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The pressure-increase with time at 200°C

CIOH-+HCHO+ H,~1,4+CO+H, (1)

BAMRICAT, IR S Wi oMRitic
‘%}‘TZJ&??{', Wit EVHIKEOE
5T & BT O T IR ORE D
< SR T T IRBEASHERT Lox < I A5 0H
Hick2boTHS 5.

2) REEERRDDH- '
FEBRICRTIE, BORBYIE L CREOEE B LD TH 8, MO0
% ZERICH B HIUET S 5 & ThE, 2BOWEOH TR, KIEOETINE ¥ LRI 3
T Xl  HOTRERMOMTIC & O THESEATE L oK & —BRALSHR & DMK
EEDIHERO WL H=EWICRT. HL A7 7~ LOMMEN | OB EOETIE, %
100

Fig. 3. The change in hydrogen S
comppsition of the hydrogen~carbon
monoxide mixture with time,

90

80

hydrogen

t Curve 1, 180°C,
Curve 8, 200°C,
Curve 3, 215°C,
Curve 4, 240°C,

70

The percentage

] {

[AY
50 60
Time ¢ (min.)

60 ]
0 10

] I
20 30 40

BT — R RER T, KEMINBLE I ETHD, LA P 7 —AOSMRIT

FREFLCHE N Y4550, L 1 Tl b &Lz dra7ase FREHICHMETS S
DETIE, KEOHHFBIOTHL R ZETHS. WD ICHBROKIE, Bomd,
KEDHAREREI & H12 1009 X 0K/ Lo b, COTB~RIET B+ JEoTL, 1 RO
I OREEOMILD SAFIC TR CENTH 2 L BATR R, BELTH B HETRS
ZEO T ODEMESIICHIBET 23X D THEITL CHLCLERTENTH S,
=B\ BSOS b, KRN O—ERILRE RTKMEDOMT) & T B T LA
B SRR (1) omGETL, MKEBRECHSRVADETS. 25 7~ LOWBY o
EL, ! ABZHAICREZ 7 AL AT AT ¥ RE—BILEEOB N ¥ hx o y LThiE,
2B~ ROKKERE a—z—y, 2+ LB D, WLTHET22E p 1%
pe=(a—z—y) +zt+y+ (2+2y) =atz+2y A



T e e P -~

WL D¥ES Vol. 19 No. 485 (1945)

144 U5t BB M5k Vol. X1X

L s —Hoabick Vk#EE MILREL DL m ka5 TLHHRS. B
€coy_ __ ¥y _ "y : .
(i) 7 zt2y p—a
y=m(pr—a)

y HEOT 2 ¥ ARD DT LS. 4 200°C 1T T, =936 mm DPA/ICONWE, A Y )~
(@—a—y), 7Ar2THFeTF @), —EALEE () Ubfa)ﬂ"ﬁFiF«’Jﬁ{L@&ﬁa’k%lmmltzﬂ'-
2 Y7~ R~ mﬂﬁiﬁﬂﬁmﬁ$iﬁﬁMT%ﬁ>7¢mA7wftF®§ﬁ%@@m
LieBiKER b, HUBSTST LB,

L
<

mlig)
(=23
<

(m1

Pressure

0 1 1 _ — L ,
0 20 40 60 80 100

Time £ (min.)

. Fig. 4. Thé pressure change of ‘methyl . 1 @ P ..
. . O, ————— b .
‘ a}cohol‘r;—x—y, formaldehyde x and Fig ¢ log a—s ¢ relaticn.
carbon monoxide . Exp. No. 1, ¢~93.6 V.

Exp. No. 2, e=6331200°C.
Exp. No. 3, e=482

3 RE#EERX.
& vty=z L@ L, HORERX

& n @

i THT T LA HKD. ﬁml.m&ﬁi&Lﬁ1za1;oinzﬁﬁréa o ¥ i
BEnEy, . : L

n
zZ

1 a _ n z Kk
e — Tt
1 @ _04343n = 043434
) Tt log u—z a 1 + a® O
&b, L log —— & = LREHBIRL R BE TS 200°C IR BREEITENT

\

6) FENEY, Ak, 11, 180 (EAIE).



MEBLZEOES Vol |

19 No.

No. 4,5 SN S LIRS (B THLER) 145
Table I,  The values of retardation exponent and velocity contants for the reactions ‘at
200°C with various initial pressures.
Reaction Initial :
Exp. No. o pressure »” £ Xax (*-+3)max Ay
temp. (°C) |, (rmHg)
1 200 93.6 1.11 0.355 21.2 7.5 1.1
2 » 63.3 1.10 T 0,353 16.2 194 1.02
3 » 48.2 132 0.353 13.2 15.5 0.90
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Fig. 6. The pressure increase with time at
different. temperatures.

No. 4, a=95.0 mmFHg, 180°C,
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Ex Renction 1 Initial
N} P temp. |© — pressure ” | A log 4, Tmax | (v+)masl A log 4.
o (°O) r a (mmg) ’ ‘ |
4| 180 |2208x10 950 1.06 | 0115 | 1.0607 | 16.1 214 | o052 | 17210
il 200 2.114 %1973 92.9 1.08 0.207 1.3160. 188 |. 2L7 1049 0.0108
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.PHYSICO-CHEMICAL STUDIES ON COPPER CATALYST. \"))

The Decomposition of Methanol bry‘ Reduced Copper. ) . ~
. By Siero Haspcawa. o
(Abstract)

* The present author measured statically the decomposition velocity of methanol by reduced
copper. The cataiyst used was prepared as follows: the copper oxide obtained by jadding
potassium hydroxide sélution to that of cupri'c nitrate was reduced by introducing hydrggen at
280°C. for 24 hours.

The increase *in the total pressure of the system in course of the decomposition was ob-
served hy means of a pyrex glass Bourdon gauge (Fig. 1), and the ratio of carbon monoxide
to hydrogen produced in the midst of the reaction was determined by means of a kataroﬁxetep
at adcqu'\te intervals. The changes of the hydrogen component with time in the reactions at
various temperatures arc shown in Fig. 3. '

The relation between the pressure increase and time of the reactlon at 200°C. is shown in
Fig. 2. The decomposition reaction of methanol has been regarded as such a ‘consecutive

reaction,

' 1 I
R . CH,OH —» HCHO+H. » H,+CO+ H., (1)

and in fact the above ana.lytiml results justify this view.
Let the initial pressure of methanol and the total pressure at the time ¢ be represented by )
,@ and p, respectively. If the pressure of formaldehyde and that of carbon monoxide at ¢ are
" represented by z and y, thep the pressufes of methanol and hydrogen will be a—z—y and
‘x4 2y respectively. Accordingly, we ha.»e

p=le—z—y) +x+y+(x+2J) =a+z+2y.

On the other hand, the analytical results. give -
[COj =¥ y '
[H] z+"y —a ' ‘

Therefore, y at any time can be estimatell, hence 2. The changes of these pressures with time
, are shown in Fig. 4.

The reaction velocity can be expressed by
dz a—z
T @

where z=2z-y and n is a constan! greater than 1. Integrating equation (2), we have




we have
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In:the case of the reaction at 200°C, the ilog plotted against - _t— is Fig. 5, which

justifies equation (2). Then, n, the retard'mon e\ponent and ky, the velacity constant, are
tabulated in Tablé: 1. Fxg. 7 shows that the validity of equation {2) is also confirmed for the
reactions at 180°, 200°, 215° and 240°C. (Fig. 6). = and k; obtained from Fjg. 7 are given in
Table II. The similar e\penments with the methanol previously mixed with hydrdzen or carbon
-monoxide are shown in. Flgs 8 and 9. Hydrogen produces a retarding effect soon after the
start’ of reaction, while carbon monoxide does a litle later. In both cases, however, the larger
the amount added is, the greater the retardation is. . '

Suppose the theory of Langmuir-Hinshelwood is applicable to this reaction, then the
following equations will be obtained for the two stages.-

, (11 =k a—x—Yy N ‘ll. (4) .
At THb(a—z—y) F ot by +b,(e+2y) T dr -
"’y X ®)
dt 7 1+, (a—x—-y)+b..z+bxy+b (x+2y) " ;

In view of the velocity formula (2), the adsorption of methano! is supposed to be weak, while
taking into considsration of the retarding action of hydrogen and carbon monoxide .and the
effects of their amoints formed during the reaction,, the adso-ption of hydrogen is also sup-
posed to be stronger than that of carbon monoxide. Furthermore, if is assumed that the
adsorption of foﬁnalflehyde is to be of the same order of magnit‘\‘nle with that of hydrogen,
: dz _, a=z
.o At T .

for;n-(‘l).» It may generally be regarded that there areé many kinds of the active centres, and -
so the velocity formula (2) is obtained. ‘ )

Let (z+4)mee Tepresent 1+y at the time when % becomes ma‘xim.um' in course.of the reac-

2

_tion, then d(u =0, - Therefore

Adxmaz= a_(x+?))'ltnz —k. Lmaz =0,
dt ! (z+y);jw P EtY)ne
then ky=k, K 2 )13
. 2 z!»lﬂ
The values of £, are tabulated in Tables I and IL . |
. The apparent heats of activation of the fifst and the second reaction stages are fountd to

be E,=17.7 and FE,=14.0 kcal respectively from the temperature variations of %, and £, (Figs.
10 and-11). _
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