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TUYEN BO TU’ CHOI TRACH NHIEM

Nguon tin: Dwya trén cac hwdng dan thuc hanh, quy trinh an
toan va kinh nghiém ky thuat tlr cdc nguén tin cdy cha thanh
vién AIGA VN.

Trach nhiém phap ly: AIGA VN khéng bao dam tinh chinh xac
va khéng chiu trach nhiém phap ly vé néi dung trong cac an
pham.

S dung tai liéu: Viéc tham khao hodc dp dung thong tin la
hoan toan tu nguyén, khéng rang budc.

Kiém soat & Dién giai: AIGA VN khong kiém soat viéc dién giai
hodc st dung (hop Iy hay khdng hop ly) 4n pham tir bat ky ca

nhan, td chirc nao.

Khuyén cdo: Ngudi dung khéng duoc chinh sira ndi dung hodc
sir dung 4n pham sai muc dich.

Cap nhat: Cac 4n phdm duogc danh gid dinh ky; ngudi dung can
ch( ddng cap nhat phién ban mdi nhat
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DISCLAIMER

Information Sources: Content is based on safety procedures,
technical data, and expertise from AIGA VN members at the time of
publication.

No Liability: AIGA VN assumes no legal responsibility or guarantee
regarding the accuracy, completeness, or correctness of the
information.

Voluntary Application: References or applications of the content are
strictly voluntary and non-binding for users.

No Control over Interpretation: AIGA VN does not control how
individuals or organizations interpret or use the information, whether
appropriately or inappropriately.

Usage Restrictions: Users are advised not to edit, modify, or use
AIGA VN publications for unintended purposes.

Periodic Review: Publications are reviewed periodically; users should
ensure they are using the latest version.
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GIO| THIEU \Y/=
QUI TRINH TACH KHi

Air Separation Unit (ASU)-introduction
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Oxy, Nito, Argon dwo hi bang phwong phap phan ly khéng khi bang ky thuat nhiét j
lanh dwa tr§n sw chénh léch nhiét do §6i cua cac loai khi trong khéng khi. Khéng khi du’qc’h()a Iong &
nhiét doé thap sau dé dwoc phan tach bang thap chwng luyén dé tach ra cac san pham tinh khiét.




NAP KHONG KHi, LOC BUI
Air Intake & Dust Filtration

MAY NEN KHENG KHI T ho |
i ] 2 1

Air Compressure Lol
TH|ET BI LM LANH - -H-U- nk
Cooling Unit 2!

~ _ THIET BI HAP PHU LAM SACH KHONG K —————— 1 7icH LOC:H.0C0.CO, ©
SO BO Purification Adsorbhent - E Rer:mv-e Hzﬂl, co, ['SUZ ‘ i

SAN XUAT e T

Production Flow

H,0 <2 PPM
€0, <1PPM

KHi NITO . ARGON THO
a0 THAP PHAN LY (ASU) — ARG
Air Separation Column ) Argon Purification
KHI ARGON (GAr)
NITO'LONG _ LIN ﬁxvuiuul LoX LAR  ARGON LONG

Liguid Nitrogen Strorage Liguid Oxygen Strorage Liquid Argon Strorage

BOM NAP SAN PHAM LONG SANG XE BON CHUYEN DUNG BE VAN CHUYEN BEN KHACH HANG

Product filling & logistics: Transfer to specialized tanker for customer delivery
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MAT BANG NHA MAY @
ASU Layout
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11.

12.
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Cot chung cat ASU trong hop lanh. 03{'* p—

]
ASU distillation column in coldbox "'lnﬂ

Thiét bi ngwng tu / Bd hoa hoi
ASU Condenser / Vaporizor e

B0 trao dbi nhiét Exchanger

L&p ray phan tl Molecular Sieve Beds

Phong diéu khién Control Room

Bo loc khi ASU ASU Air Filter

May nén khi chinh Vain Air Compressor

Phong may phan tich Analyzer Room

Bon chtra day phang Flat-bottom tank

Lwu trir va dy phong Oxy

O, storage & back up

Lwu trlr va dy phong Nito

N, storage & back up

Chiét nap san pham sang xe bon chuyén dung
Products filling to speciatized tankers
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DAY CHUYEN
TACH KHi
VAN HANH

ASU Operation
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NHPNG MOI NGUY CHINH

Main Hé\zards
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NHO’NG MOI NGUY CHINH w

Overall Main Hazards

MAT K|EM SOAT LUU TRG’ Loss of Containment

NGUYEN NHAN cause

] : LOI THIET Bl : :
CHAT OXY HOA Equipment Failure A : : @
Oxidizing Mat. — An mon, nirt ap suat/nhiét do Seas | i =

Corrosion, stress cracks

LOI VAN HANH Ped >) o
Operation Error g,
— Van hanh sai qui trinh & 2

CHAT LONG SIEU

LANH
Cryogenic Mat. Operating incorrectly
] TAC DPONG BEN NGOAI an
KHI TRO External Impact ) Mo "ﬁ
Inert Gas — Va dap co hoc, rung chan %
Fire & Explosion Anoxia Mechanical impact vibration '
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NHO’NG Mél NGUY CHiNH Overall Main Hazards

MAT KIEM SOAT LUU TR

Loss of Containment

AT OXY HOA LONG SIEU LANH
Oxidizing Ma Cryogenic Mat

KHi TRO
Inert gas

A
1 113 i . g EBUR plent gas expa 7, ",

GION LANH | /\\
Lold embrittlement J *

MOI TRUDNG THIEU
OXY TRONG KHONG
GIAN M HOAC KiN

4, depleted atmosphere in
gpen or canfined area

VZ-N
BONG LANHv & TRAN B0 J -

NGAT KHI

Cryogenic burn & spillage
Anoxia
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NO TUNG: SU GIAN NO' KHi

Bursting: Violent gas explosion

NO TUNG: Su gian ng khi manh liet  BURSTING : vialent gas expansion

July 3, 2026
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NO TUNG: SU GIAN NO' KHi

Bursting: Violent gas explosion

Nguy co ap suéat ludn hién hiru bat c& khi nao vat liéu dang 1éng
dwoc lwu trir, van chuyén hoac x& ly dwdi ap suat.

Pressure Hazards exist every time a fluid material is stored, transported or processed under
pressure.

Nguyén Nhan causes
— Téc déng bén ngoai: dong dat, vat roi...

External Impact: seism, dropped object;
— Suy gidm vat liéu: an mon, 16i san xuét...
Material weakening: corrosion, manufacturing defects.....;

— Ap suét qua cao do héng hé théng diéu khién ap suét
Overpressure due to pressure control system failure;

— Hong gioang

Gasket failure
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NO TUNG: SU GIAN NO' KHi

Bursting: Violent gas explosion

-

=

\
Nguy co 4p suét luén hién hiru bat cir khi nao vat liéu dang 16ng
dwoc lwu trlr, van chuyén hoac xtr ly dwéi ap suat.

Pressure Hazards exist every time a fluid material is stored, transported or processed under
pressure.

J

s

~

Héu qué Consequences

Néu xay ra sw cb ro ri, gidi phéng nang lwong cao va sw gidn né chéat
l6ng d6t ngbt dan dén:

If loss of containment, high energy release and sudden fluid expansion leading to:

A N6 Bursting Tran db, ro i spiling, Leakage @ V& Broken
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NO TUNG: SU GIAN NO' KHi

Bursting: Violent gas explosion

— May nén khi
Air Compressors

— Ho6p lanh
Colbox

— Thiét bi 4p suat cao
(van,dwong 6ng, bom hoac
may nen) tai bon

High pressured equipments (valves, pipes,
pumps or compressors) at Cryogenic storage
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GION LANH
Cold Embrittlement

: [ GION LANH ] :
. Cold embrittlement .
e e e R R = R e R = R e B R -4
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GION LANH m

Cold Embrittlement

" X N
Hién twong gion lanh cda cac vat liéu khdng dan hoi (thép cacbon, v.v.)

khi tiép xtc véi nhiét do thap hon -29°C.

Definition: Cold embrittlement of non-resilient materials (carbon steel, etc.) exposed to
temperatures lower than -29°C

-
Héu CIUé Consequences Nguyén Nhan causes
— Thiét bi phat n6 — S cb ro ri chat 16ng déng lanh
Equipment burshing tai bon chira chat ldng
— \Vu nd ép suat Cryogenic spillage at liquid storage tank
Pressure blast — V& dwdng 6ng/bng dan
—  Manh v& vang ra Pipe / hose rupture i
Fragment projection —  Léi hé théng kiém soat nhiét do SUGMY ¢ re ~'"h-mdustr/al
. S 1o . i L infrastructure ana warning indicators
— Tran chéat Iong siéu lanh Temperature control system failure for Gryogenic hazards.
e L — Khach hang tiéu thu qua mirc
Cryogenic liquide spill and fog Client over-consumption

July 3, 2026 AIGAVN-TM-023 _ Nhitng méi nguy ctia Day chuyén tach khi | Hazards of ASU 17



GION LANH AIGA |

Cold Embrittlement

Vi tri méi nguy gion lanh
DPwong ong tai bo trao doi nhiét chinh Cold embrittlent Hazard location
Warm end piping at main heat exchanger

- Noi chét 16ng siéu lanh va chat 1dng & nhiét 6
méi trwdng trao dbi nhiét
Critical interface where cryogenic and ambient fluids
exchange heat.

Hop lanh héa léng Liquefier cold box

- V6 céach nhiét chiva thiét bi nhiét d6 thap co rai ro
Cao.
Insulated enclosure containing high-risk low-temp
equipment

Pwong 6ng bo héa hoi san pham
Product Vaporizer lines

- Hé thdng dworng 6ng xir ly sw thay dbi pha cla
chét 16ng siéu lanh.
Piping systems handling phase changes of cryogenic
liquids.
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BONG & TRAN LANH & Ae
Cryogenic burn & Spillage

> - ~
BONG LANH & TRAN B0 I
Cryagenic burn & spillage
e e e e e, —
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BONG & TRAN LANH & Ae m
Cryogenic burn & Spillage

RUi ro vén c6 trong qua trinh x& ly khi hoa 16ng & nhiét dé rat thap (-50°C / -190°C
Risk inherent to the processing of liquefied gases at very low temperatures (-50°C /-190°C) &
Hau qua consequences Nguyén nhan causes
Tiép xUc v&i khi hoa ldng va méi tredng l6ng — Xa va thoat chat long
siéu lanh: Liquid purge and drainage
Contact with liquefied gas & cryogenic atmosphere: — V& 6ng/6ng mém
— Bong lanh da Pipe / hose rupture
Skin Frostbite — RO ri & mat bich, van
— Tén thwong phoi Leak on flanges, valves
Lungs damage — Van an toan mé
— Ha than nhiét Safety valve opening
Hypothermia — L&i hé thdng diéu khién nhiét o
— Su cb tran chét ldng déng lanh va swong Temperature control system failure
mu

Cryogenic liquid spill and fog
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BONG & TRAN LANH
Cryogenic burn & Spillage

Thiét bj hép lanh bao gém

Cold box equipments, including :
— Bom léng siéu lanh
Cryogenic pumps

— Van léong siéu lanh
Cryogenic valves

— Thiét bi 1am sach 16ng siéu lanh
Cryogenic purges

— Bé& chira ch4t 16ng siéu lanh
Cryogenic liquid Storage tanks

A\ A

Vi tri méi nguy béng lanh & tran dé
Cryogenic burn & Spillage Hazard location
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NGAT KHi: Thiéu Oxy

Anoxia
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NGAT KHi: Thiéu Ox
Anoxi:a y

“Tinh trang thiéu oxy trong co thé. Xay ra khi khéng khi dwoc thay
thé bang hén hop khi thiéu oxy.”

“Lack of oxygen in the body. Occurs when air is replaced by an oxygen deficient gas
mixture.”

Hau qua consequences
— Ngat thé dét ngdt Sudden asphyxiation: < 6% O,

— Ngat thé tlr tr  Slow asphyxiation: 6% < thé tich O, (vol.) < 19.5%
p

Nguyén nhéan & Khu vwrc nguy hiém causes & critical Zones
— Tich tu khi tro Accumulation of inert gas
— Khu viee kin hodc han ché Confined or closed zones
— Thoéng gi6 kém hoac thieu thong gid Poor or missing ventilation
— Nong dd khi tro cao gan cac ctra xa khi  High inert gas concentration near open

ngoai troi outdoor purges

— Thai khi tro qua mirc Excessive inert gas venting
— Cac hoat dong str dung nito Operations where nitrogen is used

Thiéu oxy 1a mét nguy co ma chung ta phai ddi
mat trong mai trwdrng thiéu oxy.

Chi can hai hodc ba hoi thd vao méi truong
thiéu oxy cling dd lam gidm lwong oxy trong
mau. Ban cé thé nhanh chéng méat y thirc va tir
vong.

Anoxia is a safety risk we face in a oxygen-deficient
atmosphere.

Two or three breaths into an oxygen - deficient
atmosphere remove oxygen from your blood. You may
quickly lose consciousness and die.

21% 0,

) « 18% 0,
S
6% 0

nepral
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NGAT KHI: Thiéu Oxy @

Anoxia

Vi tri méi nguy ngat khi Anoxia Hazard location

pi & o

St"‘. M ~——

— Bon chra Nito hoac Argon A'_‘. g™

Nitrogen or Argon Storage tanks

— Ong théng hoi - J e Sal
Vents 6 » o

— Binh loc trong qua trinh tai tao . <
Purification bottles during regeneration SN > : B . .,

— B4t ky phong nao van hanh khi tro '

Any room where inert gases are operated
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MOI TRUONG DE CHAY

Combustive Atmosphere

July 3, 2026
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B MOI TRUONG DE CHAY

Combustive Atmosphere
. » . )
Viéc giai phong oxy tao ra bau khong khi dé chay no cao. Nguy co gia tang Oxy.
Oxygen releases create highly combustive atmosphere Oxygen enrichment Hazards
J
4 )

Nguyén nhan causes
— RO ri cac mbi nbi hodc mét bich oxy
Leaking oxygen connections or flanges

— V& hé théng dwdi ap suéat oxy
Breaking of systems under oxygen pressure
— RO ri oxy 16ng va dam may hoi oxy
Liquid oxygen spillage and vapor cloud
— Hoéa ldng khéng khi gan thiét bi déng lanh

Air liquefaction near cryogenic equipments

— Thoat khi oxy
Oxygen venting

— X ly oxy long
Liquid oxygen disposal

-
Hau qua Consequences

Trong trwedng hop bat Itva In case of ignition:

— BoOng nang Severe burns

— Nguy co bung chay va/hoac nd
Potential flash fire and/or explosion
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MOI TRUONG DE CHAY

Combustive Atmosphere

Céc thiét bj chira oxy (dwdng dng, may bom, may nén) dé bj chay div déi néu cé mat cac tap chat dé
chay va nang luvong.
Oxygen-containing equipment (piping, pumps, compressors) are subject to violent fires if flammable impurities and energy are present.

~

s N
Nguyén nhan Causes Hau qua consequences
— Neén doan nhiét Adiabatic Compression — Chay kim loai Metal combustion
— Ma sat dong chay Flow Friction — Dan noéng chay Molten Projectiles
— Phodng dién ho quang Electrical Arcing — Chay bung va nhiét do cwc cao
— Su hién dién cla dau oi presence Flash fire & extreme temperatures
— Bung chay nhiét Thermal ignition — Ap suat qua cao va n6
Overpressure & blast
— Va cham co hoc Mechanical impact ae . R
— Giai phong nang lvgng trong dwong
— Phong tinh dién Static discharge ong /thiét bi lién ké
A > Energy release in adjacent piping/equipment
— Coéng huwdng Resonance v e pIpmgreaap
S J
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MOI TRUONG DE CHAY AIGA |

Combustive Atmosphere

Vi tri mdi nguy chay Oxygen risk location

E AT
an -

— Bom Oxy long siéu lanh
Cryogenic oxygen pumps

— Bbn Oxy 16ng & day cét ap suat thap/cao
LOX Bath at Lower Pressure /Middle Pressure column
bottom

— Hé théng lwu trir va cung cap Oxy 16ng
Liquide Oxygen (LOX) storage and delivery system

— Heé théng lwu triv va cung cip Oxy khi
Gas Oxygen (GOX) storage and delivery system

— Thiét bj s&r dung dau béi tron
Equipments using lube oil
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NO

Explosion

e |

|
|
==
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NO {4

Explosion
4 & ~ < > > ~ Ve x X R ~ A
Sw lang dong va bat Itra cua hydrocarbon trong oxy nguyén chat dan dén vu no dir doi
Hydrocarbon deposition and ignition in pure oxygen leading to violent explosion
(.
MO TA TINH HUONG Scenario Description
Mdrc LOX trong bon giam Sw hién dién béat thuworng cla tap chéat
Loss of LOX bath level Abnormal presence of impurities
Sw lang dong chat ran lam tdc nghén éng dan hoi
Solid deposition plugging vapo. Tubes
Dry Vaporization & CnHm concentration Main Safeguards
p " — Suc rira LOX dinh ky
Suv boc chay khong kiem soat ciia hydrocarbon trong méi trwd'ng oxy Regular LOX purging
Hydrocarbon uncontrolled ignition in oxygen — May phan tich CO, va CnHm
CO, and CnHm analyzer
2 = - — Canh bao murc véi chirc nang
L CATASTROPHIC EXPLOSION ) Level alarm with plant trip
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NO : Thiét bi héa hoi chinh /2 @

Explosion: Main Vaporazor Explosion

Vi tri mdi nguy né Explosion hazards location

E kA
an -

— May hoa hoi chinh trong hép gilr lanh

Main vaporazor in cold box
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XU LY SUCO
VAN HANH ASU

Incident Handling
ASU Operation

July 3, 2026

A Junj29* 2026
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QUAN LY SU CO MAT KIEM SOAT

Management ofLoss of Containment (LoC)




3 TRU COT CHINH m

The three key pillars

Céc chién lwoc, quy trinh va céng nghé dwoc s dung trong an toan quy trinh nham ngan nglra va
giam thiéu viéc giai phdng ngoai y mudn cac vat liéu hoac nang lwvgng nguy hieém tr cac hé thong
ngan chan so cap.

Strategies, protocols, and technologies used in process safety to prevent and mitigate the unintended release of hazardous materials
or energy from primary containment systems.

Ba tru c6t chinh ctuia quan ly LoC hiéu qua
The Three Key Pillars of Effective LoC Management

PHONG NGUA PHAT HIEN GIAM THIEU
PREVENTION DETECTION MITIGATION

Q *
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BIEN PHAP PHONG NGUA SO’ CAP

Primary Prevention

Thiét ké an toan
Inherently Safer Design

Giam thiéu vat lieu nguy hiém va quy
trinh an toan hon.

Minimize  hazardous  materials and
implement safer processes.

. /

Quan ly thay déi (MOC)

Management of Change
Dam bao moi stra ddi dwoc danh gia
rdi ro nghiém ngat.
Ensure all modifications undergo rigorous

risk assessment.
/)

July 3, 2026

Quan ly tinh toan ven integrity Management:

DPao tao & Giam 10i

Human Error Reduction

DPao tao cho nguwdi van hanh va tbi
wu giao dién phong diéu khién.

Train operators and optimize the control
room interface.

J

Kiém tra nghiém ngat va béo tri phong ngira dé ngan nglra &n mon Strict inspection and preventative maintenance are necessary to prevent corrosion.
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PHAT HIEN SOM o @

Early Detection

Phat hién cac diéu kién bat thwdng hodc "tin hiéu yéu" trwdc khi
ching leo thang thanh sw cb tran d6:

Catching abnormal conditions or "weak signals" before they escalate into a
breach

May do khi cé dinh
Fixed Gas Detector

— Hé théng giam sat: S dung cac cdm bién tw ddng dé theo déi ap
suét, nhiét dd va dé rung trong thoi gian thuc.
Monitoring Systems: Ultilizing automated sensors to track pressure, temperature,
and vibration in real-time.

— Kiém tra van hanh: Nhan vién hién trwéng kiém tra cac dau hiéu “"W;E a7
xudng cap sém nhw rd ri hodc 16p cach nhiét bi &n mon. '} IKiém.tra van ha
Operator Rounds: Field personnel visually check for early signs of degradation, } -
such as leaks or corroded insulation.

— Quan ly bao déng: Hiéu chinh hé théng an toan dé canh bao
ngudi van hanh vé cac sai léch quy trinh trudc khi xay ra tinh trang
khong thé kiém soat
Alarm Management: Tuning safety systems to alert operators to process
deviations before irreversible conditions occur.
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GIAM THIEU VA UNG PHO

Mitigation and Response

Néu xay ra sw c6 mét lwu trir chinh , cac ké hoach phai dwoc trién khai ngay 1ap tirc dé giam thiéu tac dong dén con ngudi,
moi trwong va tai san:
If a Loss of Primary Containment (LOPC) occurs, plans must immediately be deployed to minimize the impact on people, the environment, and
assets:

Ngan chan thi cap

Secondary Containment

St dung cac rao can vat ly nhw
twdng bao va hé thong thoat nwéc
an toan dé gilr chat I1éng va khi ro ri.

Utilizing physical barriers, such as bund walls and safe
\drainage systems, to trap released liquids and gases. Y,

Png phé khan cap (5 C's)
Emergency Response

Kiém soat tai nguén, Ngan chan, Lam
sach, Théng bao va X ly an toan.

Control, Contain, Clean-Up, Communicate, and dispose
safely.

- J

4 (e.g., HAZARDOUS CHEMICAL RELEASE) N\

HAZARD:
Pressurized
Storage of
Hazordous
Chemicals

Phan tich Bowtie

Bowtie Analysis

Ap dung cac coéng cu danh gia rdi ro dé
lap ban d6 cac modi de doa doi voi rao
can va dam bao co ké hoach dy phong.

Map threats to barriers and ensure contingencies are
in place.

/
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Reference document

https://www.asiaiga.org

1. AIGA 056/23 - Safe Practices Guide for Cryogenic Air Separation Plants (*)
Huwéng dén Thue hanh An toan cho cac Nha may Téach khi Hoa Iéng (hodc Nha may Tach khi _Ldng siéu lanh).

2. AIGA 035/20- Safe Operation of Reboilers/Condensers in Air Separation Units
Van hanh An toan Thiét bj Pun séi lai/Thiét bi Ngung tu trong céc Thiét bi Tach phan doan Khéng khi (ASU).

3. AIGA SB 22/20 - Safety Inspection Check List of Air Separation Units and Cryogenic Liquid Storages at plant site
Danh muc Kiém tra An toan cho céc Thiét bji Tach phan doan Khéng khi (ASU) va Hé théng Luwu trip Chét Iéng Hoéa
16ng tai Nha may.

4. 027/24 - Cryogenic Vaporization Systems — Prevention of Brittle Fracture of Equipment and Piping
Hé théng Héa hoi Nhiét d6 Thadp — Phong ngtra Hién twong Nt gion cua Thiét bi va Puong 6ng.

5. 008/18 - Hazards of Oxygen Deficient Atmospheres
Céac moi nguy hiém cua Méi trirong Thiéu hut Oxy. (*) B4 co6 ban dich tiéng Viét trén website ctia AIGA Viét Nam
Vietnamese version available on AIGA Vietnam's website.
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Thank
you
(=) (o)

aigavn@aigavn.com.vn https://aigavn.com.vn
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