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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

IFfrom the standpoint of the reaction kinctics, Prof. Horiba and Ri® found that the decom-
position of CO (2 CO=CO.+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 catalytic surface, they admitted that this justified Taylor's theory of active centers
kinetically. The present authors believed thar, when some homogeneous surface be obtained
by a means, one particular reaction of the above mentioned reactions could be brought out,
and so repeated the investigation with the catalyser in the form mentioned in the title. 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 rcaction which Horiba and Ri considered to take place due to the adsorption of the
product C in such an active center. In fact, as shown in Figs. 1, 2, 3. and Table 2, the cx-
perimental results show only the retarded reaction corresponding to Equations (1) and (2).
Here

v= p(.: ='T, {po, the initial pressure; pp. the total pressure of the system at time t.)
1, Po _ 1 Pa : . )

km=—In =—In——, (km, monomplecular reaction constant ; p, the pressure of CO).
t P 3 ZPt—Po . :

. On the other hand, Mr. Kubokawa® studied the decomposition of CHy 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 by the equation
{%—=k(a_—x)/x“ (here n > 1), which he derived theoretically from the ground that this was
due 10 the mixed presence of active centers making irreversible adsorption. 'T'he authors
calculated the retardation exponent ,n” in the above mentioned equation, assuming that this
equation. is also applicable in the present casey The results are given in Table 5. As seen
in the table, always n > 1 in Experiment I which was made immediately after the reduction.
It has already been demonstrated by lHoriba®and R#¥ that the irreversible retardation occurs only
in Experiment I; then, it may be said that Kubokawa's view is justified. Therefore, the authors
believe that the present investigation gives an experimental support to Horiba and Ri’s research
and Kubokawa's on Taylor's theory of active centers.

1) Horiba and Ri, Rec. trav,, 51, 641 (1931).

2) The catalyser was made thus: silica gel, which had absorbed nickel nitrate in the diluted solutions,
was dried and dinitrated, and then NiO thus produced was reduced by hydrogen at 2g0°C. It is
possible, therefore, that Ni can be dispersed on the support almost in atomic form in the case that
the solution is very much diluted.

3) Kubokawa, Rev. Phys. Chem. Japan, 8, 18: 33 (1933).
4) It is obtained from the inclination of the v—k;; curve by Equations (3) and (4).
5) Horiba and Ri. Joe, cit. i
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DT e BRALA. MiLT2ZEFHEE RicT 2 RHNEG LAREREICiAT 2T LT3
bnE L, Taylor oif N ORY REHHEMICHRTI 0L LenTH3." FRETY
—% BETEREO S I 2 HAM A 612, W2 WIS E T L0 RO dEkis
EDREDS X BT T LENECTHZLFEL, REOMEBWBIC D2 JEORT LRV E~LE
mf@%-ﬂ&&nw,w&*wkﬂﬂtL“ADW&O%&OTHWMEIOfZE%Ta
BEICIT. Ni LR ERTAMCETCHUIEITELAECTH V. ROT LIRS s it
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—HITRTHINEEE Pticx s CH, oL L. 2R E < MHRENCETT 30
CdoHH HAD Langmuic ERATILRIAIEEWT X BAL, Z225IRE REERHO £
IR AN AT 2R FHEA S OO REIIKZ b0 & L. MICHEESOHAIT
TR ¥ 83 T LA/l 6 WHOTNROR LMk T2 C &40 CH b, DT
RHERY NGNS Taylor % P 2 ZEONCTIHE T3 REL N T LMK Z0OTH
%.

ACTHRBRFIL ISR T, S8 /DI, IBRRAR (L ARRFIIC TN B in 2 BREE R H
DR 7Y L EORBER IR L, RHICBHLh. F Y R 3 BAHE .
Wi o EEFE S 2 X0 L SRR LN N TR 20T A FOHERIC

TIHKRERHOMAE . AFFHO N NLEA CHDBERO RN L PIHIT L, SLTHER
EHIOBWMO TP HLA L TIRD 2. RLANGREEEARISREBLICES T2
T, WITH T WME LT IC KSR WG 251+ 2. ‘

LERRBHTE

YR RINERTMP M PO TN E I FRZERE L. ME 2« RBOYRICTOR AT S .

PFERE LTHERT 3B FA L 1R LT L. HEL8o=LREEEY 1IN HC IKHT

1) -, KEFE, (BDT3(RH54): 3, ARTSE, (FO4(EEMO4E). Horiba & Ri, Rec. trav,,
51, 641(1931).

2) W, ARZEPOE, (FUBI(MTAE) s WMBBR(KDI8, IB(w#IIE).

3) R Y- BE, $5EEAN Noo 3479(mi8)45RF No. 103774,
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Table 1.
('The preparing condition of -catalyscrs)
g?t’:;geli e?ifi:“tihc: fg‘:')e'lmi.r Concs. Ni-pitrate]  Reducing Durations Evacuating
Catalysers e of durations after
' Gel Ni solutions temps. reduction reduction
Cat. L 13.74g, 0.1504¢ 0.0639 Mol 295°C 22 hrs 12 his
Cat, II. 12.97 0.1608 0.0520 305 21 10
L ]
Cat, 11, 12.94 0.1348 0.0416 305 21 ] 12
R EBE R R

EWEEDMEmtﬁ%LﬁM&%ﬁﬁkmeO&Uwogzmm77¢7%yﬂ\a%
Ehins. ZATBICREEBAICHBONRS » KL, CO T CO: Z AP R
TR NEHE AR D TR E e, E‘Lkmﬁﬁﬁﬂﬁi@f’illﬁ’ctﬂfmE!BE)JEH:’Z%%M%Z:#O?‘:
DTHB. BB ICREESRIEZNEE 2 HERICHN TR D 1436 AIED TR AL I 22
PBANE 2T LTH DMWY ZEWHITHEYLICE D (O kit C0: ORFiTKDET 2
AT MBI WA, 2 FTLRATLAYD & LT RO RUIIEFICHA CH 0T BAOREREK
MEORBEY H L vwENEINS.

KICPEDIFL LT Cat 11 K@ THRANT 2 $0% Table 2 TIBF D, FHiodsE 4L
ROTBIE WIIEIE BT, v—kn b T % Lo, #i0 v=RrB = 2 o=l P
CHOT, km ZEH—KRHEEE MMﬁb7Jm.mW,mtﬁKMB%%oéF

Fig. 112 Cat. I, Fig. 2 (3 Cat. 1, Fig. 3 13 Cat T £ O THEL DRNCH D I

4) FRE180mm (H LT 2.0mm BEDLNTH 3.

5) €O, 13 300° oo 3 EIBGCIRT Ni 128 A VIE 3 00 CREERIB, (FOLI2(EHHME)207)

f) ‘lg o);_ggg»f;» 1225°, 1 atn CO, [ZRTH.dcc CO:.{'{&?: Li% 2 (¥, Rull, Chem, Soc. _]-\p"m,
133(19:32)). 2 X himEayc "90° Jatm CO, (2 ﬂ\ﬁ AMERLT KD 2L 1.3cc (FpklGHE) LA
MUt Langmur 0 F4ii8R & b,{ﬁiﬁ;-ﬂ- ;f,aﬁfpma, WAL LTI van der Waals lﬁg L
L T1000cal ot HOSITRMC AT 3 FAORBICATHELO ML 2 dR 2.
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Table 2,
(The result obtained by the measurement on Cat. I1.)
Exp. 2 p,=188.0'mm  T=297°C
t m X 0.434ky, v
0 sec 188.0 mm
26 182.5 5.5 mm ] 1,007 10-7 2.155x 10—
113 177.0 11.0 0.478 » 0.973
185 174.0 14,0 0.379 0.757
278 -170.1 17.9 0.330 . 0.644
346 168.1 19.9 0.298 0.575
473 165.0 23.0 0.258 0.486
605 162.1 25.9 0.232 0.428 .,
818 158.0 30.0 0.204 0.367
1023 154.0 34.0 0.191 . 0.332 .
1230 151.0 37.0 0.177 0.301 .
1520 146.5 41.5 ) 0.166 0.273 »
1690 143.6 44,4 0.164 . 0.263 .
1950 140.0 48.0 0.159 . 0.246
2190 137.3 50.7 0.15¢ 0.232
2460 133.4 84.6 0.153 0.222 .
2725 130.2 57.8 0.152 » 0.212
3640 120.5 67.5 0.151 » 0.185
39230 17.6 70.4 0.130 0.178 .
4225 115.0 73.0 0.153 0.173
4020 100.5 78.5 0.138 . 0.159
5100 106.8 81.2 0.160 . 0.150 .«
5900 103.7 T O848 . 0.166 - 0.140 »
3400 101.3 86.7° 0.173 0.135
G600 100.7 /7.3 0.173 » 0.132
GRO0 100.2 87.8 0.173 T0a30
7100 9.7 88.3 0.172 . 0.124
9480 94.8 93.2 0.174 0100 .
w 94.5
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Exp. 1 12 U CRICH SO M COWERCH DT, Lxp. 2, 8, deeeenrdflt Uixp. 1 10K
BiRiCh SNFEER Y KT, ML T Exp. 2 Do #REERICHATRETERINZ 8brs B4
BlE, FAERMCO:) X IRET 28kic Lie. BEBROEEREFLFRTILE Table 3 O C
»75.

Table 3.
(Experimental conditions)
Expts. ’ Initial pressures . Reaction temps.

Cat. I  Exp. 1 180.0 mm 278°C.
Cat. 11 Exp. 1 190.0 294
Exp. 2 ~ 188.0 - 297
Exp. 3 ‘ 197.0 204
w  Exp.a ! 178.3 292
” Exp. 5 ‘ 180.5 285
Cat. 1T Exp. 1 180.0 . 287
Exp. 2 ! 197.0 289

!
REEROXR

1] MR TGO KA —IC LT 0.2 RMA RIS T3 0%, 005 REEAK
i C? A% Ni [R5 S NVTREED T 2 Il T DS 1L, R ER L — O IBIEI R o
M{RDBTHABNBT E T L.V

Q= o sorsssesessassrrssan venesvese (1)
1 x
=5 k"‘.—z_h' B TICO e P PP, (2)

(DR ROBABCH 5. S x & b ILEIERFIRED B OHECCH 0TI B4
ZEEEXEL, p (2 CO OBEN, U ol Cd 3.

EEREBEREO v—kn WEEET 310 (2) RICHIET 2 EEMEITEA EABSTH AT,
RHEBINC AT —KTHTS L2 bObh LI TH 5. A MORE <~ € ¥ b 2 THHTIY
MICHTLTH B e BT T REAROETH 3.

1) COs MR 2 A€ . ARBHABUH) LZES M
8) RFME, (B)124(RMdEF)

— 337 —



MELZDES Vol. 9 (1935)

M6 (g#)  (F, &) sEfE7 A~ 2R € 5 =0y AL L 3 —RHEEOTH

S

o e

Table 4.

(The percentages of amounts decomposed by the retarded reaction type)

Expts. [nitial pressures x-w(')afluxl:rtd :(;w ﬂ;l;oﬁts' :i:::ger:;)‘:gc:i oth;\.mt;l‘llxz.ts
b retarded reaction type
Cat. T FExp. 1 180.0 mm 710 mm 79.028

Cat 11 Exp. 1 190.0 ' $2.0 86.4
» Exp. 2 188.0 84.3 89.3
: Exp. 3 197.0 - 810 82.0
' Exp. 4 178.2 6.0 86.4
o Exp. 5 180.5 68.2 5.5
Cat. 111 Fxp. 1 180.0 1.0 790
” Exp 2 197.0 84.5 85.7

OP B 5 A E80~90% % CHTIEAN ST 20 TH D, L FHRICATHOKER b 7 425~
30% % °C L o-IWHIBIAIC AT L s WIRE™ & M 20, FAQ BT EL (Y 52 iA%H
ZOCHD. BICTAIZ~50%D Ni(NO), (F&ICI0~20g OEREF 1 TIA LTRIEY T
WL, ZENOTRERELHEL 7e. A2 OB ITHNRICINT 20500 ( —KILHE 52
PR IEASEH IR E BUIN TR IO TH 2 HEEROBME LEREF). W Ni(NO,), ##H BT

ZBATUT R 5 2 O_LICRTRBOFEDIKD Ni A0 TH 2T, HOEEBIINII A
ADEZCHEREL BTN D LEFS.

KiCEWORHITY L (10%)BUIN 2 —KRITH 248, 2NN & —KRR O i1

 MLDAETETRETH DD, RUIEBIT LS (1) RO—KRNE™ TLBETEL, UL
| REGE e DERIOMESICAEZ 5L TREDBIAOHUALL V. ZAMUT AN TE
b5 L ma.. '

CII) fENEE Pick s CIL OSRICAT, —RHPHMRIER™ (1) KEOFEHX™
BRKERPILAFEHTHDOT,

o __kp ... reresessensanearianonsnsnseanasesses (3 )
dt (Pa—p)" @>1)
V=g 280K m— (1)

BECBENEIND T LB (Km (2 kn OENHYY. MILTZE RWPT2HIT, BRI

9) HELCEKERIECC. ANMOERAE-RTTIRIER Exp. 1 &
10y (DRIEBT p gz ABoFI L b T(HRZ—RREHIEN L 7
’ k(a—
11) 12)° (MR V=po~P LI HEHLIRAT S LENLS d: —-](Z_Tf,) 7 3 —fEAMEEROR &
l\ (a—-). ) Ap ic'p

M, —— = LA 2
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Table 5.
(The values of retardation exponent ., n'')
]
Expts, Po : n

Y
Cat. I  Exp. 1 180.0 mm ! 1.03
Cat. IT Exp. 1 190.0 1.04
” Exp. 2 188.0 ‘ 0.964
Exp. 3 197.0 0.985
" Exp. 4 178.3 0.967
" Exp. § 180.5 ‘ 0,970
Cat. 11 Exp. 1 1800 ‘ 1.03
» Exp. 2 197.0 ‘ 0.964

ST THET~NET Exp 1 HIHETHBRITHRE ZBEICHATIE n>1 1IKd2T Exp. 2
g o<l E5HTH 5. il (RN n > R 2848, AR5 ERY 63
ZIEENLNIREIL L 2 0L LTZERHL 7e. H#RKOLE TR TR B HERA: Exp. 1
TR TOHIFENTHD T LIFHHICNTHICHRPELENZIHCH 2. MIchFHITTN
KOFREGEREZ VDL EATENHALS. L Exp. 2 Mt n<l 22%E L VY
DORHIFHA EH—CBEDTH D EE~LNS. ih 2 B DL FIL e KD I8 1% ik
PEHITIELEBONIMEEFS. " HUTHD D = 70 ¥ — BHIE § IO PFAOBITIC K
OTHICESZTHL S, RCEMDPENTS 248, ZICHTIHL S HWERAHITED, &
CRRTEREZZENLH358E % Ni Iy CO2 ORI L IkEw 21T, #HEOHA
BEHOE L KB 2L B I FELMNTHRICED S.

= i

(1) =MErrriElis s Ni L N, —FEIERED ST X 290° BT T 1K
B ENTHEI L Fe. -

(2) LROBEEE HOIZFMDIEA L2850, MBI L 2RI L. i
LTZE¥AEOMAnWEEA L b UL, WAOESECH o T, MEEFO #HYDL
Taylor FCiG{E .0 PED REEEN ISFHHIC P e s BUE F BA~D b O L L7,

13)  FEnl, i ils-

) ZRECEHELTUCRRIIRTEMMETDD!.

15) A1 H 113E B,

16) B8 S IR Sl OBEETED b Lo Zpt ik o )
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