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Abstract— Methanol synthesis from synthesis gas over four supported Pd catalysts has been carried out at
230-310°C and 10-20 atm of total pressure. CaO, MgO, and LayO3 were used as promoters. The activity for methanol
synthesis decreased in the order of Pd + Ca/SiO, > Pd + Mg/SiO, > Pd + La/SiO, > Pd/SiO,. The selectivities for methanol
increased with space velocity over all catalysts. At high space velocity (10,000 hr-1), 280°C and 10 atm of total pressure
(Hy/CO=2) the selectivities of methanol were almost 98% for all three promoted catalysts and about 50% for un-

promoted Pd/SiO, catalyst. It is suggested that promoters do not change the mechanism of methanol formation in this
study.
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Table 1. Preparation of catalysts

Catalyst  SiOy(wt%)  Pd loading Promoter
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A(O) 95 5 0
B(0) 94 5 19
Ca) 94 5 19
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Fig. 1. MeOH synthesis apparatus.

. CO cylinder
. Pressure regulator

1 2. Hy cylinder
3

5. Rotameter

6

7

4. Needle valve

. Digital pressure gauge
. Hy0 trap
9. Furnace and reactor
10. Back pressure regulator
11. Soap bubble flow meter
12. Sampling valve
13. Gas chromatography

8. Sampling port

pressure gaugeoll 28] H#R3-7| WF2 3
o}, AAe] Feke vFAE e 3
A H O

A% #5g AAN

trapg ©]-&3c,

e
ek,

¢/#l4] molecular sieve

AN

oo;g‘:

i
=]
i

o?t:

SR L ol Rukdrldld FEdE, Fe 1ge
AHEglon, A48 4% vltteR 2

== /J

2= AL Agt 10-20atm, &
Co=1- 5—4 B 2foll 4] =3

#4e GC Yanaco G180°o2 i, column
material® Porapak Q(6m, g=4mm)E AH&-3ct,
Hewlett Packard 3392 integrators ©]-23i4 peak
areas T-3ict,

25 230-310C, H./

3. 23t A HE

-1, Zof ool A2 HEE dM S5
A9t 10atm(H,/CO=2), 280C2 uk&-=71ollA,
b Zolo] w}i ﬂ*éi‘?z Fig, 2ol Jepdodct, =
ok 104174 Axslz] A #Hshrh it

EFS A4 5= Pd+Ca/Si0, Evlels 7 £
stow], = M4 % 2 9X107° mol/g-cat, hrd

o}, Pd+Mg/Si0,2 Pd+La/Si0, Eol& A2 =5
& FHEE vebla, digkd 44 SEe 2 15X
10-* % 1,2Xx10"*mol/g-cat, hr3d 2zl Pd/
Si0, ZulellAel oleke 44 FE& 3,4X107*mol/

sletast M2TA M1E 19894 2E

EEE BSE T
A
= & A
5 =z —*° .3 A
<
e
Y
2 A(Q): Pd/SiOy
g B(O): Pd + La/SiOq
@ C(2): Pd + Ca/Si0y
S I D@): Pd + Mg/SiOg
X
bt 2 ]
o a a -
o @
L
3 (]
= o} o o] o—
g i o]
[=1
jesy
@}
(7]
=
,_no o O o Dﬂ
o o g
A — L o 1
5 10
Time (hr)

Fig. 2. Rate vs. time at P,= 10 atm, 280°C.
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Table 2. The data of methanol production rate for partial pressure

Catalysts P, H,:CO(atm) TCH30H Catalysts P, Hy:CO(atm) TCH;0H
(atm) (x 10-3mol/g hr) (atm) (x 10-3mol/g hr)
Pd/Si0O, 10 4.6: 54 0.149 Pd + Ca/SiO, 10 5.0:5.0 2.988
5.8: 4.2 0.201 6.2:3.8 3.394
6.6: 3.4 0.238 6.8:3.2 3.466
7.0: 3.0 0.260 7.2:2.8 3.512
18 7.4:10.6 0.207 18 9.5:8.5 7.435
94: 8.6 0.346 11.5:6.5 8.565
11.3: 6.7 0.386 12.3:5.7 8.834
12.2: 5.8 0.460 12.7:5.3 8.941
12.9: 5.1 0.609
13.4: 4.6 0.572
Pd + La/SiO, 10 5.0: 5.0 0.999 Pd + Mg/SiO, 10 4.8:5.2 1.163
6.6: 3.4 1.285 6.1:3.9 1.503
7.5: 2.5 1.333 6.7:3.3 1.585
8.0: 2.0 1.461 7.7:2.3 1.760
18 9.0: 9.0 2.205 18 8.8:9.2 2.573
12.0: 6.0 2.835 11.1:6.9 3.214
13.5: 45 3.078 12.3:5.7 3.407
14.4: 3.6 3.137 13.5:4.5 3.572
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A : PdfSiO, catalyst
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11.
12

13.

14.

15.
16.

17.

18.

o] 2o}

Pd + La/SiO, calalysl

Pd + Ca/SiO, catalyst

Pd + Mg/SiO, catalysl

reaction rate constant

partial pressure of CO (atm)

partial pressure of H, (atm)

total pressure (atm)

reaction rate of i component (g-mol/ g-cat.hr)
temperature (K)
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