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Avoiding Cylinder Accidents

By Eugene Ngai

In the kast 10 yeary 2 mamher of srious inc-
dents have occurred as 3 result of mexpen-
enced ndidozly filling high pressuse gas
cylinders with gas mixtures that caused the
cyimders to rupture unexpectedly. When ths
happens it can not only cause seroes injury
andloc phywcal damage, it creates 3 sigmificant
haxard to the fest responden to the incident.

Some of these incidenty occurred at compa-
nies proccing “green” gas mintures. These
mixtures are adyertsed ay being enviennmen.
tally iriendly and energy officien, but the com.-
paztes filling these cylindess ar= fraqaenzly not
sware of the many harards asociated with
these types of mictures.

Whenever and wherever cylinder filling,

stocage, and handing occurs, the saizty of the
handlers and the surroundmg, pablx 1 para.
mount. It = important that handlers know the
inherent potestial rsks and the ermony that
cnned peevious unexpectad nodents in onder
to prevent the same types of disasters from
being repeated.

Carbon Monoxide Stress

Corrosion i

[zventors and engreprencury have bren sedling
a peoprictary gas muxesre known by mazy dif.
ferect names: Brown Cas, Hydrilium, Agea-
Fuel, MagreGas, Carholrpdrilium, and othess.
Thee ar marketed 25 envirurementally frendly
(green) fael gas purpartedly more energy offi-

cerst than Apdrocarbon-hased fueks. Thas gas
mixture is 2l wmed 25 2 fusl for barbague gnlls
with a flame temperature hotter $han propase.

Onz method of making this mixtare is by
dectrofyncaly decomposing witer usog 2 car-
bon elecirede. It typically foems 2 gas mixnure
of hydrogen (80-70%) and carbon monoxde
[I5-30%) with 3 low concentration of
methame (1-2%). Thees & also some carbon
dionide, nitrogen, and oxygen. This = com-
prassad meo hgh pressure cylindess to pres-
surcs over 2,000 paeg [13.89 mPa). When thn
mixtues 1s packaged at high pressares in 2 car-
bon steel cylinder, it focmy the wdeal environ-
me=e for carbon monoxide Stress Coeromon
Cracksg |SOCL
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What You Don’t Know Can Hurt

The SCC was molved in 2 case of 2 violent
cylinder explmion =volving 2 gas mixture o
an Orlando, Fondz indestrizl beslding in Sep-
tember 2043, The fire department resposse to
ths, recordsd @ an excellent Frr Enpmacrmy
arick, “The Dangers of Hydrogan Based Fx-
pecimental Fuele: Publc Life and Heaith Is at
Stzke,” was written by two retired officens
from the Orando Fire Department involved 1
the mystigation.

In ths incident, the cylinder comaining the
mixture suddenty rupturad, Blowing out an ad-
cent extenor wall and destroying the building
intenior. Fortunasely, the building was not nc-
cupiad at the tme. See Fgure 1)

When examined, the jagped adpes of the
cylmder tear 25 well 23 the longitudinal cracke
in the cylinder interior indicatad sygnificant
SOC. The cracks became apparent hecause the
cylinder walls peelad hack, stretching the ine-
oinr wall hackward, creating long cracks along
the horizontal axin

The Orlande inventor had experienced 3
number of cylnder lezks and valve failuns, yet
coetinuad to produce thes mixture. He emre-
neously concladed that the lesky were dus to
cylnder or valve defacts rather than SOC and
exchanged the cylinders for cew ones at the
local gas supplier.

Four Factors for SCC

Carbon monoxide (O0) SOC is a problem that
is well known within the compresed g in-
dustry. The ndustry experienced 3 mumber of
pure carbom monoxide cylinder naptures i the
1950y when the fill presaurss for the gay wene
increased 2bove 1,000 pyg (7.0 =Pa) 1o 2,000
psig (1389 mPa). Ths lad to 3 number of stud-
iea an the problem that came o the same con-
csien: @ order for SCC 0 oo, carbom
moooxide, carbon dioxide, liguid water, and
carbom seeel under strass |peessare) all had to
be pemsere (1)

Hawing only three of these factors will no¢
cause SCC 1o accur. SOC b the combined 2c-
too of corrnmon and tensils stress (applied or
residual). These cracks form throughout the
cylinder intering, and contimee to grow whes
all four ingrodicnts are peesent. The trgger i
thought 20 be local disclution of rom dos to
the carbonc sced formed betwesn water and
carbom diovade, with general corrosion being
inhihzied by carbon monnxide, Ths phenom.-
enom leads normally to transgranular cracks
with branching, a5 is ilkatrated in Figurs 2.

Transgranular Craclkang

of Carbon Steel

QO SCC will creste numeroes microscopc
crachs shroughowt Se cyiinder. A sngular crack
due to 2 manufacturing defect would not cause
a2 catastrophic faikae of the cyfindze, it would
only produce a gas dexk through the crade

The SCC reaction will nccur at room tem-
perature with the raie incrassing with incraas-
ing temperatunes andfor presure. The presence
of nxygen or sulfar compounds will also in-
crexse the rate of SOC.

Q0O SOC 1 not 3 problem with aluminus
or stainfess steel oylinders. This could be the
rezson why somé of the “green” gas prodicess
arz now using these types of cylinders; they
might have experienced cyfinder 22k when
using carbon steal.

Afeer the incdents in the 19508, DOT Em-
ited the fill presure for carhon monoxide and
carbon manmxide mixtures of greates than ooe
percent (49CFR173.302a(c}) s0 1000 psig
(13.39 mPa) or 516 of the warking pressure of
the cylnder, whicheser is s, Thix reduced ome
of the four components, str=s. The cyfinders
in the Ordando incidant wers filled to pressures
well zbave this.

Liquid wates withm cylinders, which s one
of the factoes for SOC, caused another w= of
sennus ssuss. The gay mndeatry experienced 2
number of cylinder failures m the 1980, with
disposable cylinders filled with an swomotive
exhamt gas cabibeasion mixture contaning car-
bon monoxide, carhbon dioxide, and other
gasex. These mixtures weee filled into low
grade, low pressure carbon sieel cyfinders. The
moisture was not adequately removed from
mqudmdmlnzpmpcmmdmngd
the cylinders, and this ovenighe caused the
cylinders to fail when liquid water formed.

Liquid water &3 2bo eastly form m cyin-
dess if ambient temperatures that the cylindess
are nocmally expooed to zne net taken 2o ac-
coent and the dewpoee of the moisturs is not
low moagh. For example 2 typical green gas
mixture of &0 pescest hydrogen, 35 percent
carbon momoxide, two percent carbon doxide,
and three percent nitrogens filled o 2,800 psg
(1665 mPa) wil start 1o cocudense Iquid wazer
at 100 percess relative humadny 2t the dew-
poim e peratures, shown @ Bgure 3. To en-
sure ligead water is not formed, the gzs sapplize
must commder the coldest temperature the
cylinder can be expased o,

Capillary condenuation of waser, however,
can occer mcracks or wrface scalke at 3 relative

Figurs & Tiansganuiar cacas It a tranching catiom
Sourta (| Marticr, R

Dewpoint H.0 Partial Prees
F(C) mm Hg
7021) 4653
a2 (0) 1404
20(-29) 186

O s gkt 8 240 g g e

duemidity 2 low as 60 percent{3) To be com
seovative one munt consider 2 relative hoemdity
of 70 percent. Sence SCC will not occur while
the water is froeen, the frezing point temper-
atuce of 32°F {0PC) will be used. At this te=.
perature 3ad relative humidity, 3 dewpoirst
temperature of 23.3°F (4.8°C) s estemared.
This has 2 water vapor presure of 3.2 mm Hy.
Oxge the condensation and freexing occury, o
will take 2 much higher semperatece than the
dewpoint o revaporoe the wates
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Cylmdens conmaming pare carhon monoxade
with 2 moisture dewpaint of -125%F | -87.2°C)
and no su¥ar hawe been wionad for mamy years
with no problems, even a1 preasans of 4,000-
3,000 paig {27.68-34.58 mPa}. Similarly, there
have been cylinders with pezssures of 2,300
paig {1596 mPa) stoced a1 temperatures of
21 2°F [ 100°C) thut have niot experienced prob.
lems. Hgh purzy QO cylinders weh mosture
dewpaints and hgh pressans, and oven heatad
to hgh temps, have been fine. The danger of
explosian dus to SCC occurs only when 31l
four factors are present. To be safe, the gas in-
dustry recommends 3 moisture level of 20
ppm, dewpomnt £5°F {-54°C) or lesx. Some gax
companes nsuire moisture level of 16.5ppm
[dewpoin -70°F, -57°C) or ==,

The compressad gas industry has poblshed
safety alerts on this peoblem. The Faropean
Indestrial Gas Association (EICA] Doc
9S/MUE, “Avordance of Failure of Carbon
Monoxide and of Carbon Monoxide/Carben
Dioxide Mixturss Cylinders,” was adopted by
the Comperased Cas Assocation (CCA) 2
COA standard P-57. In “[5O 11114 Gas cylm-
dess — Compatibility of cylinder and vake
mazzerizly with gas comeenty — Part 1: Metallic
Materials Cas, 2010 edrion,” ¢ states forcar-
bon manmods:

“... Highly senszive to any traces
of moisture (> § ppmV at 20 MPa (200
bar}), in the peesenceof (0O, {> 5 ppm V).
Industrial grades of carbon monoxxde
mormally contam traces of CO;. Thsan
result = risk of stress cocrosion, in the
case of QTS, CS, and N5 cyfinders if used
at the moemal service stress levele Expe-
rience shows that this nek o diminatad if
the fill peeswer= at 15°C is lews han ¥ of
the cylindes working peessure™ (4)

There is not a3 good methed to detect
whether SOC has ocourred with 3 cplinder
FIGA pamphlet 95 indicazes that hydrotesting,
2coestx emizmion, ar ultrasonic sesting will da.
tect these cracks. Cyfinder testers in the US are
divided on whether these meshods will fnd
SCC. The ather methods such 25 microscopic
or dye penetrant mspection requires the de-
struction of the cyimder. Unless there are
proven test methods, it 3 best practics m con-
demn carbon munoxade or carben monoxde
mixture cy imders that have been pressand at
the normal stee] strems ewels and contained
high dewpois levels.

Explosive Gas Mixtures
A cylinder containing 2 flammable gzs and an
oxtidger gas mixture can be extremsdy dangee-
ous if it » o the fla=mable range and at high
prasure: This mixeure can exist ndefiniely m
the cylinder umil 2 source of energy ignites 23
roatine handing and transpoctaton of the cyfn-
der do not in Semadves ignite these mixtures,
Igneion & typically due 20 adizhatic com-
presmun hest when the oylnder valve 5 opesad
and the gas is compeessad suddenly. Pressure
increases 23 Jow 2s 150 peg (1,14 kP3) can
came the gas to beat to 576°F {J02°C, wihich
is apgenaching the autoignition tesperatur
for 3 hydrogen balarce 2ir mixture of 752°F
(400PC). A 750 psig (5.29 kPa) mcrease will
heat to 1,182°F |639°C) whilz 1,500 {1045
mPa) peg will be 1,540°F [313°C); both zre
well above the zutoigniticn temperature for
maost hpdrocarbonfzic mixtures. Once ignited
the reaction wavefront propagates back into
the cylinder caming the rest of the mixture to
react, on the mixture concentration
it will deflagrate or detonae. In extreme caves
the cylinder will ywolently shatter into many
small pleces.

Accidental Mixtures

Explosive gas mixtures an be made due to
mistakes or created by accident 2 a result of:
equipment fadurs; operasor error; cakeulaton
error; procadure sequence not followed; or =
gas micture Seposal activities.

The 1988 Gollub Asulytical Services inci-
dent 1 Berkeley Heighey, NJ is 3 trage exam-
ple. of an accidemtal mixture caxsing aa
explosion, A silane (pyrophoric gas) cylmder
wis somchow comtameated with nsroos
oxide (oodizer]. This cyknder was shipped and
handled for more than 3,000 miles aroend the
US without mcidest.

Caliub way contracted to amalyze the cyiin-
des that 2 user was having, process problems
with, They were hornfiad to find the wlane to
becontaminated wich 2 high concemtration of
nitrous oxsde. They were attempting 10 vent
the cylmder when x suddenly exploded,
killing thres people and severely injuring z
foarth person.

A smmidar type of nddent occurred in 1991
@ Ouakz Universsty, Japan, killng two gradu-
stz students. Nitrous oxide backilowed #oo 3
sitane cylinder thringh a shared mert gas purge
line and 2 damaped checkvalve. After these in-
adents, the QCA Semiconductor Cas Commit.-
tee devedoped 3 Safety Alert, “Dangerous

Combratiors of Flammable and Oxidizing
Cases ™ The Fire Codes wens also changed ta
requirz separate high peessare purge 29 sys-
tems dedicated foe silane.

On October 23, 1963, a viokm cylinder ex-
plowion occurred in Corpus Christi, Texas, The
explosion caused four fakties and 30 njuries
when a cyfinder shatiered into 200 pieces. The
explosion force was so viokest that the thm
metal nepture Gsk in the Pressre Rebief Device
(PRI} pumchad 3 hole through the 18™ Sack
metal houseg,.

Afterward an astempt was made to reoon-
struct what may have been o the cylindes
Ower 40 sesty with cyEndens filled with vanows
flammable gawss and liguids mived with axy-
gen were conducted. Acconding to the findings,
a soxchiometrc mixture of 67 percent hydro-
genv33 perceme oxyyen, fillad imo 2 Ngh pres-
sure cylinder and ignited by 2 blasting cap,
yiedded the resuls shown in Figue= 4. {5)

CORPUS CHRISTIE
CYLINDER INVESTIGATION
Pressure,

Psg (mPa) Cutcome

500 (355)  Cyfinder buiged skghtly

750 (827) Cyfinder shatiored into
204 pieces

1000{13.89) Cylinder shatiored rto
404 pieces

1750{12.17} Cylinder shatiored rto
100+ pecea

Fousd Resuscliodng  Souta (3] Matitows

Incressng peeswres caused the cylinder tn
shattes pan more pieces. The nesults of thinin-
vastiganon have become 2 valuable reference
for people mvolvad 1 explosive gas mixture

In another tragic 1998 incident, 2
cylinder thay was resurned by a Jocal gas dis-
tributor to 3 gas suppler detonaied at the ga
fillng faclicy after the operator sopped it off
with hpdrogen, not reakeang that it had bem
used for axygen service by the dmtributoe. The
cylinder fragmented =20 over 200 pioces
kifling the operator 20d destroying the budd-
ing. Oxly 45 percent of the cylinder mass was
reoovered. During disposal operations of five
other cylinders a second cylinder weh an ex-
plosive gas mixture was also fmod.
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De Chester Crelecki of Hazands Ressarch
Corp. reporied 2 moichoometric mixture of hy-
drogen (6£.6%.) and oxypen (334%) =3 4.
liter cylinder filled to 2,000 psig (1339 =)
t be equivalent to 10 1bs (4.53 kgl of TNT. A
mixturs with excess oXygen 5 moe enerpec
than a stoichiometric or bydrogen rich mix-
ture&) The Corpus Cheaei explosion was es-

tmated 20 have been equivalent m 15-30 1
(£.30-13.60 kg) of TNL (5)

Dellberate Mixtures

Cas suppliess routinely peepare gas ssixtuns
mntainey hoth 2 flammahle gas and oxdizing
gas for instrument clibration (leam, 2.5%
CHJAir} or for deep s=1 diving {rich, 2%
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Oy'Hy) wsng formal protocol and dedicated
mixing, sysemu(7) These mixtures have flam-
mable oc oxdirer gas comcentrations low
to0oph tn mot propagate a reactinn. At some
point during the preparation of the mixture,
howeves, the concentrations coudd be at levels
that could cause 2 reaction. CGA Standard
P.SE, “Safe Preparation of Compressed Oxi-
dam-Fued Cas Miteoes in Cylindens™ racom.
mends guidelnes on how these gas mivures
can be made saicly
The Furopean Indusrial Cas Assocanon
(EIGA} developed the standard, “Safe Propa-
rasim of Oxadam Fued Cay Mixtures™ o Feb.
ruary 2004, and = was adopted by CCA a3
CGA P-36. This guids outlines seven baxic
principles that must be adhered to when mak-
ing these types of mixtoces:
1. Writzen mstructions shall be prowided
2 Equipment and faclities shall be
properly desgmod
3. Wrnitten instructiom shall be preparad by
competern: Rafl wsing cecogamed data
4. Penonnel stall be tramed
5. Imended cylmder contem shall he
denzifizd hefoee filling
6. Supply gases and cylinders shall he
comerofiad
7. Faglities and procadures shall be
audited

The company TRW developed third geo-
eration car airhag techoology, Hot Cas Infla-
tor (HGL), usaig the explosive resction of 2
stoichoometric hydrogen and oxygen gas mix-
tre. The advantage over sodium zaide tach-
nology = that the resction byproduct (water)
15 mot toxic and the mixture is more thermally
stable.

Far it ta be efective 35 30 airbag inflation
device the bag must inflate within 30 miilisec-
onds. This gas mixture i comtamad m 2 small
aluminum cylindes at 3 presure of 4,500 psig
(3113 mPa). The reactson is mitiated by finng
a squib, whach penetrates 2 mesal ruptare
disk. As it is propellad through the mixtume it
iggnites it To accommodate different siee pas-
sengers 3 muits-stage HGI can be used where
a car seat sensar can fire ome or more infla-
tors. These cylinders have undesgone exten-
uve mtmg for physical impact, fire, and

bullet penetration to demonstrate their safesy
in hundleg and transportation. They have
been ausyped UNSIZEN with 2 shipping
name Air Bag Inflatoes, Pyrotechnic.

These are some instances, enfortunately,

4] Speciaty Gx foport « Secoed Quarkr 2914

VW S0t RueItoon



wheee safery recommesdations are delibes-
ately overlooked, mow notably for terrorist
purposes. [t & no longer passibie to Bring per-
sonzl cylindery of medical oxygen on a plane
— these now Rave to be rented from oc pro-
vided by the airline.

After Seprember 11, 2001, 52 US Depart-
ment of Transponaten {DOT) condocted t2st-
ing of madica] E oxygen cylinders filled with
exploaive gas mixtares due o ooocee that 3o
cxploane gas mixturs can be used @ 2 terrornt
attack.(3) Cylinders and the gawes used by ter-
rorats are commondy used by consumerns, and
therefoes can be sy obtamed. These can abo
be stored mdefiniely and transporiad withoot
reactice. Of the commvon fammahle gaees
tewed & 2000 psig (1389 =Pa) with pare
axygen, ethylens was the mome energetx, dou-
ble that of methane and even hydrogen.

Delberzte mixturss and safery preczutions
are not always fookcool. A Combustion Light
Cas Cun {CLEG) 5 an experimenzal weapos
devalopad for a shig, which can showm 2 Bve-
inch 17 om) dizmeser shell at 3 weioaty of
4,000 fulsec {1438 =isec). This 1 2 wgnificantly
higher wlocty than the coaventions! wespon

velocity of 2650 fafsac (308 mbsec). It has 2
range of 200 mikes (322 km) verses the curnest
20} miles (32 km) An added bocus is that the
cost per shedl i 10 percent of the current cost.
The high peassur= gas mixture of hydrogen
and oxygen is Nemded in the weapon chamber
just price to gnition. Despite years of working
with this mixtun:, though, the company R&D
growp sufferad an explowon wiech propelied 2
cylinder though the rock. The cylinder hen re-
tumed pesmceening the roof 2t anothes Jocation.

Green Gas Mixtures
Otier types of “green”™ gas muixture have been
prepered and marketed, In ome case the imven-
tog, Timothy A. Lamson, recerved 2 US patest
(87,793,621, Alternatwve Foed Engne) daming
that b method of dlactrolyss “modd]les} the
bond angles of water,” and theeefon: gives it
moze eney. The hydrogen and oxygen pro-
duced by elxtrolysis is semply compressad
back mto high pesssare cyinders 2y 2 stochio-
mesrc mixture. This » sold 23 2 more enviroo-
mentally friendly fusl gas for reseasch projacn
typacally involving fus colis.

Companizsy ownad by Larson expeniencad

focas leature

three explosions, which caaned serous muries
and phyncal damage. A fourth explesion =
ured three people includmg Larson's som, and
dastroyed the surroundng buildng oo August
9, 2011 at Symar, (alifornia. The faclty was
shut down and multaple state and federal agen-
O respondad.

Dureyg the cleanup the authonties fnund
mne other cylinders contamvng the gav mix-
wre, known 25 Tylaz To mowe these cylndees
the EPA obtaned an Emergeecy Spacial Perme
¥15452. They evacuaned 10,000 ressdents and
closad the adiacent interstaie when they began
the operstion to rendes the filling system
on-ste safe

Ower a perind of three monthy, thres sepa-
male operations were condoctnd to vent the
cyfinders. Initally steel tippead I0K caliber bul.
Iy weer used to perce the side of three small
cyfinders. Two flashad 2nd one desonated, de-
stroying the dispomal 2rea. They resocted o
shapad charges &t 3 military facilny for the m-
maineg cyndass.

On Ocober 16, 2011, DOT msuad the fine-
ever stop order for Srazegxc Scoemom b,
Real= Industries, and Rambow of Hope, zll
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owned by Timmhy A. Lamon, which preventesd
him from filling amy cyfinder with Tylar ps
and from transpocting those cylinders,

Safely Disposing

Explosive Gas Mixtures

As noted, opening the cylinder valve can caose
an explosive mixture to gane. In some ina

the same batch. These were transportad to 2
military ste and dapuosed of by wsing 2 shaped
charge to puncturs 3 hole in the cylindes:

If 2 cylinder is suspected of containing an
expiosive g1 mixture, specal peocedures are
required to xafely divpose of the mixture. One
methad nvolves the we of 3 costoos despned
remees valve openes and cyfnder mandfiold, but

dents cylinders suspectad of congaining an &x
plosive gas mixture have been transportad to
remnte locations to be disposed of. Inan ind
dent @ 1993, a2 cplinder contaming an explo-
sive mixture of hydrogen and oxygen =
Colorado Springs, Colorado explodad whes
the valve was openad. The axshaorries and gas
suppher identifiad fove other cylindess made =

LOX-8 Paste & Grease
O, certified by NASA & BAM

Still not impressed? Look at these credentials!

LOX-8 is waterproof (hydrophobic) as well as
inert to many aggressive chemicals (complete
list is on our website).
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Did we mention that LOX-8 was certified by
NASA and BAM (Germany) for
use with gaseous and liquid
oxygen? It was!

Want to see
the reports
and find out
more?

Visit us on
line or call
and talk to
an engineer
about your
application,

Invented & Manufactured by
Fluoramics Inc. Mahwah, New Jersey USA

www.fluoramics.com - 800-922-0075

other methods rely on tacthios like those men-
tomed here. As of pet, very few gas suppher
Ememency Resporse {ER ) teamy are traimed or
have the equipment to handle thin 1
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