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Abstract-— Methanol synthesis through the hydrogenation of CO, was investigated over Cu/MgO, Cu/Zn0O, Cu/Zn0O/AlL0-,
and Cw/ZnO/ALLQ, combined with Au/TiO, catalysts at 160-250°C, H/CO,=3, 25 bar, and in packed-bed reactor. Among the
catalysts used, Cu/ZnO/AlLO. showed the highest catalytic activity. The combination of Au/TiO, and Cu/ZnO/Al O, catalysts
in series increased the methanol selectivity to about 16%. With the XRD result, Cu” site which has been known as an active
site of the Cu/Zn0Q/ALO, catalyst system was not observed, whereas only XRD peak for Cu was observed.
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Table 1. Catalysts preparation methods and chemicals

Catalysts Preparation methods Precursor chemicals

Cu/MgO Coprecipitation Cu(NQO;),- 3H,0

(Shimakyu's Pure Chemicals)

Mg(NO,). 6H,0

(Wako Pure Chemical Ltd.)
Cu/ZnO Coprecipitation Cu(NO;).-3H,0

(Shimakyu's Pure Chemicals)

Zn{NQO,), 6H,0

(Hayashi Pure Chemicals Ltd.)
Cu/Zn0O/ALLO, Coprecipitation Cu(NO,),  3H,0

(Shimakyu's Pure Chemicals)

Zn(NO,),- 6H,0

(Hayashi Pure Chemicals Lid.)

AINO,),-9H,0

(Junsei Chemical Co. Ltd.)
AwTiO, Incipient impregnation AuCN(Kokosan Chemical works)

TiQ.(Showa Chemicals Co. Ltd.)
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Fig. 1. Schematic diagram of experimental apparatus.

1. CO, gas 1L. Metering valve

2. H, 12. Reactor

3. He gas 13. Furnace

4. Gas 14. Temperature controller
5. Preheater 15. Filter

6. 3-Way valve 16. Back pressure regulator
7. Mass flow controller 17. Sampling valve

8. Check valve 18. Bubble flowmeter

9. Relief valve 19. Gas chromatography
10. Pressure gauge 20. Recorder
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Fig. 2. Methanol production rate as a function of time over Cu/Zn0/

ALO; catalyst(Reaction conditions: 1g catalyst, 50 mymin(STP),
H,/CO,=3, 25 bar, 210°C, GHSV=1000 1/hr).
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Fig. 3. Methanol production rate as a function of temperature over
Cw/ZnO/AlL O, catalyst(Reaction conditions: 1g catalyst, H,/
CO,=3, 50 mi/min(STP), 25 bar, GHSV=1000 1/hr).
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Fig. 4. Conversion, selectivity and yield over Cu/ZnO/AL O, catalyst
(Reaction conditions: 1g catalyst, 50 ml/min(STP), 25 bar, 210
‘C, H/CO,=3, GHSV=1000 1/hr).
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Fig. 5. Conversion, selectivity and yield over Cu/MgO catalyst(Reac-
tion conditions: 1g catalyst, H,/CO,=3, 50 ml/min(STP), 2§
bar, 180°C, GHSV=2000 1/hr).
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Fig. 6. Conversion, selectivity and yield over Cuw/ZnO catalyst(Reac-
tion conditions: 1g catalyst, H,/CO,=3, 50 ml//min(STP), 25
bar, 180°C, GHSV=2000 1/hr).
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Fig. 7. Conversion and moles of CO produced over Au/TiO, cat-
alyst(Reaction conditions: 1g catalyst, 250°C, 25bar, 50 ml/
min{(STP), H,/CO,=3, GHSV=2500 1/hr).

30
I conversion
-1 8¢
25 B selectivily =
1 yield =y
(b
= 2 >
o o
L)
© 5t =
© =
> —
| s o
) >
(&) 10 c—
=
(]
[eb]
bl
5 w
=% Py L] e
10
o 1 1 ] i
0 5 10 15 20 25

Time{hr)

Fig. 8. Conversion, selectivity and yield over AwTiO, and Cu/Zn0/
Al,O, in series(Reaction conditions: 0.5g catalyst(Au/TiO,)
and 0.5g catalyst(Cu/ZnO/AlLOy;), 25 bar, 250°C, 50 ml/min
(STP), H/CO,=3, GHSV=2000 1/hr).
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Fig. 9. XRD patterns: (a) after CO, hydrogenation(Ag promoted Cu/
Zn0/ALO,), (b) before CO, hydrogenation(Cu/Zn0/AL0,),
(c) after CO, hydrogenation(Cu/ZnO/Al,0O;).

HWAHAK KONGHAK Vol. 34, No.6, December, 1996



720 olgj% - ubale - A

ato}l w7} 9814 250°C, 25 bar, GHSV=2000 1/br, H,/CO,=32] 8F-3-
ZAA 25417 vk A)zi e e 1 AF-E Fig. 74 vreligdc}. Fig.
7ol B = vle} 7to] B Al A CO2 HIE2 15% A%
2 A=l ow, Cog A 4 oF 6% 10 "mol A XY}, =ik
CO Az 100%3ch a2k AwTiO, E2ojabe| ] COrl A%
& &ald 4 glgiv}. uHeE<l CO0 H25E CO AP ETHE B
7] 9)8te] AWTIOE Cu/ZnO/ALO, Zu] 3 96l 231171 F 250°C,
25 bar, Hy/CO,=3 & GHSV=2000 1/hr®] vF-&-Z7 o4 2547} uk-g-
AR ow) 2 A5 Fig 8ol ehllgic). Fig. 8ellA] B vle} 7to]
CO, HEFE 10%, de+e AR 43| Zr)sbed 25 hrol|A] o}
55%, 452 5.5% Hxo]grh ol 250°CelA] At & oljnt ARg-3}

< "(CO, g 13.7%, gt AT 39%, 5§ 54%) Hr}
vjere deAlltol 16% Asstdch 2 A g F5E U
32 ojebg o] gafolabn B 4 gl ole FulE A4S
Hoj ¢ x)3H= AwTiOR] CO Aol &3 F3tg A=) o)ga]
AUTIO, Zr)2] CO. A&Hgo] 1.5% HE vl &7 CO A1
27t o & EoE ARl A7 o] AN} v Sui™
Ao AEch

N

3-4. XRD B4

yheAlg A - F Zofjol AFe)E ool r] $13te] XRDE |83}
ade}. Fig. 9ell Cu/ZnO/ALO, Zue) yhgxl - Foll tigh XRD ¥4
A2 Jeldlgiu}. Bragg's equation[9]3 JCPDS 7} 2 2] 73
Cu, ZnO, Ag?| 38X $1x] 20 22t Cu(dd, 50.2°, 73.9°), ZnO
(36°,31.6°, 342°), Ag(38°, 44.6°, 77.5° )} Fig. 9ol 2 %
So] o5 gtell4 H=7} elwd 747} Cu, ZnO, Ag7h EXNEE
ghld 5 glgdet.

Cu/ZnO/ALO, Zohe] active site[151= Cu,0 F 17} F4< ¢
AR e A gl vkl ¥ AE e XRD 1]?-1— By Zofe
active site 2. 2412 Cu,09) =3kt vhehdr] ok ohat Cu 249
BEAE L b4l

4.2 £

chisias) fasgd oatel siRkeE PSR W3 &
SHslet 4 3 5 7129l CO Fashige] o DS T

Zo}ql Cu/ZnO/ALO; Zo)7} & uhgol 4 AH3-E Foff 5 3

0.1.0::

et H34A Hes 1996 123

22 Gl ok &5 Ay & Al(ZnO, MOyl Cu§ w24
7 2 CwInO/ALO, Zejxct Aghg3 el e} £2 wsich
7|2 A mlekE 4 Zoie) COEYE COE A A=
Zuj2] odgtell olaiA viuke Ao FAH(I6%YE FE& 5 AN
I, 0l Yo B dFrt B33 BokE Azk¥rt. Cu/Zn0/
ALO, Zo2] ukg- H - F XRD 48 Fa4 £ oA 44
28 o#A gle Cu site= WAY = ¢l obek Cues 354
2wk Pahdgict.

= k|

1. Galvin, D. and Bower, C.: Proc. of the 1st JAPAN-EC, 96(1991).

2. Gushee, D. E.: Chemtech, 470(1989).

3. ol A Ad : Catalysis, 7(1), 26(1991).

4. MacDongll, L. V.: Catal. Today, 8, 337(1991).

5. Wade, L.E., Gengelbach, R.B., Trumbley, J.L. and Hallbauer,
W. L.: Kirk-Othmer Encyclopedia of Chemical Technology, 3rd
ed., Wiley-Interscience, New York, 15, 398(1981).

6. Sakurai, H., Tsubota, S. and Haruta, M.: Appl. Cartal, 102, 125
(1993).

7. Inoue, T., lizuke, T. and Tanabe, K.: Bull. Chem. Soc., Jpn., 60,
2663(1987).

8. Stiles, A. B.: “Catalyst Manufacture”, Dekker, 127(1983).

9. Stout, G.H. and Jensen, L. H.: “X-ray Structure Determination”,
New York(1968).

10. Frohlich, C., Koppel, R.A. and Baiker, A.:: Appl. Catal, 106,

275(1993).
11. Cheng, W.H. and Kung, H. H.: “Methanol Production and Use”,
Dekker, New York, 51(1994).
12. Leach, B.E.: “Applied Industrial Catalysis”, Academic Press,
New York, 2, 215(1983).
13. Gillies, M. T.: “C,;-Based Chemicals from Hydrogen and Carbon
Monoxide”, Noyes Data Corporation, New Jersey, 200(1982).

14. Bartley, G.J.J. and Burch, R.: Appl, Caral., 43, 141(1988).

15. Herman, R. G., Klier, K., Simmons, G. W., Finn, B.P., Bulko, I.
B. and Kobylinski, 1.: J. Catal, 56, 407(1979).



