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Nafion®117
Crosslinked chitosan
Crosslinked chitosan-zeolite 10%
Crosslinked chitosan-zeolite 20%
Crosslinked chitosan-zeolite 30%
Crosslinked chitosan-zeolite 40%
Crosslinked chitosan-zeolite 50%
Crosslinked chitosan-zeolite 60%
Crosslinked chitosan-zeolite 70%
Crosslinked chitosan-zeolite 80%
Polysulfone
Polysultone-zeolite 40%

17.911.2
92.711.9
96.410.6
99.1115
101.3+1.2
105.312.5
109.0+1.4
114.6+2.4
124.8+3.3
125.742.5
43115
150+1.1

90.6 +0.18

Nafion®117

26.9+2.5
165.1+3.5
114.913.0
108.9+3.1
103.813.3
96.211.8
91.9125
87.7+1.8
79.711.6
70.7+2.3
54109
56113



2( )

Polysulfone-zeolite 50% 16.4£2.5
Sulfonated polysulfone 194+12
Sulfonated polysulfone-zeolite 40%  24.9+3.9
Sulfonated polysulfone -zeolite 50% 292431
3.
31
Nafione117

Nafione117
Crosslinked chitosan
Crosslinked chitosan-zeolite 10%
Crosslinked chitosan-zeolite 20%
Crosslinked chitosan-zeolite 30%
Crosslinked chitosan-zeolite 40%
Crosslinked chitosan-zeolite 50%
Crosslinked chitosan-zeolite 60%
Crosslinked chitosan-zeolite 70%
Crosslinked chitosan-zeolite 80%
Polysulfone
Polysulfone-zeolite 40%

36.0£1.5
81,9£2.0
7135124
66.4+0.4
61,40.6
57.1£1.1
53.3+0.6
49.5£2.0
44.8+15
40.110.1
53.4+9.2
50.2+6.8

5.1+0.7
13.0£2.7
102+21
96+2.1

(MPa)
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31( )

Polysulfone-zeolite 50%
Sulfonated polysulfone
Sulfonated polysulfone-zeolite 40%
Sulfonated polysulfone -zeolite 50%

3.2
2

Crosslinked chitosan-zeolite 30%
Crosslinked chitosan-zeolite 40%
Crosslinked chitosan-zeolite 50%
Crosslinked chitosan-zeolite 60%

41

National 17
Crosslinked chitosan
Crosslinked chitosan-zeolite 10%
Crosslinked chitosan-zeolite 20%

47.742.9
27 0
19.9+10
183115

511117
51.812.8
46.2+1.0
42,6115

12451185
0
0
0

(MPa)

(MPa)
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4.2

Nafion®117
Crosslinked chitosan
Crosslinked chitosan-zeolite 10%
Crosslinked chitosan-zeolite 20%

43
Nafion®117

National 17
Crosslinked chitosan
Crosslinked chitosan-zeolite 10%
Crosslinked chitosan-zeolite 20%
Crosslinked chitosan-zeolite 30%
Crosslinked chitosan-zeolite 40%
Crosslinked chitosan-zeolite 50%
Crosslinked chitosan-zeolite 60%
Crosslinked chitosan-zeolite 70%
Crosslinked chitosan-zeolite 80%
Polysulfone
Polysulfone-zeolite 40%
Polysulfone-zeolite 50%
Sulfonated polysulfone
Sulfonated polysulfone-zeolite 40%

180.5117.9
134111
58+1.3
11119

1,014123.0
225.211.7
214.012.4
206.2+1.7
198.7+2.8
1913124
187.0+1.4
180.114.0
176.7+4.0
170.9+16
409.718.6
364.914.4
351.3138
2295115
192.315.2

(
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43( )

Sulfonated polysulfone -zeolite 50%

44
Nafion®117

Nafion®117
Crosslinked chitosan
Crosslinked chitosan-zeolite 10%
Crosslinked chitosan-zeolite 20%
Crosslinked chitosan-zeolite 30%
Crosslinked chitosan-zeolite 40%
Crosslinked chitosan-zeolite 50%
Crosslinked chitosan-zeolite 60%
Crosslinked chitosan-zeolite 70%
Crosslinked chitosan-zeolite 80%
Polysulfone
Polysulfone-zeolite 40%
Polysulfone-zeolite 50%
Sulfonated polysulfone
Sulfonated polysulfone-zeolite 40%
Sulfonated polysulfone -zeolite 50%

178.249.4

50°

1253.3+26.9
246.0£3.1
225.244.5
220.846.0
2141417
209.2+74
205.3+4.0
203.7+0.9
19%6.1+08
181.3+4.4
426.3+2.4
398.4£7.6
375.3t2.3
235.0+4.5
218.6+4.3
2114439
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45
Nafion@L17

National 17
Crosslinked chitosan
Crosslinked chitosan-zeolite 10%
Crosslinked chitosan-zeolite 20%
Crosslinked chitosan-zeolite 30%
Crosslinked chitosan-zeolite 40%
Crosslinked chitosan-zeolite 50%
Crosslinked chitosan-zeolite 60%
Crosslinked chitosan-zeolite 70%
Crosslinked chitosan-zeolite 80%
Polysulfone
Polysulfone-zeolite 40%
Polysulfone-zeolite 50%
Sulfonated polysulfone
Sulfonated polysulfone-zeolite 40%
Sulfonated polysulfone -zeolite 50%

60“

1417.2434.6
265.7+1.6
240.2+0.1
228.00.8
219.040.5
2154455
212.9+4.1
20742,
201.5+4.2
195.242.2
438.1+0.9
407.89.2
386.9+16.8
245.2+4.4
223.6+4
2156435
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4.6
National 17

National 17
Crosslinked chitosan
Crosslinked chitosan-zeolite 10%
Crosslinked chitosan-zeolite 20%
Crosslinked chitosan-zeolite 30%
Crosslinked chitosan-zeolite 40%
Crosslinked chitosan-zeolite 50%
Crosslinked chitosan-zeolite 60%
Crosslinked chitosan-zeolite 70%
Crosslinked chitosan-zeolite 80%
Polysulfone
Polysulfone-zeolite 40%
Polysulfone-zeolite 50%
Sulfonated polysulfone
Sulfonated polysulfone-zeolite 40%
Sulfonated polysulfone -zeolite 50%

0°

1,647.7+16.8
301,2+4.7
2835116
2001117
242.3£3.6
2348119
231,957
221.63.7
216.4+1.8
199.3+3.6
470,0£9.4
435.7+12.1
398.2+4.1
253.1£1.0
240.812.3
231.1+4.0
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A7

Nafion®117 80°
Nafion®117 1,869+22.8
Crosslinked chitosan 345,716
Crosslinked chitosan-zeolite 10% 3157431
Crosslinked chitosan-zeolite 20% 294.316.7
Crosslinked chitosan-zeolite 30% 211.5+4.4
Crosslinked chitosan-zeolite 40% 263.1+9.6
Crosslinked chitosan-zeolite 50% 251,7+2.0
Crosslinked chitosan-zeolite 60% 243.0+1.8
Crosslinked chitosan-zeolite 70% 229.6+1.3
Crosslinked chitosan-zeolite 80% 203.8111
Polysulfone 471,944.7
Polysulfone-zeolite 40% 442 9H7.1
Polysulfone-zeolite 50% 405.4114.4
Sulfonated polysulfone 259.6134
Sulfonated poiysulfone-zeolite 40% 248.21.7

Sulfonated polysulfone -zeolite 50% 242.5£9.6



4.8

Crosslinked chitosan
Crosslinked chitosan-zeolite 40%
Crosslinked chitosan-zeolite 50%
Crosslinked chitosan-zeolite 60%

49
2 50 “

Crosslinked chitosan
Crosslinked chitosan-zeolite 40%
Crosslinked chitosan-zeolite 50%
Crosslinked chitosan-zeolite 60%

410
2 60 °

Crosslinked chitosan
Crosslinked chitosan-zeolite 40%
Crosslinked chitosan-zeolite 50%
Crosslinked chitosan-zeolite 60%

250.316.2
213.9+12.3
202.4+2.7
188.3+3.0

258.26.4
230.4+4.0
219.3+4.0
2139+12.3

210.616.8
240.145.5
230.6+4.0
223619
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411
2 0°

Crosslinked chitosan
Crosslinked chitosan-zeolite 40%
Crosslinked chitosan-zeolite 50%
Crosslinked chitosan-zeolite 60%

4.12
2 80 °

Crosslinked chitosan
Crosslinked chitosan-zeolite 40%
Crosslinked chitosan-zeolite 50%
Crosslinked chitosan-zeolite 60%

290.747.3
25 531
2384447
234.8+19

304.7+54
216.1115.1
251.012.3
253.1+40
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Nafion®117
Crosslinked chitosan
Crosslinked chitosan-zeolite 10%
Crosslinked chitosan-zeolite 20%
Crosslinked chitosan-zeolite 30%
Crosslinked chitosan-zeolite 40%
Crosslinked chitosan-zeolite 50%
Crosslinked chitosan-zeolite 60%
Crosslinked chitosan-zeolite 70%
Crosslinked chitosan-zeolite 80%
Polysulfone
Polysulfone-zeolite 40%
Polysulfone-zeolite 50%
Sulfonated polysulfone
Sulfonated polysulfone-zeolite 40%
Sulfonated polysulfone -zeolite 50%

Nafion®117

( /
0.87£0.09
4.29+0.04
4.45+0.11
4.46:0.06
4.8020.10
4.930.14
5.2410.03
5.3310.04
541+0.03
5.60£0.02
0.4110.09
24140.13
2.6410.06
1.94+0.29
2.98+0.10
32110.18

)
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6.1
Nafion@.17

Nafion@.17
Crosslinked chitosan
Crosslinked chitosan-zeolite 10%
Crosslinked chitosan-zeolite 20%
Crosslinked chitosan-zeolite 30%
Crosslinked chitosan-zeolite 40%
Crosslinked chitosan-zeolite 50%
Crosslinked chitosan-zeolite 60%
Crosslinked chitosan-zeolite 70%
Crosslinked chitosan-zeolite 80%
Polysulfone
Polysulfone-zeolite 40%
Polysulfone-zeolite 50%
Sulfonated polysulfone
Sulfonated polysulfone-zeolite 40%
Sulfonated polysulfone -zeolite 50%

(
9.2X1022.0X 103
2.1X102+0.6X103
2.8X102:1.5X10 3
3.4X10"21.2X10°3
4.5X102+0.6X103
4.8X10'21.0X10°3
5.1X10740.6X10'3
6.0X10"22.3X10'3
6.9X10 21.2X103
7.4X10722.0X10'3

0.2X1020.0

0.5X1020.0

0.6X1020.0
2.6X10 22.0X10 3
3.3X10"2#2.0X10'3
3.9X1021.0x 103
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6.2
Nafion®117

National 17
Crosslinked chitosan
Crosslinked chitosan-zeolite 10%
Crosslinked chitosan-zeolite 20%
Crosslinked chitosan-zeolite 30%
Crosslinked chitosan-zeolite 40%
Crosslinked chitosan-zeolite 50%
Crosslinked chitosan-zeolite 60%
Crosslinked chitosan-zeolite 70%
Crosslinked chitosan-zeolite 80%
Polysulfone
Polysulfone-zeolite 40%
Polysulfone-zeolite 50%
Sulfonated polysulfone
Sulfonated polysulfone-zeolite 40%
Sulfonated polysulfone -zeolite 50%

6.3
Nafion®117

Nafion®117
Crosslinked chitosan

50°

(
11.4X102:0.6X 103
2.4X107240.6X10'3
3.2X10 20.6X 103
3.8X10'20.6X10'3
4.9X10"2:0.6X10'3
5.3X1021.0X10'3
5.5X10 21.0X10 3
6.4X102:0.6X 103
7.6X107%2.1X10'3
7.9X1021.5X10'3

0.1X10°20.0

0.3X10240.0

0.4X1020.0
3.2X1022.2X10°3
3.7X10"21.0X10'3
41X1022.4X103

60 °

(|

11.5X102+0.6X 103

2.7X10°20.0
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63( )

Crosslinked chitosan-zeolite 10%
Crosslinked chitosan-zeolite 20%
Crosslinked chitosan-zeolite 30%
Crosslinked chitosan-zeolite 40%
Crosslinked chitosan-zeolite 50%
Crosslinked chitosan-zeolite 60%
Crosslinked chitosan-zeolite 70%
Crosslinked chitosan-zeolite 80%
Polysulfone
Polysulfone-zeolite 40%
Polysulfone-zeolite 50%
Sulfonated polysulfone

Sulfonated polysulfone-zeolite 40%
Sulfonated polysulfone -zeolite 50%

6.4
Nafion®117

Nafione117
Crosslinked chitosan
Crosslinked chitosan-zeolite 10%
Crosslinked chitosan-zeolite 20%
Crosslinked chitosan-zeolite 30%

0°

(
3.5X10 20.6X10 3
42X1021.1X103
5.1X1021.1X103
5.5X10'2:0.6X10'3
5.7X1021.0X103
6.7X10"22.5X10'3
7.8X1021.1X 103
8.3X102+0.6X 103
0.2X10'20.0
0.5X1020.0
0.6X102+0.0
3.9X10200
41X102+1.0X10 3
4.5X10 21.0X10 3

( ?
11.9X10°21.5X10°3
3.1X102+0.6X 103
3.7X10#21X103
4.8X1021,2X 103
6.0X102+0.6X 103

"



64 ()

Crosslinked chitosan-zeolite 40%
Crosslinked chitosan-zeolite 50%
Crosslinked chitosan-zeolite 60%
Crosslinked chitosan-zeolite 70%
Crosslinked chitosan-zeolite 80%
Polysulfone
Polysulfone-zeolite 40%
Polysulfone-zeolite 50%
Sulfonated polysulfone
Sulfonated polysulfone-zeolite 40%

Sulfonated polysulfone -zeolite 50%

6.5
Nafion®117

Nafion®117
Crosslinked chitosan
Crosslinked chitosan-zeolite 10%
Crosslinked chitosan-zeolite 20%
Crosslinked chitosan-zeolite 30%
Crosslinked chitosan-zeolite 40%
Crosslinked chitosan-zeolite 50%
Crosslinked chitosan-zeolite 60%

80°

(
6.4X10 2= .0X103
7.0X10"21.0X10°3
7.7X10"21.2X10'3
8.8X10°22.0X10°3
9.5X10'22.1X10°3

0.2X1020.0
0.9X1020.0
1.0X10'20.0
4.8X1020.0
4.9X10'2+1.3X103
5.2X1020.0

(
12.0X10°2+0.6X10'3
3.7X102:0.7X10'3

4.3X1020.0
5.4X10°21.4X10'3
6.6X10 2:1.4X103
7,0X10"2#2.1X10'3
7.8X10"23.5X10'3
8.4X102+0.7X10'3

8
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Crosslinked chitosan-zeolite 70%
Crosslinked chitosan-zeolite 80%
Polysulfone
Polysulfone-zeolite 40%
Polysulfone-zeolite 50%
Sulfonated polysulfone

Sulfonated polysuifone-zeolite 40%
Sulfonated polysuifone -zeolite 50%

6.6

Crosslinked chitosan-zeolite 30%
Crosslinked chitosan-zeolite 40%
Crosslinked chitosan-zeolite 50%
Crosslinked chitosan-zeolite 60%

0.7
50 111

Crosslinked chitosan-zeolite 30%
Crosslinked chitosan-zeolite 40%
Crosslinked chitosan-zeolite 50%

({
9.8X10 2:1.4X103
10.8X102+1.4X103

0.2X1020.0

0.9X1020.0

1.0x10 200
4.9X1021.0X103
5.3X10"21.3X10°3
5.9X10 21.0x 103

(
1.71X102:0.6X10'3
9.7X10 21.0X103
10.4X10'21.0X10'3
11.3X102:0.6X103

( |/
8.2X102+1.5X103

10.2X102+0.6X10 3
10.7X1021.5X103
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Crosslinked chitosan-zeolite 60%

6.8
60 °

Crosslinked chitosan-zeolite 30%
Crosslinked chitosan-zeolite 40%
Crosslinked chitosan-zeolite 50%
Crosslinked chitosan-zeolite 60%

6.9
0°

Crosslinked chitosan-zeolite 30%
Crosslinked chitosan-zeolite 40%
Crosslinked chitosan-zeolite 50%
Crosslinked chitosan-zeolite 60%

6.10
80°

Crosslinked chitosan-zeolite 30%
Crosslinked chitosan-zeolite 40%

(1
11.7X10 2:1.0X103

(
8.6X10 21.0X103
10.2X102+1.5X103
10.8X102:0.6X103
11.9X102+0.6X 103

(
8.9X 1021.5X103
10.8Y10'20.6%10'3
115X102:0.6X 103
12.6X10'2:2.0X103

(
9.2X102+0.6X103
11.0X102:0.6X 103
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6.10 ()

Crosslinked chitosan-zeolite 50%

Crosslinked chitosan-zeolite 60%

6.11

Crosslinked chitosan

Crosslinked
chitosan-zeolite 50%

95.0
96.0
97.0
97.5
98.0
99.0
100.0
85.0
90.0
920
93.0
95.0
9.0
98.0
99.0
1000

(%0

(

11.6X10 2+1.5X103
12.7X102+1.0X103

(|
1.6X1021.0X103
1.7X1021.1X103
1.7X10 21.0X10 3
1.7X1021.0X103
2.1X 10210103
2.3X102:1.0X103
2.3X1021.0X103
0.9X 102+1.0X10 3
1.4X102:1.0X10 3
1.7X102:0.0
1.7X102:1.0X103
22X 10222103
27X102 X103
3.3X 10 21.8X103
40X 1021.7X103
5.1X102+1.5X103
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Crosslinked
chitosan-zeolite 80%

80.0
85.0
88.0
920
93.0
95.0
9.0
98.0
99.0
100.0

(%

(
1.0X10"20.0
1.3X102:1.0X103
1.6X10 21.0X103
1.7X1021.0X10 3
2.2X10'2:1.0X10'3
2.4X1021.0x 103
2.9X10 21.5X103
4.3X102.1X10'3
6.3X10221X103
8.4X10"23.2X10'3
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L [15]

2
! 1
L 25 ! 10
200 - 400 ( )
15
2
3 18
4
01
5-6
5 50°
L 1 250
1 125
0.110
3

(]

degree of deacetylation = (amount of monomer having - NH2 group) x 100 ( .J)
total amount of monomer]



-amount of monomer having - NH2 group = ' NH2(

- total amount of monomer = NH2)  NHCOCH; (
1
250
0.110 84
1 NaCH 1
-NHCOCH; 1 203.1929%
The amount of monomer having -NH2group = 5 x[NaOH] x VNOH
1000
= 5x0.110x8.4  =0.00428
1000

= 0.00428 x 197.61672 = 0.9129
The amount monomer having-NHCOCH; group =
The weight of sample - The amount of monomer having-NH2group
203.19296
= 1-09129 = 0.000428
203.19296

The degree of deacetylation = The amount of monomer having - NH2group x100
The total amount of monomer

The amount monomer = 0.00428 +0.000428
The degree of deacetylation = 0.00428 x100
0.004708

0.004708
90.64

)

)
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= 0.0063
- 0.0120

% Water uptake = (Weight vet- Weight dy x100
Weighty
= (0.0120-0.0063) X100 =92.7
0.0063

0.011
0.030

%Thickness change =  (Thickness w8 - Thickness d,)x100

Thickness dy
~ (0.030-0.011) xioo = 1651
0.011
0.0030 Sees
= 105.6 CcmHg
= 3 cm
= 00013 cm
8.0457 cm2
P = (cm3STP)*cm)/(s*cm2cmHg)
= (Secs)

— O
1

(cm)



1 x>

= (cmHg)

0.0030x0.0013
105.6x8.0457
13.73 barrer

(cm2)
= 4.9 x 10 D(cm3(STP)*cm)/(s*cmZcmHg)

1 barrer = 100 (cm3STP)*cm)/(s*cm2ZcmHg)

5

lon exchange capacity

0.005
0.005
25
325

= 10
= 0.02
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0.005(25) - " 4 0.005(3.25)

exchange capacity YBOJZ =428 meqlg
.
= 0.0012
= 1
= 05
% 20,350 '
The area of membrane = Membrane thickness X Membrane wide
=0.0012x 1 =0.0012
| f
S
R
G = = )
R = =)
L = ( )
A= ( )
G L 05 N -0

20,350(0.0012,
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