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ON EXPLOSIVE REACTIONS OF GASES.

I. Explosive Reaction of Oxyhydrogen Gas induced by a Heated
Platinum Ribbon. (Filament Explosion).

By Rewrst Goro.

(Abstract)

The object of the present investigation s to examine experimentally the condition
necessary to allow a platinum ribbon (0.06 mm. X 1.0 mm. X 10 mm.) electiically heated in the
atmosphere of oxyhydrogen to induce an explosive reaction. From the fact that the energy is
applied through the surface of a solid. this filanient explosion is considered to be the same as
an explosive reaction taking place in a reaction vessel heated at high temperatures. Further,
the fact that energy is concentrated in a small part of a reaction system suggests the similarity
with the spark ignition.

In the present experiment, under various conditions of the gas phase, the surface tem-
perature of the platinum filament was observed as (ollows,

When a platinum filament is heated in such a non-reacting gas as oxygen, hydrogen,
nitrogen or the air, the swrface temperature I' reaches an equilibrium under the condition shown

in the equation :

I
- =kVI-W=o. (1

where T is the mean surface temperature, V and I are the terminal voliage and electric current
respectively ; W is the cooling eftect caused by radiation, the conductivity of the lead wire
used, and the conductivity and convection of a gas. [Tence, the observed value of VI at each
equilibrium temperature gives the relation between the cooling effect W and temperature.

The experimental results show that under a constant pressure there holds such a relation

as
W=kdT™ )

where 4T denotes the diflerence between the surface temperature and rooim temperature (Fig. 5
~6). The value of n is found to be approximately 1.4 for each gas. The value of k is largest
for hydrogen. and there is little difference among those for oxygen, nitrogen and the air. 'The
thermal equilibrium of a platinum ribbon in a mixed gas of oxygen and hydrogen obeys
equation (1) below a certain temperature and the equilibrium temperature depends on its com-
position rather than on the total pressure. But above a critical temperature the equilibrium
relation is readily broken, which indicates that a catalytic reaction suddenly takes place on the
surface of platinum. This is verified from the relation between electiic heating power and the
surface temperature (Fig. 8~Fig. 11).

The increase of electric heating power, the increase of pressure of reacting gaseé and the
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baking oul process of the platinum surface intensify the surface reaction in question so that
the rcaction proceeds form the surface into the gas phase; hence explosion takes place. It
was not observed that the explosive reaction takes place before the equilibrium of the surface
temperature is broken.

In other words, the occurrence of the explosive reaction of a gas necessarily follow' the
intensification of the catalytic reaction on the platinum surface above a certain critical value.
This is confirmed by the evidence that when the platinum surface has been previously washed
with a dilute solution of potassium chloride. potassium iodide or sodium chloride, the reaction
starts at a markedly higher temperature, so that the ‘explosion temperature’ seems to rise
higher.

The above-mentioned facts lead to the following conclusion the explosive reaction of a
gas induced by a heated solid surface is preceded by a sudden surface reaction and ‘the
explosion point of a Zas ' denotes the starting point of this sudden surface reaction. Such a
sudden surface reaction corresponds to *“the spark ” in the case of a spatk ignition. The
energy locally concentrated in a small part activates the adjacent part where a reaction zone
accompanied by emission of light and heat, ie. flame, is generated, which is propagated
farther towards the unaflfected part. In short, the explosive reaction induced by a spark or a
heated ribbon is to be considered as a flame propagation phenomenon whose staiting point is
the spark or the ribbon. This suggests also that the explosive reactoin observed in a highly

heated reaction vessel may take place under the similar mechanism.

Chemical Institule,
Kyoto Imperial University. (Jeely, 29. 1942)
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EURRY iE 2 e (DL <l G it 4
Z% HBEDO HITEL L FaHAbMNDOk. (KT
Dt Lic L cRMOBELEBD LTV L
<7 DI KC R KI e it T fagin
04 EAMEETOEA (1) Ikt LY 200° 0 b R i3
| L, NaCl 088 11# 100° Cd b Lo HEH
DL D & RFFICER I ME DR 2 ihsatd Bl
200 400 600 7e. b —RLIBEMAT 100° 5 200° b 15
mmmm;@?% Lichomd B2 5. Hi LT—HgRoED
Fig. 15. 7eikic, REBUEEIIC, JTRBURIE TIZ FIC
POERA ST & RO IR L 178.&, 515 ki (1) & ARGR U BB &R T30
BRD LR L AFICETOBRRMBEAB LT TOTE SR I 5.
i LT 15 s & b b DHRC. BN R M LMD T Bl MBI E S
$EFh E LRI IR D TR b, MBROBPADIICE L WY R RE A Vv, ThIZES
BHEEE (T 4 0 ) BB T 50 i ESH TR WE % T 2 b0 L HE~bN .

0.8

mms (V1)

Q) YY) =-XFROVE

T Y BN ISR BB B R, G0N CRY 1200°C TS IBETE L
EINXIFENAESYEL S hvEsEb bk,

THRUIhI 7Y ~XORRNEN L BOTHE L HERT O THOT, LK BHIR
K LTOHIN OB HANTR B LR 2N 2%, WHOHH -7 ) - <KX RET 3
P HZRE WO T, ZORIBRY T 7. L7 Y ~ XDOXROP IS B & LT b AFFIED
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HRC IR R W E BB B 6 TH D%, MLERCHURY ) - X3t E LCRT
THERAO=Vv 7 vy ) —X(BH)TH 5. HhiEOAEY FEMICEY T2 Bicik,
TDYY — ZEBROURE BB THEBR Y TATE CHHRTIEDAVETHS.

vV ¥ "

(1D B0 Xm K E & BRI EE

D - OB I T 5T 5 & ROt B . .

() BEKFRAFRDTIIGEEY BT 2 Lu-F, SO EMHnbh T o sr i+
PR BRENAETD.

(i) TOLEBARPSRNORERNICKS bDOTHS.

(i) T OB BN Y B5EFIcRTHBITESIEL 2 5.
(iv) KFRELINMIT2EFOoTFick, LEEAYELERTS.

(v) OB EHmOMN A VIR BFEO TR ERTR &S v,
ZEOWEEREET5 E MBI BRI TR ErER 2N 2 BoL8EN R, 1N&dk
Wi e R E DL LB LW I 2 FHTH 2 L T AhASRIC 2 5.

COXE~DO TIPS icicBa L cis.

(2) IRERERE FENES

—HRITIRE RO K KIT18 7% )% (Ignition point or Spontaneous ignition temperature) &
B, RERHB IR LT SICMBT ] 2 FREMOBIE L 310 TH 54, VBT OHER
W A RS T OEIET MBS N T LAEHIIRE £ LAkt LT BRI
LLEABRICTHREINTIND., AWREDINCIBE 72 Semeno§ d Lic )T b TIE 2 1B 7IM
NBIE Ty B T ORI &I\, 5 LIFORE (EIT N ST 2 S DA e
DEBE, —EOHIERTMNIORAKRIE AR —EORISIC R TRBIEL I Z2TH 5.
PRD T IMBECRICB L TR B Y RIT T 2B~ b Wik i pe s, f~& 0.1%14
TOT A B BHIEHERANC K TR BGT L5 L ZAKEERBR G, &
IR BT 2 JZNEO MBPOLS: CTHAS TG 2 B A R LA E R Vi8R v ERT
bOEE~LND., AERCRINIGEFELOE~D LERMRI TR & B MBERH O
DERBAGLE, %E Th @ Kn KIEREST T T2 boCchdoT, HOBEITHRT
FREEDSHANON = F L ¥ —ICKOT) BRNMIEIEOIE LI L HIRES, o)l
Tk 2 e SaRmi LMD & BRI 2D = hA & — oK T 1 IS S e & B 2.0
BTHD. MLT, TORTKRMILMEORL SOFIEN O)RICHY D > HeokBIf & &

dt
RN, Ze & ~KbilR A 1000°C TG icig2 T HBBXERBEINLTWT, HA 5L
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il ICHEC#% 2 ML ETEN Tt & B A8 RO ERIC TR SN BTH 5.

—R% T A RO P AT, PG EED FBLL T O Mgty —E ORI AT B IS RES
OTHOT, il bIREINC R 2HBERRKIIBLE W, TOROSRIBTBIIc 2R
TS UL AT ST L D, BIS T ORF. EIEHHCHR A BULEIE I, — AR D
MEME BT 25, LROFELBHL T, BRI KRN XEHERETTIOTHS
LBENDLHBRITHS.

WLT, TO/HMMIL, ALEGOBEFHES B LITHEMKHRO FicEs o LA
s, HERB LB rfFosicp T8I MmOMNETH 525,
THIRRERBTFEESAKE { HoBE R/ I VWERS R, FilRaNsmn T R 5%
¥RTLDOTHOT, COPRREAOBERNEFLALERIHCRALEVW. XTA A Y
BENURICIK T/ LB L2 LT ARE R, COMBDOT A 2 Y EOFICIERGIOR
BeRehs —REICINR S e B Ch o TMBRI LIRS SO TR EWE B~ D, ThH
RIS MBI NI 24 vY 7 AR T TN 2 BEOKERE AOBRE kK e M LA
W AL MR O EIIC T R LA T3 LRk, BEHEI XL LR TSLERS
Pease DPFER"E b —HTIHRKRTH 3.

ZEER, AL, 5K, RUHREEOEERITIT N4 VY 2 R EAFR o AR AR TS W 3 As
PEE IR E T T L D T 5 3 A BIBR T 2 b o e dh 0T, ik KT & = &
A = PE T D BRI IS A ROmM BE~b D, THITXEIERI—RIC, 2D

m ow K 1L, oila RN
Emich (1) 28.5 609
Mallard-LeChatelier 28.5 550
Taffanel-Le Floch 28.5 pE ~ g e
Prettre 29.7 467
Dixon-Crofts 28.5 571
Tizard 410
1{olm R 470
; 630 - ERIGE 0.58
Dixon 578 > 158
608 AR S
Bloch 39 613 i &
Goldmann 580590 3Lk
MceDavid 29 700
Withe-Price a7 715860
. 930 LR & 0.17(m)
Silver 20 800 A 2 0.5 (m)

7) Pease: J. Am. Chem. Soc., 32, 5106 (1930); 53, 3188 (1931).
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Bt o A —-BHRE LCERRY B~ AL RTI 0CHS. M
oA MRzt © KB—EHROKEE EROBARAOT KBS M ok
THLIHRIVB 2L LT—HLAWEZ LML, co-bﬁi%’i%mi@ﬂi]@d%lllﬁ’i‘a LOTIRA
VWhEHE~LNS. ﬁ&ﬂbﬁ&wﬁhwﬁkmmﬂryé<WKDm@ﬁbémk%MT
BYHR 2D

A LI GROMER A MBI BRI R 2 012, 2ORGAFIOWMTREL, IRE
HBEMBMRKGL AU RCBTIVDTHILEE~LNLD. WS TR, MBYEN i
FFLTHRICRGAROBEME EOoTH, 2oR R ERAIESENEVWE s T LA S, (k
#FD Goldmann ORHRBKOBEAROEGic T NBEGIII O TE Witk 2TE 54T, B
LTES5THARESHIIUbICEETIHRINMR V. LT ORIZIRESCTIERSFIC D
sy d 5.)

(3) HESAEEBEREOEEBICET

IMBABIRIC R TIRARICIEK T 2 & Ha 5T, Sl Rn X R RO = o ¥ —
BT ERAM TR SRR E 2O TH 2T, FMITRTIZTONE
KT ER LIeDTH LY, —HITHT, Bik=da ¥ —pEHho—RiBicEh LTi~b
% ERATIRICATIE, LKIEMKDOYG LM T2 DD EE~BND. BB IT KL
KIBROEHIEIGE IS ' LD &, Uil KAEE FMEC, 2 Ta.5 KIBHRELT, Mic
ROTHEE LTS D TH 2T, KIECHCEHM S 7RI KL% [0 & 35 KGR
BRRTHEBEWIDTHS. CORELILE L TRIEMAKOHEG Y, ikl T5KE |
PHRRRTH D LR IN 5. SBHEICHTERL S 7 37 I IES Mk Jemihe & g L7ckd
Bk CKIB) DUHEIIRT S D L 5~D &, THLIL KIGIRIC H D 20 (F) TR0 B il
IND =¥~ (DLIM= FAF = & BEANDLEI TN IR T I T 2R IS
AEHEIL S TILHEARTEIC A b AT C oo < LTl FhiL = o 8 — AU AIE AR+ St L
HEReDs AR RMETR G~ SR 2 Cfid b Lz a s, RE T, KIBMIRBIR & 117
Al = 5 4 & — DUGEBFL, R ERHLERICHT 3 HAE B0/ BMFE L £330
5., TOPBEKEMEEEICE LRt 2 o ¥ - RIPNCBHET2LD0TH B EHED
ND. TOBEICEETIRG 3TN TEST D, 4 SEKIBMERBRRIVELT 5 Bo s EIC
LT H A 5 Bk, AEEORBMIC A TRAMEO SRIc IR 2 5 = 5 0 ¥ — RSS2
IELLE CKIBO RIS HIERRAEO £ & L CHEBEVICHERINKSRIE) TH 20

8) Jost: ,, Explosions- und Verbrennungsvorginge in Gasen*, Springer (1939), p. 36.
9)  ERIRE; MR, B2, B8, THSHOIHEE)-
10) #EK: A, 15, 222 (gl) RAZohEE TAMR: A4S, 16, 40 (RLT) M.



The Review of Physical Chemistry of Japan Vol. 16f No. 3 (1942)

116 R. GoTO Vol. XV1

ERA A RBIEL, O KES T- 2 U RS BIEL B2 THI LB~ D. 50
BB & RBAHED = 34 F — OB G (0 KEEH ) 43 = 0 ¥ —BEORF (T ik
PRS- DMK R OCBIE DD & 1A AR KIF W MR O A BT 5 £ 1 4.
2% i LT T QMR XA RO HBMIC A THICORL L TR bREE biv. Wbl
POWK = A F —DFANTFOR G Lo KGRI E R UBRIED = 2 ¥ %k ke
P bv. ETRIERO I 2 BT KO B A ITIT Bl b7 IRE ST R T 3o
DRI KIBERE B U #0002 TH D L TATUCE D, AFFRIC N TR I BER
KHER S ROMBEN KO, BFELEORS ki RnifEicks F LT, £0IRIE
RTHERINDERTEOR ST i3 2 LB AL, Foltin: —EExRT 0T
H3. TOERICHTEBIEE AOL BT L LT, 22, M ITic 2l %
Favic, JRERCHIE T2RIEOBRSCESRE ARV ELARCA S HiLTk
EOEERES UL, ENHAKSTIETELLHERLTRS bDEE~LRS.

= i
BT DI B Gk RIC (6D REARKIIB RS, M2 OBLEED S B3I DK

TR TH 2 L H~ LS. FETHEsN & 12, RHE o3 ccBiE 2 s boT
k<, MEABEEN OB Y BB AL EB TR b v,

AP T 1TV ) RGBS R SNGEE W o7e MIRFFICTEROBE Y R TI AT
5.

AR R O—BIL LB ATENRAI RIS H S L CH B

S N
b B o 2 (R 17 427§ 29 H3ZRD

1) ZolWULERES, KEBKOBFORERHET Lot E~bn 8.





