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Fig.'1l. Apparatus.
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Fig. 2. The reactions at various temperatures.
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Fig. 3. The reactinns at various temperatures.

Exp. No. 1 O at 160°C
Exp. No. 2 @ ar 180°C
Exp. No. 3 g at 200°C
Exp. No. 4 €. at 240°C
Exp. No. 5 () at 280°C
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Table 1.

The reactions at various temperatures.

S,

Reacti Reciprocal of -
eaction ction tem Initial .
Exp. No. temp. rea P pressure m log A, K,
(°C) 1 (mm Hg) .
r
1 160 2.310x 1073 175.6 0.677 5.605 4.03x10-%
2 180 2.208% 1073 175.2 0.661 5.825 6.69 % 1073 7
3 200 2.113%1073 176.9 0.667 4.007 1.02x104 !
4 240 1.949x 10-3 175.0 0.658 4238 1.73 x 10~ Bl )
5 280 1.808 x 10~7 176.6 0.662 4.389 2.45x 107 ‘
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Fig. 6. Influence of initial pressure (at 180°C).
Exp. No. 8 @ a=115.0 mm Ig
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Table II.
) Influence of initial pressure.
Reaction temp. | Initial
EXP- NO. eac ((Zlé) emp nl(:nmpll’;;l"e m log fVo Xo

180° 115.0 0.730 5.878 7.55x10-5
7 " 175.2 0.661 5.825 6.69%10-5
” - 9345 0.616 5.778 6.00x10-5
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Fig. 7. Effect of heat treatment. ‘
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Fig. 8. Eftect of heat treatment.
Table I11.
Eiffect of heat treatment.
Time of Reaction Initial
Exp. No. heating temp. pressure m log &, K,
(hr.) (°C) (mm Hg)
9 0 180 175.2 0.661 5.825 6.69% 105
10 2 " 178.2 0.672 5.573 3.74%x 10~5
1 5 2 176.3 0.633 5.433 2.71%10-5
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Fig. 10. Effect of reaction product.
[ idizer Dl 1
Exp. No. 12 Oxidize Lefore Experiment Exp. No. 12 O Oxidized before experiment
Exp. No. 13 Unoxidized and performed Exp. No. 13 ¢ Unoxidized and performed
immediately after Exp. No. 12. immediately after Exp. No. 12.
Exp. No. 14 Unoxidized and performed Exp. No. 14 @ Unoxidized and performed
immediately after Exp. No. 13. immediately after Exp. No. 13.
Table 1V.
Effect of reaction product.
E Reaction Initial
I\?P' Treatment temp. pressure m log K .
o (°C) (mm Iig)
12 Oxidized before experiment 180 178.8 0.667 5.710 5.13%10-5
o Unoxidized and performed - . _
1 immediately after Exp. 12 "’ 177.9 0.639 112 149X 1074
Unoxidized and performed "
14 immediately afier Exp. I3 " 178.1 0.660 4.211 1.62x 103
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Fig. 11. Effect of water vapour (at 180°C).
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n, RECBEIVHZN 0TS 3 LMERL2H, ABBICRTIES \ 3BRAEKEROBE
BED BN ENHD%. ZIERAERICH U ARILBOKERBRG AV K B2, Xikitolk
KR 2KZERORGE ML, ML VEHIBET 2D TH2HRFHTHS. ML
T Pease and Taylor OEERICH T RIEBE R 150°C 0REcROFENELL(BNS -
KR LT200°C e TRZHBIEBI/IILh2HL hE~T, ABBICHRTY, FicEillc
BRitoFBEIh sz hdmhavwiBins, X Pease and Taylor It — R B bsag
ANDERPAERARALBEYRITARVC LYEDTHS. #OTUELEOHEL B~
T, AERICATHHER TR, RIBIC L 2 TE LAXKEROWEIERIcANEZL T Lw
LiEEaAns.

DromEil ), HORBILH L TE~GNIBREL L TROME YOHARETH 5.

1. Pease and Taylor¥ iz X PRFE 2N, RERERLHE ORNMAECHN TETT S
LDOTHOT, HOPEBAFKKRIETic £ Y ORmMITEL, R 2KEFUERICL 2
THHR~HTITC . OB KGR ERERHE & 2 6 F, MRHRBAECRT 2KEL
it o RELHEE e Lt s, Ll REGEEXNBEOBBITL 20T
3. .

2. Wagner it & 5144 v BRCHETOMEO M ¥ B ic e L i Mott ORI X
&, KEIC X 2 SRR MOR TR L L TROMHY R L TH 3.9 KEREL Bdiiic
WT, BELEHECHESLTKSTERD, ZRUETRS. 20RicENIEBI AR
CEFREBETEEZ I Z2EBRLL 4 F Y RUET cME L CTENRNTICEIL T &
Bz, #H{omd LTHRETRRFCBILHAMEL L, B ZERERXRAR
BRCNTEBBEYE 2H 3. ML THOBRRAE TN 2 icoT4ET 5.

HOBEcRTHROmS, ZOEBERERMEIOKREERELLORELD b & ThiX, KHE
EEREBPCHA L, MERcXEERL R D, BB cEBERLEXPETS. Ko
4~ Gamer and Maggs™ &7¥ Wischin™ iz X b 185 L7 &R D KSR OB HRD
MEOHRITOWT Mot B LWHELSEHI L7ehds ™ S 0A It b TN L BflOBEr %
~NBZEAHES. WLELMEBTMEORECH T, BHES A 07 L VETE~NEFO
REEAL, < LTH LB (positive hole) iZEBOL~ ML TIT2, xcTO 4
AV I DEFLELMER O sEL, ZhREKEL REL TR ER LR LS. OB

12) C. Wagner, 7rans. Farad. Soc., 34, 851 (1938).

13) N. F. Mott and R. W. Gurney, Electronic Processes in fonic Crystals, p. 263, Oxford, 1940.
14) W. E. Garner and J. Maggs, Proc. Roy. Soc. A, 172, 299 (1939).

15) A. Wischin, #4d., 172, 314 (1939).
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CRTH M EERREHLIEE~bNEV. XEL 0"k b 0BT OREISKE L BE
TBV0LTE, HOBERRHAOKEORICRENMRLE2ETH 250, HOBRLIR
frahs. #HOTHOBAIC O RERELIET 2HME, REKELBELORETSD
T, KECRT 2BEOBERXNTOBBICIT2HE R D, Hhh\ 28#c X oTEL
NHFEXRERS ) tA—DObDLES.

I OBRESIE Ly & ZAER LOBRIOEIET 2R kv, zodofihic
LTh, HEREOEMIIBAEKELRELORMTHS 8RN, Kic log K, Lhk
B RBOTEEILEUL 6.Tkaal TH 545, WAFKFRLIEREL L VKOERT 2 REEOEHER
B tofic L TKEOBRER. KOMGEHETHRICANLAE L 6. #hH38EniER
gL TR ERRIE M TR R A WA, ot Bics L TidkfE  10~15kcal/mol
BEOCLDEBiRLS.

3 ¥

1. kKFEic X 2EHLMOBLREOEEY 160°~280°C 1T, b sic X >THlEL
7e.

2. FECHBYICHETL, RIEREQVRIR TS 205 KFcEzoREXRL, Kok
KEi b, RCHUEEL TS,

3. R X Y REERRDRKE & BEOHFICHL T

3—::: = I(ox% (a —_ g,) .

BB EER AN AN B.
4 RCSRICBESIE L Be K ST 20 ER ic 8L 2tk .
5. RELRHEORIMC L 2T K ¥3ime L2588 ER icid L sm .
6. UboREEICE L TRENEDSIELS 6.7 keal/mol k{87

AR 2 KBEROEEL L o~ ;

-1

APFICE il O T #4nWARTr 2858 & MR E o7 B FERTRASEBIE T 4
R B EET 5.

Wleh M BRI RE I L DR 3 (B RILTIEI2 JI25 5 240)
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PHYSICO-CHEMICAL STUDIES ON COPPER CATALYST. (I)
The Kinetics of the Reduction of Cupric Oxide by Hydrogen. (I)

By Siceo HasEcawa.

(Abstract)

The velocity of the reduction of cupric oxide by hydrogen was measured by statical
method. The cupric oxide used was prepared by adding potassium hydroxide solution to that
of cupric nitrate and heating the precipitate at 847°C for 5 hours. The water produced in
the course of the reaction CuO+H,=Cu-+H,O was removed from the system by cooling the -
side tube D near the reaction vessel with dry ice. Thus, by measuring the decrease in the
hydrogen pressure by means of a pyrex glass Bourdon guage, the velocity of the reduction
could be followed (Fig. 1). Every time an experiment was performed, the cupric oxide was
oxidized with dried air at 300°C for continuous use.

The relations between the decrease of the hydrogen pressure x (mm Hg) and the time ¢
(sec) at 160, 180, 200, 240 and 280°C are shown in Fig. 2. As seen in this figure, the reac-
tion velocity is slow at first, then accelerated up to a maximum and finally falls again. This
shows that the reaction proceeds autocatalytically. The {]og%—log {a—z); ~ log 2 curves
obtained from these results are all linear and of the similar inclination (¢ is the initial pres-
sure of hydrogen). From Fig. 2 and Table I, the following velocity formula is deduced :

‘(ii—f= Ky 2% (a—2) (1)

where K, is the constant which depends upon the reaction temperature, the condition of cupric
oxide and so on. This formula, however, holds good only for the first half course of the
reaction from the stast to the maximum. The latter half of the reaction will he discussed in
another report. The apparent heat of activation is found, from the values of log K,'s at each
temperature, to be 6.7 kcal/mol (Fig. 4).

In spite of the change of the initial pressure the formula (1) is applicable, too (Figs. 5
and 6; Table II).

When the sample is again heated at 7¢7°C, the reaction velocity falls; the longer the
heating, the lower the velocity becomes (Fig. 7). For this case formula (1) is also valid (Fig.
8), namely, the temperature treatment makes K, smaller, while the formula (1) remains effectual
(Table II1).

Even when the sample is continuously allowed to react without being reoxidized, the reac-
tion also proceeds autocatalytically. But the greater the amount of the reaction product is,
the higher the reaction velocity is (Fig. g). This casz is also satisfied with formula (1),

though the value of K, becomes larger because of the addition of the reaction product (Fig.
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10; Table IV).

The water vapour preliminarily adsorbed on the sample exercises no effect (Fig. 11). From
this it is deduced that the reaction is independent of the water formed.

Now it is supposed that the reaction takes place between cupric oxide and adsorbed
hydrogen at the interface of cupric oxide a;xd reduced copper with the reaction nuclei on the
oxide. Assuming that nuclei on the crystals of cupric oxide are small in numbe:, growing
i.ndependently and that the velocity of their growth is equal for all directions, and also that
the formation of nucleus is negligible, we can obtain

dz ,
d—;‘=k,1\.,’/=:v% a—=2)

where k, is the reaction velocity constant and %, is the number of the nuclei present at first.
k, is changed only by the reaction temperature; XN, is dependent on the surface condition of
copper oxide., It is easily expected that the heat treatment of cupric oxide will lead to the
decrease in N, and the longer the heating, the larger the decrease is; and also that the addition
of the reaction product will lead to the increase in &, ; and therefore, that their effect should
be exercised only on the number of the nuclei and not on the type of the reaction velocity if
the nuclei are independent of one another. From (1) and (2), K,=£/£,V,% ; and so the above
mentioned mechanism satisfdctorily explains the experimental results that the heat treatment
and the addition of the reaction product give an effect only on K, and not on the type of

the reaction velocity.

The Department of Applied Chemisiry
Meidi College of Teclmology. (Dre. 25, 1942)
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