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Henry LIU is currently ALFE Health, Safety and Envwonment senior Director, responsible for HSE
activities supervision and management , Risk Management and Industrial Audit.

He had previously led and supervised ALFE Industrial Operation and Project Implementation
Department.

Henry graduated from Chung Yuan University with major in Mechanical Engineering. He holds the
Taiwan Industrial Safety Professional Engineer Certification and is also an AL Group International
expert in electronic business safety and risk management.
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1. Temperature effect V3 ¥k

* Temperature of oxygen systems .5 =38V IEVE

— Most oxygen systems operate at nearly atmospheric temperature. If an
oxygen system operates at a higher temperature, an ignition is more likely

to occur ~~ 2RSS E RIS (BTN SRV T B R IR RGeS
 Auto Ignition temperature of materials #78] V F 'INEVZ

— The Auto Ignition Temperature (AIT) is the temperature at which a product
begins to burn when placed in an oxygen atmosphere at 120 bar

FISRIEVE AL PP 120bar oV 552 F BHEF S8 818

— Characteristics of non metallic materials: see Excel file

Y BRIV R S YExcel file Nl
of plastic
— When the AIT of a product is too low, the product is not considered material

compatible for oxygen service as it can easily burn

jtll"ﬁpp”{ E I?F?_E"@—kl [_K[t‘:l;llglﬁ *FL FL% I—’)}[ 7 IEJ Ay Fljjf”gn%.nﬁé]tﬂbﬁjj

 Use only products which are compatible with oxygen FI{fi™ =2 s 0 il U #1F
« When replacing a gasket, an O-ring, never change its type

R PIEE W ORI
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AIT of plastic materials

NI 396
SPONTANEOUS CHEMICAL COMPATIBILITY
P lasti HEAT Ol imi
Symbol name astic o | ppODUCTS NAMES IGNITION Sl OXYGEN INDEX| Limits of = | Hardness
E lastomer TEMPERATURE COMBUSTION cal/g Data from Oxygen Nitrogen | Nitrous oxide |Fluorine and HF| Carbon dioxide | Temperature °C shore
PTFE polytetrafluoroethylene P Teflon - Hostaflon - 450 - 500 °C 1526 95-100 CTE tests C © © C if P<1 bar and C but -200/+260 50/56 D
Neoflon (*) ambiant permeation
PCTFE | polytrifluoromonochloroethyl P Kel'F - Voltalef - 420 °C 1476-2300 95-100 CTE tests C © © C if P<1 bar and © ? 80D
ene Dyneon ambiant
ETFE ethylene tetrafluoro-ethylene ) Tefzel 245°C 3514 30 STP 1395 p98 150
PVDF polyvinylidene fluoride P Kynar 268-294°C 3277-3533 39-44 various © © -10/+150 80 D
FFEKM perfluoroelastomere E Kalrez 350 - 380°C 1565-2090 100 various C C type 4079 = C -50/200 - 316? 60-90 A
FPM ou fluoroelastomere E Viton 290 - 350 °C 1963-3600 22-80 CTE tests + STP [ C NC NC -50/+200 60-90 A
FKM 1454 p25
PEI polyetherimide P Ultem 1000 440 °C 47 CTE tests (03 increase in C -50/+170 90D
weight : + 9% -
reduction in
hardness 10%
PPS polyphenylene sulfide P Ryton 438 °C 6853 46 various -30/+220 90 D
PMMA polymethylmethacrylate P Plexiglas 430°C 6000 15-21,5 PrEN 13159 +
STP 1454 p25
PSU polysulfone P Ultrason S2000 404 °C 30-51 various -100/+160 74 D
PES polyethersulfone P Victrex 4100 398 °C 7521 38 CTE tests (0% reduction in reduction in -10/+180 82D
hardness (6%) hardness (7 %)
Pl polyimide P Vespel SP 1 - Kinel 350 °C 5970-7610 36-65 various ?/260
PAI polyamide-imide [ Torlon 4203 324 °C 44-52 CTE tests C c c -196 2/+230 88D
PEEK polyetheretherketone P PEEK 450 G 338°C 7775 35 CTE tests reduction in C C -65/+250 88D
hardness (10%)
PC polycarbonate P Makrolon 300-315°C ? 22,5-44 PrEN 13159
NBR nitrile rubber = 173-310°C 5400-8500 17-22 PreN 13159 +
STP 1454 p25
MQ silicone - polysiloxane E Silicone 270-325°C 4155 21-45 CTE tests + C usually © C C but -70/+200 30-80A
STP 1454 p25 permeation
PUR polyurethane E/P Vulkollan - 181-246 °C 6510 26-29 CTE tests © C C C -50/+90 75/95 A
Urethanne 51/69 D
TPE or thermoplastic polyester E/P Hytrel - Lomod data depending on type c data depending on|  30/82D
TEEE elastomer type
EPDM ethylene propylene E 159 - 220 °C 9220-11300 17-26 various © C C C -40/+120 40/90 A
POM polyacetal - P Delrin 200-210°C ? 14.2
polyoxyméthyléne PrEN 13159
PA 6-6 polyamide P Nylon / Zytel 200 - 220 °C 7500-8842 19-30 C C C risk of C but -65/100 74/83 D
250 - 300°C CTE tests swelling for plastifiants ?2?
CR chloroprene - neoprene E 175-190°C 3000-9000 17-26,3 PreN 13159 +
rubber STP 1454 p25
PE polyethylene P numerous 181°C 11100 17,5-30,2 .
various
PP olypropylene P numerous 150-160°C 11000 17,4-29,2
RS PrEN 13159
PPO olyphényléne oxyde P Noryl 22-33
BN 4 Y STP 1454 p25
ABS Acrylonitrile Butadiene P 16-18 STP 1454 p25
Styrene
C : compatible
(*) Italic red, non suitable for "breathable
[¢] use" NC : not compatible
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2. Adiabatic compression effect: combustion of a flexible hose

* When opening a valve, the gas downstream (if contained in a closed space) is quickly
compressed. An almost adiabatic compression is created and heats the gas (like in a pump
used to inflate tires) B SRR i, ™ Wik T RLHIPLE 7 % 2 S0 RORVESE, R
[HogusenEl . LU= TRREpH ’ﬁﬁﬁfﬁfﬁ )

» [For a circuit passing from 1bar to 200bar, the temperature theoretically reached
can be as great as 1000° C f§1bar ['E= 200bar, K= 1000°C

» This temperature is above the AIT of all plastic materials
HFETE B2 BPTR L FIIREE .

* Always open valves slowly & &[]
e Use validated flexible hoses IEIE'J?,E%F’—‘,%;VW‘E?
* Use validated high pressure oxygen equipment f§i |25 & 15 L i ESGf)
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3. Adiabatic compression effect: explosion of a pressure gauge
RS )RR

» The block on the picture comprises a connection to
the cylinder valve, a pressure gauge and a small
flow valve
44 1o P T R ] S

» This block is used to check the pressure and
analyse the gas in cylinders. It is fixed on the
cylinder valve
B d i SRSV % 55 Ao PR RO ST SRR T

» When the valve is opened, the pressure gauge
catches fire
COlER ks Ay

» The stainless steel filter burns

SRR

» Open cylinder valves slowly feesREl

» Use a gauge for oxygen service
I TN AR

» Use arilter In copper or nickel alloys
SR 2 ISR 88 4 2

- Keep the whole system clean ¥ 75514
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4. Particle impact effect: fire in an elbow %fi‘ﬁa&fwfg;ﬁm '

» At the commissioning of a plant, when
introducing oxygen in the piping, a jet
fire occurred
SRR R R P
.

* The main damages were apparent at
an elbow
= R RO

» The incident was caused by particles
remaining in the pipeline after
welding
A RLP ST B ERE SRS

* An ignition occurred in the elbow,
burning the stainless steel
ST (R AT < AT K T S
1

IR R TR A

* A procedure for cleaning the
system from all contaminants and
particles must be implemented
before introducing oxygen
VAR BT E |1 Y 0 SET U Y YRR A

et el
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5. Flow friction effect: fire at filling using a quick connector
PR B B PR

) * A leak occurs at end of filling

' JBA S5 S P EE

» The quick connector catches fire
TR PR

 Velocity of gas is sound velocity and creates a
friction on the damaged gasket
SRS 33 RO B e

* The damaged gasket catches fire

4% F

e Avoid leaksHER] I

» Keep gaskets in good condition
PB4 0

 More generally: Never dismount a flange
of an oxygen circuit under pressure

A R E e E e = 17

Taiwan Seminar 2012 EAIR LIQUIDE n



6. Impact and contamination effects {#B¥EE= Zu3sE

* A cylinder falls and hits the valve of another
cylinder made of aluminium
— VR IRE R B - SHESRSYRR

e This last cylinder ruptures @Fﬁ#ﬁﬁfﬁﬂi@‘f

* Its valve burns 558

e The aluminium burns f,ﬂﬁ@?ééﬁﬁj#i*?’%%—@?{é

» The cause of the accident is the combination of a
shock on a full oxygen cylinder and the presence
of non compatible grease in the parallel thread of
the cylinder valve
LF“‘*EJiE%'ﬂWEL PR Y32t e IS P4 B b St
R T e PO IR P Rl Y R

* No grease on valve threads
B e R e

» Avoid parallel threads for aluminium
cylinders in GOX
R RSB = R

» Avoid shocks on oxygen equipment
ER 1 B S 50 SR
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7. Electrical energy: static electricity, electrical continuity
ERECR @R, B
A cylinder exploded while being rolled to homogenize its oxygen rich
mixture E'}'?ﬁﬁrﬁéﬁﬁiﬁﬁ,“ﬁﬂﬁﬁ'{a’?nﬁfdflF | RGPS, FES HAEL
* The cylinder was not corroded internally 1,4%#,#[ Iﬁfj SF’FEL[;J@J o
e |t was discovered that it was equipped with a dip tube in a plastic

material FYA[3ER SR Jﬁﬂ%i‘"é I Effj (AT ‘ET :

* Itis assumed that an electrostatic spark started the violent combustion
of the dip tube in the 200 bar oxygen mixture leading to the explosion
of the cylinder (friction of the dip tube on the cylinder WaII might also
be a possible cause of the ignition) ;*EJ H‘Ld &S Ardip tube
200 Bar Py&tisiipd ﬁ?ﬂﬁﬁﬁﬁm;ﬁ?ﬂfﬁ% R s J*»—%i dip tubeit
SRR |HV T B pohLY [EXIERVRIN)

* No dip tube in a plastic material 2 - = |8 {“ A1 ETpvis ”Ef

 For O2 and mixtures, use dip tubes in copper or Nickel alloys

SAESEA A jf.l. [7@ [ﬁ[ %JFI‘/%{AQIEI Jdip tube
 Mark cyllnders equipped W|th a d|p tube A&7 G| EJd1p tube

 Ensure electrical continuity between all parts of an equipment containing O2
or O2 mixture FERT &% SEY SR A RPURIH P B T RIpV R PO S
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8. Kindling chain effect 9|’ FZF¥j&

« The AIT of metals is greater than 1300° C §’f§ﬁ'§‘lfJAlT£L_FJ{JJE¢ 1300°C
— So, itis much more difficult to start a combustion with metals only
), BRI F'1 ZE S N
—An adlabatlc compressmn |s not sufficient to start burning metals
HQFIZI”EJ*F#?_“’T FLI) IEI F[%
 Plastics have alow AIT, but don’t easily dissipate heat
W FPRTIOAITEES, [ BOEGfrs.
« The combustion of plastics can create enough localized heat to reach a temperature at which
metals begin to burn

B ATETEOANGE T SR S RSP R S S R O R

e The combustion of metals depends on the metal and on the oxygen pressure
£ WO M T 50 R

 Metals may propagate a combustion initiated by plastic materials, grease, oil, dust, rust or other
contaminants 2 FRETRTERVINERI') B (CPORT, B0, 3, BB, SRRV P IR

e This effect of promoted ignition is called the kindling chain *Ejj;di’{?’%ﬁﬁiﬁzéfﬁﬁﬂl‘}‘%fﬁ%

e Stopping the kindling chain effect can only be done by design and material
selection [i=' |- [} GFEAV I & Elﬁ;ﬁ“ LT TR

 Use only oxygen validated equipment ™ |F{E| #xs F'Jpﬁ?ﬁﬁ

» Use oxygen validated spare parts from the equipment suppllerlﬁl“J%p‘F EYST
ROV PSR PO LR
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9. Concentration effect: fire on a LOX trailer:

I ﬂfif“aswﬁaﬁl

e A leak occurs on the feed line
of the pump
PRI 2 T A R oS

e A fire occurs on the electrical
box located in the trailer's
rear gas cabinet
' R & AR ﬁlEﬁ' r I&P‘[EJ—)!(‘<
’Pﬁ'ﬁé[‘ﬁﬂ%p IJ—‘EJEE?‘FI

* The tanker burns completely
i = HoE

 Analyze the accident report
J}ﬁg*ﬁﬁ“%ﬁ|
* Find causes of the incident

Y LA RN
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9. Concentration effect: fire on a LOX trailer
YR, I RS R A

£ | g « A leak occurs on the feed line
of the pump
PSTREE 2 7 R SR RO

» A fire occurs on the electrical
box located in the trailer's
rear gas cabinet
fEEE & R AH Eﬁ'f’ﬁr}.”‘é’zfﬁlp’lfj;’i
Fgﬁg (=R LPFIGJ”F?—;F",‘

* The tanker burns completely
B 2 gD

* Driver must stay close to the tanker during filling to be able to immediately
stop the pump &7 R IR f R AR R | fR= 2 A RRR & =

* When possible shut-off the pump and LOX valves of the trailer and of the
customer storage
RO RIS, RN RS K I

Do proper maintenance of LOX pumps to avoid leaks

B R SR T T )
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10. Concentration effect: fire of a homecare delivery van:

IS S S S PR 0 )

* A homecare delivery van carrying edlcal liquid oxy

n cylinders catches fire on a

highway, blocking road traffic durlng several hours - ’F LB RIS R S e ) pJ e
R CTH T L R, R BT B .

e The driver suffers burns to the scalp, a cylinder explodes pin index valves are expulsed

on small cylinders  FiIA$AVER R BIEEHH,

- R, | SR ST KT,

* An oxygen enriched atmosphere is created in the van and material impregnated with

oxygen ignites due to a spark or a flame

E]ETHI [P0 i E UL, PURTEREL - TLRORL A 3R T B,
* A LOX cylinder had a liquid leak which had not been fixed

~ AR SR E MR 51

* No smoking in presence of oxygen
[ HEZ

» Use dedicated ventilated vehicles
0B o s 2!

» Segregate LOX and GOX
containers
FRERE S RER R R

 Fix leaks [ETRNNIREL

e The driver was smoking in the cab ’“F[@%”?‘i

=l iily iy
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11. Inventory effect: fire on large size compressors and
stations: % B 35 A EESERS K FLEY f K

» Examples of fires on a large size oxygen compressor and a
let down station %ﬁﬁ?ﬂ‘f}fﬂ/ﬁkﬁjg‘;’?@%’{ﬁﬁ}‘ %17 ——

« Damages are important, but limited inside barriers . R e .
B ORI, () RIEUR T R L

 Molten metal is projected around
R T

* Never go inside barriers during
operation (oxygen flow or
pressure)
AR, P T TR
B 7 | (xR B Y)
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12. Contamination effect: solvents for cleaning 3= 3¥%ts: FEY|

Y & »
ﬂﬁﬁﬁﬂ | o
* When oxygen was introduced in the installation for
\ L the first time, ignition and serious burns on
equipment occurred and the flexible hose ruptured
ity d ] * SREVRHE, P SR
PR W T
* Cleaning had been performed using a solvent,
which was vented with nitrogen
[P AR 0 B ¢
 Some degreasing agent was left in the piping and
ignited at the first oxygen valve opening
TR (R, SR
REFS B

e Use only components already cleaned for oxygen service
P = A RS T (450 e P B 1

* If cleaning in place cannot be avoided, use only solvents
approved for Oxygen service cleaning or water based cleaning
agents
UV I R, LR B RERRIE BB 50 R TS
LI A B B TE N

* Procedure for cleaning in place an oxygen system must be
validated ¥EVE %\ 3 [ am ik purE o A LRSS
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13. Contamination effect: Ignition during maintenance of

an oxygen cylinder = 34iU5/2%. ria\é%_'—nw%#“ﬁj%

* A metallic brush ignited during
maintenance of the cylinder thread
i [STCSRHEND B, & il

e The cylinder is used in oxygen
service and oxygen remained in
the cylinder at atmospheric
pressure
E%ﬁfftﬂu SR EY, A
B GRS [ 75 R

e Brush was contaminated with
grease

=R

¥
b
¥

A
I

t

%I

« Make sure that the cylinder has been vented Ffsﬁ“é‘;ﬁﬂ]‘f PR
« Install a protection of the operator %Eg:ﬁéﬁag, f JB’B%?Q‘[}FJ
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14. Contamination effect: Explosion of the reboiler condenser
of an ASU 1=yl 2 051 BE |V F 1N a4

 C,H,, accumulated in the
reboiler condenser
L [ A PR Y
e They burned in presence of
oxygen (LOX and GOX)
F[I’E";‘%}‘T; ;:[;Eﬁ 'EIIE Jtl’lifkf%ju—‘(LOX and
GOX)
e Aluminium of the reboiler
condenser also burned
FISE| ?%h Eedn [l Eﬁ"i"*fiﬁ
e The column containing the
reboiler condenser burst as
well as the cold box
P S | YA R LV M AT IR 4
A

 Make sure that the reboiler condenser operates according to the
manufacturer‘s instruction fj*ﬂiy"ﬂ—ﬁ‘(ﬁ h’%‘ﬂiﬁﬁ;ﬂj/fﬁﬁﬁél"e

Taiwan Seminar 2012 EAIR LIQUIDE



15. Contamination effect: cryogenic pump fire

|
Flow Flow_
direction direction
[

1T Yeps e (SARETE

The pumps were not continuously cooled down
A B Al

The mechanical seal had been changed several
times s [V HF BRI B

Small parts of burnt mesh are found in the pump
after the fire

e AR [ SR TRAANGER PV | HT5T Sl
Stainless steel mesh particles were found in the
mechanical seal, which caught fire

R R [ Y TR
The filter with stainless steel mesh was wrongly
installed with the cone downstream g T A&

SO IR [ Wt =0 AL

New filter mesh shall be in copper or nickel
alloy whatever the pressure ‘Fl??‘ipﬂlﬁgféﬁp
PR A TR R 8L

Narrow part of filter cone is first exposed to
the upstream gas flow [Eil%%'iﬁﬁ_ﬁ'g{%gﬁ@ﬁg%ﬁﬂ
73 AR PR AL -
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16. Velocity and flow friction effects: Ignition of ball valve

R B o SR

* Ball valve located on a copper pipe at 150 bar, diameter 25

mm
‘ 2N S AT [‘j“ﬁj 150 bar;’?&‘ﬁ%}, ﬁl = 25 mm:."éfﬁlkﬁf.
¥z e Sealing gasket disappeared {ﬁiﬁ]‘ﬁ"kﬁ TR
é * The stainless steel ball valve is partially burnt
T RN
o e The valve body is also burnt Fﬁél‘ﬁ%‘fﬁjﬁﬁ’%@
e The operator is slightly burnt on his hands

M IR

N —i i
v A 4 ! '
l \ | — e Limit use of manual ball valves:
N, = PSR $58
I : — pressure limit: 25 bar’E:t‘JJ[SELﬁ[J: 25 bar
— diameter limit: ND 50 mm @y [2d]: ND 50mm
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17. Mechanical friction effect: pump running without liquid (dry

running) Ekiﬁf&@]fé}'“ﬁf,% ;I?ﬁj TR E R SR ()

The pump trips due to high temperature
THIE 5 R B
. The operator restarts the pump, by-passing the
safety. #(=ESEEHITRNR, 4 2 4
* The pump catches fire E[J|[F ‘F
* The cause of the fire is the friction of certain
internal moving parts in the pump due to the
absence of liquid in it
& F M[ﬂfe T8 [P £ ¢ OB
R
These parts are progresswely heated and catch

fire jﬂ |f[?1_$’é_ﬁig7{1[lﬁj}:‘n]@ SY[ETf

* A cryogenic pump must be cooled down

before start [EFENH] rj:T:ITE[ﬁFrJ RS F'
* Never run a pump without liquid

B T3 E AR PR I 2R

» Don’t by-pass temperature safeties

PR 2 B
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18. Mechanical friction effect: dismounting of an oxygen cylinder
valve under pressure B EIS e B] 0 PR S et ]

* In a retesting plant, the valve
could not be opened by the
unqualified operator
THEFEE Fig

» The valve was dismounted
without checking that the cylinder
was empty
I R 2

* The valve was ejected from the
cylinder, which flew around the
workshop

PRI BT [

o
E 2

« Analyze the accident report S7FEU9 ﬁ%ﬁ « The operator was burnt by

 List the facts and the possible causes burning metal and died a few
JI™ Frd e G R hours later

e Perform aroot cause analysis et Fj%ﬁzﬁ{?%jxf,'ﬁ#%f RS
BRI S
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18. Mechanical friction effect: dismounting of an oxygen cylinder
valve under pressure B EI B PR St ]

* In aretesting plant, the valve could not be opened by the unqualified operator

T2 =

* The valve was dismounted without checking that the cylinder was empty

[RIFSTER | s, 2

e The valve was ejected from the cylinder, which flew around the workshop
T SRR I T (R

e The operator was burnt by burning metal and died a few hours later
I (B BN & PR RS ] i

» The friction of the valve threads on the aluminium cylinder ignited the PTFE tape in the
presence of oxygen remaining in the cylinder

PEIPERP Tt ﬁﬂtf gl 2z 2o b

A %ﬁft#ffJ/PTFEt?ﬁPdé? R IR

- More than 3 kg of aluminium burnt  &3#= 7 fUgHBAIHr

» Before dismounting a cylinder valve, check that the valve
IS open by trying to introduce gas into the cylinder and
checking that it flows out ?iﬁ%éﬁﬁﬁjrﬁlﬁq,%p@[i@;ﬁ?gg
R AT "’Eé":;znﬁﬂiﬁn i J‘1~’T=’3'F§” LR ?if]ém
o If not, put the cylinder aside so that it follows a specific
and adapted treatment and inform the manager TR, }{f’]

SERRTE]- 2, 1 (RO SRR R Y

Taiwan Seminar 2012

EAIH LIQUIDE




Thank you
e

Original Presentation by
Herve Barthelemy (Air Liquide) at the
EIGA 2012 Meeting
[R¥E &i®ZEHerve Barthelemy &4

S EMRERN R B 2 3R
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Disclaimer

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

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

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

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

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

© AIGA 2013- Asia Industrial Gases Association. All rights reserved.
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