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º £

:z�ör� �ç �W �;~ bî *� ßWj bÒ'b� v>>� ®º Ò�Ò >wVöB 
þ'b� �V~&
.

�ç �W �;~ çÏz¢ *� �Î{&ö jº� :z�ör� �W �;~ bî*� *çj ��~�¶, 100 µm �~

«¶� B Cu-ZnO-Al2O3f γ-alumina /
~ Ï*ïj æz�Ê�B C* V-� bî *� ê>(KLiaB)ö &� Nê, ªÆ�

³ê, &Ê F³~ 'Ëj ÚÚ�~
. Ú¦ bî *�~ 'Ëj Z�� r, 
·� 
þ �� ~öB V-� bî*�, �-�

bî*�, /
 ��~ >w ³ê �ê 7 �; C* ³ê~ N³ �êº Ò�Ò ³ê¢ 
Ö ·f 8öB � 8b� æz�

Úö V¢ �¢î > ®
. Ò�Ò ³êº >w �;~ ãB' ÎN 5 �' �ÖWö 'Ëj "º "º �¶� �;~ Ú*

Ï'ö V¢ Ö;B
.

Abstract − Mass transfer characteristics have been experimentally investigated for liquid phase synthesis of dimethyl ether

using a slurry reactor with mechanical agitation. This investigation has been necessitated on clarifying the mass transfer phe-

nomena in the liquid phase dimethyl ether process for the commercialization of the process. By varying loading amounts of

Cu-ZnO-Al2O3 and γ-alumina, −100 µm in diameter, the effects of reaction temperature, impeller speed, and gas flow rate on

the overall gas-liquid mass transfer coefficient(KLiaB) have been investigated. While ignoring the internal mass transfer resis-

tance, the rate-controlling step of overall kinetic rate among gas-liquid mass transfer step, solid-film mass transfer step, and

reaction rate step can be varied by changing the value of slurry ratio from very low to very high value. The slurry concentra-

tion is one of the most important process variables in the operation of a slurry reactor and it must be decided to get economical

efficiency and optimum producitivity of the process.
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1. B �

1975jö Chem Systems, Inc.ö ~� ¾rb� �êB �ç zêR �W

�;(LPMeOHTM)f >w 
Úö ~� Î"'� B� >w� BÚ~

ßWj &ææ�[1], Vç �;ö j� � *� 5 zêR~ F�ê¢

Ëç�Êº Ë6� ®b¾, zêR �W >wöB~ ��� z�ï;~

B�j Aº
. ¯, oilö &� zêR~ Ï�ê& .Z ÔV r^ö �

çö ®º /
~ �W6 "æ~ �¦ zêR ³ê& 
Ö ¸j, *~

N" zêR �ÖWö 'Ëj ��
[2]. �� �6j �J~� ãB'

� �; Ú*j *�F in-situ� zêR~ î>zö ~� zêR" :

z�ör�(dimethyl ether, �~ DME)¢ ÷Ö�b�� �ÖW" *~

Nj zêR �W>w~ z�ï; B� �çb� ¸¢ > ®
.

�W&ÊöB :z�ör� �Wf ^ >w� �³'b� ¢ÚÂ
. 

zêR�W>w 2CO+4H2=2CH3OH (1)

zêRî>>w 2CH3OH=CH3OCH3+H2O (2)

>W&Êz>w CO+H2O=CO2+H2 (3)

>w(1)" (3)f zêR �W /
ö ~�, >w(2)º î> /
ö ~�

/
 ·Ïb� ¢ÚÂ
. ̂  >wö ~� :z�ör� �Wf LPMeOHTM

ö j� çß ·Ïj V&� > ®
. >w(2)ö ~� zêR ï; 8ö

�~ ê�� > ®b�, >w(2)~ ³ê¢ B�� > ®º �WB bf >

w(3)ö ~� ²j>�, 6� /
~ bö ~� j�Wz¢ Oæ� >ê

®
. >w(3)öB �WB >²º >w(1)~ ³ê¢ Ëç�Ò > ®
[3].
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Junwang �[4]f �W&Ê�¦V :z�ör� �W 
þj �F >

w³ê� ��~öB >¯~� ³êö 1N� C*>w³ê� 5 �F

³ê ç>¢ �~º V.��¢ >¯~&
. 6�, Parameswaran �[5]

f �ç zêR �W �;� LPMeOHTM~ bî*� �Cj 
�� :

®î
. � ��º ���'� &6öB >w~ çßÎ"f �W �;

~ çëzö jº� ��V¢ �~V *~� Junwang �[4]~ V.�

� Ö"¢ :ûb�, bî*� �Cj º&�b�B DME �W �;~

bî*� *çj �«~�¶ ~&
.

� 
þöBº �ç Ò�Ò >wVöB �; æ>f Ë~ æ> æz

ö V� �Ê�öB~ bî *� *çj ��~�, 
·� ê~ ��ö

B �;~ ³ê Ö; �êö &� ï&~�¶ ~&b�, �;~ ãB'

� Ú*j *� >w �� ~öB ';~ /
 Ï*ïj ÖÂ~&
.

2. ��' Vã

�ç >wöB 7º� ^B6 7~ ~¾º bî *� B�ö ~� >

wV ¦b � �Wb~ >N� 'Ëj Aº
º ©�
. �* �*� �

* /
 îï � DME �Wï� 
Ö ¸jæ¢ê >wV Ú~ Vç ¦

ª" >w
Ú~ ·f /
~ �& Ï*ïj B��
. �º �ç 
Ú

ö ÆÎê /
 ç~ �W6öB �W >w� ¢Ú¾�, >w &Êº �

W� ¢Ú¾Vö Ïª� >w ~ãj B�~º Ï
 çb� Ï�>Ú

^¢ ~V r^�
. � B�
f �Ê�~ ËçB � *�, /
~ "

� ì� ¸f NêöB �· &Ë~
º 6" >wV~ � n;Wö ~

� çêF > ®
[6, 7].

>w
Ú� ÒÏ~º Ï
º �ç �;öB 7º� º²��, >w�

j BÚ~º Ï
º >w ��öB~ n;W" Ôf ÃV{, &Ê Wª


~ �W6b�~ {Öê 5 Ï�ê, &Ï" >/ Ï�W �j �J~

� F�>Ú¢ �
. *Ò �ç >wöBº Witco-40, Witco-70, Freezene-

100, n-hexadecane �~ J¢� ÒÏ>� ®
[8].

Ò�Ò >wVöB bî *� ³êf z�î¾ö &�B ��~V *

�Bº �Ê�~ ôf Ë~ Jj æ>f V~�' ;�ö &NB æ>

f �; æ>¢ �J�¢ �
. Ë~ æ>
öº ªÆ� Æ~ >, ' Æ

~ Î·, v> ³ê ��, �; æ>öº Nê, {K, Fï, &Ê~ F³

ê �� ®
[5]. bî *� ³ê¢ 
þb� G;~V *�F ¾ rJ

ê FÚ ÿK� ��öB 
þj >¯� ;{� ��V ªC� &Ë~

² ~�, Nê 6º {K ?f ç� æ>
ö ~� æ~º 
·� ê~

��öBê >¯~�¢ �
.

bÒ' v>~ �ç Ò�Ò >wV~ ¢>'� ßWf � *� 5 b

î *� ÎN� ¸�, ^� Ú {Ö B�j ·² Ab�, >wV Ú~

/
 ª�& �¢~
. �Ò�, ²*~º ªÆ�f~ îVö ~� /


~ îÎ& �'~² ¾æ¾�, /
& �Wb~ Â� vªö ÿ>>Ú

¾æ¾º ÿ> VÂ *ç� ¢Ú¾�, ªÆ�~ v>ö ~� *K º�

ï� ¢>'b� ¸
º ©� ßû�
. bÒ' v>~ Ò�Ò >wV

º ¢>'b� &Ê¢ �³b� ê«~�, >wV Ú~ �ç~ F«"

FÂf ìbæ� >²ª� ;�¢ <º
.

>wV Ú¦� ê«B >w &Ê~ ' �êöB~ bî *�f z�

« A(6º CO)& /
 ç~ �W6öB �Wb� *~>V *ö �Ò

¢Ú¾² >�, Fig. 1ö �&
. >wb Wª
f ²� Vçb�¦V V

-� ê�, -� ê�b�¦V Wª~ ²� �ç, ²� �çb�¦V /


��, >wb~ /
 «¶ Ú¦� {Ö, /
~ �W6ö >wb~ �O,

�W6 çöB �Wbj áº >w, �W6öB �Wb~ îO, /
 «

¶ �¦� {Ö, /
 ��b�¦V ²� �ç, ²� �çb�¦V V-

� ê�, V-� ê�b�¦V ²� Vçb�~ �Wb~ �ÿ �~ "

;j �ö Vç~ z�Wª� �W6b� �ÿ~� /
 z� >w�

¢Ú¾² B
.

Mechanistic steady stateö ~� ' �ê~ bî *� ³êº B� ÿ

¢~
� &;� > ®bæ�, ' �êöB áÚæº bî *� ³ê¢

?
� � ê Kirchhoff additional type rulej 'Ï 5 >�' BFö

~~� � (4)¢ áj > ®
[2, 5].

(4)

� (4)öB �* ¦b � /
~ îï� w¢ Ôf 8öB ¸f 8b

� 
�² �b�B ³ê Ö; �êº �¢î > ®bæ�, wº b

î*�~ N³�ê¢ Ö;~º 7º� �¶�
.

ò£ w& 
Ö �
�,

6º, (5)

� ãÖöBº V-� bî *� ³ê& C* ³ê~ ³ê Ö; �ê�
.

ò£ w& 
Ö ·
�,

6º, (6)

� ãÖö ò£ FÎ �¶(η)& 1�
 ·b�, C* ³êº ^� Ú

{Ö &�ö ~� B�j Aº
. 1/ηkrif dpρp/6ksi~ ç&'� �V

ö ~�~� >w³ê& æV �ê��¾ �Ú ãïöB~ bî *

� ³ê& ³ê æV �ê¢ > ®
. �¢ ê�z� Fig. 2~ (a)f

(b)º V-� bî *� ³ê& C* ³ê~ ³ê Ö; �ê��¾ jò

ãÖ� 
Ö ��'b� ¾æÚî
. � 7*'� ãÖº (c)� KLiaBf

ksi¢ '' �� > ®º O»j ��&
. êÖ 8� ksi¢ áV *�

Bº b& krif η¢ �F >w ³ê�" {Ö >w ³ê�b�¦V á

Ú¢ �
. Ö;B ksi~ ;{Wf �F ³êf {Ö ³ê B�~ ;

&Wö ~� ¶ÿb� ~�~² >�, 
þf ' >w ��öB Jç

>wVö Ï*~º /
ïj �Ò~�B >¯>Úî > ®
.

3. 
 þ

� >w 
þöB ÒÏB /
º zêR �W /
�º .³ Wªj

~ V&b� ç7 �W B�� Cu-ZnO-Al2O3=57 : 33 : 10" zêR î>

/
� γ-alumina(STREM Chemicals)¢ ÒÏ~&
. >w /
º 100 µm

�~� ªê~&�, >w 
Úº N-hexadecane Oilj ÒÏ~&
. >w

Ri
1
w
---- 1

ηkri

---------
dpρp

6ksi

----------+ 
  1

KLiaB

------------- 
 +

1–

Ci
ig Ci eq,–[ ]=

1 KLiaB>> 1
w
---- 1

ηkri

--------- 
  dpρp[ ]

6ksi[ ]
--------------- 

 + 
 ⁄

Ri KLiaB Ci
ig Ci eq,–( )=

1
w
---- 1

ηkri

--------- 
  dpρp[ ]

6ksi[ ]
--------------- 

 + >>
1

KLiaB

------------- 
 

Ri w 1
ηkri

--------- 
  dpρp[ ]

6ksi[ ]
--------------- 

 +
1–

Ci
ig Ci eq,–[ ]=

Fig. 1. Concentration profiles and notations.
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/
º >w
Úf �þ >wVö Ï*� ê, 5% H2/Ar &Ê¢ ÒÏ~

� 120 oCf 175 oCöB 1�*O ~ö >wj �V
[9].


þf Fig. 3ö ��ê Ë~öB >¯~&b�, ' �Wb~ F�ê

º �Wb� Næ~º jN�¦V êÖ~&b�, DME~ ãÖ DME 1

Öf 2Ö~ zêR� jº~æ� 
r" ?� ;~� zêR ~Ö �

Öï(MEP; methanol equivalent productivity)b� êÖ~&
.

MEP=methanol productivity+2×DME productivity (7)

6� DME~ F�êº 
r" ?� ;~~� �~&
.

DME selectivity=100×2 DME/(2 DME+MeOH+CO2

+Hydrocarbons) (8)

C* bî *� ê>ö 'Ëj "º 
þ æ>º >w Nê, >w {K,

v> ³ê, >w &Ê~ F³, �Ò� �çöB >w� ¢Ú¾æ� >w

V Ú~ J¢ · �� ®
. � ��öBº >w {K" >w
Ú~ ·

f �;�B ¹f ç�öB >w Nêf v> ³ê, öò~ �/ ³ê

�~ æ>¢ �J~&
. �� æ>~ 'Ëj ��~V *�B ¯�¢

~º �²~ 
þ Å>º 23−1×3×4�
. 23−1×3 
þf 3B~ æ>ö

&� ' æ>ö &�B ~ 6º ^ B~ 8 ;ê� æz�ÊV *� º

�>Úæº 
þ Å>��, 4V~ ~�º ' 
þ ��öB jº� �

² ��V >�
. *~ 
þj ¯~V *� >w ��j Table 1ö ;

Ò~&
.

4. Ö" 5 �V

bî*� �Cj *� 
þöB áÚê ��V¢ ¾Ò~V *�, ³

ê~ 1N ;�� �*>º >w ³ê�öB~ ³ê¢ �ç 
ÚöB~

Fig. 2. Graphical expression of various cases of rate determining step.
(a) The case where the overall gas-liquid mass transfer limits the
overall kinetic rate. (b) The case where the overall gas-liquid mass
transfer don’t limits the overall kinetic rate. (c) A graphical repre-
sentation for determination of KLiaB and ksi.

Fig. 3. Slurry phase reaction system.
1. Vent line 10. Filter
2. Liquid/gas separator 11. Oxygen trap
3. Cooler 12. Reduction gas
4. Dry gas meter 13. Reaction gas
5. Recirculation pump 14. Pressure transducer & indicator
6. PID temperature controller 15. Motor controller
7. Reactor 16. Back pressure regulator
8. Mass flow controller 17. Cooling line
9. Check valve
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³êf ï;³ê N¢� � r, ��V �Cj *�Bº V-� ê�ö

B~ �z ³ê CCO, >w� ¢Ú¾º /
 ��öB ª~~ ï; ³ê

CCO.eqf �F >w³ê� 
þj >¯~� áÚæº kri¢ rj¢ �
.

V-� ê�öB~ �z ³êº oil 
Ú& �J>º ê& ï;j ��
�

~&j r, �� B~ z� Wª(H2, CO, CO2, H2O, CH4, CH3OH, CH3OCH3,

n-C16H34)ö &�B �ç~ �&��f Vç~ �&��& ?
º V-

� ï;(VLE)j �J� ���' êÖö ~~� º;>Ú¢ �
[2].

��¾ ��B ���' ��V& ��~� ��� êÖö ~� º;

� Ú[V r^ö �z ³ê CCOº >wVö Ï
¢ Ï*� ê ¢Öz

ê²¢ ê«~� {K" Nê¢ æz�B Ï
ö Ï�>º ·ö &�

Ï�ê 
þj ¯~� �~&
. ¢>'b� V-� ê�öB VÚ G~

�z³êf �Ú G~ �z³êº B� ï;j ��º &êö ®Ú

Henry~ »�ö ~� �-G~ �z³êö ~� V-G~ �z³ê¢ Ö

Â~� ;{� Ö"¢ áÚ¢ ~¾, ��� ��V~ ¦�b� Ï�ê


þö ~� ��ê �-G~ �z ³ê >~¢ ÒÏ~&
. /
«¶~

�V& −100 µm� /
¢ Ïê� Ò�Ò >wVöB~ >w³êº b

Table 1. Experimental scheme and operating conditions at feed composition
(H2/CO=1)

Run 
no.

Pressure
P(atm)

Temperature
T(K)

Impeller speed 
N(rpm)

Feed rate
Vf(ml/min)

Catalyst wt.
W(grams)

1 30 523 800 600 2.500
5.625

18.500
30.000

2 30 523 1000 600 2.500
5.625

18.500
30.000

3 30 523 1200 600 2.500
5.625

18.500
30.000

4 30 523 800 300 2.500
5.625

18.500
30.000

5 30 523 1000 300 2.500
5.625

18.500
30.000

6 30 523 1200 300 2.500
5.625

18.500
30.000

7 30 553 800 600 2.500
5.625

18.500
30.000

10 30 553 800 300 2.500
5.625

18.500
30.000

11 30 553 1000 300 2.500
5.625

18.500
30.000

12 30 553 1200 300 2.500
5.625

18.500
30.000

13 30 503 1200 300 2.500
5.625

18.500
30.000

Fig. 4. Solubility of CO component in n-hexadecane oil.
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î*�ö 'Ëj Aæ pº
[4, 10, 11]. 6� >w 
Ú� Ïê>º /


~ ·� 5-10 wt% �~� ãÖº bî*�ê>& 
 >w³êö b

î*� B�j Aæ pº
[12]. �� Ò
ö "�~� � 
þöB Ò

ÏB ï; ³ê(CCO.eq)f kriº ªÆ�~ v> ³ê¢ �² ~�, >w

/
º 100 µm�~, 1,250 rpm, 40 atm, 250-300 oC~ 
þ ��öB ̄

�V 1N >w ³ê Î�j ÒÏ� 
þ ��V¢ £*~ >;j �ö

�Ï~&b�, �¢ Fig. 4ö ;Ò~&
.

' bî *� �êöB ¢Ú¾º *� ³ê¢ ³ê~ ¢N �V� �

*~�, mechanistic steady stateö ~�B Î� �ê~ ³êº ÿ¢~


º &; ~ö Kirchhoff »�j �Ï~� C* >w ³ê¢ �ÿK"

&�~ �>� ~¾~ >�b� ;Ò~&
. &�f � (4)ö �&��

V-� bî *� ê>, �-� bî *� ê>, �F >w ³ê ç>f F

Î �¶(η)� ��Ú^ ®
. �VöBº ^� Ú {Ö B�j J«~

º FÎ �¶(η)¢ �J~æ pV *� 100 µm �~~ �^� «¶ �

V~ /
¢ ÒÏ~� 
þj ¯~&
[4, 11]. V¢B C* >w ³ê

º ^� Ú¦~ bî *� B�~ 'Ëf Aæ pj ©b� &;~�

FÎ �¶(η)~ 8j 1� vîb�, �ê~ >w �Ê�öB~ bî *

�f ¯, �¦ bî *�j *Þ~² �V� ©�
. KLiaBf ksi¢ 
þ

b�¦V áV *� ��V êÖ Ö"º Table 2ö º£ ;Ò~&
.


·� 
þ ��öB (CCO-CCO,eq)/RCO versus 1/w~ 2�j Fig. 5ö

¾æÚîº�, F; &ê¢ 'Ï� > ®rj r > ®
. V¢B KLiaB

f ksiº '' çF~ .Þ" VÞV�¦V êÖ� &Ë~
. �¾*öB

��æº �Fb� �Úæº ��V
~ çFö &� ÞNº �; ��~

* º*ö �öB >w N>& ;{~æ pV r^� ©b� ÒòB
.


þ æ>� >w Nê, >w &Ê~ �/ ³ê, v> ³êö &~�

C* V-� bî *� ê>ö �~º 'Ëj ÚÚ��, >w Nê~ Ã

Table 2. Calculation of KLiaB and Ksi

Run no. RCO(mol/kg-cat/hr) RCO(mol/ml/s) w(g-cat/ml) 1/w(ml/g-cat) (CCO-CCO,eq)/RCO

1 56.955
65.741
19.078
15.308

0.0264×10−5

0.0685×10−5

0.0654×10−5

0.0850×10−5

0.0167
0.0375
0.1233
0.2001

60.000
26.667
18.108
15.000

203
178
182
163

2 46.297
51.363
21.343
13.297

0.0264×10−5

0.0685×10−5

0.0654×10−5

0.0850×10−5

0.0167
0.0375
0.1233
0.2001

60.000
26.667
18.108
15.000

250
100
173
173

3 45.052
40.683
20.466
11.732

0.0209×10−5

0.0424×10−5

0.0701×10−5

0.0652×10−5

0.0167
0.0375
0.1233
0.2001

60.000
26.667
18.108
15.000

257
126
176
182

4 59.963
31.208
11.909
18.961

0.0278×10−5

0.0325×10−5

0.0408×10−5

0.0498×10−5

0.0167
0.0375
0.1233
0.2001

60.000
26.667
18.108
15.000

193
165
131
108

5 52.221
35.768
13.912
17.948

0.0242×10−5

0.0373×10−5

0.0477×10−5

0.0442×10−5

0.0167
0.0375
0.1233
0.2001

60.000
26.667
18.108
15.000

222
144
112
121

6 33.416
36.442
13.163
18.495

0.0155×10−5

0.0380×10−5

0.0451×10−5

0.0472×10−5

0.0167
0.0375
0.1233
0.2001

60.000
26.667
18.108
15.000

346
141
119
114

7 75.648
51.433
15.045
13.825

0.0350×10−5

0.0533×10−5

0.0515×10−5

0.0768×10−5

0.0167
0.0375
0.1233
0.2001

60.000
26.667
18.108
15.000

167
144
145
130

10 65.422
30.513
10.844
18.553

0.0303×10−5

0.0318×10−5

0.0372×10−5

0.0475×10−5

0.0167
0.0375
0.1233
0.2001

60.000
26.667
18.108
15.000

177
173
163
149

11 72.961
31.239
11.332
16.446

0.0338×10−5

0.0325×10−5

0.0388×10−5

0.0358×10−5

0.0167
0.0375
0.1233
0.2001

60.000
26.667
18.108
15.000

169
172
160
165

12 68.692
27.223
11.476
7.673

0.0318×10−5

0.0284×10−5

0.0393×10−5

0.0426×10−5

0.0167
0.0375
0.1233
0.2001

60.000
26.667
18.108
15.000

173
182
159
155

13 13.333
18.886
18.115
6.6695

0.0062×10−5

0.0093×10−

0.0278×10−5

0.0371×10−5

0.0167
0.0375
0.1233
0.2001

60.000
26.667
18.108
15.000

977
651
217
163
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&, �/ ³ê~ Ã&, �Ò� v> ³ê~ Ã&ö V¢ C* V-� b

î *� ê>º Ã&>Ú bî *�~ ÎN� Ëç>º ©b� ��
.

&Ê~ �/ ³êf v> ³ê& Ã&~� bî *� Î"º �² Ã&

>º *çf Parameswaran �[13]ö ~� ��B �ç Ò�Ò >wV

öB zêR �W~ bî *�ö &� ^òöBê ?f Ö"& áÚr


. ¢>'b� >w Nê& Ã&~� >w 
Ú~ 6ê& 6²�b�

B bî *� ÎN� Ã&~º ©b� �'B
. bî *� ê>¢ ;

Ò� Table 3j ��, 
þöB áÚê C* bî *� ê>~ v> ³

êö &� 'Ë� >w Nê º*ö V¢ .ç�~ Ö"& &V>î
.

v> ³ê& Ã&�ö V¢ �¦ bî *�~ �R vþ& ·j^B >

wb~ bî *�� z ¾>Úææ� bî *� ê>º 
^¢ �
. �

�¾ >w Nê 553 KöB �fº >&~ 
þ Ö"¢ áî
. �º >

w Nê& Ã&�ö V¢ Ï
~ 6ê& 6²~�, /
~ Ï*ï� �

ãÖö ~ö "; 7 ªÆ�~ ³ê¢ Ô² �;~� z
�, ªÆ�~

jÑ¦ªöº /
& �;B ç�� �Ò� > ®
. �r, >wV ã�

¦ªf ²ï~ /
& ªÖ>Ú ®º ç�~ vª� �WB
�, /


& �¢ ªÖ>Ú ®º ãÖ�
 bî *�~ ÎNf 6²� > ®j

©b� J«F > ®
.

C* >w~ ³ê æV �ê& bî *� ³ê�æ, >w ³ê�æ �

¦º � (4)ö �� ©¾", 
þ æ>º >wV Ú /
ï" >w 
Ú

ï~ j� Ò�Ò ³ê w��, N³ �êº wö ~� 'Ëj Aº
.

1/kri~ 8� dpρp/6ksi�
 �R �V r^ö �-� bî *�f C* >

w ³ê~ N³ �ê& F > ì
. V¢B V-� bî *�� >w³ê~

N³ �ê~ �¦º 1/KLiaBf 1/wkri~ 8j jv� �� B
. ò£

w=0.0167�¢�,

1/wkri=(17.668)(0.0167)−1=1057.96 sec

1/KLiaB=(60/3,600)−1=5.99 sec

��æ�, 1/wkri
1/KLiaB~ &ê& Wã~æ�, V-� bî *�� C*

³ê~ N³ �ê& >æ pº
. ��¾ Ò�Ò ³ê(w)& Ã&� rº

�fº >&~ Ö"& ¾æÂ
. ò£ w=0.2�¢�,

1/wkri=(17.668)(0.2)−1=88.34 sec

1/KLiaB=(48/3,600)−1=75 sec

*~ v 8f ?f scale~ N>¢ &æ� ®bæ�, � ãÖöº V-�

bî *�� 
Ö 7º~² B
. �� ãÖöF �F >w ³ê� ��

¢ �
� �ê � ~�º ç
F ><ö ì
.

Ò�Ò ³ê¢ >w Ï
f Ï*>º /
~ ·~ j� ;~� r,

Fig. 6öB DME~ >w³êf DME~ C* �ÖWj Ò�Ò ³ê¢

æz�Ê�B jv~&
. Ò�Ò ³ê& Ã&�ö V¢ �* /
 �

DME~ >w ³êº .ö j² ÎÚææò C* �Öïf *&~² Ã

&~æº pº
. bî *�ö ~� B�j Aæ pº �F >w ³ê�

��¢ � ãÖ 
þf >ê� �� 0.1 g-cat/cc-oil �~� Ôf Ò�Ò

³êöB >¯>Ú¢ ~æò, ¸f �Öïj º�~º �; Ú*öBº

7*~ Ò�Ò ³ê� 0.12-0.15 g-cat/cc-oil~ '�öB Ú*�¢ �
.

Junwang �[4]f >w Nê 280 oC, >w {K 40 atm, ªÆ�~ ³ê&

1,250 rpm¢ r, 100 µm �~~ /
¢ ÒÏ~� Ò�Ò ³ê 0.1 g-cat/

cc-oil �~~ º*öB DME �W >w~ �F >w ³ê� 
þj ~

&
. �º FÒ ��öB 
þj >¯~� áÚê Fig. 6~ �Cö ~

� áÚê Ö"f ¢~�j r > ®
.

bî *� ê>~ ;{Wj Ëç�ÊV *�F ' >w ��öB Ò

�Ò ³ê¢ æz�Ê�B z ôf 
þ ��V& º�>Úê
. C*

Fig. 5. Calculation of mass transfer coefficients.
(a) 600 cc/min, 800 rpm, (b) 250 oC, 1,200 rpm, (c) 250 oC, 600 cc/min.

Table 3. Mass transfer coefficients

Run no. KLiaB(1/hr) ksi(×10−4) dpρp/6 ksi 1/kri(g-cat · s/ml)

1 60 0.567 15.28 17.668

2 85 0.602 14.40 17.668

3 88 0.614 14.13 17.668

4 37 0.599 14.47 17.668

5 39 0.558 15.52 17.668

6 48 0.645 13.44 17.668

7 1111 1.781 14.87 10.338

100 77 0.919 19.43 10.338

110 60 0.875 19.90 10.338

120 60 10.8653 10.02 10.338

130 28 10.1687 51.40 66.282
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bî *� ê>¢ êÖ~º ";öB &;ö ~~� ^òöB áf ¢

Özê²~ ï; ³êf �F >w ³ê� 
þöB~ �F >w ³ê

ç>¢ �~º 
þj >¯�
� ��~ ;{Wf ËçF ©�
.

� ��öB �J~æ pf 
� �; æ>
� �ë æ>f Ë~ æ

>~ 'Ëf �;~ &;z 6º ²;z~º ";öB jº� 7º�

�¶� bî *� ê>ö �J>Ú¢ ~æ� z ôf ��& ê¯>Ú

¢ � ©�
.

5. Ö �

:z�ör� �ç ç7 �W� Ò�Ò >wV Ú~ /
 çöB ¢

Ú¾º >w
j �*'� 1N �¢ >w�¢� &;~� V-�" �-

�~ bî *� ê>~ êÖj *� 
þj ¯� Ö" 
r" ?f Ö

�j áî
.

(1) bî *� ÎNf >w Nêf &Ê F³� Ã&�ö V¢ Ã&~

�, ªÆ�~ ³ê& Ã&�>� �¦ bî *�~ �R p�& ·jæ

æ� Ã&�
.

(2) 
þ �� ~öB Ú¦ bî *�~ &�j Z�� r, C* >w

³ê~ N³ �êº >w ��" Ò�Ò ³êö ~�B Ö;B
. Ïï

400 cc� Ò�Ò >wVöB 250 oC, 30 atm, 1,200 rpm��, &Ê~ �

/ F³ 300 cc/min, �V& −100 µm /
¢ 0.0167 g-cat/cc-oilj Ïê

� >w��öB C* ³êº V-� 6º �-�~ bî *�ö ~� æ

V>æ pº
. ��æ� �F >w ³ê� ��º *~ ��öB >¯

�¢ � ©�
. ��¾, � bî *� B�j Aæ pº ��f 
�

�· æ>
ö ~� �Þ� >º ìbæ�, ''~ æ>ö &� 'Ëf

��& >Ú¢ �
.

(3) >w �� 250 oC, 30 atm, 1,000 rpm, &Ê F³ 300 cc/min¢ r,

DME~ �& �Öïj V&� > ®º Ò�Ò ³êº 0.12-0.15 g-cat/

cc-oil~ '��
.

6 Ò

� ��º N
&Ê&6VFBBÒë� "B 7 ¢¦�B "�VF

¦~ æöb� >¯>îb�, �ö 6Ò¢ �ãî
.

ÒÏV̂

Ri : overall rate [mol/ml/s]

kgi : gas-side mass transfer coefficient [cm/s]

kli : liquid-side mass transfer coefficient [cm/s]

ksi : liquid-particle mass transfer coefficient [cm/s]

kri : intrinsic reaction rate constant [ml/g-cat/sec]

aB : gas-liquid interfacial area [cm2/ml]

aP : exteral surface area of catalyst pellets/particles [cm2/ml] 

w  : catalyst mass per unit volume of reactor [g-cat/ml]

η : effectiveness factor based on pore diffusional limitation [-]

Ci
ig  : physical saturated concentration of i species [mol/ml]

Ci.eq
 : concentration of i species at chemical equilibrium [mol/ml]

KLiaB : overall gas-liquid mass transfer coefficient [sec] 
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