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The Decomposition of Carbon Monoxide in the Presence

of Nickel Supported on Silica Gel (1)

By
Taikei Ri and Gentaré Nagamitsu

Abstract

From the standpoint of the reaction kinetics, Prof. IHoriba and Ri?? found (hat the decom-
position of CO (2 CO=CO0-+C) in the presence of reduced nickel powder proceeded through
the stages of the retarded, the first order, the zero order, and the fractional order reactions
stepwise.  And regarding this as due to the existence of active centers with different activities
on the catalylic surface, they admitted that this justified Taylor's theory of active centers
Linetically. The present authors believed thar, when some homogeneous surface be obtained
by a means, onc parficular reaction of the above mentioned reactions could be brought out,
and so repcated the investigation with the catalyser in the form mentioned in the tide. For,
the authors’ preparation of the catalyser® makes it possible to disperse all the Ni upon the
support in atomic form, and consequently. it is supposed that this gives rise to only the
retarded reaction which Horiba and Ri considered to take place due to the adsorption of the
praduct C in sach an active center. In fact, as shown in Figs. 1, 2, 3. and “Table 2, the cx-
penmental results show only the retarded reaction corresponding to Equations (1) and (2).
Here

‘.=.E:§.EL=%_ {po» the initial pressurc; pr. the total pressure of the syslem at time t.)

. I, Ps _ 1 Po ; . — --

km=—In""=—In—"—, (km, monomolecular reaction comstant ; p, the pressure of CO).
t p L ZDe—Po *

. On the' other hand, Mr. Kubokawa® studied the decomposition of CH, with heated Pt-
wire and observed that the retarded reaction [{due to the product (!) in his investigation could
not- be explained by any ordinary retarded reaction equation, but quite well Ly the equation
%%:g(nfs)/xn (here n>> 1), which he detived theoretically from (e ground that this was
due 1o the mixed presence of active centers making treversible adsorption.  "The aulhors
calculated the retardation exponent ,n” in the above mentioned eyuation, assuming that this
equation is also applicable in the present case The results are given in Table 5. As seen
in the table, alwavs n > 1 in Experiment I which was made immediately afier the reduction. )
It has already been demonstrated by Horiba®and R¥? that the irreversible retardation occurs only
in Experiment [; then, it may be said that Kubokawa's view is justified. Therefore, the authors
helieve that the present investigation gives an experimental support to Floriba and Ri's research
and Kubokawa's on Taylor's theory of active centers.

1) Horiba at Ri, Rec. trav,, 51, 641 (1931).
2) The catalyser was made thus: silica gel, which had absorbed nickel nitrale in the diluted solutions,
was dried and dinitrated, and then NiO thus preduced was reduced by hydrogen at 290°C, [t is
pissible, therefore. that Ni can be dispersed on the support almost in atomic form in the ease that
the salution it very much diluted.
3) Kubokawa, Rev. Phys, Chem. Japan, 8, 18: 33 (1935). »
4) 1t is obtgined from the inclination of the v—k;; curve by Equalions (3) and (4).
5) Horiba and Ri. Jor, et
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1) -, kIERUE, (BDTBEMME): T, AZEWSH, (F)(RMOR). Voeribz & Ri, Rec. trv,
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Table 1.
(The preparing condition of - catalyseérs)
E‘?:::]:;::iief(.lfi:’gf: !%tlmir Concs. Ni-nitrate Reducing Thurations Evacualing

Catalysers iy of durations after
i Gel Ni solutions temps. reduction reduction

Cat, L. 13.94g 0.1604¢ 0.0639 M0l 205°C 22 hrs 12 las

Cat. I 12.97 0.1608 0.0520 305 21 10

.
Cat. 111 12.M 0.1348 0.0416 05 21 12
R B & R

REGREDTIEIC KL BTN 2685 w23 (O BT CO: ¥KT 22T~ 4
Ehid 5. Zﬁrkbltﬁﬂﬁ-zﬁl"!mﬁﬁﬂim*ﬂv’i:%lﬁL CO wiT CO: ZH£RCBAL
T EMEA 22T, R, W AOBIRINICRCIIFEA & IR F 013k b0l
DTHD. IRDIT THERIEZ NG 2 BRI THREE 450 RS FIRO P MTE 2
Peiahtt 2l LTH oM. ZEUDICHREF AICE D CO i CO: OMFITRDZET D
LA TR Y ATLBRATLAND & LT H HoREIFEFICRV CoroT.” BAORENEC
(SRR L A L wiislftah s,

KICHEOIAE LT Can 11 KT 2072 D% Table 2 [CIBIY 2. #H_DHA'-Iii}T
MOtDis gt b, v—km BCG3 L . i .,.=_l_‘2_l__l’_f=_'\'l_, - zpp.. ~
CHOT, ke BHLB—XEHHIENYTS 2. (po. T, p. UFHTHRD 2 4‘?0)2.‘-:157)

Fig. 1 1 Cat, I, Fig. 2 1% Cat. 11, Fig. 3 % Cat. T 2T ET2450°Ch 2. HiT

4) FRE180mm MW LT 2.50mm BEQLNTH 3.

5) CO, {1t 300° o s FBIs AT Ni 0FA VB 3 e OREENE,  (FOLI2(H54E) 2080)

) 1g OXERES A 1225, 1 atm €O, (ST hdce o) CO B L3 2 (828, Vol Chem, Soc. Japan, 7,
133(1952)). Z X b ey 290°, latm CO, LR AMBRT Rba L L3cc (BmREDE S,
MUSLOE g Tangmur PRENRR L b BBG 3R 4 MO, WHME LTI van dor Waals 95 -
LTl000al eMigoiz. MEIERC R s FAORBICR TR EOR L7 5 KR 4.
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Table 2.

{The result obtained by the measnrement on Cat. I1.)

Exp. 2 p,=188.0'mm T=297°C

t ™ X 0.45+ky, v

0 sec 188.0 mm

26 1825 5.5 mm LT 108 2.155 % 10-!
118 177.0 11.0 0.478 » 0.978
185 1740 14.0 0.379 0.757 -
278 -170.1 17.9 0.330 « 0.644 .
M6 168.1 19.9 0.208 0875 =
472 165.0 25.0 0.258 0.486
(03 162.1 25.9 0.232 0.428 .
818 138.0 30,0 0.204 . 0,307 «
1029 154.0 34.0 0.191 . 0.332 ..
1230 . 1510 a7.0 0177 . 0.301
1520 146.5 41.5 ' 0.166 =« 0.273 »
1690 148.6 444 0,164 0.262 »
1950 140.0 48.0 0.159 . 0.246
2190 187.8 507 0.154 0.232 .
2460 1334 84.6 0.153 . 0.222 .
27125 130.2 57.8 0.152 » 0.212 .
3640 120.5 (7.5 0.151 0.185 o
5950 7.6 704 0.150 . 0.178 .
4225 115.0 72.0 0.154 . 0,178 .
4020 108.5 7R.0 0.158 0.168 .
5100 106.8 81.2 0.160 ., 0.150 .
5900 - 108.7 I . 0.166 0.140 »
6400 101.2 86.7 0172 . 0.125 .
G600 100.7 87.1 0.173 » 0132
B8RO0 100.2 87.8 0.173 w BV T
7100 99.7 83,0 0172 0.124
480 04,8 93.2 0.174 - 0100 o
ea 94.5
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Table 3.
{Experimental conditions)
Expts. l Initinl pressures . Reaction temps.

Cat. I Fxp. 1 180.00 mm 278°C.
Cat. 11 Exp. 1 190.0 294
Exp. 2 { 183.0 : 297
Exp. 3 | 197.0 294
Exp. 4 : 178.3 292
" Exp. § | 180.5 285
Cat. I Exp. 1 180.0 4 287
Exp, 2 ! 197.0 289

|
REFERONR

Cl] RIS R R R A —IC LT B 2R EA RIS 46953 0%, 015 R
g CH 4% Ni KIRATE b VTGO ETT 2 4001 DRI, FURGE 150 3 — #0025 B
n{ RoOBTE~LBT LT LY

-—-—--P-- LR R L R L L R L L T L L R P YT YT Y YTy
ddt l-bp ' (1)
1
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(2)RIT (D ADOHSITECHB. KIS x & b tiiEl&’&?ﬂ[ﬁmawmﬁ-eaoﬂﬂm:{anm
2EEEFEL, p i CO OB, fut Fikomcd 3.

EREBEED v—kn W BET S (2) KICHIB T 3 HBRFIFA EAATHOT,
IEBMAT R T A6 L2 b0dh LENLTH . 59O~ — 1+ > + 2 THH5
RICHEATL Tl Bk R NEAROR CHS.
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Table 4.

{The percentages of amounts decomposed by the relarded reaction tvpe)

Fxpts. [nitinl pressures x-:‘?f]“::t:r:'lelc{wn?:;lioﬁts' L::co‘l:::;!ﬁi; Ql]-j?mt:lll‘:ﬂ‘
retarded reaction type
Cat, | Exp. 1 180.0 mm 710 mm 024
Cat I  Exp, 1 1900 ' $2.0 86.4
” Exp. 2z 188.0 84.5 89.3
; Exp. 3 107.0 © RL.O RL.0
" Exp 4 173.2 6.0 86.4
W Exp: g 130.5 8.2 5.9
Cat. [l Exp. 1 180.0 710 79.0
- Exp 2 197.0 84.5 84.7

EBFRA £30~90% % GNP ETT 20 CH 2. X AHIC A THROEE L ) £ 25~
30% % © L ASRIRIAITihET L in 0™ & $HAT B, A0 BRI EL (Afids il
ZOCHL. BICHAILE~50%D Ni(NO). (HHEITI0~20g ORFEF 1 LA L TR 5
B, Z¥rHOCT/EEEERINEL e, A3 BRI B8 { — R 23
AR ESHAER L BTN CH D TH 2 (EHROME LFEREF). B Ni(NOL), 87

755 BAITITERE S A O LIS TREORMRD Ni BRSO TH 2T, IOMEREITNILA

ADEZICRTREF BAT (NS b0 LEF3.

KIC D RARIT Y L ¢ (10%) I —KRACH 505 ZHWINE —ARUZIOIHIE
HODTHECETRETH DD SIMBIc L2 D)RNo—ARE™ KLz & F2h, AU
| R S e RO LS 2L FRENIAOIHALEG. ZAMINLATICE
55L& B '
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_dp ___kp
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=5 * 2:303K'm Dnp (4)
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Table 5.
(The values of retardation exponent ., n ™)
I
Expls, Po ' n

[
Cat. [ Exp, 1 180.0 mm ! 1.03
Cat, IT Fxp, 1 190.0 1.04
”" EKP- 2 188.0 : 0.964
Exp. 3 197.0 0.985
" Exp. 4 178.8 0,967
" L\p. 5 180.5 0.970
Cat. I Exp. 1 18,0 1.05
» Exp, 2 14970 | 0,964

SRICHTIEET<Z(X Uxp 1 MIHRILERITATZREICHTIE n>1 22T Exp. 2
g nll A5HCHES." FlRol CRINRE > 350, Animt5kme 4+
DIFEPLHIRFEICE 20 E LT ERHEL 72 K0 & 1T T R A 1A Exp. 1
ICHTOAZENTHD T 2 LHRICTHNTIHCEHE LN Zred 3.7 SUThFERIEaNI
RORy HERe 2 b0 L DT LAHAE 5. 2 Exp. 2 Dt n<l H2HE L D&Y
OFMNIFEA EE—ICEDTH B LEEALILS. Wih 3B x LT I0a ke Ko B IE Rl
YEHCIELBONIMEEFS. " MITHOIEO = 00 ¥ —BIE b IO RIKOBTTIC ik
DTHLITAEZTH LS. RITHEEDKNTS 248, ZICEHT 2L 2 RERANITEY, &
CERICEME 2SN LS5 EGEY N 1y o2 o RERE pItEw2ic, HEORG
HEHOME L R U2 HER~NTNITIEN S
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