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Direct synyhesis of dimethyl ether from syn-gas
on the hibrid catalysts composed of Cu/Zn/Al and solid acids
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Korea Institute of Science and Technology
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DME(dimethyl ether)= A4 7F~E ol &3lo] AAEE JgEaA 7]E2 dojzs EAL
Ay A=A &% olefo HAde hA] FAAES} 7 EARE AFEo] 7He
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A Azt 2 (STD process) & U whg-2] 2 thg3 2

2CO + 4H, — 2CH3;OH (AH=-21.6 kcal/mol) 1)

2CH;OH — CH;0CH3; + H,O (AH=- 5.6 kcal/mol) (2)

CO + HHO — CO; + H» (AH=-21.6 kcal/mol) 3)
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1. Preparation of the catalyst

of

O

+ 2
=3

Jon

o O|E4d E& H8Z A2z 20028

J



Theories and Applications of Chem. Eng., 2002, Vol. 8, No. 2 2606

AXFEB5 % Merck)= EIZE Whg &7]olA =l =9 F, 53 &<t A4 w7z o]
St Ao} F=H Al aluminium source$! pseudohmite(Catapal, Vista)E 12A]3F & <F XA 3] 7}
dw el WAHET. oRe #ANA WA aww A7 F FRAER
(structure-directing agent)S il 4A]7F F<QF Al AHAFEY, 1 & OHEZE W
stainless steel & 7|0 Yol 7FAGAth o]FHA Aozl AN uH BAHE=S THTE
HoAlHE = deA 100 TEdA Azt F2FEE4E A 5
Cel 7] FolAl 16275 el
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2. Reactor

o] Ayl FA= gas ¥ =, Fixed-bed Reactor, Gas Analizer(GC)2] Al F+o =z
t}. ¥H-8-7]+ Fixed-bed L ¢FWHS-7 (1d = 7.2 mm)E AF-&3A T Ful= glass beadE A&
sl 27t ek wbg-7]e] Fbko| XAl 7]H, glass bead®} vl quarz woolS Ab-E-
sto] ZelAo® FeAAHY. v T S 2=REE A 7] 918 K-typed 4H
e Fuse T AXAAT 4= GC(TCD, PorapackQ column)& ©]-&3}e] +
AstAdt. 48 27 Y84 = back pressure guageE Al-8-3HS
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3. Catalytic reaction

AstE Y WEe FAEZE metallicO E A3 717 Y8 5 % HyN, gasS 300 C

o A 3A1%F %OJ Edy. s¥o] £y 600 psi, GHSV = 2000 ~ 6000, 250 ~ 280 C *

oA RWEST7F2E Hy/CO = 1 ~ 322 3o E8 =t} Pre-heateri= feed gas®| &S 9

oﬂ 200 C &, Heating box i= 150 CTZ FAAAY. =3 AAEL 55 97 Yl GC
2 597} Post-heater= 120 CT=Z FA| AT 2 & dlo]EH &= Steady-state Condition®]] 4]
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Cu/Zn/Al Zvl9} SAPO & 1 : 19 H] &2 sl s &4 Fuj] 3hoj A 20*1{}2 7]
FOo 2 3to] Zujo Llfe—tlmee *—Llffdff& A3} SAPO-5 ,SAPO-11 ¥} SAPO-18-2 =nj¢] 3t
Aol HlaE AAFATE. CO conversion®] H|nZE UAFPE SAPO EHuv& 01] tf) 5} o
GHSVHE 2 Ag3] 2 A= Figure 1.914 E %ol GHSVE S &5 W$&5w7F 943
Wl ATk Figure 20914 & 22 279449 DME A9 %E e A =8 GHSV
FEFe A gorm dAst dUEE YepE AS & 5 AU} Figure 3.0l &4 7}
F EdE SAPO-119] AN &S dEste] AFs Ax4E Yeydeh. 23437} MeOH

A Eul9F SAPO-119] H]ZF 09 : 0.1¥ w conversion¥} yield7} 7MY =& & 5 AA
o b 2ol Ekd S EA Ml A Hy/CO Ratios 1 ~ 302 A3 2= Figure
7

4.9 YeR A o™ Hy/CO Ratio’} 3Y Wl conversion®©] 7} =4S-S & 4 Arh 22 %
Aol A 2L 500, 600, 700 psi® WA ZIH 2PE B w Figure 5.4 HKo] ¢
= SETE converswnol FokdE o 4 ATk
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e g 7 ZFufo] sk DMES| AElE= H|E3P o, GHSVY Fwje] E4H]E, Hy/CO
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Table 1. Preperation methods of SAPO catalysts

. . - ) A ) React. React.
SAPO (template)Amin 7| Si02 AlO3 P-0s5 H.O Temp.(C) Time
1.0TEAOH/1.5Pr:NH
S34 017(255) 1001375 0915(21.1)  50(54.6) 200 24hr
(36.815/10.22)

S11 13Pre NH(17.7) 0.17(3.4) 1.0(1833) 0915(28.13)  40(77.4) 200 24hr

S5 1.3Pr3N(25.35) 0.17(3.4) 1.0(1833)  0915(28.13)  40.(77.4) 200 24hr

S18 1.6DIPEA (20.89) 017(1.02)  1.0(13.75) 0915(21.1) 50(78.3 160 8day

% Si0, Ludox AS 4040 %), HsPO; Merck(85 %), ALO; - H,O Vista(74.2 %), TEAOH ,
PrNH , PrsN , DIPEA Aldrich
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Figure 1. The effect of GHSV of STD Figure 2. The effect of GHSV of DME
Reaction. Reaction conditions: catalyst = selectivity = of SAPO  series.  Reaction
Cu/Zn/Al + SAPO (1 : 1) ; GHSV = 2000, conditions : catalyst = Cu/Zn/AI+SAPO (1 :
3000, 6000 h' ; Temperature = 260 T ; 1) ; GHSV = 2000, 3000, 6000 h' ;
HyCO = 1.5 Pressure = 600 psi ; Temperature=260 C ;
H2/CO = 15
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Figure 3. The effect of Solid acid contents
of STD Reaction. Reaction conditions :
catalyst = Cu/Zn/Al + S-11 ; GHSV = 6000
h' ; Pressure = 600 psi ; Temperature =
260 C; HyCO = 1.5
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Figure 4. The effect of H,/CO ratio of STD
Reaction. Reaction condition catalyst = Cu/
Zn/Al + S-11 (0.9 : 0.1) ; GHSV = 6000
h"' ; Pressure = 600 psi ; Temperature =
260 T ; HyCO = 1.5
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Figure 5. The effect of Pressure of STD
Reaction. Reaction condition catalyst = Cu/

Zn/Al + S-11 (0.9 :

0.1) ; GHSV = 6000

h' ; Pressure = 600 psi ; Temperature =
260 C ; HyCO =1, 15,2, 25,3
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