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Abstract − In this study, we propose a new reaction-distillation hybrid process for production of dimethyl ether (DME). The

conventional process for the production DME consists of one reactor and two distillation columns. The proposed reaction-dis-
tillation hybrid process is an interlinked system between one reactor and one distillation column. Comparison between these

two processes shows a great advantage of the proposed one over the conventional one in energy saving. We examine and ana-

lyze the effect of design and operation variables on the performance of the proposed process and optimize the process.
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 �!" ' ./� 012� ,� 345�67(Dimethyl ether, DME)

� 8�9, :;< => ?@�A(liquid gas)%B CD% E+ �� F

@G� HI���%-. J; KL� 55-60M� 3N!" 40-55� ��

OPQ R> S%B R> T$UV ��� ,�, 8�9%/ :;< =

> WDX YM/ Z[ \> ]^&@ _UV Y� ,-. `� DME�

ab�c !�d e NOx fgh%  iQ \� Ajk� l� fg*

� m�-. % en� DMEV  � ]^o !"� #$.�] !p�

bq*� ,-[1-3]. rs DME� tuv wx, MTG �yz, A8u%

� {|}b�, 45~�6%� �D �� �U� �%� ,-.

DME� �� ��> �D�A�:� �� ��.� ���< 4;t

X �t�%� x 0�� �<)� ����(dehydration)� �.� �

�.� ���% ,-. DMEV !"� |�.� ��c� 4;t �D

��< ���� ��% G�Q �@� 0�V |�.� �D�A

(CO+H2)�:� DMEV �� wD.� ��% ����� ��X �@

)� � ,-� &�c � ��G  ¡M� ��*¢M/ £¤ ¥+ �

��X %�¦ �§ ¨< %x@;�� <-.© wD*+ ªI% «

Q¬ ­®��� ��� ��� ¯O�- °� m~, O±@� �%�

�²� ���X ³.¬� �´% µ�� ,� }�%-. ���� 4

;t ��� �� DME wD��¶ ' · ��> -¸< =-[4].

2CH3OH→(CH3)2O+H2O
  Methanol        DME      Water

DMEV 3N!"  ¹ |�.� ��c� DMEV {º·I�.� �

»U@.� ¡% ¼(.B DME ��ªI� �(*� ��� ' ½>

:{% {º·I�� |��-. %V �� �²ªI�c� ¾ #� �¿

ÀX |�.� ,-. ÁÂ À�c DME� ¨·4;t Ã�¨% {º*�,

ÄÂ À�c ¨< 4;t% {º�-. kÅ/ % �§ ÁÂ À�c {

º� Ã�¨% ÄÂ À�c -) Ã�*Æ�Ç {º ���� È�*

� i&X Y�-[5]. É Ên�c� 4;t ��@ ��< {º ªI%

­�� Ë�Ì �Í� ��-�¿ ÃDªIX �Î.�, �²ªI<� �

ÏV �.� �Î� ªI� Ð·i&X {Ñ.Ò-. ̀ � �Å �� ªI

Ó�¥� ¹ªI�  � D�� Ô�� Õ´X �| {Ñ.� £G@

.Ò-. ªIj|� ASPEN PLUS(Version 11.1)V |�.Ò-.
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2. �� ��

2-1. ����

Ö³� ªI> 4;t ����(dehydration)� �� ̈ < DME� wD

*� ªI%-. 4;t ����> $×��M� ��¶> -¸< =-.

2CH3OH→(CH3)2O+H2O

Bondiera< Naccache� 250oC %O�c� ���UV I�.Ò-.

���U� -¸< =% ·+b-[5].

��c k0=1.21×106 kmol/(m3 reactor KPa)

��c, Ea=80.48 KJ/mole

��c, Pmethanol=partial pressure of H2O (KPa)

É j|�c |�� ¶> ����X �¬.� -¸< =% pD.Ò-.

��c K=exp

��ck0=1.21×106 kmol/(m3 reactor KPa)

��cEa=80.48 KJ/mole

��c, PDME=partial pressure of DME (KPa)

��c, PH2O
=partial pressure of H2O (KPa)

% ªI�c |�*� 0�� �ØIÙ� alumina� 10.2% silica%

-. % 0�� 400oC %O�c �ÚD@(deactivation)�  +/� en

� ���� % _UV Û<.� m~Ü �-. ���� ./� 0�Ý

X ��� ,� i×���V |�.Ò-. 

2-2. ����

Fig. 1� /Þß �²ªI> DME wx ���� wDfg¨� {º

I�V �� ¾ #� �¿ÀM� pD*+ ,-. {º I�� Ô�� 4

;t> ���� s»�*� {º� ¨> à�� áº�-. 	"� 4

;t ·â> Ë�Ì 4;t< �¿À(T-2)�c {º� Ô�� 4;t%

Ã�*+ �×�(E-1)� ×Ï��(E-2)� �� ��@*+ ���� �

ã+b-. ��wD¨> ×Ï��(E-2)� �� äå*+ ¾ #� �¿

À(T-1, T-2) ' Á æÂ �¿À(T-1)M� �ã+�� Á æÂ �¿À(T-1)�

ÀI�c DMEV ç�-. Àè� Ô�� 4;t< ¨% ¾ æÂ �¿

À(T-2)M� �ã+�� Ô�� 4;t> ̈ �:� {º�-. {º� Ô

�� 4;t> ���� s»�*� ¨> äå�(E-4)� �� äå*+

à�� áº�-.

2-3. ��-�� 	
��

��-�¿ ÃDªI> Fig. 2� /Þé ê� =% ���� ./� �

¿À% ÃD*+ pD� ë%-. 	"� ·â> Ë�Ì 4;t< �¿

À(T-1)�c {º� Ô�� 4;t% Ã�*� �×�(E-1)� ×Ï��

(E-2)� �� ��@ <IX lì ���� �ã+b-. ��� ��w

D¨� DME, ¨ kº� Ô�� 4;t> ×Ï��(E-2)� �� äå

� í �¿À(T-1)M� �ã+b-. %e Ô�� 4;t> � D{ '

'�& ¨Ù� �P.Æ� �¿À ã�c À 'î� ²s.© �-. ï

c %Ü�� ê� =% % Ô�� 4;t> À� 'O: ð¿i�c f

g*+ ���� s»�*B s»�� Ô�� 4;t> ��� ã�c

�j*© �-. wx� DME �ñ> �¿À(T-1)� ÀI�c çX �

,�, ¨> Àè�c çX � ,-. ç+b ¨> äå�(E-3)� �� ä

å*+ à�áº �-.

3. 	 


3-1. �� ��

4;t ����� �� DMEV wx.� �²ªI< �Î� ��-

�¿ ÃDªI� ��� �jh< Ð��V �Ï ��.Ò-. `� �

�-�¿ ÃDªI�c åå� Ó� ò ��wD¨� 
âi, �¿�, ð

¿
gi(side draw stage), ð¿
g
�(side draw rate)% ªI� Ô�

� Õ´X ó~�ô-. `� DME �D ��> õ� $×��%�

400oC %O�c 0�� �ÚD@�  +é-. ö�c % _UV K�

mU÷ ���� f×X øº ùë j|.� å f×¥� ��� _U

{úV �Ï.Ò-. -¸� å ªI¥�  � ùû.Ò-.

3-1-1. �²ªI

É !p�c� §Ö �²ªIX j|.Ò-. Fig. 1> ��� � #�

�¿À ¾ #� %ü+b ªI%-. % ªIX �ýM� .� §º� �

rmethanol– k0
Ea

RT
-------– Pmethanolexp=

rmethanol– k0
Ea

RT
-------– Pmethanol

1
K
----PDME

1
2
---

PH2O

1
2
---

–exp=

1.562 103×
T

-------------------------- 1.225+ 
 

Fig. 1. Conventional process flow diagram for the production of dime-
thyl ether from methanol.
R-1. Reactor E-1. Methanol pre-heater
T-1. DME tower E-2. Reactor cooler
T-2. Methanol tower E-3. DME cooler 
P-1. Feed pump E-4. Waste water cooler

Fig. 2. Reaction-distillation hybrid process I.
R-1. Reactor E-1. Methanol pre-heater 
T-1. Methanol tower E-2. Reactor cooler 
E-3. Waste water cooler
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Î� ��-�¿ ÃDªI<� �����< Ð��V �Ï.Ò-.

3-1-2. ��-�¿ ÃDªI I

Fig. 2� �Î� ��-�¿ ÃDªIM� ��� � #� �¿À �

#� %ü+þ-. % ªI> ïc ùû� ê� =% ����c ��w

D¨% �¿ÀM� 
â*� �¿À O:�c DMEV ç� À.:�

¨% fg�-. kº� Ô�� 4;t> À'î�c fg*+ ����

s»�*+ ��% �Ø*U÷ �-. 

3-1-3. ��-�¿ ÃDªI II

Fig. 3> ��-�¿ ÃDªI I� ���V ¾ #� /ÿ+ ����

|%� ×Ï��V ù�.� äå�M�Ç ¾ æÂ ���� ¥+��

��¨� _UV \}U÷ ùë.Ò-. % e ×Ï��� Ïo�� �

Í� Á æÂ ���� �â*� ��< Á æÂ ���� gp�c /

«� ��¨% Ïo*+ ¾ æÂ� �â*� ��¨� _U� \© �

·�, Á æÂ� �â*� ��¨� _U� R© .U÷ .� ö� �

��V ¼(� .� m� ×Ï��V |�.Ò-. Á æÂ ���� ¾

æÂ ����- �© ùë.� 4;tX ½% ��)� Á æÂ ��

�� gp_UV ×Ï��� �.� \� í, ¾ æÂ ���� ��¨

X �â.� Ô�� 4;t� �% G+ �� ) ���� _U� ½%

t��� �.U÷ ùë.Ò-. -	 Ð�¥> ��-�¿ ÃDªI I<

Fig. 3. Reaction-distillation hybrid process II.
R-1. Reactor R-2. Reactor
E-1. Methanol pre-heater E-2. Reactor cooler
E-3. Waste water cooler E-4.  Reactor cooler
T-1. Methanol tower 

Fig. 4. Reaction-distillation hybrid process III.
R-1. Reactor S-1. Spliter
E-1. Methanol pre-heater E-2. Reactor cooler
E-3. Waste water cooler T-1. Methanol tower

Table 1. A set of simulation input 

(a) Conventional process

Feed rate
 Methanol 259.7  kmol/hr
 H20 2.5  kmol/hr

Heat exchanger (E-2)
 Cold stream output temp. 250oC
 Flow direction countercurrent

Distillation column
 T-1
 Total number stages 24
 Condenser Total
 Reflux ratio 2
 Feed stage 13
 Pressure

top 10.3 bar
bottom 10.5  bar

 T-2
 Total number stages 28
 Condenser Total
 Reflux ratio 4
 Feed stage 15
 Pressure

top 7.3 bar
bottom 7.6 bar

Reactor
 Type Adiabatic reactor
 Length 7.6 m
 Diameter 0.72  m
 Pressure 10.4  bar
 Temperature inlet 250oC

outlet 365oC

(b) Reaction-distillation hybrid process
Feed rate

 Methanol 259.7  kmol/hr
 H20 2.5  kmol/hr

Heat exchanger (E-2)
 Cold stream output temp. 250oC
 Flow direction Countercurrent

Distillation column
 T-1
 Total number stages 27
 Condenser Total
 Reflux ratio 5
 Feed stage 22
 Side draw stage 8

rate 24 kmol/hr 
 Pressure

top 10.3  atm
bottom 10.5  atm

Reactor
 Type Adiabatic reactor
 Length 10.15  m
 Diameter 0.75  m
 Pressure 10.4  atm
 Temperature inlet 244oC

outlet 380oC
���� �41� �5� 2003� 10�
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3-1-4. ��-�¿ ÃDªI III

Fig. 4� ��-�¿ ÃDªI I� ���� ��¨ �â&X {¦.�

���� $×_UV \}U÷ ùëV .Ò-. ���� Á æÂ �â

	"V �â.� �� í t�� ���� _UV ¾ æÂ �â	"�

�� ���� _UV \}�, -) ��.� t�� ���� _UV

� æÂ �â	"V �â.� ���� _UV \�-. %e  oGM

� Á æÂ �â&� ��¨� �X ½% ·� �� �%V �© ùë

�-. %¡> Á æÂ ���c 4;t� ��X ½% )� ¾ æÂ, �

æÂ ���
�c ��¦ 4;t� �X G© �¥+ ���� gp

_UV �+.� ��%-. -	 Ð�¥> ��-�¿ ÃDªI I< ^ 

.-.

��-�¿ ÃDªI I, II, III ���� �%� j¾ 10.15 m� =-.

�²ªI< ��-�¿ ÃDªI� j| ��> Table 1� /Þã¢-.

|�� �¿À> j¾ ÀOM�:� �
�V 1iM�, s��V ��

� iM� .Ò-. ªI j|�c OÍ�I¶> UNIFAC¶X |�.Ò

�, i��> 100%� �I.Ò-.

4. �� 
 ��

4-1. 
�� � ��� �� ��

�²ªI> ./� ���� ¾ �¿ÀM� %ü+�/ ��-�¿ Ã

DªI� �§ ./� ���� ./� �¿ÀM� %ü+þ-. ò, Ð

�� ��c �²ªI� �� ./� �¿ÀX � ù�.� m~U �

-� Ð&% ,-. kÅ/ Table 2V �� ��-�¿ ÃDªI� �§

�²ªI�- ���� °�� � � °�, �¿À� i�� ½¸X �

� ,-. ö�c Ð�� ��c ¾ ªI> � o%V �%� mX ¡M

� ¯O�-.

¾ ªI� ��� �jh �ÏV Fig. 5� /Þã¢-. ��� �jh

> �²ªI% ��-�¿ ÃDªI�- l� ¾ f� ���� (p*

� ¡X � � ,-. %� -¸< => �Ñ% ��.-. ò Fig. 1<

Fig. 6(a)�c �� �²ªI� �¿À f×�c Á æÂ À 4;t�

�D> T$D% � DME� ��� ö� 	" i ~��c ���-.

kÅ/ À� ~��M� � ã¬�� 4;t� �D> I&� Uø.

� ¨< sÃ��-. % sÃ�> -¸ �¿ÀX %�.� -) {º.

© *� � %¡% ��� ���D� 	�% �-. %� �� Fig. 2�

Fig. 6(b)�c �� ��-�¿ ÃDªI� �¿À> À� ÀI< Àè |

%�c Ô�� 4;t<  : DME� ¨% ð¿(side draw)� {x�

M�c O:�� DME� .:�� ¨� {º� %q�-. %� �¶>

�²ªI� 4;t< ¨� sÃ� �<V �¦ � ,-. ò, 4;t>

�¿À ã:�c {º*+ ���� s»� 
â*Æ� �¿À ã� Ã

� ��% EMÆ� ��-�¿ ÃDªI� f×% �²ªI� ¾ #�

ÀX |�.� f×� �� 	�GM� � ��G%-[6].

`� ��-�¿ ÃDªI� �§ �²ªI< øº ����c $w�

��×% wD¨< �� �¿À� 
â*+ �¿���� |��-. ò

�²ªI� �§ Á æÂ �¿À �D¨� _U� \� en� R> _

U� ��wD¨% 
â*� %� <×� 	" 
â¨% *Æ� %V

äå)� �¿À� 
â)�Ü �-. k�� mX �§ �¿À T-1� ä

å��� �(h% °© � �-. kÅ/ �Î� ªI� �§ ��w

D¨� �¿À 
âi> O GM� �&% R> ¨�  U� R> Õ


%B, `� O GM� �²ªI T-1� �� �·?� �¿h% �, ò

Table 2. Equipment dimensions of the two processes

Process Conventional Reaction-distillation hybrid 

Reactor D = 0.72 m
L = 7.6 m

D = 0.75 m
L = 10.15 m

Distillation column T-1 D = 0.79 m
L = 15.8 m D = 1.137 m

L = 25.45 mT-2 D = 0.87 m
L = 14.9 m

Fig. 5. Comparison of heat duties between conventional and proposed
reaction-distillation hybrid process.

Fig. 6. Re-mixing effect: (a) conventional process; (b) reaction-distilla-
tion hybrid process.
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áº�h% � À%Æ� ��wD¨X äå)� ¼(� E% 
â.�

¡% ��.� %� ö� s��� ��� �jhX ��)� � ,-.

4-2. ��-�� 	
�� ��� �� ��

DME� wx ªI> $×�
��� ��  +/B %e |�*�

0�� 400oC %O�c �ÚD@�-. ö�c ���� +! :{�c/

% _UV Û<.� mU÷ ùë*+Ü �-. %V �� ¾ ��� �

�� f×X �¬.Ò-. ./� ��� |%� ×Ï��V "+ ¾ æ

Â ���� ¥+�� ��¨� _UV #+$º� ¡(Fig. 3, ��-�

¿ ÃDªI II)%� ` -	 ./� ���� 	"�â&X /ÿ+ "

+ �� wD¨< %	"� Ã�*U÷ .B ��� _UV #+$º

U÷ .� f×(Fig. 4, ��-�¿ ÃDªI III)%-.

j|Ø< ��-�¿ ÃDªI II� ��� gp_U� 367oC%B, �

�-�¿ ÃDªI III� ��� gp_U� 372oC� /Þ/ ��-�¿

ÃDªI I� ��� gp_U 380oC�- \> gp _UV çX �

,¢-. ö�c ��� |%� ×Ï��V "+ _U O&X '%� �

�% �- ��G� ��� f×(X ó � ,-. å �� p�� ��

� �%� ö	 ��_U {úV Fig. 7� /Þã¢-.

4-3. ���
�� ����  ! "#

����c /_ wD¨> �¿ÀM� 
â*+ ��wD¨ ' T$

D% �Ð R> DME� O:�c, T$D% �Ð \> ¨> À.:�

c {º�-. Ô�� 4;t> ð¿(side draw)� -) ���� s»�

�-. Fig. 8> ��-�¿ ÃDªI� ��wD¨� 
âi� ö	 �ñ

� »U Ó@V /Þã¢-. Fig. 9� ��wD¨� 
âi� ö	 ã:

Fig. 7. Reactor temperature profiles: (a) conventional process; (b) reaction-distillation hybrid process I; (c) reaction-distillation hybrid process II; (d)
reaction-distillation hybrid process III.

Fig. 8. Effect of feed stages on the product purities.
���� �41� �5� 2003� 10�
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 U{úV ��ý-.

��wD¨> DME, 4;t, ¨� %ü+�B 
âi O:� 4;t

%  
*� .:� ¨%  
*+Ü �-. `� 
gi O: Õ
>

DME�  
% *�  % %ü+�Ü �-. 
âi% 14i� �§ 4

;t%  
d � ,� ª�, ò 
gi< lº� �)*c % Õ
�

4;t% +{Q  
*+ ²s.� �.© *� ö�c 
âi .:

� 4;t% OPh ²s.© *�, 
gi O: Õ
 ò DME  
Õ


�U 4;t�  U� ��.© *+ ,�GM� �ñ� »U� #

+�B, ,� ��,��U \~�© �-.


âi% 26i e ¨< 4;t% {ºd � ,� À.: Õ
% G

� en� 4;t< ¨� {ºI�� +{Q %ü+�� �.� .:

� 4;t% -�/�© �-. ̀ � %� À.: Õ
� ̈ % +{Q  


*+ ²s.� �.© *Æ� À� 'î�U ¨% OPh ²s.©

*+ 4;t% À'î�c +{Q  
*� �.� ÀO�ñ U� #

+�© �-.

��, 
âi% 22i� �§ ��wD¨¥% �¿À ã� G�Q {

ú*+ {º� ��GM� .  +/ �ñ� »U 99.9%%OX çX

� ,-. ò ��wD¨ 
âi> £G&X ��B %� �¿À�c G

�� Àã  U{ú� 
�*U÷ .� /&�c ØI*+Ü �-.

4-4. ��-�� 	
��� $��%�(side draw stage) "#

ð¿
gi> ��wD¨ ' è�& ¨Ù� DME� ÀOM�, ��

& ¨Ù> Àè� {º� � í '�¨Ù� Ô�� 4;t% À'��

c -) ���� s»�*� i%-. Fig. 10> ð¿
gi� ö	 �

ñ� »UV /Þã¢�, Fig. 11> ke� �¿À(T-1) ã: U{úV

�� ¡%-. Fig. 10X �� 6i�c Ô�� 4;tX 
g.� s»

�)�e �ñ� »U� #+�� ¡X � � ,-. %e� Fig. 11(a)

� �¿À ã: U{úV �� 10i< 15i |%� 4;t% ½% {

ú.� ,� ¡X � � ,-. 4;t� �% G> 6iM�:� Ô��

4;tX s»�)0© *+ Ô�� 4;t% ð¿
giM� j¾ /

�� �� �¿À� Ô�� 4;t% 1¿.© �-. ö�c ÀO< À

è� �ñ< �� 4;t% 
g*+ �ñ� »U� #+�� ¡X �

� ,-.

8, 10, 12i�c Ô�� 4;tX s»�)�e� »�)0� i% ~

�� ã¬2�÷ »U� 3~�� ¡X � � ,-. % e Fig. 11(b)V
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Fig. 9. Purity of feed stages on reaction-distillation hybrid process: (a)
feed stage-14; (b) feed stage-22; (c) feed stage-26.

Fig. 10. Effect of side draw stage location on product purities.
HWAHAK KONGHAK Vol. 41, No. 5, October, 2003



610 �������
4-5. &��� "#

Fig. 12� ��-�¿ ÃDªI� �¿�� ö	 ÀO, Àè �ñ� »

UV /Þß ¡%-. �¿�� 5%O  e �ñ� »U� 99.9%%OX


�.� ¡X � � ,-. ��, �¿�� 4.5  eV �� �ñ� »

U� #+�� )4.� �¿�� 4  e� »U� 
�Q #+��

¡X � � ,-. %¡>  �G� �¿ªI% �¿�V 5¬·� �

ñ� »U� R~�� �¿�V '%� �ñ� »U� #+�� �´

< => ¡%-. �¿�� ��.� �§ ÀO�c 4;tX À'î

M� ã¬ �ã� �<� ,MÆ�, ���� 
â*� ��� 4;

t  U� R~�� %� ö� ��� D�% R~�� �´X çX

� ,-.

4-6. ��-�� 	
��� $��%�'(side draw rate) "#

Fig. 13(a)� ð¿
g
�� ö	 �ñ� »UÓ@V /Þã¢�, Fig.

13(b), (c)� ð¿
g
�� ö	 4;t ��,�h< ��� gp�

_UÓ@V ��·� ,-. Fig. 13(a)V �� ð¿
g
�% 12-24

kmol/hr 6�  e 99.9%%O� »U� ç+b-. ð¿
g
�X 24

kmol/hr%OM� tº� ���� 	"� ½% 
â*+ ��,��>

��.© *�, ��� gp� _U� ã¬�© �-. %e Ô�� 4;

t> ��.©*B, ��wD¨< �� �¿À� 
â�-. ��� Ô

�� 4;t> �¿À� ÀO:� fg*© *+ �ñ ' 4;t D{

% ��.© *� �ñ� »U� #+�© �-. � � ð¿
g
�

X 10 kmol/hr%.� '%� ���� 	"� G© 
â*+ Àã� 4

;t% ��M� �,Q �j*� m� en� �ñ� »U� 
�Q

#+�© �-. ò ð¿
g
�� ö� DME �ñ»U� 4;t ��

,�h% Ó@.© *� %¥ Ó�¥> ïc 7
� ê� => %
�

£G&X Y© �-. %e �¬*+Ü ¦ |8> Fig. 13(c)� �� ê

� =% ð¿
g
�% GX �§�� ��,�9% ���� ö� �

�� íi� _U� O&.� 0�� �ÚD@ d � ,-� &%-. 

Fig. 14� åå� �¿�� ð¿
g
�� ö	 �ñ� »UÓ@V

/Þß ¡%-. �Î� ªI�c �¿�� ð¿
g
�X Ó@)� �

��ã�c 4;t% �- ½% �j*© �M�Ç �ñ� »UV �

�)0� ¡% ���X ��ý-. ò, ¾ Ó�� �X G�Q ����

ö� ªI D�X £ @)� � ,-. 

5. � �

���b �� ��� HI���� #$% (p*� ,-. %� %


� DME�  � ����c ·:2� ,-. É Ên�c� �( �

��V  ;GM� �<¦ � ,� Ë�Ì ��-�¿ ÃDªIX �Î

.Ò�, �Î� ªI% �²ªI� �� §�� D�X �=X >�.

Ò-. �Î� ªI< �²� DME wx ªIX Ð��� ����jh

��c �Ï.Ò� ��� ã� _U O&X ?�.� �� ��� f

×p�V �|.Ò-. `� ��-�¿ ÃDªI� ·( Ó�¥% ªI

D�� Ô�� Õ´X �|.� £G@.Ò-. 

DME ��-�¿ ÃDªI� D�> �¿�, ��wD¨ 
âi� �
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Fig. 12. Effect of reflux ratio on product purities.
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