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AFelA= DME 23 A4S A5t 4507} 7 71 o R AlxEglom, o]Fe] Fulld] &/do] A
DME 3d& QIst EAFuE viekE /39 wehe gnbsel Fuz S48 7H R AlxREIT H
= Cusl Zno] 78 ATEAE T FAECH, veks ESlls y-ALOE o833t F+ Fn)
YE T FAAH SJeiA] EAFHE AZE T EYEHS T FulE B el E3tshes ZlolH, 3
& y-ALO; FHlPdoll Cu-Zn B= Cu-Zn-Al A5 B2 = ot Alzd Fu)] 58] 54& Ak
detod XA Aol AFt A%, AaEE | 9§ BET 43, N,0 315l 23k cuo] ¥W3 T8|al A
AR Gof| st THFY Fo] AT E3E o] EAIFH|] FullF] D432 oY) 7HA] whEE WsAY
WA ZAFE AT, oju] RS2 250~290 °C, HH3-94=2 30~70 atm, [H,]/[CO] EH|= 0.5~2.0, 12|31 FH&EEE
1,500~6,000 h' Zwj&Alo] ZAFE QL) BheA A8 Aupz e JAHo R A8 EAZ0(CP-CZA/DY} EelEg
Wo® Az EAZH(PM-CZHD)ETE 9735 REgA S epHE &1 = qlglom, 53] vhg =%, ot [H,)/
[CO] B, 33557 ZH2F 260 °C, 50 atm, 1.0, 3,000 h'el ZzollA o) 2 Alzd Eme) co Makgo] 72%
2 EYEdor Alxd SR ok 20% ol =UTh N0 315 o 2 RE Cy ¥HES £33 43, PM-
CZ+D EAZHTE CP-CZA/D /3% 12 Cu HZ0] ] it} T2 s Ao R Az E4Fud<] Cu
A7 B 2 FARE 7] witell Fuje] E/do] A A oR ekt
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Abstract — Two hybrid catalysts for the direct synthesis of DME were prepared and the catalytic activity of these cat-
alysts were investigated. The hybrid catalyst for the direct synthesis of DME was composed as the catalytic active com-
ponents of methanol synthesis and dehydration. The methanol synthesis catalyst was formed from the precursor
contained Cu and Zn, the methanol dehydration catalyst was used y-Al,0;. As PM-CZ+D and CP-CZA/D, Two hybrid
catalysts were prepared by physical mixing method (PM-CZ+D) and precipitation method (CP-CZA/D), respectively.
PM-CZ+D was prepared by physically mixing methanol synthesis catalyst and methanol dehydration catalyst, CP-CZA/
D was prepared by depositing Cu-Zn or Cu-Zn-Al components on y-Al,O;. The crystallinity and the surface morphol-
ogy of synthesized catalyst were analyzed by X-ray diffraction (XRD) and scanning electron microscope (SEM) to
investigate the physical property of prepared catalyst. And BET surface area by N, adsorption and the surface area of Cu
by N,O chemisorption were investigated about the hybrid catalysts. In addition, catalytic activity of these hybrid cata-
lysts was examined with varying reaction conditions. At that time, the reaction temperature of 250~290 °C, the reaction
pressure of 50~70 atm, the [H,]/[CO] mole ratio of 0.5~2.0 and the space velocity of 1,500~6,000 h! were investigated
the catalytic activity. From these results, it was confirmed that the reactivity of CP-CZA/D was higher than that of PM-
CZ+D. When the conditions of reaction temperature, pressure, [H,]/[CO] ratio and space velocity were 260 °C, 50 atm
and 1.0, 3,000 h™! respectively, CO conversion using CP-CZA/D hybrid catalyst was 72% and the CO conversion of CP-
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CZA/D was more than 20% compared with the CO conversion of PM-CZ+D. It was known that Cu surface area of CP-CZA/
D hybrid catalyst was higher than that of hybrid PM-CZ+D catalyst using N,O chemisorption. It was assumed that the cata-
Iytic activity was improved because Cu particle of hybrid catalyst prepared by precipitation method was well dispersed.
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e oflE] 2 (dimethyl ether, ©]3} DME)= ThFsH o=l oz
FE e & 9lon, £EA8E AME 9 CO,0 viEEo]
A7) Wizel] AT2ds) EAlel A= tlgshke A AsE F7t
=31 QITH]1, 2]. DMEE T5olUAIR ARGS9 7]E2] dAxel
13 SOxtF NOx9} 72 34 298 TAA 7= ti7]| 9= bl
Zo] A3, Ak 3he-go] =3 BhaEkA Asto] §17] uliEe]] o)A
AR ARG BAE T Qe B0 viEHT AYSs) Wt 1
St Azl Ago] A om Ao x A A3} 7hsste] T A%
831 A7t golsiths ARE 7R AL iek3-6]. o9} ol 5
AT ZAM ] FHE 2 DMES §A8hs WS whs7d 2ol ujet
27y} 2o 2 deA] e F 7k Wle] it vk E
FE weeS s 13 5, Al Full Aol gk g
TS 2)0 2HE] DMES 9 WS (3 Hole) 51, oln] A4
£ Sl Folth. 1y 2R ao] Eslal 2 o
YA ARE Qo] HAHolx] KBlet. o]9t 2 TAIE sllds]
Qe FHtolli= I7I~ERE] A5 DMES Fsks W e
4, 50] AT= 3L QITH2,5-11]. AR =l Feiake-g7g oA 4
7W~2 DMER 8HA|717] wjitof] uf$- A)12<1 o=] A&
olg} & 4= gict. gt wehe o] dAsH sAE S&dle] 1t
AR H 2 A7 A3 DME 82 945 & ok
DME A4 $ALS - Sujikd37gdold ek A0k
HEke ENkE(2) 18] 3L A7 HEES(3)0] WA TH4-15].
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2CO + 4H,«>2CH,;0H 0
2CH,;0H <> CH,0CH; + H,0 @)
H,0 + CO < H, + CO, 3)
2CO + 4H, <> CH;0CH, + H,0 )
3CO + 3H, <> CH;OCH, + CO, )

v o Z DME AF #4 57 (syngas to DME process)°lIA]
o] 4% Fll= CuO, Zn0, AlLO,Z TA% Hghe A S}
Heks g S (1-ALO)E EEFoR E3tsto] Alxd S
w7k AREE STH11-15]. 2 Arellx= Fuie] s 7S lsto]
EAgF ] AxA|, AR o= o] &= EEE Y vEks E
T Fle] el vigkE e B e AAAIE W
How EAZuE Azt EE3H ) AR o E A
Z¥ ZFvo] E9E vwaly] flate] e EEses SA4E
XRD, SEM, ICP, N,O 3}3F52] 2l N, ZelF2 0w A= 3
om, ofe] 7] HhEEAE WSAIA Fulje] Edo] ZARE I
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2-1. HERE $M4ME =0ie| M=
CuZn & X815 1112 81 vlehe SA¢ SulS Azt =

ATolxE wigkE L 0" o8 7Fsd Cu-ZnAl FulEA] of
AElo]E7 (copper acetate, zinc acetate) 719} (NH,),CO51 3
AAE ol&3te] Cz-A Szt F3ell gJste] Az=E ek Sf
Az thea 2t oMAHo| EA] AFAE Ag-ato] Alz¥
= Z12F 0.2 M2] copper acetate®} zinc acetate TENES A
Z3to] Z§H3E 3 1.0 M(NH,),CO; 5840 2 7,09] pH7} 2 w7}
A Ashas o] BPEES SIQlt) o) 840 s
50 °C2 A8kl e WA olgste] Ayl Al 2
ot 2382 =itk AE HAES st ¥ SRTE ©|
gato] 3~43]0] A AAFSATE 110 °CollA 24 hrg<t A=A
T, Az TFHELS 300 °CollM 6 hsst 249§ Cu-ZnAl S

7F Az ek,

2-2. EMEONC| M=

DME A4 3745 fI8te] A8 24352 F57E Table 191
YERNSITE & ATrellx= 7 7H] o R EASE Alxel
th A AR S SR gEiA Az wEE S E
75~100 pm?] EFAZ A 2]k & wehe SFul y-AlL0,8}
= or Edele Aolrt ojuf ZFREL- FARIE 1:10]th
Aol ol9} Zol Axd £/95vlE PM-CZ+DE Y3t
St} o17]14 PM2 E2]4Q1 £33 (physical mixingyS &7k, CZ
= Cu-ZnA F1, D= 255 (dehydration catalyst)yS 213},

T WA HPH-E oMo EA (copper acetate, zinc acetate, aluminum
acetate) ATHE STl &3lA1A 22t 02 ME] FE8H0E F1)
shar, Bl y-ALOyE E4lIEte] 75~100 pm Y L2 $iAk=A7]
=2 A 2Ete] oF 102 g A7A FEH7} £3aint. o]} 2
o] #RE G o] AIYAE EFE A -8-le] 2.5 ME]
(NH,),CO; &4 x3] Z7kste] pH7t 7.00] 2 w7k 217
shAA HAEe] BYEHES SRl oW 899 25F 50°C
2 fAon wHPRE o]gate] HTAe HA|e] ALt
TS Fsiinh e HHEL o7 9 AlFst & 110 °cell
A 24 WERF AFAZ)AL, AFE T EL 300°ColA 6 hset &
JAIFTE 2 AFelAE olgk A2 WO R Alxd Z95WE
CP-CZA/DZE &ttt oJ7]4 CP+ 3 3 W (co-precipitation
method)S- U5, CZAE= 3-31% E//4F0] Cu, Zn, AIYS 9
wlsit}, 78]3 /DE G559 el Hivks 35S &34
ol AAHNUSE gJusitt.

ool ydst A3 o] 7 7k Ho R Alxw EASE
& E9818H4] 5747 DME 23 338 2s Fnl] €4S 24}
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Table 1. Composition of hybrid catalysts on the preparation method
Composition (%)  Methanol dehydration
7n Al catalyst
PM-CZ+D 50 50 - DME-C-41
CP-CZA/D 60 30 10 (-AL0O5)

Catalysts Prepared method

Physical mixing
Precipitation
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Fig. 1. Schematic diagram of experimental setup.

Table 2. Catalytic reaction conditions for direct synthesis of DME

Reaction conditions Range
Catalyst PM-CZ+D, CP-CZA/D
Temperature, °C 250~290
Pressure, atm 30~70
Space velocity, h'! 1,500~6,000
7] glatol AEET.
2-3. DME Z¥ &y A8
DME A3 9Hd= 913t R4 A fell o8¢ &A= Fig. 191

YeRlt). % &84 19t 18
v WEE719] £1732 172 inche]™ SUS 316 A2 ¥ whg7]|=2
TAY A7l AAE AT} Full= w719 Tl 1.0 g
AAFom, Zul el s AAste] Rk EE Ao
Gk HEs7FA~Y] A4 2 {32 MFC(mass flow controller)®
Holom, gheehee 7k A™ &7 ¢ 27719} vke
o] Sctof kel oAk 279 7] (back pressure regulator)® 4
9k E FAEGITE HhS 7Rl oY 9 A ES $5S
P71 S8t 7k m g elx] vhg7IR o]olR= vt Wk
el G.C(gas chromatograph)®] A& A{FH 7|74 A& o] &
to] 110 °CE FAAH S ¥H87] 79 RbgE7 A& &
S TCD(thermal conductivity detector)$} FID(flame ionized
detector)’} F2E GCZ FHELE G.CY WA (carrier gas)
© 27 Hesl HE ARSIl e, TCDO A el d2 H,9)
CO 133 CO,° 2410l 7h5¢t molecular sieve SAE 0183151
o, FIDo|| AFE-E #2]37-S DME, WEhs, Bl3lrafis Bagt
T Sli= Porapak QF d2leto] Nie=3 AES A U A
A3,
B ATl Az £4%me] DME 24 348 As g
< AR S8k vt 22 AR wkealEo] 3= Gl
el B2 R 5 vol%2] Hy(N, balance)s SHIAIR 338112
1, 260 °CollA 3 bzt W7ol SHE SvilE AT A
2] I F PA7EAE W7ol Frlakal o, Whe-A31S Table 2
of YeEpd A} o] Wkg-2E 250~290 °C, 4= 30~70 atm, ¥
S5 1,500~6,000 b, §4971~2] 248 H)/C0=0.5-2.02 ¥
SPAA REgE ] whE Fuledo] ARSI

sfetset mMl4sH Me= 20074 123
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3-1. XRD &M

2 Aol AlzE CP-CZA/DS}F PM-CZ+D &5l 2] A7
= XA flete] XRD #Ao] S8 le}. wighe ISl
CP-CZA/DS} PM-CZ+D E4%1)|9] XRD ¥4 A= Fig. 201 1}
ERARILE. 0] CuO(2 theta=35.78), ZnO(2 theta =38.74), Al,O5(2
theta=68.42)2] XRD pattern& 2218 = Q)31vk. Foj o] Az
< 259l o1}, XRD B4 Aol B8 wisy) BatEx] o
steh. Z1elv E4E5mEC] XRD ¥+ vivkE: /350l 9) nlwet
o AAH o= 972 FHo| Gojx|ar 9]72] Al717F FAaE it o]
o} 2 Wsh= iRpa7 )7 2ot Fulardel] YAkEe] Akt E
okxAl w]312] Fo] Yojx= Aoju, gt A7go] vl U -
ALO,°] YO E A=A, wehs IS SIeh S A
Cus}l Zno] A%/30] Sha-g & 5= AUt vieke: FgFuo] A%
do] 4= FuljA o] A ARk 21 Mgl
g1l Aafolrh[15]. CP-CZA/D Fulle] 739 A7 do] Adds] b
= AoE AMEQIET, o] Fue] DME 24 & 213 Snj

ol 37 49 Flolehs 2 IS 5 9k

3-2. HOfe| MY I HYETY 2N
A FAHol oJsliA 7 7] R o ® AlzE £495u) 9]
o] 4=k DME A4 9= flato] Alxd -+ A=
W22 Table 30| YERA 213} 7o) PM-CZ+D ZvH7} 133.8 m¥g,
P-CZA/D 77} 131.5 m¥gl # v]5=3h 38 Yepgit). 38
FAE5EY] cu A S48 flsto] NL,O 2ol 3}
T ES sielEt, A8 Table 30 UERA 217} o]
M-CZ+D ZvH= 4.65 m*/g, CP-CZA/D Z7= 6.10 m*/gdl 212
2 ZAEJ FREA] Cues vRE NS A7
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Fig. 2. XRD patterns of hybrid catalysts for direct synthesis of DME.

Table 3. Compositions and surface areas of hybrid catalysts by EDX,
N, physisorption and N,O chemisorption

Catalysts Composition (%) Cu surfgce area BET surface
Cu 7n Al (m/g) area (m-~/g)

PM-CZ+D 20.8 29.2 50 4.65 133.8

CP-CZA/D 28.8 34.1 37.1 6.1 131.5
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Table 4. Compositions of hybrid catalysts prepared by physical mixing
method and precipitation method by ICP analysis

Composition (%)
Cu Zn Al
PM-CZ+D 19.2 31.7 49.1
CP-CZA/D 17.2 20.4 62.4

Catalysts

Fo P or g3} ger e A4 EuEFe] o3t
Hr} spskgale] o3t o] &2 Fnjj7} FuljEdo] ¢
Ak F 7 Ho 2 Axd £450)2] DME 2]
s Zu|E/dS CP-CZA/D 7| ¥ =& Zlolgk 4

ek 7 Fie] N,O gFehEate] €]k S49 Cull
o] Ee&gtel o8 Alzel SRt Fe <Jsl Al
H EAS7E O H2 ol E 3] flste] T EASF] B
‘45 EDXE M35t 7 £451|9] EDX w42 7= Table
3ol YeRIcE Bej&stoz Az 459l PM-CZ+D ]
¥ Cu T2 20.8% FEROH, AR AFH EAZ)

Q1 CP-CZA/D S| 31H 8] Cu THE2 oF 28.8% L= AJa| o=
4 =2 Cu ¥ 7R ZoZ SHHL. 18 EE Bmuzie|
Al Cu ggol ] &2 Ao® Yehd AW oR Alxs /9%
7F N,O shelgatel] oJst mao] u] #A] vepsitiar 3 5= lot.
TESE Cu 0] 2 CP-CZA/D &/43F)|e] 3def| Cu A} &
akElo] DME 2% 345 98t wksollM o felsithar & 4= Q)
o 3k Az Fujo] M duds AR $lske] Icp i
A o7 Aozl A¥}E Table 40 JeRQITE Eel&go® Az
FAZ)9] bulk ZAJH]= Cu : Zn : AlO] 192% :31.7% : 49.1%
o), HAYP SR AzE EAFIE 172% : 204% : 624%=
HERNATE.
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3-3. SEM &M

28y FHHoR Alxy F 7 £ 2UdNES
Ajezkelr] 18kl SEM 418 S8t Fig. 3(ays viwhe:
FAFu e} vghs grFvle] B &R0 AlxE PM-CZ+D &
‘dZn)e] TAE oI, Fig. 3(b)e Wghs 5l dol vgke: &
vl o] FAE2Q] Cu, Zn, AR HZAIA Az CP-CZAD &
o] TS Ao B ARdolt) PM-CZ+D
FAF o] AR AR Fig. 3(a)ell YERd 213} o] wjgk
< IS veke St EejRo® EREY Qe A
sielgt &= St gk S-Sl XA vl viEsh, gk
= EFE 2 o7 BAA Sl Aol wEE I CP-
CZA/D &% TAENL Wgke eSSl Cugl Zn02)
ZF Bakyl 2Re- QIxFE0] Fig. 3(byell VR A3} 28 A% ¥
& olFo] FAtElo] gl Zlo] gRlEglet. MAkdn] el &gk 3%
AgLS BT Ay EeEgdl o8 AlxE PM-CZ+D Sl
O Z Az CP-CZA/D A5 Tad do] =2
S 7 5 S veke IS Slsh gAdEe] & ke

Aoz RO HAF 5 Uik

R
ol
K3
Y
=

3-4, HIS2C0|| H}2 Z0je
Azl M2 Y& F F7 D A
g2 5o ik Fuljgdo] nlms et vk =E 250~290 °C

X,
X
O
)
i
ofo
(ol
ox
e
=
1o,

(b) CP-CZA/D

Fig. 3. SEM images of hybrid catalysts by physical mixing method
(PM-CZ+D) and precipitation method (CP-CZA/D).

HElelA DME A3 $duhg-o 2 dojxl co HMskg AdES]
AE=E Fig. 40 FERASITE. olw Rkg-4ke], REg7k 32490] 1
23l ¥REEEE 42 50 atm, 1.0, 3,000 h'Z 27ZA]A HR-A9
| R EERoR Axd EYEF0(PM-CZD)E 4§
3t 749, vk sl tigt co Hakey AP E] AETE 2
AFek A3, Fig. 4(a)oll R 213} 2o] 260 °Collx] oF 47% Y=
o1} 290 °ColME 78% AER Z7FEAT). 27t SRS
CO AL ¥ Z7FE90) 13y DMES] AEls 260 °Col)
A 49% =R 01 290 °CollM= oF 45% J == wolxith wbd,
Ehelrane] e} oF 8% 7k F7FE Sl =571 ok
5= algo) Aol 93] DMES] AEiwr) 7hass 210 1}
ERth CO,0 BT DMES] AE=e}l Ao 72 ke veR)
Qom, wehSy} Eo ] oFopt.

AR o7 AZH EAST(CP-CZA/D)2] DME A3 43
o7 Aojzl co AekET} AYES] HEEE Fig. 4(b)ell HERASL
t}. CP-CZA/D EAF0 = 2 Aol $3d W-8-252.0] W9
A 58 Wsh AR gk 27 260 °C A, 70%
TS =& CO &S IS F= glon], vHg-257} 270 °C ©]
o] &% HlelA co Hakgo] kA okar Fujahgdo] 4
HE Zo® Uepdon, 9358 557l wet co Haee %
= A F o= et o]9) o] £EFTte)| ulet FHuldAd
o] S7HEA] g ol 270 °C] &% ZeA HEFdsEel &
7] Wil Ao ® s, FujEdAlo] k= 21 S
Ee] Aol aellA A7 witolet ket sk, 2
TE7Ml wkel §skeao] S QlElo] DME AEhs HulEst
o Azy EAZvREC O] wWol s o YeRT. o]
o] AAE BEEAS gas mass® AE-S E43 Ay, vgho] o
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Fig. 4. Effect of reaction temperature on the direct DME synthesis over
hybrid catalysts (Pressure=50 atm, [H,]/[CO]=1.0, Space velocity
(GHSV)=3,000 h').
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Fig. 5. Effect of reaction pressure on the direct DME synthesis over
hybrid catalysts (Temperature=280 °C, [H,]/[CO]=1.0, Space veloc-
ity (GHSV)=3,000 h™).
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