




- 2 -



- 3 -

















- 4 -








 






























- 5 -

















- 6 -

















 





















- 7 -













- 8 -



- 9 -



- 10 -



- 11 -



- 12 -



- 13 -



- 14 -



- 15 -



- 16 -















- 17 -








































 

 









 
























- 18 -



- 19 -

증가율

(%)



- 20 -



- 21 -



- 22 -



- 23 -

 



- 24 -

  



- 25 -



- 26 -

 



- 27 -



- 28 -










- 29 -









- 30 -



- 31 -

본 연구팀 연구 역량



- 32 -

Ethanol concentration in feed (%)

0 2 4 6 8 10 12

E
th

a
no

l f
lu

x 
(g

/m
2
hr

)

0

20

40

60

80

100

S
ep

a
ra

tio
n 

fa
ct

or

0

2

4

6

8

10

12

Ethanol flux
Ethanol separation factor

Temperature (oC)

10 20 30 40 50 60 70

E
th

a
no

l f
lu

x 
(g

/m
2
hr

)

0

20

40

60

80

100

S
ep

ar
at

io
n 

fa
ct

o
r

4

5

6

7

8

Ethanol flux
Ethanol separation factor 



- 33 -



- 34 -



- 35 -


















 














- 36 -

























- 37 -















- 38 -



































- 39 -















- 40 -

Δ Δπ

Δ Δπ

Δ

Δ



- 41 -



- 42 -



- 43 -



- 44 -



- 45 -



- 46 -

 



- 47 -



- 48 -

Time (min)

0 50 100 150 200 250

C
on

du
ct

iv
ity

 in
 D

ilu
at

e 
(m

S
/c

m
)

0

5

10

15

20

25

30

35

3V
5V
7V
10V
12V

Time (min)

0 20 40 60 80 100 120 140 160 180

R
em

ov
al

 e
ffi

ci
en

cy
 o

f a
ce

tic
 a

ci
d 

(%
)

0

5

10

15

20

25

30

3V
5V
7V
10V
12V



- 49 -

Time (min)

0 20 40 60 80 100 120 140 160 180

R
em

ov
al

 e
ff

ic
ie

n
cy

 o
f 

o
xa

lic
 a

ci
d

 (
%

)

0

20

40

60

80

100

3V
5V
7V
10V
12V



- 50 -

* ED experiments of the synthetic solution were carried out at the pHaveof 3.1.
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*ED experiments of the synthetic solution were carried out at 7 V.
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