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Abstract . Interpenetrating polymer network (IPN) and blend membranes of polyurethane
(PU) and polymethylmethacrylate (PMMA) were prepared and characterized by various in-
strumental techniques such as IR spectroscopy, DSC and SEM. The swelling behavior and
pervaporation characteristics were also evaluated. PU/PMMA IPN membranes showed two
broad T, values which are very close to each other at compositions of 10 wt% and 30 wt %
PMMA according to DSC and SEM. PU/PMMA IPN membrane at 50 wt % PMMA and blend
membrane of linear PU/PMMA showed two T, and multiphase due to immiscibility.
However, The PU/PMMA IPN membrane had better swelling resistance, misibility and supe-
rior separation performance compared to the blend membrane of the same composition. The
swelling ratios of all synthesized membranes increased with increasing not only benzene con-
centration in bezene/cyclohexane mixture but also PMMA composition. All synthesized mem-
branes had high selectivity in low benzene concentration of the bezene/cyclohexane mixture.
Separation factor increased and flux decreased when PU compositions was increased.

Keywords . polyurethane, polymethylmethacrylate, interpenetrating polymer network, glass tran-
sition temperature, pervaporation.
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Fig. 1. IR spectra of synthesised PU-prepolymer,
PU/PMMA mixture and PU/PMMA membranes:
(A)PU-prepolymer, (B)PU/PMMA mixture, (C)
B55(blend), (D)IPN91, (E)IPN73, (F)IPN55, and
(G)IPN37.
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Fig. 2. DSC thermogram of synthesised PU/PMMA
IPN and blend membranes:(A)IPN91, (B)IPN73,
(C)IPNS5, (D)IPN37, and (E)B55.
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Fig. 3. Scanning electron micrographs of PU/PMM

IPNS5S5, (d) IPN37, and (e) B55.
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Fig. 4. Effect of feed composition on the swelling
degree of the PU/PMMA IPN and blend mem-
branes.

7 T T T T T 700
- 600
B F o
- - 500 w
d —_—
= {400 ©-
S 5t &=
: B
- - 300 g
. [
o .
w o4l 1200 &
=100
3 o
0 60

Benzene Cont. (wt.%)
Fig. 5. Effect of feed composition on flux and sepa-
ration factor of IPN37 and IPN55 membranes:
(O, [1:IPN37, @, H . IPN55).

2to]
Fig. 7& & 249 IPNZ} Bl =) thgh

314

9 T T T T T 600
[ ]
8 - - 500
—_ o w
s T r \. 4400 %
~ : )
5 ¢ © g
= 6F ' -4300 &
g ~
‘* g
L4 ©
o Sr 5\ - 200
o / -
w -~
oL /c/ \. o 2
I—/. O
3 1 L 1 L i D

0 10 20 30 40 50 60
Benzene Cont. (wi.%)
Fig. 6. Effect of feed composition on flux and sepa-

ration factor of IPN73 and IPN91 membranes:
(O, 0 IPN73, @, B : IPN91).

8 T T T 1 T 700
. 600
7~ o ja) 7
—_ e
- 500
5 6 - \ :
~ © | 4400 S~
° 51 i &=
< . y &
< = ) {300 ¢
2 4k v o o
L5 -
@ . ‘\o 200 ¥
3r %D ® - 100
=
2 | | A i O
0 10 20 30 40 50 60

Benzene Cont. (wt.%)

Fig. 7. Effect of feed composition on flux and sepa-
ration factor of IPN55 and blend55 membranes:
( O, 0 :IPN55, @, B : blend55).

geiAFe) Bl B 2o %] BASTu
IPNuHe) 3¢ SAHLSE ¢ % Aok

Fig. 8& A®Ee] e 222 BF A5E 9
Agololy £ HUES Uehiglon FRsE
g Wz PURYC] 371845 58 AdEs
YERIT o) ERERe) SRF 239 4
Gl SHGUARIR o FAYOE EAFWA

Polymer(Korea) Vol. 19, No. 3, May 1995



PMMA 9] #idlo] 3 3ol WA Aed &
Aot FAE FUHAA & FREEE YERATH
B Yo HuzE XA "ot 282
PUS wlAdlo] thet k) 7hAsid 4] gajol] 2]s}e]
PURGol 371843 o) Rakes 2astn

Fig. 9t T8 89 Walsse 0e F3&
o Z

)
=& Uehd A0 HAFert S wEt 25

IPN37
IPNGS5
IPN73
IPN91 -
Blend55

>

~

<
O4<d90
L

I

Gt

[

Sep. Factor( a, )
o o
o r————
|8 .
e
o

10 20 30 40 5C &0
Benzene Cont. (wt.%)

Fig. 8. Effect of feed composition on the separation
factor through the PU/PMMA IPN and blend mem-
branes.

700 r
O IPN37 5
600 ® IPN55 ° E
- v IPN73 e
E 500 =~ v IPNE1 v o
,,é' O BlendS55 ;
L 400k |
=
® 300 - i
= 300 B
» ' 3 !
£ 200 - %S’ 4
/c/
100 F %é' 4
O L 1] 1 1 1 i
0 "0 20 30 40 50 60

Benzene Cont. (wt.%)

Fig. 9. Effect of feed composition on the flux
through the PU/PMMA IPN and blend membranes.

FelH 4194 A3& 199549 5%

o)
Z
2
H
g
Z
3
w
L
Hr

& vehiilen, gol mEg |9t DSC

4 &

Castor oll2 %€ PU 22| Z8o & A4t o
H71A %ZAe] PU/PMMA IPN%S 48t &
HAA, BE2X], Y{x, E WA/ A|F24E
Estgoo] Engtie] §4 58 YotEgt.

DSC2} SEM A& A3} IPN913} [PN730] 2
A44E veldl oy, &0 BElvE 7%
o} e 249 HRdd EH== PNl v]&o
BAI S A0 2 B& micrometer 37]9] domain®]
B ¥3}= multiphaseE FA5l2E IPN AH&zg)
Aol 3 4849 FYETRE & T AN

T e v WA T2V S TF Y&

1§ IPNZHE wilal /Alo) 234 S3H-gHo
A gre) AR PMMAS] WAz} Al 22
Atol] tht 23] ol Z st wMiAlS e
o2 Bl oy e ERETE YERITH

A == IPNee EoA Bobs A=
A gl A i o
on, Byl=atRnt F2
ARuExe] 24& edsid ¥4 2
PUggo| F7igtol wel Fo&ke Zasie A
B Z7Hstelrh.

i
=z

315



ﬂ'/‘jfﬂ- IPNDI_‘Q__ H} 3]
o 2 AUz
ol# 3 PMMAZYQ]
I e
SEFHY 2} 7] 4A
2 ATellA W3k v,
3 AHE S3lrage] EFECIY FHIE
g FH|EREY Eold §8F o2 E8F T

Ao g 7|t

4
o
X<

BeEs UERRoEZ

cyclohexane»}

2 F A

1. R. Rautenbach and R. Albrecht, J. Membr. Sci., 7,
203 (1980).

2. P. Aptel, N. Challard, J. Neel, and J. Cuny, J.
Membr. Sct, 1, 271 (1976).

3. R. C. Binning and F. E. James, Pet. Refiner, 37,
214 (1958).

4. R. C. Binning, R. J. Lee, J. F. Jennings, and E.
C. Martin, Ind. Eng. Chem.,, 53, 45 (1960).

5. B. K. Dutta and S. K. Sikdar, AICHE J, 37, 4
(1991).

316

A

6. W. Y. Chiang and C. M. Hu, J. Appl. Polym. Sci,
43, 2005 (1991).

7. T. W. Park and H. D. Kim, Polymer(Korea), 6, 4
(1982).

8. M. L. Ostler and C. E. Rogers, J. Appl. Polym. Sci.,
18, 1359 (1974).

9. T. Uragami, T. Morikawa, and H. Okuno, Poly
mer, 30, 1117 (1989).

10. J. H. Lee and S. C. Kim, Macromolecules, 19, 644
(1986).

11. M. Patel and B. Suthar, J. Polym. Sci, 25, 2251
(1987).

12. J. S. Jeon, M. S. Thesis, KAIST (1985).

13. E. J. Jeon, M. S. Thesis, KAIST (1987).

14. S. A. Chen and H. L. Ju, J. Appl. Polym. Sci., 25,
1105 (1980).

15. H. L. Frisch, British Polym. J, 17(2), 149
(1985).

16. L. H. Spering, “Interpenetrating Polymer Net-
works and Related Materials”, Plenum, New
York, 1981.

17. H. Frisch, K. C. Frisch, and H. Ghiradella, J.
Polym. Sci., Part A, 29, 1031 (1991).

18. P. Zhou, H. L. Frisch, and N. Sergeienko, J.

Polym. Sci., Part A, 31, 2481 (1993).

Polymer(Korea) Vol. 19, No. 3, May 1995



