o _ S JY{%EEFJE\
[ MELZOHES Vol 5 @Q@ 3

[ ERWBUE N BB DI A2 OLIIKE, #HRBHESCL > TEL CPELE0 25,
RSB A H 5 RS, FERic 2 0lRic & D Ay Ric T 25005, H 21
B O L+ 2RI L. 2 OISO UL 2 HE & OISO BB & 2 Bih01iF 2
3. o\ SPRERMTE & LT REIKET L 2MILMDORIERIERIE ¢ 7 ) ik
it & 5T 160°~280°C It A CHHE LIcDTH 27" Tl L T2 OREX FIBANC T2 4D
¢ REAIERRIIEE CR A KT T DRE LR L, RIHIOKICRAL L D, HOR
BRIV T 2 Re. UED KM MU, B 5 & T s B3R ICH & RN 72 2 BE

WIT 445 1 oM kB oo B . mMI8AI9.H ‘
ihi
B #®
- ABEOHBLBHHE (E=8) | ;
) KEIC & ZRIFETOBHS (HO-) ’
P O % K
o
E: IR _ ;4
|

) T8RE DRTCATHETT 5 £ BT, ROBHMEEIER 2. [ y
i{;— =k, N'iz%(a—r) = Kz%(a—2x) (1)

' BBz BRAEREDERD, o ZKLOFR, K BT ko HiEIEIC KO TSHE 2l N iz
~ ML fife T 5 REBEDHTH 5. i LCTORIIRICR, INEOHD X V{iETH 0L,
R DAEFFIC IR T3 b D & BHE~BIDA, EOEBRATR D RETH O LEL K L

D OB, REEBORICREEINE: L BT, i '

% =k, Nir¥a—r) = Kez*{a —2) )

e 2% IO REEIER DB LTS 04, m@DWMLTIDFWﬁ&WMkﬁk&
Z;o@@iﬂbeT Z LD LHOMME R X D%‘L( 5. b ?ﬁ ;e T
zmﬂnam<bq‘;—«wh ) LR log s HRHIC E OTREEL &, IO %
X CH ﬁ&mfmw&¥%ﬁﬁoﬁmxD%%L(ff«#h% oL, #RicTiR
REEEIE A (2) ic k DEABRE LY b, ~HALABHETRT bOTHOT, W)au%n
PHRER L HEL TR THS. ARICR TR HORPBHT 2HER LB S, Aitod
R MDRKIT DV TEERERA L 5 &M 4. -

1) RN Kb, 17,49 (L) T ‘ -




“a’

154 . (BTH) £ 45 % ok

g~ HIPPNS Pt e YRR R
. o MELEOES Vol 17%; g (1943)
Vol XVII
"B & 2

i A TiL, b‘d@’?ﬂﬁr’il b I I ﬁ\ﬁklth% BEOMOKBESIL O\ T B
#d, H l’f%icﬁl/ﬂid‘u)mnixﬁxofc LA‘Flcr/\-cliﬁ—ofﬂqlmﬁ RERIT O\ THL

WoOTIFL -
1. HEBEICRTDRE. -
160°, 180°, 200°, 240°, 280°C itATHALNIE R EB—H. FIR) OB PIBITOWT,
log :Il —log [93”(“ —2)] ¥Rz D, ¢ FEEc L oTER TN B—omd k3.
CC ) . . .

54

08 (xMa—a))

dx
dr

log

(]
0 50 60 l , BOxI00
, . , x 1
Fig. 1. The reactions at various temnperatires.
Exp. No. 1 O at 160°C, Exp. No. 2 M at 150°C, Exp. No. 3 ) at 200°,
Exp. No. 4 g at 240°C, Exp. No. 5 @) at 230°C.
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Influence of initial pressure.
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Table 111.

Effect of heat-treatment.

- . Time of heat Reaction temp. | Initial pressure ” . o2
Exp. No. treatment (hr.) (°C) (mm.lg) x T isec.) e
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- PHYSICOLCHEMICAL STUDIES ON COPPER CATALYST.V (ll)
The Kinetfcs of thg Reduction. of"Cupri‘c Oxid§ b_y Hydrogern.r
(I) The Formation of the Reaction Nuclei.

By SiGeo HaseGawa.

(Abstract)

In order to throw light upon the relation between the catalytic activity of copper and the
reaction involved, the author has followed statically the velocity of reduction of cupric oxide
by hydrogen. Tt was found that the reaction proceeded autocatalytically and ,tﬁe velocity
reached maximum after a certain lapse of time. The. velocity formulae differ in.the courses

before -and after the velocity maximum. To the first part, the empirical formula
L= Kot (a—2) )

is applied, where @ is the initial pressure of hydrogen, 2 the decrease in hydrogen pressure
and K, a constant. In‘thc,seqot'\d part the. ve‘ocify is. much gre@ter than th:\lthin ,tbe formula
(1).

The reaction in the first part may be assumed to proceed as follows: (1) There occurs
a reaction between adsorbed hydrogen and cupric oxide at the interface of reduced copper as
the reaction nucleus and cupric oxide. (2) -In the beginning of the reacfion, the nuclei on
the cupric oxide crystal are small in number, and they are never in contact with one another.
(8) The progress of the reaction is proportional to the velocity of the growth of the nuclei
" and there is no change in their number. Fiom these assumptions is derived the reaction
velocity formula

B o N (), @)

whe;'e ky is the constant and N, the number of the reaction nuclei at first.  Assuming %y Np*¢
=K,, the formula (2) becomes identical with .the formula (1), and the varations in K,
according .to.the change of the. reaction temperature, the heat treatment of cupric oxide or the
addition of the reduction protluct, reduced copper, can.he well explained by these assumptions.

The results obtained at 160°, 1807, 200°, 240° and 280°C are gmphicall.y shown taking
log %’%—Iog z% (a—2) as the ordinate and ¢* ds the abscissa (Fig. 1). The curve consists of
two parts—a straight line parallel to the abscissa and' an inclining straight one. From this
figure the following formulie are deduced : -~ :

dv _
dt

for the first- part of the reaction, and

Ko™ (a—a2) o (1)

9
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L2 =955 (g 3 -
for the second _part, where log K,:is-the mtersect of the ordmate by the homontal dine, ¥’ =
04343 x’ the inclination of the Iatter straxght line and T the nme when the wo straight lines
intersect eich ‘other. Ii happens that = is equal o the tine for the’ velocxty to reach a
maximum. In compansom ‘of (1)and (8), it is seenithat {3) does not’ radically differ from
(1), but it is nothing but (1) with the correction term ¥, With rising temperature, x’’
becomes larger, while x”’7? is constant independent of the reaction temperature (Table I).

The formula (3) is also applied when the injtial pressure of hydrogen is varied (Fig. 2),
and the higher the initial pressure is, the smallér is %"/, while x’’t* remains unchanged (Table
11).

Moreover, the' formula (3) is applicable not-only -.when the sample is' heated at 797°C
(Fig. 3), but also when it is continuously allowed to react without being reoxidized (Fig. 4).
In the former case, the longer the heating is, the smaller is x”’ and the largerpis x”’z* (Table
IIT). 1In the latter case the:largér the amount of the reduced copper is; the larger'is x// and
the smaller is x"’z* (Table IV). 7 ‘

It is probably due to the failure of some of the above assumptions that the formula for
the first part cannot be applied to the second part and it s necessary to make] a correction by
e**=%_  From the experimental results it i 'deduced that (1) and (2) of thé three assump-
tions are applicable. to the second part of:the reaction and it should l)e considered that new
nuclei are formed during the cdursenof the reaction. ‘The number of the nuclei does not

change during o hut after the Iapse of T it increases according to U

NN, , e

. }

and the increase in. lhe number of the nuclel needa an mductxon period T, |
In the formula (5), the terms e**? and €*? are. considered to represent the, surface condi-
tion of cupric oxide at 7 and ¢ respectively. Itis found that at different reaction temperatures
the values x and 7 differ, but xr* remains constant. Such is also the case with different initial
pressures. In these cases, the number of nuclei Ny can be 're'g'nrded :as equal, namely, the
surface condition of cupric oxide is the same at the ‘start: of the reaction. Therefore, xr? is
expected from the formula (5) to ‘be equal-at the time when the number of the nuclei begins
to increase. On the contiary, when the décreaseé in the number of the nuclei N, is caused
by heating. xr* should become larger in order to' reach the same state. And ‘the enlargement
of Ny by the addition of ‘reduced copper shouldlead t6 the -diminution.of xt%. 1In fact, as

seen-in the tables, these expectations are satisfied with the éxperitbental rc:ults.}
The apparent activation -energy of the formation is found, {rom the ,valués of log x at

various temperatures, to be 14 kecal/mol, (Fig. b).-

The Department of Applied Chemistry,
Meidi College of Technology. : . (AMay-15,.1943)-





