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ON EXPLOSIVE REACTIONS OF GASES.

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

By Rewrer Goro.

(Abstract)

The object of the present investigation is 1o examine experimentally the comdition
necessary to allow a platinum ribbon (0.06 . X 1.0 mm. X 10 mm.) electiically heated in the
atmosphere of oxyhydrogen to imduce an explosive reaction. From the fact that the energy is
applied through the surface of a solid, this filament explosion is considered o 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 systen 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 lilament is heated in such a non-reacting gas as oxygen, hydrogen,
nitrogen or the air, the surface temperature 'I" reachies an equilibrium under the condition shown

in the equation :

,1(‘.%.=k.v1_w=o_ (1

where ' is the mean surface temperature, V and I are the tenninal voltage and electric current
respectively ; W is the cooling eftect caused by mdiation, the conductivity of the lead wire
used, and the conductivily and convection of a gas, [Tence, the observed value of VI at each
cquilibrium temperature gives the relation hetween the cooling eficct W and temperature.

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

as
Wkt .

where 41" denotes the difierence between the surface temperature and rooim temperature (Fig, 5
~6). The value of n is found o be approximately 1.4 for each gas. The value of k is largest
for hydrogen. and there is litle difference among those for oxvgen. nitrogen and the air. The
thermal equilibium 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 cawlytic 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, thz increase of pressurc of reacting gases and the
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baking out process of the platinum surface intensify the surface reaction in question so that
the reaction proceeds form the surface ‘into the gas phase; hence explosion takes place. It
was not observed that the explosive reaction takes place before the equilibvium 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 confirned 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’ secms 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 & gas' denotes the starting point of this sudden surface reaction. Such a
sudden surface reaclion corresponds to “the spark " in the case of a spatk ignition. The
energy locally concentraled 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 unaffected part. In short, the explosive reaction induced by « spark or a
heated ribbon is to be considered as a lame propagation phenomenon whose starting point is
the spark or the ribbon. This suggests also that the explosive reactoin observed in a highly

heated reaction vessel may tuke place under the similar mechanism.

Chemieal Instidule,
Kyoto Imperial University. (July, 29, 1942)
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=00 400 600 Fe. O —SL@EEAT 100° J5E 200° % L5

- Te°C
50 mm (I1,4+0.) Letoind Rz 5. B LT—HEROIED
Fig. 15. Fefkic, BWMULTIIC, JUSBIEM ¥ 1T Fic,

MR &S0 Ol & FIERO MBER: L 178.&, 4715 iR (1) & ARGR LR E R34t
BRLALIBRL AR CEMOBERRGEABRLCT 2T 23k 3N S,

i LTHs 15 [Wds & bbb 2. BNGRR L  LAiiEO R T AR RAMIcES
3T L BRI N O TR b, AHBMORE ORI F L WRIFE RS v, Thd
BASEE (T v b VS AR T 20 RN EREOTHAVHEER T b0 LB~ 2.

9 Yy)—-XFEZORF

T 7Y WEREE VNIRRT 2T B RET, 1B BN TR 1200°C THAMIBEI Y L
ARSI E LIS SR vEsEb b,

TR 7Y ~XOERAY LN BT DBERT O TH 2T, LildmBsang
R LT LA O ELHA~TE S LM 2 205 WiROMWT L7 ) ~ <R ERET S
MR WO T, 2ORMABYHI 2. LYY - XOXROPEN D2 & LT LAFIZO
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iR RS R Ve BRI TH IR, MLEBIC Uk ) -~ X $ s LTET
TEREMO=v 7 bu vy ) ~ X(WE) Th 5. HHEKEOAIEY BHICESR T3 Bici,
COFY) —~ ZAEROBE IR TER Y (T3 ECHANRREIEDEVWETHS.

vV & "

(D nEEEoEmREE BERRE

LL kO PSS L MIET D & RO B, :

() EEFEARIRGEPCri@ilEL BT 2 Lo, BN EN o T ammes it
AR ETD.

(i) TosBBFRIASLENOBERERICKS bOTHS.

(ili) = DM BEIC (%2 BB AT D 135 HIFICRTHEBIIEBREL 2 2.
(iv) #mEErNHT 2O Ficik, Sm@EsMsetRTs.

(v) EEOCBEHOMNLEWIEAEEO TrIEBBRII&S kv,

ZHEOBMBLIFE TS & WA SRRICRTER X B B 2N 2 BB, gk
ik R L DR L wEni K s HTH D & RAmICES.
COHF~OTICAHERIRIE cRTERLTRS.

(2) WBEALBRNE

—RITIRE RO KNI ¥%iE)E (Ignition point or Spontaneous ignition temperature} &
i, REASSEARBRY R TRICMBATIT2HABEMOBEE LTI OTH D, AT OKE
W A RST DRIEIC MBS T ZHRHILIE R Lk e LT ERREE s
LEAERICMIEZNTINS. AREDIMNCIT 72 Semenofl D Lic)ljv b TR 24357
FURE T, b zo@gieth v, FLIKOKE ERic 0 5 BEM T 5 b on{EET
HE LW, —EOHUERTNENORA KT KE—EO RS ICHTIRRIEY -T2 ¢ 5.
IR INBECIC B L TR R BT T &R~ SR W SRR, A 0.1 %00
TOT B ) EEIRHGRANC R THRIHERSSSE IE b ERT5 L EaEERG) I,
TR FER BT D FIGO MBI (IR FLUEIC L B R R GAR E R VB2 v e RT
bDEE~LID. APEBICR NGERED bH~D LRSI BN L inBKkmO
SHEARGE, %S Thaattkni KRS T2 ochoT, HOBEEICKRT
(BEED BRI~ b= A ¥ —ITKOTC) RNEI D/ cE LS. L hxEs, ok
Tl T AT il R mi LD 6 BRI 2L D = 2 F — i T MR HEBE S e L T a0
ETHB. MLT, TONALMMKEOHKL IOFIED ORICRE D - kB i
2 R, 7o & ~ERiiBEAT 1000°C %iGiciis T VIBBNEUI S WwT, Bk 54
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il B MG CA% 2 TR AL Tl & 2 45 RO SR I TUINIC R SNFE T 5.

—IC B MO E T, MG EED HRELLT O HE—E O M R TR &S
OTHDT, il b BT 2BERRKEIULL W, O GRIRITEFINCC i#2
TR 5T MBLCH BICED bILD. B15 = O BTN B BULE I, — ST
MEME AT 290, LAt E 3 LT, BEBKI A IERHERE R T 0TS
LHEADEHRRUTES.

WiLT, CORMMIL, HEEHOREFEES B LITHEMEEDO HICED bo 2B
D, ASHM LB ErinFossEic AT 2~ R NmoNE TH 525,
TRRERTHIEEAAS { HoBEfsh 2 WES ), i RMNARDTHE( A 0325
FRTLDOTHOT, COBTRGADIBESEFE FLictnaHcREbi\w. X7 0V
BNETRIC T/ BB R EA b5 E TR, COMBEDO T 4 n N EOBICHIERIIOR
EERes —REICHIN S e BTh o TMBRA L S D TREVWES~L D, Th
RAESIREI MBS hie -4 v 7 7 AERT N2 BEOKERE AOBRR AR LR MIELH
HlE 7 B Al M R D R ERIC T LR T SRR, BFBMIEL¥LS KT LES
Pense OFERNL & —F T HHMRUTHS.

AR, AR, ik, RO DTERIC BT o4 V'Y 2 X LEATMN OREACUARTE L R A3
OBl IR AT T L < WA T B BHERIC S BT 5 boed T, il iR n & = &
A LT D MR N A BROI BB D, T BRI —IC, £ O

LI 3 1T, edda # g2y
F¥.mich (1) 28.5 609
Mullard-LeChatelier 8.5 550
W r = 590 " 350cc.
Taffanel-Le Floch 28.5 6% - el Occ.
Preitre 29.7 467
Dixon-Crofts 28.5 571
Tizard 410
Holm . 470
Dixon g?g ’ EEE;JU]I’H] ol.gg
003 A
Bloch 30 613 MR
Goldmann 380590 E3-8 4
MeDayid 29 700
Withe-Price a7 715860
Silver a9 gglﬂl Xi?}'}‘i 1:‘! g.lga‘g:?

7Y Peaser f. Am. Chem. Soc., 32, 5106 (1930); 53, 3188 (1931}
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IERENO A B LTENHEY A~ E bR eIGRT 520 0TH S, il
TloEH e i+ —HBicht© AB—EdlkokEE SROIBAROT KB A WEficik
THLCRO B 2 & LT—3 L& E AT b, & o MEAKTOMSEic g+ L ocith
vt HEABN L. # SR SO R ICRT b 2 MROBIR S 2L 5N T
BiH M D

DI EROGER AR EREIE L S b0, 2RGSOl crE{, B#E
ALmBERERLE RO RCMTZEDTHL L E~BILSL. ME T, BN LT
HF LTHICGAOERY L Z2T L, 2 OREICRERMERI R VEEIERLAS. (k
#FKo Goldmann OEHBOBAOE G izMBLEniIz>TEAVWlickoTE5H, B
LTESTHDDE SHIUHIcHET S RS A V. X TOMRICRREOIER LT B
AR S 5.

(3) BESAXLBERBHOHEICHT

MBI IS TR RICHE K T2 & A KRN, Sl Rn L BRI = 21 ¥ —
BeT5ERAM TSR L SO AR L 20 THoT, MM RTIZ T O
CHTHRELIDTH LA, —HITHT, K= HA X —HEH P O—FERICp LTR~B
L% ELRATRCATIZ, LKIEWMKRDY G LR T2 A DD EE~LILS. MBI KIEH
KIUROEHIE BRI % 1D &, Wb KIEE [Sic, % Ta.5 KBH@ELT, MAic
DT LT 2 0Td 2T, KIEICHCHLS AR TR KAE L 1[0 & F % RIEMHE
Heuc/throhwiocds s, O &I Ll Ao o, SitekpL T2 08
FIRERCHD L AL 2. Sl (Tl 2 AU A1 TS TR A e i s & JVES L7 12
B ORI DHHSIRT D 2 L5~ &, ThLld KBRS 20 (T8 8) B M & I
ENDZHAK—~ (LU EHT L F = L0 0 T W) o C 2 in W 2 kR IR 4
HUERE I R TIMEARERIC A b, HEAIT ¢ dim < L -CHRPEIL= F ¥ — SUKIG LR b 20
HERD HAR MR~ EPGE 2T bO L 2D . S0F T, KIAMREBLR & (17
L= F 4 ¥ —~ DA, KT ERSRERICHT AR T B O BB L 3. 451
A, CORSKIEEMEAICE LIEFM b= 5 o ¥ —RTHRXICHET 2 L0TH S LHED
5. COMEICKTIZT 3TN TERT D, 4 INKIEMBRB R &L T 2 Bonic
LA 25T, (EEORHINC RTHRAM O SUGBic i 2 h 2 = 32 ¥ - F AR
FELL L CRIGO RSN e IEPROLE O % & L BB RS -RIE) Tb 2o

8Y Jast:,, Explosions- mud Ferbrennungsvorginge in Gasen ™, Springer (1939), p. 36.
) MENCRERIT ERITRN, WS, 0%, THIUBE (M MERE).
10) #EE: A, 15, 222 (rgl4) BMARCHERE AR A, 16, 40 (ELT) B0
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BRSO B E L, O S FE R URKERSMCBHEL TR 2HTH D LBE~BRS. BT
D & KIEAREO = 50 F — IO E (S ) 55 3o F —BAOBIE (Tiuisk
IS T OMUE & CBIEDFED & MME SRR KRN T O MRy o T2 S R a2ic
3. i LT 2 oMk KIAOKRIO MBI ATHICRELTE 6 RIZAE S, Wbk
WMOWK = A % —DFA~T OV G 4T o JFfRmE W CRIED = 3 4 ¥ —§IEx ek
HhEh b v, #TAIERO M 2 BIES KOB A IciE Bl b2 Bl i AT ikt
BREAKIBRB LR CEk 002 Ch D LA WD, ARPKIC TR I BEE
KR A RO K ORI, HEILEO &2 S EmBEc kb F LT, TOMRIEIC
RTE#IAZEREREOR S ICKTHAEEND LB ATE L, Folins —BrrTboT
H%. TOEPRICATEIEDS KOLEIENE LT, 22mi KB, BT ITIC (52 Wi N 32
Bawipic, KEERICHIE ToREQME TELAER bRV ELA RS HLTE
EOTEBE B, TR ESTHETLLIEERLTRD DB ~bILS.

& &

B D MR BRI D FE KB EEIL, MERno B IiE» s B3N
KFHHERR TS 2 LB~ 2. fETHTHES & 12, AHBRIFO & T ZILD DT
iz, mMABEER ORI SMC AL AL E 6w,

AREBETHCU ) RGRBIE R AT U o MBPPRICTEEOBTE YL T2 AT
b

FEFRO—BIE LB HRIRFIIR RIS L6 5.

WM KA B
1k B ¥ % F CRBRI L7 527 T3 29 2R

1) zoZltkmEr, XEBXoRgok{EKHRTotoLtE~003.



