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SAFE OPERATION OF REBOILERS/CONDENSERS
IN AIR SEPARATION UNITS

La mét phan clia chwong trinh hai hda cac tiéu chudn cong nghiép, Hiép hoi Khi Céng nghiép Chau A da ban
hanh AIGA 035, “Van hanh an toan by hoa hoi/ngung tu trong cac nha may tach khi”, dugc san xuat chung bai
cac thanh vién clia HOi dong Hai hoa Quoc té va ban dau dwoc xuat ban dwdi dang Tai liéu 65 béi Hiép hoi Khi
Cbéng nghiép Chau Au (EIGA) vé&i tén goi “Van hanh an toan bd héa hoi/ngung tu trong cac nha may tach khi”.

As part of a programme of harmonisation of industry standards, the Asia Industrial Gases Association has issued AIGA 035,
“Safe Operation of Reboilers/Condensers in Air Separation Units”, jointly produced by members of the International
Harmonisation Council and originally published as Doc 65 by European Industrial Gases Association (EIGA) as “Safe Operation
of Reboilers/Condensers in Air Separation Units”.

An pham nay dwgc dy dinh Ia mot &n phdm hai hoa quéc té ¢é st dung va ap dung trén toan thé givi boi tat ca
cac thanh vién ctia Hiép hoi Khi Cong nghiép Chau A (AIGA), Hiép héi Khi Nén (CGA), EIGA, va Hiép héi Khi
Cong nghiép va Y t& Nhat Ban (JIMGA). Noi dung ky thuét cia mdi hiép hoi la gibng hét nhau, ngoai triv cac yéu
cau quy dinh khu vic va nhirng thay doi nhé vé dinh dang va chinh ta.

This publication is intended as an international harmonized publication for the worldwide use and application by all members of
Asia Industrial Gases Association (AIGA), Compressed Gas Association (CGA), 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 b6 mién trtr trach nhiém
Disclaimer

T4t ca cac &n pham cla AIGA hodc mang tén AIGA déu chiva théng tin, bao gdm Quy téc Thuc hanh, quy trinh an toan va
cac thong tin ky thuat khac dwoc thu thép tr cac ngudn ma AIGA tin 1a dang tin cay va’hodc dwa trén thong tin k§ thuat va
kinh nghiem hién co tir cac thanh vién cua AIGA va nhung ngwdi khac tai thoi diém xuét ban. Do do chang téi khong duwa
ra bat ky tuyén bb hay bao dam nao cling nhu khéng chép nhan bét ky trach nhiém phap ly nao vé tinh chinh xac, day dd
hoac dung dan ctia théng tin cé 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.

Mac du AIGA khuyén nghj cac thanh vién ctia minh tham khao hoéc st dung cac 4n pham cla minh, viéc tham khao hodc
st dung d6 cla cac thanh vién hoac bén th(r ba hoan toan la tw nguyén va khéng 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 cac thanh vién ctia minh khong dam bao vé két qua va khong chiu bét ky trach nhiém phap ly hogc trach nhiém
nao lién quan dén viéc tham khao hodc s dung théng tin hodc dé& xuét cé trong cac an pham cla 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 co6 bat ky quyén kiém soat nao déi voi hiéu suét hodc khéng hiéu suét, viéc hiéu sai, st dung ding hoac khéng
dang bét ky théng tin hodc dé xuét nao cé trong cac 4n phdm clia AIGA bdi bat ky ca nhan hoic td chirc nao (bao gébm cac
thanh vién AIGA) va AIGA tr chdi rd rang moi trach nhiém phap ly lién quan dén diéu d6.

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 &n phdm cia AIGA dugc xem xét dinh ky va ngudi ding dwoc khuyén cao nén lay phién ban méi nhét.
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1.

Gi¢i thiéu / Introduction

Coéng nghé tach khi bang phuwong phap siéu lanh trong cong nghiép dugc siv dung dé san xuét
oxy, nito, argon va cac khi hiém co ho so an toan cuc ky tét. Tuy nhién, clng nhw nhiéu quy
trinh san xuat hién nay, né tiém an nhitng médi nguy cb hivu can dwoc nhan biét va gidi quyét
bang thiét ké va thwc hanh trong van hanh.

Industrial cryogenic air separation technology used to produce oxygen, nitrogen, argon, and rare gases has
an extremely good safety record. However, as with many present-day production processes, it has inherent
potential hazards that shall be recognized and addressed by design and operating practice.

Pham vi va muc dich / Scope and purpose

2.1.

2.2,

Pham vi/ Scope

An phdm nay dé cap dén hoat déng ctia cac bd héa hoi (reboiler) trong cac nha may tach khi.
N6 chira mét ban tom tét kién thirc hién tai va cac thuwc hanh cong nghiép dwoc st dung
trong (rng dung an toan clia chung. N6 dac biét ap dung cho bd héa hoi chinh va cac b6 hoa
hoi s&n phdm oxy trong d6 néng dod oxy l&n hon 75% trong pha ldng. Cac nguyén téc huéng
dan cla né co thé dwoc st dung cho cac bd hda hoi khac trong cac nha may tach khi, bao
gdm bod hoéa hoi phu tro, bd héa hoi hadp phu bao vé, bd ngung tu argon va cac bd héa hoi
chinh trong may tao nito.

This publication addresses the operation of the reboilers of air separation plants. It contains a summary
of current knowledge and industrial practices used in their safe application. It specifically applies to the
main reboiler and oxygen product reboilers in which the oxygen concentration is greater than 75% in the
liquid phase. Its guiding principles may be used for other reboilers within air separation plants, including
auxiliary vaporizers, guard adsorber vaporizers, argon condensers, and the main reboilers in nitrogen
generators.

Céc bd héa hoi dwoc st dung cung véi san xuét krypton/xenon thuwdng duwgc van hanh voi
gi¢i han hydrocarbon cao hon so v&i cac bé héa hoi ciia nha may tach khi (ASU) théong
thwdng. Mire hydrocarbon cho phép ciing nhw cac bién phap bdo vé bd sung cho cac bd hoa
hoi kiéu bé dwoc str dung trong cac hé théng nay duoc liét ké trong Phu luc A.

Reboilers that are used in conjunction with krypton/xenon production are typically operated with higher
hydrocarbon limits than typical air separation unit (ASU) reboilers. The allowable levels of hydrocarbons
as well as additional safeguards for the bath-type reboilers used in these systems are listed in Appendix
A.

Muc dich / Purpose

Muc dich cGa 4n pham nay & md ta cac thuc hanh thiét ké va van hanh can dwoc tuan tha
trong cac phan bd héa hoi clia cac nha may tach khi siéu lanh. D&c biét, mbi nguy tiém 4an do
hydrocarbon hodc cac tap chat khac cé thé co trong khong khi xung quanh dwoc dé cap.
Nguwi ta cho rang day 1a nguyén nhan chinh cGa phan I1&n cac sw ¢ b héa hoi da dwoc bao
cao.

The purpose of this publication is to describe the design and operating practices that shall be followed in
the reboiler sections of cryogenic air separation plants. In particular, the potential hazard introduced by
hydrocarbons or other contaminants that could be present in the ambient atmosphere is addressed. It is
thought that this has been the prime cause of the majority of reboiler incidents that have been reported.

An pham nay dya trén di¥ liéu thuc nghiém, kinh nghiém van hanh va thuc hanh thiét ké cta
cac nha san xuét va van hanh I&6n cac nha may tach khi. Ngwdi ta nhan thay rang luat phap
hodc quy dinh c6 thé ap dat cac yéu cau nghiém ngét hon dbi voi thiét ké va van hanh nha
may.

Thig publication is based upon the experimental data, operating experience, and design practices of
major producers and operators of air separation plants. It is recognized that legislation or regulation can
impose more stringent requirements for plant design and operation.

3. Pinh nghia / Definitions

- Vé&i muc dich clia 4n pham nay, céc dinh nghia sau day dwoc ap dung.

For the purpose of this publication, the following definitions apply.

3.1.

Thuat ngir 4&n pham / Publication terminology
3.1.1. Phai/ Shall

- Chira rang quy trinh Ia bat buoc. N6 dwoc siv dung & bat clv dau tiéu chi tuan thi cac
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.

3.1.2. Nén/ Should
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3.1.3.

3.1.4.

3.1.5.

Chi ra rang moét quy trinh dwoc khuyén nghi.
Indicates that a procedure is recommended.

C6 thé / May

Chi ra réng quy trinh 1a ty chon.
Indicates that the procedure is optional.

Sé / Wwill

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

Cé6 thé / Can

Chi ra mét kha nang hodc nang lwc.
Indicates a possibility or ability.

3.2. Pinh nghia ky thuét / Technical definitions

3.2.1.

3.2.2.

3.2.3.

3.24.

3.2.5.

3.2.6.

3.2.7.

Khir déng bang nha may theo phéan tich / Analytical plant derime

Khir dong bang trong d6 mét s6 Iwu lwong va ndng do cla cac thanh phan vét dwoc
do, cho phép tinh toan tong lwong tich |Gy clia cac thanh phan nay.

Derime during which some flow rates and concentration of trace components are measured,
allowing the total accumulation of these components to be calculated.

Bé ngwng tu Argon / Argon condenser

B6 trao ddi nhiét dugc str dung dé cung cép chirc nang ngung tu cho dinh cét argon
trong mot ASU. Chirc nang lam mat cho bé trao doi nay thuwdng dwgc cung cap thong
qua qua trinh sbéi clia Idng giau oxy, thwong chira it hon 75% oxy.

Heat exchanger used to provide condensing duty for the top of an argon column in an ASU. The
cooling duty for this exchanger is typically supplied via the boiling of an oxygen-enriched liquid,
typically containing less than 75% oxygen.

B6 héa hoi phu tro/ Auxiliary vaporizer

B trao ddi nhiét bd sung trong quy trinh ASU, dung dé héa hoi oxy 16ng cét ap thap
bang nguédn nhiét, thuweng la khi cong nghé hodc nito, dé tao hiéu trng thermosyphon
hogc dé tang cot ap thdy Iwc. Hiéu (ng thermosyphon c6 thé dugc st dung dé dam
bao tuan hoan oxy Idng qua bd hap phu oxy Iéng.

ASU supplemental process heat exchanger that vaporizes low pressure column liquid oxygen
against a heat source, usually process air or nitrogen, to provide a thermosyphon effect or to
gain hydraulic head. The thermosyphon effect can be used to ensure liquid oxygen circulation
through a liquid oxygen adsorber.

Ché dé chor lanh / Cold standby

Tinh trang thiét bi duoc gitr & diéu kién siéu lanh dé san sang phuc vu ngay khi c6
yéu cau.

Condition where equipment is held at cryogenic conditions for immediate service on demand.
Hép lanh / Coldbox

CAu truc chira cac cot chwng cét siéu lanh va cac thiét bi cong nghé khac, cung véi
dwdng 6ng va vat liéu cach nhiét. Thuat nglr nay ciing c6 thé dung dé chi phan siéu
lanh ctia mot ASU.

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

Séi tai diém chét / Dead end boiling

Tinh trang xay ra trong cac bd hoéa hoi, do tc nghén, dong Idng bi han ché trong cac
kénh cta bd héa hoi, do dé lam gidm viéc loai bé tap chat béng tac dong rira troi cla
dong chét 16ng. Hién twong nay con duoc goi la soi ndi (pot boiling). Hién twong nay
cling co thé xay ra trong cac khoang réng va cac doan dwdng 6ng noi chét 16ng giau
oxy co thé bi gilr lai va hoa hoi do ro ri nhiét.

Condition occurring in reboilers where, due to blockages, the flow of liquid is restricted within
the channels of the reboiler, thereby reducing the removal of impurities by the flushing action of
the liquid. Also known as 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.

Ra bang / Deriming
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3.2.8.

3.2.9.

3.2.10.

3.2.11.

3.2.12.

3.2.13.

3.2.14.

Quy trinh bao tri phong ngtra dinh ky, trong do thiét bi cong nghé dwoc lam am dong
thoi dwgc quet bang khi sach, kho dé loai bd hoi am, carbon dioxide va cac tap chat
khi quyén khac da tich tu. Thuat nglr nay con duoc goi la rad déng va lam tan bang.
Periodic preventive maintenance procedure where the process equipment is warmed up while
simultaneously being swept with clean, dry gas in order to remove any accumulated moisture,
carbon dioxide, and other atmospheric impurities. Also known as defrosting, de-icing, and
thawing.

S6i khé / Dry boiling

Tinh trang xdy ra trong cac bd hoa hoi kiéu éng tuan hoan tw nhién hoac kiéu bé, do
mirc ngap bd hoa hoi khong du, I6ng di vao bd hoa hoi bi hdéa hoi hoan toan, do dé
lam ¢ ddc céac tap chét it bay hoi véi ndng dé cuc ky cao. Hién twong nay con duoc
goi la héa hoi kho.

Condition occurring in thermosyphon/bath-type reboilers where, due to inadequate reboiler
submergence, the liquid entering in the reboiler is totally vaporized, thereby concentrating any
less volatile impurities by extremely high factors. Also known as dry vaporization.

Tinh trang nay cling c6 thé xay ra trong cac bg hoa hoi dong chay xucf)ng, khi 16ng bi
héa hoi hoan toan trwéc khi den day cla bd hoa hoi. Bieu nay co6 thé do Ivu lvgng
cla ldng thap hoac phan phoi I6ng khéng da.

This condition can also occur in downflow reboilers where liquid is completely vaporized before
reaching the bottom of the vaporizer. This can be due either to low liquid flow or inadequate
distribution of the liquid.

Lam sach dau vao (FEP) / Front-end purification (FEP)

\jiéc st dung cac bd hap phu hoat dong & nhiét do I‘é’n hon 0 °C (32 °F) dé loai b hoi
ém, carbon dioxide va nhiéu hydrocacbon, mét phan hodc hoan toan, khéi dong khi
cap trwde khi khong khi dwgre cap vao hdp lanh.

Use of adsorbers that operate at temperatures greater than 0 °C (32 °F) to remove moisture,
carbon dioxide, and many of the hydrocarbons, either partially or fully, from the air feed prior to
its being supplied to the coldbox.

Bo hap phu pha khi / Gas phase adsorbers

Phuong tién dé gidam ndng d6 tap chat trong khong khi bang cach hap phu ching
bang phwong phap siéu lanh tir pha khi. Con dwoc goi la bay dau lanh.

Means to reduce concentrations of atmospheric impurities by adsorbing them cryogenically
from the gas phase. Also known as cold-end traps.

Nén bén trong / Internal compression

Quy trinh trong d6 oxy Idng tir cot dwg'c bom dén ap suét cao hon va héa hoi trong
cac bd trao dbi nhiét bén ngoai hé théng cdt nhung bén trong hdp lanh dé san xuét
oxy dang khi. Con dwgc goi la bom Iéng.

Process in which liquid oxygen from the column is pumped to an elevated pressure and
vaporized in heat exchangers external to the column system but within the coldbox to produce
gaseous oxygen. Also known as liquid pumping.

Oxy Iéng / Liquid oxygen

Trong toan bg tai liéu nay, tAt ca cac yéu cau ap dung cho oxy 16ng ciing ap dung cho
cac chat 1éng c6 ndong dd oxy Ién hon 75%.

Throughout this document, all requirements applicable to liquid oxygen are also applicable to
liquids with an oxygen concentration greater than 75%

Bé hap phu oxy Iéng / Liquid oxygen adsorbers

Thiét bi d& gidm ndng do6 tap chat trong khéng khi bang cach hap phu ching & diéu
kién siéu lanh tlr pha lédng cla bé chira bd hoa hoi. Thiét bi nay con dwoc goi la bd
hap phu bao vé hoac bo loc oxy 16ng (mé&c du co' ché tac dung khong phai la loc co
hoc, ma chi 1a hap phu).

Means to reduce concentrations of atmospheric impurities by adsorbing them cryogenically
from the liquid phase of the reboiler sump. Also known as guard adsorbers or liquid oxygen
filters (although the action is not physical filtration, but only adsorption).

B6 hoa hoi chinh / Main reboiler

B trao ddi nhiét tich hop dwoc stk dung dé ghép nhiét hai ¢t chuwng cét chinh cla
mét ASU, dong thoi ngung tu mét dong chat 16ng ap cao trong khi hoa hoi mét dong
chat l1dng ap thap, do d6 tao ra dong hoi ltvu cho mét cot va dong soi cho cot kia.
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3.2.15.

3.2.16.

3.2.17.

3.2.18.

3.2.19.

Integrated heat exchanger used to heat couple the two primary distillation columns of an ASU,
simultaneously condensing a high pressure fluid while vaporizing a low pressure liquid, thereby
producing reflux for one column and boil-up for the other.

Tac nghén / Plugging

Sw tc nghén cac kénh bén trong bd hoa hoi do cac hat la (vi du, silica gel hodc
perlite) hodc do sy déng cirng clia cac tap chat tir khi quyén (vi du, carbon dioxide
ho&c oxit nito’), diéu nay cé thé dan dén séi cuc bo.

Blockage of channels within the reboiler either by foreign particulates (for example, silica gel or
perlite) or by the solidification of atmospheric impurities (for example, carbon dioxide or nitrous
oxide), which can lead to dead end boiling.

B6é tai sinh / Regenerators

Quy trinh tién x& ly loai bd hoi &m va carbon dioxide ti khi cAp cta nha may ASU
bang cach déng bang ching trén cac ciu tric lanh nhw da thach anh hodc thép
khong gi.

Prepurification process of removing moisture and carbon dioxide from ASU plant feed air by
freezing them out on cold structures such as quartz stone or stainless steel.

Bé trao déi nhiét ddo chiéu (REVEX) / Reversing heat exchanger (REVEX)

Quy trinh tién x& ly loai bd hoi &m va carbon dioxide ti khi cAp ctia nha may ASU
bang cach déng bang ching bén trong bo trao déi nhiét dang tAm-canh tan nhiét han.
Trong dé, moét kénh dong nhét dinh trwdc tién dwoc st dung cho khi cip va sau d6
duwoc lam sach tap chét bang cach thang hoa cac tap chat trong mét dong khi sach,
kho, ap thap chay qua cling kénh d6 theo hwéng nguoc lai.

Prepurification process of removing moisture and carbon dioxide from ASU plant feed air by
freezing them out within a brazed plate-fin heat exchanger, whereby the given passage is first
used for feed air and then cleared of impurities by subliming the contaminants in a lower
pressure, clean, dry gas flowing through the same given passage in the reverse direction.

B6 hap phu chét 16ng giau / Rich liquid adsorber

Thiét bi dung dé giam nong do tap chat tir khi quyén (d&c biét Ia hydrocacbon) bang
cach hap phu chung bang phwong phap siéu lanh tlr dong oxy giau chét 16ng chay
gitra cac cot ap suat cao va ap suét thap. Con duoc goi 1a bd hdp phu hydrocacbon.
Means to reduce concentrations of atmospheric impurities (especially hydrocarbons) by
adsorbing them cryogenically from the liquid-enriched oxygen stream flowing between the high
pressure and low pressure columns. Also known as hydrocarbon adsorbers.

D6 ngép / Submergence

Thong s6 dwoc st dung cho cac bd hoa hoi kiéu 6ng tuan hoan tw nhién dé chi mic
do 16i bd hoa hoi bi ngap trong chét 16ng ctia bé chiva dwoc do so véi chidu cao thuc
té cGa bd hoa hoi. Do d6, & d6 ngap 100%, muc 16ng trong bé chira & tréndinh bo
hoa hoii.

Measure used for thermosyphon reboilers to indicate the degree to which the reboiler core is
submerged in the sump liquid as measured against the actual height of the reboiler. Therefore,
at 100% submergence the liquid in the sump is at the top of the reboiler.

LUU Y—Théng sb nay khong tuong dwong véi mire chi thj clia bé chiva, mirc nay chi
ra mirc tvong doi cua giao dién chat long gitra cac voi mire trén va dwdi. Tuy nhién,
murc chi thj va mirc ngap bd hoa hoi cé moi quan h‘é v&i nhau théng qua d6 cao cla
VoI mu’c trén, dinh bo hoa hoi, voi mirc dwdi va chidu cao ctia bd hoa hoi. P& c6 mo
td bang hinh anh, tham khao Phu luc B.

NOTE—This measure is not equivalent to the indicated level of the sump, which indicates the
relative level of the liquid interface between the upper and lower level taps. The indicated level
and reboiler-submergence level, however, are interrelated by the elevations of the upper level
tap, top of reboiler, lower level tap, and the height of the reboiler. For a pictorial description,
refer to Appendix B.

4. Sw cd bod hoa hoi / Reboilers incidents

- Cac sw cd bd hoa hoi dwoc phan loai thanh ba loai tuy thuéc vao mirc @6 nghiém trong clia
chung:
The reboiler incidents are categorized into three classes depending on their gravity:

cac vu nd 1on;

major explosions;

cac vu nd han ché; va

limited explosions; and
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ro ri bén trong.
internal leaks.

- Tuy nhién, can nhan thirc rdng do khéng cé ranh gidi phan dinh rd rang gitra cac vu nd nhé chi

gi¢i han & sw chay clia mét lwgng hydrocarbon han ché va céc vu nd Ién dan dén hién twong
chay nhom trén dién rong trong oxy Idng, nén viéc ngan ngtra moi sy tich tu hydrocarbon bén
trong cac bo trao doi nhiét bay hoi oxy I6ng la diéu tuyét doi thiét yéu.
However, it should be recognized that as there is no clear delineation between small explosions limited to
combustion of limited quantities of hydrocarbons and large explosions leading to extensive aluminium
combustion in liquid oxygen, it is absolutely essential to prevent any hydrocarbon accumulation within the
liquid oxygen reboiler exchangers.

4.1.

4.2,

4.3.

Cac vu nd I&n | Major explosions

Céc vu nd I6n 1am thang hop lanh va gay hw hai lon cho ASU, khién n6 khong thé hoat dong
dwoc. Chung cling c6 kha nang xay ra cac tac dong bén ngoai dia diém tr vu nd.

Major explosions breech the coldbox and cause major damage to the ASU, rendering it inoperable.
There is also the possibility of off-site effects from the blast.

Trong nhitng diéu kién rat cu thé, moét sy giai phong nang lwgng dir doi co thé béat ngudn tr
bd hoa hoi cia mét nha may phan ly khong khi véi nhivng hdu qua tham khoc doi voi nha
may va méi trwdng xung quanh. Mot vu nod cyc ky dir doi cé thé xay ra néu nhc“)rq trong hop
lanh tr& thanh nhién liéu phan (rng v&i oxy trong bé chira oxy Iédng clia cét chwng cat.

Under very specific conditions, a violent energy release can originate in the reboiler of an air separation
plant with catastrophic consequences to the plant and its surroundings. An extremely violent explosion
can occur if the aluminium in the coldbox becomes a fuel that reacts with oxygen in the liquid oxygen
sump of the distillation column.

Hai sy kién nghiém trong thudc loai nay da xay ra vao nam 1997. Lan xay ra trudc d6 duy
nhat la vao nam 1964. M6t trong cac vu n6 nam 1997 dir déi dén mirc ASU bj pha hldy hoan
toan va nha may lién k& noi san pham oxy duoc st dung bi hw hai nghiém trong.

Two serious events of this nature occurred in 1997. The only previous occurrence was in 1964. One of
the 1997 explosions was so violent that the ASU was totally destroyed and the adjacent plant where the
oxygen product was used was seriously damaged.

Ca ba s ¢b dwoc cho 1a da dién ra theo cuing mét chudi sw kién:

All three incidents are thought to have followed the same series of events:

a) Tw bbc chay va dbt chay cac tap chat tir khong khi dé chay da tich tu bén trong cackénh
cta bd hoa hoi;
Spontaneous ignition and combustion of flammable air contaminants that had accumulated within the
passages of the reboiler;

b) Kich thich béc chay va d6t chay mét phan In vat ligu nhém tir do cac b trao dbi nhiét
hoa hoi dwoc ché tao;
Promoted ignition and combustion of a large fraction of the aluminium material from which the
reboiler exchangers were fabricated;

¢) Hoa hoi nhanh oxy Iéng; va
Flash vaporization of liquid oxygen; and

d) N6 cot chwng cét siéu lanh va vé hop lanh.
Explosive rupture of the cryogenic distillation column and coldbox casing.

Cac vu né han ché / Limited explosions

Cac vu n han ché co thé gay hu hai bén trong hop lanh nhung khong lam thing no. Hw hai
thwdng chi gi¢i han & thiét bi bén trong hop lanh. Bwdng dng va cac thiét bi khac co thé bi hw
hai nhung cé thé sira chiva dwoc trong thdi gian nha may ngirng hoat déng kéo dai.

Limited explosions can cause damage within the coldbox but do not breech it. Damage is typically
confined to the equipment within the coldbox. Piping and other equipment can be damaged but are
repairable during an extended plant outage.

RO ri bén trong / Internal leaks

Cac s ¢b ro ri bén trong thuong lién quan dén cac vu nd nhé bén trong bé trao déi nhiét bo
hoa hoi va khéng nhin thdy dwoc tir bén ngoai hop lanh. Chung thwdng chi duwgc nhan thay
qua hoat dong kém hiéu qua sau do cua cac cot chung cét va yéu cau stra chiva bd hoa hoi
dé loai bé van dé. Thiét bi bén ngoai cft chwng céat hiém khi bj lién quan hodc anh hwéng.
Internal leak incidents generally relate to minor explosions within the reboiler heat exchanger and are not
seen on the outside of the coldbox. They are generally only noticed by the subsequent poor operation of
the distillation columns and require repair of the reboiler to eliminate the problem. Equipment outside of
the distillation column is seldom involved or affected.

5. Tap chét trong khéng khi / Air contaminants

9
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Viéc thiét ke va van hanh an toan mét nha may phan ly khong khi siéu lanh phu thudc vao kién
thire chi tiét vé thanh phan cla khong khi trong khi quyén va dleu gi xay ra v&i cac thanh phan
nay khi chung di qua mot ASU. Phan I&n khong khi va mot sé thanh phan vét duwoc tach ra dé
tao ra cac san pham mong mudn nhw oxy, nito va argon ciing nhw heli, neon, krypton hoac
xenon. Mot sb thanh phan doéng bang & nhiét do siéu lanh va cé thé gay ra cac van dé van hanh
ho&c an toan. Cac thanh phan khac co thé tap trung bén trong nha may phan ly khong khi va tao
thanh hén hop dé chay voi oxy hoac khong khi glau oxXy. Van con cac thanh phan khac cé thé &n
mon va dan dén tang cac van dé van hanh va gidm tudi tho nha may.

Safe design and operation of a cryogenic air separation plant depends on a detailed knowledge of the
composition of atmospheric air and what happens to these components as they pass through an ASU. The
bulk of the air and some trace components are separated to yield desired products such as oxygen,
nitrogen, and argon as well as helium, neon, Krypton, or xenon. Some components freeze out at cryogenic
temperatures and can cause operational or safety problems. Other components can be concentrated within
the air separation plant and form flammable mixtures with oxygen or enriched air. Still other components can
be corrosive and lead to increased operating problems and reduced plant life.

Phu luc C liét k& nhiéu thanh phan c6 trong khéng khi cé the gay ra van dé trong cac nha may
phan ly khéng khi. Cac thanh phan dwoc phan loai theo cac van dé ma chung gay ra.

Appendix C lists many components present in air that can cause problems in air separation plants. The
components are classified according to the problems they cause.

Vi trong tam chinh clia 4n phdm nay Ia an toan, cac thanh phan &n mon sé khong dwoc xem xét
thém. Cac thanh phan gay tac nghén, mac du ban thén ching khong phai la van de an toan, c6
thé tich tu va gay ra s6i khé hoac sbi cuc bé va tich tu hydrocarbon trong cac bé hoa hoi.

Since the main focus of this publication is safety, the corrosive components are not be considered further.
Plugging components, while not safety issues by themselves, can accumulate and cause dry boiling or dead
end boiling and hydrocarbon buildup in reboilers.

D@ liéu tinh chat vat ly va nhiét dong cla cac thanh phan khéng khi & can thiét dé hiéu noi
ching cé thé tap trung trong moét nha may phan ly khéng khi va & ndng d6 nao su tich tu cé thé
tré nén nguy hiém. Phu luc D cung cép céc tinh chét lién quan clGa nhiéu thanh phan nay.
Physical and thermodynamic property data of the components of air are necessary to understand where
they can concentrate in an air separation plant and at what concentration the accumulation can become
dangerous. Appendix D gives the relevant properties of many of these components.

Cac diém quan trong trong nha may phan ly khéng khi 1a cac bd hoa hoi, vi hydrocarbon hodc
cac thanh phan gay téc nghén di vao phan siéu lanh clia nha may tich tu tai cac vi tri nay. Phu
luc E liét ké mire tdi da cla cac tap chét trong bd hoa hoi chinh (loai 6ng tuan hoan tw nhién)
dwoc phép dé van hanh nha may an toan. Phu luc F liét ké mirc téi da cla cac tap chét trong bo
hoa hoi dong chay xubng dwoc phép dé van hanh nha may an toan. Xem 7.4 dé xem xét chi tiét
hon vé murc tap chat cho phép trong bd hoa hoi chinh.

Critical points in the air separation plant are the reboilers, since hydrocarbons or plugging components
entering the cryogenic section of the plant accumulate at these locations. Appendix E lists the maximum
level of contaminants in the main reboiler (thermosyphon type) allowable for safe plant operation. Appendix
F lists the maximum level of contaminants in a downflow reboiler allowable for safe plant operation. See 7.4
for a more detailed review of allowable contaminant levels in the main reboiler.

Cting can Iwu y rang hydrocarbon c6 thé tich tu & cac vi tri khac nhw bo hép phu 16ng giau, bo
hap phu oxy 1dng, va théng qua s6i cuc b6 trong cac doan 6ng chét.
It also should be noted that hydrocarbons can accumulate at other locations such as rich liquid adsorbers,
liquid oxygen adsorbers, and through dead end boiling in piping dead legs.

Phu luc D két hop voi Phu luc G cho thay rang dbi voi mot nha may co hé théng tinh ché so bo
(FEP) dwa trén hap phu, cac tap chat chinh can xem xeét la nito oxit, etan, etylen va propan.
Carbon dioxide ciing nén dwoc theo doi vi sy co hoac truc trac cla cac bd hap phu c6 thé cho
phép carbon dioxide di vao nha may. Cac thanh phan chinh nay:
Appendix D in conjunction with Appendix G suggests that for a plant with adsorption-based front-end
purification (FEP), the key contaminants to consider are nitrous oxide, ethane, ethylene, and propane.
Carbon dioxide should also be monitored since upsets or malfunction of the adsorbers can allow carbon
dioxide to enter the plant. These key components:
o khong duoc loai bd hodc chi duwoc loai bd mét phan trong cac bd hap phu tinh ché so bo;

are not removed or only partially removed in the front-end purification adsorbers;
e O gia tri K thdp, diéu nay cé nghia la rét it dwoc loai bd trong san pham oxy dang khi; va

have low K-values, which means very little is removed in the gaseous oxygen product; and
e c6 dd hoa tan thap (ngoai trr etan).

have low solubility (with the exception of ethane).

Nhitng tap chét nay va cac chat bd sung khac co thé gay lo ngai trong cac nha may s dung b
trao doi nhiét dao chiéu (REVEX) hodc bo tai sinh. Cac phan sau cla an pham nay moé ta cac

10
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phuwong phap co thé dwoc sir dung dé loai bé hoac han ché sy tich tu cua cac thanh phan nay
va cac thanh phan khac.

These and additional contaminants can be of concern in reversing heat exchanger (REVEX) or regenerator
plants. The following sections of this publication describe the methods that can be used to remove or limit
the buildup of these and other components.

6. Can nhac vé thiét ké / Design consideration

- Khéng glong nhw cac nganh cong nghiép nha may ché blen khac, nganh cbng nghiép khi cong

nghiép x& ly khéng khi xung quanh dé tao ra san pham cudi cung ctia minh. Vi ly do nay, sy an
toan cta cac nha may phan ly khoéng khi cé lién quan chat ché dén cac tap chat vét co trong
khong khi. Vi khéng thé kiém soat diéu kién cla khong khi xung quanh, viéc hiéu biét vé cac ky
thuat loai bé tap chat ciing nhw kién thirc vé thanh phan khoéng khi cu thé tai dia diém 1a bat budc
dé thiét ké va van hanh nha may an toan.
Unique from other process plant industries, the industrial gases industry processes ambient air to produce
its final product. For this reason, the safety of air separation plants is closely related to the trace
contaminants present in the air. As it is not possible to control the condition of the ambient air, an
understanding of contaminant removal techniques as well as the knowledge of the site-specific air
composition is imperative for safe plant design and operation.

- Hydrocarbon va cac tap chét khac trong méi trwong di vao cfra hat khi cQa mét ASU co thé gay

ra cac van dé an toan va van hanh néu dwoc phép di vao thiét bj chwng cat. Nhirng tap chat nay,
co nhiét do soi cao hon oxy, cd xu hwdng tich tu trong cac bd hoa hoi giau oxy bén trong nha
may, dac biét la & day cua cot chwng cat ap suat thap. Néu nong dé cta chung dugc phép tich
tu, chung co the tao thanh h§n hop dé chay v&i oxy hoac, trong trudng hop tap chat tro, két tua
ra khoéi dung dich, dan den tac nghén cac kénh cta bd hoa hoi khi dat dén gi¢i han hoa tan cua
chang tai vi tri d6. Sw tdc nghén nhw vay do cac tap chét tro cé thé dan dén tich tu hydrocarbon
do séi cuc bd.
Hydrocarbons and various other contaminants in the environment that enter the air intake of an ASU can
cause safety and operational problems if allowed to reach the distillation equipment. These contaminants,
which have higher boiling temperatures than oxygen, tend to accumulate in the oxygen-rich reboilers within
the plant, most specifically in the sump of the low pressure distillation column. If their concentrations are
allowed to build up, they can form flammable mixtures with oxygen or, in the case of inert contaminants,
precipitate out of solution, leading to the plugging of the passages of the reboiler once their solubility limits
have been reached locally. Such plugging by inert contaminants can lead to local accumulation of
hydrocarbons by dead end boiling.

- Do do, diéu can thiét Ia cac tap chat nguy hiém hon trong sb nay phai dwoc loai bo khéi dong khi
cap truwéce khi chung di vao cét chwng cat, va nong dé toi da cho cac tap chat con lai duwgc gidi
han & cac gia tri thap hon nhirng gia tri dwoc chi ra trong Phu luc E va F.

It is therefore essential that the more hazardous of these contaminants be removed from the feed air stream
before they enter the distillation column, and that the maximum concentration for the remaining
contaminants is limited to values less than those indicated in Appendices E and F.

6.1. Moi trwwdng xung quanh nha may / Plant surroundings

- Chéat lwgng khéng khi xung quanh la mét yéu td quan trong trong thiét ké va van hanh an toan
clia mot nha may phan ly khéng khi. Xem AIGA 056, Huéng dan Thue hanh An toan cho céc
Nha may Phan ly Khéng khi Siéu lanh [1].!

The ambient air quality is an important factor in the design and safe operation of an air separation plant.
See AIGA 056, Safe Practices Guide for Cryogenic Air Separation Plants [1].

- Nha may phan ly khéng khi phai dwoc thiét ké dé loai bd hodc gidm xudng dwéi gi¢i han chap

nhan dwoc cac thanh phan déng bang & nhiét do siéu lanh, cac thanh phan cé thé tao thanh
hdn hop dé chay véi oxy hodc khdng khi giau oxy, va cac thanh phan cé tinh &n mon. Vi mrc
dd cla cac tap chét nay cé thé thay dbi rat nhidu tir dia diém nay sang dia diém khac, mot
danh gia rieng vé chat lwong khoéng khi nén dwoc thuc hién cho tirng dia diém nha may bai
nha thiét ké va nha van hanh.
The air separation plant shall be designed to remove or reduce to less than acceptable limits the
components that freeze at cryogenic temperatures, components that could form flammable mixtures with
oxygen or enriched air, and components that are corrosive. Since the levels of these contaminants can
vary greatly from location to location, a separate review of air quality should be done for each plant site
Jointly by the designer and operator.

- Trong truong hop khéng co di liéu cu thé vé mét dia diém nha may cu thé, moét nha may
phan ly khong khi co thé dwoc thiét ké dwa trén bang chat lwgng khong khi mac dinh. Bang
nay nén liét ké mlrc téi da cla tirng tap chat trong khéng khi ctia mét khu vire cong nghiép co

1 C4c tai liéu tham khado dwoc thé hién bang sb trong ngodc vudng va duoc liét ké theo thir tw xuét hién trong phan tai liéu
tham khao.
References are shown by bracketed numbers and are listed in order of appearance in the reference

11



AIGA AIGA 035/20

6.2.

thé dwoc xt ly an toan trong nha may phan ly khéng khi ma khong can stra doi bo sung. Phu
luc H dinh nghia cac mc toi da dién hinh cho mdt nha may c6é hé thong FEP dwa trén hap
phu.

In the absence of specific data on a particular plant site, an air separation plant may be designed on the
basis of a default air quality table. This table should list the maximum level of each contaminant in the air
of an industrial area that could be processed safely in the air separation plant without additional
modifications. Appendix H defines typical maximum levels for a plant with an adsorption based FEP
system.

Néu ndng dé dwoc bao céo cao hon cac gia tri trong Phu luc H, nha thiét ké phai phan tich
tac dong va chi rd liéu cé can stra dbi bbd sung dbi vai thiét ké va/hoac hwéng dan van hanh
hay khéng.

If concentrations are reported to be higher than those in Appendix H, the designer shall analyze the
impact and specify whether additional modifications to the design and/or to the operating instructions are
necessary.

Mét quy trinh nén duoc thiét 1ap dé dinh ky xem xét méi trwdng xung quanh vé kha nang tiép
xUc v&i nhivng thay dbi vé chat lwong khong khi do sy phat trién céng nghiép cé thé xay ra
xung quanh dia diém sau khi 1ap dat ASU. Cac co s& méi nhw vay cé thé thai ra hda chét
trong trang thai 6n dinh ho&c tinh hudng khan cép (vi du cac dworng xa, dudc dbt, khi thai
phwong tién giao théng hodc cac sw cd phat thai ngoai y mudn khéac), c6 thé anh hwéng dén
an toan van hanh cia ASU. Nhirng thay dbi vé chéat lwong khéng khi do cac suw kién moi
trwdng nhw swong mu va khoi tir chay rirng, dét nwong ray hodc cac qua trinh dbt sinh khéi
khac cling nén dwoc xem xét.

A process should be put in place to periodically review the surroundings for exposure to changes in air
quality as a result of industrial development that can occur around the site following the installation of the
ASU. Such new facilities can release chemicals during steady state or emergency situations (i.e., vents,
flares, vehicle emissions, or other accidental release), possibly impacting operational safety of the ASU.
Air quality changes due to environmental events such as haze and smoke from forest fires, burning
farmland, or other biomass combustion should also be considered.

Thiét ké hé thong tién tinh ché / Design of prepurifying systems

Nhiéu phwong tién khac nhau da dwoc st dung dé loai bd tap chat. Hau hét cac ASU hién dai
st dung hé théng FEP dé& hap phu gan nhw toan bo dd &m va carbon dioxide ciing nhw cac
hydrocarbon nguy hiém nhét t&r dong khi cAp nén. Cac don vi nay ciing cé thé loai bé mot
phan mét sb tap chat khac. Nhiéu nha may cii hon st dung cac nha may REVEX hodc b tai
sinh d& déng bang nhiéu tap chat khi khi cAp dwoc lam lanh dén nhiét d6 thap. Cac nha may
nay thuwdng yéu cau loai bd tap chat bd sung bang cac bd hap phu pha hoi hodc pha 16ng,
hoat ddng & nhiét do siéu lanh. Giai thich chi tiét vé& hoat dong cla cac hé théng tién tinh ché
nay cé thé dwoc tim thay trong AIGA 056 [1].

Various means have been used for contaminant removal. Most modern ASUs use FEP systems to
adsorb substantially all of the moisture and carbon dioxide and the most hazardous hydrocarbons from
the compressed feed air stream. These units can also partially remove certain other contaminants. Many
older plants make use of REVEX plants or regenerators to freeze out many of the contaminants as the
air feed is cooled to low temperature. These plants generally require additional contaminant removal by
means of vapour or liquid phase adsorbers, which operate at cryogenic temperature. A detailed
explanation of the operation of these prepurifying systems can be found in AIGA 056 [1].

7. Van hanh / Operations

7.1.

Tam quan trong cua viéc loai bé carbon dioxide / Importance of carbon dioxide removal

MGt trong nhirng yéu t6 co' ban va quan trong nhat trong viéc duy tri an toan nha may phan ly
khong khi lién quan dén hydrocarbon la van hanh dung cach hé thong tién tinh ché. Cho du
nha may st dung FEP hay REVEX/b6 tai sinh, @m bao rang hé thong tién tinh ché dang hoat
dong hiéu qua la quan trong dé ngan carbon dioxide di vao hop lanh, noi ma do dd hoda tan
thap, né co thé 1am tac nghén cackénh clia bd hoa hoi va gay ra séi cuc bd hoac soi kho.

One of the most basic and important factors in maintaining air separation plant safety with respect to
hydrocarbons is the proper operation of the prepurifying system. Whether the plant uses an FEP or
REVEXs/regenerators, ensuring that the prepurifying system is operating effectively is important to
prevent carbon dioxide from entering the coldbox where, because of its low solubility, it can plug reboiler
passages and cause localized dead end or dry boiling.

Viéc ngan chén sw xuyén thiing cla carbon dioxide trong cac nha may cé hé théng FEP ciing
rat quan trong trong viéc kiém soat mirc hydrocarbon trong bd hoa hoi. Mét sb tap chat khong
khi, d&c biét la propan, etylen va nito oxit, bi h4p phu mét phan trén sang phan tlr nhung bi
day ra b&i sw hap phu carbon dioxide. Khi carbon dioxide dwgc phép xuyén thiing & dau san
pham cta tAng hap phu, cac thanh phan bi hdp phu mét phan nay sé dwoc giai hap va di vao
phan siéu lanh cGia nha may.
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Preventing carbon dioxide breakthroughs in plants with FEP systems is also critical in controlling
hydrocarbon levels in the reboiler. Some air contaminants, notably propane, ethylene, and nitrous oxide,
are partially adsorbed on molecular sieve but become displaced by carbon dioxide adsorption. When
carbon dioxide is allowed to breakthrough at the product end of the bed, these partially adsorbed
components are desorbed and pass into the cryogenic section of the plant.

- Vi nhirng ly do nay, khéng nén cho phép s ro lot clia carbon dioxide vwot qua gidi han phat

hién & cudi chu trinh hap phu trong cac nha may st dung hé théng FEP. Néu xay ra s ro lot,
hay tham khao ngay huéng dan van hanh dé diéu chinh bd diéu khién trinh tw hodc cac théng
s6 bd hap phu va/hoac cac diéu kién quy trinh nham loai bd sw rod lot. Néu can, can tién hanh
diéu tra thém bao gébm phan tich khéng khi xung quanh va khéc phuc sy ¢b hiéu suat thiét bi
quy trinh.
For these reasons, a breakthrough of carbon dioxide greater than the detectable limit at the end of the
adsorption cycle should not be allowed in plants that use an FEP system. If breakthroughs occur, refer
immediately to the operating instructions to tune the sequencer or adsorber parameters and/or the
process conditions in order to eliminate the breakthroughs. If required, further investigation including
ambient air analysis and process equipment performance troubleshooting should be carried out.

- Nobng dd carbon dioxide phai dwoc gidm sat tai diu ra cia binh hap phu trong ASU dé san

xuét oxy (may phan tich nay cé thé dwoc sir dung dé phan tich bé day bo hoa hoi). Phai ¢
canh bao carbon dioxide cao, thwdng dwoc dat & mie 1 ppm/thé tich. Diéu nay cho thay sw
rd lot clia carbon dioxide va cad mét sd hydrocarbon va cac tap chat khac da dwoc hdp phu
trwéc dé. Ngudi van hanh nén chuyén sang cot hap phu khac néu co (tire 1a da dwoc tai sinh
day du), téi da hoa toéc dd xa 1dng va, néu cé thé, giam sat ndng do hydrocarbon, nito’ oxit va
carbon dioxide trong bé day d& dam béo chung khéng vuot qua cac gia tri dwoc dua ra trong
Phuluc EvaF.
The carbon dioxide concentration shall be monitored at the outlet of the adsorption vessel in the ASU for
oxygen production (this analyzer can be used for analysis of the reboiler sump). There shall be a high
carbon dioxide alarm, typically set at 1 ppm/v. This indicates breakthrough of carbon dioxide and also
some previously adsorbed hydrocarbons and other contaminants. The operator should switch to the
other adsorber bed if available (i.e., adequately regenerated), maximize the liquid purge rate and, where
possible, monitor sump concentrations of hydrocarbons, nitrous oxide, and carbon dioxide to ensure that
they do not exceed the values given in Appendices E and F.

- Phai c6 canh bao carbon dioxide rat cao, dwoc dat & mirc 5 ppm/thé tich hodc thap hon.
Trong trwdng hop canh bao rat cao hodc khéng cé phan tich bé day, nha may phai dwoc
ngrng hoat déng néu bd hap phu khéng thé chuyén déi trong vong 30 phut hodc ngay lap tic
néu ndng dd carbon dioxide dat 10 ppm/thé tich.

There shall be a high high carbon dioxide alarm, set at 5 ppm/v or less. In case of high high alarm or
where there is no sump analysis, the plant shall be shut down if the adsorber cannot be switched within
30 minutes or immediately if the carbon dioxide concentration reaches 10 ppm/v.

- Dbi voi cac nha may cé bd hoa hoi kiéu dong chay xudng, néng do tbi da cla cac tap chat

trong bé day bd hoa hoi thdp hon so véi bo hoa hoi kiéu bé. Do d6, cadnh bao xuyén thiing
FEP nén dwoc dat & mic dwdi 1 ppm/thé tich va mic ngirng hoat ddong & mirc dudi 10
ppm/thé tich. Trong moi trwéng hop, cac gia tri nay phai tuan theo théng sé ky thuat ctia nha
san xuat nha may.
For plants with downflow reboilers, the maximum concentration of contaminants in the reboiler sump are
less than for bath-type reboilers. Therefore, the FEP breakthrough alarm should be set at less than 1
ppm/v and the shutdown level at less than 10 ppm/v. In any case, these values shall be according to the
plant manufacturer specification.

- Mét s ro ri carbon dioxide thap nhwng lién tuc ciing nguy hiém nhw mét sy ro lot dang ké &

cuoi chu trinh, b&i vi n6 cho thay rang cac tap chat khong khi nhu axetylen, cac hydrocarbon
khac va dé ém, cling dang di vong qua cac tang hap phu. Néu mdc dé ro ri lién tuc dat 0,2
ppm/thé tich dén 0,5 ppm/thé tich carbon dioxide (tuy theo kha nang phat hién cta bd phéan
tich), nén hoi nha cung cap cua nha may ngay lap tlec. Nha may co thé hoat déng trong mot
thoi gian dai trong cac diéu kién ‘nay mien la mure tap chét an toan trong bo hoa hoi khéng bi
vuot qua theo Phu luc E va F. Néu khong, nha may phai dwgc ngirng hoat dong.
A low but continuous slip of carbon dioxide is just as dangerous as a significant breakthrough at the end
of the cycle, because it indicates that air contaminants such as acetylene, other hydrocarbons, and
moisture are also bypassing the adsorber beds. If the level of a continuous slip reaches 0.2 ppm/v to 0.5
ppm/v of carbon dioxide (according to the detection capability of the analyzer), the plant supplier should
be consulted immediately. The plant may operate for an extended period under these conditions
provided that safe reboiler contaminant levels are not exceeded in accordance with Appendices E and F.
Otherwise, the plant shall be shut down.

- T[ong trwong hc_)’p nha méy’REVEX hoac tai sinh, nhié:‘t do diém gilra va dau lanh cla ’bé trao
doi phai dwgc kiem soat dé dam bao rang bo trao doi loai bd carbon dioxide va do am mot
cach chinh xac. Dé biét thém chi tiét vé kiém soat nhiét d6 clla nha may REVEX, xem AIGA
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7.2.

036[1]. Neu cac dieu kién sy co nghiém trong van tiep dién, can xem xeét viéc thay doi b hap
phu chat 16ng giau thwdng xuyén hon dé ngan chan sy tich tu carbon dioxide trong bé day
chtra léng.

In the case of REVEX or regenerator plants, the midpoint and cold-end temperatures of the exchanger
shall be controlled to ensure that the exchanger correctly removes carbon dioxide and moisture. For
more details about temperature control of REVEX plants, see AIGA 056[1]. If severe upset conditions
persist, a more frequent change of rich liquid adsorbers should be considered in order to prevent a
buildup of carbon dioxide in the sump liquid.

Van hanh bé hoa hoi ding cach / Proper reboiler operations

Cac thiét ké hién tai cia nha may phan ly khoéng khi cung cép hai cong nghé chinh cho bod
hoa hoi:
Current designs of air separation plants offer two main technologies for reboilers:
o bd hoa hoi kiéu bé (con duoc goi la bd hoa hoi kiéu tuan hoan tw nhién); va
bath-type reboilers (also known as thermosyphon reboilers); and
o bd hoa hoi kiéu dong chay xudng.
downflow reboilers.

7.2.1. B6 hod hoi kiéu bé / Bath-type reboilers

- Thuat ngir bd hoa hoi kiéu bé dinh nghia bat ky bd trao di no clia nha may phan ly

khéng khi hoat dong ngap trong chét 16ng. D&c biét quan tdm dén &n phdm nay la
nhing loai ma bé chat Iong chira ham lwgng oxy lon hon 75%. Diéu nay co thé bao
gbm céac bd hoa hoi chinh (dwoc 1&p trong ho&c 18p ngoai), bd hoéa hoi phu tro, bod
héa hoi h4p phu bao vé va bd hoa hoi sé&n pham oxy.
The term bath-type reboiler defines any exchanger of an air separation plant that operates
submerged in liquid. Of specific interest to this publication are those in which the liquid bath
contains greater than 75% oxygen content. This can include main reboilers (either internal or
external), auxiliary vaporizers, guard adsorber vaporizers, and oxygen product reboilers.

- Céac nguyén ly hoat dong clia cac bd hoa hoi kiéu bé nay la twong tw nhau. D& don
gian héa viéc gidi thich hoat déng nay, bd hoa hoi kiéu bé ctia bé ngung chinh duoc
st dung lam vi du.

The operating principles of these various bath reboilers are similar. In order to simplify the
explanation of this operation, the main condenser bath reboiler is used as an example.

- Oxy trong bé (cac kénh h&) héa hoi nhe trao ddi nhiét véi dong nito khi dang ngwng

tu clia cot ap cao. Oxy & pha 16ng tai phan dwéi cua reboiler sé héa hoi dan doc theo
cac kénh khi né chuyén dong 1én phia trén cuta 16i trao dbi nhiét. Hiéu ng cla sw
chénh Iéch mat dé (cao hon di v&i 16ng trong bé day so véi hén hop hai pha trong
cac kénh cta bd trao ddi nhiét) tao ra dong chay di Ién cta oxy (hiéu ng nhiét tuan
hoan tw nhién).
The oxygen in the bath (open passages) vaporizes against the condensing gaseous nitrogen of
the high pressure column. The oxygen, in liquid phase at the lower part of the reboiler,
vaporizes progressively in the passage as it flows up the core. The effect of the difference of
density (higher for the liquid in the sump than for a two-phase mixture within the passages of
the exchanger) generates an upward flow of the oxygen (thermosyphon effect).

- Khi hén hop hai pha chay 1én va qua dinh clia cac kénh h& cuta 16i bd hoa hoi, mét
lwgng dang ké chét Iong chwa hoa hoi chay nguoc tré lai bé. Diéu nay duoc goi la
tuan hoan chat Iéng.

As the two-phase mixture flows up and through the top of the open passages of the reboiler
core, a significant amount of unvaporized liquid falls back into the bath. This is referred to as
liquid recirculation.

- Cac hydrocarbon hoa tan trong oxy I6ng di vao cac kénh sé tap trung dan dan khi oxy
I6ng bi héa hoi mét phan.
The hydrocarbons in solution with the liquid oxygen entering the passages concentrate
progressively as the liquid oxygen is partially vaporized.

- Néu tbc do dong tudn hoan cao, néng dd hydrocarbon trong cac kénh van thap va kha
nang tich tu nguy hiém trong cac kénh la khong dang ké. Néu téc do dong tuan hoan
bi giam hoac loai bd hoan toan, néng dd hydrocarbon cuc bd trong cac kénh tang lén
dang ké. Khi tudn hoan bi loai bd hoan toan, hién twong séi khd xay ra. Trong cac
dleu kién nay, mét pha Iong the hai, giau hydrocarbon, co6 thé tach ra hodc cac can
rén clia cac chét gay tac nghén co thé tich tu trong cac kénh 16i by hoa hoi. Tinh
hubng nay dic biét nguy hiém vi né cé thé dan dén sw tich tu nhanh chéng cac
hydrocarbon dé& chay trong cac kénh 16i bi co lap, do téc d6 tudn hoan thap hon.
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7.2.2.

If the recirculation flow rate is high, the concentration of hydrocarbons in the passages remains
low and dangerous accumulation in the passages is unlikely. If the recirculation flow rate is
reduced or eliminated completely the local hydrocarbon concentration in the passages
increases significantly. Where recirculation is eliminated completely, dry boiling occurs. Under
these conditions, a second, hydrocarbon-rich, liquid phase can separate or solid deposits of
plugging contaminants can build up in the reboiler core passages. This situation is especially
dangerous since it can lead to the rapid accumulation of flammable hydrocarbons within the
isolated core passages, due to lower recirculation rates.

CANH BAO: S tich tu hodc ldng dong hydrocarbon trong cdc kénh khéng thé
dwoc phat hién bang phén tich 1ong trong bé ddy bé hoa hoi hodc bang bat ky
phwong phap nao khac.

WARNING: Accumulation or deposition of hydrocarbons within the passages cannot be
detected by analyses of the reboiler sump liquid or by any other method.

Viéc van hanh bé dudi mot mire cu thé so voi chiéu cao I6i lam gidm cot ap chét long
va dong tuan hoan, dan dén sw hoa hoi hoan toan oxy 16ng khi n6 chay Ién cac kénh.
Hién twgng khdng cé dong tuan hoan nay dugrc goi la héa hoi khé hoac sbi kho.
Operating the bath below a specific level with respect to the core height reduces the liquid head
and recirculation flow leading to complete vaporization of liquid oxygen as it flows up the
passages. This phenomenon of no recirculation flow is called dry vaporization or dry boiling.

Viéc tang mirc chét 16ng nay cho phép dong tuan hoan tu thiét 18p lai va loai bo kha
nang s6i khé. Nhu cau duy tri mire chat long cao dac biét quan trong doi voi hoat
déng khi cong suat nha may giam.

Increasing this liquid level allows the recirculation flow to re-establish itself and eliminates the
possibility of dry boiling. The need to maintain a high liquid level is especially important for
operation at reduced plant capacity.

Can biét rang mirc ngap téi thidu can thiét d& van hanh an toan bod hoa hoi kiéu bé 1a
mét ham cuia loai bg trao ddi nhiét dugc st dung. D& dam bao an toan van hanh, do
s&u cua chat long trong bé day bd hoa hoi phai dwoc duy tri & mic do nha thiét ké
nha may quy dinh. Néu gia tri nay khéng dwoc xac dinh, bd hoa hoi nén dugc van
hanh trong diéu kién ngap hoan toan (ngap 100%), tire la mire Iong trong bé phai dat
dén dau trén cla 16i bd hoa hoi. Lwu y rang mure hién thj trén thiét bi do dac thudng
khong twong tng voi phe)n tram dd ngap so v&i chiéu cao 16i. Tham khdo Phu luc B
dé biét thém giai thich. Néu sw twong &ng gitra chi bao murc va do ngap 16i khong thé
xac dinh dwoc tr hwéng dan van hanh, phai hdi tw van tr nha cung cép.

It should be recognized that the minimum degree of submergence required for safe operation of
bath-type reboilers is a function of the type of heat exchanger that is used. To ensure
operational safety, the depth of the reboiler sump liquid shall be maintained at the level
specified by the plant designer. If this value is unknown, the reboiler should be operated in a
fully submerged condition (100% submergence), i.e., the liquid level in the bath shall reach the
upper end of the reboiler core. Note that the level shown on the instrumentation does not
normally correspond to the percentage submergence with respect to core height. Refer to
Appendix B for further explanation. If the correspondence between the level indication and the
core submergence is not identifiable from the operation manual, the supplier shall be consulted.

Néu dod ngap ctia bd hoa hoi thap hon mrc téi thiu trong mot khodng thoi gian vuot
qua thoi glan khuyén nghi ctia nha san xuéat, nha may nén dwoc ngirng hoat dong.
Van hanh & muc dd ngap I&n hon 100% cé thé mang lai bién do an toan bb sung.
Tuy nhién, can can than dé murc tang khong anh hwdng xau dén hoat dong cla nha
may théng qua viéc 16ng bi cuén theo vao dwo’ng ong khi hodc can tré phan ph0| chét
I6ng hodc qua trinh chwng cét & phan day cla thap. Mtrc I6ng qua cao co thé gay hw
hong co hoc cho cac bd phéan bén trong (b6 phan phoi, mém, dém) & phan duwéi cua
thap chwng cat.

If the reboiler submergence is less than the minimum level for a period of time exceeding the
recommended time by the manufacturer, the plant should be shut down. Operation at levels
greater than 100% submergence can give an additional margin of safety. However, care shall
be taken that the increased level does not adversely affect plant operation through liquid
carryover into the gas lines or interference with liquid distribution or the distillation process in
the boftom section of the column. An excessively high liquid level can cause mechanical
damage to the internal components (distributor, trays, packing) in the lower part of the
distillation column.

Bé hoé hoi kiéu dong chdy xuéng / Downflow reboilers

Bo hoa hoi kiéu dong xudng (con dwoc goi la bd hoa hoi kiéu mang) 13 thiét bi ma

Idng can hoéa hoi chay trong cackénh tir trén xudng dwdi cda 16i. Dong chay duoc tao

ra b&i trong lyc va dugc phan phdi bdi mét bé phan phdi & dau vao (phia trén) dén

cackénh 16i. B6 hoa hoi kiéu dong xudng ddi khi dwoc str dung lam bd hoéa hoi chinh
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hoac phu cla cac Nha may tach khi (ASU). Twong v nhw trvong hop bd hoa hoi
kiéu bé, b hoa hp’i chinh duoc st dung lam vi du dé minh hoa nguyén ly hoat dong
clia b6 hoa hoi kiéu dong xudng.

A downflow reboiler (also known as a film-type reboiler) is one in which the liquid to be
vaporized flows in the passages from the top to the bottom of the core. The flow is generated by
gravity and is delivered by a distributor at the inlet (top) to the core passages. Downflow-type
reboilers are sometimes used for main or auxiliary vaporizers of ASUs. As in the case of the
bath-type reboilers, the main reboiler is used as an example to illustrate the operating principles
of the downflow reboiler.

Oxy l6ng duoc cp vao mét bo phan phdi ndm & phia trén cia bd hoa hoi. Long chay
xudng theo trong lwc qua cackénh oxy. Oxy hdéa hoi chay ra tlr day bd trao ddi cung
véi lvgng ldng dw. Nito dang khi tlr cot ap cao dwoc ngwng tu trong cackénh nito cla
bb hoa hoi.

Liquid oxygen is fed to a distributor located at the top of the reboiler. The liquid flows by gravity
in a downward direction through the oxygen passages. Vaporized oxygen flows from the bottom
of the exchanger along with excess liquid. Gaseous nitrogen from the high pressure column is
condensed in the nitrogen passages of the reboiler.

C6 mét s6 cau hinh clia bo hoa hoi kiéu dong chay xudng bao gém loai mét lan chay
qua hoac loai tuan hoan. Trong moi trwong hop, diéu can thiét 1a phai duy tri mire
Idng yéu cau trong hé thdng phan phdi bang cac phwong tién do nha cung cap quy
dinh. Viéc do lwu lwong 1dng 1a mét phwong phéap khac ciing dwoc chap nhan dé dam
bao Iwu lwong ddy dd qua phia héa hoi ctia bd hoa hoi kiéu dong chay xudng.

There are several configurations of downflow reboilers including once-through or recirculating.
In all cases, it is essential to maintain the required liquid level in the distribution system using
the means specified by the supplier. Measuring liquid flow is another equally acceptable method
of ensuring adequate flow through the vaporizing side of a downflow reboiler.

Twong tw nhw bd hoa hoi kiéu bé, nébng dé hydrocarbon trong oxy 16ng ting dan khi
oxy hoa hoi trong kénh. MGt lwgng oxy l6ng du phai chay ra tir day cac kénh IGi dé
dam bao rang ham lwgng hydrocarbon téi da trong oxy I16ng khéng dat dén mirc nguy
hiém va dé dam bao tat ca cac kénh van duoc lam wét. Do d6, phai duy tri lwu lwong
I6ng téi thiéu do nha san xuét nha may quy dinh.

As with bath-type reboilers, the hydrocarbon concentration in the liquid oxygen increases
progressively as the oxygen vaporizes in the passage. A sufficient amount of liquid oxygen shall
flow from the bottom of the core passages to ensure that the maximum hydrocarbon content in
the liquid oxygen does not reach dangerous levels and to ensure all passages remain wetted.
Therefore, the minimum liquid flow specified by the plant manufacturer shall be maintained.

L6i bd hoa hoi kiéu mét 1an chay qua dwgc cap Iong tryc tiép tir Iop dém hozc khay
cuacot ap thap. Chat Iong chira nong d6 tap chat gan voi gia tri ctia khong khi da
dwoc tinh ché di vao hdp lanh.

Once-through reboiler cores are fed with liquid directly from the packing or trays of the low
pressure column. The liquid contains contaminant concentrations close to the values of the
purified air entering the coldbox.

MGt s6 bd hoa hoi kiéu mét 1an chdy qua dugc cung cép thém dong tuan hoan dé
dam bao lwong 16ng tdi thidu can thiét thoat ra khdi day cac kénh 16i.

Some once-through-type reboilers are supplied with an additional recirculating flow to ensure
the minimum necessary amount of liquid exits the bottom of the core passages.

L&i bd hoa hoi kiéu tuadn hoan dwoc cp oxy Idng (tr bé chira cliacdt ap thap trong
truorng hop bd hoa hoi chinh) ma cé thé da di qua moét I8i kiéu mot 14n chay qua. Noi
chung, ndng d6 tap chét trong loai bd hoa hoi nay I&n hon so véi 16i kiéu mét lan chay
ua.

c,‘%ecircu/az‘ing reboiler cores are fed with liquid oxygen (from the sump of the low pressure
column in the case of the main reboiler) that already may have been passed through a once-
through core. Generally, the concentration of contaminants in this type of reboiler is greater
than in the once-through core.

Trong tat ca cac truong hop yéu cau tudn hoan, viéc nay dwoc thyc hién béng cach
bom Iéng tr bé chtra clia thap va chuyén né dén bo phan ph0| & phia trén clia b6 hoa
hoi tudn hoan. Viéc kiém soat lvu lwong nay dadm béo cung cap di 1dng cho bd phan
phdi ctia bo hoéa hoi.

In all cases where recirculation is required, it is obtained by pumping liquid from the sump of the
column and transferring it to the distributor at the top of the recirculating reboiler. Controlling this
flow rate ensures the adequate supply of liquid to the distributor of the vaporizer.

Khi dat dén mot thong s6 cong nghé cho thay ngudng lvu lveng thap trén bom tuan
hoan, mot bao dong sé dwoc kich hoat d& cdnh bao ngwoi van hanh. Hoat dong cua
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bom sau do c6 thé dwoc dieu chinh lai hoac, néu c6 theé, mot bom dy phong sé duoc
kh&i dong. Neu bao déng Ilwu lwong thap van dwoc kich hoat vwot qua thdi gian
khuyén nghi cGia nha san xuét nha may, Nha may phan ly khong khi (ASU) phai dwoc
ngrng hoat ddng. Néu nha san xuit nha may khéng dwa ra khuyén nghi nao, thoi
gian nay khéng dwoc vuot qua 60 phut.

Reaching a process parameter that indicates a low flow threshold on the recirculating pump
shall activate an alarm alerting the operator. The operation of the pump may then be readjusted
or, if applicable, a standby pump started. If the low flow alarm remains activated beyond the
period recommended by the plant manufacturer, the ASU shall be shut down. If no
recommendation is provided by the plant manufacturer, the period should not exceed 60
minutes.

CANH BAO: Luvu Iwong do bom cung cap phal luén dwoc gl&’ & gia tri danh dinh
do nha thiét ké nha mdy quy dinh, ngay ca khi van hanh & ché dé céng suat nha
mdy giam. Néu nha mdy cé thé van hanh & céng suat Ié6m hon céng suét thiét
ké, can xem xét ting lwu Iwong tuan hoan oxy Iéng cung véi viéc ting lwu
lwong khéng khi.

WARNING: The flow rate provided by the pump shall always be kept at the nominal value
specified by the plant designer, even at a reduced plant capacity operating mode. If the
plant can be operated at greater than the design capacity, increasing the liquid oxygen
circulating flow with the increase in air flow should be considered.

Nén 18p dat mot lwdi loc ngay phia trudc hé théng phan phdi cap liéu cho bd hoa hoi
kiéu dong chdy xudng dé ngan céac hat di vao bd phan phdi ctia bd hoa hoi kiéu dong
chay xubng. Néu duoc I&p dat, lvdi loc phai dwoc nha thiét ké nha may quy dinh dé
phu hop véi hinh dang cuta 16i bd hoa hoi kiéu dong chay xubng va hé thong phan
phdi ctia né.

A screen directly upstream of the distribution system feeding the downflow reboiler is
recommended to prevent particles from entering the downflow reboiler distributor. If installed,
the screen mesh shall be specified by the plant designer to suit the geometry of the downflow
reboiler core and its distribution system.

Vi bo hoa hoi kiéu dong chay xubng khac véi bd hoa hoi kiéu bé, ching cé cac yéu
cau van hanh khac nhau. Mét diém khac biét & bo hoa hoi kiéu dong chay xubng la
ching hoat déng v&i phan hoi Ién hon nhiéu & dau ra cla bd hoa hoi so véi bd hoa
hoi kiéu bé. Do chét lwong hoi thoat ra cao hon nay, bdé hoa hoi kiéu dong chay
xudng da dwoc bao cdo Ia tich tu cac thanh phan vét c6 dd hoa tan twong doi thap
ngay ca khi néng do tdng thé clia cac thanh phan nay thap hon gi¢i han hoa tan.
Because downflow reboilers are different from bath-type reboilers, they have different operating
requirements. One difference in downflow reboilers is that they operate with a much greater
vapour fraction at the exit of the reboiler as compared to a bath-type reboiler. Because of this
greater vapour exit quality, downflow reboilers have been reported to accumulate trace
components that have relatively low solubility even when the bulk concentration of these
components is less than the solubility limit.

Mac du khéng thé ngan chan hoan toan cac thanh phan vét nhw carbon dioxide,
nitrous oxide va moét s6 hydrocarbon tich tu bén trong bd hoa hoi kiéu dong chay
xubng, nhung lwgng tich tu phai dwoc kiém soat can than. Cac nghién ciu thuc
nghiém va cac phan tich ra bang nha may da chi ra rang bién sb chinh trong téc do
tich tu la ndng d6 thanh phan trong chét I6ng thoat ra khdi b hoa hoi. Nong dd cao
hon cla cac thanh phan vét nay gay ra tbc do tich tu I&n hon. Ngudi van hanh nha
may nén gilr néng dd nitrous oxide, carbon dioxide va hydrocarbon & mrc thap nhéat
c6 thé, va moi ltc ndng dd phai ndm trong gi¢i han do nha san xuat nha _may quy
dinh. Phu luc F dwa ra cac gia tri dieng may tbi da, nhuwng nha san xuét co thé Yyéu cau
cac gia tri dieng may thdp hon cho cac thiét ké va didu kién van hanh cu thé. Luu y
rang ndéng dd van hanh binh thuwong phal thdp hon dang ke so Vvoi cac gia tri trong
Phu luc F. Khi nha may duoc thiét ké dé& van hanh & cac yéu td néng dd cao, né co
thé bao gom cac bién phap bao vé cu thé nhw bd hap phu silica gel siéu lanh hoac
cac bién phap béo vé thich hop khac.

While it is impossible to completely prevent trace components such as carbon dioxide, nitrous
oxide, and some hydrocarbons from accumulating within the downflow reboiler, the amount of
accumulation shall be carefully controlled. Experimental work and analytical plant derimes have
shown that the key variable in the accumulation rate is the component concentration in the
liquid exiting the reboiler. Greater concentrations of these trace components cause greater
accumulation rates. The plant operator should keep the nitrous oxide, carbon dioxide, and
hydrocarbon concentrations as low as practical, and at all times the concentrations shall be
within the limits specified by the plant manufacturer. Appendix F gives maximum shutdown
values, but the manufacturer can mandate lower shutdown values for specific designs and
operating conditions. Note that normal operating concentrations should be significantly less
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7.2.3.

than the values in Appendix F. When the plant is designed for operation at high concentration
factors, it can include specific protections such as cryogenic silica gel adsorbers or other
appropriate protections.

Nén thirc hién ra bang dinh ky dé loai bd tap chét tich tu. Khuyén nghi ctia nha san
xuat ve khoang thoi gian ra bang phai dwoc tuan thu nghiém ngat. Carbon dioxide ran
va nitrous oxide c6 thé gilr hydrocarbon bén trong bo hoa hoi, vi vay can phai loai bd
cac tap chat nay bang cach ra bang dinh ky.

Periodic deriming should be performed to remove any accumulated contaminants. The
manufacturer’s recommendation for derime intervals should be strictly followed. Solid carbon
dioxide and nitrous oxide can retain hydrocarbons within the reboiler, so it is necessary to
remove these contaminants by periodic deriming.

CANH BAO: Viéc khéng loai b6 carbon dioxide va nitrous oxide tich tu bang
cach rd bang dinh ky c6 thé dan dén tich tu mirc hydrocarbon khéng an toan,
diéu nay dén Iwo't né co thé dan dén mét vu né.

WARNING: Failure to remove the accumulated carbon dioxide and nitrous oxide by
periodic deriming can lead to accumulating unsafe levels of hydrocarbons, which in turn
can lead to an explosion.

Thiét bi do miec/lwu Iwong / Level/flow instrumentation

Vi viéc kiém soat mirc va lwu lwong cla bd hod hoi 1a quan trong trong viéc ngan
diém chét hoac séi khd, hoat déng dung cutia cac chi bao mirc va lwu lwong ciing nhw
cac diém dat bao dong va dirng may clia ching phai dwo'c xac minh va ghi lai dinh ky.
Viéc nay nén duwoc thyc hién it nhat hang nam. Khi kha thi, viéc quan sat tran tai diém
ldy m&u mirc pha hoi, trong qua trinh van hanh tam thdi & mc cao yéu cau, co thé
duwoc st dung dé xac minh sw hiéu chuan.

Since control of the reboiler level and flow is important in preventing dead end or dry boiling,
proper operation of level and flow indicators as well as their alarm and shutdown set points shall
be verified and recorded at regular intervals. This should be done at least annually. Where
practical, observation of overflow at the vapour phase level tap, during temporary operation at
the required high level, can be used to verify the calibration.

Trong trwérng hop cac diém ldy mau kép duoc 1ap dat dé dw phong khi tdc nghén, cac
diém ldy mau nay nén duoc kiém tra va xa thwong xuyén. Néu su tac nghén xay ra &
mot trong hai diém 1y mau, can nd luc téi da dé thwc hién thong tac bang cach st
dung nito' xa hodc ra déng trong lan ra bang nha may tiép theo. Viéc hiéu chuan chinh
xac cac bo truyén tin hiéu mirc va lwu lwong 1a diéu can thiét cho hoat ddng an toan
lién tuc ctia nha may. Viéc hiéu chuan cac bd truyén tin hiéu phai dwoc duy tri theo
tan suat dwoc néu trong sb tay van hanh nha may. Néu tat ca cac diém lay mau bij téc
ho&c néu murc bd hoa hoi khdng thé xac dinh dwoc vi bat ky ly do ndo khac, nha may
nén dwoc ngirng hoat ddng dé khoi phuc viéc do mure.

Where duplicate taps are installed to provide contingency in the case of blockage, these taps
should be regularly checked and vented. Should blockage occur in one of the two taps, every
effort should be made to clear the blockage using purge nitrogen or thawing during the next
plant derime. Correct calibration of level and flow transmitters is essential to the continuous safe
operation of the plant. Calibration of the transmitters shall be maintained at the frequency stated
in the plant operating manual. If all taps are blocked or if the reboiler level cannot be determined
for any other reason, the plant should be shut down to restore level measurement.

7.3. Kiém soat tap chat / Control of contaminants

Bat ké loai hé thong tién tinh ché nao dugc si dung, mét lugng hydrocarbon nhe va c6 thé
cac tap chat khac sé di den cac cot chwng cat va cé xu hwdng tich tu trong bé chira clia cot
ap thdp. Nong d6 ma cac tap chét nay tich tu phai dwoc gi¢i han dé tranh nguy hiém trong
van hanh va phai dwoc loai b khéi pha long. Chi co metan du dé bay hoi dé thoat ra mot
phan trong pha hoi ctia dong san pham oxy dang khi.

Regardless of the type of prepurifying system used, some level of light hydrocarbons and potentially
other contaminants reach the distillation columns and tend to collect in the sump of the low pressure
column. The concentrations to which these contaminants accumulate shall be limited to avoid hazardous
operation and shall be removed from the liquid phase. Only methane is sufficiently volatile to partially
leave in the vapour phase of the gaseous oxygen product stream.

- V& co ban c6 hai phwong phap dé duy tri mire tap chét an toan trong oxy 16ng:
There are principally two methods of maintaining a safe level of contaminants in liquid oxygen:
bd hap phu oxy 16ng (xem 7.3.1); va
liquid oxygen adsorbers (see 7.3.1); and

xa (xem 7.3.2).
purging (see 7.3.2).
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Phai thwc hién viéc xa ngay ca khi bd hap phu pha Iong duwoc lap dat dé loai bd hydrocarbon
khoi chat 1dng trong bé chira bd hoa hoi vi cac bo hap phu nay co thé khong loai bé hoan toan
tat ca cac hydrocarbon. Viéc x& nay phai dwoc nha san xuat nha may quy dinh. Khi khéng c6
quy dinh nao, viéc xa toi thieu phai tuan tha 7.3.2.

A purge shall be taken even if liquid phase adsorber is installed to remove hydrocarbons from the
reboiler sump liquid because these adsorbers may not completely remove all of the hydrocarbons. This
purge shall be defined by the plant manufacturer. When none is specified, the minimum purge shall be in
accordance 7.3.2.

7.3.1.

Bé hap phu oxy Iéng / Liquid oxygen adsorbers

Céc bd hap phu oxy long duoc thiét ké dé loai bd mét s tap chat nhat dinh khoi dong
oxy I6ng duoc lay ra tir va hoan Iwu ve bé chira clia cot ap suat thap. Co thé siv dung
mot hoac hai bd hap phu. Viéc str dung hai bd hap phu cho phép hap phu lién tuc
trong qua trinh tai sinh b6 hap phu da st dung.

Liquid oxygen adsorbers are designed to remove certain contaminants from a liquid oxygen
stream drawn off from and returned to the sump of the low pressure column. Either single or
paired adsorbers may be used. Using two adsorbers permits continuous adsorption during the
regeneration of the spent adsorber.

Tham khado Phu luc G dé biét hiéu qua loai bd dbi v&i toan bd danh muc céc tap chét.
Cu thé, dbi v&i cac nha may sir dung REVEX va cac hé thdng co bo tai sinh, cac bd
hap phu oxy 16ng cé hiéu qua trong viéc loai bd acetylene dw, cac hop chét diene va
cac hydrocarbon C4+, va cé hiéu qua mot phan trong viéc loai bd nitrous oxide. Cac
bd hap phu nay ciing déng vai trd nhw mot 1&6p bao vé dw phong dé loai bd carbon
dioxide c6 thé di vao cot, dac biét trong cac tinh huéng van hanh bat thuong

Refer to Appendix G for the effectiveness of removal of the complete list of contaminants. In
particular, for REVEX and regenerator plants, liquid oxygen adsorbers are effective for removal
of residual acetylene, dienes, and C4+ hydrocarbons and are partially effective for removal of
nitrous oxide. They also provide a backup to remove carbon dioxide that can reach the column,
particularly during operational upsets.

7.3.1.1.  Mach hép phu bdo vé oxy dan déng bang éng siphon nhiét / Thermosyphon-
driven oxygen guard adsorbers circuits

- Nhan vién van hanh ASU st¥ dung mach hép phu bao vé oxy dan déng béng
dng siphon nhiét nén tuan tha cac bién phap phong ngtra bé sung sau:
Operators of ASUs using thermosyphon-driven oxygen guard adsorber circuits
should follow these additional precautions:

o Tuan tha cac théng s6 van hanh tuan hoan oxy 16ng dwoc quy dinh trong

quy trinh cGa nha thiét k& nha may. Néu cac quy trinh quy dinh réng lwu
lwong hodc ap suat chénh léch dwoc chi dinh phai dwoc duy tri bang
cach diéu chinh van nha may cd lién quan, thi cac chi s6 nay phai duwoc
coi la thiét bj an toan quan trong;
Adhere to the liquid oxygen circulation operating parameters specified by the
plant designer’s procedures. If the procedures specify that indicated flows or
differential pressures have to be maintained by relevant plant (valve) adjustment,
these indicators should be treated as important safety devices;

« Khoéng dé cac thiét bi ngirng hoat dong néu bét ky thiét bi nao bj I16i hoac

dwa ra cac chi s6 bat thuwong. Céac thiét bi an toan nay phai duwoc xac
dinh rd rang 1a quan trong vé an toan théng qua danh gia rii ro, cac quy
trinh bao tri phai dwoc diéu chinh phi hop va nha may (dwa trén gidi
thiéu) khong dwoc van hanh néu thiét bi nay khong hoat dong;
Do not allow instruments to remain out of service if any become defective or give
abnormal readings. These safety devices should be clearly identified as safety
critical by risk assessment, maintenance procedures should be adapted
accordingly, and the plant should (on the basis of the introduction) not be
operated if this instrumentation is not functioning;

e Tuan thd lwvu lwong tai sinh dwoc nha san xuét khuyén nghi dé tranh
hién twong héa ldng va phan huy gel silica;

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 tai sinh dwoc nha san xuét khuyén
nghi dé& ddm bao loai bd hoan toan cac tap chét da hap phu;

Follow the manufacturer’'s recommended regeneration temperatures and step
times to ensure complete removal of adsorbed contaminants;

e Van hanh céac bd hép phu bao vé theo quy trinh ctia nha thiét ké nha
may. Tranh oxy léng bay hoi qua m&c qua I&p hap phu da tai sinh khi
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7.3.2.

lam mat vi diéu nay co ’thé gay ra ca hién twong nang Ié”p hap phu va
tang mai mon vat liéu hap phu. Bat ky sy kién nao trong s6 nay déu lam
tang kha nang tich tu manh vun chét hap phu trong cac mach héi lwu oxy
I6ng hodc bén trong bo trao ddi dan dong bang 6ng siphon nhiét hodc bo
hoa hoi chinh;
Operate the guard adsorbers in accordance with the plant designer’s procedures.
Avoid excessive liquid oxygen flashing through the regenerated bed on cooldown
as this could have the effect of both lifting the bed and increasing attrition of the
adsorbent material. Either of these events increases the possibility of adsorbent
debris accumulating in liquid oxygen return circuits or within the thermosyphon-
driven exchange or main reboiler;

e Tranh dwa nwéc l1dng vao, vi nwéce 1dng lam phan hiy gel silica; va
Avoid introducing liquid water, which breaks down the silica gel; and

o Dam bao rang bd hoa hoi va dwdng 6ng clia mach oxy 1dng ctia bd hap
phu bdo vé dwoc lam ra bang va lam mat lai dung cach dén nhiét do van
hanh nhw mét phan cta quy trinh van hanh cho viéc bao duéng ASU.
Oxy léng duwoc phép soi trong mach thay vi duoc xa ra co thé tich tu bét
ky hydrocacbon nao cé mat va gay ra sy lang dong carbon dioxide ran
do d6 hoa tan thap cta né. Khi khéi dong lai, cac can rén co thé (rc ché
sy tuan hoan chét 1dng qua bd héa hoi, thic day qua trinh séi kho.
Ensure that the guard adsorber liquid oxygen circuit vaporizer and piping are
correctly derimed and recooled to operating temperature as part of the operating
procedures for an ASU turn around. Liquid oxygen allowed to boil in the circuit
rather than being drained off can accumulate any hydrocarbons present and
cause solid carbon dioxide deposition because of its low solubility. On restart,
solid deposits can inhibit the liquid recirculation through the vaporizer promoting
dry boiling.

Xa bo / Purging

Cac hydrocacbon di qua qué trinh xt ly thwong ngudn sé khong tich tu dén ndng do
cao trong cac nha may san xut mét ty 1& dang ké oxy dudi dang san pham long,
hoac trong d6 oxy dwoc lay ra tr cot ap suat thap dwédi dang Iéng va sau d6 dwoc
bom va héa hoi hoan toan trong cac bo trao ddi bén ngoai hé thdng cot.

Hydrocarbons that pass through upstream treatment will not accumulate to high concentrations
in plants that produce a significant percentage of oxygen as a liquid product, or in which the
oxygen is withdrawn from the low pressure column as liquid and then pumped and fully
vaporized in exchangers external to the column system.

Tuy nhién, trong mét nha may chi san xuat san pham oxy dang khi (lay truyc tiép tir
c6t) hoac moét lwong rat nhé chat 1éng, can phai cht dong loai béd mét lwgng chat 1dng
da tir bé chira clia bo hoa hoi dé gi¢i han ndng do cac hydrocacbon nhe (dac biét 1a
etylen, propan va etan), oxit nito va carbon dioxide & mc chap nhan dwoc. Toc do
xa bd oxy long lién tuc t6i thiéu tr 0,1% dén 0,2% Iweng khong khi dau vao dwoc
khuyén nghi. Trong treong hop khéng thé thiee hién xa bo lién tuc, viéc xa bé twong
dwong v&i toc do nay phai dwgc thye hién it nhat 8 gio mét lan.

However, in a plant that produces only gaseous oxygen product (taken directly off the column)
or a very small amount of liquid, it is necessary to deliberately remove a sufficient amount of
liquid from the sump of the reboiler in order to limit the concentrations of light hydrocarbons
(particularly ethylene, propane, and ethane), nitrous oxide, and carbon dioxide to acceptable
levels. A minimum continuous liquid oxygen purge rate of 0.1% to 0.2% of the incoming air is
recommended. Where a continuous purge is not practical, purge equivalent to this rate shall be
taken at least every 8 hours.

Phwong trinh sau tinh toan néng doé cac thanh phan cé diém séi cao trong oxy 16ng:
The following equation computes the concentration of high boiling components in the liquid
oxygen:

_ XTap chit vétoxy long Fcéip
CFtap chitvét — Y. - F K F
Tap chét vét,Cap Lox T Krap chat vétFeox
_ XTrace contaminant,liquid oxygen __ Ffeed
CFTrace contaminant — Y. - F K. FE
Trace contaminant,feed LOX + Trace contaminant® GOX
Trong dé:
Where: o ) .
CF = hé s nong dg, twong doi so v&i nong do trong khong khi
CF = concentration factor, relative to the concentration in the air
X = phan mol clia thanh phan trong pha léng
X = mole fraction of the component in the liquid phase
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y = phan mol ctia thanh phan trong pha hoi

y = mole fraction of the component in the vapour phase
Feap = tbc d6 dong mol khéng khi vao hé théng cot

Fred = air molar flow rate to the column system

Flox = tbc dd dong mol oxy 16ng tir bd hod hoi

Frox = molar flow rate of liquid oxygen from the reboiler
K = y/x cho thanh phan & trang thai can bang

K = y/x for the component at equilibrium

Feox = tbc dd dong mol oxy khi tir bd hod hoi

Feox = molar gaseous oxygen flow rate from the reboiler

- Déivéichu triph nén ndi bo, po’i khéng c6 oxy dang khi dwoc lay tir bd hoa hoi va Iu’g

lwgng san pham oxy Iéng xap xi 20% lwgng khong khi tir bo hoa hoi chinh, hé so
nong do xap xi 5 cho tat ca cac tap chat. Khi oxy 16ng chi duwoc san xuat dé xa bd
(thwdng la 0,2% lwong khong khi) va véi gia tri K nho, hé s6 nong do la 500.
For an internal compression cycle, where no gaseous oxygen is taken from the reboiler and the
liquid oxygen product flow is approximately 20% of the air from the main reboiler, the
concentration factor is approximately 5 for all contaminants. When liquid oxygen is only
produced for purge (typically 0.2% of the air) and with a small K value, the concentration factor
is 500.

- LUU Y—DBbi véi metan, gia tri K dang ké (Phuy lyc D). Trong trwdng hop nay, hé sb
nong dd xap xi 16 va phan I&én metan thoat ra trong san pham oxy dang khi.
NOTE—For methane, the K value is significant (Appendix D). In this case, the concentration
factor is approximately 16 and the vast majority of the methane exits in the gaseous oxygen
product.

7.4. Phan tich tap chat/ Contaminant analysis

Viéc dwa vao nha may cac lwong hydrocacbon va cac tap chat khac Ién hon co sé thiét ké
ludn tiém &n rai ro, bat k& cac hé thong bdo vé va quy trinh dwoc thue hién trong thiét ké va
van hanh. Vi ly do nay, can phai phat hién khi diéu kién nhw vay xay ra.

The introduction into the plant of quantities of hydrocarbons and other contaminants greater than the
design basis always represents a risk, regardless of the protection systems and procedures
implemented in the design and operation. For this reason, it is necessary to detect when such a
condition arises.

Dac biét, tai cac khu cong nghiép tap trung nhw cong nghiép hoa chét, hda dau va kim loai,
nha van hanh nha may phai duy tri nhan thirc vé méi tredng hién tai xung quanh nha may.
Thong tin can duy tri bao gom:

In particular, in concentrated industrial areas such as chemical, petrochemical, and metals industries, the
plant operator shall maintain an awareness of the current environment surrounding the plant. Information
to be maintained should include:

* danh sach cac khu phtre hgp nha may lan can c6 kha nang thai ra mét lwgng dang ké tap
chat vao khong khi trong qua trinh van hanh binh thudng hoac trong trwdng hop truc trac
hoac s co;
list of nearby plant complexes liable to release significant quantities of contaminants into the air
during normal operation or in the case of malfunction or incident;

« khoang céach gilra cac ngudn tiém nang nay va clra hit khi ASU; va
distance between these potential sources and the ASU air intake; and

o diéu kién khi quyén dia phuong.
local atmospheric conditions.

Lwu y réng rdi ro tiém &n cia moét dia diém ASU dwoc xac dinh khong chi béi chét lugng
khong khi xung quanh binh thwéng ma con béi rii ro phat thai tap chat.

Note that the potential risk of an ASU site is determined not only by the normal quality of the ambient air
but also by the risk of contaminant releases.

Néu xét thay can thiét, hwéng va toéc do gié tirc thoi phai dwgc cung clp trong phong diéu
khién.

If deemed necessary, the instantaneous wind direction and speed should be made available in the
control room.

Tuy thugc vao dac diém diéu kién khong khi xung quanh clia ASU va thiét ké quy trinh cu thé
clia né ciing nhu tiem nang phat thai tap chat, cac thiét bj do Iwdng tap chat lién tuc sau day
phai dwoc xem xét:

Depending on the characteristics of the ambient air conditions of the ASU and its specific process design
as well as the potential for contaminant releases, the following continuous contaminant measurement
devices shall be considered:
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may phan tich carbon dioxide tai dau ra ctia hé thong tién x ly;
carbon dioxide analyzer at the outlet of the prepurifying system;

e may phan tich téng hydrocacbon trong b6 hoa hoi véi nong do tap chat tiem nang Ion
nhat. Bay thuwdng la bé chira clia b6 hoa hoi chinh; va
total hydrocarbon analyzer in the reboiler with the greatest potential concentration of contaminants.
This is generally the main reboiler sump; and

e may phan tich cé phé phat hién cac tap chéat hydrocacbon riéng |1& trong bd hod hoi v&i
nong d6 tap chat tiem nang I&'n nhat.
analyzer that can detect individual hydrocarbon contaminants in the reboiler with the greatest
potential concentration of contaminants.

- Dbi v&i nha may REVEX hodc tai sinh, cac phan tich axetylen dinh ky ciing phai dwoc thuc
hién.
For a REVEX or regenerator plant, routine acetylene analyses shall also be performed.

- Phu luc E va F liét k& nong do tap chat tbi da cho phép dbdi vai bd hoa hoi. Cac gia tri tap chat
toi da nay I&n hon nhiéu so v&i mirc van hanh dw kién thdng thudng.
Appendices E and F list the maximum allowable contaminant concentrations for the reboiler. These
maximum contaminant values are much greater than the normally anticipated operating levels.

- Cac mirc nay la mot ham cla cac théng sb nhuw téc d6 xa day bo hoa hoi, thiét ké bo tién tinh
ché va chu trinh quy trinh tdng thé cling nhw chat lwgng khdng khi xung quanh.
These levels are a function of parameters such as the reboiler purge rate, prepurifier unit design, and
overall process cycle as well as of the ambient air quality.

- Dua trén cac théng sb nay, nha thiét ké nén chi ra mirc do tap chat du kién trong bo hoa hoi

chinh khi van hanh. Ngoai ra, nha thiét ké va ngudi van hanh nén 14y mau oxy Idng duwoc san
xuét trong bd hoa hoi chinh trong pham vi van hanh thiét ké clia nha may trong qua trinh van
hanh thtr d& xac minh mure tap chat binh thuweng du kién va thiét 1ap mire co sé cho cac phép
do trong twong lai.
Based on these parameters, the designer should indicate the anticipated operating main reboiler
contaminant level. In addition, the designer and operator should sample the liquid oxygen produced in
the main reboiler over the design range of plant operation during commissioning to verify the anticipated
normal contaminant level and to set the baseline for future measurement.

- Néu tai bét ky thoi diém nao, bat ky tap chat do duwoc nao vuot qua 4 dén 5 lan gia tri binh
thwong du kién ctia nd, cdn c6 modt canh bao chi ra sy can thiét phai dleu tra va hiéu roé
nguyén nhan. Quan trong khéng kém, mét sy thay ddi nhanh chéng vé néng do tap chat, du
tang hay giam, cling can duoc diéu tra.

If at any point any measured contaminant exceeds 4 to 5 times its expected normal value, there should
be an alarm indicating the need to investigate and understand the cause. Equally important, a rapid
change in contaminant concentration, whether an increase or a decrease, also should be investigated.

- Can dat mot mire canh bao thiv hai chi ra sw can thiét phai dirng nha may. Diém dat cao hon

nay s& do nha san xuét cung cép. Gi¢i han dirng may sé dwoc dat dwa trén cac dac diém
thiét ké cu thé, phwong phap van hanh va kinh nghiém cta nha san xuét. Tri» khi dwoc nha
san xuat chirng minh cu thé, cac gia tri diém d&t dirng may trong Phu luc E va F sé khong
dwoc vuwot qua.
A second alarm level should be set indicating the need to shut down the plant. This greater set point
shall be provided by the manufacturer. The shutdown limits shall be set based on the manufacturer’s
specific design features, operating methods, and experience. Unless specifically justified by the
manufacturer, the shutdown set point values in Appendices E and F shall not be exceeded.

- Can céan than dé& dam bao duy tri ding mirc van hanh ctia bd hoa hoi (bd hoa hoi kiéu bé,

xem 7.2.1) va dong tuan hoan (b6 hoa hoi kiéu dong chay xubng, xem 7.2.2). Nong do tap
chét trung binh do dwoc trong chét 16ng day bé cé thé khong chinh xac va thp hon néng do
cuc bd thyc t& bén trong bod trao dbi nhiét bd hoa hoi néu cac mirc chét 16ng va dong chay
nay khéng dwoc duy tri. Néng d6 day bé gidam nhanh cé thé cho thay su tich tu tap chat bén
trong bo trao di nhiét.
Care shall be taken to ensure that the correct reboiler operating levels (bath-type reboilers, see 7.2.1)
and recirculating flows (downflow reboilers, see 7.2.2) are maintained. The measured average
contaminant concentration in the sump liquid can be a misrepresentation and less than the actual local
concentration within the reboiler exchanger if these liquid levels and flows are not maintained. A rapidly
decreasing sump concentration can indicate an accumulation of contaminants within the exchanger.

- Viéc hiéu chuan chinh xac thiét bi phan tich la diéu can thiét cho hoat dong an toan lién tuc
cla ASQ. Viéc hiéu chuan cac mégy phan tich tai cac diém da dé cap trwdc dé phai dwgce duy
tri theo tan suat dwoc néu trong so tay van hanh ctda nha may.
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Correct calibration of analytical equipment is essential to the continuous safe operation of the ASU.
Calibration of the analyzers at the previously mentioned points shall be maintained at the frequency
stated in the plant’s operating manual.

Can cén than khi ldy mau dong 16ng siéu lanh dé tranh hoa hoi mét phan mau va do luong
khdng chinh xac cac thanh phan nang, dac biét Ia hydrocarbon.

Care shall be taken when sampling cryogenic liquid streams to avoid partial vaporization of the sample
and inaccurate measurement of heavy components, particularly hydrocarbons.

HG so phan tich va van hanh nén dwoc Iwu gilk trong thoi gian dai dé theo doi cac thay di dai
han trong moi trvong va hoat dong clia nha may. Neu co bat ky thay doi nao duoc ghi nhan,
can xem xét nhw da quy dinh trong 6.1 dé xac dinh tac dong dén hoat dong clia nha may.
Analytical and operational records should be maintained for an extended time to monitor for long-term
changes in plant environment and operations. If any changes are noted, consideration shall be given as
specified in 6.1 to determine the impact on plant operation.

Diéu kién chuyén tiép / Transient conditions

Diéu kién chuyén tiép co thé gay ra nhirng nguy hiém Ién hon binh thwang trong van hanh.
Trong nhi*ng trudng hop nay, cac thay ddi quy trinh trong don vi xay ra ma ngwoi van hanh
khéng phai lic nao ciing nhan théy.

Transient conditions can cause greater than normal hazards in operations. In these cases, process
changes in the unit occur that are not always noticed by the operator.

Céc nguyén nhan gay ra diéu kién chuyén tiép cé thé la:

Causes for transient conditions can be:

« thay déi tai nha may;
plant load change;

« dirng nha may co ké hoach hodc khong co ké hoach;
planned or unplanned shutdown of the plant;

e kh&i ddng ngudi nha may cé hoac khéng cé I6ng; hodc
cold restart of the plant with or without liquid; or

e cac van dé chuyén dbi trén hé thdng REVEX/tai sinh va FEP.
switching problems on REVEX/regenerator and FEP systems.

7.5.1. Thay déi tai nha mdy / Plant load changes
7.5.1.1.  B6 hoé hoi kiéu bé/ Bath-type reboilers

- Mtrc Idng trong bd hoa hoi thwdng tang khi giam tai nha may va giam khi
tang tai.
The liquid level in the reboiler generally increases while reducing the plant load and
decreases while increasing the load.

- Tuy thudc vao tbc dd tang tai, mirc 1dng day bé va do dd tdéc do tudn hoan
cla bo hoa hoi c6 thé gidm rat nhanh. M&c gidm cho phép ctia mirc ngap
va khoang thoi gian tbi da cho phép ngap thap trong cac b hoa hoi nay nén
dwoc nha thiét ké nha may cung cap. Néu khéng co, hay siv dung 30% dudi
mirc ngap van hanh binh thuwdng trong khoang thdi gian téi da 60 phut.
Depending on the speed of the load increase, the sump liquid level and consequently
the reboiler recirculation rate can fall very rapidly. The allowable drop of the
submergence level and the maximum time period allowed for low submergence in
these reboilers should be provided by the plant designer. If none is given, use 30%
below the normal operating submergence level for a maximum period of 60 minutes.

7.5.1.2.  B6 hoa hoi kiéu dong chéy xubng / Downflow reboilers

- Téc d6 tudn hoan phai dwoc duy tri nhw trong van hanh binh thwong. M
chét I6ng trong b phén ph0| hoac Iwu lvong chét Iong do dwoc dén bo
phan ph0| sé khong dwoc gidm xudng duéi mie téi thiéu cho phép trong bat
ky thay ddi tdi nha may nao. Trong qua trinh thay ddi tai nha may, mirc chét
I6ng trong bo phan phéi cap liéu cho bd hoa hoi kiéu dong chay xubng cé
thé tam thoi gidm xudng dwdi mirc van hanh binh thuwdng. Didu nay 1a chap
nhan dwoc, mién la mie &n dinh 16n hon mic tdi thiéu. Lwu y réng trong
nhiéu trwong hop, tdc do dong tuadn hoan co thé dwoc sir dung thay vi do
murc truc tiép.

The recirculation rate shall be maintained as in normal operation. The level in the
distributor or the measured liquid flow to the distributor shall not fall to less than the
allowed minimum during any plant load change. During plant load changes, the liquid
level in the distributor feeding the downflow reboiler can temporarily fall to less than
the normal operating level. This is acceptable, as long as the steady state level is
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greater than the minimum. Note that in many cases, the recirculation flow rate can be
used instead of a direct level measurement.

- Giir bé chtra Iong trong thap duoc kiém soat. Can chi y dén cac bo loc hut
ctia bom tuan hoan vi co thé bj tac do dong bang carbon dioxide va cac tap
chat khac.

Keep the liquid reservoir in the column under control. Attention should be paid to the
suction filters of the recirculation pumps as plugging can occur caused by freezing
out of carbon dioxide and other contaminants.

7.5.1.3.  Sén xuét oxy 16ng / Liquid oxygen production

- Cac nha may lién tuc san xuét lwgng oxy 16ng dang ké (I6n hon 2% luwong

khi d4u vao) sé lam gidm ndng dd hiéu qua cac tap chét di vao nha may
phan ly khéng khi. Trong cac nha may khéng cé duwéng xa day co thiét bi
do, viéc san xuét oxy 16ng phai dwoc duy tri & mirc bang hodc I&n hon lwu
lwong téi thiéu cé thé do duoc.
Units that continuously produce significant amounts (greater than 2% of incoming air)
of liquid oxygen effectively deconcentrate the contaminants entering the air
separation plant. In plants without an instrumented purge line, liquid oxygen
production shall be maintained at or greater than the minimum measurable flow rate.

Dirng nha mady va ché dé ché nguéi / Plant shutdown and cold standby

Sau khi dirng nha may, long chtra trong I6p dém hodc khay sé chdy xuéng diém thap
nhat cua thap. Tai thoi diém nay, mirc Idng trong bo hoa hoi cé theé cao hon 100% so
V@i chi bao mure. Lwgng 16ng nay thuong dugce gilr lai dé cho phép khai dong lai nha
may nhanh chéng. Ché dé nay dugc goi la ché dé chd ngudi.

Following a plant shutdown, the liquid contained in the packing or trays drains to the low point of
the column. At this point, the level in the reboilers can be well greater than 100% of the level
indicators. This liquid is generally preserved to permit a quick restart of the plant. This mode is
referred to as cold standby.

LUU Y—Sau khi dirng nha may, cac chi bao mirc co thé khong hoat déng dang tin
cay do kha nang voi trén bi day long. C6 thé can phai xac minh va c6 thé hiéu chuan
lai cac bo truyén tin hiéu quan trong. Ngoai ra, mat do 1dng c6 thé da thay ddi, diéu
nay cé thé gay ra sw khéng chinh xac trong mirc bd hoa hoi dwoc chi bao.
NOTE—Following a plant shutdown, level indicators might not be working reliably due to the
possibility of the upper tap being filled with liquid. It may be necessary to verify and perhaps
recalibrate critical transmitters. In addition, liquid density may have changed that can cause
inaccuracy in the indicated reboiler level.

Trong thdi gian chd ngudi mot hodc hai ngay, tiép tuc tudn hoan dong chay qua cac
bd hap phu oxy 16ng néu dwoc 1ap dat. Can tuan tha cac diéu sau dé duy tri ché do
ch® ngudi kéo dai hon mét cach an toan:
During a one day or two day cold standby period, continue to recirculate flow through liquid
oxygen adsorbers if installed. The following shall be followed to maintain a more extended cold
standby in a safe manner:
o déng van dau vao va dau ra ctia bom tuan hoan;
close inlet and outlet valves of the recirculation pumps;
e xa bom va bo loc hut; va
drain pumps and suction filters; and
e Xxa va tai sinh cac bo hap phu oxy 16ng. Viéc tai sinh nén dwoc thuc hién ngay sau
khi xa hoan toan chat I6ng va lam sach bd hap phu bang nito dé tranh giai phong
tap chat vao méi trwd'ng oxy khi.
drain and regenerate liquid oxygen adsorbers. The regeneration should be done soon after
complete draining of the liquid and purging of the adsorber with nitrogen to avoid the release
of contaminants in gaseous oxygen atmosphere.

Do r0 ri nhiét vao hop lanh, qua trinh hoéa hoi cudi cling sé lam giam lwong chét 1dng
trong bd hoa hoi xuong thap hon nhiéu so v&i mirc van hanh binh thwérng. Khi mic
Idng da gidm xudng con mot nlra mire binh thwong, thi phai bd sung 16ng bang cach
bom nito 16ng hodc oxy Idng hodc phai xa toan bd 1dng trong nha may.

Due to the heat leak into the coldbox, vaporization eventually reduces the amount of liquid in
the reboiler to well less than the normal operating level. When the liquid has been reduced to
half of its normal level, either liquid shall be added using liquid nitrogen or oxygen injection or all
liquid in the plant shall be drained.

Khi bom I6ng vao nha may, nén s dung nito Iéng hon 1a oxy Iong, dac biét dbi voi
ché do chd ngudi dai han. Khi st dung oxy léng, hay lwu y rang cac hydrocarbon,
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cafbon dioxide, nito' oxit va cac tap chat ndi chung sé dwoc thém vao hé thong va co
the tich tu vwot qua muirc tap chat toi da

When injecting liquid into the plant, it is advisable to use liquid nitrogen rather than liquid
oxygen in particular for a long-term cold standby. When liquid oxygen is used, be aware that
extra hydrocarbons, carbon dioxide, nitrous oxide, and contaminants in general are added to
the system and could accumulate to exceed the maximum contaminant levels,

Néu c6 may phan tich hydrocarbon, tiép tuc theo d&i hydrocarbon trong thei gian che
ngudi. T4t ca chat Iong phai dwoc xa néu dat dén mirc tap chéat trong Phu luc E hodc
F (tuy theo trwérng hop). Tuy nhién, vi viéc lay mau trong thei gian khdng hoat dong
c6 thé khéng mang tinh dai dién, nén khdng nén st dung két qua thdp hon dé bién
minh cho viéc khéng tuan thi cac hanh ddng khuyén nghi khac.

If a hydrocarbon analyzer is available, continue monitoring hydrocarbons during the cold
standby. All liquid shall be drained if the contaminant levels in Appendix E or F (as applicable)
are reached. However, since sampling during a non-operating period may not be
representative, a lower result should not be used to justify a failure to adhere to other
recommended actions.

Trong trwdng hop cac nha may sq dung REVEX/b6 tai sinh, nén lam 4m nha may
hoan toan sau khi xa chat 16ng. Néu khong lam nhw vay, c6 kha nang cao carbon
dioxide sé di chuyén vao thap khi kh&i dong lai.

In the case of REVEX/regenerator plants, it is advisable to warm up the plant completely after
draining the liquid. If this is not done, there is a high potential of carbon dioxide migrating into
the column upon restarting.

Khéi déng lai nha may / Plant restart

Céc diéu kién chuyén tiép dwoc mod ta trong cac tiéu muc sau khdng phai ltc nao
ciing dé dang tach biét v&i nhau. Tuy thudc vao loai nha may ciing nhw thiét ké cla
nd, c6 thé kho xac dinh trwdc khi khédi dong lai mot don vi liéu cé da 16ng hay khéng.
Quy trinh c6 thé 1a sw két hop cla hai quy trinh dwoc mé ta trong 7.5.3.1 va 7.5.3.2.
Néu bd hoa hoi khong cé di chét 16ng, mic ngap dwdi 50%, viéc xa lwong 16ng con
lai c6 thé can dé loai bé cac tap chat tap trung trong bé. Dé biét cac bién phap phong
ngtra lién quan dén mac chét 16ng cao hodc thap, tham khao 7.2.

The transient conditions described in the following subsections are not always easy to separate
from each other. Depending on the type of plant as well as its design, it can be difficult to
determine prior to restarting a unit whether there is enough liquid. The procedure can be a
combination of the two described in 7.5.3.1 and 7.5.3.2. If the reboiler does not have sufficient
liquid, less than 50% submergence, draining of the remaining liquid may be required to remove
the contaminants concentrated in the sump. For precautions related to high or low liquid levels,
referto 7.2.

7.5.3.1. Khéi déng ngudi sau khi dirng méy trong thoi gian ngdn / Cold start after a
short shutdown

- Néi chung, trong khodng thi gian 1én dén 8 gi¢» sau khi dirtng may, nha may
c6 di 1dng dé duy tri mire trong cac bd héa hoi trong qua trinh khéi dong lai.
Generally, up to a period of 8 hours after a shutdown, the plant has sufficient liquid to
maintain the levels in the reboilers during its restart.

- Trong cac bd hoa hoi kiéu bé, gitt mirc Iong dugc kiém soat va & mu it

nhat 80% gia tri ngap binh thuwong gl’Ja nd. Bua mirc ngap tré lai mirc van
hanh binh thwong cang som cang tot. Neu co sén, nén bom 16ng vao & giai
doan né,y. Ml:!’C ngap giam tam thoi ;(Uéng 50% dwoc phép trong mét thoi
gian ngan. Néu khong c6 s&n hé thong bom I6ng, nén xem xét cac budc
quy trinh khac nhw giam lwgng khi dau vao cho qua trinh.
In bath-type reboilers, keep the liquid level under control and at a level of at least
80% of its normal submergence value. Return the submergence level to the normal
operating level as soon as possible. If available, liquid injection is recommended at
this stage. A temporary drop of submergence level to 50% is allowable for a short
period. If liquid injection is not available, other process steps such as reducing the
incoming air to the process should be considered.

- Trong trwong hop by héa hoi dong chay xubng, kiém soat mirc trong bo

phan phoi 16i bang Iwvu lwgng bom tuan hoan. Bam bao cé du 1éng trong bé
chtra dé duy tri lwu lwgng bom. Kiém soat lwong khi nap vao ct ap suat
cao dé duy tri murc nay.
In the case of downflow reboilers, control the level in the core distributor with the
recirculation pump flow. Ensure that there is enough liquid in the reservoir to
maintain the pump flow. Control the air intake to the high pressure column in order to
maintain this level.
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Khdéi déng ngudi sau khi dirng may trong thoi gian dai / Cold start after a long
shutdown

Néu long trong cac bd hoa hoi giam xudng dwéi 50% mirc van hanh binh
thwong, can xa long ra I§h6i cac bd hoa hoi trwée khi khéi dong lai. Lc’)ng cod
& muc thap nay co thé bi lam giau hydrocarbon, nito oxit va co thé ca
carbon dioxide, diéu nay co6 thé gay ra can bam trong cac kénh [Gi cta bo
hda hoi. Can xay dwng cac quy trinh dé ngan nong do carbon dioxide tang
[én mirc Ion hon mot nﬁra do hoa tan cla carbon dioxide trong chat I6ng
trong b6 héa hoi (tinh dén thanh phan thuc té) & ap suat khi quyén.

If the liquid in the reboilers falls to less than 50% of the normal operating level, it is
necessary to drain the liquids from the reboilers prior to restarting. The liquid present
at this low level can be enriched in hydrocarbons, nitrous oxide, and possibly carbon
dioxide, which can cause deposits in the reboiler core passages. Procedures should
be developed to prevent the carbon dioxide concentration from increasing to a level
greater than one-half of the carbon dioxide solubility in the liquid in the reboiler
(accounting for actual composition) at atmospheric pressure.

Céc van dé vé mure 16ng thap trong qué trinh khéi déng c6 thé dé dang khac
phuc bang hé théng bom chét 16ng. Nhw da lwu y trong 7.5.2, nito 1dng
duwoc wu tién nhwng oxy 16ng cé thé duwoc st dung néu thwe hién cac bién
phap phong ngtra phu hop.

Problems with low liquid levels during start up can easily be overcome with a liquid
injection system. As noted in 7.5.2, liquid nitrogen is preferred but liquid oxygen may
be used if the correct precautions are taken.

Trong qua trinh khéi dong tir diéu kién bat dau voi mirc ngap thap hon dang
ké so vai binh thwong, dieu quan trong la phai khoi phuc mirc nay trwedc tién
trwde khi dwa oxy dén dd tinh khiét.

During start up from a condition that begins with a significantly lower-than-normal
submergence level, it is important to first rebuild this level prior to bringing the
oxygen to purity.

Trong trwong hgp c6 cac don vi nén bén trong, khoi dong cac bom san
pham oxy it nhat voi lvu lwong téi thiéu ngay khi khoang 80% murc binh
thwdng dwoc thiet 1ap.

In the case of internal compression units, start the oxygen product pumps at least
with the minimum flow as soon as approximately 80% of the normal level is
established.

Dam bao rang cac bo hap phu oxy 1dng va chét 16ng giau (néu cé) da duoc
tai sinh trwwée khi khéi dong.

Ensure that the liquid oxygen and rich liquid adsorbers (if available) have been
regenerated prior to start up.

Déi v&i cac nha may REVEX, x& luong 1dng dau tién (khoang 20% dén 30%
mirc van hanh binh thuéng) sau khi tao ra né trong bé thu gom clia bd hoéa
hoi.

For REVEX plants, drain the first liquid (approximately 20% to 30% of normal
operating level) after producing it in the sump of the reboiler.

7.6. Ra bang / Deriming

Cac ASU phai duoc ra bang theo cac khodng thoi gian dinh ky nhdm loai bd céac tap chét tich
tu qua murc nhuw hydrocarbon, carbon dioxide va nitrous oxide c6 thé d& xam nhap vao nha
may, dac biét trong cac tinh huéng van hanh bét thwdng. Do bd hoa hoi chinh la bd phéan co
kha nang tich tu hydrocarbon cao nhéat, viéc ra bang cho thiét bi nay phai dwgc thyc hién véi
sw can trong dac biét, tuan tha theo quy trinh néu tai muc 7.6.1.

ASUs shall be derimed at regular intervals in order to remove any excessive impurities such as
hydrocarbons, carbon dioxide, and nitrous oxide that could have entered the plant, particularly during
operational upsets. Due to the fact that the main reboiler is the component most liable to accumulate
hydrocarbons, it shall be derimed with particular care in accordance with the procedure in 7.6.1.

7.6.1.

Quy trinh / Procedure

Quy trinh rd bang phai dwoc mé ta chi tiét trong sb tay van hanh. Mac du quy trinh
khac nhau tuy theo cac loai ASU khac nhau, cac hwéng dan trong sé tay van hanh
phai dwoc tuan tha.

The deriming procedure shall be described in detail in the operating manual. Although the

procedure differs with the various types of ASUs, the operating manual instructions are to be

adhered to.

26



AIGA

AIGA 035/20

7.6.2.

Cac diém sau day néu bat cac bwéc quan trong nhat:

The following points highlight the most important steps:

a) Xa tatcaléng;

Drain all liquids;

b) Thiét 1ap trinh tw cac mach can dwoc rd bang. Ra bang cac mach theo trinh tw d6;
Establish the sequence of circuits to be derimed. Derime the circuits in that sequence;

c) Budc dong chay di xa nhat cé thé qua tat ca cac phan;

Force the flow as far as possible through all the sections;

d) Nén tranh ra bang mot phan khi khong dam bao cach ly ding cach. Kinh nghiém
cho thay c6 nguy co di chuyén tap chat hodc can bam tlr phan nay sang phan
khac;

Partial deriming should be avoided when proper isolation is not ensured. Experience has
shown that there is a risk of shifting impurities or deposits from one section to another;

e) Xac minh su hién dién ctia dong chay tir tat ca cac clra xa ra bang;

Verify the presence of a flow from all deriming outlets;

f) M®& tat ca cac dworng 6ng thiét bi do vé cudi qua trinh ra bang; va
Open all instrument lines towards the end of the deriming process; and

g) Néu s6 tay van hanh khong dua ra huong dan cu thé, viéc ra bang cho mét nha
may c6 FEP thwong hoan thanh khi tat ca nhiét do clra xa ra bang xap xi 15°C
(89 °F) trong it nhat 2 gio. Tai thoi diém nay, nén thwc hién phan tich d6 am tai
moét sO clra xa ra bang dé dam bao rang qua trinh ré bang da hoan thanh thanh
cbng. Nhiét d6 diém swong tir —40 °C dén —60 °C xac minh rang mach da dwoc ra
bang thanh cong.

If the operating manual gives no specific instructions, deriming for a plant with FEP is
typically completed when all deriming outlet temperatures are approximately 15 °C (59 °F)
for at least 2 hours. At this point, a moisture analysis should be performed on several

deriming outlets to ensure that the deriming process is successfully finished. A dew point of
—40 °C to —60 °C verifies that the circuit has been successfully derimed.

Nhiét do ctra xa ra béng cao hon la mong mudn déi v&i cac nha may cé6 REVEX va
nhirng nha may co6 bo say ré bang. Mirc toi thiéu 30 °C (86 °F) dwoc wu tién va nhiét
do Ién dén 60 °C (140 °F) la chap nhan duwgc. Sau khi dat dwgc nhiét d6 muc tiéu,
viéc ra bang nén dwoc tiép tuc & nhiét d6 muc tiéu dé trong it nhat 2 gio.

A greater derime outlet temperature is desirable for plants with REVEXs and those with derime
heaters. A minimum of 30 °C (86 °F) is preferred and temperatures up to 60 °C (140 °F) are
acceptable. After the target temperature has been reached, deriming should be continued at
that target temperature for at least 2 hours.

Tan suét / Frequency

Tan suét ra bang phu thudc vao thiét ké nha may, chu trinh quy trinh va vi tri cta no.
Tan suét binh thud'ng cho mot nha may cu thé sé dwoc xac dinh trong giai doan thiét
ké va xay dwng nha may va dwoc mé ta trong sb tay van hanh cta nha may. Mot
danh gia rdi ro nén dwoc thwe hién bdi nhan sy cé trinh do dé xac dinh tn suét can
thiét cho ASU cu thé tai vi tri cu thé. Cac yéu td sau day nén duoc dwa vao danh gia
rui ro:

The deriming frequency is dependent on plant design, process cycle, and its location. The
normal frequency for a given plant shall be determined during the plant design and construction
phase and is to be described in the plant’s operation manual. A risk assessment should be
performed by qualified personnel to determine the required frequency for the particular ASU in
the particular location. The following factors should be included in the risk assessment:

o cac yéu tb thiét ké, vi du, FEP/REVEX, loai bd héa hoi, téc d6 xa, do tinh khiét cta
oxy léng;
design factors, for example, FEP/REVEX, reboiler type, purge rate, liquid oxygen purity;

e cac yéu t6 van hanh, vi du, viéc bd tri phan tich 16ng, cé ngudi/khéng ngudi, nhat
ky nha may;
operating factors, for example, liquid analysis arrangements, manned/unmanned, plant log;

e cac yéu td moi truong, vi du, vi tri nha may/nganh céng nghiép xung quanh, cac
tap chét khong khi tiém &n, chéat lwong khong khi; va
environmental factors, for example, plant location/surrounding industry, potential air
contaminants, air quality; and

e cac yéu tb lich st, vi du, quan ly FEP/REVEX, tan sut dirng may, bién déng mirc
binh ngung va cac van dé truwdc day.
historical factors, for example, FEP/REVEX management, plant trip frequency, condenser
level variation, and previous problems.
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- Thwc hién rd bang nha may 3 nam mot 1an triv khi cé quy dinh khéac trong so tay van
hanh hoac trir khi dwoc chi ra b&i danh gia rdi ro.
Derime the plant every 3 years unless otherwise stated in the operating manual or unless
indicated by the risk assessment.

- Tan suét ra bang co6 thé duoc kéo dai dwa trén kinh nghiém van hanh nhwng nén
duwoc rat ngan néu bat ky bat thworng nao sau day xay ra:
The deriming frequency may be lengthened based on operating experience but should be
shortened if any of the following abnormalities have occurred:

o sut ap bat thwdng trong thiét bi siéu lanh (tirc 13, bd trao ddi nhiét, mam chwng
cét);
abnormal pressure drops in cryogenic equipment (i.e., exchangers, distillation trays);
e murc hydrocarbon cao trong khi nap;
high hydrocarbon level in the intake air;
e céac van dé chuyén dbi thuong xuyén véi cac hé théng REVEX, bd tai sinh hodc
FEP;
frequent switching problems with REVEXS, regenerators, or FEP systems;
e céc trudng hop I&p lai viéc rd lot carbon dioxide tir hé théng FEP;
repeated instances of minor carbon dioxide breakthrough from the FEP system;
o thay dbi diéu kien méi truorng khac véi thiét ké nha may; hodc
change of the environmental conditions to other than the plant design; or
o nhiéu lan dirng may khéng theo ké hoach, vi du, mat dién.
numerous unplanned plant shutdowns, for example, power failures.

- Nhibng thay dbi dang ké vé ché d van hanh binh thudng (nhw da dé cap trong danh
sach trudc) co thé budc phai quyét dinh tan suat ra bang cao hon nhiéu.
Significant alterations of the normal operation mode (as mentioned in the previous list) could
force the decision for a much higher deriming frequency.

- Nén khuyén nghi thém rang khi thyc hién béo tri I&n, viéc ra bang nha may luén nén
duwoc xem xét.
It is further recommended that when major maintenance is carried out, a plant derime should
always be considered.

7.7. Vé sinh va bao tri / Cleaning and maintenance

Voi diéu kién nha may co lich st van hanh binh thuwong va thiét ké phu hop, khéng can bao
tri dinh ky hoac yéu cau vé sinh cho b6 héa hoi.
Provided the plant has had a normal operating history and adequate design, no routine maintenance or
cleaning requirements for the reboiler are necessary.

Tuy nhién, trong mét sé trwerng hop, vat liéu la c6 thé dwoc dwa vao va tich tu trong cac bé
thu gom hodc bén trong chinh cac bd héa hoi dang tAm/canh. Trong nhirng trwérng hop nay,
vat liéu la 1a tro nhwng phai dwoc loai bd vi né c6 thé gay ra diém chét cuc bo hodc s6i kho
va cac nguy hiém sau do.

In some instances, however, foreign material can be introduced and can accumulate in the sumps or
within the plate/fin reboilers themselves. In these cases, the foreign material is inert but shall be removed
as it can cause localized dead end or dry boiling and subsequent hazards.

7.7.1. Vat liéu la do qua trinh xdy dwng nha may / Foreign material due to plant
construction

- Viéc xay dwng nha may phai dwgc thye hién dwdi sw giam sat chat ché nhat dé dam

bao khéng co vat liéu la nao lot vao nha may trong qua trinh xay dwng. Diéu nay duoc
dam bao bang viéc st dung dwdrng dng da dwoc lam sach va tdy dau m& ciing nhw
béng cach cén than ngan chan sy xam nhap cuta vat liéu la trong qua trinh lwu trir va
xay dwng. Trong qué trinh chay th(r nha may, hé théng dwérng bng phai duwoc théi
sach d& dam bao moi vat liéu xay dwng dwoc loai bd khdi quy trinh trwéc khi khdi
doéng. Diéu nay loai bd moi hat vat chat nhw mat nhém hoac thép khong gi, oxit nhéom,
gi sét va xi han.
Plant construction is to be undertaken under the most stringent supervision to ensure that no
foreign material enters the plant during construction. This is ensured with the use of cleaned
and degreased pipe as well as by taking care to prevent ingress of foreign matter during
storage and construction. During plant commissioning, the piping is to be blown through to
ensure any construction materials are removed from the process prior to startup. This removes
any particulate such as aluminium or stainless steel shavings, aluminium oxide, rust, and
welding slag.

7.7.2. Vat liéu la do qua trinh van hanh nha may / Foreign material due to plant operations
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Trong qua trinh van hanh ASU, cac vét liéu la sau day co thé dwgc tao ra hoac dwa
vao nha may. Nhirng vat liéu nay khong thé dwoc loai bd béng cach ra dong dinh ky
clia nha may.

During the operation of the ASU, the following foreign materials can be generated or introduced
into the plant. These cannot be removed by routine deriming of the plant.

7.7.2.1.

7.7.2.2.

7.7.2.3.

7.7.2.4.

Bui tir chét hap phu / Adsorbent dust

Bui chét hap phu cé thé dwoc tao ra trong cac binh hdp phu FEP, bo tai
sinh, hodc trong cac bd hap phu pha 16ng ho&c khi lanh. Théng qua quéa
trinh s6i va tudn hoan, bui nay co6 thé di qua cac canh tan nhiét cla I6ibd
hoa hoi, 1am tédc nghén cackénh riéng 18 va dan dén hién twong séi cuc bo.
Trong moi trwérng hop, bui cudi cung sé tich tu trong bé chira oxy 16ng. Sw
tao bui hodc di chuyén bui xubng phia duéi c6 thé dwoc ngan chdn bang
thiét ké d&c biét clia hé thdng hdp phu hodc bang cach lap dat mot bo loc.
Adsorbent dust can be generated in the FEP adsorber vessels, regenerators, or in
the cryogenic liquid or gas phase adsorbers. Through boiling and circulation, this
dust can pass through the fins of the reboiler core, block individual passages, and
lead to dead end boiling. In all cases, dust eventually accumulates in the liquid
oxygen sump. Dust generation or migration downstream can be prevented by
specific design of the adsorber system or by incorporating a filter.

Nhiém bén déu / Oil contamination

Sw nhiém ban dau c6 thé xay ra bat clr khi ndo may mdc béi tron bang dau
duwoc st dung lam thiét bi cong nghé. Vi du la cac tuabin lanh bi méat khi lam
kin hodc héng 6 truc. Sy nhiém ban nhw vay ciing ¢ thé xdy ra véi cac
dong co gidn né béi tron bang dau.

Oil contamination is possible whenever oil-lubricated machinery is used as process
equipment. Examples are cryogenic turbines with loss of seal gas or bearing failure.
Such contamination also can occur with oil-lubricated expansion engines.

DAu di chuyén twr loai thiét bj nay c6 thé lam nhiém ban dau lanh cua thiét bj
nha may lién ké v&i thiét b dang xét va thwerng ladng dong tai diém do.

Oil migrating from this type of equipment can contaminate the cold end of the plant
equipment adjacent to the equipment in question and usually deposits at that point.

Viéc tiép tuc van hanh cho phép dau nay di chuyén dén cac bd phan khac
cla quy trinh va c6 thé tich tu trong bé chira oxy 1dng. Viéc ngung nha may
ho&c ra déng cé thé khién dau/m& tré nén 1dng va cé thé di chuyén dén cac
bd phan khac cta quy trinh. Do d6, viéc loai bé tap chat nay la rat quan
trong va co the lién quan dén viéc s dung dung moi. Nha san xuét hoac
nha cung cap nha may phai dwoc tham khao y kién néu diéu nay tré nén
can thiét (xem 7.7.4.1).

Continued operation allows movement of this oil to other parts of the process and
possible accumulation in the liquid oxygen sump. Shutting down the plant or deriming
can cause the oil/grease to become fluid and can move it to other parts of the
process. Removal of this contaminant is therefore critical and can involve the use of
solvents. The plant manufacturer or supplier shall be consulted if this becomes
necessary (see 7.7.4.1).

Perlite

Cac sy cb da lién quan dén viéc tdc nghén bd hoa hoi do perlite. Didu nay
c6 thé xay ra do héng héc mét bo phan hodc dwérng dng bén trong hop lanh
cach nhiét bang perlite. Gibng nhw bt ky vat liéu la nao khac, perlite tim
dwdrng dén cac bd hoa hoi va co thé gay tac nghén nguy hiém céac kénh cua
bo trao di nhiét. Viéc loai bd perlite nay |a rat can thiét trwéc khi khdi dong
lai nha may.

Incidents have been associated with plugging of reboilers with perlite. This can occur
as a consequence of a component or piping failure within a perlite-insulated coldbox.
As with any other foreign material, the perlite finds its way to the reboilers and can
cause hazardous plugging of exchanger passages. Removal of this perlite is
essential prior to restarting the plant.

B6 loc bom oxy I16ng / Liquid oxygen pump filters

Trong trwdng hop cé bd loc bom oxy 16ng, diéu can thiét Ia ching khong
duwoc thao ra khi nha mézy dang hoat déng. Muc dich cta cac b loc nay la
bado vé chinh bom va dé dam béo khdng c6 hat nao bj ket trong bd phan
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7.7.3.

7.7.4.

phoi bo hoa hoi dong chay xuong hoac trong bat ky thiet bi quy trinh nao
khac. Néu xay ra tac nghén cac b loc nay, nguyén nhan phai dwoc diéu tra.
Where liquid oxygen pump filters are provided, it is essential that they are not
removed while the plant is in operation. The purpose of these filters is to protect the
pump itself and to ensure that no particles become trapped in the downflow reboiler
distributor or in any other process equipment. If blocking of these filters occurs, the
cause shall be investigated.

Vit liéu la do bao tri nha may / Foreign material due to plant maintenance

Trong qua trinh bdo tri nha may va thiét bi, diéu quan trong la khéng dwa cac tap chét
hydrocarbon nhw ddu m& hodc cac hat khac vao dworng dng hodc thiét bi cong nghé
bang cach ddm bao st dung céac thuc hanh tt cho thiét bi oxy. Hwéng dan dwoc
cung cap bdi cac 4n pham duoc liét ké trong Muc 8 va 9. Cac bo phan duoc lap dat
phai dwoc niém phong, lwu trik va dan nhan dé chi ra rang chung da dwoc lam sach
cho hé théng oxy. Viéc lam sach va tdy dau mé& duwoc thwe hién bang cach st dung
mot loat cac san pham tiéu chuén twong thich véi oxy. Viéc siv dung cac dung méi
hoac chét tay rlra nay doi héi sy kiém soat chat ché va phai ddm bao rang ching
duoc loai bd trwde khi nha may dwoc dwa vao hoat déng tré lai. Trong mét sb trudng
hop, c6 thé can kiém tra bang 6ng phan tich hodc dén cuc tim.

During plant and equipment maintenance, it is important not to introduce hydrocarbon
contaminants such as oil and grease or other particles into the process piping or equipment by
ensuring the use of good practices for oxygen equipment. Guidance is provided by publications
listed in Sections 8 and 9. Components to be installed shall be sealed, stored, and labelled to
indicate that they have been cleaned for oxygen service. Cleaning and degreasing are achieved
using a range of standard products compatible with oxygen. The use of these solvents or
detergents requires strict control and it shall be ensured that they are removed prior to the plant
being put back in service. In some cases, testing using analyser tubes or ultraviolet lamps may
be necessary.

Trong treong hop can dau dé boi tron va co thé tiép xtc vai dong khi giau oxy, phai
str dung dau va mé twong thich v&i oxy.

Where oils are needed for lubrication and can come in contact with an oxygen-enriched stream,
oxygen-compatible oils and greases shall be used.

Can dac biét chi y dén viéc st dung gioang dém tuong thich véi oxy trong cac hé
thong dwong ong tiép xdc véi dong khi hoac 1dng giau oxy.
Particular attention should be given to the use of oxygen-compatible gaskets in piping systems
that come into contact with oxygen-enriched gas or liquid streams.

Lam sach b6 hod hoi va bé chira cét / Cleaning reboilers and column sumps

Viéc lam sach bo hoa hoi, cot, bé chira va cac bd phan bén trong cua thiét bj cong
nghé khac trong hop lanh Ia mot nhiém vu Ién, dodi héi phai danh gia rui ro va thwong
la sw hd tro ki thuat tir nha thiét ké nha may.

Cleaning reboilers, columns, sumps, and the internals of other coldbox process equipment is a
major task requiring a risk assessment and usually the technical support of the plant designer.

7.7.4.1. Loai bd hydrocarbon ndng, dau va mé& / Heavy hydrocarbon, oil and grease
removal

- Tap chét hydrocarbon ndng, dau va m& chi c6 thé duoc loai bd tot nhat

bang cac ky thuat tdy dau m& bang dung méi. Cac k¥ thuat nay cé thé khac
nhau, tir viéc xa 16ng lanh qua céc 16i bang cach tuan hoan bom hodc phun
qua cac kénh riéng 18. Viéc ldy mau dung méi thwong xuyén va kiém tra
hydrocarbon la mét chi sb vé lwgng hydrocarbon dang dworc loai bd va liéu
viéc lam sach c6 dat dwoc hay khong. Dé dat duwoc dd sach yéu ciu can
phai vao bén trong cét.
Heavy hydrocarbons, oil, and grease contamination can best be removed only by
solvent degreasing techniques. These can vary from cold liquid flushing through the
cores by pumped recirculation or spraying across or through individual passages.
Regular sampling of the solvent and testing for hydrocarbon is an indication of the
quantity of hydrocarbon being removed and whether clean up is being achieved. To
achieve the required cleanliness requires entry to the column.

- Ngoai ra, ky thuat tai ngwng tu hoi néng ciing duwoc st dung. Piéu nay dat
dwoc bang cach dwa hoi dung méi néng vao thiét bi ma khi tai ngung tu
trong thiét bi, s& hoa tan cac hydrocarbon, sau dé ching xuét hién trong
chat ngwng tu dwoc thu gom. Diéu nay co thé dat dwoc ma khéng can vao
khu virc cot.
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7.7.4.2.

Alternatively, the hot vapour recondensation technique is used. This is achieved by
introducing hot solvent vapours into the equipment that, when recondensed in the
equipment, dissolve the hydrocarbons, which then appear in the collected
condensate. This can be achieved without entry to the column area.

CANH BAO: Cé hai phwrong phdp nay déu dwa vao viéc dung méi tiép
can tat ca cdac bé mat, diéu nay cé thé khéng dwoc dam bao néu moét

A ~ - < ~ - A > LY > .n A - LY
s0 kénh bi tac nghén hodc néu xay ra dong chay wu tién. Néu nghi ngo
co tac nghén, phai loai boé sw tac nghén trueéc khi riva bang dung méi.
WARNING: Both of these methods rely on the solvent reaching all surfaces,
which may not be guaranteed if some passages are blocked or if preferential
flow occurs. If a blockage is suspected, it shall be cleared prior to solvent
washing.

DPéi voi ca hai ky thuat, diéu quan trong |a phai ddm bao rang dung méi
dwoc str dung twong thich v&i oxy hoac da duoc loai bd hoan toan. Xem
AIGA 012, Lam sach thiét bi cho dich vu oxy [2].

For either technique, it is critical to ensure that the solvent used is either oxygen
compatible or totally removed. See AIGA 012, Cleaning of Equipment for Oxygen
Service [2].

Viéc suc rira thiét bi bang nito, ngay ca khi dung méi khéng dé chay sau khi
st dung, la rat quan trong d& ddm bao rang moi dung méi 16ng va hoi dwoc
loai bé khéi cac dwerng dng xung, 6ng thoat nwéc va cac doan 6ng chét
triwée khi nha may dwoc dwa vao hoat déng tré lai.

Purging of the equipment with nitrogen even if the solvent is not flammable after use
is critical to ensure that any liquid and vapour solvent is removed from impulse lines,
drains, and dead legs before the plant is recommissioned.

Loai b hat vat chét va perlite / Particulate and perlite removal

Viéc loai bd perlite va cac chat rdn vinh clru khac la rat quan trong dé tranh
rdi ro nghiém trong ctia hién twong sdi cuc bd, va chi cé thé dat dwoc bang
cobng viéc bén trong doi hdi phai vao khu virc bd hoa hoi va bé chra cot.
Céc ky thuat bao gém:
The removal of perlite and other permanent solids is critical to avoid the serious risk
of dead end boiling, and can be achieved only by internal work requiring entry to the
reboiler and column sump areas. Techniques include:
o k¥ thuat dia nd (ddi v&i bo trao dbi nhiét); va
rupture disk technique (for exchangers); and
 lam sach co hoc bang cach str dung rung, thdi qua va hat chan khéng.
mechanical cleaning using vibration, blow through, and vacuuming.

Ky thuat dia nd bao gdm viéc tao &p suét va gidm ap suat nhanh chéng, tao
ra sbc va van téc cao dé danh bat va thoat perlite. Mot giodng dém mang,
c6 ranh dwoc dat trén mot voi phun (mét bich) cé sén gan dau vao cla bod
trao ddi nhiét bi nhiém ban. Mot ngudn nito (hodc khi) tir tir tao 4p suét cho
bo trao d6i nhiét tr mét voi phun khac cho dén khi giodng dém vé va giai
phéng perlite. Cac giodng dém day hon dan dan dwoc s dung dé ting ap
suat v& (trong gi¢i han ap suét 1am viéc an toan cua binh hoac thiét bi). Qua
trinh nay tiép tuc cho dén khi khong con thdy déu hiéu perlite ndo niva. Ky
thuat nay da dwgc st dung thanh coéng trén cac bd trao déi nhiét chinh
(lwong bui FEP mang theo) va bo lam lanh phu (Ilwong bui chat hdp phu
mang theo). K§ thuat nay khéng nén duoc sir dung trén cac cot vi nd co thé
dan dén sy sap khay.

The rupture disk technique involves pressurization and rapid depressurization and
creating shock and high velocity to dislodge and vent the perlite. A thin, scored
gasket is placed over an available nozzle (flange) near to the inlet of the
contaminated exchanger. A source of nitrogen (or air) slowly pressurizes the
exchanger from an alternative nozzle until the gasket bursts and releases the perlite.
Progressively thicker gaskets are used to increase the burst pressure (within the safe
working pressure of the vessel or equipment). This continues until no further
evidence of perlite is seen. This technique has been used on main exchangers (FEP
dust carryover) and subcoolers (adsorber dust carryover) successfully. This
technique should not be used on columns as it can result in tray collapse.

Viéc lam §ach co hpc bao 96m viéc str dung cac tam rung trén cép mat cla
bd trao doi nhié’g dé lam Iéng cac hat bj ket lgén trong 16i. Co6 thé s dung
phwong phap thoi qua hodc hut chan khéng dé loai b cac hat.
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Mechanical cleaning includes the use of vibration pads on the sides of the
exchangers to loosen trapped particles within the cores. Either blowing through or
vacuuming can be used to remove patrticles.

- Bang chirng vé viéc loai b thanh cong co thé dugc cung cép bang cach st
dung 6ng ndi soi va di vao tlrng canh tan nhiét doc theo toan bo chiéu dai
clia bo trao doi nhiét va kiém tra triec quan dé ddm bao khong con perlite.
Evidence of successful removal may be provided by using a boroscope and entering
each fin through the whole length of the exchanger and visually examining that no
perlite remains.

7.7.5. B hap phu pha khi va Iéng / Gas and liquid phase adsorbers

- Néu c6 bat ky bang chirng bén ngoai nao cho thay chat hp phu da bi mat mét lvong

dang ké tr bd hap phu pha khi hodc 16ng, chang han nhw phai bd sung vat liéu I&p
dém khi kiém tra trong qua trinh dirng bao tri hodc néu vat liéu bi nghién thanh bot
dang ké, hay diéu tra sau hon vé mach cdng nghé. Xac dinh xem vat liéu bi méat cé
tich tu trong bat ky bd hoa hoi & ha lwu nao hodc bén trong cot ap suat thadp ma dong
oxy 16ng hdi lvu dwoc két ndi. Néu xac dinh c6 bang chirng vé viéc mat vat liéu chat
hép phu, can lién hé v&i nha ché tao nha may.
If there is any external evidence that adsorbent has been lost in significant quantity from a gas
or liquid phase adsorber such as by having to top off the bed material on inspection during a
maintenance shutdown or if the material is significantly powdered, investigate the circuit further.
Determine if the missing material has accumulated in any downstream vaporizers or within the
low pressure column to which the liquid oxygen return is connected. If evidence of loss of
adsorbent is determined, the plant manufacturer should be contacted.

- CANH BAO: Van hanh bé hod hoi khi cdc hat lam tic nghén mét phan hoac
hoan toan, cdc kénh cé thé dan dén tich tu hydrocarbon va cé kha ndng gay né.
WARNING: Operating a reboiler with particulates partially or completely blocking
passages can lead to hydrocarbon accumulation and potentially an explosion.
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Phu luc A — Van hanh bd hoa hoii lién quan dén san xuéat krypton/xenon
Appendix A—Operation of a reboiler associated with krypton/xenon production

- San xuét krypton/xenon tir mét ASU thwong yéu cau cb dac krypton va xenon trong bo hoa hoi

kiéu thermosyphon bd sung trwéc khi dwa dong dén mot don vi tinh ché dé xor ly tiép. B6 hoa hoi
bd sung c6 thé ndm trong mot binh riéng biét hoac trong bé cla cot chung cat. Théng thuong,
nha may tach khi s& bao gom thiét bi bd sung dé loai bd lwong vét carbon dioxide, nitrous oxide
va cac hydrocarbon khong bao hoa nhw axetylen, etylen va propylen dé cac thanh phan nay
khong c6 nong do cao hon binh thwong trong b hoa hoi bo sung. Tuy nhién, viéc c6 dac
krypton/xenon dan dén c6 dac metan, etan va propan trong bo hoa hoi bo sung. Nong d6 cao
hon cla cac hydrocarbon nay trong bé co thé dan dén tich tu hydrocarbon nhanh chéng bén
trong b6 hoa hoi bo sung trong trwdng hgp van hanh & murc thap hoac tac nghén trong bo hoa
hoi bo sung. Ngoai ra, do mtrc do tap chat cao hon trong b hoa hoi bo sung trong qua trinh van
hanh binh thwdng, néu dong xa bi dirng, mét dieu kién nguy hiém cé thé xay ra nhanh hon so
v&i b hoa hoi ASU théng thudng.
Production of krypton/xenon from an ASU typically requires concentration of the krypton and xenon in a
supplemental thermosyphon reboiler bath prior to sending the stream to a purification unit for further
processing. The supplemental reboiler can be either in a separate vessel or in the sump of the distillation
column. Typically, the air separation plant will include additional equipment to remove trace quantities of
carbon dioxide, nitrous oxide, and unsaturated hydrocarbons such as acetylene, ethylene, and propylene so
that these components do not also have a higher than typical concentration in the supplemental reboiler
bath. However, the concentration of the krypton/xenon leads to concentration of methane, ethane, and
propane in the supplemental reboiler bath. The higher concentration of these hydrocarbons in the bath can
lead to a rapid build-up of hydrocarbons inside of the supplemental reboiler in the event of operation at low
level or a blockage in the supplemental reboiler. In addition, due to the higher levels of impurities in the
supplemental reboiler during normal operation, if the purge flow is stopped, a hazardous condition could be
reached more rapidly than a typical ASU reboiler bath.

- DAi voi bd hoa hoi bb sung, Bang A-1 dwa ra cac diém canh bao khuyén nghij dé chi ra sy can

thiét phai dieu tra va khac phuc nguyén nhéan canh bao cling nhw nong do t6i da cho phép. Metan
(hoac THC do bang CH4), carbon dioxide va nitrous oxide phai dwoc giam sat thwong xuyén.
Duwa trén thiét ké nha may hodc kinh nghiém, nha san xuét co thé khuyén nghij giam sat cac tap
chat khac duoc liét ké trong bang. Néu nong dd toi da cho phép bi vwot qua, bd hoa hoi phai
duwoc tat. Théong thudng, dong xa dwoc cai dat dé gitr mirc metan (hodc THC do bang CH4),
carbon dioxide va/hoac nitrous oxide thép hon cac mirc canh bao dwoc hién thj trong bang. Cac
murc nay la mét chirc nang cua thiét k& nha may cling nhw mlc hydrocarbon trong khéng khi.
Thong thwéong, cé thiét bi dé loai b carbon dioxide, nitrous oxide, hydrocarbon khdng b&o hoa
va hydrocarbon C4+. Metan, etan va phan I&n propan trong khéng khi sé cb dac trong bd hoa hoi
bd sung. Néng dd nay duoc kiém soat bang cach xa 1dng tir bé. Biém cai dat canh bao va tat cho
dong xa thdp dwoc xac dinh bdi nha san xuét dwa trén thiét ké va van hanh thiét bi. Cac diém
canh bao va tat cho mirc bé dwoc hién thij trong bang sau ciing phai dwoc tuan tha.
For a supplemental reboiler, Table A-1 gives recommended alarm points to indicate the need to investigate
and correct the cause of the alarm as well as the maximum allowable concentration. Methane (or THC
measured as CH4), carbon dioxide, and nitrous oxide shall be routinely monitored. Based on the plant
design or experience, the manufacturer may recommend monitoring other contaminants listed in the table. If
the maximum allowable concentrations are exceeded, the reboiler shall be shut down. Typically, the purge
flow is set to keep the methane (or THC measured as CH4), carbon dioxide and/or the nitrous oxide levels
less than the alarm levels shown in the table. These are a function of plant design as well as the level of
hydrocarbons in the air. Typically, there is equipment to remove carbon dioxide, nitrous oxide, unsaturated
hydrocarbons, and C4+ hydrocarbons. The methane, ethane, and much of the propane in the air will
concentrate in the supplemental reboiler bath. This concentration is controlled by purging liquid from the
bath. The set point for alarm and shutdown for low purge flow is determined by the manufacturer based on
design and operation of the equipment. The alarm and shutdown points for the bath level shown in the
following table shall also be followed.

- Khi san xuét krypton/xenon, bd hoa hoi chinh ¢co thé van hanh véi mic hydrocarbon cao hon
binh thwong. Trong trwdng hop gi¢i han tat can dwoc dat cao hon nhirng gi¢i han duoc liét ké
trong Phu luc E, phai tuan thi hwdng dan cla nha thiét ké nha may.

When producing krypton/xenon, the main reboiler bath may operate with higher than normal hydrocarbons.
In the case that shutdown limits need to be set higher than those listed in Appendix E, the plant designer’s
guidelines shall be followed.
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Bang A-1— Murc canh bao khuyén nghi vé B hoa hoi bé sung
Table A-1— Supplemental Reboiler Recommended Alarm Points

B6 hoa hoi tuan hoan Krypton/Xenon hoat déng & 1.2 bara
Thanh phan tap chat vét Ky hiéu Krypton/Xenon reboiler operating at 1.2 bara
Trace impurities component Symbol |Mdrc canh bao (ppm/v) Nong doé cho phép téi da (ppm/v)
Alarm level (ppm/v) |Maximum allowable concentration (ppm/v)
5000 voi d6 tré 1 gioy
Methane CH, 4500 5000 with time delay of 1 hour
7000 vé&i d6 tré 1 phat
7000 with time delay of 1 minute
2 . 5000 v&i do tré 1 gioy
Tong hydrocarbon (THC) (tinh 4500 5000 with time delay of 1 hour
t72§ac1)l f?yﬂ?gcarbons (THC) (as CH4) 7000 voi do tré 1 phuat
7000 with time delay of 1 minute
Acetylene C,H,
Ethylene C,H, Théng thwdng, gidng hét Phu luc E (Xem doan trwérc)
Propylene CsHs Typically, identical to Appendix E (See previous paragraph)
Carbon dioxide CO, 1.0 4"
100 (khdng yéu cau tit tw ddng, chap nhan
N,O 10 46 tré 8 qio)
Nitrous oxide 0 tre 8 gio) V- '
100 (no automatic shutdown required 8-hour
. delay acceptable)
Cac thong so khac Mdrc canh bao Mcrc dirng
Other parameters Alarm level Shutdown level
hoan o)
Reboiler submergence 80% with time delay of 1 hour
Xem 3.2.19 va Phu luc B (d6 90% 50% v&i d6 tré 1 phat
A o/ 14 hi & PP .
ngép 100% la binh thwdng) 50% with time delay of 1 minute
See 3.2.19 and Appendix B (100%
submergence is normal)
Lut luona xa 2 50% gia tri duoc thiét 1ap theo 25% gia tri duoc thiét 1ap boi nha san xuat
Purge f/bwg thiét ké cla nha san xuat nha may | nha may (chap nhan do tré 1 gio)
50% of the value established by the 25% of the value established by the plant
plant manufacturer design manufacturer (1 hour time delay acceptable)

1

GHI CHU / NOTES

Can can than khi ldy mau Idng siéu lanh dé& dat dwoc két qua chinh xac, nhat quan. B4t ky dong chét 16ng lién tuc nao phai
dwoc héa hoi d& dam bao néng dd pha khi van giébng nhw trong ndng dé chét Idng. Viéc khdng thwc hién diéu nay co thé dan
dén viéc danh gia thap ndng dé hydrocarbon trong 16ng.

Care shall be taken in sampling cryogenic liquids to achieve accurate, consistent results. Any continuous liquid stream shall
be vaporized to ensure that the gas phase concentration remains the same as the bulk liquid concentration. Failure to do this
can lead to underestimating the hydrocarbon concentration in the bulk.

Nong do tap chét sé& thay ddi nhanh hon dbi v&i bé clia bd hoa hoi tudn hoan bd sung so vé&i bé chinh do Iwgng Idng trong do
nhd hon véi cling lwgng tap chét dau vao.

The impurity concentrations will vary more quickly for a supplemental reboiler bath than for the main bath due to the smaller
inventory of liquid with the same feed of impurities.

Do kha n&dng dbng hoa tan clia carbon dioxit va nito' oxit, cac gi¢i han cho phép téi da nay cé thé can dwoc didu chinh. Lién
hé v&i nha san xuat nha may dé xac dinh céc gii han cu thé can s dung.

Due to co-solubility of carbon dioxide and nitrous oxide, these maximum allowable limits may need to be adjusted. Contact the plant
manufacturer to determine the specific limits to be used.

2 Pidm dat lwu lwong xa cé thé dwoc diéu chinh cho céc didu kién khéi dong va gidm tai va khdi dong dwa trén khuyén nghi cla

nha san xuét nha may.
Purge flow set point may be adjusted for startup and turndown and startup conditions based on plant manufacturer’s
recommendations.
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Phu luc B—M6 ta bo hoa hoi dang 16i ngap
Appendix B—Representation of reboiler core submergence

Chi bao mirc 100% Cot ap thap

100% level indication || Low pressure column
Voi mirc cao
Upper level tap

[==]
A
==

|

ngap 100%

B6 hoa hoi dang bé
Bath-type reboiler

ngap 0%
0% submergence

Chi bao mirc 0% ‘
0% level indication |

“-\
"/
Voi mirc thap
Lower level tap

Coét ap cao
High pressure column
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Phu luc C—Cac tap chat gay nghén, dé chay va an mon trong khéng khi
Appendix C—Plugging, flammable, and corrosive contaminants of air

Tap chat gay nghén
Plugging contaminants

Tap chat dé chay hodc phan rng
Flammable or reactive contaminants

Tap chéat gay dn mon
Corrosive contaminants

Oxides of nitrogen

Ozon
Ozone

O3

khac

Other sulphur compounds
Cac clorua khac

Other chlorides

Tén héa chat Ky hiéu Tén héa chéat Ky hiéu Tén héa chat Ky hiéu
Chemical name Symbol Chemical name Symbol Chemical name Symbol
Nwéc H20 Metan CHa Lwu huynh dioxit SO2
Water . Methane Sulphur dioxide
Carbon dioxit CO2 Axetylen CaH2 Luu huynh trioxit SOs3
Carbon dioxide Acetylene o
Nito' oxit N20 Etylen CaHa Sulphur trioxide H2S
Nitrous oxide Ethylene Hydro sulfua
Etan CoHe Hydrogen sulphide Cl2
Ethane Clo
Propylen CaHe Chlorine HC
ropylene . )
Propan CaHs Axit clohyd(/c . NHs
Propane Hydrochloric acid
Cac hydrocarbon khac Amoniac
Other hydrocarbons Ammonia
Céc oxit ctia nito NOx Cac hop chat lvu huynh

Siéu lanh [1]

NOTE—This table is duplicated in AIGA 056, Safe Practices Guide for Cryogenic Air Separation Plants [1]

GHI CHU—Bang nay dwoc sao chép trong AIGA 056, Huéng dén Thuc hanh An toan cho Cac Nha may Téch khi
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Phu luc D—Tinh chét cta cac tap chat trong khéng khi
Appendix D—Properties of air contaminants

Tinh chét
Properties
D6 hoa tan trond ox Gi¢i han chay dwéi Ty trong so v&i
Tap chét trong| = goxy. ... . | trong khéng khi & oxy léng & 90.2
A - & 90.2 K1.013 bar, | Gia tri Ktrong oxy &
khong khi : ab.s ’ 90.2 K. 1.013 bar. abs 293 K, 1.013 bar, abs| Pha ngwng tu K 1.013 bar abs
Air Solubility in oxygen T ’ (%) (ran hoac léng)| Density relative
contaminants at 90.2 K, 1.013 bar, | K-value in oxygen at Low_e r f Ia_lmn.rablllty Condens_e g DI
abs 90.2K, ) ;;n;(lt l1n0a11§ 2t phaslt_a (s_zjld or oxyget’w( at 90.2
1) 2) L 1. ar, iqui g
(PPm/V) U T C1 20 abs (%) 1.013 bar abs
Acetylene 43dén6 > Ré&n
(CoHb) 4106 2x10 25 Solid 0.64
Carbon 4 dén5 103 Khéng chay Ran 14
dioxide (COy) 4 tod Non-flammable Solid )
Ethane (C2Hs) | 128 000 dén 250 000 2 x 104 3 Léng
128 000 to 250 000 Liquid
Ethylene (CoH4) 13 000 dén 30 000 4 Ré&n
13000 to 30 000 2x10 27 Solid 0.66
Khéng tao pha | Khéng tao pha
Hoa tan I6ng tht hai I6ng tht hai
Methane (CH.) Miscible 0.3 5 Does not form | Does not form
second liquid second liquid
) phase phase
Nitrous 140 dén 160 5 x 104 Khoéng chay Rén 14
oxide (N2O) 140 to 160 Non-flammable Solid )
Propane 4 Léng
(CaHs) 9800 3x10 21 Liquid
Propylene 3600 dén 6700 3% 105 21 Laéng
(CsHe) 3600 to 6700 ) Liquid

1

Pham vi @6 hoa tan phan anh cac ngudn di liéu thwe nghiém khac nhau. Hai tai liéu tham khao day du nhat 1a

Karwat va McKinley [3, 4]. D& hoa tan Ién hon trong chét 16ng béo hoa & nhiét d6 va ap suét cao hon.
Ranges in solubility reflect different sources of experimental data. The two most comprehensive references are
Karwat and McKinley [3, 4]. Solubility is greater in saturated liquid at higher temperatures and pressures.

2)

Dir liéu gia tri K chi chinh xac dén khoang 1 bac d6 Ién. Cac gia tri nay thay doi dang ké theo nhiét dd va ap suét.

K-value data is only accurate to approximately 1 order of magnitude. These values vary significantly with
temperature and pressure.
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Phu luc E—Mtrc tap chét téi da trong van hanh bd hoa hoi oxy 1éng tuan
hoan kiéu dng nhiét & 1.2 bar tuyét doi
Appendix E—Maximum contaminant levels in liquid oxygen thermosyphon
reboiler operation at 1.2 bar, abs

Thanh phan Ky hiéu N6ng dé téi da cho phép (ppmiv)
Component Symbol Maximum allowable concentration (ppm/v)

Methane CH4 500
Acetylene CaH2 0.5
Ethylene CaH4 200
Ethane C2Hs 250
Propylene CsHs 35

Propane CsHs 100

Hydrocacbon C4
C4 Hydrocarbons

5

Téng hydrocacbon (THC) (tinh
theo CH4) 500
Total hydrocarbons (THC) (as CH4)

1

Carbon dioxide CO2 4.0
Nitrous oxide N20 100
LUYU Y/ NOTES

Can can than khi 14y mau I6ng lanh d& dat dwoc két qué chinh xac, nhat quan. Bat ky dong 16ng lién
tuc nao cling phai dwoc héa hoi nhanh dé ddm bao ndng dd pha khi van gitr nguyén nhw thanh
phan 18dng lwong 1én. Viéc khong thuc hién diéu nay cé thé dan dén viéc danh gia thap ndng do
hydrocacbon trong léng.

Care shall be taken in sampling cryogenic liquids to achieve accurate, consistent results. Any
continuous liquid stream shall be vaporized quickly to ensure that the gas phase concentration
remains the same as the bulk liquid composition. Failure to do this can lead to underestimating the
hydrocarbon concentration in the bulk.

Dbi v&i cac nha may san xuét oxy chiu ap bang cach nén bén trong, xem AIGA 057, St dung an
toan bo trao déi nhiét nhém han dé san xuét oxy chiu &p [5].

For plants with production of pressurized oxygen by internal compression, see AIGA 057, Safe Use
of Brazed Aluminum Heat Exchangers for Producing Pressurized Oxygen [5].
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Phu luc F—Mtrc do tap chét téi da trong van hanh bo hoa hoi tuan hoan kiéu
dong chay xudng oxy 16ng & 1.2 bar tuyét doi
Appendix F—Maximum contaminant levels in liquid oxygen downflow reboiler
operation at 1.2 bar, abs

Thanh phan Ky hiéu Nong dd t6i da cho phép (ppm/v)
Component Symbol Maximum allowable concentration (ppm/v)

Methane CH4 500

Acetylene CoHz 0.5

Ethylene CaH4 15

Ethane C2Hs 15

Propylene CsHe 1

Propane CsHs 1

Hydrocacbon C4 4

C4 Hydrocarbons

Téng hydrocacbon (THC) (tinh

theo CH4) 500

Total hydrocarbons (THC) (as CH4)

Carbon dioxide CO2 0.5

Nitrous oxide N20 5

LUU Y/ NOTES

1 Bét ky su gia tdng dang k& nao vé& ndng do thanh phan hydrocacbon trong bé day bd hoa hoi tai
sOi trong qué trinh thay déi tai clia nha may hodc ngirng hoat dong 1a dau hiéu cho thay
hydrocacbon dé tich tu. Can xem xét viéc xa chét Idng trong bé day bo hoa hoi tai s6i hodc lam
sach bd hoa hoii tai soi.

Any significant increase in hydrocarbon component concentrations in the reboiler sump during
plant load changes or shutdowns is a sign that hydrocarbon accumulation has taken place.
Draining of the reboiler sump liquid or reboiler derime should be considered.

2 Can lwu y réng phai can than khi 1y mau 1dng siéu lanh dé dat dwoc két qua chinh xac, nhat

quan. B4t ky dong 18ng lién tuc nao ciing phai dwgc héa hoi nhanh chéng dé ddm bao néng do
pha khi van git® nguyé&n nhw thanh phan trong Idng. Viéc khong thwc hién diéu nay co thé dan
dén viéc danh gia thap néng dd hydrocacbon trong Idng.
It should be noted that care shall be taken in sampling cryogenic liquids to achieve accurate,
consistent results. Any continuous liquid stream shall be vaporized quickly to ensure that the
gas phase concentration remains the same as the bulk liquid composition. Failure to do this can
lead to underestimating the hydrocarbon concentration in the bulk.

3 Déi voi cac nha may san xuét oxy chiu ap bang cach nén bén trong, xem thém AIGA 057 [5].
For plants with production of pressurized oxygen by internal compression, see also AIGA 057

[5].
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Phu luc G—Sw héap phu cuta cac tap chat trong khong khi
Appendix G—Adsorption of air contaminants

Khéng hap phu Hap phu mét phan 1) Hap phu toan phan
No adsorption Partial adsorption 1) Total adsorption
Alumina Methane CHa Carbon dioxide ® COz2 | Ozone % O3
FEP Ethylene CaH4 Nitrous oxide N20 | Cac oxit cia nito  NO2
Oxides of nitrogen N203
Ethane C2He Acetylene CaHz | Nwoc H20
Water
Propylene CsHe
Propane CsHs
Nitric oxide NO
n-butane nCsH1o
Sang phan tw Methane CH4 Ethylene C2Hs | Carbon dioxide CO2
Molecular sieve
FEP Ethane C2He Propane CsHs | Acetylene C2H2
Nitric oxide ¥ NO Nitrous oxide N20 | Propylene CsHs
Ozone ¥ O3
Cac oxit cha nito  NO2
Oxides of nitrogen  N,Qs
n-Butane nCaH1o
Nwéc H20
Water
Céc hop chét chira
oxy
Oxygenates
Hydrocacbon da
clo hda
Chlorinated
Hydrocarbons
Silica gel Methane CHs Carbon dioxide CO2 | Acetylene CaHz2
Bd hap phu chét giau | Ethane Cz2Hs Ethylene C2Hs | Ozone Os
Iéng
Rich liquid adsorbers
Bo hap phu pha hoi Propylene CsHs | Dienes
Vapour phase adsorbers Propane CsHs
Bo hap phu oxy léng Nitrous oxide N20
Liquid oxygen adsorbers
LUU Y/ NOTES

Gia dinh: Tap chat dwdi 10 ppm/v; cacbon dioxit & 425 ppm/v. Hap phu toan phan cac hydrocacbon nang (C4+)
Assumptions: Contaminant at less than 10 ppm/v; carbon dioxide at 425ppm/v Total adsorption of heavy hydrocarbons
(C4+)

1) Mirc d loai bd phuy thudc vao cac thong sb thiét ké va van hanh. Viéc loai bo hoan toan cé thé thyc hién duoc voi
thiét ké phu hop.
Degree of removal is dependent on design and operating parameters. Total removal might be possible with adequate
design.

2) Sang phan tir thwdng dwoc thiét ké dé loai bd carbon dioxide. Tham khdo Muc 7 dé biét cac hoat ddng van hanh phu
hop can thiét nhdm ngén chan sy xuyén thing.
Molecular sieve is normally designed to remove carbon dioxide. Refer to Section 7 for proper operations required to
prevent breakthrough.

3) Bang cach phan hay.
By decomposition.

4) Nitric oxit bi oxy héa b&i khong khi va sau dé dwore gil lai.
Nitric oxide is oxidized by air and subsequently trapped.
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Phu luc H—Co s& thiét ké theo mirc chat Iwgng khéng khi mac dinh dién hinh
(cho hé thong FEP hap phu)
Appendix H—Typical default air quality design basis (for adsorptive FEP system)

Thanh phan C"?H%ﬁ'%g(ﬁm% o
Component Design air quality (ppm/v)
Methane >
Ethane 0
Acetylene 03
Ethylene 0
Propane 0.95
Propylene 02
C4+ hydrocarbons L
Carbon dioxide 425
NOx (NO+ NO) o
Nitrous oxide 035

LUU Y—Bang nay thé hién nbng d6 dong thoi téi da trong ludng khang khi nap vao nha may. Ching
duoc gia dinh cho muc dich thiét ke khi khéng c6 di¥ liéu cu thé. C6 thé can thay ddi thiét ké ctia cac
thanh phan khac nhau neu cac ndng do nay bj vwot qua. D liéu thuc té cho dia phwong nén dwoc
cung cap cho nha cung cap bét ctv khi nao cé théng tin do.

NOTE—This table represents the maximum simultaneous concentrations in the air intake to the
plant. They are assumed for design purposes in the absence of specific data. Changes to the
designs of various components may be required if these concentrations are exceeded. Actual data
for the locality should be provided to the supplier whenever such information is available.

42



