THWUYC HANH AN TOAN TRONG SAN XUAT

NITO OXIT T AMONI NITRAT
SAFE PRACTICES FOR THE PRODUCTION OF
NITROUS OXIDE FROM AMMONIUM NITRATE

AIGA 080/25

Stra dbi tr AIGA 080/16
Revision of AIGA 080/16

Hiép héi Khi Céng nghiép Chau A
Asia Industrial Gases Association

No 2 Venture Drive, #22-28 Vision Exchange, Singapore 608526
Tel: +65 67055642 Fax: +65 68633379

Internet: https://asiaiga.org/| LinkedIn Profile: https://www.linkedin.com/company/asiaigaorg



https://www.linkedin.com/company/asiaigaorg

. . AIGA 080/25
THU'C HANH AN TOAN TRONG SAN
XUAT NITO OXIT TU’ AMONI NITRAT

SAFE PRACTICES FOR THE PRODUCTION
OF NITROUS OXIDE FROM AMMONIUM NITRATE

La mot phan cla chuwong trinh hai hoa héa cac tiéu chuan nganh, Hiép hoi Khi Cong nghiép Chau A
(AIGA) da ban hanh an pham AIGA 080, “Thire hanh An toan trong San xuat Nito Oxit tee Amoni Nitrat”,
dwoc dong san xuat bdi cac thanh vién cla HOi dong Hai hoa Hoa Quoc té va ban dau dugc Hiép hoi
Khi Cong nghiép Chau Au (EIGA) xuat ban dw¢i dang Tai liéu EIGA Doc 175 “Thure hanh An toan trong
San xuat Nito Oxit ttcr Amoni Nitrat’.

As part of a programme of harmonisation of industry standards, the Asia Industrial Gases Association (AIGA) has
issued this publication AIGA 080, “Safe Practices for the Production of Nitrous Oxide from Ammonium Nitrate”,
jointly produced by members of the International Harmonisation Council and originally published by the European
Industrial Gases Association (EIGA) as EIGA Doc 175 “Safe Practices for the Production of Nitrous Oxide from
Ammonium Nitrate”.

An ph&dm nay nham muc dich tré thanh mét 4n phdm hai hoa hoa qubc té dé tat ca cac thanh vién cua
Hiép hoi Khi Céng nghiép Chau A (AIGA), Hiép hoi Khi Nén (CGA), EIGA, va Hiép hoi Khi Céng nghiép
va Y té Nhat Ban (JIMGA) st dung va ap dung trén toan thé gi¢i. Noi dung ky thuat ctia mdi hiép hdi la
giébng hét nhau, ngoai trr cac yéu cau quy dinh khu ve va nhivng thay ddi nhd vé dinh dang va chinh
ta.

This publication is intended as an international harmonised 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 triv trach nhiém
Disclaimer
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nhw khong ch&p nhan bét ky trach nhiém phap ly nao vé tinh chinh xac, day di hodc dung dan ctia thong tin cé trong cac &n pham nay.
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1. Gié&i thiéu / Introduction

Khi Nito Oxit (N20) d& dwoc nganh cong nghiép khi cong nghiép san xuét va phan phéi trong nhiéu
nam. N6 chi yéu dwoc si dung cho muc dich y té (gay mé). N6 ciing dwoc st dung trong nganh
c6ng nghiép thwc pham va dién to.

Nitrous oxide (N20) has been produced and distributed by the industrial gases industry for many years. It is
mainly used for medical purposes (anaesthesia). It is also used in the food and electronic industries.

Cac tai nan nghiém trong, chang han nhw nd di ddi amoni nitrat hoac phén‘ hay Nito Oxit, d? xay ra
tai cac co s¢ san xuat Nito Oxit tr amoni nitrat. Ngoai ra, khi Nitor Oxit & nong dé cao co thé gay ra
anh hwéng strc khée cho nguwdi van hanh can phai dwoc ngan chan.

Severe accidents, such as violent explosion of ammonium nitrate or decomposition of nitrous oxide, have
occurred at facilities producing nitrous oxide from ammonium nitrate. In addition nitrous oxide gas in elevated
concentrations can cause health effects in operators should be prevented.

Nguyén nhan chinh gay ra tai nan va anh hwdng strc khoe khi san xuét Nitor Oxit tir amoni nitrat 1a
do khéng chu y day da dén céac tinh chat dac thu clia céac vat liéu nay khi thiet ke thiet bi va xay dwng
quy trinh van hanh. Vi ly do dd, an pham nay mé té cac tinh chat va moi nguy pl]a amoni nitrat va
Nitor Oxit. Trén co’ s& nay, cac nguyén tac va chi tiét lién quan dén viéc san xuat Nitor Oxit an toan
tr amoni nitrat dwoc xem xeét.

A major cause of accidents and health effects when producing nitrous oxide from ammonium nitrate has been
insufficient attention to the specific properties of these materials when designing equipment and developing
operating procedures. For that reason, this publication describes the properties and hazards of ammonium
nitrate and nitrous oxide. On this basis, the principles and relevant details of safe production of nitrous oxide
from ammonium nitrate are considered.

Céc yéu cau quy dinh dbi véi cac (rng dung y té ciing phai dwgc tuan thd, thuong duoc quy dinh
trong Dwoc dién ap dung cho quoc gia hoat dong. Vi du, Hwong dan Thye hanh San xuét Tot &
Chau Au, Thue hanh san xuét tot cua FDA Hoa Ky va Health Canada & Bac My, ciing nhu NFPA
99, B¢ lugt Co s¢ Cham soc Stre khée & Hoa Ky va CSA Z305.1, Hé théng Buong éng Khi Y té
Khéng Chay & Canada dbi v&i cac hé théng duweng 6ng khiy té [1, 2, 3, 4, 5].

Regulatory requirements for medical applications shall also be followed, usually specified in the applicable
Pharmacopeia for the country of operation. For example, the European Guide Good Manufacturing Practice in
Europe, U.S. FDA and Health Canada good manufacturing practices in North America, as well as NFPA 99,
Health Care Facilities Code in the United States and CSA Z305.1, Nonflammable Medical Gas Piping Systems
in Canada for medical gas piping systems [1, 2, 3, 4, 5].

2. Pham vi/ Scope

An pham nay phuc vu lgi ich cla tat ca nhirtng nguwdi co thé lién quan hodc quan tam dén viéc san
xuét Nito' Oxit tlr sw phan hdy nhiét ctia amoni nitrat. N6 ciing gitip nhirtng ngu®i khéng am hiéu vé
céng nghé amoni nitrat va Nito Oxit 1am quen vé&i cac yéu td dwoc coi la quan trong dbi véi strc khde
va an toan.

This publication serves the interest of all who could in any way be associated or concerned with nitrous oxide
manufacturing from the thermal decomposition of ammonium nitrate. It also serves to acquaint persons not
versed in ammonium nitrate and nitrous oxide technology with those factors considered important to health and
safety.

An phdm nay ap dung cho an toan trong thiét ké, xay dung, 1ap dat, van hanh va bao tri cac nha
may Nito Oxit str dung cong nghé amoni nitrat. Trong tam dwgc dat vao cac tinh nang vé thiét bi,
van hanh va bao tri dac thu cho cac nha may Nito Oxit.

This publication applies to safety in the design, construction, installation, operation and maintenance of nitrous
oxide plants using ammonium nitrate technology. Emphasis is placed on equipment, operational and
maintenance features that are particular to nitrous oxide plants.

Dé biét chi tiét vé cac &n pham bao gom cac thie hanh an toan cho ton chira va thao tac Nito' Oxit,
xem AIGA 081 Thirc hanh An toan cho Ton chira va Thao tac Nito Oxit va CGA G-8.1 Tiéu chuan
cho Hé thong Nito Oxit tai Co sé& Khach hang [6, 7).

For details of publications covering the safe practices for storage and handling of nitrous oxide see AIGA 081
Safe Practices for Storage and Handling of Nitrous Oxide and CGA G-8.1 Standard for Nitrous Oxide Systems
at Customer Sites [6, 7].

AQ pham nay khéng ap dung cho quy trinh san xuétINitO’ Oxit tlr cac nguyén liéu tho khac nhuwng co6
thé dwoc s dung lam hwéng dan cho viéc tinh ché, lam kho, nén, hoa léng va ton chira khi thich
hop.

This publication is not applicable to the process of production of nitrous oxide from other raw materials but may

" Tai ligu tham khao duwoc thé hién biing sé trong ngodc vudng va duoc liét ké theo thir tw xut hién trong phan tai liéu tham khao.
References are shown by bracketed numbers and are listed in order of appearance in the reference section.
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be used as a guideline for the purification, drying, compression, liquefaction and storage as applicable.

— Lwong phat thai Nito' Oxit trong qué trinh san xuét khong thudc pham vi clia &n phdm nay, dé biét
thong tin, xem EIGA Doc. 112 Tac dong Méi trirong ctia Nha may Nito Oxit [8]).
Nitrous oxide emissions during production are not covered by the scope of this publication, for information, see
EIGA Doc. 112 Environmental Impacts of Nitrous Oxide Plants [8]).

3. Pinh nghia / Definitions

— Vi muc dich cGa 4n phdm nay, cac dinh nghia sau day duwoc ap dung.
For the purpose of this publication the following definitions apply.

3.1. Thuat ngi¥ 4n pham / Publication terminology

3.2,

3.1.1.

3.1.2.

3.1.3.

3.1.4.

3.1.5.

Phai / Shall

Cho biét rang quy trinh 1a bat budc. N6 duoc stv dung & bat clv noi nao tiéu chi tuan tha
cac khuyén nghj cu thé khéng cho phép sai Iéch.

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

Nén / Should

Cho biét rang mét quy trinh dwoc khuyén nghi.
Indicates that a procedure is recommended.

C6 thé / May

Cho biét rang quy trinh Ia tly chon.
Indicates that the procedure is optional.

Sé / will

Chi dwoc st dung dé chi twong lai, khdng phai mirc d6 yéu cau.
Is used only to indicate the future, not a degree of requirement.

Cé6 thé / Can

Cho biét mét khd néng hodc nang luc.
Indicates a possibility or ability.

Pinh nghia ky thuat / Technical definitions

3.2.1.

3.2.2.

3.2.3.

3.2.4.

3.2.5.

3.2.6.

Chai / Cylinder

Binh chiu &p lwc cé thé van chuyén duoc véi dung tich nwée khdng vwot qua 150 lit [9].
Transportable pressure receptacle of a water capacity not exceeding 150 litres [9].

Phén hay / Decomposition

Su tach mét hop chét héa hoc thanh cac nguyén té nhé hon.
Separation of a chemical compound into smaller elements.

LU'U Y Amoni nitrat va Nito' Oxit tach thanh céc thanh phan trong mét phan (g téa nhiét
c6 thé dwoc tang tdc bai sw thay ddi ap suét, nhiét do, dau vao nang luong, sy hién dién cla
chét xuc tac hoac tap chét.

NOTE Ammonium nitrate and nitrous oxide separates into components in an exothermic reaction
that can be accelerated by changes in pressure, temperature, energy inputs, the presence of
catalyser or impurities.

Thu nhiét / Endothermic

Phan (rng hoa hoc hap thu nhiét.

Chemical reaction that absorbs heat.

Téa nhiét / Exothermic

Phan &ng hoa hoc tao ra nhiét.

Chemical reaction that produces heat.

Khi héa Iéng / Liquefied gas
Khi ma khi dwoc déng goéi dudi ap suat dé van chuyén thi & trang thai 16ng mét phan &
nhiét dé trén — 50 °C [9].
Gas which when packaged under pressure for carriage is partially liquid at temperatures above —
50 °C [9].
Ky thuat vién Nito’ Oxit c6 trinh d6 / Qualified nitrous oxide technician

6
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— Nguwoi, nhé vao gido duc, d3o tao va kinh nghiém, am hiéu vé cac tinh chat cla Nito
Oxit, quen thudc véi thiét bi dwoc str dung dé tdn chira, sang chiét va s dung Nito' Oxit,
ddng thei hidu cac bién phap phong ngira can thiét dé st dung thiét bj Nito Oxit mot cach
an toan.

Person who by reason of education, training and experience is knowledgeable of the properties of
nitrous oxide, is familiar with the equipment used to store, transfer, and use nitrous oxide and
understands the precautions necessary to safely use nitrous oxide equipment.

3.2.7. Ap suét/Pressure

— Trong an phdm nay, “bar” (“psi”) dwoc ghi chu Ia (psia; bar, abs; va kPa, abs) dbi voi ap
suat tuyét doi hoac (psid; bar, dif; va kPa, dif) doi v&i ap suat chénh Iéch.
In this publication, “bar” (“psi”) noted as (psia; bar, abs; and kPa, abs) for absolute pressure or
(psid; bar, dif; and kPa, dif) for differential pressure.

3.2.8. Bén/ Tank

— Thuat nglr chung bao gdm bén c¢b dinh va bdn van chuyén.
Collective term that includes stationary tanks and transport tanks.

4. Tinh chét va méi nguy / Properties and hazards
4.1. Amoni nitrat /| Ammonium nitrate

— Ca hai dang nguyén liéu dau vao, amoni nitrat ran (SAN) va amoni nitrat 1dng (LAN) phai duwoc
coi la chat oxy hoa véi cac tinh chét liér quan va yéu cau cac bién phap phong ngtra an toan,
xem Bang 1.

Both forms of the feedstock, solid ammonium nitrate (SAN) and liquid ammonium nitrate (LAN) shall be
considered as oxidizing substances with relevant properties and requiring safety precautions see Table 1.

— Trong ca LAN va SAN, nong d6 sat co thé vwot ngoai thong s6 k¥ thuat néu nha cung cap amoni
nitrat gan day khéi dong lai nha may. Vi phan tich thwong 1a phan tich theo 16, ndng d6 sat cao
& dau 16 cé thé bi bo sét. Diéu nay cé thé dwoc phat hién tai dia diém san xuét khi Nito Oxit théng
qua kiém tra trwc quan sw d6i mau clia amoni nitrat dwo'c cung cap, cling nhw gidm sat mau sac
trong 16 nau chay va 1 phan ng (xem thém 5.1.1.3).
In both LAN and SAN, the iron concentration can be out of specification if the ammonium nitrate supplier
has recently restarted the plant. Since the analysis is typically a batch analysis, high iron concentration at
the beginning of the batch can be missed. This may be detected at the nitrous oxide production site by visual
inspection for discoloration of the supplied ammonium nitrate and by monitoring the color in the melter and
in the reactor (see also 5.1.1.3).

— CA&LAN va SAN déu la vat liéu nguy hiém, nhwng LAN cé nhirng loi thé an toan sau so véi SAN:
LAN and SAN are both hazardous materials, but LAN has the following safety advantages compared with
SAN:

e [t c6 kha n&ng bj nhim chéo vé&i cac chat chéng von cuc khi st dung LAN;
Cross contamination with anti-caking substances is less likely with LAN;
e D& dang duy tri chat lwong hon;
It is easier to maintain quality;
e Viéc van hanh nha may an toan hon;
The operation of the plant is safer;
e Do dd, LAN c6 mirc xép hang méi nguy thap hon trong van chuyén va luat phap méi truong;
va
Consequently, LAN has a lower hazard rating in transport and environmental legislation; and
e Giam thiéu thao tac.
Handling is minimised.

Bang 1 - Amoni nitrat
Table 1 - Ammonium nitrate

Amoni nitrat ran (SAN) Li A!:;on' nitrat Ior!tg .
Solid ammonium nitrate (SAN) fqui am;zzr’:;)um nitrate

Nhan dang Céng thirc héa hoc Sé 80 — 93 % NH4NO3 trong
CAS NHsNO3 nuwoc
Identification Chemical formula 80 — 93 % NH4NO3 in water
S6 CAS / CAS No. 6484-52-2 6484-52-2
S6 EC / EC No 220-347-8 229-347-8
SO UN / UN-No: UN 1942 UN 2426
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'Tén theo [9]
Name according to [9]

amoni nitrat
ammonium nitrate

amoni nitrat, 1dng
ammonium nitrate, liquid

Cap van chuyén theo [9]
Transport Class according to [9]

5.1 5.1

Phan loai theo [9]
Classification according to [9]

01 (chat oxy hoa Idng)
O1 (oxidizing substance liquid)

02 (chéat oxy héa ran)
O2 (oxidizing substance solid)

Tinh chat
Properties

\Vé nguyén tac, LAN co cac
tinh chat tvong tw nhuw amoni
Contact with combustible material ~ |nitrat ran, nhuwng do ham

can cause fire. lweng nwd'c nén nd it nhay
Gay nd khi tron 1an véi vat liéu dé& (cdm hon mét chat.

chay. LAN has in principle the same

Explosive when mixed with properties as solid ammonium
combustible material. nitrate, but due to its water

Phan hy khi duoc gia nhiét dén content it is slightly less sensitive.
khoang 170°C (338°F).
Decomposes when heated to about
170°C (338°F).

Héa hoan cd thé tao ra khi nitric
doc.

Fire can cause generation of toxic
nitric gases.

Ti(fep xUc voi vat liéu dé chay co
thé gay chay.

Bién phap phong ngtra an toan
Safety precautions

Tranh xa cac ngudn gay chay — khoéng hut thube.

Keep away from sources of ignition — no smoking.

Tranh nhiém ban bdi 16ng d& chay, chat dang bét, chét oxy hoa,
kiem va axit.

\Avoid contamination by combustible liquids, powdery substances,
oxidizing substances, alkalis and acids.

Tranh tiép xuc véi da va mét.

\Avoid contact with skin and eyes.

Lam sach amoni nitrat khdi thiét bi trong qua trinh bao tri trwdc
khi han hoac han dong

Clean ammonium nitrate from equipment during maintenance prior to
welding or brazing

Nguy co strc khde
Health hazards

Chét nay c6 thé dwoc hap thu vao co thé qua dudng hit khi
dung cua né.

The substance can be absorbed into the body by inhalation of its
aerosol.

Phoi nhidm ngén han: Gay kich trng méat, da va dwéng ho hap
mau.

Short term exposure: Irritating to the eyes, the skin and the blood
respiratory tract.

4.1.1.

Amoni nitrat I6ng (LAN) / Liquid ammonium nitrate (LAN)

4.1.1.1. Yéu céu chét long / Quality requirements

— Tuy thudc vao quy trinh, dung dich NHsNOs ndng dd tir 80% dén 96% dang duoc

st dung:

Depending on the process 80% to 96% NH4+NOs solutions are being used:

— LUU Y: Vi muc dich van chuyén, néng d6 dwoc gidi han & mirc 93% (UN 2426).
NOTE: For transportation purposes the concentration is limited to 93% (UN 2426).

e Can cd gidy chirng nhan chat lwgng khi mua hang;
A quality certificate with purchase is required;

e Nha cung cap phai du tiéu chudn va dwoc ngudi dung chép thuan;
The supplier should be qualified and approved by the user;

e Can co bdn van chuyén cach nhiét da dwoc phé duyét (mét sé duoc trang
bi cudn day gia nhiét bing hoi nwéc bén ngoai). Tham khado cac quy dinh
van chuyén hién hanh [9];

Approved insulated transport container is required (some being equipped with
external steam heating coils). Refer to the applicable transport regulations [9];

e Phuwongtién van chuyén amoni nitrat nén dwo'c xac nhan da dwoc lam sach
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trwére khi dwa vao st dung; va

Ammonium nitrate transport vehicles should be confirmed cleaned for service prior

to use; and

e Chét lwong san phdm phai dwoc phan tich bdi nha cung cip hodc ngudi str

dung.

The product quality shall be analysed by either the supplier or consumer.

Bang 2 - Dic diém ky thuat dién hinh cho amoni nitrat 16ng cap ky thuat
Table 2—Typical specification for technical grade liquid ammonium nitrate

Pham vi nong d6 NHsNO3
NH4NO3 concentration range

toi thiéu 82.0% — tbi da 93.0%
min. 82.0% — max. 93.0%

NH3 (amoniac ty do)
NH3 (free ammonia)

toi da 500 ppm (500 mg/kg)
max. 500 ppm (500 mg/kg)

Chét hiru co dé bay hoi (vi du: dau)
Volatile organic matter (for example, oil)

toi da < 20ppm (20 mg/kg [tinh theo carbon])
max. < 20ppm (20 mg/kg [as carbon])

Clorua (Cl)
Chloride (Cl)

< 5 ppm (<5 mg/kg)

Sat (Fe)
Iron (Fe)

< 4 ppm (<4 mg/kg)

Phét phat (PO4)
Phosphate (PO4)

< 10 ppm (<10 mg/kg)

Canxi (Ca)
Calcium (Ca)

< 10 ppm (<10 mg/kg)

Sulfat (SO4)
Sulphate (SO4)

< 50 ppm (< 50 mg/kg)

Do axit cia dung dich thir 10 %

\Acidity of 10 % test solution S<pH<6.5
Uré <5

Urea ppm

\Vat chat la Khoéng nhin thay
Foreign matter None visible
Chat hivu co' co thé chiét xuat 100
Extractable organic matter < ppm

Chét chdng vén cuc hodc phu gia Khong
\Anti-caking agent or additive None

4.1.1.2. Yéu cdu tén chira / Storage requirements

— Céc yéu cau tdn chira sau day déi v&i amoni nitrat dwoc ap dung:

The following storage requirements for ammonium nitrate apply:

Can c6 cac bb tri dé gia nhiét (vi du: hoi nwéc, tudn hoan LAN). Khéng dwoc
phép gia nhiét bang dién truc tiép. D& tranh nhiét dd cao cuc bd, khéng duoc
phép s dung cac diém néng nhw cac bd phan gia nhiét dién tiép xuc;
Arrangements for heating (for example, steam, recirculation of LAN) are required. No
direct electrical heating is allowed. To avoid localized high temperature, hot points such
as exposed electric heating elements shall not be used;

Nhiét d6 phai dwoc kiém soat d& ngan nglra sw két tinh;

The temperature shall be controlled to prevent crystallization;

Néu can thiét, néng do amoni nitrat thuc t& nén dwoc kiém soat va pha loang
theo dac diém ky thuat yéu cau. Nudc bd sung nén c6 ham lwong clorua va
st thap;

If necessary the actual ammonium nitrate concentration should be controlled and
diluted to the required specification. Additional water should have low chloride and iron
content;

Sé lwgng tdn chira phai tuan theo cac quy dinh cla dia phwong;

Storage quantity shall be according to local regulations;

Khu vue bdn chira LAN phai dwoc bao vé chng tran dd, va hé théng xa bdn
chiva phai dwoc bao vé dé& ngén chan xa ngau nhién vao hé thdng thoat nuérc,
vi du nhw béng khu vwc gilr lai;

The LAN storage tank area shall be protected against spillage and the tank discharge
system shall be protected to prevent inadvertent discharge into drains, for example, by
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a retention area;

Hé théng d& hang LAN, bao gébm éng mém va phu kién, phai dwoc kiém tra
dam béo khong cé hw héng trudc khi d& hang LAN vao bdn chira dé ngan
ngtra ro ri;

The LAN unloading system, including hose and fittings, shall be inspected for damage
before offloading LAN into the storage tank to prevent leaks;

Hé théng d& LAN, bao gdbm ca hé théng sang chiét, nén duwoc lam sach kj
lwdng dé tranh sw tich tu SAN; thuc hanh tét 1a s& dung nwéc ¢ ham lwong
clorua thép;

The LAN unloading system, including the transfer system, should be cleaned
thoroughly to avoid any SAN build-up; good practice is to use water of low chloride
content;

LAN nén duoc chuyén tir xe ro mooc dén bon bang cach tang ap va dén nha
may Nito Oxit bang trong Iwc. Bom LAN yéu cau thiét ké bom cu thé dé tranh
chay kho; va

LAN should be transferred from the trailer to the tank by pressurization and to the
nitrous oxide plant by gravity. Pumping LAN requires a specific pump design to avoid
dry running; and

Toan bo tai LAN nén dwoc chuyén vao bon chira dé ngan ngira tran va két
tinh LAN trong dwong ong nap. Dung tich bon chira con lai trwdc khi giao
hang c6 thé duwgc xac minh bang cach do mirc hoac khoi lwgng.

The entire load of LAN should be delivered into the storage tank to prevent spillage
and crystallization of LAN in the transfer line. Remaining storage tank capacity prior to
delivery can be verified by level or mass measurements.

4.1.2. Amoni nitrat ran (SAN) / Solid ammonium nitrate (SAN)

4.1.2.1. Yéu céu chung / General requirements

— Tuy thugc vao quy dinh clia dia phuong, co thé can co sw chép thuan doi véi
viéc mua, van chuyén va tdn chiva do thuc té 1a chat nd cé thé dwoc san xuét tir

SAN; va

Depending on local regulations, approval could be required for purchase, transport and
storage due to the fact that explosives can be produced from SAN; and

— Khodng céch an toan dén dudng cong cdng va khu dan cw phai tuan thi cac quy

dinh cha dia phuong.

Safety distances to public roads and residential areas shall comply with local regulations.

4.1.2.2. Yéu cdu chéat lvong / Quality requirements

— Can c6 gidy chirng nhan chét lwong khi mua hang; va

A quality certificate with purchase is required; and

— Nha cung cép phai du tiéu chuén va dwoc ngudi dung chép thuan.
The supplier should be qualified and approved by the user.

4.1.2.3. P&c diém ky thuét dién hinh / Typical specification

Bang 3 - Dac diém ky thuat dién hinh cia amoni nitrat ran
Table 3—Typical specification of solid ammonium nitrate

Ham lwong N (khdng cé nuwoc)

N-content (free of water) > 34.8%

D6 am

Moisture <0.5%

Do axit (khi pha loang trong dung dich

10%) 5<pH<7

Acidity (when diluted in a 10% solution)

Chéat khong hoa tan

Non solubles < 0.002%

Escf)zes < 0.002%

Clorua va halogen

Chloride and halogen < 0.0002%
at

ﬁSn < 0.0002%
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Téng carbon hiru co

Total organic carbon <0.001%

Khéng (nghta la khéng phai chat lwgng
phan bén)
None (means not fertilizer quality)

Chét chéng vén cuc hodc phu gia
\Anti-caking agent or additive

4.1.2.4. Yéu céu tén chira / Storage requirements

— Theo tinh chét héa hoc cua amoni nitrat (c6 hai, oxy hoa), can cé khu vire kho
rao va chong chay chuyén dung deé ton chtra. Ngoai ra, khong dugce ton chira bat
ct thir gi khac trong cung phong. Viéc gitr gin vé sinh nghiém ngat la can thiét;
According to the chemical properties of ammonium nitrate (harmful, oxidizing) a dry and a
dedicated fire-resistant area is required for storage. In addition nothing else shall be stored
in the same room. Strict housekeeping is necessary;

— Tui da qua sﬁr dung khéng dworc gitr bén trong tda nha tén chira va phai duoc
xt ly theo bat ky quy dinh hién hanh nao; va
Used bags shall not be kept inside the storage building and shall be disposed of in
compliance with any applicable regulations; and

— Viéc ra vao phong tén chra phai duoc kiém soat.
Access to the storage room shall be controlled.

4.2. Tinh chat va méi nguy cua Nito Oxit / Properties and hazards of nitrous oxide

Néng dd Nito Oxit cao trong khong khi c6 thé tang nhanh khi bi mét kiém soat, vi du, théng qua
ro ,ri va xa. Néu Nito Oxit dwoc §én xuat trong cac phong théng gi6 khéng dud, nén lap dat hé
thong giam sat khi dé theo d&i nong dé Nito Oxit (doi voi phoi nhiém dai han) va oxy (dbi voi
thiéu hut ngan han) trong phong.

Elevated concentrations of nitrous oxide in the air can be reached quickly on loss of containment, for
example, via leaks and venting. If nitrous oxide is produced in insufficiently ventilated rooms, a gas
monitoring system should be installed to monitor the concentration of nitrous oxide (for long term exposure)
and oxygen (for short term deficit) in the room.

Dé biét thém thdng tin, xem &n phdm AIGA 081 [6].
For more information, see publication AIGA 081 [6].

5. Quy trinh san xuét / Production process

5.1. Gi&i thiéu va mé ta chung / Introduction and general description

Quy trinh cong nghiép phd bién nhat dé san xuat Nito Oxit dwa trén sy phan hdy nhiét cua amoni
nitrat. C6 mot sé quy trinh san xuét Nito Oxit khac khéng dwoc dé cap trong an pham nay, vi duy,

oxy héa truc tiép amoniac ho&c tinh ché khi thai tir qua trinh san xuét axit adipic (chudi polyamit).
The most common industrial process for the manufacture of nitrous oxide is based upon thermal
decomposition of ammonium nitrate. There are a number of other nitrous oxide production processes, which
are not covered in this publication, for example, direct oxidation of ammonia or purification of off- gas from
adipic acid production (polyamide chain).

5.1.1. Co s& héa hoc cua quy trinh phan hay nhiét / Chemical background of the thermal
decomposition process

— Nito Oxit dwgc san xuét bang cach phan hay nhiét dung dich néng ctia amoni nitrat va

nwdc & ndng dd khac nhau tr 80% dén 93% tai nhiét do khoang 250°C dén 255°C,
(482°F dén 491°F). Sw phan hiy nhiét ctia amoni nitrat rat phirc tap va cé thé di theo cac
con dwong khac nhau.
Nitrous oxide is produced by thermally decomposing a hot solution of ammonium nitrate and water
at concentrations varying from 80% to 93% at a temperature of approximately 250°C to 255°C,
(482°F to 491°F). Thermal decomposition of ammonium nitrate is complex and can follow different
routes.

— Phan (ng chinh va mong muén la: NHsNO3 — N20 + 2H.0
The main and desired reaction is: NHsNO3 — N20 +2H20

— Phan ng nay la phan (rng tda nhiét, tao ra 56 Btu/mol (59 kd/mol) & nhiét d6 khoang
250°C, (482°F) va day la phan trng bac mét voi nang lwong hoat hoa woc tinh tir 142
Btu/mol dén 190 Btu/mol (150 kdJ/mol dén 200 kJ/mol) & dieu kién tiéu chuan (273 K,

1013 mbar).

This reaction is exothermic, generating 56 Btu/mol (59 kJ/mol) at approximately 250°C,(482°F) and
it is a first order reaction with an estimated energy of activation of 142 Btu/mol to 190 Btu/mol (150
kJ/mol to 200 kJ/mol) at standard conditions (273 K, 1013 mbar).
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— Doéng hoc phan ng phan hiy tdng gap d6i clr sau méi 10°C (18°F) ting nhiét do (hoac

tbc d6 phan hiy nhan véi hé sb 1.07 cho méi °C). Vé mat do 1én, mot khéi lwgng amoni
nitrat néng chay san xuét 200 kg/h Nito Oxit trong 16 phan ng & 250°C (482°F) tao ra
cong suét nhiét khoang 70 kW; & 255 °C (491°F), 16 phan (rng twong tw sé& san xuét 280
kg/h (nhiéu hon 40%), v&i lwong nhiét tao ra la 98 kW.

The reaction kinetics of decomposition doubles for every 10°C (18°F) incremental increase in
temperature (or the rate of decomposition multiplies by a factor of 1.07 for each °C. As an order of
magnitude, a mass of molten ammonium nitrate producing 200 kg/h of nitrous oxide in a reactor at
250°C (482°F) develops a thermal power of about 70 kW; at 255 °C (491°F) the same reactor would
produce 280 kg/h (40% more), with a heat production of 98 kW.

Nhiéu phan (rng khac nhau dién ra trong o phan (ng amoni nitrat dwo'c van hanh dé san
xuét Nito Oxit. Mubi amoni nitrat tinh khiét néng chay & 169°C (337°F) va bat dau phan
hay & 190°C (375° F). O nhiét d6 1&n dén 250°C (482°F), hai phan (rng chiém wu thé va
dwoc quan tdm hang dau dbi véi viec san xuét Nitor Oxit bang phwong phap phan hay
nhiét amoni nitrat.

A vatriety of reactions take place in an ammonium nitrate reactor being operated to produce nitrous
oxide. The pure ammonium nitrate salt melts at 169°C (337°F), and begins decomposing at 190°C
(375° F). At temperatures up to 250°C (482°F), two reactions predominate and are of primary
interest to the production of nitrous oxide by thermal decomposition of ammonium nitrate.

Phan hay:
Decomposition:

NHsNO3 — N2O + 2H,O AH = —315 Btu/lbm (=59 KJ/g-mol)

Phan ly:
Dissociation:

NH4NO3s — NHs + HNO3s AH = +860 Btu/lbm (+159 KJ/g-mol)

LUU Y Phan (rng phan hiy la tda nhiét va phan (rng phan ly la thu nhiét.
NOTE The decomposition reaction is exothermic and the dissociation reaction is endothermic.

Phan &ng phan hdy la phan trng mong mudn, tao ra Nito Oxit. Phan (rng phan ly tr& nén
dang ké & 210°C (410°F) va tiép tuc chiém wu thé hon khi nhiét dd tang. Ap suét tang sé
(rc ché phan rng phan ly. Néu 16 phan (rng dwoc cung cap hé thdng xa day du, trong
treong hop 16 phan ¢ng bi méat kiém soat, v&i nhiét do tang nhanh, phan &rng phén Iy
cudi cling sé& kiém ché suw tang nhiét do vi n6 cé kha ning hap thu nhiét sinh ra t tat ca
cac phan rng toa nhiét khac cong lai. Néu khong c6 hé thdng xa day du, sw tang ap sé
trc ché sy phan ly va ap suat cung nhiét dé sé tiep tuc tang cho den khi amoni nitrat duwgc
tiéu thu hét hodc xay ra mot vu nd.

The decomposition reaction is the desired reaction, producing nitrous oxide. The dissociation
reaction becomes appreciable at 210°C (410°F) and continues to become more predominant with
increasing temperature. Increasing pressure suppresses the dissociation reaction. If adequate
venting is provided for the reactor, in the event of loss of control of the reactor, with rapidly rising
temperat ure, the dissociation reaction eventually checks the temperature rise as it is capable of
absorbing the heat generated by all of the other exothermic reactions combined. If adequate venting
is not provided, pressure rise suppresses dissociation and the pressure and temperature will
continue to rise until the ammonium nitrate is consumed or there is an explosion.

5.1.1.1. Cac phan (rng phu / Side reactions

— Ngoai cac phan &ng chinh da thao luan & trén, cac phan trng phu nhé cling xay
ra, tao ra nito’ va céac nito’ oxit & bac cao hon.
In addition to the primary reactions discussed above, minor side reactions take place
producing nitrogen and the higher nitrogen oxides.

— Céc thao tac can thiét dé loai bé cac thanh phan phu dwoc tao ra béi cac phan
(rng nay sé duogc thao luan dwéi day.
The unit operations required to remove the minor components produced by these
reactions are discussed below.

5.1.1.2. Phan hiy duoc xuc téc bang clorua / Chioride catalyzed decomposition

— Sw phan hdy amoni nitrat trong pha néng chay sé nhanh hon va co thé xay ra &
nhiét do dwéi diém néng chay khi amoni nitrat chtra cac thanh phan clorua hodc
khi nwéc thém vao chira cac ion clorua. Cac phan trng nay khi cé mat cac thanh
phan clorua chi yéu tao ra nito. Cac bo phan bang thép va déng thau gia cong
tiép xdc voi clorua trong diéu kién d6 &m cao va/hoac nhiét d6 cao co thé dan
dén nt do an mon rng suéat clorua.
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5.1.1.3.

5.1.1.4.

The decomposition of ammonium nitrate in the melted phase will be faster and can occur
at temperatures below the melting point when the ammonium nitrate contains chloride
components or when the added water contains chloride ions. These reactions in the
presence of chloride components produce principally nitrogen. Steel and machined brass
components exposed to chlorides in the presence of high moisture and/or high
temperatures can result in chloride stress corrosion cracking.

Céc thanh phan khéac cé tac dung xuc tac twong tw, xem AIGA 081 [6].
Other components have a similar catalytic effect, see AIGA 081 [6].

An mon — Str dung chét én dinh / Corrosion — Use of stabilizers

Dung dich amoni nitrat c6 tinh an mon cao déi véi mét sb kim loai, bao gom dong,
dodng thau, kém va thep carbon. Ngay ca thép khong gi sau thoi gian tiép xuc kéo
dai ciing bi tAn céng & mirc d6 han ché, lam chuyén céac ion sat (lll) vao dung
dich. Viéc thém mét lwgng nhd diamoni photphat ((NH4)2HPO4) hodac amoni
dihidro photphat (NH4H2PO4) (con dwoc goi la mono-amoni photphat), hoac axit
photphoric (Hz3PO4) vao amoni nitrat sé han ché phan (rng nay.

Ammonium nitrate solution is very corrosive to several metals, including copper, brass,
zinc and carbon steel. Even stainless steel after prolonged periods of contact undergoes
limited attack, which transfers ferric ions into the solution. Addition of small quantities of
di-ammonium phosphate ((NH42HPO4) or ammonium dihydrogen phosphate
(NH4H2PO4) also known as mono-ammonium phosphate), or phosphoric acid (H3PO4) in
ammonium nitrate limits this reaction.

Trong trwd'ng hop doé tinh khiét ctia amoni nitrat hodc chét lwong nuwédc co thé
dan dén 3n mon trong thiét bi ndu chay hodc |6 phan (rng, axit photphoric thuwéorng
dwoc s dung dé ngan ngtra 3n mon.

Where the purity of ammonium nitrate or water quality could lead to corrosion in the melter
or reactor, phosphoric acid is often used to prevent corrosion.

Sw an mon trong 16 phan (rng hodc thiét bi ndu chay co thé giai phdng sét vao
amoni nitrat, gdy mét 6n dinh hodc méat kiém soat phan (rng. Mau nau nhat cta
amoni nitrat trong thiét bi nu chay hodc trong 16 phan &ng cho thay sw nhiém
ban sét.

Corrosion in the reactor or melter can release iron into the ammonium nitrate causing
instability or loss of control in the reaction. A brownish tint to the ammonium nitrate in the
melter or in the reactor indicates iron contamination.

Nhiém bén / Contamination

Phai tranh sy nhiém ban ngau nhién amoni nitrat b&i cac vat liéu dé chay, vi du
nhw dau, bang cach thwc hién cac bién phap thich ho’p, bao gébm kiém tra truc
quan thiét bi sang chiét LAN tlr phuong tién van chuyén.

Accidental contamination of ammonium nitrate by combustible materials, for example, oil
shall be avoided by taking appropriate measures, including visual inspection of LAN
transfer equipment from the delivery vehicle.

Amoni nitrat phai duoc kiém soat ky lwéng (xem 4.1). DAu vét clia cac chét chong
doéng voén tir sy nhiém chéo véi amoni nitrat cap phan bon sé 1am cho phan ting
tréy n@n dir dbi va taora lvong I&n carbon monoxide, carbon dioxide va nito. Do
do, can phai kiém soat chat lwgng amoni nitrat tho.

Ammonium nitrate shall be controlled thoroughly (see 4.1). Traces of anticaking
substances from cross contamination with fertilizer grade ammonium nitrate will make the
reaction violent and produce high amounts of carbon monoxide, carbon dioxide, and
nitrogen. Therefore quality control of raw ammonium nitrate is required.

5.2. Tom tat quy trinh san xuét / Abstract of the production process

— Co6 nhiéu thiét ké khac nhau clia nha may san xuét Nito' Oxit, nhung so' d6 téng quan chung vé
san xuéat duoc thé hién trong Hinh 1.
Several different designs of nitrous oxide process plants exist, but the general schematic overview of
production is as shown in Figure 1.
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SAN

Hinh 1 - So’ d6 san xuat Nito’ Oxit
Figure 1 - Scheme of nitrous oxide production
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— Dé san xuét Nito Oxit, amoni nitrat cé thé dwoc sir dung dwéi hai dang:
For the production of nitrous oxide the ammonium nitrate can be used in two forms:

e LAN, dugc cung cap duoi dang dung dich dwoc dun nong trong nudc. Bon ton chira LAN
phai dwoc cach nhiét va kiém soat nhiét do dé tranh lam mat cé thé gay déng dac hoadc két
tinh.
LAN, is supplied as a heated solution in water. The LAN storage tank shall be insulated and temperature
controlled to avoid cooling that could cause solidification or crystallization.

* SAN dugc thém vao thiét bi ndu chay, noi nudc dugc thém vao dé tao thanh dung dich 16ng.
Day la mot buwdc xt ly bd 'sung trud'c quy trinh LAN duoc liét ké & trén. (Da co bao cao rang
mot s6 nha may cap liéu rdn ndu chay va phan hay SAN ma khong can thém nuéc; cong nghé

nay khong dwoc khuyén nghi va khéng dwoc dé cap trong 4n pham nay.

SAN is added to a melter where water is added to form a liquid solution. This is an additional processing
step ahead of the LAN process listed above. (It has been reported that some solid feed plants melt and
decompose SAN without any addition of water; this technology is not recommended and not covered by
this publication.

— Can co khu virc ton chira hang ran va thiét bi ndu chay (1) déi véi cac nha may cp liéu ran. Can
€0 cac bon dung dich ndng, I6ng doi v&i cac nha may cap liéu long. Trong ca hai trudong hop,
can st dung amoni nitrat cap ky thuat, véi ham lwgng clorua va kim loai thap. Léng dwgc bom
vao |6 phan trng (2). Tai day, LAN trai qua qua trinh phan hdy nhiét thanh Nito Oxit va hoi nwéec.
Solid storage and a melter (1) are required for solid feed plants. Liquid hot solution tanks are required for
liquid feed plants. In both cases, technical grade of ammonium nitrate, with low amounts of chloride and
metals, is required. The liquid is injected into the reactor (2). Here the LAN undergoes a thermal
decomposition into nitrous oxide and water vapour.

— Viéc kiém soéat phan (rng dat dwoc bang cach duy tri can bang khéi lwong va nhiét thong qua

viéc giam sat va diéu chinh lwu lwgng amoni nitrat va/hodc cong suét gia nhiét.

Control of the reaction is achieved by maintaining the mass and thermal balances by monitoring and
adjusting the flow rate of ammonium nitrate and / or the heating power.

— Céc théng sb kiém soat khac la:
Other control parameters are:

e mturc LAN trong |6 phan (rng;
LAN level in the reactor;

e nhiét do cta LAN;
temperature of the LAN;

e kiém soat ap suét trong pha khi; va

pressure control in the gas phase; and

e |wu lwgng khi thoat ra khai |6 phan (rng.

14



AIGA AIGA 080/25

5.3.

gas flow rate exiting the reactor.

Nhiét dd ctia LAN sau dé dwoc duy tri bang cach gia nhiét va lam mat 16 phan &ng.
The temperature of the LAN is then maintained by heating and cooling the reactor.

Nhiét lwgng sinh ra tir phan (rng c6 thé duoc st dung dé lam néng so bd LAN trong thiét bi n&u
chdy hodc LAN trwéc khi di vao 16 phan rng.

The heat produced by the reaction may be used for preheating the LAN in the melter or the LAN before
entering the reactor.

Khi dwoc tao ra dwoc lam mat va hoi nuwéc dwoc ngung tu trong bd ngwng tu lam méat bang nwéde
nguoc dong (3). Dong khi sau dé di qua moét sé-bwéc loai bd hoa chat bang cach st dung cac
thap tinh ché (4). Cac tap chat nhu nito’ oxit (NOX), axit nitric (HNO3) va amoniac (NHs) duoc riva
sach trong mét chudi cac thap hap thu st dung nwéc, hdn hop kali permanganat va natri hydroxit,
axit sulfuric va cudi cung la nwéc. Mot s6 nha may hoat ddng ma khong cé bwéc tinh ché bang
axit sulfuric.

The produced gas is cooled and the water vapour is condensed in a counter-current water cooled condenser
(3). The gas stream passes then through a number of chemical removal steps using purification towers (4).
Impurities such as nitrogen oxides, (NOXx), nitric acid, (HNO3), and ammonia, (NH3) are washed out in a
sequence of absorption towers employing water, a mixture of potassium permanganate and sodium
hydroxide, sulphuric acid and finally water. Some plants operate without the sulphuric acid purification step.

Nito Oxit d& dwoc tinh ché co thé dwoc tich trir trong binh chira khi (5), tly thudc vao thiét ké
nha may. Thiét bj tich trir nay hoat dong nhw mét bo bu cho cac bién dong trong san xuét. Khi
dwoc nén dén ap suét héa 16ng (6) va, sau khi say kho (7), né dwoc héa 16ng (8) bang nuéc lam
mat (10) hodc chat lam lanh khéng chay khac. San pham sau dé duoc ton chiva (9, 11) va sdn
sang dé tinh ché thém, nap vao chai hodc van chuyén sé luong l6n.

The purified nitrous oxide can be accumulated in a gasholder (5), depending upon the plant design. This
accumulation device acts as a compensator for variations in production. The gas is compressed to
liquefaction pressure (6) and, after drying (7), it is liquefied (8) with cooling water (10) or other non- flammable
refrigerant. The product is then stored (9, 11) and ready for further purification, filling cylinders or for bulk
transport.

Cac bo phan thiét bi / Equipment components
5.3.1. Thiét bi ndu chay / Melter

— Nhirng diéu sau day ap dung cho cac nha may st dung SAN.
The following applies to plants using SAN.

— SAN duoc ndu chay béng cach thém khodng 8% nwdc va gia nhiét dén nhiét do t 125°C

dén 130°C (257°F dén 266°F). Viéc thém diamoni photphat hodc amoni dihidro photphat
(con dwoc goi la mono-amoni photphat) dwoc thwe hién dé 6n dinh phan tng (xem thém
6.1).
The) SAN is melted by addition of approximately 8% water and by heating up to a temperature of
125°C to 130°C (257°F to 266°F). Addition of di-ammonium phosphate or ammonium dihydrogen
phosphate (also known as mono-ammonium phosphate) is made to the stabilize reaction (see also
6.1).

— Thiét bi ndu chay duoc chia thanh hai phan:
The melter is divided into two sections:

e Phan niu chdy hoéc tiéu thu. Dbi véi LAN, phan nay cé thé dwoc sir dung dé lam
noéng so bo.
Melting or consumption section. For LAN this section can be used for preheating.

e Phan truyén tai, ttr d6 LAN dwoc cap vao 16 phdn ng. Méi phan duoc gia nhiét doc
lap.
Transfer section from which the LAN is fed to the reactor. Each section is heated independently.

— Viéc van chuyén LAN tr phan pha lodng sang phan truyén tai co thé dat dwoc bang ap
suat thay tinh hodac bom khi nén.
Passage of LAN from dilution to transfer section can be achieved by hydrostatic pressure or
pneumatic pumps.

— Caéc yéu cau dbi voi thiét bi ndu chay:

Melter requirements:

e Dam bao phan pha loang & nhiét do mai trwdng trwdc khi dwa amoni nitrat vao va
ludn ludn dwa nuéc vao trwdc, khong bao gior dwa SAN vao thiét bi ndu chay dang
réng va néng;

Ensure the dilution section is at ambient temperature before introducing the ammonium nitrate
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and always introduce the water first, never introduce SAN into an empty and hot melter;

Dam bao kiém soat mirc cao/thdp bang quy trinh hodc tw dong;

Ensure a high / low level control either by procedure or automatically;

Hé théng gia nhiét phai dwoc thiét ké sao cho khéng cé su tiép xuc gitra ngudn nhiét
va LAN.

Heating systems shall be such that there is no contact between the heating source and the
LAN.

Néu s dung hé thong gia nhiét bang dién khong tw gioi han, viéc thiét ké nén bao
gom mét phwong tién giam sat thir cap dé ngat nguon dién cap cho bd gia nhiét trong
trwdng hop nhiét dé qua cao;

If using electrical heating systems which are not self-limiting, the design should include some
means of secondary monitoring to shut down the power to the heaters in case of
overtemperature;

Cung cap mét hé thdng tuan hoan/dong hoa dung dich trong qua trinh gia nhiét va
nau chay, dé dam bao khong cé diém nao néng hon nhiét dé do dworc;
Provide a system for re-circulating / homogenizing the solution during the heating and melting
process, to make sure there is no hotter point than the measured temperature;

Trang bi cho thiét bi ndu chay hé thong kiém soat nhiét do (T = 125°C - 130°C (257°F
- 266°F)) & che d san xuat). Nhiét do cua phan tiéu thu va phan truyén tai phai dwoc
kiém soat béi hai hé thong kiém soat nhiét d6 doc lap.
Equip the melter with temperature control (T = 125°C - 130°C (257°F - 266°F)) in production
mode). The temperatures of the consumption section and the transfer section shall each be
controlled by two independent temperature control systems.

Gia nhiét dwong 6ng bom (dudng 6ng ndi gitra thiét bi ndu chay va 1o phan tng) dé
tranh s két tinh lai, cé thé gay mat kha nang lam mat va kiém soat phan tng;

Heat the injection line (pipe connection between melter and reactor) to avoid re-crystallization,
which can cause loss of cooling and control of the reaction;

Gi6i han nhiét do thiét bi ndu chay & 130°C (266°F) trong tho'i gian khong san xuét va
140°C (284°F) trong th&i gian san xuat;

Limit the melter temperature to 130°C (266°F) during non-production periods and 140°C (284 °F)
during production;

Dé chuén bi dung dich nuéc, nwéc phéi cé ham lwong clorua va sat thap (mdi chéat <
10 ppm). Nwéc nén dwoc phan tich néng do clorua. Néu phat hién >10 ppm, nén sk
dung thiét bj tinh ché nwéc dé& gidm néng dd clorua xuéng mirc chap nhan dugc. Nong
do clorua qua murc duoc biét 13 &nh hudng dén do 6n dinh ctia phan &ng;

For the preparation of the aqueous solution the water shall have low chloride and iron content
(each< 10 ppm). The water should be analyzed for chloride concentration. If found to be >10
ppm, a water purification unit should be used to reduce the chloride concentration to an
acceptable level. Excessive chloride concentration is known to affect the stability of the reaction;
Nén can nhéc s dung bo loc dé loai bd cac chat ran khéng mong muén;

Use of a strainer to remove unwanted solids should be considered;

Khi thiét bi ndu chay ngirng hoat dong trong khoéng thoi gian di dai dé bat dau qua
trinh déng dic hoac trong qua trinh bao tri, thiét bi ndu chay va hé théng duwdrng éng
phai dwoc lam sach béng nwé&c hoac hoi nwéc; va

When the melter is shut down for a period long enough to start solidification or during
maintenance, the melter and piping system shall be cleaned with water or steam; and

Phai can than khi gia nhiét cho dwdng éng LAN kin vi viéc bd sung nhiét khdng kiém
soat cé thé dan dén sw hinh thanh nito oxit trong dwdng dng va kha ndng v& dwdng
bng do qué ap.

Care shall be taken when applying heat to a closed LAN line since uncontrolled heat addition
can lead to formation of nitrous oxide in the piping and possible line burst due to overpressure.

Lo phan rng / Reactor

L6 phan (rng phai dwoc van hanh sao cho giam thiéu rii ro cho nhan vién.
The reactor shall be operated such that the risks to personnel are minimized.

5.3.2.1. Khéi déng phan trng / Reaction start-up

— Amoni nitrat bj phan hiy trong 16 phan trng theo cong thirc:
The ammonium nitrate is decomposed in the reactor according to the formula:

NH4NO3 — N20 + 2 H20 + 56 Btu/mol (59 kJ/mol)

— Sw phan hdy amoni nitrat trong nwéc cé thé bt dau & nhiét d6 khoang 210°C
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(410°F) thy thudc vao thiét ké 16 phan (rng, nong do amoni nitrat, d6 tinh khiét
cua amoni nitrat, chat xuc tac va nong do chat on dinh (xem 5.1.1.3). Qua trinh
nay mat thoi gian twong doi dai dé tw nhién dat diém can bang nhiét (thuong
gitra 250°C va 255°C (482°F va 491°F)). Dé tang toc khdi dong, dung dich amoni
nitrat dwgc dun néng trong 16 phan rng dén khoang 240°C (464°F).

This decomposition of ammonium nitrate in water can start at temperatures around 210°C
(410°F) depending on reactor design, concentration of ammonium nitrate, purity of
ammonium nitrate catalysts and stabilizer concentration (see 5.1.1.3). It takes a relatively
long time to naturally reach the thermal equilibrium set point (generally between 250°C
and 255°C (482°F and 491°F)). To accelerate the starting process the ammonium nitrate
solution is heated in the reactor to approximately 240°C (464°F).

Can bang nhiét qua trinh / Process thermal equilibrium

Vi phan tng la phan (rng t6a nhiét, nhiét dé trong khéi phan (rng phai dwoc kiém
soat chat ché. Nhiét do toi wu cho sy phan hady la khoang 250°C (482°F) & ap
suat cao hon mot chut so voi ap suat khi quyén. Lo phan tng dugc can bang
nhiét gitra phan ng tda nhiét va tong cac hiéu (rng lam mat dén tw:

Since the reaction is exothermic, the temperature in the reaction mass has to be strictly
controlled. The optimum temperature for decomposition is approximately 250°C (482°F)
at a pressure slightly higher than atmospheric pressure. The reactor is thermally balanced
between an exothermic reaction, and the sum of the cooling effects coming from:

e su hda hoi clia nwoc;
water vaporization;

e nhiét dung cta ngudn cap LAN méi; va
heat capacity of fresh LAN feed; and

e tén that nhiét qua thanh |6 phan (ng.
heat losses through the reactor walls.

Lo phan (g dwoc thiét ké cho nhiét d va ap suét danh dinh, va cho mét pham
vi mirc chat phan (rng va ham Iwvgng nwéc clia ngudn cap amoni nitrat. Khong
dwoc phép co bat ky sai I6ch dang ké nao so voi cac diéu kién van hanh thiét ké
ban dau, trtr khi cac dieu kién van hanh méi da dwoc xac nhan.

Reactors are designed for a nominal temperature and pressure, and for a range of reactant
level and water content of the ammonium nitrate feed. Any significant deviation from the
original design operating conditions shall not be permitted, unless the new operating
conditions have been validated.

Viéc kiém soat phan ng bang cach bom LAN duoc diéu chinh bdi ap suét tinh
trong 16 phan (rng ho&c nhiét do, vén phu thudc vao lwong khi dwoc tao ra bdi
phan rng.

The control of the reaction by injection of LAN is regulated by the static pressure in the
reactor or the temperature, which depend on the quantity of gas produced by the reaction.

Mét hé théng duoc thiét ke phu hgp nén cho phép can bang nhiét tw nhién nay
dat trang thai can bang gan. Can bang nhiét cudi cung va kiém soat |6 phan &ng
dat dwoc bang cach gia nhiét va lam mat bd sung vira phai.

A properly designed system should allow for this natural thermal balance to be in close
equilibrium. The final thermal balance and reactor control is achieved by moderate
additional heating and cooling.

Lo phan rng duoc thiét ké dé hoat dong gan 250°C (482°F); ngudi ta thuong
doéng y rang nhiét dé nay toi wu héa ca dong hoc phan hiy (khéng qua nhanh,
khéng qua cham) va gidm thiéu cac phan &ng phu.

Reactors are designed to operate close to 250°C (482°F); it is generally agreed that this
temperature optimises both the kinetics of decomposition (not too fast, not too slow), and
a minimum of side reactions.

Ly twéng nhéat, nhiét do va mirc nén duoc kidm soat va 6n dinh. Trong qua trinh
nay, sw can bang khdi lwong va can bang nhiét c6 lién quan v&i nhau. Viéc b
sung amoni nitrat ma&i khong chi lam thay ddi mérc ma con déng vai tro 1a chét
lam mat. Do hiéu &rng ghép ndi nay, khé cé thé dat dwoc va duy tri cac diéu kién
dn dinh chinh xac & mirc danh dinh va nhiét dd danh dinh. Kha nang cao hon la
16 phén tng c6 thé duoc 6n dinh tai mot sb diém cai d&t véi nhiét do va mire gan
véi danh dinh. Biém 6n dinh nay cé thé dao dong nhe theo thoi gian, tuy thudc
vao nhiét dé bén ngoai va n6ng do hoac nhiét do ciia LAN méii.

Ideally, temperature and level should be controlled and stable. In this process, mass and
thermal balances are linked. Addition of fresh ammonium nitrate not only varies the level,
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but also acts as a cooling agent. Due to this coupled effect, it is difficult to obtain and
maintain stable conditions exactly at the nominal level and the nominal temperature. More
likely, the reactor can be stabilized at a number of set points with temperatures and levels
close to the nominal. This stability point can fluctuate slightly with time, subject to external
temperature and the concentration or temperature of fresh LAN.

Thiét bi gia nhiét va lam mat / Heating and cooling equipment

Thiét bi gia nhiét co thé Ia dién gian tiép hodc bang dau dot ngon Itra truc tiép
hodc gian tiép. Hé thong gia nhiét phai dwoc thiét ké cho ca tai nhiét cao can
thiét trong qua trinh khé&i dong va tai nhiét thap can thiet cho viéc kiém soat dieu
bién trong qua trinh van hanh trang thai 6n dinh. B gia nhiét qua trinh phai duoc
thiét ké dé chuyén sang trang thai an toan khi cé dién tré lai sau khi mat dién.
Heating equipment can be either indirect electrical or by direct or indirect flame burners.
The heating system shall be designed for both the high thermal load required during start-
up and for the low thermal load required for modulated control during steady state
operations. Process heaters shall be designed to fail into a safe state when power is
resumed after a power outage.

Tuy thude vao thiét ké 16 phan tng, cb thé cé mét khe hé gitra 16 phan ng va
cac b6 phén gia nhiét, qua d6 LAN bi ro ri co thé tiép Xuc v&i cac bd phéan gia
nhiét. Khe h& nay cc? thé dwoc bit kin bang vét liéu (chang han nhw bang nhém
chiu nhiét doé cao) dé ngan LAN ro ri vao cac bo phan gia nhiét.

Depending on the reactor design there may be a gap present between the reactor and the
heating elements through which a LAN leak can contact the heater elements. This gap
can be sealed with material (such as high temperature aluminum tape) to prevent the LAN
from leaking into the heater elements.

Co6ng suat 1am mat 1a can thiét cho ca viéc kiém soat diéu bién nhiét d6 16 phan
&ng trong qua trinh san xuét, dé dirng san xuét va cho cac tinh hudng khan cép.
Viéc 1am mat cé thé dwoc cung cip bang bd trao ddi nhiét bén trong (cudn day
bén trong) hoac phun nwéc sach bén ngoai I1én thanh 16 phan (ng.

Cooling power is required for both modulated control of reactor temperature during
production, for stopping the production and for emergency situations. Cooling can be
provided either by internal heat exchanger (internal coils) or external spray of fresh water
on the reactor’s wall.

Phai cung cap moét thiét bi lam mat thir hai dé lam mat khan cap. Néu phat hién
nhiét do cao bat thudng, thiet bj lam mat phai tw dong dap tat phén trng. Nguodn
cap nwédc nay phai duoc thlet ké va kiém tra thuo’ng xuyén dé dam bao rang
trong tru’o’ng hop nguon cap nudc, khi diéu khién va/hodc dién bi héng, nwéc
lam mat khan cap van hoat dong.

A second cooling device shall be provided for emergency cooling. Should an abnormally
high temperature be detected the cooling device shall automatically quench the reaction.
This water supply shall be designed and frequently checked to ensure that in the event of
a breakdown of the supply of water, instrument air and/or power, the emergency cooling
water is still operational.

Céc yéu tb thiét ké cua hé thdng nwéc 1am mat khan cip nén bao gdm:
Design elements of the emergency cooling water system should include:

e nguén cap nudc lam mat tach biét voi ngudn cap nwdc chinh (vi du: bon
cap liéu bang trong lwc);
a cooling water supply separate from the main water supply (for example, gravity fed

tank);

e 4p suat dw phong bang nito’ hodc khi diéu khién:
backup pressure by nitrogen or instrument air;

¢ van khéa m& néu dworc trang bi van cach ly;
locked open valves if equipped with isolation valves;

e Kkhoa lién dong hodc kiém soat hanh chinh dé dam béo c6 du nwdce trong
bon trwde khi khdi dong 160 phan tng; va
interlock or administrative control to ensure that there is adequate water in the tank
before starting the reactor; and

o Néu bdn dwoc diéu ap bang nito’ hodc khi diéu khién, phai cé khoa lién dong
hodc kiém soat hanh chinh dé ddm bao c6 di ap suat dé cap liéu cho bon
trwdre khi kh&i dong 16 phan trng.

If the tank is pressurized by nitrogen or instrument air, an interlock or administrative
control to ensure that there is adequate pressure to feed the tank before starting the
reactor.
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Sau khi bao tri, phai cin than d& dwa bat ky van cach ly nao tré lai trang thai
khoa m& trwére khi van hanh 16 phan (ng.

Following maintenance, care shall be taken to return any isolation valves to their locked
open state before reactor operation.

Do lwong nhiét dd / Temperature measurements

Céc chi bao nhiét d6 dwoc dat trén bang diéu khién va cho biét nhiét d6 trong
khoi amoni nitrat trong 16 phan tng. Phai cung cap it nhat hai cam bién doc 1ap
de tang do tin cay va tranh 16i ché d6 chung. Cac c;ém bién nhiét d6 twong tng
nén dwoc nhing vao khoi LAN va két ndi v&i hé thong kiém soat nhiét db.
Temperature indicators are located on the control board and indicate the temperature in
the ammonium nitrate mass in the reactor. At least two independent sensors shall be
provided to increase reliability and to avoid common mode failure. The corresponding
temperature sensors should be immersed in the bulk LAN and connected to the
temperature control system.

Cam bién dwoc lwa chon tuy theo cach ching dwoc st dung. Do chinh xac, dd
tin cay va do nhay la quan trong, néu tin hiéu dwoc st dung dé diéu chinh qua
trinh. Hé thdng kiém soat nhiét do phai dang tin cay va dwoc bdo vé khdi s dao
doéng ctia ngudn dién.

Sensors are selected according to how they are used. Accuracy, reliability and sensitivity
are important, if the signal is to be used for the process regulation. The temperature control
system shall be reliable and protected from electrical power fluctuation.

Kiém soét va xa é&p / Pressure control and release

Lo phan (rng phai dwoc thiét ké dé van hanh & ap suét cao hon ap suat khi quyén
moét chat. Trong dieu kién bat thwong, 10 phan trng co the xay ra phan trng mat
kiém soat, dan dén mot sw co tham khoc. Do do, 16 p,hén, (rng phai duoc trang bi
cac thiet bj giam ap suat thich hgp (PRD) duoc thiét ké cho cac dieu kién qua
trinh, bao gébm dia nd va/hoac thiét bj an toan qua ap thay luc.

Reactors shall be designed to be operated slightly above atmospheric pressure. In upset
conditions the reactor can have a runaway reaction which could lead to catastrophic
failure. Consequently reactors shall be equipped with appropriate pressure relief devices
(PRDs) designed for the process conditions, including bursting disk and / or hydraulic
overpressure safety device.

Dién tich t6i thiéu ctia hé thdng gidm &p phai la 0.0527 in%/lbm (75 mm2/kg). Dbi
v&i cac 16 phan (rng m&i, nén st dung dién tich it nhat 1a 0.1055 in%Ibm (150
mm2/kg). Dién tich nay c6 thé dwoc chia gitra thiét bi an toan qué ap thdy lwc va
dia nd.

The minimum relief system area shall be 0.0527 in2/lbm (75 mm#%kq). For new reactors,
an area of at least 0.1055 in2/lbm (150 mm#%kq) should be used. This area can be split
between hydraulic overpressure safety device and bursting disc.

LUU Y D@ liéu thwe nghiém cho thay ring véi dién tich mat cit ngang cta hé
thdng giam ap nhd hon 0.0352 in?/Ibm (50 mm?/kg) dung lwg'ng amoni nitrat trong
|6 phan &ng, 16 phan ng cé kha nang nd trong trwérng hop xay ra phan (’ng méat
kiém soat.

NOTE Experimental data suggests that with a relief system cross sectional area of less
than 0.0352 in2/Ibm (50 mm#%kq) ammonium nitrate capacity in the reactor, a reactor
rupture is likely in the event of a runaway reaction.

Ddi v&i cac 16 phan trng dwoc trang bi thiét bi an toan qué ap thady lwe khdéng c6
dong lién tuc va qua dong, mirc va mat dé cua nuéc phai duwoc theo doi dé duy
tri ap suat giam ap thich hop.

For reactors equipped with a hydraulic overpressure safety device without continuous flow
and overflow, the level and density of the water should be monitored to maintain the proper
relief pressure.

Viéc giam sat qua trinh dwa trén ap suét ciing co thé dwoc st dung thay vi giam
sat nhiét d6. Trong trwo'ng hop nay, sw dao dong ap suat dwgc do lwong va
chuing cé thé dwoc twong quan véi sy tién trién nhiét cta |6 phan (ng.

Process monitoring based on pressure can also be used instead of temperature
monitoring. In this case pressure fluctuations are measured and these can be correlated
with reactor thermal evolution.

Cac PRD ctia 16 phan (rng co thé xa mét lwvong dang ké hoi nwéc néng va amoni

nitrat Ic’)ng va phai duoc thiét ke dé xa dén moét vi tri an toan. Phéi’Chl:I y dén chiéu

dai clia 6ng xa dé dam bao rang sw gidm ap khoéng gi¢i han khéi lwong gidm di
19




AIGA

AIGA 080/25

5.3.2.6.

ttr 16 phan &ng.

Reactor PRDs can vent significant quantities of hot steam and liquid ammonium nitrate
and shall be designed to vent to a safe location. Attention shall be given to the length of
the vent pipe to ensure that the pressure drop does not limit the mass relieved from the
reactor.

Gian doan phan trng / Reaction interruption

Phén (rng c6 thé can phai bi gian doan vi cac ly do sau:
The reaction may need to be interrupted for the following reasons:

e tam thdi dé & ché dd che (vi du: cudi tuan hoac ban dém);
temporarily for stand-by mode (for example, week-end or at night);

e ngirng hoat dong hoan toan dé bao tri hodc vé sinh; hoac.
complete shutdown for maintenance or cleaning; or.

e ngay lap tirc trong trudng hop khan cép.
immediately for an emergency.

Quy trinh théng thuong trong cac hoat dong gian doan la tam thoi dirng phan
(ng bang cach giam nhiét do ctia amoni nitrat trong 16 phan (*ng xudng mirc ma
phan &ng khéng thé tw phat khdi déng lai. Thao tac nay phai dwoc thye hién moét
cach than trong. Vi dong hoc phan (rng tang gap déi gan nhw véi méi 1an tang
nhiét @ 10°C (50 °F), mét phan ng dwérng nhw da dirng cé thé khéi dong lai
sau 45 dén 60 phut. Do d6, diéu rat quan trong la trong sudt quy trinh nay, cac
thao tac phai dwoc giam sat lién tuc cho dén khi xac nhan viéc gian doan phan
&ng drt khoat da dwoc xac dinh (dwdi 180°C (356°F)). Dé tranh sw két tinh clia
amoni nitrat, nhiét do trong 16 phan ng khéng nén gidm xudng duéi 160 °C
(320°F).

The normal procedure in discontinuous operations is to stop the reaction temporarily by
decreasing the temperature of ammonium nitrate in the reactor to a level under which the
reaction cannot spontaneously restart. This operation shall be carried out with caution.
Since the reaction kinetics are roughly doubling with each 10°C(50 °F) temperature
increment, a reaction seemingly stopped, can restart after 45 to 60 minutes. It is
consequently very important that during this procedure the operations are under constant
surveillance until confirmation of the definite interruption of the reaction has been
ascertained (below 180°C (356°F)). To avoid crystallization of ammonium nitrate the
temperature in the reactor should not decrease below 160 °C (320°F).

Trong subt thao tac nay ciing nhw trong thoi gian che, tat cd cac hé théng an
toan phai duy tri hoat dong.

During this operation as well as during the stand-by period, all the safety systems shall
remain operational.

Viéc kh&i dong lai 16 phan (ng sau khi ché' la mét hoat dong ¢d rdi ro cao hon
doi voi van hanh 16 phan ng. Diéu dac biét quan trong la quy trinh phai gidi
quyét cac rii ro cao hon nay dé ngan chdn phan &ng mét kiém soat.

Restart of the reactor after stand by is a higher risk activity for reactor operation. It is
particularly important that the procedure addresses these higher risks to prevent an out of
control reaction.

Khi 16 phan trng & ché d6 cho trong thoi gian dudi khoéng 48 gi®, nhiét dd bén
trong 10 phan (rng phai dwgc gitr dwdi 180°C (356°F). Bat ky sw tang nhiét do
nao trong 16 phan tng trong thoi gian cho, vi du, & 190 °C (374 °F), nén kich
hoat bao déng va dap tat phan ng.

When the reactor is in a stand-by mode for less than approximately 48 hours, the
temperature within the reactor shall be kept below 180°C (356°F)._Any increase in reactor
temperature during stand by, e.q., at 190 °C (374 °F), should trigger an alarm and quench
the reaction.

Khi 16 phan &ng & ché do cho trong thei gian dai hon, nwéc va amoniac bay hoi
va nong dd amoni nitrat tang lén. Phai c6 cac quy trinh kiém soat nhiét d6, murc
va ndng doé chét néng chay cla 16 phan (ng trong thoi gian cho va trwde khi kh&i
dong lai 16 phan tng. Mirc thap trong 16 phan &ng cé thé gay ra két qua doc nhiét
dd sai néu cac cap nhiét dién khéng con ngap trong amoni nitrat, diéu nay cé thé
dan dén qua nhiét.

When the reactor remains in a stand-by position for a longer period, water and ammonia
evaporate and ammonium nitrate concentration increases. There shall be procedures for
controlling reactor temperature, level and melter concentration during stand-by and before
restarting the reactor. A low level in the reactor can cause an erroneous temperature
reading if the thermocouples are no longer immersed in the ammonium nitrate, which can
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5.3.3.

5.3.4.

lead to overheating.

— Khi l6 phan &rng ngrng hoat dong hoan toan, vi du dé béo tri, 16 phan (rng va hé
thong dwong 6ng phai dwoc lam sach bang nwéc hodc hoi nwée.
When the reactor is completely stopped for example for maintenance, the reactor and
piping system shall be cleaned with water or steam.

— Khi 16 phan &ng dwoc kh&i dong lai sau khi nglrng hoat dong hoan toan, mirc

amoni nitrat phai dwoc thiét 1ap lai. Sau d6, 16 phan (rng phai dwoc lam néng tw
tr dé tranh cac diém ndéng bén trong 16 phan (rng va cac thiét bi khac. Trong
trwdng hop amoni nitrat két tinh trong 16 phan ng, phai yéu cau gia nhiét rat
cham theo cac quy trinh da dwoc lap thanh van ban.
When the reactor is restarted after a complete shut-down, the ammonium nitrate level has
to be re- established. Then the reactor has to be slowly warmed-up in order to avoid hot
points inside the reactor and other equipment. In case of crystallized ammonium nitrate in
the reactor a very slow heating shall be required according to documented procedures.

Thiét bi ngwng tu / Condenser

Khi thoat ra khéi 16 phan (rng bdo hoa hoi nwéc va di qua bd ngwng tu dé loai bd nwéec.
The gas leaving the reactor is saturated with water and passes through a condenser for removal of
the water.

Nw&c ngwng tu chiba amoni nitrat va axit nitric va ¢ thé dwoc tai s dung. N6 nén dugc
tinh ché trudc khi xa, theo quy dinh cua dia phwong.

The condensed water contains ammonium nitrate and nitric acid and can be reused. It should be
purified before discharge, according to local regulations.

Thép tinh ché / Purification towers

Khi thoat ra khdi thiét bi ngwng tu chira cac tap chat duoc tao ra do sy phan hay g:t]a
amoni nitrat. Viéc tinh phé duoc j[hu’c hién trong cac thap hap thu bang cach rira khi bang
cac dung dich hoa chat dwgc tuan hoan lai bang bom trong mét mach kin.

The gas leaving the condenser contains impurities produced by decomposition of the ammonium
nitrate. The purification is carried out in absorption towers by washing the gas with chemical
solutions re- circulated by pumps in a closed circuit.

Céc thap tinh ché nén dwoc trang bi hé théng ngirng hoat déng dé dirng phan (rng, néu:
The purification towers should be fitted with shutdown to stop the reaction, if there is;

e khong c6 dong I8ng tinh ché trong thap; hodc
no flow of purification liquid in any tower; or

e khéng c6 dong khi nito oxit di qua va/hodc ap suét trong cac thap tinh ché.
no nitrous oxide gas flow through and / or pressure in the purification towers.

Viéc thao tac ca héa chét lwgng 16n va dung dich phai duwoc thue hién theo mét quy trinh.
Do thyc té day la cac chét hoa hoc co thé gy bong nang, viéc chuan bi dung dich chi
duoc thye hién b&i nhan vién da dwgc dao tao. Nhan vién thao tac héa chat phai mac
thiét bi bdo hé ca nhan (PPE) dwgc quy dinh.

The handling of both bulk chemicals and their solutions shall be carried out following a procedure.
Due to the fact that these are chemical substances, which can cause severe burns, the preparation
of the solutions shall only be performed by trained personnel. Personnel handling chemicals shall
wear specified personal protective equipment(PPE).

M6t hé théng ngén chén thir cAp phai dwoc cung cip dé ngan chan sy cb tran hodc ro ri
xam nhap vao hé thdng thoat nuwdc hé trong hé thdng tén chira héa chét lwong Ién va
dung dich. Chung phai dwoc tén chira trong khu vire khé rdo, cé mai che, thong gid xac
dinh, cach xa cdng thoat nuwéc hé va cach xa amoni nitrat.

The storage of the bulk chemicals and solutions shall be provided with secondary containment to
prevent spillage or leakage from entering open drain systems. They shall be stored in a defined
covered dry and ventilated area, away from any open drains and away from ammonium nitrate.

Cac hda chét dién hinh dwoc st dung trong qua trinh tinh ché bao gom:
Typical chemicals used in the purification include:

e axit sulfuric;
sulfuric acid;

e natri hydroxit (r&n ho&c 1dng);
sodium hydroxide (solid or liquid);

e kali permanganat; va
potassium permanganate; and
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5.3.5.

5.3.6.

e nudc udng dwoc dé chuén bi dung dich.
potable water to prepare solutions.

Bo6n chira khi / Gasholder

Bbn chira khi, néu dwoc st dung, cé thé la binh chira khi (chuéng kin nwéc) hodc tui khi
(béng bay). N6 hoat ddng nhuw mét bd bu cho s thay déi gitra lwong khi san xuét tir 16
phan ng va lwong khi tiéu thu bédi may nén nhdm dam bao dong khi 6n dinh dén may
nén.

The gasholder if used can be either a gasometer (water sealed bell) or a gas bag (balloon). It acts
as a compensator for the variations between the gas production from the reactor and the
consumption by the compressor in order to ensure a constant gas flow to the compressor.

Bon chra khi phéi twong thich vai nito oxit & ap suét thiét ké. Xem 5.2 ctia AIGA 081 [6]
Bdn chira khi nén co:

The gasholder should be compatible with nitrous oxide at the design pressure. See 5.2 of AIGA
081 [6] The gasholder should have:

e cam bién mirc thip va/hodc cadm bién ap suét thap dé dirng hodc dau tét (by-pass)
dén may nén; va.
low level sensor and/or low pressure sensor to stop or by-pass to the compressor; and.

e cam bién mlrc cao va/hodc cdm bién dwdng ap suat cao dé cho phép nguwdi van
hanh thuc hién hanh déng thich hop nham ngan chan khi dw xa ra ngoai.
high level sensor and/or high pressure line sensor to allow the operator to take appropriate
action to prevent excess gas from venting.

May nén / Compressor

San pham duoc cap vao may nén tryc tiép hodc tir bon chiva khi (néu co). Cac yéu cau
doi v&i may nén la:

Product is fed to the compressor either directly or from the gas holder, (if any). The requirements
for the compressors are:

e Loc (loai lwéi loc, tAm tach swong, lwi, v.v.) & phia dau vao cla may nén dé loai bd
hat tap chét;

Filtration (strainer type, demister pad, mesh, etc.) at the inlet side of the compressor for removal
of particles;

o Déi v&i cac bo phan trong may nén ma nito oxit khéng thé tiép xuc, cé thé st dung
dau théng thwdng dé boi tron; déi véi cac bod phén c6 thé tiép xtc, phai s& dung
phwong phap chay khé hoac bdi tron bang nwéc dé tranh chay nd hodc nhiém béan
ddi véi nito oxit cap y té. Tat ca cac bd phan cla may nén tiép xic véi nito oxit, du
bén trong hay bén ngoai, phai khéng & nhiét dd vwot qua cac gia tri dwoc khuyén nghi
trong muc 4.2.3.1 ctia AIGA 081 [6].
For parts in the compressor where contact with nitrous oxide is not possible, conventional oil
may be used for lubrication; for parts where contact is possible, dry running or water lubrication
shall be used to avoid explosion or contamination for medical grade nitrous oxide. All
compressor components in contact with nitrous oxide, either internal or external, shall not be at
the temperature exceeding the values recommended in 4.2.3.1 of AIGA 081 [6].

e Phai tranh moi s tiép xuc gitra nito’ oxit va chat béi tron hydrocarbon;
Any contact between nitrous oxide and hydrocarbon lubricants shall be avoided;

e Thiét bij giam ap phai xa ra moi trwd'ng ngoai troi thong thoang va phai duoc cai dat
& ap suét va cong suét lwu lwgng thich hop nhw quy dinh trong thiét ké;

Pressure relief devices shall discharge to a ventilated outdoor environment and shall be set to
appropriate pressure and flow capacity as specified in the design;

e Mbi tang xa clia may nén nén duoc trang bi mot cdm bién nhiét do;

Each discharge stage of the compressor should be equipped with a temperature sensor;

e Hé théng diéu khién may nén phai duoc thiét ké dé ngan nglra chan khéng trong bon
chira khi ho&c dau vao may nén; va
Compressor controls shall be designed to prevent a vacuum in the gasholder or compressor
inlet; and

e Hé théng may nén boi tron bang dau phai duoc thiét ké sao cho dau khéng thé di dén
bd phan siy (vi ngquy co chay nd cao).
Qil lubricated compressor systems shall be designed such that oil cannot reach the drying unit
(because of high explosion risk).

May nén nén duoc thiét ké theo AIGA 048, May nén Piston dung cho Dich vu Oxy, c6
xem xét sw khac biét vé tinh chéat, tinh twong thich vat liéu va rdi ro gitra oxy va nito oxit
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(101

Compressors should be designed according to AIGA 048, Reciprocating Compressors for Oxygen
Service, considering the differences in properties, material compatibility and risks between oxygen
and nitrous oxide [10].

Bé say / Drying unit

B6 séy loai bd hoi nwdc khdi khi nén bang phuong phap hap phu. Bd phan nay chiva hai
hodc nhiéu b hap phu chira day alumina, silica gel hodc sang phan t&r dé van hanh lién
tuc hodc mét bo phan don 1& néu chay & ché d6 mé. Cac bd hap phu duoc két nbi theo
bé tri song-song cho phép van hanh lién tuc, véi mét dwdng & ché dd hap phu va duwéng
kia & ché do tai sinh.

The drying unit removes water vapour from the compressed gas by adsorption. The unit contains
two or more adsorbers filled with alumina, silica-gel or molecular sieve for continuous operations
or a single unit if run in a batch mode. The adsorbers are connected in a parallel arrangement
allowing continuous operation, with one line in adsorption mode and the other in regeneration
mode.

Dé tai sinh, bd hap phu phai duoc giam ap; khi dworc tra lai bdn chira khi hodc nén dwoc
st dung. Tai sinh dwoc thire hién bang khi ndong khéng chira hydrocarbon.

For regeneration the adsorber shall be depressurised; the gas is returned to the gasholder or should
be used. Regeneration is accomplished by means of hot hydrocarbon-free gas.

Céc yéu cau déi vai bo sy la:

The requirements for the drying units are:

e Khi st dung bd phan sdy c6 chét hap phu ran, phai can than dé tranh dwa nito oxit

vao & nhiét do cao hon 150°C (302°F). Nén c6 hé thong khoa lién dong nhiét do
va/hodc canh bao ngoai quy trinh bang van ban. Can dac biét can than vai cac b gia
nhiét bén trong trong cac bé hap phuy;
When using a drying unit with a solid adsorbent, care shall be taken to avoid introducing nitrous
oxide at temperatures higher than 150°C (302°F). A temperature interlock and/or alarm system
is recommended in addition to a written procedure. Particular care should be taken with internal
heaters in the adsorbers;

o Khéng tai sinh hodc lam mat may say bang khi nén bi nhiém dau;

Never regenerate or cool the dryer with oil contaminated pressurised gas;

e Tranh dong chay nguwoc cla nito oxit vao bd gia nhiét nong;

Avoid any backflow of nitrous oxide into the hot heater;

¢ Van gidm ap dwoc dinh c& theo lwu lwong yéu cau tdi da;
Pressure relief valves sized according to the maximum required flow rate;

e Bo6 loc & phia dau ra; va
Filter at the outlet side; and

¢ Phan tich san pham sau bd phan say dé kiém tra do6 4m.

Analyse the product after the drying unit for moisture.

— M6t phwong phap khéac 1a st dung bo phan siy khoéng dung nhiét, st dung nito oxit lam

5.3.8.

khi tai sinh. Nito oxit sau d6 dworc tré lai bdn chiva khi hodc dau vao ctia may nén.
Another method is to use a heat free drying unit which utilizes nitrous oxide as the regeneration
gas. The nitrous oxide is then returned to the gasholder or the inlet of the compressor (s).

Héa Iéng va tén chira dp suét / Liquefaction and pressure storage

Nito' oxit dwoc lam lanh va ngwng tu bang nwoc hoac chat lam lanh khéng chay khac va
sau do6 duogc ton chira trong cac bon ap suat. Trong tred'ng hop str dung chat lam lanh,
phai can than dé tranh nhiém ban nito’ oxit.

Nitrous oxide is cooled and condensed by water or other non-flammable refrigerant and then stored
in pressure tanks. In case of using a refrigerant, care shall be taken to avoid contamination of
nitrous oxide.

5.3.8.1. Tén chira 4p suét cao (méi trirong xung quanh) / High pressure storage (ambient)

— Déi v&i tdn chiva ap suét cao, nito oxit dwoc hda 16ng béng cach lam lanh béng
nwéc (10°C dén 15°C (50°F dén 59°F)) va dwoc tén chira & nhiét d6 méi trwérng
xung quanh va ap suét tlr 45 bar dén 55 bar (652 dén 797 psi). Trong hau hét
cac trwdng hop, loai ton chira nay la tdn chira trung gian truwéc khi chuyén sang
bdn ap suat thap.

For high pressure storage, the nitrous oxide is liquefied by water cooling (10°C to 15°C
(50°F to 59°F)) and stored at ambient temperature and pressure between 45 bar and 55
bar (652 to 797 psi). In most cases, this type of storage is an intermediate storage prior to
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transfer to a low pressure tank.

— Caéc yéu cau dbi vai tén chiva ap suét cao (méi trwdng xung quanh) la:
The requirements for high pressure storage, (ambient) are:

e canh bao ap suat cao va canh bao ngat trén cac bon ton chira trung gian (néu
khong dugce lap dat tai may nén) dé ngat may nén;
high-pressure alarm and shut off alarm on intermediate storage tanks (if not installed
at the compressor) to shut down the compressor;

e van gidm ap dwoc dinh c& theo céng suat lwu lwong clia may nén; va
pressure relief valves sized according to the compressor’s flow rate capacity; and

e phwong phap do ham lwgng sdn phdm bang mdc hodc trong lwong.
method to measure product content by level or weight.

5.3.8.2. Tén chira ép suét thap (lam lanh) / Low pressure storage (refrigerated)

— Viéc hoa Iong va ton chira ap suét thap la mét Iwa chon an toan hon so voi ton
chtra ap suat cao do tinh chat cda nito oxit va khoi lwgng 1&n lién quan.
Low-pressure liquefaction and storage is a safer option than high pressure storage
because of the properties of nitrous oxide and the large volumes involved.

— D6i voi ton chira ap suét thap, nito oxit dwgc hoa 16ng bang chat lam lanh dén

nhiét do giCrg —20°C va -30°C (-4°F va -22 °F ) va dugc t‘(“m chra du¢i éQ suét
tr 15 bar dén 20 bar (217.5 psi va 290 psi) trong mot bon cach nhiét. Bé biet
thém théng tin, xem AIGA 082 [6].
For low pressure storage, the nitrous oxide is liquefied by a refrigerant to temperatures
between —20°C and —30°C (-4°F and -22 °F ) and stored under pressure between 15 bar
and 20 bar (217.5 psi and 290 psi) in an insulated tank. For additional information see
AIGA 082 [6].

— Mét quy trinh thay thé dé chuyén nito oxit sang tn chira ap sut thap la lay san
pham tlr tén chira 4p suét cao trung gian va cho né di qua van tiét lwu.
An alternative process for transferring nitrous oxide to low pressure storage is to remove
product from the intermediate high pressure storage and pass it through an expansion
valve.

— Céc yéu cau dbi v&i tén chira ap suét thap (lam lanh) la:
The requirements for low pressure storage (refrigerated) are:

o Ddi v&i cac bdn khodng cach nhiét chan khéng: Cudn day lam lanh bén trong
van hanh bang chét 1am lanh dé duy tri nito' oxit & dang khi héa 16ng.
For non-vacuum insulated tanks: Internal cooling coil operated with refrigerant to
maintain nitrous oxide as a liquefied gas.

e Tranh méi chét lanh tiép xdc vé&i san pham.
Avoid the refrigerant coming into contact with the product.

e Van giam ap duoc dinh ¢& theo cong suét lwu lwong t6i da clia may nén, sy
mat cach nhiét, hoac hda hoan bén ngoai;
Pressure relief valves sized according to the maximum compressor’s flow rate capacity
loss of insulation, or external fire ;

e Phuwong phap do ham lwgng san pham, béng murc hoac trong lwgng.
Method to measure product content, by level or weight.

6. Kiém tra va bao tri dinh ky / Periodic inspection and maintenance
6.1. Tong quan / General

— Viéc kiém tra va bzo tri dinh ky dwoc yéu cau dé dam bao hé thdng duoc bao quan tot va gidr
trong dieu kién an toan. Trach nhiém kiém tra, bao tri va stra chivra phai dwoc thiét 1ap gitra nha
san xuat thiet bj goc, nguwdi str dung va neu can thiét, véi co quan chirc nang dia phwong. Viéc
kiém tra va bao tri thiét bi thwong xuyén nén dwoc thwe hién theo ké hoach va dwoc ghi lai.
Periodic inspection and maintenance are required to ensure that the installation is well preserved and kept
in safe condition. The responsibility for the inspection, maintenance and repair shall be established between
the original equipment manufacturer, the user and if necessary with the local authorities. Routine inspection
and maintenance of equipment should be carried out on a planned basis and be recorded.

— Dia diém séan xuét phai dwoc kiém tra thwdng xuyén dé dam bao né duoc duy tri trong diéu kién
thich hgp va khoang cach an toan dwgc quy dinh ban dau luén dwoc duy tri.
The production site shall be inspected regularly to ensure that it is maintained in a proper condition and that
safety distances originally specified are always maintained.

— H6 so l&p dat phai dwoc gilr tai chd. HS so ndy cé thé bao gdm nhirng diéu sau, phu hop véi cac
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6.2.

yéu cau quy dinh cta dia phwong:
An installation dossier shall be kept on site. This dossier may include the following, in accordance with local
regulatory requirements:

e s0 dd quy trinh va thiét bi do
process and instrumentation diagrams;

e hd so binh chiu ap lwc hodc bon; va
pressure vessel or tank dossiers; and

e hwdng dan van hanh va bo tri.
operating and maintenance instructions.

Viéc b&o tri phai bao gém, nhwng khéng gi¢i han & nhirng diéu sau;
Maintenance shall include, but not be limited to the following;

e kiém tra tinh trang clia |6 ndu chay va I phan (ng, chi y dén kha nang &n mon. Ca 16 phan
(rng va ld nau chay déu cd tudi tho gi¢i han do an mon;
checking the condition of the melter and reactor, with attention to potential corrosion. Both the reactor
and the melter have limited life spans due to corrosion;

e kiém tra tinh trang cGia may nén, binh chiu ap lwc, dwong éng va phu kién;
checking the condition of the compressor, pressure vessels, piping, and accessories;

* kiém tra xem t4t ca cac vong diéu khién va chirc nang an toan duoc trang bi thiét bj do dac,
dac biét doi v&i may bom, cé duwoc kiém tra dinh ky vé chirc nang hoat dong thich hop hay
khong;
checking that all control loops and safety-instrumented functions, in particular for pumps, are tested
periodically for proper functionality;

o kiém tra kha nang van hanh cta cac van;
checking the operability of the valves;

e stra chi¥a nhd, vi du, thay thé giodng;
minor repairs, for example, changing of seals;

e vé sinh; va
cleaning; and

o kiém tra hé théng nwéc lam mat khan cap cla 16 phan Gng.
checking of the reactor emergency cooling water system.

Viéc kiém tra, bao tri va stra chiva phai chi dwoc thuwe hién béi nhan sy duwoc dao tao cho cac
nhiém vu dé.
Inspection, maintenance and repairs shall only be carried out by personnel trained for the tasks.

Thiét bi phai khdong dwoc nglrng hoat dong dé stra chiva cho dén khi tat ca ap suét da dwoc xa.
Bat ky rd ri nao phai dwoc khac phuc kip thdi va an toan. Chi nén sir dung phu tiing thay thé géc.
Néu didu nay khong thé thuc hién duwoc, sw phu hop cla phu tung thay thé phai dwoc phé duyét
b&i nguoi cé thdm quyeén.

Equipment shall not be taken out of service for repair until all pressure has been released. Any leakage shall
be rectified promptly and in a safe manner. Only original spare parts should be used. If this is not possible
the suitability of the spare part shall be approved by a competent person.

Viéc bao tri va 18p rap thiét bj phai dwoc thwe hién trong diéu kién sach s&, khéng dinh dau. Tat
ca cac dung cu va quan ao bao ho (nhw quan ao bao hoé lao dong, gang tay va giay dép) phai
sach sé va khong dinh m& va dau. Tat ca cac thiét bi tiép xuc v&i nito oxit phai phu hgp véi oxy,
dwoc lam sach, kiém tra va dan nhan I1a da dwoc lam sach cho oxy.

The maintenance and assembly of equipment shall be carried out in clean, oil free conditions. All tools and
protective clothing (such as overalls, gloves and footwear) shall be clean and free of grease and oil. All
equipment in contact with nitrous oxide shall be suitable for oxygen service, be cleaned, inspected, and
labeled as cleaned for oxygen service.

Cac hé théng kiém soat an toan quan trong nén dwoc xac dinh, quan Iy va ’dUV’tI"I trong tinh trang
hoat déng tot theo AIGA 099, Hwédng dan Quan ly An toan Quy trinh, “Yéu t6 16 — quan Iy cac
thiét bi quan trong vé an toan” [11].

Critical safety control systems should be identified, managed, and maintained in proper working order
according to AIGA 099, Guideline for Process Safety Management, “Element 16 — management of safety
critical devices” [11].

Thiét bi giam ap / Pressure relief devices

Viéc kiém tra truc quan thwong xuyén cac thiét bi gidm ap phai dwoc thuwe hién trong qua trinh
van hanh binh thwdng.
Regular visual inspections of the pressure relief devices shall be carried out during normal operation.
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6.3.

Phai thwc hién ther nghiém dinh ky d6i véi méi van gidm ap dé chirng minh kha néng hoat dong
cua n6 trong mét khoang thoi gian phuc vy tiép theo. Cac van giam ap nén dwoc kiém tra theo
EIGA Doc 24 Thiét bj Bdo vé Ap suat Hé thong Bén Tén Chtra Siéu Lanh Cach nhiét Chan khéng
& Chau Au trir khi cac quy dinh qudc gia yéu cau cac yéu cau nghiém ngét hon[12]. Cac yeu cau
clia Bo ludt Kiém tra Quéc gia (NBIC), U.S. DOT va Transport Canada (TC) dwoc ap dung & Béc
My[13].

A Z«[erio]dic test of each relief valve shall be carried out to demonstrate its fitness for a further period of service.
Pressure relief valves should be tested in accordance with EIGA Doc 24 Vacuum Insulated Cryogenic
Storage Tank Systems Pressure Protection Devices in Europe unless national regulations dictate more
stringent requirements[12]. The requirements of National Board of Inspection Code (NBIC), U.S. DOT, and
Transport Canada (TC) apply in North America[13].

Céc bd phan dia nb co thé bj xudng cap theo thoi gian dan dén viéc dinh mirc gidam ap cia ching
bi gidm. Do d6, co thé can phai dinh ky thay thé cac thanh phan dia theo huwdng dan clia nha san
Xuét.

Bursting disc elements can deteriorate with time resulting in their relief pressure rating being reduced. It can
therefore be necessary to periodically replace disc elements per manufacturer guidance.

Truwong hop van chan dwoc 13p dat & phia trudc cac thiét bi giam ap dé cho phép kiém tra khi
hé thong dang hoat dong, cac hé thong khda va quy trinh van hanh cu thé phéi ton tai dé dam
bao rang cac thiét bi an toan khéng bi c6 lap sau khi thir nghiém. It nhat mot thiét bi an toan phai
duwoc gilr & trang thai hoat dong trong qua trinh thir nghiém thiét bj th hai.

Where block valves are installed upstream of pressure relief devices to allow their inspection with the system
in operation, specific locking systems and operational procedures shall exist to assure that the safety devices
are not isolated after the testing. At least one safety device shall be kept in operation during the testing of
the second one.

Thtr nghiém hé théng nwéc 1am mat khan cap phan (rng / Reaction emergency cooling water
system testing

Cac cudn 6ng clia hé thdng nwdc 1am mat cé thé bi ban do ro ri nwde véi khdi lwong nhd qua hé
thdng lam mat. Ché d6 bam ban nay cé thé dwoc gidm thiéu bang cach theo déi ro ri van nwéc
chinh khi van chinh & trang thai déng.

Cooling water system coils can become fouled by small volume leakage of water through the cooling system.
This mode of fouling can be mitigated by monitoring for main water valve leakage when the main valve is in
the closed state.

Céc vi du vé viéc ngdn ngira hodc giam sat la:
Examples of preventing or monitoring are:

e S® dung nuwéc tinh khiét;
Using purified water;

e Xa nito sau khi can thiép béng nwéc;
Flushing nitrogen after water intervention;

o L3p dat mot khdp ndi chr T c6 van trén dwérng clp nwédc lam mat. Van dwoc mé khi hé théng
khong hoat déng va dwoc theo doi ro ri; va
Installing a tee with a valve in the cooling supply line. The valve is opened when the system is not in
operation and monitored for leaks; and

o Giam sat hoi nwéc hodc nwdc tai diu ra nwdc lam mat.
Monitoring for steam or water at the cooling water outlet.

Can phai thtr nghiém hang ndm hé théng nwéc lam mat khan cap 6 phan (ng dé dadm bao dap
tat phan ng khi can thiét. Cac quy dinh dia phwong cé thé yéu cau thir nghiém thwong xuyén
hon.

An annual test of the reactor emergency water colling system is required to ensure quenching of the reaction
when necessary. Local requlations may require more frequent testing.

Nén thwe hién mét thir nghiém co s& dé do thoi gian can thiét d& gidm nhiét d6 16 phan (rng tir
250 °C xubng 200 °C (482 °F xubng 392 °F) hodc theo yéu ciu quy dinh cla dia phwong. Thoi
gian co s& nay co thé dwoc so sanh vdi thoi gian dwoc ghi lai trong qua trinh thir nghiém dinh
ky. Sw gia téng thdi gian lam mat & ddu hiéu cho thay hé théng lam mat bi xudng cap, can phai
diéu tra.

A baseline test should be performed that measures the time it takes to reduce the reactor temperature from
250 °C down to 200 °C (482 °F down to 392 °F) or to local requlatory requirements. This baseline time can
be compared to the time recorded during the periodic test. An increase in cooling time is indicative of
deterioration of the cooling system, requiring investigation.

DAi voi cac nha may hién cb, nguoi ta nhan thay rang thoi gian co s& c6 thé da bi suy gidm do
dwong lam mat bi bam ban va cé nhiéu rui ro hon la hiéu suat [am mat co6 thé khdng du dé kieém
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soat phan (*ng méat kiém soat. Do d6, khuyén nghi nén thwe hién kiém tra triec quan bén trong
cac cudn day lam mat tredre khi thtr nghiém co s& dé dam bdo rang cac cudn day lam mat khéng
bi bam ban.

For existing plants, it is recognized that the baseline time may already be degraded due to fouling of the
cooling line and there is more risk that the cooling performance may not be sufficient to control a runaway
reaction. It is therefore recommended that an internal visual inspection of the cooling coils is performed
before baseline testing to ensure that the cooling coils are free of fouling.

— Dbi véi cac hé thédng dworc trang bi nhiéu cudn lam mat, khuyén nghi nén thtr nghiém tirng cudn

day.
For systems equipped with multiple cooling coils it is recommended that each is tested.

— Khi xac dinh dwoc sw xuéng cap, phai tién hanh diéu tra thém, chang han nhw kiém tra bén trong
bang 6ng ndi soi (boroscope) dé kiém tra sw bam ban ctia cac cudn lam mat.
When deterioration is identified, further investigation shall be carried out such as internal examination by
boroscope to check for fouling of the cooling coils.

6.4. Thiét bi phu tro’/ Ancillary equipment

— Thiét bi phu tro khac ngoai nhirng thiét bi da dwo'c néu chi tiét trudc day (bao gom, nhing khong

gIO’I han &: déng hé do muirc va bod truyen murc, déng hd do ap suéat va nhiét d6 va bo truyen bd
giam ap) phai dwoc bao tri theo khuyén nghi clia nha san xuét thiét bi gbc hodc cac quy tac qudc
gia, tly theo quy tac nao nghiém ngét hon.
Ancillary equipment other than previously detailed (including, but not limited to: level gauges and level
transmitter, pressure and temperature gauges and transmitters, pressure reducers) shall be maintained in
accordance with either original equipment manufacturers’ recommendations or national codes, whichever is
the more stringent.

6.5. Stra doi va thay dbi / Modifications and changes
— Khéng phai thwe hién bat ky stra ddi nao ddi véi nha may, thiét bi, hé thong kiém soat, diéu kién
quy trinh va quy trinh van hanh ma khéng c6 sw cho phép cta ngwoi quan ly chiu trach nhiém
hoac ngudi dwoce Gy quyén cia ho.

No modification shall be made to a plant, equipment, control systems, process conditions and operating
procedures without authorization from a responsible manager or their delegate.

— BéAt ky stra ddi nao phai dwoc thue hién theo quy chudn thiét ké hién hanh; mot sé stra ddi cd
thé yéu cau tham khao y kién ctia nha san xuét thiét bi gbc.
Any modifications shall be carried out in accordance with the applicable design code; some modifications
can require consultation with the original equipment manufacturer.

— Céc stra dbi dwoc dé xuat phai dwoc danh gia vé tac dong an toan, strc khde, chat lwong va moi

trwdng va mot tai liéu da ky nén cé sén trwdc khi thay déi cé thé duoc thwe hién. Tai liéu nén
duwoc ky 1an th hai trudc khi thiét bi dwoc dwa vao van hanh. AIGA 099 Quén ly Sw Thay déi
[14] dwa ra hwéng dan vé cach thuc hién quy trinh nhw vay va nén dwoc tham khao & Chau A.
Quan ly thay d6i dwoc FDA va HC giai quyét & Bac My, ngoai bat ky yéu cau quy dinh dia phwong
nao.
Proposed modifications shall be evaluated for safety, health, quality and environmental impact and a signed
document should be available before the change can be implemented. The document should be signed for
a second time before the equipment is released to become operational. The AIGA 099 Management of
Change [14] gives guidance on how to implement such a procedure and should be referred to in Asia.
Management of change is addressed by FDA and HC in North America. in addition to any local regulatory
requirements..

7. DPao tao va bao vé nhan sw / Training and protection of personnel
7.1. Gidy phép lam viéc /| Work permit

— Trwéce khi bdo tri dwoc thwe hién trén hé théng Iap dat, mot gidy phép lam viéc bang van ban cho
loai cong viéc cu thé (vi du: lam viéc trén dwong 6ng cdng nghé, cong viéc nong, vao bén trong
binh chira, cong viéc dién,) phai dwoc cip béi nguwdi cé thdm quyén cho (cac) ca nhan thuc hién
cbng viéc.

Before maintenance is carried out on the installation a written work permit for the particular type of work (for
example work on process piping, hot work, entry of vessels, electrical work,) shall be issued by an authorized
person to the individual(s) carrying out the work.

— Cac khuyén nghij va quy dinh vé gidy phép lam viéc dwoc mo ta trong AIGA 011 Hg théng Giéy
phép Lam viéc [15] cho Chau A. OSHA Hoa Ky va cac quy dinh cula Lién bang va tinh bang &
Canada giai quyét cac yéu ciu vé gidy phép lam viéc & Bac My.

Recommendations and prescriptions about work permits are described in AIGA 011 Work Permit Systems
[15] for Asia. United States OSHA and Federal and provincial regulations in Canada address work permit
requirements in North America.
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7.2.

7.3.

Vao bén trong bon chira / Entry into vessels

Ngoai yéu cau quy dinh vé khong gian han ché, cac bién phap phong ngwra sau day, néu co, phai
dwoc tuan thi trwdc khi vao bat ky binh chira ndo, chang han nhw bdn tdn chira:

In addition to any confined space regulatory requirements the following precautions, as applicable, shall be
observed before entering any vessel, such as a storage tank:

e Xa& va thdng thbi hoan toan bén trong bon;
Complete emptying and purging of the tank contents;

e Dam bao bdn bén trong & nhiét dd mai trwérng moéi trwdrng trwde khi dworc phép vao;
Ensure inner tank is approximately at ambient temperature before entry is permitted;

« C0 lap hoan toan cac dwong ong quy trinh khoi cac thiét bi khac co thé van dang hoat dong,
bang cach str dung dia chan hoac ngat két noi vat ly;
Complete isolation of the process lines from other equipment which could still be in service, either by
blanking discs or physical disconnection;

e Phan tich khong khi trong bon tai mét s6 diém dwoc chon bang may do khi thich hop. C6 thé
can phai do khong khi thuwdng Xuyén hoac lién tuc va lap dat hé thong thong gi6 cwdng birc
trong khi céng viéc dang duoc tien hanh;

Analysis of the atmosphere in the vessel at several selected points with a suitable gas detector. It could
be necessary to measure the atmosphere regularly or continuously and to install forced ventilation while
work is in progress;

e Su hién dién cla ngudi trec bén ngoai hodc lién ké véi 16 manhole;

Presence of standby person (s) outside or adjacent to the access manhole;

e S dung thiét bj an toan thich hop bao gdm, nhwng khéng gi¢i han & day dai an toan, quan
4o bao ho, binh chira chay; va
Use of appropriate safety equipment including, but not limited to harnesses, protective clothing, fire
extinguishers; and

e San co thiét bj ciru hd (bao gom, nhung khong gioi han & day dai an toan, thiét b th doc 1ap
(SCBA), toi, lién lac vb tuyén.)
Availability of rescue equipment (including, but not limited to harnesses, self-contained breathing
apparatus(SCBA), winches, radio links.)

Viéc ¢b gang gidi clru nguwdi bi anh hudng khdi cac bon chira hodc noi o thé co bau khong khi
thieu oxy chi nén dwoc thuwc hién b&i nhitng nguwdi dang trang bi va dwoc dao tao vé cach st
dung thiét bi thé& va nhirng ngudi quen thubc véi cac quy trinh vao khéng gian han ché.
Attempts to rescue affected persons from vessels or where oxygen-deficient atmosphere can be present
should be made only by persons who are wearing and trained in the use of breathing apparatus and who
are familiar with confined space entry procedures.

Nan nhan thuwé'ng khéng nhan thirc dwoc tinh trang ngat thd. Cac triéu chirng c6 thé bao gdm
kho th@, thd nhanh, méat y thirc, ho, khdng thé néi va mat hodc méi b dbi mau. Néu bat ky diéu
nao trong sb nay xuét hién trong cac tinh hudng c6 thé xay ra ngat thd va thiét bj the khong duoc
st dung, di chuyén ngudi bj anh hu’o’ng ngay lap tirc dén khong khi trong lanh, va néu can, tiép
tuc hd hap nhan tao néu viéc nay co thé duoc thwe hién mét cach an toan.

The victim is often not aware of asphyxia. Symptoms may include shortness of breath, hyperventilation, loss
of consciousness, coughing, inability to speak and face or lip discoloration. If any of these appear in
situations where asphyxia is possible and breathing apparatus is not in use, move the affected person
immediately to fresh air, and if necessary follow up with artificial respiration if this can be done safely.

Pao tao nhan sw / Training of personnel

Tét ca nhan s truc tiép tham gia vao viéc chay thtr, van hanh va b&o tri hé théng san xuét phai
dwoc théng bao day da vé cac mbi nguy hiém lién quan dén nito oxit va amoni nitrat va dugc
dao tao phu hop dé van hanh hodc bao tri thiét bi. Cac khuyen nghi va quy dinh vé dao tao nhan
sy duwoc mé ta trong AIGA 009 Pao tao an toan cho nhan vién [16]. Viéc dao tao dwoc dé cap
trong nhiéu &n phadm khac nhau clia CGA tuy theo cha dé dwoc dé cap.

All personnel directly involved in the commissioning, operation and maintenance of production systems shall
be fully informed regarding the hazards associated with nitrous oxide and ammonium nitrate and trained as
applicable to operate or maintain the equipment. Recommendations and prescriptions about training of
personnel are described in AIGA 009 Safety training of employees [16]. Training is covered in a variety of
CGA publications as appropriate for the topic covered.

Viéc dao tao phai dwoc sap xép dé bao gom cac mdi nguy tiém an ma ngwoi van hanh cu thé co
thé gap phal bao gdm sw phan hdy va nd cta tdn chira amoni nitrat, va né 16 phén ¢ng do phan
&ng mét kiém soat.

Training shall be arranged to cover potential hazards that the particular operator is likely to encounter,
including ammonium nitrate storage decomposition and explosion, and reactor rupture from run-away
reaction.
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Viéc dao tao phai bao gdm, nhwng khéng nhét thiét phai gi¢i han & cac chi dé sau day cho tat
ca nhan vién:
Training shall cover, but not necessarily be confined to the following subjects for all personnel:
e cac mdi nguy tiém an cda 16ng;
potential hazards of the fluids;
e cac quy dinh an toan tai co s&;
site safety regulations;
e céac quy trinh khan cép;
emergency procedures;
e si dung thiét bj chiva chay;
use of firefighting equipment;
e st dung quan &o/thiét bi bdo hd bao gdm ca bo thiét bi thé ddc 1ap khi thich hop; va
use of protective clothing/apparatus including self-contained breathing apparatus sets where
appropriate; and
e so clru cho cac vét bdng do nhiét do lanh/nhiét, va bdng héa chéat.
first aid treatment for cold temperature/thermal, and chemical burns.

Ngoai ra, cac ca nhan phai nhan dwoc dao tao chuyén biét vé cac hoat ddng ma ho duoc tuyén
dung.
In addition individuals shall receive specific training in the activities for which they are employed.

Khuyen nghi rang viéc dao tao duoc thuwc hién theo mot hé thong chinh thire hoa va phai lwu git
hd so vé viéc dao tao da dwoc cung cép va néu cé thé, mot sb chi dan vé két qua dat dwoc, dé
chi ra noi can dao tao thém.

It is recommended that the training be carried out under a formalised system and that records be kept of the
training given and where possible, some indication of the results obtained, in order to show where further
training is required.

Chuwong trinh d3o tao nén cung cip cac khda hoc bdi dwéng dinh ky.
The training programme should provide for refresher courses on a periodic basis.

8. Quy trinh / Procedures

8.1.

8.2,

Van hanh bat thwong / Abnormal operation

Coéng nhan rang trong qua trinh san xuét, cac diéu kién cé thé thay ddi dan dén tinh huéng van
hanh bét thwdng, vi du bao gdm sw ting dot bién vé nhiét dd, mirc hodc ap suét. Cac budc dé
khac phuc tinh hudng bét thwérng ndy phai dwoc dwa vao cac quy trinh van hanh tiéu chuén
(SOPs).

It is recognized that during production, conditions can vary leading to an abnormal operational situation,
examples include excursions in temperature, level or pressure. Steps to recover from this abnormal situation
shall be included in the standard operating procedures (SOPs).

Quy trinh khan cap / Emergency procedures

Quy trinh khan cép phai s&n c6 cho tat ca nhan vién lién quan, dwoc thuc hanh thwong xuyén
va kiém tra dinh ky dé dam bao chiing dugc cap nhat. Nhan vién c6 kha nang bj anh huéng phai
biét cac hanh dong can thiét dé giam thiéu cac tac dong bét loi clia sw cb. Nén chuén bi cac quy
trinh kh&n cép cung véi cac dich vu khan cp hodc ddi clru hda va phai xem xét cac diéu kién
dia phwong.

Emergency procedures shall be readily available to all personnel involved, regularly practised and checked
periodically to ensure that they are up to date. Employees likely to be affected shall know the actions required
to minimise the adverse effects of an event. It is advisable that emergency procedures are prepared in
conjunction with the emergency services or fire brigade and that local conditions are considered.

Céc tinh huéng kich hoat quy trinh khan cp phai bao gdm, nhwng khong gi¢i han &:
Situations that trigger the emergency procedure shall include, but not be limited to:

e chay tai tébn chira amoni nitrat; va

fire in the ammonium nitrate storage; and
e phan &ng mét kiém soét.

run-away of the reaction.

Quy trinh khan cAp nén bao gdm:
The emergency procedure should include:

e tinh chét ‘cﬂa hoa chét lién quan (vi du: amoni nitrat, nito' oxit hoa 16ng, va/hodc dung dich rira
khi) va dau may nén;
properties of the chemical involved (for example, ammonium nitrate, liquefied nitrous oxide, and/or
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scrubber solutions) and compressor oil;
e sb lwong lién quan;
quantities involved;
e dia hinh dia phuwong; va
local topography; and
o thiét ké va thiét bj ctia hé thdng tén chira.
design and equipment of the storage system.

— Céc hanh dong sau day nén dwoc dwa vao khi xay dwng quy trinh khan cép:

The following actions should be included when formulating emergency procedures:

e Kkich hoat bao ddng;
activating the alarm;
e goi tro gitp va céac dich vu khan cép;
summoning help and emergency services;
e théng béo ngay lap tirc cho doi civu hda (néu can);
notifying fire brigade immediately (if necessary);
e SO tan tat ca moi ngudi khdi khu viec nguy hiém ngay 1ap térc va cach ly khu vic dé.
evacuating all persons from the immediate danger area and quarantine the area.

— Trong trwdng hop rd ri/tran do;

In case of leakage/spillage;
e nhan thrc ring sw rd ri cd thé cé kha ndng oxy hoa;
recognize that the leakage can have oxidising potential;

e siét lai cac chd ro ri néu cé thé dwoc thwe hién ma khong ¢6 rii ro;
tighten up leaks if this can be done without risk;

e dé nito oxit 16ng bay hoi; va
allow liquid nitrous oxide to evaporate; and

e ngan 16ng xam nhap vao cdng ranh, hd, hao
prevent liquid from entering sewers, pits, trenches

- Trong trwdng hop héa hoan;

In case of fire;

¢ |am mat bdn chtra bang cach phun nwéc vao noé;
keep vessel cool by spraying it with water;

e khéng phun nuéc trwe tiép 1én van hodc thiét bi an toan
do not spray water directly on valves or safety equipment

e canh bao cong chiing vé cac mbi nguy cé thé xay ra tlr cac dam may hoi va so tan khi can
thiét.
alert public to possible dangers from vapour clouds and evacuate when necessary.

— Quy trinh khan cép phai bao gébm:

The emergency procedure shall include:

o liét ké cac thiét bj khan cap can thiét
listing of emergency equipment required
e phan céng nhan sw/td chirc dw phong dé& quan ly cac trwérng hop khan cép va cac quy trinh
lién hé v&i ho ca trong va ngoai gi& lam viéc binh thuwdng.
assignment of back-up personnel/organization for managing emergencies and procedures for contacting
them both during and outside of normal working hours.

9. Tai liéu tham khao / References

— Tri khi ¢é quy dinh khac, phién ban méi nhat phai dwoc ap dung.
Unless otherwise specified the latest edition shall apply.
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referenced document preface for a list of harmonised regional references.

CGA G-8.1, Tiéu chuén cho Hé théng Nito Oxit tai Co s& Khach hang, Compressed Gas
Association, Inc. www.cganet.com

CGA G-8.1, Standard for Nitrous Oxide Systems at Customer Sites, Compressed Gas Association, Inc.
www.cganet.com

EIGA Doc 112, Tac dong Méi trirong cua cac Nha may Nito Oxit, www.eiga.eu
EIGA Doc 112, Environmental Impacts of Nitrous Oxide Plants, www.eiga.eu

Khuyén nghj cta Lién Hop Qudc vé Van chuyén Hang héa Nguy hiém, Quy dinh Mau, Lién Hop
Quobc, www.unece.org

UN Recommendations on the Transport of Dangerous Goods, Model Regulations, United Nations,
www.unece.org

AIGA 048, May nén Piston dung cho Oxy, https://asiaiga.org/
AIGA 048, Reciprocating Compressors for Oxygen Service, https://asiaiga.org/

LUU Y An phdm nay la mét phan clia chwong trinh hai hda quéc té vé cac tiéu chuan cdng nghiép.
Noi dung k¥ thuat cta mdi tai liéu khu vuc la gidng hét nhau, ngoai trir cac yéu cau quy dinh khu
vwe. Xem I&i twa tai liéu tham chiéu dé biét danh sach cac tai liéu tham khao khu vwc da dwoc hai
hoa.

NOTE This publication is part of an international harmonisation programme for industry standards. The
technical content of each regional document is identical, except for regional regulatory requirements. See the
referenced document preface for a list of harmonised regional references.

AIGA 099, Huéng dan Quén ly An toan Quy trinh, https://asiaiga.org/
AIGA 099, Guideline for Process Safety Management, https.//asiaiga.org/

LUU Y An phdm nay la mét phan clia chwong trinh hai hda quéc té vé cac tiéu chuan cdng nghiép.
Noi dung k¥ thuat ca mdi tai liéu khu vuc la gidng hét nhau, ngoai trir cac yéu cau quy dinh khu
vire. Xem 1 twa tai liéu tham chiéu dé biét danh sach cac tai liéu tham khao khu viee da duoc hai
hoa.

NOTE This publication is part of an international harmonisation programme for industry standards. The
technical content of each regional document is identical, except for regional regulatory requirements. See the
referenced document preface for a list of harmonised regional references.

EIGA Doc 24, Thiét bji Bdo vé Ap suét cho Hé théng Bén Tén chira Siéu lanh Cach nhiét Chan
khéng, www.eiga.eu

EIGA Doc 24, Vacuum Insulated Cryogenic Storage Tank Systems Pressure Protection Devices, www.eiga.eu
B6 quy chuén Kiém dinh ctia Uy ban Quéc gia, Uy ban Quéc gia v& Thanh tra Nbi hoi va Binh chiu
ap lwc. www.nationalboard.org

National Board Inspection Code, National Board of Boiler and Pressure Vessel Inspectors.
www.nationalboard.org

AIGA 010, Quan ly S thay déi, https://asiaiga.org/
AIGA 010, Management of Change, https://asiaiga.org/

AIGA 011, Hé théng Gidy phép Lam viéc, https://asiaiga.org/
AIGA 011, Work Permit Systems, https://asiaiga.org/

AIGA 009, Pao tao An toan cho Nhén vién, https://asiaiga.org/
AIGA 009, Safety Training of Employees, https.://asiaiga.org/
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