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F—REBU L EERF LT 0T, RERIAEWY 100cc 07 LY 7 AHTHET,
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MBI, b~ Pd LR THS. Pl GEMDNEE 025 mm, K2 110em O

3) Ilagen u. Sieverts, Z. phys. Chem. (A), 165, 1 (1933).

4)  C! Wagner, Z. phys. Chem, (A), 159, 459 (1932).

5) Dobyischin & Frost, Acta Physicochime., §, 111 (1936).
G) Dubyischin & Gelbant, Ada Physiceckim., 6, 95 (1937).
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DI FRGKERETHH L2 U rFLET. = 7 v 47 FRUAGE KRBEIIRE AR
BOKSRBEEE A 7B 5. FRAE KRB i I TR A i DIKERIL <Y 7 A% iR
CRbOrBRLTHEELLY, BT TAXR FEHEL. KEZIEAREERS @@
L, R4 -Biftkn s riBL Tt KAREHI2 MRl T, 7 « AL L Ot
MLl CO R BOC o ELN/RERRCER MM TREY LY, ST MK,
T f VR v i m = KRR IR W L Ti% R ICTEERD N 2 7 7R ETlE
HHICE~Te. N, RIHTHOFEAXDEDEIHO. 300°C ORTH BB LY TH Tk
NI M EERESED 2 7 7 il LS L 7e.
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HiLa. Pd (1) CRIBIBEXE 12mA ZHL, Pd O 0.0006 2 O3FL LI IERKT G D7
L Ol em, JEFEEE 0.0000 2 O TH 5. BTN &S THRO M FRIARECHT 5
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B n=A10Lhs. L THEEEAFO S, H fuclii+2 78t O, Picikig+2
FOETHBAETH L. Wie oL RIS 26°C oS OERTH T, BIED 5Bl
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KD, FRIEHROMABEL, TR Pl OGO L 2B HrSHE ¥ R T b OTH 5. ik
JeiA o i CO DMWEATHOT, 10PN REOABRET T2, WHRHILED &
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B R AL IR (11]) %5707 bDTH L. Hic FCHEILO NI MR FESA R Rt e e
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(¢) [(CO(3E))+H.)+ (CH.+0.)]) F: KickT 024mm o CO ¥ AL H. %
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(d) ((0.)+(COGKE) +2H.)) TR (CORR) +2H.+0.1 % : %7 0, kAdL CO
& My EORGMEIRAT 2RERE CO, Ny K& O DIRATEEIEDL BEAT B, @ @
Barm—MmTH 80, 6) OBA L VBN S B DASEED BIER 5. DLEORED
b, CO 1} Pd kiciT O. B ALEEpD O, CEOTHIGTEL OO DTS
2C, ISR IER, CO+10,—C0 2ifEEa .

FitiAECER 5 2 e Bunows SSO&HPd 0. Thik 20°C Kb D Pd itk 3R
FAER W B2 CO odiHEHE 107 mm Hg OWAFCRBILADTH 28, ZHICHK
HEL 2 WBEINA RGN 20CE 5. Taylor 80 Pd ~o CO DR O LS ic i i,
CO DIRPEALRAE 0°C TR Lk 2CH 505, Burows O A RFEFOH S LT CO
DR L VEFCBIIA SRR EARE 2 2 0iCd v, CO m#&%f&lﬁim? 0. Itk
FAARHTS2 L LAMNK L —HT 2/ TE%. AL Bunows SREHELIELTR S+,
Btk sk IO E DB R IT 2 Tt PO ORHLIR L DM b L4 L THDDRTHDH b, JES
HIREOR{TL TELBOBRETICH L { M% T 23ictkoT. R Burows Ei4id i
DFARGUBNE & XTI DT, BAKKENLEDOH Kb+ CO ORFLKEEOBNEY L, Wi
~ BT A VTSI A D b D & H~TROM < IR DT

(¢) CCOEE))+ CH.+0.)) F—RE0R®: H=RIickD, BRDIIEOAEI I
BT, dnfd i BRI TR DD HH~5 &, BRAUIOMIDBEITRL CHTE<ZMC CO
DFALBM & fAAIIKME L BRI TH DB TY & 285, LEMNMPOIING Pd Ao
He oiffigic s bwTds. KR ERTE, DEEEBEL: P (1), WHE 025 mm,
K2# 1N0on DL, CHTHBNAKIETS B4, Pd (1) BIBIF O mm, 524 22 an
DLOEINNT, Pd oMHE# 140 & |, MENLRSECE 44 &0, MW
RRTAC, RO IMARIFRIT L D0 b T 5. EBRNOZDHOM T OEE I
AT, AEERAIENOER (1) kfioTd s, .

KITHS CMEIPRECEEM K853, CO OFell & FeA kLRI & DT LTH LI Th

7) M. G. T. Bumrows & W. IL Stockmayer, Proc. Ray. Soc. (A), 176, 474 (1940).
8) 'H.-5. Taylor & Mc Kinney, J. Am. Chem. Soc, 53, 8604 (1031).
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B, MR BT, SESS TR CO OREOH 1D & o & ThiE, fNBIcHTY,
0.07 mm THTREE b, HEEEA L0 Ehick T3, #EoT CO Dﬁf{tm@;&zﬁ
T L TRk R S # ) AR ERE DA CO CRBAERIC L b MED A TH 2EH 4
B BERICRT b, BEKRCHAA S TR 2MRMFOIERIEE Fic X ) B hoTh 2.

HEORMERLHTIE, CO pHEIFL IS LT, Bk 515 T2 2.
LI T BTHEL k2D, d

—% Pd P HEBIL R RD &, H, ARG X 0 H, o 2HPUHnsE 252 Ll 20
FELNICRREECET D, SIS oIl . cHME DBz 20k bE
T EEaTh S, F~E HMEICAT, OFRLCIKICHRE 2 Hy c 5 Y b FEEa
BT H O TEML L CMicEed 5. BELE LT CO (O SHTFRET2)% Pl ic
B LTHLBTHS.

HKiz CO CHRAAEMCHT 2EECHEXE~D. DL 160°C oEATHE DS, BEDOF
258 CO DN BFITR20KS. FNEOREIC T 2460 C, MlEY 100°C i
ToE, RIECKDIBNDRILE 4RI ES 2 < (. 20BILLE L ORI BB L 3T &
% CO Ol bEESKERIE LB RE FHEIELTH %, Raic H, OFMTEYD, RO
He woghf & b WItE AL 5 MR INORY 809 i T 5. MRIERIET & CO a~IRD,
e BRI L CMB RS2 L RETH S,

Y EOEREENS 5, Pd Lo CO, O; & U, OffihcliTHSEXRA 2. 4 Pd LoR
G BB RA C 8 5 0O RMOBR N L BT 2 &, CC A3 b 8 { TIHHHRA iR
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CBFETAWMIicHE2T, W EB LGN T IO TR 5ERGHCEEENS. #D
T CO DR (Z & ik CO—Pd 1tf & WES)RFD TS B, LT 100°C il 1%
PERRAME CO T XoTihie b, O ORFEHEYBRC-OTIRALL 50 RDICH. &
Pd £ o458l Btk IcoT, BEHAERE ST 288 CO kfiioTif~bhTd
WO DRI BRAEL, P NB~RLTIToT, HHHO He olEEs:bLIHF 2 1L 2 ESH
Moy 80% iz biET 5. 2T H. olFesm0 (2 H—Pd fi & 1) 2%ihicd 2
BTHL. MLHEERSF TR CO—Pd i, ROz H.—Pd i i+ 2 M- TH
it fob FRNERH G EWOTH . 23S CO elbieohT 0. OERFEH
O EEWISICE? bOTRIND 5. KHED 160°C 12k 2 & RRHAHHITT 2 0,
BRIt CO OBBIINEEIOT, O ClE Y TB e E 2 T2 BER, 2% O—
Pd fij& 4%, 285 BICHERENEI T T20TREDNS 5.

W i Pd _EORHERSMT O:—Pd mipsa &+ 5B RIIICBETED LE~NTY
BRTREAVEE~SNS. B TR TBE RIS b & 5 X THHUT XD
TIflic i CIRIEORE X 5820 ¥ L (MY A E LT TORRL 1o,

2. ((CO®E) + 2H.+0)) ROoRELYRAS CO pRi/L R R
(A) REEEEERNESE

2T CO KHDHHRAKEREL M3 [ic. £T CO ORHLIM IO & T HabgEhs
£5. HocgiEic Rz md, CO=0Hnn £H LT 0.=445mm oM O 2RI
BHsEaTy, WEEHE I TEOT, - B Re 2B AL T CO /)2 Rk
PHiE il TR EMTE 28, $ATie CO Rkl 2 ~FhIL. Rtk TR
CHD, MR M T T '

FEicTIE, Pd (1) EHBTE2T, #3RICRE S P () kLT Pd ofitio
12 F ) ORMEGHCH) T L VBERCRNBOFHATHZ L. ATic t 2HHFRL
Pd (1) ©H AT 28BOPNT, 2l U TILRE -5tk DB L k216, Pd ()
OFFIEENUERTITIE R 295, Pd (1) ORpRERH TRV D ITES. ﬁ;L’.ﬂ[ﬁlr&;"H&ﬁﬂln
IHEONEFRTLOTHS. BH ((CO)+(2H+0.)]) RicATHIKITDZIC 7 L IED TR
BlELAT, (CO+L0] HIMDETT DL T 2N S & WA LD T, IEHECHgD
CCO+ 102 JXMED M L il~<7c. -

(B} [(CO)+(2H.+0.)) %
M CO BB

HEZCO FRAL, A5 11.Umm ORPEAREN IR EANT L bEKIInoIc 7 v
Ikl v« t4hiE, CO oliht b LOMRIIFELEOM {ES. CO OBAH:
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1E, CO GFAESEC R DHEE Lichs, STk -

F b, Po,=3Tmm OFE Peu=33/1000mm (€ 2L WASETHS. o

(i) 0. OENOLF '

Kix CO OWFik 121/1000mm & —# i L, FFKAERRAMOME)) R L Liche
I~ D S ARIC TR TS R M. IEEGITRERIC « CcHMBE DTS OT, 412 CO 0
06 ¢ HECHICEBHCE 205, & CHIRREGEE CEPHITS 5T 5. ik
AR RO O O SHMEIOTH S LIS, RESKIEE O, colt
I ER T B U5 2.

(C) C(COY+(0n)+IL)] F

CO ZHRICANDITICEE D TH WD, KITEZET O, TANT, M5 H. LALTHSE
KEVERITIEDERICL, A2 0, & CO &gl LR Lslolie+25L, ORlic
BT, MIKERERELIZA L (B) o#e & EWd b

D) ((CO)+(2H,)+(0.)] &

C) oEat@dic, k#ErRcAhTE O, YANTERBIKRRAKITEDETL,

o O, BigA L Ealt GEICI S & 5R5R b B did o 2T 5.
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(E) C(CO+0.)+2H) X
Hkﬂ%ﬂfﬂE"%%Elﬂkﬁ%ﬁb%ﬁnﬁﬁﬂcot(%t@ﬁﬁﬁE%LLf
# 1l Z AILDEEL, < BNCR 30 ¢ KRGS A & 72 2.
(F) C(CO+2H,)+0.] %
ZIIELTCO & H, & OHAMHERICALL, i 7% O ¥ AR ik it ROTHRS.

(G) CO DEMLREDRIEDIETE

PLEDHBEITISFNT, CO ORHERIO S MDD &, AOWL KD, HHANBE
b REEEIER CO DSMOAZE ZITORER D, O OFBICKUMLTAL S, X CO
FRICANTFEE CO & Q. LDORAWE AL LD &, HEOFFRENATD D.
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9) P. V.-Mc Kinney, /. Am, Chem. Soc, 35, 3626 (1933).



MBEILZD#ES Vol 17 No. 4 (1943)

No. 4 B oW SR Aoy 514D 127

THhAMLTHD. HHVIEEZBERONL LT, SHTHEECE~23L, CO oFikicit

Oe—Pd BEAFRTKCH B EVAHETD .

4 CO~Pl © CO o E[EMicptcHE L TR S, Langmuir oY icfich i, Pedi ko
CO oL REICRT, CO olRFEHHM L, KELIHT 2. CO omGnbRhii Pt ol
D~ Oy FHAVE. B BIcREAR TR L0, R HRER ~5H P L b CO Az
T 2T 3. 3 CO OREFMCTHEH,LD 0, 0 10" Fofijskic —Bo & TR
AL, EEE TR DI CRIEAHED, KEE TR CO HKA E2EMPE LD
CHOBM L BEED T DI & b FIIEIC R 5. 25 LRIEDEMIZRIR Y CO i< i
T3 2 LB ARG T~ CO HTRT D R S FH O R E B~ G R 2R IMT

B 5 ARG, Langmuir OB TIE Mc Leod BAcllL 2B HEETH D, CO & Q,
LAERIREFIGECHIED b DTH 5. EEOKRDT Langmuir DFL LR D, CO T
LT Oy IEE ST 2 5 b 5 AR S AR T 2 BB < R Tit, CO—Pd Eis
O,—Pd Mg HCHIEH L THB L RIOHEN CH 2T, O:—PI RN H ), BOTREE
it ETHE % b D ThH 2. CO—P ffiie> CO ORMEEE 2R 5 v e ik S~dans, CO—Pd &
D COLEMIVD O LORET O,—PAd Mkt 2RECE LT/ LT EL~
AwLH~Hh3%.

WP ¢ LTHERE HAE, [COMED) +21L.+0,) FICHY 3 CO ORMLFEE 0.—Pd 35
AL LT LO DL THOT, ZOTFEEKW X RIENRTFTH 5.

§8. ((COER))+ (2H,+0.)) FoRELY R-dBFKFERERS -

(A) EhHiE

§1 (¢) ICiR~Fetnd, Pd fiLicT, CO—Pd fi% H.—Dd Waskinicfif+3 2ike
WA BMECd, BERFEEMEDS CO ORRMLEELLLHETLAVWVOTSS. b CO of
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10) 1. Langmuir, Trus. Ferad, See., 17, 631 (1922
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11) M~ C. Wagner & K. Llaufte, Z. Edektrochem,, 45, 409 (1939) =41,
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ON THE POISONING OF CATALYSTS.

I. The Poisoning Effect of CO on ‘tile Oxyhydrogen
Reaction on a Pd Wire.

By Sézastro Owo.

{Abstract)

In most of kinetical researches of the gas-solid heterogencous catalysis, ‘only the pressure
change during the course of the reaction has been measured, while in the present investigation
the measurement of electric resistance is also' made. Hydrogen, one of the reactants, is ab-
sorbed by Pd in proportion to the square root of the concentration in the gaséous phase, and
to this absorbed amount the increase in the eleciric resistance of Pd is proportional. From this
relationship the adsorbed hydrogen concentiation on the Pd surface is deduced. ‘To make
clear the resistance change by the H. absorption, the:p:il‘tial pressure of H. should not be too
low. Therefore, a stoichiometrical oxyhydrogen mixturé was allowed to react under the
pressure tange from 1 to 30mm Hg. In this case, if the surface of Pd is “only kept
clean, Pd has highly catalytic activity. For example, at the moment the reactants were intro-
duced at 160°C, a violent reaction took place and was almost completed within 10 seconds,
and consequently the resistance of Pd was iapidly and enormously increased owing o the
heat evolved thereby (Sce Fig, 3). Thus the measurement of the resistance did mnot lead 1o
the deduction of the adsorbed hydrogen ‘cancentration during the course of the reaction, be-
cause the reaction was not isothermal. Namely, it was found 10 be impossible to make a good
use of this parallel measurement method in the kinetical research of the above reaclion, when
there was no poison present. And so the following wethod was used jointly.

Tt was found that a trace of CO (within about 1501000 mm Hg.) poisons the reaction
and that when CO has heen oxidized to CO. a violent oxyhydrogen reaction acenrs (See Fig.
4). The olservation of such an oxyhydrogen reaction poisoned by CO under various condi-
tions emables us to make clear the nature of the reaction on Pd. And By measuring the
electric resistance of Pd during the poisoned 1eaclion, the behaviour of 11, on Pd can he dediced.

Thus, by dint of these two methods it is aimed to clucidate the mechanism of the oxy-
hydrogen reaction poisoned by CO.

Experiments,

The principal part of the apparatus is shown in Fig. 1. The reaction vessel is a Terex
glass tube. the catalyst heing a Pd wire 0.1 mm in diameter and about 22cm in length. The
pressure was read by the deflection on a glass Bourdon gauge. The resistance was measured
by means of a Wheatstone bridge. For the lubricant of the taps was used Apiezon Grease-N,
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and the U-tube was cooled with liquid oxygen. The constancy being kept within 0.1°C. at
160°¢C., 0.03 mm Hg of the H; pressure could be detected from the resistance. TPd was remark-
ably poisoned by various substances, but by the use of the said grease for the taps and the
keeping of Pd clean by careful 'prctrcatments_, the degree of acti'vilg_y of P was ieproducible
during the course of a series of experiments. Unless ‘specially mentioned the etperimental

temperature was 160°C,

Experimental results and their consideration.

A typical example of the poisoning effect of CO on the oxyhydrogen reaction is given in
Fig. 4. Let us take the pressure clecrease as the ordinate in the upper part of the figure and
the resistance increase in the lower part and then take the time as the abscissa. As seen from
the curve in the left side, the introduction of 13 mm of a stoichiometrical oxyhydrogen mixture
leads to the occurrence of a rapid reaction which is almost completed within 10 seconds: the
resistance is rapidly increased from the first, until at last it causes the galvanometer to scale
out. On the other hand, if 0,14 mm of CO is preliminarily introduced, it poisons the reaction
remarkably as shown in the right side. It is ascertained that during the poisoned reaction CO
is oxidized by O, to be CO., which is not poisonous. If the pressure decrease during the
poisoning is caused only by the oxidation of COQ, it should he 0.07 mm, but as seen liom the
slow change part of the pressure curve it is in fact much larger.. This shows that parallel
with the oxidation 0" .CO the oxyhydrogen reaction proceeds and the iate of the latter reaction
is much larger than that of the former. As soon as CO is consumed, there occurs a rapid
oxyhydrogen reaction. This phenomenon will be discussed later. And the res'stance curve
shows that the absorption velocity of Hg in the poisoned reaction is slightly lower than in the
case of H. alone, but within 20 seconds an absorption equilibrium is established and the resis-
tance values are a little smaller than those expected from the partial pressure of the hydrogen
in the gascous phase.. In the figure, for example, the mark @ refers to the theoretical value,
which differs from the observed one. This difference is probably due mainly to the reduction
of adsorbeil H. concentration caused by the adsorption of CO on I'd. As for the influence
of the temperature on the poisoning. effect of CO, with the fall of temperatuie the degree of
the poisoning becomes higher. Under the same experimental conditions as in Fig. 4, excepl a
temperature of 100°C, the pressure change by any reaction docs not take place for 4 hours
and the measurable oxyhydrogen reaction occurs after more than 20 hows. Thus both the
oxidation of CO and the oxyhydrhgen reaction are entirely inhibited at first, while the solulion
of H, takes place and the resistance increase reaches about 80% of the value expected [rom
the partial pressere of the hydrogen present in the gaseous phase. It was also found that if
CO was not present in the above system, the oxyhydrogen reaction was so rapid that the iso-
thermal. reaction could not be expected to occur as in the case at 160°C.

Behaviours of gases on Pd: From the above experimental results the behaviours of CO,
O; and I; on Pd may be inferred as follows. It is clear that such a remarkable poisoning
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by CO may be easily attiibuted to the selective adsorption of CO on the active part of Pd
which is capable to cause the oxyhydrogen reaction. Therefore, it i5 certain that a Pd:surface
covererd wth CQO, . which will .be denoted as the CO—Pd surface hercafter, can exist on the
active part, The fact that the oxyhydrogen -reaction and ‘the oxidation of CO are entirely in-
hibited at 100°C as alrcady mentioned may be undersiood by presuming that :the active part
of Pd would be completely covered with CO. Even in such case, there is cenainly a Pd
surface covered with H,, which will he designated as the H.—Pd surlace hereafter, because the
increase in resistance indicates the solution of H, in Pd. Namely, in such case as the CO—Pd
suriace is formed on the active part and the H.—Pd surface on the other part, both-the oxy-
hydrogen reaction and the oxidation of CO) ate entirely inhibited:- The fact may be:attributed
to the absence of the (). layer adsorbed on the- active part of Pd, owing to the complete
covering of that part with CO. This O, adsorbed surface will be designated as:the O,—Pd sur-
face hereafter. At 160°C, however, both the above reactions can proceed from the first, It
may be also. explained as follows. Owing to the temperature increase, the coveiing -force of
CQO becomes weaker anil therefore the O.—Pd surface may be- permitted to exist on the active
part of Pd and cause the Eboth reactions. With the purpose of ascertaining the truce, of the
supposition that both the reactions require the O.—Fd surface, the following experiments were
carried out. At first the characteristics of the oxidation of CO was examined.

Measuring of the vxidation rate of C): The oxidation of CO in the above system is
low in its velocity even in considerable excess of Q. as seen from Fig. 4 (Po,=4.45mm,

" Poy=0.14 mm). Thercfore it is difficult 10 follow such a reaction of a system whose pressure
change is small for its high total pressure.

But Ly measuring 1, the lime interval elapsing before the occurience of the mpid oxy-
hydrogen reaction in the ((CO (tacc))+(2H.+(0)] system, and regarding it as the (ime
demanded for oxidation of CO, the velocity of the oxidation of CO could be approximately
determined. Fig. 5 shows the relation between t; and the piessure of CO introduced to the
system (the pressure of the stoichiometrical oxyhydrogen mixtwe introduced=constant). If the
messere of CO is below 33/1000 mm, no poisoning occurs; hence t;=0. If the pressure is
ahove that value, the poisoning will appear, and with the rise of the pressure 4 will be rapidly
increased.  Fig. 6 shows the relation between the 1/t, and the partial pressure of O, in the
stoichiometrical oxyhydrogen introduced 10 the system (the pressure of CO = constant).
1/t means the approximale velocity of lhe oxidation of CO. From the curve, it is clear
that the oxidation rate of CO is almost proportional to the partial pressure of (.. This isthe
case when a stoichiomelrical oxyhydrogen mixture has been introduced after CO. Next, it was
also made clear that the reaction takes place more rapidly when. a mixture of CO and O, is
introdlucedd 10 the reaction vessel (in the case shown as the mark X) than when CO is intro-
duced first and then 0, is introduced (in the case shown as the mark Q).

Mechanism of oxidution of CO: 'The fact that the reaction is not brought forth by the
collision of O; from the gaseons phase with thza CO—I'd surface is casily proved as follows;
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In Fig. 5, if the adsorption concentration of CO is consiant, under the pressure range from
33/1000 (0 156/1000 mm Hg, t; must increase in proportion to the amount of the CO intro-
duced, because the partial pressure -of O, is constant. In other words, the curve obtained is -
to be a straight fine. But it is more appropiate to- consicer that the adsorption concentration
of CO should increase with the rise of pressure from 33/1000 to 156/1000 mm, and so the
curve is expected to have a concavity for the abscissa and become a straight line after the adsorbed
concentration of CO has reached to the saturation value. The fact, however. is contrary to
this expectation. As clear from Fig. '5, the curve has a convexity: the greater the CO
pressure becomes, the smaller the reaction rate. This proves that the collision of O, from the
gaseous phase with the CO—Pd surface never brings about a reaction.  Moreover, the fact that
the reaction velocity is higher when a- misture of CO and O, is introduced than when O, is
introduced after CO justifies the above conclusion. Hence, the O.—Pd surface is indispensable
to the oxidation of CO.

BMechanism of oxyhydrogen reaction: As mertioned in the experiment at 100°C, though
the existence of the CO—Pd surface and the I.—Pd surface on Pd in the ({CO (trace)}+
(2H,+0.)] system can be easily deduced, neither the oxidation ofCQ nor the oxyhydrogen
reaction can take place. Namely, when the oxidation of CO can not take place; the oxy-
hydrogen reaction also can not take place. Moreover, the author has made clear the two
following points. First, when the oxidation of CO can take place, the oxyhydrogen reaction
also can take place. Secondly, the oxidation of CO needs the O;—Pd suiface formed on the
active part. Consequently, il is clear that the O.—Pd surface is also indispensable for the
oxyhydrogen reaction.

And now it is a question whether the aclive part consists only of the O.—Pd surface in
the oxyhydrogen mixture, or whether it consists of the CO—Pd surface and the O.—Pd surface
in- the presence of CO., As will be mentioned later, in ¢xcess of Ha, the slight retardation by
H. iz ohservable and so it is probable that there also exists H.—Dd surface on the aclive part.
But the reaction necessarily requires the O.—Pd surface. Tt is unknown yet where H;, the
reaction partner of O., comes from :—whether from the gaseous phase, from the interior or
from the surface of Pd. But, as it is probable that O. has plenty of H, as the reaction partner,
it is not unrcasonable to assume that the area of the O,—Dd surface determines the reaction
velocity.

Euplanation of the scale-oué: The scale-out of the galvanometer and also the rapid
decrease in pressute as seen from the right side curves of Fig. 4 will be explained. The [all
in the pressure of CO caused by the oxidation leads to the enlargement of the O,—Pd surface.
When this enlargement reaches @ certain crilicil value, the heat of the oxyhydrogen reaction
overcomes the cooling fram Pd and the temperature of Pd i)agins-to rise.  Any rise of tem-
perature of Pd will accelerate the oxyhydrogen reaction on the one hand and enlarge the O.—
Pd surface by inducing the evaporation of CO on the other hand. The latter efect, of course,
favours the oxyhdrogen reaction. Consequéntly, by the overlapping of these two eflects the
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temperature of Pd will be increased. Thus the temperature of Pd and the reaction velocity
may be rapidly incrcased, and then at last the. abrupt pressure decrease and the. sudden
resistance increase may be simultaneously cansed.

FRetarding effect of Fl, or H,0 on the oxyhydrogen reaetion: 'The retarding effect of
hydrogen on the oxyhydrogen reaction is shown in the curves at the lower -part of Fig: 8
Under the. constant pressu es of CO and Q,, the processes of the reaction were examined in
the following thiee cases: the stoichiometiical ralio, excessive II,, and deficient II.. The
fisare shows only the change by the oxyhydrogen reaction (the change by the oxidation CO
is reduced by tough estimation). Now from the consideration of the property of the scale out,
it can be expected that the pressure of the gas in the system and its composition considerably
affect the value of L. In excess of I, the heat conductivity of the gas is larger than-that in
the stoichiometrical ratio and so is also the critical surface reaction rate needad to bring forth
the scale out: in other words the O,—P surface needed to induce the abrupt pressure change,
should be larger. ‘Therefore, t in excess of H, is expecledd to be larger than that in the
stoichiometrical ratio. If excess of Hj, howevc'., affects only the heat conductivity, the slowly
decreasing part of the pressure curve should coinside with ‘that in the stoichiometrical ratio
except in the last stage. But, in fact, in ‘excess of I, the rate of the reaction is lowar from
the first, which proves that excess of H, certainly retards the surface reaction. This may be
easily attributed to the diminution of the area of the O,—Pd surface owing to the excess of H..

In the same manner- it becomes clear thal ;0 also slightly retards the oxyhydrogen
reaction. This may be also attributed to the reduction of the O.—Pd surface owing to tha
adsorption of H.O on Pd.

Double seafe-out: In the casé of a higher partial pressure of O, in the stoichioménical
oxyhydrogen mixture than shown i Fig. 6, there appears a new phenomenon, which ‘supports
the above reaction mechanism of both the oxyhydrozen reaction and the oxidation of CO.
In Fig. 10 (Pco—constant), as the presswre of O; is gradually mised until Po, =537 mm,
continuously decreases, If Pu,=B5.50 mm, however, the introduction of oxyhydrogen mixtare
causes in an instant the scale-out; namely t=0. In this case the residugl pressure in-
chicates the prosence of the oxygen and hydrogen yet unreacted. Such a scale-out is denoted
by the mark x in the figure. After that the reaction proceeds so slowly and in 888 seconds
the second scale-out of the galvanometer takes plaCet here all the reaction is completed.
Ti the time between these two scale-outs, is denoted by the mark QO in the figure. This
phenomenon is designated as the double scal-out. And whenever the pressure of O, &
higher' than 5.50 mm, this double scale-out: is always observed. This may be explained as
follows.

As alrealdy mentioned, the tansformation (rom' the slow oxyhyilrogen reaction to the rapid
one and the scale-out of the galvanometer may be caused by a condition in which the area of
the O,—Pd surface developes into the eritical value. In the case of Fig. 6 and also in the

case of Po;=5.37mm of Fig. 10, the area of the O,—Pd surface is not sufficient to bring
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forth the rapid reaction from the first and therefore there is some ﬁnitt;. time interval needed
for the development of this area into the critical value. In the casc of Po,=5.50 mm of Fig.
10, however, this area may be sufficient to bring forth the mpid reaction from the first and
may make the temperature rise induce the evaporation of CO, Accordingly, in spite of the
presence of considerzbly large amount of CO in the system, the initizl poisoning does not
occur. The progress of the oxyhydrogen reaction leads to the fall of the partial pressure of
O. and also to the fall of the temperature of Pid.. Then the residual CO is adsorbed on the
active part of Pd and poisons the oxyhydrogen reaction. The oxidation of CO. proceeds
parallel with the slow oxyhydrogen reaction. Then the diminution of the CO—Pd surface area
caused by the oxidation of CO will make the O,—Pd surface area become sufficient to bring
forth the rapid oxyhydrogen reaction. Here the second scale-out takes place. Thus the
second scale-out of the double scale-out is of the same nature with the scale-out previously
mentioned.

Effeet of the composition of the oxyhydrogen wmixture on the seale-onl: When [, is in
excess, for example in the case of Po,=3.92mm and Py,=18.72 mm, the double scale-out
does not appear, in spite of a considerably hig!'1 total pressure. Beosides, t; in this case is larger
than that in the case of the stoichiomatrical iatio such as Pp,=3.92 mm and Py,=7.84 mm.
From these results it may be easily understood how deeisive a condition the area of the ().—
Pd surface is in these scale-out phenomena, ‘

On the contrary, in excess of O, e.g Py,=9.60 mm and Py,=4.29 mm, only one scale-
out takes place at first as denoted by the mark ® in Fig 10.. This result may be explained as
follows. Owing to the high pressure of Q.. the area of the O,—Pu surface may be: large suflicient
to bring forth the rapid reaction from the first and moreover owing to the large excess of (.,
it may maintain a considerable value throughout the reac'ions: hence C(} may not be so
adsorbed by T'd as to poison the oxyhydrogen reaction. Thus this kind of scale-oat is of the
same nature with the first scale-owt of the double scale-out.

In conclusion, these new phenomena may be well explaineid by supposing that the O.—Pd
surface is a decisive factor for both the osyhydrozen reaction and the oxidation reaction of
CQO.

Conclusion.

(' The O.—Pd surface is indispensable for the oxyhydrogen reaction.

{11} The poisoning effect of CO on the reaction is cauwsed by the diminution of the arca
of the 0.—Pd surface owing to the selective adsorption of CO on the active part of Pd. .

(IT1} While CO is poisonous for the reaction, it is oxidized by Q. into CQ. which is

not poisonous. The oxidation of CO also reguires the. O.—Pd surface.
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