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Abstract — Dimethyl ether (DME). which is assessed 10 be an envirenmentally-friendly fuel suitable for die-
sel engine, has been prepared directly from syngas, instead of existing indirect method using methanol dehy-
dration. The direct synthesis of DME is more econemical than the methanol synihesis from syngas, due to
it's advantages in the chemical equilibrivm. and this is in accordance with experimental results. When meth-
anol dehydration catalyst is added into methanol synthesis catalyst in the fixed-bed reactor, the methanol-
equivalent productivity is increased more than two times, compared to that by the use of methanol synthesis
catalyst only. Despite modification of catalyst using copper, the effectiveness was not identified. Conse-
quently, pure Y-alumina showed the most excellent reactivity as a methanol dehydration catalyst. The best
selectivity and yield of DME were obtained at the catalyst mixing ratio of 7:3 and HyCO =1, under the
operating conditions of 250°C, 30 atm, and specified GHSV range,

1. M —

o2 10~158 F A=Y gabo] gl= 7o F4l

ol &def| €] 2. (dimethyl ether, DMEy= o2 H¥e] 3
=g gk sk A4 3 FAbER 3-5% 44
Huz A E5ld dgert, 19803 AFE] Lurgi,
ICig} 22 Ak FA ez ST uige] ubE ukg =
7 3lz ciulldee|20] Fajgke] £ Heol, tiHE
ol 2 HARS- i3t W =e| o] Hashd Hysh o
of ulel AAFe]E o|gohe Heh-E-E wrHsle] H
Holl e 25 vher Fddo] Aisleied sy, AR Fujlel of
gt we 557 g vl alsh DMEE Madeld |
Zb 259 E, ¥ 087 E, g2 037 & 5 A A4

1l 3T,

40

3 gled, W clel2F E28YEG, dimethyl
sulfate #3282 methylating agentZ 20|31 Q}=]9k, 4
BE7L7E 55 olidelm], Aba RS 35 wigel| o] 2,
W] vzl A A7) 8 dd ARR g 2
el He oAl A dazAe g4 7l 2 7
22 HyPEA gl olel] wiel, 7| ARiEE HgE
& d8= 3 7Y d, 28 HyHLeE dekd A
ZHOE pge] Fa, oA Myt o Heps A el
s B34 ks e g A 34 vkl dd o
TF7b 2] el g e el 55 feluete] 8-
= ouA] phLERr) 97%0] ek, B BA =



A% U] WelA el A4 3y 41

T FRE FAlolmR, A M ekl F 24F A
el B EE FA7Ls, dA B4 H3 e =
A7) &, o Euharlint opufel nfe) gull2 5 njshg
2 Q e ol dsled P4 7B DE F sl A
2 TEs] & ok dolot. dESIME et AAA|Y
e ARy clolehilel G k2 AAERIA HrEel= 2
Z 9hER o) 5 die| WA AeA dRYdes AMSEL
L obg HES 8} gled, A, S &4 A
2 22 d sPsAlel & ez Bt gloh

u|Z¢] DOBME AE2HE A 948 d7 ==
@ (Automotive Alternative Fuel R&D programyellA] &}
ZAD/EACNGE g FrdefE| 2 o4 kA
T AR Fof glony, 817 9 AR e, 4, o
dieele2e) ik 3 FFAA, dREAL, d84F o
Al Fe] Alage] HrhEsl 9o wlEe) PNGV
(Partnership for a New Generation of Vehicles) project
SME 87 A Ao g A& 71 dlel
7¥ 7hsAe) & WA AlEA)r 89| = DME
2 Aadghi} glc3®. DMES A5 98249 o4 7}
A0 gk el Al 10005 o] Ake) A4EA) B
2}, 3Pk FAlell A ATl Fedshar gl 2 o
F= 342 2h87) Wel4 DME AA $4 ukge] ol
e g Solo] Bslol dis ZiEsla, 4k BES
7171 Sle g FE AlAdsted ARE WElk
vh, B3 v £5} S 2Afule] wE- DMEY 4
& w3 E Ao Egten, uhg 8l |2 vk
ule] ofa3 TSI

L

2. HYergursel olEN IF

A 7AazRE deldedie 2] g4 ol g-2-S wl
27 DMES} BE Askaglozay oehg- A3 At
& TEslod ogks R o e Y vk A
&3 8L oAl § oFe] 9ot AAEE =24
B pA7Lst ube ofsll aRselR =R, dHEhH
2 o} $%Aq vk 3AE P4 7k HEe o
el 2 ghAdel vk HZ (5plc)h. 23 DMEE 34
s dlell= @3 539 F Aoz 73 4 glam)
(512 wiskg 4 Wbg (1@ Plgge] 2eE s
(23, 283 $AFIE 9 (AR o] FofAl Floo
S 7123} uhgel ol AHH P4 AL @)L
vehd 4= girt, ulelr cJulde e 2 gde] wigelzt

&2 o2} Ao}

2CO + 4H;— 2CH,0H —43.4 kcal/mol-DME (1)

2CH,0H — CH,OCH,+ H,0 —5.6 kealmol-DME (2)

100

—e— 50atm —6— 4H2+2CO=CHAO CHI+HH20(0atm)
—a= 50atm —5— SH2+ICO=CHIOCHIHCO2( 30utrm)
~—&— 50aum = C O 2H2mC HIOH{ 30atm)
80 r
&£
c
o
2]
$ 60Ff
>
(=
8
w40
I
t Pr—
= —
[5)
~— 20 E
0 N L L
a 0.5 1 1.5 b 25 3 35

Initial Hy#CO ratio

Fig. 1. Equilibrium (H.+ CO) conversion to DME or
methanol as a function of pressure at 280°C"%,
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Tahle 1. Catalysts in this work.

Surface area Pore volume Particle size
Catalysts

(m*g) (ce/g) (Lm)

Cu/ZnG/ALO;
(57:33 : L0) 148.1 0.46 6.1
y-alumina 73.9 0.42 242
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Fig. 2. Experimental apparatus of the fixed bed sys-
tem.
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Fig. 3. Comparison with X-ray diffraction patterns.
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Table 2. Comparison of methanol and DME synthesis at 30 atm, H,/CO = 2, Catalyst loading 0.5 g, Methanol
synthesis catalyst (A)Methanel dehydration catalyst (B) = 80 : 20, Catalyst B is Y-alumina modified with copper

nitrate (10% Cu loading).

Temperature {°C)

Hybrid catalyst

Cuw/Zn0O/ALD, alone

250°C 280°C 250°C 280°C

CO conversion % 8.8 272 4.2 49

Selectivity (%)
DME 78.0 78.1 4,39 21.1
CH,OH 4.8 25 5.3 71.5
CO, 16.6 18.8

CH, 0.6 0.7 04 1.4

Space time yields (DME) (mol/kg/hr) 1.83 5.69 1.05 1.0
[methanol equivalent productivity] [3.66] [11.3] [2.1] [2.0]
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Table 3. Modification effect of y-alumina on DME synthesis.

Temperamre (°C} A + 10% copper acetate A + 10% copper nitrate A + y-alumina
CQ conversion (%) 253 1.92 £.47
Selectivity (%)
CH, 1.03 0.77 -
C.H;
220 DME 98.9 95.33 95.4
CH,0OH 39 45
Space time yield 0.67 0.49 0.37
(mol DME/kg-cat/hr)
C0 conversion (%) 10.10 R34 743
Selectivity (%)
CH, i.13 0.94 0.2
250 C.H, 0.14 . .
DME 95.02 94.42 90.02
CH,0H 36 4.0 5.5
Space time yield 2.57 21 1.79
{mol DME/kg-cat/hr)
CO conversion (%) 17.42 18.6 19.65
Selectivity {%)
CH, 3.57 219 0.25
280 C.H, 0.35 G.12 -
DME 923 92.05 96.3
CH,OH 3.36 3.23 3.4
Space time yield 4.3} 4.58 5.06

{mol DME/kg-cat/hr)

*Reaction conditions : 30 atm. H,/CO =2, GHSV = 3000 //kg-cat’hr, Cu/Zn/Al catalyst (A)modified y-alumina (B} =0.25g :
0.25 g (Wt), Catalyst B is the y-alumina, or modified y-alumina with copper nitrate or copper acetate.

Table 4. Comparison of the methanol dehydration catalysts on selectivity and CO conversion.

Selectivity (%) Conversion (%)
Catalyst 2%¢C) %™ (@m) GHSV
DME CH,OH Co, CH, co
A 71.56 9.79 17.01 1.20 542
25 30
B 0 3600 78.30 1.87 18.78 1.03 713
A 67.45 11.18 18.50 1.89 2.63
B 20 30 6000 80.74 2.28 15.23 1.72 3.62
A 75.52 0.83 22.48 0.58 54.11
i
B 280 0 200 79.84 0.98 17.92 1.15 38.17
A 78.42 2.90 17.12 0.58 21.06
B 280 30 3600 80,41 1.34 17.04 1.09 16.24
A 280 30 6000 735 708 17.75 0.88 9.72
B 80.15 1.47 16.38 1.78 9.79

*CO/H, =1, 0.5 g catalyst loading, methanol synthesis catalyst : methanol dehydrate catalyst =7 : 3, GHSV[//kg-cathr]. No-
menclature : Zeolone (A), 10 wi%Cu/y-Alumina (B).
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