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‘PHYSICO-CH'EMI‘CA_L STUDIES ON COPPER CATALYST. (V)

The Decomposition of Methanol by Reduced Copper. 3 %
§ By Siero ITasecawa. o
(Abstract)

° The present author measured statically the decomposition velocity of methanol by reduced
capper. :I'hc catalyst used was prepared as follows: the copper oxide obtained by jadding
potassium hydroxide solution to that of cuprilc'nitmte was reduced by introducing hydrogen at
280°C. for 24 hours.

The increase’in the total pressure of the system in course of the decomposition was ob-
served by 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 ka.taror.nele_r
at aslequate intervals. The changes of the hydrogen component with timp in the reactions at
various temperatures are shown in Fig. 3. )

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

reaction,

’ 1 II.
. . CH;0H — HCHO+H; - Hy+CO+ H. 1)

and in fact the above zmz«.{lytiml resulls justify this view.
Let the initial pressure of methanol and the total pressure at the time # be represented by )
,4 and 7. respectively. If the pressure of formaldehyde and that of carbon monoxide at ¢ are
" represented by z and ¥, thep the pros;ur'es of methanol and hydrogen will be a—z—y and
‘w4-2y respectively. Accordingly, we have

p=la—z—n)+a+y+(x+2y) ='a+a:+2y.

On the other hand, the analytical resulis. give -
[COj ;.p:1= ¥ o ¥ . ' ’
{Ha] z+2y p—a ’

\ ;
Therelore, ¥ al any Llime can be estimated, hence 2. The changes of these pressures with time
are shown in Fig. 4.

The reaction velocity can be expressed ly

iz —
-(('u—=ﬂ=1 l;..‘z—l {2)

where z=z+y and n is a constan! greater than 1. Integrating equation (2}, we bave




we have
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1111 a _n _z , k
t a—% a.r'ra-

& (3)

Inthe case of the reaction at 200°C . the ih::g

pIotted against - —j-— is Fig. b, which
justifies equation (2). Then, n, the retardation exp-onent and £, the velocity constant, are
tabulate:d in Table I. Fig. 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 Ig. 7 are given in
Tahle II. The similar exper:mentq with the methanol previoasly mixed with hydrdgen or carbon
-monoxide are shown in. Flgs 8 and 9. Hydrogen produces a retarding effect soon after the
start of reaction, while carbon monoside does a litlle later. In both cascs, however, the larger
the amount added is, the greater the retardation is. .

Suppose the theory af Langrnuir-Hinshe]wood is applicable 1o this reaction, then the
folibwing equitions will be obtained for the two stages.

dz o dy

' at =k T45,(a—2— g} F b2+ by +b,fz+- y) Tdt @ ’
Ay 2
= Ti b a—a—R T b by T EI (%)

In view of the velocity formula (2), the adsorption of methanol is supposed to be weak, while
taking into consid:ration of the retarding action of hydrogen and carbon monoxide .and the
effects of their amoints formed during the rewction,, the adsoption of hydrogen is also sup-
posed to be stronger than that of carbon monoside. Furthermore, if is assumed that the
adsorption of forrnalc-lehyde is to be of the same order of magnit}‘xde with that of hydrogen,

e |
form (4). It may generally be regarded that there aré many kinds of the active centres, and -
so the velocity formula (2) is obtained. .

Let (24 y)mez Tepresent t+y at the time when & becomes makim_um in course-of the reac-

. A _
tion, then ';’;‘“:0.‘ Therefore

! dmm’ula, t— (ﬁ: +y)mfu } Tmas

ot (=+9)% .. SR LA
then »{ k, (z+y)m:
m
The values of k&, are tabulated in Tables I and II. . f
- The apparent heats of activation of the first and the second reaction stages are foumtl to

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