwoc st dung
cho céac bbn ton chira I6n, Iap dat tai hién trwdng trong dich vu cb dinh; va
Low pressure flat-bottomed tanks or spheres with the annular space filled with insulation and purged
with dry nitrogen. This type of tank design is generally used for large, field-erected storage tanks in
stationary service; and

e BON cach nhiét chan khéng véi bot/chan khéng hodc siéu cach nhiét/chan khéng trong
khéng gian vanh khuyén. Loai thiét ké bén nay thudng dwoc ché tao tai xwdng va van hanh
& ap suét trung binh hoc cao.

Vacuum-insulated tanks with powder/vacuum or superinsulation/vacuum in the annular space. This
type of tank design is generally shop fabricated and operated at either medium or high pressures.

Cac méi nguy lién quan dén hoat déng ctia bdn tdn chira chat 16ng siéu lanh bao gém:

Hazards associated with the operation of cryogenic liquid storage vessels include:

e 10 ri chat 16ng siéu lanh bén trong khéng gian vanh khuyén;
cryogenic liquid leaks within the annular space;

e mét chan khong trong khéng gian vanh khuyén (chi &p dung cho bdn céach nhiét chan
khéng);
loss of vacuum in the annular space (vacuum-insulated tank only);

o mét khi théng thdi vao khéng gian vanh khuyén (chi &p dung cho bdn khéng cach nhiét chan
khoéng);
loss of purge gas to the annular space (nonvacuum-insulated tank only);

e lam day qua mrc bon trong;
overfilling the inner tank;

e qua ap bdn trong;
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14.2.

overpressurization of the inner tank;
¢ qua ap khéng gian vanh khuyén;
overpressurization of the annular space;
« tao chan khong trong bén trong;
creation of vacuum in the inner tank;
 tao chan khoéng trong khéng gian vanh khuyén (chi ap dung cho bdn khéng cach nhiét chan
khdéng);
creation of vacuum in the annular space (nonvacuum-insulated tank only);
e tran chat 16ng va hinh thanh dam may hoi; va
liquid spill and vapor cloud formation; and

e (rng suat co hoc do lam lanh nhanh.
mechanical stresses caused by rapid cooldown.

Cac mdi nguy nay va bién phap giam thiéu ching dwoc mé ta cho bén day phéng trong AIGA
031 [79]. Mac du AIGA 031 dwoc viét dé mod ta bon day phang, né ciing thwérng &p dung dwoc
cho bdn cach nhiét chan khéng [79]. Théng tin khac vé bdn cach nhiét chan khéng cé trong
CGA P-12, AIGA 075, Calculation Method for the Analysis and Prevention of Overpressure
During Refilling of Cryogenic Tanks with Rupture Disk(s), va AIGA 054, Prevention of
Excessive Pressure During Filling of Cryogenic Vessels [7, 81, 82].

These hazards and their mitigation are described for flat-bottomed tanks in AIGA 031 [79]. Although AIGA
031 was written to describe flat-bottomed tanks, it is generally applicable to vacuum-insulated tanks as
well [79]. Other information on vacuum-insulated tanks is contained in CGA P-12, AIGA 075, Calculation
Method for the Analysis and Prevention of Overpressure During Refilling of Cryogenic Tanks with Rupture
Disk(s), and AIGA 054, Prevention of Excessive Pressure During Filling of Cryogenic Vessels [7, 81, 82].

HAau hét cac nha may déu duoc trang bi co s& vat chat xép d& dé chuyén chét 16ng dén hoac
tr xe bdn hodc toa xe bdn dwéong sét. Xem CGA P-31 va CGA P-35, Guideline for Unloading
Tankers of Cryogenic Oxygen, Nitrogen, and Argon [17, 83].

Most plants are provided with loading and/or unloading facilities for transferring liquid to or from tankers or
railroad tank cars. See CGA P-31 and CGA P-35, Guideline for Unloading Tankers of Cryogenic Oxygen,
Nitrogen, and Argon [17, 83].

Phai thwc hién cac bién phap phong ngira d& ngédn ngira qua ap bdn van chuyén siéu lanh. Dé
bao vé chbéng qua ap, xem AIGA 054 [82].

Precautions shall be taken to prevent overpressurizing cryogenic transport vessels. For
overpressurization protection, see AIGA 054 [82].

Bon ton chira khi ap cao / High pressure gas storage vessels

Do &ng dung clia ching, cac bdén dwoc st dung dé tén chira khi ap suét cao phai chiu tng
suét chu ky. Chang phai dworc thiét ké, ché tao va kiém tra theo cac quy chuén ap dung.

Due to their application, vessels used for high pressure gas storage are subject to cyclic stresses. They
shall be designed, constructed, and inspected in accordance with applicable codes.

LUU Y—Khi dwoc dat trong méi trwdng &n mon, cac binh nay nén dwoc kiém tra thwdng
xuyén hon dé phat hién sy &n mon bén ngoai.

NOTE—When located in corrosive environments, these vessels should be inspected more frequently for
external corrosion.

Céc binh ton chira khi 4p suét cao déi khi dwoc di doi tir dia diém nay sang dia diém khac. Khi
didu nay xay ra, can phai diéu tra lich st thiét k& va van hanh d& dadm bao rang cac binh nay
phu hop véi ’ng dung mong muédn. Cac binh dwoc di doi phai dwoc kiém tra can than va lam
sach cho dich vy ap dung trwée khi dwa tré lai hoat dong.

High pressure gas storage vessels are sometimes relocated from one site to another. When this occurs,
the design and operating history should be investigated to ensure that the vessels are suitable for the
desired application. Relocated vessels should be carefully inspected and cleaned for the applicable
service before being placed back in operation.

Céc binh phai dwgc bdo vé bang PRD dé gidi han ap suat qua mirc do cac ngudn nhiét bén
ngoai theo quy dinh trong CGA S-1.3, Tiéu chuan Thiét bi Gidm Ap—Phan 3—Binh Tén Chra
Cb6 Binh cho Khi Nén [84].

Vessels should be protected by PRDs to limit overpressure due to external heat sources as specified in
CGA S§-1.3, Pressure Relief Device Standardsl” Part 3~ Stationary Storage Containers for Compressed
Gases [84].
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Khi chay tr khu viwc tdn chiva ap suat cao dén dwong dng ap suét thap co thé dan dén sw
gidm nhiét dd dang ké do gian n& Joule-Thomson. Phai can than dé dam bao rang dworng bng
phia ha lwu khéng dat dén nhiét do gay gion.

Gas flowing from high pressure storage to a low pressure pipeline can result in a significant temperature
drop due to Joule-Thomson expansion. Care shall be exercised to ensure that downstream piping does
not reach embrittlement temperature.

14.3. B0 hoa hovi ldng / Liquid vaporizers

- Céac mbi nguy sau day la dic trwng ctia bd hoa hoi 16ng:

The following hazards are specific to liquid vaporizers:

o Néu bd héa hoi bi chén lai trong khi van chiva chét 1dng va dau vao nhiét dwoc duy tri, sy
téng ap suat dang ké va nhanh chéng cé thé xay ra. Phai I&p dat cac van gidm ap co kich
thwéc phu hop;

If the vaporizer is blocked in while containing liquid and the heat input is maintained, a significant and

rapid pressure increase can occur. Appropriately sized pressure relief valves shall be installed;

CANH BAO: Viéc ting dp suéat do chat Iong siéu lanh bj git lai c6 thé gay né dwong
6ng va lam héng thiét bi, dan dén thwong tich cho nhan vién. B4t ky phan nao cua
dwong 6ng hodc 6ng mém siéu lanh hodc lanh, noi chat 16ng siéu lanh cé thé bj git
lai, phai dwoe cung cap phwong tién giam dp theo CGA S-1.3 dé giam &p suét do chat
Iéng siéu lanh bi gilr lai [84].

WARNING: Overpressurization caused by trapped cryogenic liquid can rupture the piping and

damage the equipment, resulting in personnel injury. Any portion of cold or cryogenic piping

or hose where cryogenic liquid can be trapped shall be provided with a means for pressure

relief per CGA S-1.3 to relieve pressure caused by trapped cryogenic liquids [84].

o Khi dun s6i oxy, hydrocarbon cé thé tich tu. Sy tich tu c6 thé dwoc tranh bang thiét ké
dwong dng thich hop hodc lam Am dinh ky dén nhiét d6 moéi truong; va
When boiling oxygen, hydrocarbons can accumulate. Accumulation can be avoided by proper piping
design or periodic warming to ambient temperatures; and

o Néu ngudn nhiét ctia bd héa hoi bi mat hodc néu cong suét dong chay clta bd héa hoi bi
vuot qua, nhiét do dau ra ctia bd hoa hoi c6 thé trd nén rat lanh, c6 kha ndng lam hang thiét
bi va dwérng 6ng phia ha lwu. Dé gidm thiéu méi nguy, xem 16.8.
If the heat source of the vaporizer is lost or if the vaporizer flow capacity is exceeded, the outlet

temperature of the vaporizer can become very cold, potentially damaging downstream equipment and
piping. For hazard abatement, see 16.8.

- CANH BAO: Sw gion héa thép carbon do nhiét d6 lanh c6 thé né dwong 6ng, dan dén
thwong tich ca nhan hodc hw héng thiét bj. Thiét ké hé théng va quy trinh van hanh phai
dam bao rang sw gion héa khéng thé xay ra.

WARNING: Carbon steel embrittlement by cold temperatures can rupture piping, resulting in
personnel injury or equipment damage. System design and operating procedures shall ensure that
embrittlement cannot occur.

- Dé biét thém thong tin lién quan dén sy gion héa, xem AIGA 027 [73].
For additional information regarding embrittlement, see AIGA 027 [73].

15. Hé théng lam mat / Cooling systems

Cac nha may phan tach khi cé hé théng lam mat giup loai bé nhiét ttr khi cong nghé va thiét bi. Hé
thdng lam mat dién hinh bao gém c4u trac thap va bé chra, may bom dé tudn hoan nwéc, va quat dé
lam mat nwéc. Cac hé thdng lam mat c6 thé |a hé théng hé (tiép xuc véi khi quyén) hodc hé théng
vong kin tuy thudc vao vi tri clia co s& va tinh sé&n cé ciing nhw thanh phan héa hoc cta nwédc. Hé
thdng hé str dung sw bay hoi dé lam mat nwéc. Hé thdng vong kin thwéng st dung hén hop nuwéc va
glycol, dwoc 1am mat trong bo trao ddi nhiét lam mat béng khong khi.

Air separation plants have cooling systems that remove heat from process gases and equipment. The typical
cooling system is comprised of a tower structure and a catch basin, pumps to circulate the water, and fans to
cool the water. The cooling systems can be open to the atmosphere or closed loop systems depending on the
location of the facility and the availability and chemistry of water. Open systems use evaporation to cool the
water. Closed loop systems normally use a water and glycol mixture, which is cooled in an air-cooled heat
exchanger.

M6t s6 thap dwoc ché tao tir kim loai hodc nhya, co thiét ké dang mé-dun dong goi, va duoc van
chuyén dwéi dang lap rap san. Cac thap khac thwong dwoc xay dwng tai cong trwong nha may twr go
va/hoac bé téng. Khu vire bén trong cta thap lam mat bao gom vat liéu nap, gia d& cho vat liéu nap,
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16.

va hé thdng phan phdi nwdc. Nwédc [am mat thwong dwoc xtr ly héa hoc dé& ngén ngra déng cin
ho&c bam béan thiét bi, diéu nay c6 thé anh hwdng I&n dén hiéu suat cong nghé.

Some towers are manufactured from metal or plastic, have a packaged cell design, and are shipped pre-
fabricated. Other towers are typically constructed on the plant site from wood and/or concrete. The internal area
of the cooling tower is comprised of fill, support for the fill, and a water distribution system. The cooling water is
normally chemically treated to prevent scaling or fouling of equipment, which can greatly influence the process
efficiency.

Céac mdi quan tam vé an toan dbi véi hé thdng thap lam mat bao gom:
Safety concerns with cooling tower systems include:
e |am viéc trén cao;
elevated work;
o kha nang tiép xtc v&i vi khudn, ndm méc va cac médi nguy sinh hoc khac bén trong thap;
potential exposure to bacteria, mold, and other biohazards inside of the towers;
 khong gian han ché;
confined spaces;
« thao tac héa chét xi ly;
treatment chemical handling;
e mbi nguy chay lién quan dén gb kho trén thap;
fire hazards associated with dry wood on towers;
 tiép xuc v&i thiét bi quay;
contact with rotating equipment;
e mét tinh toan ven co hoc (vi du: canh quat bj bung ra); va
loss of mechanical integrity (for example, fan blade liberation); and
o maét tinh toan ven két cdu (vi du: gb muc, kim loai gi).
loss of structural integrity (for example, wood decay, metal rust).

Céu truc phai dwoc kiém tra va bao tri dinh ky d& dam bao tinh toan ven co hoc va két ciu.
The structure should be periodically inspected and maintained to ensure mechanical and structural integrity.

Puwong 6ng nha may / Plant piping

16.1. Cac lwu y thiét ké chung cho dwong éng nha may / General design considerations for plant

piping
- Hé théng duwerng 6ng nha may phai phu hop véi nhiét do, ap suét va mirc dod sach cho céc chat

Idng lién quan. Thiét k& phai xem xét ASME B31.3, Buéong dng cdng nghé, cling nhw cac quy
tac va quy dinh quéc gia va dia phwong khac [85]. Can danh gia sw can thiét cia viéc bao vé
cathode ddi véi duwdng dng ngdm. Néu dwoc cung cap, hé théng bao vé cathode yéu ciu bao
tri dinh ky. Dé& biét thém théng tin, xem NACE SP0169, Kiém soat An mon Bén ngoai trén Hé
thédng Bueng 6ng Kim loai Ngam hoac Ngap nuwéc [86].
Plant piping systems shall be suitable for the temperatures, pressures, and cleanliness level for the fluids
involved. Design shall consider ASME B31.3, Process Piping, as well as other national and local codes
and ordinances [85]. The need for cathodic protection on underground piping should be evaluated. If
provided, cathodic protection systems require periodic maintenance. For more information, see NACE
SP0169, Control of External Corrosion on Underground or Submerged Metallic Piping Systems [86].

- Cac mébi nbi chuyen tiép nhom sang thep khong gi (AL/SS) chi nén duoc st dung trong cac Iap

dat dwong ong da dwoc thiét ké dé glam thiéu bién dang dwong 6ng. Thiét k& cta mébi ndi
chuyén tiép AL/SS nén tich hop du d6 bén dé lién két nhém véi thép khong gi khéng bi héng
trwdc khi cac mdi han 18p d&t ciia médi ndi chuyén tiép (AL/AL va SS/SS) bi héng.
Aluminum to stainless steel (AL/SS) transition joints should be used only in piping installations that have
been designed to minimize piping strain. The AL/SS transition joint’s designs should incorporate sufficient
strength so that the aluminum to stainless steel bond does not fail before the transition joint’s installation
welds (AL/AL and SS/SS) fail.

- Vat liéu ché tao phai twong thich véi dich vu dw dinh (xem 6.3).
Materials of construction shall be compatible with the intended service (see 6.3).

16.2. Lwu y thiét ké chung cho van mét chiéu / General design considerations for check valves

- Trong qua trinh thiét k& nha may, can xac dinh (cac) hau qua clia dong chay nguoc do hong
van mot chidu. Cac hau qua méi nguy tiém an cé thé bao gom nhwng khoéng gidi han & qua ap,
sai léch dd tinh khiét, ho&c sai Iéch nhiét d6. Néu hau qua cla sw cb gay ra méi nguy dang ké
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16.3.

16.4.

16.5.

va phan tich méi nguy st dung van mét chiéu dé cung cdp moét I6p bao vé, thi nén thuc hién
mdt chwong trinh toan ven co hoc. Chwong trinh ndy dam bao rang van mét chiéu duy tri kha
nang hoat dong ding cach ciia né. Chuong trinh cé thé bao gdm kiém tra va/hoéc thir nghiém
dinh ky. Viéc thao roi vat ly co thé dwoc yéu cau dé xac nhan tinh trang cac bo phan bén trong
van mot chiéu vé cac dau hiéu hao mon va/hoac cac hinh thirc xudng cap khac. Khoang thoi
gian kiém tra ,vé/hoéc thtr nghiém khac nhau tuy thudéc vao dich vy cia van mét chiéu va hau
qué cula sy cO.

During the plant design, the consequence(s) of reverse flow through a check valve failure should be
determined. Potential hazardous consequences can include but are not necessarily limited to
overpressurization, purity excursions, or temperature excursions. If the consequence of failure presents a
significant hazard and the hazard analysis uses the check valve to provide a layer of protection, then a
mechanical integrity program should be implemented. This program ensures that the check valve
maintains its capability to operate properly. The program may include periodic inspection and/or testing.
Physical disassembly may be required to validate check valve internal component condition for signs of
wear and/or other forms of degradation. The inspection and/or test interval varies depending upon the
check valve service and the consequences of failure.

Khép gidn n& | Expansion joints

M6t hoac nhiéu khép gidn né cé thé cé mét trong dwdng 6ng nha may. Céac quy trinh thao tac
va lap dat khop gién n& phai co san cho nhan vién nha may va béo tri. Chu ky tudi tho thiét ké
va cac yéu cau kiém tra déi v&i méi khép gian néd phai dwoc stv dung dé thuc hién chwong
trinh kiém tra va thay thé dwa trén thoi gian nham giam thiéu kha ndng héng khép nbi.

One or more expansion joints may be present in the plant piping. Procedures for handling and installing
expansion joints shall be available to plant and maintenance personnel. Design life cycle and inspection
requirements for each expansion joint shall be used to implement a time-based inspection and
replacement program to mitigate the possibility of joint failure.

Méi nguy ctia dworng 6ng oxy / Oxygen piping hazards

Co nhirng mbi nguy nhat dinh lién quan dén hé thong duwong dng oxy. D& biét thong tin vé cac
yéu cau thiét k& va van hanh d&c thu cta hé thdng dwong dng oxy, xem 6.3, 16.10.2, ASTM
G88 va AIGA 021 [32, 57].

There are certain hazards associated with an oxygen piping system. For information on the unique design
and operating requirements of an oxygen piping system, see 6.3, 16.10.2, ASTM G88, and AIGA 021 [32,
57].

Thiét bi giam ap / Pressure relief devices

16.5.1. Cdc lwu y chung dbi véi thiét bj giam ap / General considerations for pressure relief
devices

- Céac nha may ché bién hoa chét yéu cau PRD. Cac yéu cau dbi véi cac thiét bi nay

duwoc dé cap trong cac tai liéu khéc’nhu’ ASME PTC 25, T,hiét bi ‘Giém Ap; Tiéu chuan
API 520, Dinh c&, Lwa chon va Lap dat Thiét bj Gjém Ap, Phan I-Dinh c& va Lwa
cr]c_)n; Tiéu chuan API 520, Dinh c&, L}ya chon vg‘;\ Lap dét, Thiét bi Gidm Ap, Phan Il
Lap dat; va Tiéu chuan API 521, Hé thong Giam Ap va Xa Ap [87, 88, 89, 90].
Chemical processing plants require PRDs. Requirements for these devices are covered in other
documents such as ASME PTC 25, Pressure Relief Devices; API Standard 520, Sizing,
Selection, and Installation of Pressure- relieving Devices, Part |-Sizing and Selection; API
Standard 520, Sizing, Selection, and Installation of Pressure- relieving Devices, Part [I-
Installation; and API Standard 521, Pressure-relieving and Depressuring Systems [87, 88, 89,
90].

- Céc thwe hanh PRD tét bao gdm nhuwng khéng gi¢i han & nhirng diéu sau:

Good PRD practices include but are not limited to the following:
e xa khi ra xa khu virc lam viéc hodc thiét bj khac;
venting away from work areas or other equipment;
e cung cap gia d& thich hop dé chdng lai cac lwc phan trng khi thiét bj hoat dong;
providing appropriate support to counter the reactive forces when a device operates;
e dinh c& dwong 6ng dau vao va dau ra sao cho do sut ap khéng vwot qua gii han
quy chuén;
sizing inlet and outlet piping so that pressure drop does not exceed code limits;
o bao vé cac cdng xa khai thoi tiét;
protecting discharge ports from weather;
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e dam bao rang céac 16 xa trén nap van khéng bi han ché;
ensuring that bonnet vents are unrestricted;

o kiém tra dinh ky, k&m theo stra chiva va cai dat lai néu can; va
periodic testing, with repair and resetting if necessary; and

st dung khi kho, khéng dau, khéng khi ho&c nito dé thir nghiém.
using dry, oil-free, air or nitrogen for testing.

16.5.2. Cédc Iwu y thiét ké dbéi voi thiét bj giam dp suat (PRD) cua ASU / Design

considerations for ASU pressure relief devices

Can c6 moét PRD dwoc dinh ¢& phu hop dé ngan chan sy tang ap suét qua mac trong
céq binh cpu’a, thiét bi va du’g‘yng ‘éng. PRD nén duoc dinh,cc”y dwa trén k,ich ban t6i té
nhat co6 the xay ra. Hwdng dan ve viéc dinh c& PRD c6 thé dugc tim thay trong CGA
S-1.3 [84]. Cac nguyén nhan gay tang ap suat qua mrc bao gom:
A properly sized PRD is required to prevent overpressurization of vessels, equipment, and
piping. PRDs should be sized based on the worst credible scenario. Guidance on PRD sizing can
be found in CGA S-1.3 [84]. Causes of overpressurization include:
e mét I&p cach nhiét chan khoéng;
loss of vacuum insulation;
 cac didu kién gian doan quy trinh nhu;
process upset conditions such as;
o thiét bi chay qua téc do
overspeed of equipment
o héng van
valve failure
o 1o riquy trinh;
process leak;
e o ri nhiét méi trwong;
ambient heat leak;
e hda hoan bén ngoai;
external fire;
 lwong nhiét dau vao cao ddi véi thiét bi quy trinh va bod héa hoi bi chén;
high heat input to blocked-in process equipment and vaporizers;
e dwa khi &m vao thiét bj quy trinh lanh;
introduction of warm gas into cold process equipment;
o suw hoa hoi nhanh chéng clia chat 1dng siéu lanh khi dwoc dwa vao thiét bi 4m; hoac
rapid vaporization of cryogenic fluids when introduced into warm equipment; or
o chét 16ng siéu lanh bi ket gitra hai van.
trapping cryogenic fluids between two valves.

CANH BAO: Tang ép suéat qua mdc do I6ng siéu lanh bj ket ¢6 thé né dwong éng
va lam héng thiét bi, ddn dén thwong tich cho nhan vién. Bat ky phan nao cua
dwong éng hodc 6ng mém lanh hodc siéu lanh noi chét 16ng siéu lanh cé6 thé bj
ket phai dwoc trang bj phwong tién giam dp suat theo CGA S-1.3 dé giam dp suat
do Iéng siéu lanh bj ket [84].

WARNING: Overpressurization caused by trapped cryogenic liquid can rupture the piping
and damage the equipment, resulting in personnel injury. Any portion of cold or cryogenic
piping or hose where cryogenic liquid can be trapped shall be provided with a means for
pressure relief per CGA S-1.3 to relieve pressure caused by trapped cryogenic liquids

[84].

Phai str dung vat liéu twong thich cho cac hé théng chira oxy.
Compatible materials shall be used for systems containing oxygen.

Chét xa ctia PRD dbi v&i oxy va chét 1dng dé& chay phai dwoc dan ra ngoai troi dén mot
vi tri an toan. Déi véi cac hé théng trong khong gian kin, cac 16 x& chat 1&dng tro' phai
dwoc dan ra ngoai tréi dén mot vi tri an toan néu thé tich dwoc xa lam gidm ham lwong
oxy cla khong gian kin xuéng mirc mébi nguy.

Discharge of PRDs for oxygen and flammable fluids shall be piped outdoors to a safe location.
For systems in an enclosed space, inert fluid vents shall be piped outdoors to a safe location if
the vented volume lowers the oxygen content of the enclosed space to a hazardous level.
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16.6.

- Céc van gidm ap suat nén dwoc dat sao cho chat xa cla chidng khong thé va cham
vao nhan vién hoac thiét bi khac. Ching khéng nén xa vao cac khu vuc lam viéc hodc
van hanh thuwdng xuyén cé nhan vién nha may.

Pressure relief valves should be located so their discharge cannot impinge on personnel or other
equipment. They should not discharge into working or operating areas frequented by plant
personnel.

- Céac 16 xa phai dwoc thiét ké dé phan tan chét 1dng dwoc x& nham ngan chén sw hinh
thanh bau khéng khi giau oxy, thiéu oxy, dé& chay ho&c lanh, cé thé gay hai cho nhan
vién hodc |am héng thiét b.

Vents shall be designed to disperse the vented fluid to prevent the formation of an oxygen-
enriched, oxygen- deficient, flammable, or cold atmosphere, which could harm personnel or
damage equipment.

- Thiét ké cta PRD va dudng éng nén xem xét kha nang nhiét do siéu lanh phat sinh tw
hoat déng ctia PRD. Céc 16 xa phai dwoc huéng dan dé ngan chét 16ng hodc khi siéu
lanh va cham va lam n&rt dwdng 6ng hodc thiét bi thép carbon xung quanh.

The design of the PRD and piping should consider the possibility of cryogenic temperatures
resulting from PRD operation. Vents shall be directed to prevent cryogenic liquid or gas from
impinging on and cracking surrounding carbon steel piping or equipment.

- Tét ca cac PRD trong dich vu siéu lanh nén dwoc kiém tra dinh ky dé tim sw tich tu
bang. Bang tich tu nén dwoc loai bd kip thoi. Viéc khong lam nhw vay cé thé ngan
PRD hoat déng binh thuwdng.

All PRDs in cryogenic service should be inspected periodically for ice accumulation.
Accumulated ice should be removed promptly. Failure to do so can prevent the PRD from
operating properly.

Puwong ong siéu lanh / Cryogenic piping

Bat ky két n6i dwong 6ng nao gitka dwdng chét 16ng siéu lanh va mét phan t& dwong éng am
ma thwong khéng céd dong chay phai bao gom moét bay hoi dé tao ra mét phét khi, ngan chan
hién twgng sbi & dau chét va sy di chuyén lanh. Cac vi du dién hinh bao gom:
Any piping connection between a cryogenic liquid line and a warm piping element that is not normally
flowing shall include a vapor trap to produce a gas seal, which prevents dead end boiling and cold
migration. Typical examples include:
e van ra déng;

derime valves;
e 6ng xa chét 1dng;

liquid drains;
o thiét bj gidam ap suét;

pressure relief devices;
o duwdng cam bién thiét bi do;

instrumentation sensing lines;
¢ dau vao bo hoéa hoi va bom; va

vaporizer and pump inlets; and
e duwdng lay mau theo 16.

batch sample lines.

Phét khi tach chét 16ng siéu lanh khdi phan tir dwdng dng 4m. Buwdng 6ng két ndi véi duwdng
siéu lanh nén cé dd ddc thang dirng da dé tao ra phét khi. Doi véi cac két ndi dwong dng ndm
bén trong hop lanh (coldbox), cac vong 1ap duwong éng dwoc thiét ké dac biét cho phép tao ra
phét khi va ngan chat Idng tich tu trong dwdng dng phia ha lwu. Do dbc thdng dirng cé thé
nam & bét ky dau trong doan dwdng dng dé tao ra phot khi.

The gas seal separates cryogenic liquid from the warm piping element. The piping connected to the
cryogenic line should have sufficient vertical rise to generate a gas seal. For piping connections located
inside the coldbox, specially designed piping loops allow the production of a gas seal and prevent the
accumulation of liquid in the downstream piping. The vertical rise can be anywhere within the piping run to
produce the gas seal.

Bét ky dworng dng c6 dudng kinh Ién ndo trong hdp lanh cé diém thap déu nén c6 duong dng
xa.
Any large bore piping in the coldbox that has a low point should have a drain line.
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16.7.

16.8.

16.9.

Nhiéu bé phan cla quy trinh ASU khéng gép phai chat 16ng giau oxy trong qua trinh van hanh
binh thwdrng. Tuy nhién, chung cé thé tiép xdc véi oxy trong qua trinh gian doan quy trinh, khéi
déng va ngirng hoat dong. Viéc lam sach tat ca dwdng 6ng va thiét bi siéu lanh cho dich vu oxy
la théng & phd bién.

Many parts of the ASU process do not encounter oxygen-enriched fluids during normal operation.
However, they can be exposed to oxygen during process upsets, startup, and shutdown. It is common
practice to clean all cryogenic piping and equipment for oxygen service.

Pudng 6ng cé vé boc chan khong co thé gay ra cac méi nguy bd sung khi dwoc st dung trong
dich vu oxy, xem AIGA 106 dé biét thém thong tin [33].

Vacuum-jacketed piping can present additional hazards when used in oxygen service, see AIGA 106 for
more information [33].

Doan 6ng chét / Dead legs

Céc binh chira, bd héa hoi quy trinh, bom siéu lanh, éng x& hoac dwéng 6ng chira chét 16ng
giau oxy nén duwoc thiét ké khong cé doan dng chét. Poan 6ng chét cé thé dan dén hién tuong
s6i kho va tich tu hydrocarbon trong chat 1dng giau oxy con lai. Trong trwéng hop khéng thé
tranh dwoc doan 6ng chét bang thiét ké, nén cung cap mét hé thdng thong théi lién tuc hodc xa
dinh ky.

Vesse/g, process vaporizers, cryogenic pumps, drains, or piping containing oxygen-rich liquid should be
designed without dead legs. Dead legs can lead to dry boiling and hydrocarbon buildup in the remaining
oxygen-rich liquid. Where dead legs cannot be avoided by design, a continuous purge or periodic drain
should be provided.

Can lwu y rang van c6 kha nang tao ra cac doan 6ng chét trong qua trinh van hanh, do bao tri
hoac van hanh.

It should be noted that potential exists for the creation of dead legs in service, due to maintenance or
operation.

Duwong 6ng thép carbon / Carbon steel piping

DPudng 6ng thép carbon cé thé bi hw hdng do tiép xtc véi nhiét do thap (—29 °C) do sw ¢b nha
may hodc hdng hé théng bd héa hoi chét 1dng. Phai cung cdp mét hé thdng thiét bi do nhiét do
dé loai bé ngudn nhiét do thap, vi du, bang cach déng van cach ly hodc dirng bom (xem
12.12.3). Bwong éng tlr quy trinh dén van cach ly phai twong thich véi diéu kién siéu lanh.
Phai xem xét thoi gian phan hdi d& ngan cac diéu kién siéu lanh di vao dwdng éng thép carbon
phia ha lwu.

Carbon steel piping can be damaged by exposure to low temperature (—20 °F [-29 °C]) resulting from a
plant upset or a liquid vaporizer system failure. A temperature instrumented system shall be provided to
remove the low temperature source, for example, by closing isolation valves or stopping pumps (see
12.12.3). Piping from the process up to the isolation valve shall be cryogenically compatible. Response
time shall be considered to prevent the cryogenic conditions entering the downstream carbon steel piping.

CANH BAO: Sw gion héa thép carbon do nhiét dé lanh c6 thé né dwong 6ng, dan dén
thwong tich cho nhan vién hodc hw héng thiét bj. Thiét ké hé thong va quy trinh vén
hanh phai dam bao rang sw gion héa khéng thé xay ra.

WARNING: Carbon steel embrittlement by cold temperatures can rupture piping, resulting in
personnel injury or equipment damage. System design and operating procedures shall ensure that
embrittlement cannot occur.

D& biét thém thong tin vé& sw gion hoa, xem AIGA 027 [73].
For additional information regarding embrittlement, see AIGA 027 [73].

Xa khi / Venting

Bé tri nha may phai ddm bao rdng ham lwong oxy trong khi quyén binh thuéng ton tai & tat ca
cac khu vire thuwong xuyén c6 nhan vién trong khi ho thire hién cac hoat dong van hanh va bao
tri. E)leu nay dwoc thwe hién bang cach xa cac duwdng 6ng xa ra cac vi tri bén ngoai. Khi cac 16
x& nam bén ngoai, phai tranh tao ra bau khéng khi giau oxy hoac thiéu oxy & nhirng khu vuc
c6 thé cé nhan vién. Ngoai ra, thiét bi van hanh khéng nén tiép xdc véi bau khodng khi giau oxy
Vi né c6 thé co cac bd phan dwoc béi tron béng dau.

The plant layout shall ensure that a normal atmospheric oxygen content exists in all areas frequented by
personnel while they are performing operational and maintenance activities. This is accomplished by
discharging vent lines to outside locations. When vents are outside, the creation of oxygen-enriched or
oxygen-deficient atmospheres in areas where personnel can be present shall be avoided. Additionally,
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operating equipment should not be exposed to oxygen-enriched atmospheres since it can have oil-
lubricated parts.

- CANH BAO: Céc ludng khi giau hodc thiéu oxy cé thé di chuyén nhirng khoang céch
ddng ké tir nguén xa. Khoang cdch nay cé thé Ién hon déi véi cdc nha mdy tach khi rat
Ién. Céan dic biét than trong dbi véi cdc co s& Ién va/hodc déi véi cdc cor s& ¢6 nhiéu
ASU.

WARNING: Oxygen-enriched or -deficient plumes can travel significant distances from the vent
source. This distance can be greater for very large air separation plants. Special caution is needed
for large facilities and/or for facilities with multiple ASUs.

- Phong diéu khién va cac khong gian kin khac dwoc nhan vién van hanh s dung co méi nguy
tiem an ve bau khong khi khéng an toan do ro ri, di chuyén khi hoac xa khi khéng dung cach.
MaGi nguy nay cé thé dwoc gidm thieu bang mot hoac nhiéu bién phap sau:

Control rooms and other enclosed spaces used by operating personnel have the potential hazard of
unsafe atmospheres due to leaks, gas migration, or improper venting. This hazard can be mitigated by
one or more of the following:
o thdng théi mau thiét bj hodc phan tich dwoc xa ra bén ngoai phong diéu khién;

instrument or analysis sample purges vented outside the control room;
e may phan tich do tinh khiét khi quyén; hodc

atmospheric purity analyzers; or
« thdng gié bao gdbm théng gié cwdng birc Ivu lwong cao.

ventilation including high-flow forced ventilation.

- Chubdng bao dong cé thé dwoc sir dung dé cung cép théng bao néu hé théng théng gid bi 16
hodc dé canh bao vé thanh phan khi quyén khéng an toan.
Alarms can be used to provide notification if the ventilation system fails or to warn of unsafe atmospheric
composition.

16.10. Phan phdi san pham / Product delivery
16.10.1.Tram giam dp suat / Pressure reducing station

- Tram giam &ap suat dwoc sir dung bat cl khi nao ap suét cung cép khi Ién hon ap suét

st dung. Mét s van diéu chinh ap suét lay khi diéu khién tr san phdm dang dwoc
diéu chinh. Néu khi d6 la oxy, tat ca cac vat liéu tiép xic véi oxy, bao gdbm ca nhirng
vat liéu trong co ché diéu khién, phai twong thich v&i oxy. Néu khéng, khi tro hodc
khong khi phai dwoc st dung lam khi diéu khién.
A pressure reducing station is used whenever the gas supply pressure is greater than the use
pressure. Some pressure-regulating valves obtain their control gas from the product being
regulated. If the gas is oxygen, all materials in contact with oxygen including those in the control
mechanism shall be oxygen compatible. Otherwise, inert gas or air shall be used as the control
gas.

16.10.2.C6 1ap Iwu lwong oxy dw thira / Excess oxygen flow isolation

- Céc van ¢ lap lvu lwong oxy nén dwoc |ap dat trén cac hé théng cung cap oxy. Néu

diém s dung khéng ndm dwéi sw kiém soat truc tiép clia ngwdi van hanh nha may khi
hoac noi ma, do hé théng cung cép dai hoac mé rong, co nguy co bi né hoac hw hong
tr cac nguon bén ngoai nhw stra chiva dwéng, dao bai, thiét b hang nang, v.v., thi cac
van ngat tw ddng nén duwoc Iap dat ngay phia ha lwu cGa ngudn cung cép cudi cung.
Van ngat nay nén duwoc thiét k& d& déng trong diéu kién lvu lwong duw thira hoac ap
suat thap co thé xay ra do hdng héc I&n clia hé thdng cung cép.
Oxygen flow isolation valves should be installed on oxygen delivery systems. If the use point is
not under the direct control of the air plant operators or where, due to a long or extensive delivery
system, there is exposure to rupture or damage from outside sources such as road repair,
excavation, heavy equipment, etc., automatic shutoff valves should be installed immediately
downstream of the last source of supply. This shutoff valve should be designed to close under
either excess flow or low pressure conditions that could occur from a major failure of the delivery
system.

16.11.Phat hién va tng pho ro ri trong dworng 6ng/bdé phan cua nha may / Leak detection and
response in plant piping/components

- Roricé thé dwoc xac dinh bdi ngudi van hanh trong qua trinh kiém tra dinh ky, bang thiét bi
giam sat c6 dinh, hodc bang cac phuong tién khac. Sau do, ro ri phdi dwoc danh gia rui ro va
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xac dinh bién phap (rng pho. Muc tiéu chinh cla viéc danh gia rdi ro la xac dinh xem ro ri cé
yéu cau nglrng hoat dong dé stra chira hay khodng, hay liéu mét thiét bi stra chiva tam thdi nhw
kep co khi hodc vd boc cé thé dwoc st dung dé gidm thiéu viéc méat kiém soat cho dén co hoi
slra chiva tiép theo. Bat ky stra chira tam thoi nao dbi véi dwdrng 6ng hodc bd phan oxy phai
xem xét tinh twong thich oxy clia cac vat liéu dwoc st dung trong phwong phap stra chiva tam
thoi.

@s can be identified by an operator on rounds, by a fixed monitor, or by other means. Subsequently,
the leak shall be risk assessed and a response determined. A primary objective of the risk assessment is
to determine if the leak requires a shutdown to repair or whether a temporary repair device such as a
mechanical clamp or enclosure can be used to mitigate the loss of containment until the next repair
opportunity. Any temporary repairs to _oxygen piping or components shall consider the oxygen
compatibility of the materials used in the temporary repair method.

17. Quy trinh dirng may / Shutdown procedures

Khi ngirng hoat dong mét nha may phan tach khi, du la theo ké hoach hay ngoai ké hoach, c6 mét
trinh tw cac sw kién dwgc xac dinh sé dwa nha may vé trang thai an toan. Phai thiét lap mét danh
sach cac hanh dong dé bao dam an toan cho nha may. Cac hanh déng co thé bao gém:
When shutting down an air separation plant, either planned or unplanned, there is a defined sequence of events
that will leave the plant in a safe condition. A list of actions to secure the plant shall be established. Actions may
include:
o Khoa cac dwdng 6ng san phadm dan dén cac bon ton chira;
Shut off product lines to storage tanks;
o Bao dam an toan tat cd may nén va céc thiét b quay khac;
Secure all compressors and other rotating equipment;
o Dam bao céc hé thdng dw phong duweng 6ng dang hoat dong theo ding muc dich;
Ensure the pipeline back-up systems are functioning as intended;
e Xa chét Idng theo yéu ciu va dam bao rang cac hé thdng thai bd sadn phadm dang hoat dong dung
cach; va
Drain liquids as required and ensure that the product disposal systems are operating properly; and
e Bao da&m an toan cac bo hap phu siéu lanh va tién tinh ché.
Secure cryogenic and prepurification adsorbers.

17.1. Ngirng hoat dong hop lanh / Coldbox shutdown

- Tuy thudc vao loai nha may, ly do nglrng hoat déng va thdi gian ngirng hoat déng dw kién, cac
quy trinh an toan béd sung cé thé dwoc yéu ciu theo hwéng dan clia nha san xuét. Cac khuyén
nghi thém dwoc dwa ra trong 12.12 va AIGA 035 [43].

Depending on the type of plant, the reason for the shutdown, and the expected length of the shutdown,
additional safety procedures can be required by the manufacturer’s instructions. Further
recommendations are given in 12.12 and AIGA 035 [43].

- Dai voi cac bo hap phu siéu lanh, sy tang nhiét do dong chay co thé gay ra sy giai hap dot

ngdt cac tap chét, giai phdng chung vao thiét bi ha lwu (vi du: phan lam giau oxy cua thap ap
suét thap), diéu nay cé thé 1a mdét mdi nguy an toan. Do d6, cac bo hap phu siéu lanh phai
dwoc gilr & nhiét d6 van hanh hoac dwoc tai sinh trong qua trinh ngtrng hoat dong.
For cryogenic adsorbers, an increase in stream temperature can cause sudden desorption of the
contaminants, releasing them into downstream equipment (for example, the oxygen-enriched section of
the low pressure column), which can be a safety hazard. Therefore, cryogenic adsorbers shall either be
kept at operating temperatures or regenerated during a shutdown.

- Khi diéu kién ngrng hoat ddong cho phép, binh ngoai tuyén cta PPU phai dwoc tai sinh hoan
toan trwdc khi bdo dam an toan PPU. Diéu nay cho phép mét |&p vat liéu da dugc tai sinh
dwoc dwa vao van hanh trong 1an khéi dong nha may tiép theo.

When shutdown conditions allow, the offline vessel of the PPU shall be completely regenerated before
securing the PPU. This allows a regenerated bed to be placed on stream at the subsequent plant startup.

17.2. Xaléng va khi / Liquid and gas disposal
- Chétlong tir nha may phan tach khi khong dwoc xa xuéng san nha may hodc mat dat, ma phai
dwoc dan bang dwong 6ng dén mét hé thong thai bd thich hop. Vi du vé cac hé thdng thai bé
la:
Liquid from an air separation plant shall not be drained onto the plant floor or ground, but shall be piped to
an appropriate disposal system. Examples of disposal systems are:
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bd héa hoi quat;
fan vaporizer;
e bdn xa v&i hé thdng hoa hoi va nap day dé ngan chén sy xam nhap va dwoc thiét ké dé
ngan ngtra s tich tu nwéc mwa hoac nwéc ngung;
dump tanks with a vaporizing system and a cover to prevent the ingress and designed to prevent
accumulation of rain water or condensate;
e b0 trao dbi nhiét;
heat exchangers;
e céac khu vuc duoc thiét ké dé thai bd chéat 16ng va khi;
areas designed for liquid and gas disposal;
e bd phun hoi nwdc; va
steam ejectors; and
o &ng gop phun chét 1dng & dau ra quat thap giai nhiét.
liquid spray header in the cooling tower fan discharge.

Thiét ké cta hé thdng thai bé phai gidi quyét nguy co tran chét 16ng.
The design of the disposal system shall address the risk of liquid overflow.

Phai yéu cau mét canh bao nhw nhiét do thap dé thong bao cho ngudi van hanh vé sw cb hodc
qua tai hé théng thai bd. Déi véi cac bd héa hoi dwoc cép tién ich str dung, vi du, nwéc hodc
hoi nwéc lam méi chét gia nhiét, hodc néu phu thudc vao ngudn dién nhw bo héa hoi co quat
hd tro, thi nén xem xét chirc néng ngét (trip) dé khda bat ky ngudn cap chét 16ng siéu lanh tw
dong nao dén bo héa hoi khi phat hién nhiét d6 rat thap. Thay vao dd, hodc bd sung thém, viéc
phat hién mét tién ich nhw tin hiéu lwvu lwong thap cé thé dwoc st dung dé thuc hién chirc
nang twong tw.

An alarm such as low temperature shall be required to notify the operator of disposal system failure or
overload. For utility fed vaporizers using, for example, water or steam as a heating medium, or if
dependent on a power source such as fan assisted vaporizers, then a trip function should be considered
that shuts off any automated feeds of cryogenic liquid to the vaporizer on detecting low low temperature.
Alternatively, or in addition, detection of loss of utility such as low flow signal may be used to perform the
same function.

Chét 1dng giau oxy khéng dwoc dan bang dwdng &dng dén cac hé théng quat thap giai nhiét.
Oxygen-rich liquid shall not be piped to cooling tower fan systems.

C4u hinh duwong 6ng thai bd chat 1dng va khi x& Iam tan bang (derime) can dwoc chu y dé
ngan chén su tiép xuc trong hé thdng thai bd gitra chét 1dng giau oxy va khi lam tan bang c6
thé chira ham lwong hydrocarbon cao, dac biét [a axetylen. B4t ky dau ra lam tan bang nao c6
thé chra diu, chdng han nhw khoéng khi tir bo trao ddi nhiét noi st dung may nén béi tron,
phai c6 hé théng xa riéng biét.

Liquid disposal and derime vent gas piping configurations require attention to prevent contact in the
disposal system of oxygen-rich liquid and derime gas that can contain high quantities of hydrocarbons,
especially acetylene. Any derime outlets that can contain oil such as air from exchangers where lubricated
compressors are used shall have separate vent systems.

C6 thé xem xét cac hé théng dwdng dng thai bé riéng biét cho chét 16ng tro va chét 16ng giau
oxy dé ngan ngtra & nhiém chéo cac san pham ASU. Hé thdng thai bd chét 16ng giau oxy phai
c6 diém xa thap dé tranh tich tu hydrocarbon.

Separate disposal piping systems for inert and oxygen-rich liquids may be considered to prevent cross
contamination of ASU products. Liquid disposal systems for oxygen-rich liquids shall have a low point
drain to avoid accumulation of hydrocarbons.

Céc van xa va van xa khi van hanh bang tay phai dwoc giam sat tai chd khi ching dang mé dé
c6 thé thyc hién hanh dong khac phuc theo yéu cau.

Manually operated drain and vent valves shall be monitored locally while they are open so that corrective
action can be taken as required.

Bét ky dudng xa khi Ién nao phai dwoc dan ra bén ngoai va tét nhat 1a hwéng lén trén. Khi cac
dwong xa nam bén ngoai, phai tranh tao ra bau khoéng khi giau oxy hoac thiéu oxy & nhirng
khu vuc cé thé cé nhan vién. Khi xa ra khéng duoc xa vao cac éng dan khi nap cla tda nha
ho&c clra nap cta dau dét.

Any large gaseous vents shall be routed outside and preferably directed upwards. When vents are
outside, the creation of oxygen-enriched or oxygen-deficient atmospheres in areas where personnel can
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18.1.

be present shall be avoided. Vent discharges shall not discharge into building intake ducts or burner
intakes.

Xa hodc hda hoi chét 16ng siéu lanh c6 thé tao ra swong mu day dac, ngay ca trong diéu kién
dd dm thap. Diéu nay c6 thé tao ra tinh hudng médi nguy béng céach lam gidm dang ké tAm nhin.
Phai tién hanh danh gia dé xac dinh tiém nang tac dong cla céac loai swong mu nay tai ché va
ngoai khu vuc (vi du: dwong giao théng, khu dan cw l1an can, khu virc cong cong, v.v.) va bét
ky bién phap gidm thiéu can thiét nao.

Dumping or vaporizing cryogenic liquids can create a dense fog, even in low humidity conditions. This can
create a hazardous situation by greatly reducing visibility. An assessment shall be conducted to determine
the potential impact of these types of fogs on- and off-site (for example, roadways, neighbors, public
areas, etc.) and any necessary mitigation.

Khtr bang cho nha may / Plant derime

Viéc khtr bang thuwéong can thiét dé loai bé cac tap chét tich tu tai nhiéu khu vire khac nhau bén
trong coldbox. Chi tiét quy trinh khir bang dwoc cung cap b&i nha san xuét. Tédng quan vé quy
trinh kh&r bang dworc trinh bay trong AIGA 035 [43].

Derime is often necessary to remove accumulated contaminants from various sections of the coldbox.
Details of derime procedures are given by the manufacturer. An overview of derime procedures is given in
AIGA 035 [43].

Viéc ngirng van hanh dé khir béng dinh ky thworng dwoc két hop véi kiém tra bao tri, stra chiva
hodc cai tao thiét bi. Thic hanh tét 1a thwc hién mét dot khir bang mét phan dé lam 4m hé
thong dén mure hop ly, tién hanh bao tri, va sau dé hoan tat kh&r bang ngay triwéc khi lam lanh
lai nha may. Lan khr bang cubi cling phai loai bé hoan toan moi hoi &m cé thé da tich tu trong
hé théng do khong khi chira &m xam nhap vao céc khe hé trong thdi gian ngirng van hanh.
Shutdown for periodic deriming is usually combined with maintenance checks, repairs, or modifications. It
is good practice to accomplish a partial derime to get the plant reasonably warm, perform the
maintenance, and then complete the derime immediately before cooling the plant down. The final derime
should remove any water that could have accumulated in the system due to moisture-laden air migrating
into openings during the shutdown.

Can tranh nhiét dd qua cao va (rng suét nhiét. Nhiét do khi» bang phai phu hop véi vat liéu ché
tao nha may va theo thiét k& clia hé théng duong éng, va khéng duwoc vwot qué nhiét do [am
viéc tbi da cho phép cla th|et bi. Khdng nén str dung nhiét d6 cao hon 150 °F (65,6 °C) déi voi
cac nha may ci c6 duwong dng bang déng va cac méi han mém, vi sw 130 hda co thé lam gidm
do bén cla cac mdi han nay.

Excessive temperatures and thermal stresses should be avoided. Deriming temperatures should be
consistent with materials of plant construction and according to plant piping design and should not exceed
the maximum allowable working temperature of the equipment. Temperatures greater than 150 °F (65.6
°C) should not be used with older plants that have copper piping and soft solder joints, as aging can
reduce the strength of the joints.

Trong cac nha may cé sén khi kh&r bang khd, qua trinh khir bang dwoc xem l1a hoan tat khi
diém swong cda khi thai ra khong &m hon —40 °F dén —90 °F (40 °C dén —68 °C).

In plants with dry deriming gas available, the derime is complete when the dew point of the exiting gas is
not warmer than —40 °F to —90 °F (-40 °C to —68 °C).

Trong cac nha may chi c6 khi khtr bang dm, d6 &m twong déi cta khi khtr béng phai dwoc
gidm xudng murc thap nhét c6 thé. D6 &m twong ddi dwoc gidm bang cach duy tri may nén khi
& ap suat cao nhéat c6 thé di qua bd lam mat sau (aftercooler), sau dé gidm ap va gia nhiét khi
kh&r béng trong bd gia nhiét chuyén dung. Cubi cung, khi khir bang dwoc dwa vao coldbox.
Qué trinh khir bang tiép tuc cho dén khi tat ca cac dwdng xa, dwdng thoat nwéc va dwong tin
hiéu thiét bi déu néng.

In plants with only wet deriming gas, the relative humidity of the deriming gas shall be lowered as much
as possible. The relative humidity is lowered by maintaining the air compressor at the highest pressure
possible through the aftercooler, then lowering the pressure, and heating the derimed gas in a dedicated
heater. Finally, the deriming gas is sent to the coldbox. The derime continues until all vents, drains, and
instrument lines are hot.

hiva va kiém tra / Repair and inspection

Lwu y chung vé bao tri / General maintenance considerations
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Diéu quan trong Ia phai duy tri thiét bi nha may & trang thai hoat déng co khi va dién dang tin
cay. Nén chuén bj lich trinh béo tri phong ngtra cho tirng hang muc thiét bi. Tan suat ban dau
nén dwa trén khuyén nghi ctia nha cung cép va sau d6 1a dwa trén dir liéu lich st.

It is important to maintain plant equipment in reliable mechanical and electrical working condition. A
preventive maintenance schedule should be prepared for each equipment item. Frequencies should be
based initially on vendor recommendations and eventually on historical data.

Hoat déng ciia mach bao vé dién phai dwoc kiém tra dinh ky. Viéc kiém tra chi dwoc thuc hién
b&i cac ky thuat vién dién co trinh do.

The operations of electrical protection circuitry shall be tested periodically. The testing shall only be
performed by qualified electrical technicians.

Chi nhirng ngudi cé trinh d& méi phai bdo dwéng thiét bi nha may. Diéu d&c biét quan trong la
tAt c& cac khe hé phai dwoc duy tri theo khuyén nghi clia nha san xuét.

Only qualified persons shall service plant equipment. It is particularly important that all clearances be
maintained within the manufacturer’s recommendation.

Cac bd phan khong phai 1a loai thay thé twong dwong (replacement-in-kind) khéng bao gi®
dwoc st dung néu khong tuan theo quy trinh MOC.
Components other than replacement-in-kind shall never be used without following a MOC procedure.

Kiém soat giam sat / Supervisory control

T4t ca cong viéc trong nha may phai dwoc kiém soat théng qua gidy phép lam viéc va quy trinh
khéa/thé (LOTO) nham thuc day phan tich nghiém tdc cac khia canh an toan va tiém nang méi
nguy cla cong viéc dbi v&i tAt ca nhan vién.

All work in the plant shall be controlled through a work permit and lockout/tagout (LOTO) procedure that
promotes critical analysis of the safety aspects and hazard potential of the job as it applies to all
personnel.

Lwu y dac biét vé xay dwng va stra chira / Special construction and repair considerations

Phai dac biét can than khi van hanh toan bd hodc mét phan nha may phan tach khi trong qua
trinh x4y dwng hodc sra chira tai dia diém nha may. Ca hai hoat d6ng nay déu co thé gay ra
mdi nguy tiém &n cho nhau. Trong nhirng giai doan nay, ngwdi van hanh nha may phai déi pho
Vi tat ca cac khia canh théng thwérng cdia viéc van hanh nha may khéng khi an toan cong véi
nhirng mbi nguy dac biét phat sinh tir sw két hop clia hai hoat dong déng thoi nay.

Particular care shall be taken when all or part of an air separation plant is operated during construction or
repairs at the plant site. Either can represent a potential hazard to the other. During these periods, the
plant operator has to deal with all the normal aspects of safe air plant operation plus those special
hazards that result from the combination of the two simultaneous operations.

Nhan vién xay dwng phai dwoc lam quen v&i cac quy dinh an toan ctia nha may va dwoc thong
bao vé& cac mdi nguy tiém &n, dac biét la nhirtng méi nguy déc thi cla co sé.

Construction personnel shall be familiarized with plant safety regulations and made aware of potential
hazards, especially those unique to the facility.

Méi nguy ctia hop lanh (Coldbox) / Coldbox hazards

Khi can thiét phai vao hdp lanh dé thwc hién stra chira hodc diéu chinh, phai xem xét cac méi

nguy sau:

When it is necessary to enter a coldbox to carry out repairs or modifications, consideration shall be given

to the following hazards:

o Bau khong khi giadu oxy ho&c thiéu oxy bén trong hdp lanh hodc bén trong dwérng éng hodc
binh chra can lam viéc phai dwoc xt ly bang cach s dung cac quy trinh ra vao khéng gian
han ché;

Oxygen-enriched or oxygen-deficient atmosphere either within the coldbox or within the piping or
vessels to be worked on shall be addressed by using confined space entry procedures;

e Phai xt ly van dé lam viéc trén cao néu cong viéc dwoc thyc hién & do cao dang ké so véi
mat dat; va
Working at heights shall be addressed if work is to be performed significantly abovegrade; and

o Ap suét bi ket hodc ting cao, chét Idng siéu lanh va vat liéu cach nhiét hop lanh phai dwoc
xem xét va xt ly.

Trapped or elevated pressure, cryogenic liquids, and the coldbox insulation shall be considered and
addressed.

101



AIGA

AIGA 056/23

Céc diéu kién tién quyét cho bét ky coéng viéc nao bén trong hép lanh nén dwoc hoan thanh,
chang han nhw:
Prerequisites to any work within the coldbox should be completed such as:
e xa chét 16ng;
draining of liquids;
e loai bd swong gia;
deriming;
e céach ly chéc chan cac dwong 6ng chat 16ng va khi san phdm bang van chdn kép va xa
(double block and bleed) hoac bit mat bich;

positively isolating product liquid and gas lines with double block and bleed valving or blinding of
flanges;

o céach ly chac chén khi thong thdi vé hdp bang van chan kép va xa (double block and bleed)
hoac bit mat bich;
positively isolating the casing purge gas with double block and bleed valving or blinding of flanges;
e gidm 4p suét; va
depressurizing; and
« thong théi bang khong khi, sau d6 1a theo déi bau khong khi.
purging with air followed by atmosphere monitoring.

Trong nhirng trwd'ng hop hiém hoi, viéc vao hop lanh ma khdng lam Am hoan toan la khéng
thé tranh khai. Day 1a mét hoat dong cwc ky nguy hiém. Phai xem xét can than va day du cac
m&i nguy bd sung ctia méi treong hdp lanh nhw tam nhin han ché, nhiét do siéu lanh va bau
khéng khi giau oxy hoac thiéu oxy.

In rare instances, entry into the coldbox without complete warming is unavoidable. This is an extremely
hazardous activity. Careful and complete consideration shall be given to the extra hazards of the coldbox
environment such as limited visibility, cryogenic temperatures, and oxygen-enriched or oxygen-deficient
atmospheres.

M6t phan hodc toan bo vat liéu cach nhiét hop lanh phai dwoc loai bd trwde khi bat dau béat ky
cong viéc nao bén trong vé hop. Merc d6 loai bd vat liéu cach nhiét phu thudc vao loai vat liéu
cach nhiét GL:I’Q’C str dung trong hop lanh va vi tri ca thiét bi can lam viéc. Cac hop lanh dwoc
cach nhiét bang vat liéu cach nhiét dang bét nhw perlite, vermiculite va Micro-cel™ nén dwoc
lam trong dén murc thap hon vi tri cdng viéc hop lanh sé dién ra. Quy trinh cap phép lam viéc
phai xac dinh cac moi nguy va bién phap giam thiéu, bao gom nhwng khéng gi¢i han &:
Part or all of the coldbox insulation shall be removed before the start of any work within the casing. The
extent of insulation removal depends on the type of insulation used in the coldbox and the location of the
equipment to be worked on. Coldboxes insulated with powdered insulation such as perlite, vermiculite,
and Micro-cel™ should be emptied to a level below where the coldbox work will take place. The work
permitting process shall identify the hazards and mitigations including but not limited to:
 khong gian han ché;

confined space;
e lam giau oxy hodc thiéu oxy;

oxygen enrichment or oxygen deficiency;
e sy béc cau perlite;

perlite bridging;
e bichoén vui; va

engulfment; and
« tiép xtc lanh/bdng lanh.

cold exposure/frostbite.

Tham khao AIGA 032 dé duwoc huong dan v‘é thao tac an toan déi v&i hop lanh cach nhiét
bang bt va AIGA 079 dé dwgc hwdng dan vé thiét ké va van hanh cac vé boc siéu lanh [71,
64].

Refer to AIGA 032 for guidance on the safe handling of powder-insulated coldboxes and AIGA 079 for
guidance on the design and operation of cryogenic enclosures [71, 64].

C6 thé vao cac hop lanh dwoc cach nhiét bang vat liéu cach nhiét dang len dé sira chiva cuc

bd bang cach dao dworng hAm xuyén qua len sau khi théng théi k§ khéng gian cach nhiét bang

khéng khi. Cac dwérng ham nay phai dwoc chdéng d& day da dé bao vé chéng sup dé vat liéu

cach nhiét va duoc théng gié tich cwe bang khéng khi trong lanh. Nhan vién thao tac len da

phai ludn mac quan 4o béo ho, gang tay va kinh bao ho dé ngan ngtra kich (rng da va mat. Vat
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18.6.

lidu cach nhiét nay ciing nén dwoc kiém tra dinh ky xem cé bi am khong. Néu bi &m, né nén
duoc loai bd va thay thé bang len da méi. Cong viéc nhw vay bén trong v boc cach nhiét
bang len khoang la viéc ra vao khéng gian han ché va nén duoc thwc hién nhu mé ta trong
18.5.

Coldboxes insulated with wool-type insulation can be entered for local repairs by tunneling through the
wool after thorough purging of insulation space with air. These tunnels shall be adequately shored to
guard against insulation collapse and positively ventilated with fresh air. Personnel handling the rock wool
shall always wear protective clothing, gloves, and goggles to prevent skin and eye irritation. This
insulation also should be checked periodically for moisture. If moist, it should be discarded and replaced
with fresh rock wool. Such work within a mineral wool-insulated enclosure is a confined space entry and
should be performed as described in 18.5.

Méi nguy khi lam viéc trong bau khong khi giau oxy hoac thiéu oxy / Hazards of working in
oxygen-enriched or oxygen-deficient atmospheres

Phai thyc hién cac bién phap phong ngtra nghi€ém ngat tredc khi vao bét ky khéng gian han
ché nao nhu vé hop lanh, binh chtra, bon ton chira, 6ng dan hodc céc khu vie kin hoac théng
gi6 kém khac c6 bau khong khi cé kha néng glau oxy hodc thiéu oxy, vi cé thé xay ra thu’o’ng
tich hogc t&r vong. Bau khong khi bén trong tat ca cac khong gian han ché dod phai dugc kiém
tra va nghiém cdm nhan vién khéng dwoc bdo vé vao bau khong khi khéng nam trong pham vi
oxy tr 19.5% dén 23.5%. Dé dwoc hudng dan thém, hay xem CGA P-12, 29 CFR 1910.146,
AIGA 008 va AIGA 005 [7, 8, 9, 14].

Strict precautions shall be taken before entering any confined spaces such as coldbox casings, vessels,
storage tanks, ducts, or other closed or poorly ventilated areas with potentially oxygen-enriched or
oxygen-deficient atmospheres, as injuries or fatalities can occur. Atmospheres within all such confined
spaces shall be checked and unprotected personnel prohibited from entering an atmosphere that does
not fall within the range of 19.5% to 23.5% oxygen. For further guidance, see CGA P-12, 29 CFR
1910.146, AIGA 008, and AIGA 005 [7, 8, 9, 14].

CANH BAO: Viéc vao khu vwrc c6 bau khéng khi giau oxy hodc thiéu oxy ma khéng tuan
theo cdc quy trinh thich hop c6 thé dan dén thwong tich hodc tir vong.

WARNING: Entering an area with an oxygen-enriched or oxygen-deficient atmosphere without
following proper procedures can result in injury or death.

Lam sach / Cleaning

Viéc lam sach oxy cé cac yéu ciu dic biét. Tt ca thiét bi, dwong bng va binh chiva dwoc thay
thé hoac stra chira phai dwoc lam sach thich hop trwdce khi dwa tré lai hoat dong. Tat ca cac
bd phan thay thé phai twong thich v&i oxy va phai dwoc lam sach cho dich vu oxy. Tét ca cac
cbng cu dwoc st dung dé thao va thay thé cac bd phan phai dwoc lam sach cho dich vu oxy,
xem AIGA 012 va ASTM G93 [34, 35].

Oxygen cleaning has special requirements. All equipment, piping, and vessels that are replaced or
repaired shall be suitably cleaned before being returned to service. All replacement parts shall be oxygen
compatible and shall be cleaned for oxygen service. All tools used to remove and replace components
shall be cleaned for oxygen service, see AIGA 012 and ASTM G93 [34, 35].

Nhiéu bd phan cta quy trinh ASU khéng gap phai chat Idng giau oxy trong qua trinh van hanh
binh thwérng. Tuy nhién, ching cé thé tiép xuc véi oxy trong qua trinh sw ¢, khdi dong va
ngirng hoat ddng. Thuwc hanh phd bién la 1am sach tat ca thiét bi siéu lanh cho dich vu oxy.
Many parts of the ASU process do not encounter oxygen-enriched fluids during normal operation.
However, they can be exposed to oxygen during process upsets, startup, and shutdown. It is common
practice to clean all cryogenic equipment for oxygen service.

19. Van hanh va dao tao / Operations and training

19.1.

Quy trinh van hanh / Operating procedures

Nha may phan tach khi bao gom tat ca cac bé phan may mdc nén dwoc van hanh va bao tri
theo hwdng dan van hanh do nha san xuét cung cip. Cac huéng dan nay phai duoc tich hop
vao cac quy trinh van hanh va bao tri clia nha may.

The air separation plant including all of the machinery components should be operated and maintained in
accordance with operating instructions furnished by the manufacturers. These instructions shall be
incorporated into plant operating and maintenance procedures.

Tai liéu nha may can thiét d& hd tro van hanh va bao tri phai dwoc xac dinh, sén c6, chinh xac,
cap nhat, dwoc hiéu ré va dwoc st dung. Cac vi du vé tai liéu nha may bao gdm:
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Plant documentation required to support operations and maintenance shall be identified, available,
accurate, up to date, understood, and used. Examples of plant documentation include:
 s6 tay van hanh;
operating manual;
e so dd quy trinh va thiét bi do dac;
process and instrumentation diagrams;
e ban vé b tri co s6;
facility layout drawing;
e bang dir liéu thiét bi;
equipment data sheet;
e ban vé dién; va
electrical drawings; and
« logic may tinh clia hé théng diéu khién.
control system computer logic.

Giao tiép hiéu qua gira cac ca lam viéc la diéu can thiét dé thuc day hoat dong nha may an
toan va dang tin cay lién tuc. Diéu nay d&c biét quan trong trong cac diéu kién sw c¢b hodc van
hanh chuyén tiép nhw loai bé swong gia, l1am lanh, bao tri, kh&i déng, v.v. Cac quy trinh phai
dwoc xay dwng dé tao diéu kién cho viéc giao tiép nay.

Effective communication between work shifts is essential to promote continued safe and reliable plant
operations. This is particularly important during upset conditions or transient operations such as derime,
cool down, maintenance, startup, etc. Procedures shall be developed to facilitate this communication.

Quy trinh chay thir / Commissioning procedures

Mot quy trinh, thwong dwoc goi la danh gia an toan trwédce khi khéi déng (PSSR), phéi dwoc
thiét 1ap dé kiém tra sy sdn sang van hanh va tinh toan ven ctia cac hé thdng trwéc khi ching
dwoc dwa vao hoat déng.

A procedure, commonly referred to as a prestartup safety review (PSSR), shall be established to check
the operational readiness and the integrity of systems before they are brought into service.

Quy trinh khan cap / Emergency procedures

Cac quy trinh nén duwoc xay dung dé bao gdm viéc rng phé véi cac diéu kién khan cap dw
kién ma hoat dong ctia nha may c6 thé gép phai. Cac diéu kién khan cép tiém an nén bao gom
cac dieu kién sy c0 nha may, truc trac co hoc va mat dién cling nhw cac nhiéu loan dan sy va
mdi tredng c6 thé anh hwédng dén an toan nha may. Cac diéu kién khan cap nén duwgc xem xét
la:
Procedures should be developed to cover the response to anticipated emergency conditions, which plant
operations can experience. Potential emergency conditions should include plant upset conditions,
mechanical malfunctions, and power failures as well as environmental and civil disturbances that can
affect plant safety. Emergency conditions that should be considered are:
e chay;
fire;
e 10 ri san phdm I&n, nd dwdng dng, hodc gidi phdng nang lwong;
major product release, pipeline rupture, or energy release;
e 10 i perlite lon;
mayjor perlite release;
e 1o riquy trinh dang ké bén trong vé boc siéu lanh;
significant process leak within cryogenic enclosure;
o diéu kién thoi tiét khac nghiét nhw bao, 16c xoay, 10 lut, hodc lanh cwc do;
severe weather conditions such as hurricane, tornado, flood, or extreme cold;
o sy cb cong nghiép lan can nhw chay nd, ro ri hydrocarbon, ro ri héa chat doc hai;
adjacent industry incidents such as explosions, hydrocarbon releases, toxic chemical releases;
¢ thwong tich ca nhéan, vi du, bao déng nhan vién gap nan;
personnel injury, for example, man-down alarm;
e xam nhap/de doa an ninh tai dia diém (xem CGA P-50 va AIGA 003, Tiéu chuan An ninh Dia
diém) [91,94];
site intrusion/security threat (see CGA P-50 and AIGA 003, Standard for Site Security) [91,94];
e dam may swong mu tl sy rd ri siéu lanh; va
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fog cloud from a cryogenic release; and

« thay déi chat lwgng khong khi do cac sy kién méi trudng nhw swong mu va khéi tir chay
rirng, dot nwong ray, hoac dot sinh khoi khac.
air quality changes due to environmental events such as haze and smoke from forest fires, burning
farmland, or other biomass combustion.

Quan ly sw thay d6i / Management of change

MOC la quy trinh dwoc str dung dé ddm bao rang cac thay dbi dwoc thye hién dung cach, an
toan va dwoc lap thanh tai liéu. Céc tai liéu nay phai dwoc lwu gilr tai nha may. Bét ky thay adi
nao dwoc dé xuét déi voi thiét bi, hé thong diéu khién, phan mém, quy trinh va co s& vat chat
phai yéu cau danh gia bang van ban b&i nhan sy cé ndng luc ky thuat va sw chép thuan cla
nhan sy dwoc uy quyeén trwde khi thwe hién. Viéc danh gia va Gy quyén nay phai ap dung cho
tAt ca cac stra dbi hodc thay déi dwoc dé xuét, cho du ching la vinh vién, tam thdi hay khan
cép. T4t ca céc tai liéu nha may thich hop nhw so' dd quy trinh va thiét bi, théng sé kj thuat va
ban vé thiét bi, va quy trinh van hanh va bao tri phai dwoc cap nhat.

MOC is the procedure used to ensure that changes are implemented correctly and safely and are
documented. These documents shall be maintained at the plant. Any proposed change to equipment,
controls, software, procedures, and facilities shall require a documented review by technically competent
personnel and approval by authorized personnel before implementation. This review and authorization
shall apply to all proposed modifications or changes whether they are permanent, temporary, or
emergency in nature. All appropriate plant documentation such as a process and instrument diagram,
equipment specifications and drawings, and operating and maintenance procedures shall be updated.

Cac thay ddi phai thuéc pham vi MOC bao gém:
Changes that shall fall under MOC include:
o stra déi thiét bi hién co dé tang lwu lwong, ap suat va/hodc dd tinh khiét;
modification of existing equipment to increase flows, pressures, and/or purities;
o stra dbi hoac bd sung thiét bj va/hodc dwdng éng, cau tric vé boc coldbox, thiét bi thao tac
quy trinh va san pham, v.v.;
modification or addition of equipment and/or piping, coldbox enclosure structure, process and product
handling equipment, etc.;
o thay ddi hé théng diéu khién;
changing control systems;
e bo qua cac hé thdng an toan;
bypassing of safety systems;
e thay ddi quy trinh hodc huéng dan van hanh;
changing procedures or operating instructions;
e van hanh ngoai gid¢i han thiét ké;
operating outside of design limits;
« thay déi cong nghé quy trinh;
changing process technology;
o thay déi thiét bi ho&c vat liéu ché tao;
changing equipment or materials of construction;
« thay ddi thong sé k¥ thuat thiét bi; hodc
changing equipment specifications; or
e stra d6i chwong trinh may tinh.
modifying computer programs.

Thay thé twong dwong |a sy thay thé chinh xac hodc gidi phap thiét ké thay thé dap wng tat ca
cac théng sbé ky thuat thiét ké ctia muc dwoc thay thé. Thay thé twong dwong khong yéu cau
s chap thuan ctia MOC, xem AIGA 010 [74].

Replacement-in-kind is an exact replacement or design alternative that meets all design specifications of
the item being replaced. Replacement-in-kind does not require MOC approval, see AIGA 010 [74].

Pao tao nhan sw / Personnel training

TAt ca nhan sy tham gia vao viéc chay thr, van hanh va bao tri cac nha may phan tach khi
phai dwoc thong bao vé cac méi nguy ma ho cé thé gap phai. Ngoai ra, cac ca nhan phai dwoc
dao tao chuyén biét vé cac hoat ddng ma ho dwoc tuyén dung. Dao tao phai bao gébm, nhung
khéng nhét thiét phai gi¢i han &, cac chi dé sau day cho tat ca nhan suy:
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All personnel involved in the commissioning, operation, and maintenance of air separation plants shall be
informed regarding the hazards to which they can potentially be exposed. In addition, individuals shall
receive specific training in the activities for which they are employed. Training shall cover, but not
necessarily be confined to, the following subjects for all personnel:
e cac mdi nguy tiém &n cua vat liéu;
potential hazards of the materials;
« thiét bi bdo hd ca nhan (PPE);
personal protective equipment (PPE);
e cac quy dinh an toan tai céng trinh; va
site safety regulations; and
e céac quy trinh khan cép, bao gom:
emergency procedures, including:
o sotan
evacuation
o sl dung quan ao/thiét bi bao ho
use of protective clothing/apparatus
o socluva
first aid treatment and
o st dung thiét bi chiva chay.
use of fire suppressant equipment.

- Khuyén nghi rang viéc dao tao dwoc thwc hién theo mot hé thdng chinh thirc hda va hd so dao
tao phai dwoc lwu git. Nén tién hanh danh gia mirc d6 hiéu biét vé khoa dao tao dé xac dinh
xem c6 can dao tao thém hay khéng.

It is recommended that the training be carried out under a formalized system and that records be kept of
the training given. An assessment of understanding of the training should be conducted to identify
whether further training is required.

- Chwong trinh dao tao nén xac dinh cac yéu cau dbi véi viéc dao tao bdi dwdng dinh ky.
The training program should identify requirements for periodic refresher training.

- Dé biét thém thong tin vé dao tao nhan sy, xem AIGA 009, Dao tao An toan cho Nhan vién
[92].
For additional information regarding training of personnel, see AIGA 009, Safety Training of Employees
[92].
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