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LONG TERM DURABILITY OF STEEL GAS CYLINDERS
DO BEN DAI HAN CUA CHAI KHi THEP

Introduction/ Giéi thiéu

AIGA members have received information that some countries are introducing limits on the service lifespan of
steel cylinders. Other countries have raised the question if steel cylinders should have a limited lifespan. A further
question has been raised regarding whether the lifespan of acetylene cylinders should have a specified limit.

Cac thanh vién AIGA da nhén duwoc thong tin réng mét sb quéc gia dang dwa ra cac giéi han vé tudi tho dich vu
cla chai khi thép. Céc quéc gia khéc da dét ra cau hdi liéu céc chai khi thép cé nén cé tudi tho han ché hay
khéng. Mot cau hdéi khac da duwoc déat ra lién quan dén viéc liéu tudi tho cua chai axetylen c6 nén c6 mét gidi han
xac dinh.

Scope/ Pham vi

This Position Paper will respond to the arguments for such lifespan restrictions. It describes the designprinciples
and use of steel cylinders and also those of acetylene cylinders with their associated porous material formerly
referred to as porous mass.

Ban trinh bay nay sé phan héi cac tranh ludn cho cac han ché vé tudi tho nhw vay. N6 mé ta nguyén tac thiét ké
va céach str dung ctia chai thép va cd cua chai chira axetylen véi véat liéu x6p lién két cta chung, truéc day duoc
goi la khoi xép.

Purpose/ Muc dich

To put forward an AIGA position that provides information regarding the design, in-service practices,
maintenance and lifespan expectations of gas cylinders.

Bura ra mét y kién cta AIGA vé viéc cung cép théng tin lién quan dén thiét ké, thuc tién sir dung, bdo dudng va
tudi tho duw kién cta chai khi.

General principles/ Nguyén tac chung

There are three phenomena to consider which have a direct effect on the ability of a gas cylinder to remain
safely in service due to ageing through its service life:

o Corrosion;
e Creep; and
o Fatigue.

C6 ba hién twong céan xem xét cé dnh hudng truc tiép dén kha ndng ddm bdo st dung an toan cla chai chiva khi
do 0 héa trong suét tudi tho ctia né:

« An mon;

« Bién dang rédo (hay bién dang ttr bién); va

« D6 bén méi.

Steel cylinders for compressed and liquefied gases / chai thép cho khi nén va khi héa léng
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o Steel cylinders are not subject to the phenomenon of creep rupture because this occurs only when

materials are being used at stress levels at or near their yield stress and a service temperature at or
near 30% of the material’s melting point measured in degrees Kelvin. For steel this 30% temperature
is approximately 493 K equivalent to 220 °C. Cylinders work at temperatures well below 220°C typically
at ambient temperature that is less than 65°C.
Chai thép khéng c6 hién tuong pha huy do tir bien vi hién tiong nay chi xay ra khi vét liéu dang dwoc
st dung & mirc (ing suét bang hodc gan ung suat chay cua chung va nhiét do lam viéc bang hoéc
gan 30% diém nbéng chay cua vét liéu dwoc do bang dé Kelvin. Déi voi thép, nhiét do 30% nay la
khoédng 493 K tuong dwong véi 220 °C. Chai khi hoat déng & nhiét dé dwdi 220 °C, thwong & nhiét dé
méi trieong xung quanh nhdé hon 65 °C.

* Rupture due to fatigue of gas cylinders is a concern that is covered through the choice of materials of

construction, the equations determining minimum wall thickness for the cylinder and careful attention
to the design of the transition sections of the cylinder. The transition sections are where the wall of the
cylinder meets the thicker portions of the shoulder and the base. The design is proved during prototype
tests which in gas cylinder design standards are chosen in such a way that under normal condition the
cylinder will not fail in an unlimited lifespan of use. To achieve success prototype cylinders, have to
fulfil 12.000 cycle tests from 10% up to 100% of the test pressure (1.5 times working pressure) and
back without any leakage. Considering that most gas cylinders are re-filled less than 10 times per year
this means that the gas cylinder could safely be refilled for in excess of 1200 years without suffering a
rupture due to fatigue. ) . )
Pha huy do mdi cia chai chiva khi la méi quan tam duwoc dé cép dén théng qua vigéc Iwra chon vét liéu
ché tao, cac phuong trinh xac dinh chiéu day thanh toi thiéu cua chai va cha y can than dén thiet ké
clia cac phan chuyén tlep clia chai. Céc phén chuyén tiép la noi thanh cda hinh tru gép céc phéan day
hon cta phén vai va phan dé. Thiét ké duwoc ching minh trong qua trinh thtr nghiém nguyén mau,
trong dé céc tiéu chuén thiét ké chai khi duoc lwva chon sao cho & diéu kién binh thuong, chai sé khéng
bi hdng trong thoi gian st dung khéng giGi han. Bé dat duoc cac hguyén mé&u chai khi thanh cong,
phai thue hign 12.000 chu ky thtr nghiém tr 10% dén 100% ap suat thee nghiém (1,5 lan ap suat lam
viéc) va ngurgc lai ma khong co bét ky ro ri nao. Gig str hdu hét céc chai khi duwoc nap lai it hon 10 1&n
méi ndm, diéu nay cé nghla 1a chai khi dé c6 thé duoc nap lai mét cach an toan trong hon 1200 ndm
ma khéng bj pha huy do mai.

o  Corrosion of steel is not related to the age of the cylinders and is under control, as explained below.
External corrosion and other damage to gas cylinders can occur during operation. To detect and deal
with such problems the gases industry has developed prefill checks carried out before each re-filling
to ensure that no cylinder with external damage for example by corrosion, mechanical impact, fire, will
be filled. Steel cylinders can also be subject to corrosion, when water / liquid enters inside cylinders.
There are various techniques in use by gas companies to detect if internal corrosion may be present.
The simplest is by turning the cylinder upside down and opening the valve to see if liquid is ejected. A
more sophisticated method is to use of residual pressure valves (RPV) to prevent any liquid coming
from the customer or atmosphere into the cylinder. Residual pressure valves are becoming
increasingly popular and their effectiveness in preventing internal corrosion of gas cylinders over many
years been demonstrated to the satisfaction of Competent Authorities
Sw an mon cda thep khong lién quan dén tuéi tho cta chai va duwoc kiém soét, nhw gidi thich sau day.
An mon bén ngoa/ va cac hw hong khéac dbi véi chai khi co thé xay ra tfrong qua trinh vén hanh. Dé
phat hién va x& ly nhwng van dé nhw vay, nganh cong nghlep khi da phét trién céc budc kiém tra duoc
thuc hién truéc méi lan nap lai dé ddm bao rdng khéng cé chai nao bj hw hai bén ngoa/ chang han
nhw &n mon, va cham co hoc, héa hoan, sé duoc nap lai. Chai thép ciing ¢6 thé bi &n mon khi nuéc /
chat 16ng xam nhap vao bén trong chai. Co6 nhiéu ky thuat khéc nhau duoc céac cong ty khi str dung
dé phat hién xem co the c6 hién twong &n mon bén trong hay khéng. Bon gian nhét la up nguoc chai
va mé van dé xem Chat I6ng c6 bi day ra hay khdng. Mot phuong phép phtre tap hon la stk dung van
&p suét duw (RPV) dé ngan chéan bét ky chat I6ng nao tir khach hang hoéc khi quyen Xxam nhap vao
chai. Van 4p suét dw ngay cang tré nén phé bién va hiéu qué cua chung trong viéc ngan chan sw an
mon bén trong chai chira khi qua nhiéu ndm da lam hai long cac Co quan c6 thdm quyén.

o Gas cylinders are subject to periodic inspections and tests that are governed by regulations. See AIGA
090/14, A Reference Guide for Requalification of Gas Cylinders. These tests are very thorough, are
fully described in standards, and subject to oversight from notified bodies. Experience with these retest
procedures has shown that cylinders which successfully pass the tests are safe for a further period of
use until the next test is due. Cylinders which are rejected at the periodic inspection and test have to
be scrapped in such a manner that they cannot re-enter service. Analysis have proven that the rejection
rate, for instance due to corrosion, does not relate to the age of the cylinder.

Céc chai khi phéi duwoc kiém tra va thir nghiém dinh ky theo quy dinh. Xem AIGA 090/14, Huwéng dén
Tham khéo vé Kiém dinh Chai chira chi. Cac thir nghiém nay réat ky luéng, duoc mé ta day du trong
céc tiéu chuén va chiu sw giém sét ctua céc co quan duoc théng béo. Kinh nghiém véi céc quy trinh
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kiém dinh nay cho thdy réng céc chai virot qua cac thir nghiém thanh cong sé an toan trong thoi gian
str dung tiép theo cho dén khi dén han kiém dinh tiép theo. Céc chai bj loai bé trong qua trinh kiém tra
va thir nghiém dinh ky phai duoc loai bé theo céch ma chiing khéng thé hoat dong tré lai. Phan tich da
chirng minh rang téc do loai b, chdng han do &n mon, khéng lién quan dén tudi tho cda chai

o Cylinders can be removed from service at any time based on specific parameters considered as
important and relevant by the cylinder owner, but these reasons are not because of a risk of
mechanical failure:

o Cylinder is too heavy and inefficient;

¢ Old fashioned shape and dimensions; and

o Cylinder variant harmonisation process.
Chai khi c6 thé duoc loai bé bét ky ltic nao duwa trén céc thong sé cu thé duoc chi s& hitu chai coi la
quan trong va co lién quan, nhung nhitng ly do nay khéng phai vi nguy co héng héc co khi:

* Chai qua né@ng va khéng hiéu qua;

* Hinh dang va kich thwoc kiéu ci; va

* Quy trinh thong nhat cac loai chai.

Acetylene cylinders/ Chai khi axetylen

Acetylene cylinders contain the gas by means of it being dissolved in liquid solvents distributed into a sponge-
like structure. This structure is known as the porous material (porous mass). It completely fills the inside of the
gas cylinder.

Céc chai axetylen chira khi bdng céch né duwoc hoa tan trong dung méi I16ng, phén bé thanh mét cau tric giéng
nhuw bot bién. Céu tric nay duoc goi la véat liéu xbp (khéi xbp). N6 hoan toan lép déy bén trong binh khi.

There are two elements that need to be considered regarding the potential degradation of an acetylene gas
cylinder.

o  Cylinder shell; and
o Porous material
C6 hai yéu tb can duoc xem xét lién quan dén kha ndng xubng cap cua chai chira khi axetylen.
* V6 chai; va
« Chét liéu xbp
Cylinder shell/ V6 chai

» The design aspects for steel cyllnders are equaIIy appropriate for cylinder shells used in acetylene service.
Céc khia canh thiét ké dbi véi chai thép ciing thich hop tuong duong déi véi vé chai chira axetylen.

* Measures to reject cylinders for filling that have evidence of external damage are also the same.
Bién phap loai bé cac chai trwdc khi nap cé dau hiéu hw héng bén ngoai ciing gidbng nhau.

o Because there is always an emission of gas from the solvent, even when notionally empty, acetylene
cylinders are unlikely to suffer from water ingress. There is no trace of an oxidising atmosphere inside
an acetylene cylinder so corrosive processes are not active.

Vi lubén co khi thoat ra tor dung moi, ngay cé khi duoc coi la réng, chai axetylen khé c6 thé bj nuéc xém

nhép. Khong co dau vét cia méi trurong 6xy héa bén trong chai axetylen nén cac qua trinh &n mon khéng
thé hoat dong.

Porous material/ Vat liéu xop

o The porous material can be damaged during operation and show cracks, discolouring or sunken. The
periodic inspection and test procedure for acetylene cylinders is focussed on an external visual inspection
but malnly on a visual check of what can be seen of the porous material from the top.

Vit ligu x6p co thé bj hdng trong qué trinh van hanh va cé céc vét nut, déi mau hodc 16m xuong Quy
trinh kiém tra va thir nghiém dinh ky dbi véi chai axety/en tap trung vao viéc k/em tra bdng mat bén ngoai
nhung chi yéu la kiém tra bdng mat nhiing gi c6 thé nhin thdy cua vat liéu xdép tir trén dinh.

+ Ifthere is any problem with the external condition the cylinder will be scrapped.
Néu co bat ky van dé gi vdi diéu kién bén ngoai, chai sé bi loai bo.

o Ifthe porous material is visually not acceptable, because of an unacceptable gap developing between the
porous material and the inside of the cylinder shell or it is becoming cracked, friable or of an
unacceptable colour, then two courses of action are possible:

o Re-massing is possible that is remove old, defect porous material and replace with new; or
o Scrap the complete cylinder, see AIGA 036/16, Guidelines for the Management of Waste Acetylene
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Cylinders
Néu vat liéu x0p la khong thé chap nhén duoc vé mat truc quan, do c6 mét khe hé khong thé chap nhén
dwoc phat trien gilra vat liéu xop va thanh trong cua chai hodc né tré nén nit, bo hodc c6 mau khong thé
chap nh?n duorc, th{ co ,thé thue f]ién hai bién phap: ) ) o
0 Co thé lam lai khoi x6p, bao gom viéc loai bd véat liéu xop cd, khuyét tat va thay thé bang vét liéu moi;
hoac
o Loai bé hoan toan chai nay, xem AIGA 036/16, Huwéng dén quén ly chai axetylen thai

Conclusion/ Két luan

Gas cylinders are subjected to multiple tests and inspections during design, manufacturing, filling and regulatory
periodic inspection.

Céac chai chira khi phéi trdi qua nhiéu thir nghiém va kiém tra trong qua trinh thiét ké, sén xuét, chiét nap va kiém
dinh dinh ky theo quy dinh.

The type of material of construction, design philosophies and the mandatory requirements specified in the
standards, ensure safety of gas cylinders for an unlimited service lifespan.

Loai vét liéu két cau, quan diém thiét ké va céc yéu céu bat budc quy dinh trong tiéu chuén, dadm bao an toan cho
chai khi véi tudi tho khéng giéi han.

In those cases, where cylinder design, manufacture, operation and inspection follow the required procedures
cylinders can be expected to have an unlimited service lifespan.

Trong nhitng truong hop dé, khi thiét ké, ché tao, van hanh va kiém tra chai tuén theo céc quy trinh bat budc,
chai cé thé cé tudi tho khéng gidi han.

Lifespan restriction can be justified in cases where the inspection procedures cannot be guaranteed or where a
batch of cylinders are found to be defective or questionable or where there is no periodic requalification conducted
on cylinders. . . .

Han ché vé tudi tho c6 thé dwoc diéu chinh trong cac truong hop khdng dam bao dwoc quy trinh kiém dinh hodc
khi 16 chai dwgc phat hién co khuyét tat hodc nghi van hodc khi khéng tién hanh kiém dinh dijnh ky déi véi chai.

Gas cylinders for on-board storage of gases as a fuel for Automotive vehicles are designed for finite life service
and shall not be used after predefined life time has been reached.

Chai chira khi gdn kém dé chira khi lam nhién liéu cho Xe 6 t6 dwoc thiét ké dé str dung hitu han va khéng duoc
st dung sau khi da dat dén thoi gian str dung xac dinh truéc

Disclaimer

All technical publications of AIGA or under AIGA’s name, including Codes of practice, Safety procedures and any other technical
information contained in such publications were obtained from sources believed to be reliable and are based on technical information
and experience currently available from of AIGA and others at the date of their issuance.

Where AIGA recommends reference to or use of its publications by its members, such reference to or sue of AIGA’s publications by its
members or third parties are purely voluntary and not binding.

Therefore, 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 contain 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.
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