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On the Cause of Accidental Explosion of Oxygen Hoses

by Hidenori MaTsul and Kougaku Komamiva

Abstract ; Many accidental explosions of oxygen conveying rubber hoses for gas welding or steel
manufacturing industries have occured in Japan and other countries. A typical case shows rupture
of a hose in many places due to a detonation. The cause of the explosion may be that a fuel, such
as acetylene reversely flows into oxygen hose and formes a fuel~oxygen mixture, then it will be
detonated. However, as oxygen pressure used in a workshop is usualy much higher than that of
the fuel gas, the reverse flow of fuel is hardly realized. In order to make clear the real cause of
these accidental explosions and to establish the preventive measures of the accidents, three kinds
of experiment, reproducing the explosion phenomena, have been carried out.

In the first experiment, based on the assumption of the possibility of reverse flow of a fuel into
oxygen,the propagation of gaseous detonations of acetylene~oxygen mixture in rubber hoses and
the effects on rubber hoses were investigated. As a result, it was proved that the oxygen rubber
hose was hardly ruptured by oxy ~acetylene detonation at usual oxygen pressure unless the hose
had been degraded. In an excess concentration of oxygen, the inner surface of the rubber hose was
ignited by propagation of gaseous detonation and large amounts of soot, hydrogen and
carbonmonoxide were produced by the succeeding diffusion combustion of the rubber. These
combustibles were re-detonated by another ignition. .

In the second experiment, soot film detonation in oxygen was investigated to confirm the
secondary explosion of the soot produced by diffusion combustion of the hose rubber. The inner
surface of the test tube was coated with thin layer of soot which was formed by the decomposition
of acetylene induced by shock wave. The soot film detonation was directry initiated by an oxy-
acetylene gaseous detonation. The wave velocity in a transparent vinyl resin hose was determined
from self luminous streak photographs with a rotatory drum camera, and the wave velocity
determined from ion current detecion with ion gaps in steel pipe. The wave pressure was also
dttermined with piezo electric pressure transducer. Almost steady soot film detonations were
observed with the wave velocities of 1,500~2,000 m/sec. The peak pressures of the wave were
about 56 times the initial pressure of oxygen. Therefore, the soot could be one of the fuel materials
for the accidental explosion of oxygen conveying rubber hoses.

In the third experiment, DTA (Differential Thermal Analysis) was performed with the fats
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which was initially adhered to the inner surface of a rubber hose in the manufacturing process.
This experiment was pre-examining to see the possibility of solid fat film detonation in a hose.
Exothermic starting temperature, ignition temperature and wt. % of burned residue of the fats
were determind from DTA. Next, fat film detonation in oxygen conveying rubber hose was
investigated. Attempts to detonate in smaller hose of 6.5 mm i. d. were not successful, but in
larger hoses of 25 mm i. d., the fat film detonation with steady wave velocity was achieved in the
range above the oxygen pressure of 1.5 atm.However as a quantity of the fat in the hoses is too
small, it may be suggested that the rubber itself could be a fuel material. The wave velocities in
these experiments were 1,350~1,450 m/sec, and the peak pressures were 31~32 times the oxygen
pressure.

From the above experimental results, we may conclude the following on the cause of
accidental explosion of oxygen conveying rubber hoses : Rubber is essentially combustible
material and is easily ignited in bxygen by various ignition sources, such as static electricity
spark, friction spark of particles, heat of adiabatic compression of oxygen and flash back at the
torch, etc. Once ignition of inner surface of the rubber hose has occurred, proceeding diffusion
combustion of rubber produces other combustibles, such as soot (carbon), hydrogen and
carbonmonoxide, etc. These combustibles are dispersed into oxygen flow through the hose and
form detonable mixture. This mixture will be re-ignited by the first diffusion combustion or flash
back at the torch. The flame in soot, combustible gases~oxygen mixture will easily develop into
two phase detonation, sometime including fat film detonation, with higher wave pressure and
longer reaction zone compared with homogeneous gaseous detonations. For prevetive measures,
removal of the ignition sources, regular examination and cleaning of hoses are important.

Keywords ; Oxygen, Gas welding, Rubber, Combustion products, Detonation.
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Photo. 1 Accidentally exploded oxygen conveying
rubber hose.
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Table 1 Effects of gaseous detonation on rubber hoses
SR I RO T LR—A~ORE

Specification of hoses Gaseous detonation
Expt. Rubber hose Inner | Outer | Rupture | Mixture Initial Velocity Damage of hoses
No. dia. |dia. | pressure* |CyHavol.% | pressure | measured
(mm) { (mm)]| (kg/cm?G)| in Oz (kg/em? G)| (m/sec)
1 | Hose for oxygen 6.5]15 75 35 3.0 2,702 | No damage
2 | Hose for oxygen 6.5115 75 35 4.5 2,702 | No damage
3 | Hose for oxygen 6.5]15 75 10 5.0 1,933 | No damage
4 | Hose for acetylene [ 9.5 16.5 24 35 2.0 2,681 | Ruptured at the hose end
5 | Hose for acetylene | 9.5 16.5 24 35 2.5 2,693 | Ruptured at the ignition & hose ends
6 | Hose for acetylene | 9.5 16.5 24 35 3.0 2,705 | Multiply ruptured at 18 spots
7 | Hose for acetylene | 9.5 16.5 24 35 4.5 2,705 | Wholly destroyed
8 | Vinyl resin hose 10 15 8 10 1.0 1,860 | No damage
9 | Vinyl resin hose 10 15 8 10 2.0 1,860 | Ruptured at the hose end

% Rupture pressure was determined by hydraulic pressure test.
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Table 2 Gaseous products after the hose
rubber ignited by gaseous detonation.
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Gaseous products Vol. %
Hydrogen 12.8
Oxygen 30.4
Nitrogen 0.5
Methane 1.3
Carbon monoxide 31.6
Carbon dioxide 23.5

(Case of Expt. No. 3 on Table 1)
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Photo. 2 Experimentally reproduced multiple explo-
sion of rubber hose.
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Photo.3 A self luminous streak photograph of soot film detonation.
(x-coordinate : time in msec, y-coordinate : distance in m, oxygen pressure P,=1 atm,
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Table 3 Results of differential thermal analysis of the substance adhered
on inner surface of oxygen rubber hoses.

B¥ER I LR— ZNESRDORERITER

Type of hose Differential thermal analysis
Analysis M Inner dia. | Sample Exotherm. | Ignition Final
anu- Histo ight tartin; temp. residue
facturer y wes starting p S
No. (mm) (mg) temp.(C) () (wt %)
1 A Used 25 5.17 207 310 53
2 A Used 25 3.98 206 326 54
3 A Used 25 3.07 Not 212 55
4 A Used 25 1.95 207 Not ig. 57
5 A New 25 6.64 Not 227 65
6 B (For air) 25 2.56 Not 224 16
7 B New 6.8 1.88 Not 227 9
8 A New 6.8 0.66 211 Not ig. 12

(Atmosphere : 02 10 kg/cm? G, temperature rise rate : 20 °C /min.,

sample contained in aluminum cup.)
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Fig. 6 Schematic diagram of the apparatus and diagnostics for fat film detonation.
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PUETKR—ARNZBIT3ENEL, £z, AT
T, BAERIER L, KUY B 8, A% 25 mm,
HWE 5 mm OEZHAR—RA BT, BEE0.5kg/
cm? LA ETHR—ARICEIC BT 5 Eai8 Uz Fig. 7
CBTOERECTBEDA L VERRVUE YV EN
HoEAEROFIERT, 14 YEROBIIZ, K£
HOEZEERRLTBY, ENFOHTIE, BEERD
BEEROFENEFHERLTWSEI3BEHOA 4V Fy
v FERAUCMHBRSHM L CEAZRFUIR T ohnT
BY, KKHEEEHEEEMZIZEARLTHLSE Z b
»%,50 cm OB TERD T oniz4 4 BROEN
23, IZIZERMERTCHEAIL WA s, HHE®E
ENZIZEE THLILbbrd,

Table 4 AR 25 mm OB T ALK —ANTEL?
BESBEOGEERERVCERENOREES2RT. B
T EBEOEIFEER, W b 1,400 m/sec, FETH
FEHOBRSEIZBEDVIEDH 30 ETh ol BBRE
1.0 kg/cm? TRZPHDOBRE—RA RUFTHEDZET R —
AlZ, ECTBIS>HEORMERE L > T, B
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Table 4 Wave velocity and peak pressure of the film detonations
in rubber hoses of 25 mm in diameter.
Tok—Z(25m ¢) TET 3 HEHE T 5 BOEESHE

Lenght Hose Pressure | Wave Peak pressuure
Expt. | Type of hose | of hose sha of Oz velocity a(P I;Po)u
No. (m) be (kg/cm? G) | (m/sec) €
1 New for O 4.5 Straight 1.0 1,418 30.7
2 Used for Oz 5.0 Bended 1.0 1,428 | (Hose ruptured)
3 Used for Oz 4.0 Straight 0.5 1,449 32.2
4 New for air 4.0 Straight 1.0 1,350 | (Hose ruptured)

B ARETERPHE L THA L, BRACER—AD
RER & 2HEAETZ, AFEOBREI—-RADHHT
1 75 kg/cm?, i 5T 60 kg/cm?, B #HEOZERHA
A —A T 55 kg/em? TH -7z,

BEFR— AL, FEHERCREBEEET 2088 E
THBDT, w—ABRELE ] FEICHEE 60 cm DO
EThHH S w755 TORE S EE L7228, Table 4 @
Expt. No. 2 IR T & 512, BRRDO R — A DFEH K
N, BREZERZEDNEN 572,

Wiz, BERBWEK—ANEZATE L7 BRI O
BB chhid, —ER—ARRBEITIBELT,
ARYINEBR S NI R —A TR, BRI S HIEEL
ZWETTH 5,.Fig. 8%, A HEEEF— A DOFEH
WOWT, BETE1.0kg/cm? TRISBEULEEZD
BESEEE, AUA—RAZHAWTRE—&GTEUE
BRERSBIZBED, EHREOSEE)  ERE L RHOBR
TRLIEBDTH B, ZOM» 5, —EEHDERTI,
RIBERCERBIOSERF—ANZEIELTEY,

5_

4 Detonation

(o~

Non-detonation

Distance. m
[\&)

—
1

O3 pressure 1.0kg/cn'G

i 1 1 1 ]
0 1 2 3 4 5
Time. msec

Fig.8 Time-distance diagram for film detona-
tion and non-detonation wave front in
rubber hose.

BRER—X (25mmé) REERIETIHED
VBB L UFER TS HOER—RRE B&)

* R2OBEREELER

FUKR—AD2EEUEDORETIE, BIOEBIH
¥, EXENERD & R — ARAANAS L ERE (BR) 2
BELODDOFR—ARZEBIEL T3 I EBbh b,
Bz, BZO LR —ADBERE, —HEBEZ>S
PEULF-AR2ERLCEBRLILESCE, RO
R—ANTREERBRI I EPMEEL, BFEIETR,
R — AWEI JREDHESE DT, B S EOR
EBNECKRBIERE EHBEL T, DWICREET %,
Fig. 9 i3, R—RAEEEICHA L T [FiF7- 4 4 ¥ %
Y 7 LV ENFOHNORFHER LI LD TH
%, (@)iF, WE 25 mm OEEFER— A TET 5 HERE
BEfmBER T > BOBEOHNEEERLTWS, Z
DB, BHEIZ1,450m/sec T, 41 A F v v 7OH
HDIED L EHREESIZEACEETHY, KKE
CEBEEMSIZIEEERL TS I bbb, ThiZ
FRENDERTHY, F—ANED S EEY) & 5L
L& BRI, BAEOHMBERZ S WOBE L[
BRiC, BB Lo THIEE, B, ER, LBEwS
BREPEC, BEEREEOBRT S 24T 2 CIXRIGHE (X
BREBEOEED & AR OF K £ TORE) »EH»
TEBESKB2B, £/, F—AWNEKMAELTW
ZHEEOREX, TNEATTYVVBERELT, B
R 3L UEL ¢ 2EIETZ &, BE0.5kg/
cm? T ¢=0.7,1.0kg/cm?® Tix ¢=0.51CL2%5
B, 0T, BIOBEBBEKL>TR—ANET A
D—HNERCBRLRE L THEREOTIE®RXZ T
WhZdEZOND, ENEFEOVEICIIIREIES
BRON, WEIOY v F p** 2R —ANE d TE- 72
Ep/dd»HI2ThHBZhs, FRERSHRTIE, &
—ANEERAACENELPRIEREIELTHEZ
EDHEEINS,
»* EHEHOEAFCRI S HEEREFRLLLOT, HERER

DEHEENLTAAZ 1 @EET 5 HEIcHA A EielE
BEERLT w3,
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— O2 Pressure : 1.0 ke/cm2G
1.G. . I. G.
i : i1
- ' rubber hose
H TT
(@ F
5 4/“% -
i : 50 s /div.
k- 1. G. : 2V/div.
o | Pressure : 28 kg/cm?2/div.
) O2 Pressure : 1.0kg/cm2G
}G \ L.G.
r i once detonated hose
b)) T : .
L \.:"\/\I;V\*\\z\. Piezo
P.

50ps/div.
I. G.: 2V/div.
Pressure : 14 kg/cm?2/div.

Fig.9 Wave pressure and ion current for stable detonation (a), and attenuated detonation (b).
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Fig. 90X, BZ > WEEk x— A DT Mz, —H
B LIBREDR—AZERL T, 5,5 25cm
THRTDA A VEBRECLYVENFOHEAEREERL
T2bDTH B DT —ANTIZ Fig. 9 @Rz
EERBIOBEVBEIS N, BETEETE,
D&, HEFEXKRKEISEGR 0cm) LTED,
SEEREOERICIE, FhEIVE—VHEORENLT
REBENRON D, EEEBEOEIMER, X
BEHEXBNTZEERL Tw3, ZOBE, HERY
BIREBEHEEL CEI>ERERLTLES> D LE
ZoNDH, ZOBKRBIMEL CHPRT S KIZE
BT BERY, —EFFTHELEAIS NI,

ZD &Sz, AIREOEEMEDCTEEZ, BRF—
ANDBRI D FEDERZEET 5 I L IZRTE 0,

—ANE T LDO—EH B E LTESL T 2 ThE
UWD 5, REBEOZLED», BEDFENIZ 1 kg/cm?
ETULThho7d, BELEVWBEETOER S
T2, BER—ADONE T LBEIRE %> TE
XTI 2B OBEOGFEERERTES LB LR,

6. KERERNE Lo LIEH
PE, BRE—ATET BT EOFEEREIC DOV

)IEE, (b BITREE

TEZBEOER 2T, WTIhoBs
IWHMEIEL S 5 Z L pSHER & NI,
INSDERER»S, FBOBRER—ADBERE
WREORERUHLEMNKEEDZERD LI 1TE S,

6.1 BASRAF—

ETE—BREE LT, BERKKIE, WE»S DMK,
SURATEI ¢ (W1F) kR EDRFOEEKIE, H0O
BB & 24 A DWEVERER, WMIEEOBERFE ALY
DEKFZ L > T, BREKTRDTTHIRYTH 5 T AWK
—ADARED—ERTHEKNET 3, FKIZEIHFENT
TALARERIBRRIM P CHBERELREI T .20k &,
TADBMBEC L 5T, TLEEHNSTTOKE, —
BbRE R EOTRESNE T 2, T LAREEL Tid,
IS DERYNGE > N TBROLESS 5 Thni
D, 1,0000C AT DEETIZ 2CO - CO,+C (S) g ¥
DRIBICEVEEDTT (KFE) 2ERT 3, £UKz

IZBWT %)I%L-

ANBEETOER

TTRKE, —BLRER CIIRRO F FBRBESHIC
Feo TR —ANICHEL TIT<,

ROBETIE, 20X L TE LTy ~BE
DEREVPIBFRBEEGRFICAD, ILEIRELRS TOE
R, WELLDHBKEGREBBKEL LT, 2hd
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Fig. 10 The process of an accidental explosion of oxygen
conveying rubber hoses.
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BREMOBT K

DHRBEYF TCAKRBEDBET 2, ZhiZERICE
DOBEFTOFEEKATHELOEBIZBI >
BEL, MOEBERETE, R—AREEICT T
KR, —BILRFBLZEBHRBEL oL, INEERSES
DBISHEDEBIFRCE>T, F—XALEB—BICS S
THHET 5L, 20X ZAIREESY R
—ARLEICEFEEL T TH, KF—AAD—ET
BIODBEL, —HEWERBEISERENE L, T4
R—AMBOHIMY, »2WEF—2ADHETERHE
AR —ANBEHIAEZELZEEL5N%, AFTY
YBR, NT 7 4 VHE, SR EOMISEIC X 5 EiEX
BIREDOHER T > &3, £/, BEFS—AAE
TALEEBIRELE o TEITT 3BT S EOFREE D
EZ2oNB.Fig. 102D & 3 BEFR—ADERE
BE2FEBTRT,

D& D RBEHERE, BKEIBRES—AD LR
BICHFETELEEELETEHDEELONSD,
EKESTHRENC B 258, B2 TRE TOMHKIZ X
O TEBBER—AREKLLESREEE, BEOR
S > T, F—ANEDILEREED LR EI~NEIE
T, SOLEDRC L > TR —ABELL, BED
EHHZ 6zl ZsE, "—AD—EKERKL
THET 23, ZOBE, WEERTI—EH
ZIEED, BROBHEEIEDRWED BELES T K
ROWHA»SMEH LEET 2, 20D &> LBERER
X, BB L > THEEIRLTWABY,

6.2 FEHBHIEXNER
BREGIHILOERIL, REOZEE TH 2 0[RY,
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BRE, BKEOWTNIERS ZECH B, BEk
—ADEBEETE, AIRYTHS TAR—A AN,
BREZROBEIEGH» S, AR BELRL OIE
BTH5, o, BER—RADBREBHROM 1213,
R —ZANEDOHAER EOFEX LG WA E2KREL,
FEKLICS T LAMBOR—A A% EDEN,
BKEERL 2 EBHIERROERE 2,

BRIz, BERAIECRFOBEBAIE 41U
BRWIEHIZ, F—APBRERERNDEI VR TIA L
DRFZEANCREL, BREEEOD T EFL
OB TAR—X WS, MEELEOFEKLE
WAIBRYID N EDBND B % R — A RESHER DG
HEBT 5, BROT NNV () i3, MEEREC &
LA ADIBEBTZ7:00-5< D LB, HFHT 2
WEWE, FREEERT B 7 405 — DR LER
ERBLIZODEHAVEZENEE Ly, 2 EONE
BEZOENG,

Fig. 10 W RL1:BER—XADBEHE 0¥ X 1T, EE
Wz EORMRYE AV 2 EREREROEFERE
R, ITVY—N—DBEKEOESICLHTILE S
bOTHY, EIOWMBEMRE L 2 HEBMOFK %
ELIRBVWILIEVBAIET B L8 TE 3,

72, REBICAIRY) (HPBEO7u vz ) oF
T HEBOENHBRCRNAER, X1 7OHED 27
O—93 3R EDHEC, BERPVERORY cBERE
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