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ABSTRACT

We came up with a system of catalysts that can be useful in manufacturing methanol and
higher alcohols from carbon monoxide and hydrogen at low temperature and pressure. These
were prepared by adding alkaline potassium oxide to a mixture of oxides of copper, cobalt
and chrome. The BET measurements of the catalysts gave 16.5 m?/g for surface area and the
X-ray diffraction data indicated the presence of partly crystalline cupric oxide and cobalt
chromite mixture.

The activity was relatively high for the formation of methanol and, at temperatures higher
than 300°C, Ci, Cs: and C. alcohols were also produced. The reaction was closely described
by the Langmuir-Hinshelwood mechanism, in which the rate determining step was assumed
to be the trimolecular surface reaction. Thus we could write the rate of reaction at 280°C as
(feof?u, — fenon/Ked) /(A + Bfco + Cfu, + Dfen,on)?, where 7 denotes the fugacity of each
gas, K., the equilibrium constant and A4, B, C, D empirical constants.
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Fig. 1. Flow Diagram for the Catalyst Preparation

Table 1. Analysis of Catalyst Prepared

Component | ADDED(wt. %) |FOUND(wt. %)

|
i
[
Cu |

40.9 ‘ 37.5
Co ‘ 9.5 7.8
Cr 25.1 26.3
K i 0.83 0.74
Na l — 0.21

* (Crz03)0.3 (CuD)o.s8 (Co0)0.2(K20) .

— Surface area : 16. 5m?/g

-~ Porous volume(dLg — 7}‘-) : 24.8cm?/100g
catalyst

- grain density : 2.23g/cm3(dy)

- structural density : 5. 0g/cm3(d;)

— Distribution of porosity : 23. 9

CATALYST

1
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Fig. 2. X-ray Diffractogram of Catalyst, CuO
and CoCr;04
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—mlb R FEt K¥Eete KES B BE
d REEHpS] trimolecular surface reaction g
sFAsLo} t2 22 reaction kinetic niodel

e @wsash,

k1 (CO*)
CO . S f CO* Kl e m (2“3:)
H, + S A_k?,, H.* K, = M (2‘b)

o I TR ) '
CO* + 2 Hp* —— CH,OH* +2S (20
ks

k_s
CHyOH* =— CH:OH + S

Ry

*
%, — _(CH:OH®) @)

acn,ou* (S)
surface reaction o] rate-controlling step o]z}

o sbml, KE#ERE r -2 Langmuir-Hinshel-
ro0d2® 8] EFell wet thew} o] AR
r == kafcol?n, — k-sfcnonlis (3)
acolu,’ ks By acH,0H
T KA KR s
= kaKlez{ a + Z'K'iai)a }
@
o2l d] overall equilibrium constant Koo =
_ acH,0M
Koo = aco*au,’ (5)
oz, A@WelA r=0 o
i, K
aco+an,® — —%;3- . ﬁ- * acn,on = 0
(6)
,’2
wpeb A Ko = kk—: . %.Kf— )

o] B3, Al@)E g 2ol TAY 4 ok
- aco*@,? — acu,on/Keq
r= (A + Baco + Can, + Dacu,on)?
®

\:‘_} o) 7| A a; = 2+ K49 activity Z a; =

E 1bar 9 REERE

2 Atowl 79} ideal state 2 B F glo] fi¥ =
(bar 7 Aeh, webA ek B R fish 2
we e £ ,J\D‘r. Z A@®)2 &M

&t ZEt X213 M 63 1983 123

Faf=t
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methods® o] whe} 2nd virial coefficient & T
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e

280°C o] A Aol e ¢ ke Thed B
iy

P(bar) ¢co on, @cion
40 1.01448 1,01782 0.88771
60 1. 02180 1. 02685 0. 83638
80 1.02917 1. 03596 0. 78302

K., = Standard Gibbs free energy G° Ztol
A Ke?8L 8 T8 dGass, dHz06%, Cp, data’d?
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InK

d

d(dH)
dt

= A@(T))% oty BES BEY A

300 3.062 X 1074
320 1.514 X 107*

4.5. REHERNML EXEE
FEER R (9) Y] parameter 4,B,C.D & 714
A]

Akt Alabd e o 2ok s Ao AT & zr)zAew Ve=0
i ECO . Ko oAl Al =03 3o BG5S st o HEfES
200 2.360 X 1072 vlmito g e parameter T HTEE
220 8.684 X 107 ek, oI71AE 280°C oA e] EERELE(Table
240 3.436 X 1073 2)E 7}A 2 t}L¢] Objective function &
260 1.451 X 1073 {8l parameters & IMSL library 2] ZXSSQ
280 6.493 X 107* Routine(Levenberg-Marquardt ¥ ¢] nonlinear
Table 2. Experimental Data at 280°C
Volumetric Flowrate(liter/h) at STP ] Production rate : Conversion of
No Pressure(bar) i
| f co H, | of CHiOH(g/h) | CO (%)
1 60 20 40 6. 50 22.75
2 60 20 40 8.60 32.10
3 60 20 40 8.10 23.35
4 60 20 40 7.11 24. 89
5 60 20 40 7.10 24.85
6 60 40 80 9.08 15.89
7 60 10 20 4. 20 29. 40
8 60 40 20 4.90 8.58
9 60 30 30 7.13 16. 64
10 60 12 48 5.42 31.62
11 60 6.6 53.4 8.20 33.94
12 80 30 30 10.25 23.92
13 80 40 80 10. 30 18.03
14 80 30 60 9.78 22.82
15 80 20 40 8.43 29.51
16 80 20 40 9. 60 33.60
17 80 10 20 4. 85 3.95
18 53 15 45 5.28 24.64
19 48 50 10 1.33 1. 86
20 48 10 50 3.71 25. 97
21 43.6 55 5 0.30 0.38
22 43.6 55 2.00 28.00
23 43.6 55 2.15 30.10
24 10 20 40 3.67 12.85
25 40 20 40 3.60 12. 60
26 40 30 30 3.48 8.12
27 40 12 48 2.74 15.98
28 40 6.6 53.4 2.20 23.33
29 40 40 80 3.60 6.30
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REFEEAS Langmuir-Hinshelwood 249l
= A3k Trimolecular reaction o & HERI}T
surface reaction o] rate-determining step o 2
AR A & WRERSE ANz B B
sheieh,

® i
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Nomenclature

A,B,C,D,E,A’,D’ Parameters of reaction rate
in equation(9) and(15)
a Activity
B;; Virial coefficient
Cp Heat capacity, cal/gmol + K
CO*,H,* Concentration of site occupied by CO
and H:, respectively, on the catalyst
dg.ds Grain and structural density, respecti-
vely, g/cm?
F  TFeed rate of reactant, gmol/sec
fi® Fugacity at standard state, bar
F Partial fugacity, bar
A4G,4H Change of free energy and heat of
formation, respectively, cal/gmol
K, K:, Ky Adsorption equilibrium constant for
CO,H: and CH:OH, respectively
Keg Overall equilibrium constant for the re-

action CO + 2H: — CHsOH
aCcH,0
Keq = — ,\“Lif
aco*au,
% Reaction rate constant, subscript “ -+ 7
means adsorption or forward reaction,

»

subscript “ —” desorption or backward
reaction

P Total reaction pressure, bar

stetaet 213 X 6 5 1983 128

@ Volumetric flowrate at S.T.P, cm?/sec

q Mole ratio(Fr,/Fco), dimensionless

R Gas constant

7(a) Overall reaction rate, gmol of CHs.OH/
sec-cm? of catalyst

S Concentration of unoccupied site on the
catalyst

T  Absolute reaction temperature, K

¢t Reaction time, sec

f{y Nominal time at standard condition, sec

tp Nominal time at reaction condition, sec

{r  Real time at reaction condition, sec

Greek letters

a Conversion of carbon monoxide to alco-
hols, dimensionless
Activity coefficient, dimensionless

~

¢ Coverage in the Langmuir-Hinshelwood
formulation, dimensionless
¢ Fugacity coefficient, dimensionless

Subscript

H. Hydrogen

CO Carbon monoxide

CHsOH Methanol

cal Data calculated

exp Data experimentally measured
Nomial at standard condition
Nomial at reaction condition
Real at reaction condition

v oxy oz

Uncccupied site on the catalyst

Superscript

* Adsorbed state of species
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