. 2537,

. 2538.
2542,
. 2538.
2538.
2543 ?
. 2539,
2545,
3 18-19

1435-436.

2545




79

2538.

. 2544, di

2544, ,

2533.

Allan, K.S., and Sidney. J.5.1978. Soybeans : Chemistry and technology. 2 nd ed.
Westoort, Conn : AVI.

Beker U.G., Guner F. ., Dizman M., and Erciyes A. T. 1999. Heavy metal removal by ion
exchanger based on hydroxyethyl cellulose. Journal of Applied Polymer
Science 74: 3501-3506.

Dorfner, K. 1977. lon Exchanger Properties and Application.3rded. AnnArbor Science.

Marnon E., Sastre H. 1991. Heavy metal removal in packed beds using apple waste.
Bioresource Technology 38 : 39 - 43.

Marnon E., Sastre H. 1992. Preconcentration and removal of trace metals from water by
apple waste. Bioresource Technology 40 : 73 - 76.

Marshall W.E., Wartelle L.H., Boler D.E., Johns M.M., and Téles C.A. 1999. Enhance
metal adsorption by soybean hulls modified with citric acid. Bioresource
Technology 69: 263-268.

Nakajima Akira, and Sakaguchi Takashi. 1990. Recovery and removal of uranium by
using plantwastes. Biomass 21: 55-63.



80

Omar B. Said, Marline B. Shalmor, and J. N. Egila. 1993. A note on the binding of nickel
and copper ions by cellulose materials. Bioresource Technology 43: 63-65.

Pawan Kumar, and Dara . . 1982. utilisation of agricultural waste for decontaminating
industrial/domestic wastewaters from toxic metals. Agricultural Wastes 4 :
213-233,

Prakasham R. ., Sheno Merrie J., Sheela R., Saswathi N., and Ramakrishna . V. 1999.
Biosorption of chromium VI by free and immobilized Rhizopus arrhizus.
Environmental Pollution 104: 421-427.

Stanley E. Manahan. 1994. Environmental Chemistry. 6thed. Lewis.

G. and Xu X. 1997. Sunflower ctalks as adsorbents for color removal from textile
wastewater. Industrial Engineering Chemistry Research. 36 (3) : 808-812.

Tan . T, Ooi .T,and Lee C. K. 1993. Removal of Chromium(VI) from solution by
coconut husk and plam pressed fibres. Environmental Technology 14: 227-282.

Yin p., Yu Q. Linz., and Kaewsarn p. 2001. Biosorption and desorption of cadmium(ll)
by biomass of Laminaria Japonica. Environmental Technology 22: 509-514,

Zoumpoulakis L, and Smitzis J. 2001. lon exchange resins from phenol/formaldehyde

resin-modified lignin. Polymer International 50 : 277 - 283.



y 2540, . 3.

, ! 2544,
( ) ,
2536.
, 2531,
. 2542.
. 2542.
. 2532. . 3
Kruk-Othmer. 1981. Exchange. 3rd ed. Encyclopedia of Chemical Technology 13 :
678 - 704.
Odozi T. O., Okeke . & Lartey R. B. 1985. Studies on binding metal ions with

polymerized corn cob and a composite resin with sawdust and onion skin.
Agricultural Wastes 12 :13-21.

Marshall Wayne E. 1996. Agricultural by-product as metal adsorbent : sorption
properties and resistance to mechanical abrasion. J. Chem. Tech. Biotechnol

66: 192-198.



FWIANNTAUAUIING 1A Y
CHuLALONGKORN UNIVERSITY



FWIANNTAUAUIING 1A Y
CHuLALONGKORN UNIVERSITY



2, 2539)

5.00

0.25

0.75

0.25

2.00

0.005

0.03

1.00

0.02

0.20

1.00

5.00

0.25

—



FWIANNTAUAUIING 1A Y
CHuLALONGKORN UNIVERSITY



Rn 8 %




87

o B’

U ™







FWIANNTAUAUIING 1A Y
CHuLALONGKORN UNIVERSITY



5%

3T %

ol
()
2.0196
2.0196
2.0284
2.0140
2.0374
2.0251
2.0286
2.0201
2.0282
2.0311
2.0138
2.0130
2.0209
2.0485
2.0173
2.0118

pt-

5.12
5.23
5.18
5.16
5.12
5.23
5.18
5.16
5.12
5.23
5.18
5.16
5.32
5.32
5.29
5.36

pt-

3.98
4.90
4.32
4.30
3.44
4.15
3.76
3.83
3.44
4.19
3.81
3.89
3.67
3.93
3.92
3.88

4.66
9.92
20.09
50.09
4.66
9.92
20.09
50.09
4.66
9.92
20.09
50.09
5.03
9.75
19.46
51.75

2.09
5.07
14.65
42.01
2.49
7.40
17.15
46.80
3.09
7.62
17.74
47.60
2.34
6.65
15.10
47.40

0.04
0.04
0.02
0.03
0.03
0.03
0.04
0.04
0.06
0.06

(meg/g.)
0.0068
0.0125
0.0141
0.0212
0.0057
0.0065
0.0076
0.0086
0.0041
0.0059
0.0061
0.0065
0.0068
0.0078
0.0111
0.0110

(%)
54.61
48.47
26.70
16.02
45.71
25.09
14.43
6.50
33.22
22.88
11.62
4.94
52.93
31.04
22.21
8.36



5%

3T %

"l

()
2.0176
2.0173
2.0197
1.8659
2.0045
2.0290
2.0222
2.0161
2.0439
2.0099
2.0109
0.7705
2.0419
2.0491
2.0165
2.0206

512
523
518
516
512
523
518
5.16
5.12
523
518
516
532
532
5.29
5.36

4.14
4.41
4.69
4.62
4.40
4.24
3.75
3.22
3.43
3.7
3.42
3.54
3.59
3.50
3.46
3.35

4.66
9.92
20.09
50.09
4.66
9.92
20.09
50.09
4.66
9.92
20.09
50.09
5.03
9.75
19.46
51.75

0.14
0.63
2.74
18.38
0.47
1.09
7.16
28.31
0.82
2.32
10.13
43.40
0.35
1.88
7.46
34.40

0.13

0.46
0.06
0.12
0.17
0.29
0.05
0.10
0.13
0.24
0.06
0.10
0.16
0.23

(meglg.)
0.0119
0.0240
0.0452
0.0898
0.0111
0.0227
0.0337
0.0571
0.0100
0.0197
0.0261
0.0459
0.0117
0.0197
0.0307
0.0437

(%)
96.15
92.85
85.52
67.87
89.71
87,79
63.68
43.14
80.63
76.24
49.31
34.67
91.13
78.83
61.16
33.18



5%

3T %

!
()
2.0188
2.0188
2.0004
2.0036
2.0390
2.0186
2.0121
2.0141
2.0402
2.0064
1.7071
2.0282
2.0298
2.0310
2.0212
2.0294

pHII®

512
523
518
516
512
5.23
518
5.16
5.12
523
518
5.16
532
532
5.29
5.36

pH

558
5.25
5.18
5.14
3.31
3.61
3.30
3.22
3.26
3.58
3.33
3.27
4.09
3.35
3.33
3.21

4.66
9.92
20.09
50.09
4.66
9.92
20.09
50.09
4.66
9.92
20.09
51.75
5.03
9.75
19.46
51.75

0.85
2.33
7.88
19.97
0.75
1.94
8.54
30.97
0.59
1.92
9.44
32.50
0.51
2.08
7.16
29.55

(meq)
0.05
0.10
0.17
0.41
0.05
0.11
0.16
0.26
0.05
0.11
0.17
0.26
0.06
0.10
0.17
0.30

(meqlg.)
0.0100
0.0196
0.0321
0.0794
0.0102
0.0206
0.0302
0.0501
0.0106
0.0208
0.0328
0.0501
0.0114
0.0193
0.0314
0.0556

(%)
81.00
75.80
60.76
60.02
82.30
79.75
57.15
37.90
85.62
80.44
62.11
36.68
88.54
17.47
62.54
42.28



5%

3T %

()
2.0266
2.0430
2.0230
2.0271
2.0303
2.0276
2.0366
2.0212
2.0311
2.0449
2.0269
2.0247
2.0191
2.0486
2.0058
2.0261

pHris

537
5.10
517
532
537
5.10
5.17
5.32
533
5.36
518
547
533
5.36
518
547

pHW

4.87
4.49
4.34
4.14
3.59
3.82
3.77
3.67
3.86
3.82
3.72
3.67
3.95
3.78
3.74
3.89

529
10.72
21.10
51.72

529
10.72
21.10
51.72
4.85

9.75
19.83
52.02
4.85

9.75
19.83
52.02

0.79
2.90
9.94
40.08
1.10
5.90
14.40
4434
1.16
4.78
13.27
4446
0.92
4.59
13.23
43.98

(eq)
0.06
0.10
0.14
0.14
0.05
0.06
0.08
0.09
0.05
0.06
0.08
0.09
0.05
0.06
0.08
0.10

(%)
83.95
71.41
52.29
22.20
78.02
4435
31.18
14.12
74.92
49.86
32.64
14.36
80.26
51.67
33.19
15.26



5%

37 %

()
2.0142
2.0217
2.0404
2.0251
2.0262
2.0196
2.0163
2.0269
2.0342
2.0330
2.0373
2.0370
2.0300
2.0491
2.0267
2.0245

5.37
5.10
5.17
5.32
5.37
5.10
5.17
5.32
5.33
5.36
5.18
5.47
5.33
5.32
5.18
5.47

5.39
5.10
478
4.44
3.61
3.42
3.26
3.1
3.83
3.63
3.32
3.01
3.65
3.50
3.27
3.09

10.72
21.10
51.72
5.29
10.72
21.10
51.72
4.85
9.75
19.83
52.02
4.85
9.75
19.83
52.02

0.14
0.98
16.86
0.01
0.09
1.37
8.82
0.00
0.01
0.93
8.17

(eq)
0.07
0.13
0.25
0.59

0.13
0.25
0.43
0.06
012
0.23
0.53
0.06
0.12
0.23
0.55

(%)
97.98
96.99
94.63
90.97
98.52
97.74
94.58
66.51
98.16
97.47
91.39
81.54
98.52
97.50
94.05
83.27



5%

3T %

1
()

2.0370
2.0216
2.0035
2.0282
2.0345
2.0290
2.0293
2.0120
2.0241
2.0280
2.0433
2.0195
2.0286
2.0244
2.0106
2.0155

537
5.10
5.17
5.32
5.37
5.10
5.17
5.32
5.33

' 5.36

5.18
547
533
5.36
5.18
5.47

pHVI

5.60
547
5.29
5.17
3.91
3.44
3.26
3.00
3.68
3.51
3.23
3.13
3.53
3.38
3.20
3.02

10.72
21.10
51.72
5.29
10.72
21.10
51.72
4.85
9.75
19.83
52.02
4.85
9.75
19.83
52.02

10.32
0.13
0.39
0.97
16.26
0.07
0.18
1.19
13.80

(meq)
0.06
0.12
0.23
0.56
0.06
0.13
0.25
0.52
0.06
0.12
0.23
0.45
0.06
0.12
0.23
0.48

(%)
88.90
87.30
86.58
85.57
97.00
96.27
94.07
79.57
96.16
94.67
93.09
68.08
97.17
96.97
93.50
72.91



5%

37 %

()
2.0009
2.0030
2.0216
2.0052
2.0010
2.0006
2.0024
2.0051
2.0064

2.0028

2.0067
2.0024
2.0006
2.0038
2.0058
2.0041

pHN

5.25
5.48

5.10'
5.23.

5.25
5.48

5.10'

5.23
5.38
4.97
5.33
5.62
5.38
4.97
5.33
5.62

pH

491
4.84
4.74
4.59
4.00
3.91
3.92
3.84

3.91
3.88
3.88
3.98
3.9
3.84
3.78

10.00
18.81
50.40
5.23
10.00
18.81
50.40
4.99
9.77
18.95
50.28
4.99
9.77
18.95
50.28

2.11
5.00
12.23
41.82
2.94
1.23
15.58
45.42
2.64
6.83
15.65
46.08
2.58
6.76
15.34
46.01

0103
0i04
0.06
003
0i.04
0i04
0105
003
0.04
0;04
0.05



5%

3T %

()
2.0042
2.0018
2.0036
2.0074
2.000
2.0045
2.0466
2.0177
2.0074
2.0010
2.0057
2.0044
2.0012
2.0018
2.0252
2.0380

pHN

5.25
548
5.10
5.23
5.25
5.48
5.10-
5.23
5.38
4.97
5.33
5.62
5.38
4.97
5.33
5.62

pH

5.2
5.13
4.96
468
3.55
3.42
3.38
3.17
3.68
3.53
3.45
3.30
3.64
3.56
3.25
3.16

10.00
18.81
50.40
5.23
10.00
18.81
50.40
4.99
9.77
18.95
50.28
4.99
9.77
18.95
50.28

012
0.46
1.56
13.32
0.52
1.65
4.64
30,42
0.35
1.39
6.26
30.36
0.28
1117
5.30
28.98

on2

0.45
0.06
016G
017
01.24
0,06
0.10
0.15
0i24
0.06
0,11
0,16
0;26

<8



5%

37 %

2.0042
2.0039
2.0073
2.0038
2.0021
2.0012
2.0116
2.0123
2.0031
2.0062
2.0040
2.0025
2.0071
2.0033
2.0397
2.0191

5.25.
5.48.
5.10
5.23
5.25
5.48
5.10
5.23
5.38.
4.97
5.33.
5.62
5.38.
4.97
5.33
5.62

pH

5.58
5.56
549
5.32
3.54
348
3.36
3.09
3.55
3.43
3.32
3.18
3.52
3.37
3.22
3.09

5.23
10.00
18.81
50.40
5.23
10.00
18.81
50.40
4.99
9.77
18.95
50.28
4.99
9.77
18.95
50.28

0.35
3
2.81
14.28
0.32
114
5.98
25.62
0.55
1.58
5.70
28.38
0.31
1.05
5.49
28.23

(meg):

0:06
01t
0120
0.44
0.06
0.11
0.16
0.30
0.05
0:10
one
0:27
0:06
0:11:
0:16
0:27



|15 %

3T %

2.0196
2.0196
2.0284
2.0140
2.0374
2.0251
2.0286
2.0201
2,0282
2.0311
2.0138
2.0130
2.0209
2.0485
2.0173
2.0118

4.66
9.92
20.09
50.09
4.66
9.92
20.09
50.09
4.66
9.92
20.09
50.09
5.03
9.75
19.46
51.75

Ce( )

2.09
5.07
14.65
42.01
249
7.40
17.15
46.80
3.09
7.62
17.74
47.60
2.34
6.65
15.10
47.40

(meqlg)
0.02
0.03
0.04
0.05
0.01
0.02
0.02
0.02
0.01
0.02
0.02
0.02
0.02
0.02
0.03
0.03

Celg

120.532
154.624
400.880
768.463
171.569
436.415
868.431
2108.846
292.949
492.439
1115.640
2824.057
129.012
322.491
512.723
1608.777

R2
0.98

1.00

1.00

1.00

Langmuir
Y=aX +

Y=16.286X+101.3

Y=43.19X+99.034

Y=57.425X+89.546

Y=32.451X+463.272

Q max

0.06

0.02

0.02

0.03

Freundlich

2

R
0.91
0.99
0.75

0.85



5%

31 %

'l
()
2.0176
2.0173
2.0197
1.8659
2.0045
2.0290
2.0222
2.0161
2.0439
2.0099
2.0109
0.7705
2.0419
2.0491
2.0165
2.0206

(

1)
4.66
9.92
20.09
50.09
4.66
9.92
20.09
50.09
4.66
9.92
20.09
50.09
5.03
9.75
19.46
51.75

Ce( /)
0.14
0.63
2.74
18.38
0.47
1.09
1.16
28.31
0.82
2.32

10.13
43.40
0.35
1.88
1.46
34.40

q
(meg/g)
0.03
0.06
0.12
0.23
0.03
0.06
0.09
0.15
0.03
0.05

0.07
0.12
0.03
0.05
0.08
0.12

Celg

4.586
10.040
23.408
19.337
16.501
18.286
82.090
192.238
32.031
45.027
150.094
366.825
11.207
35.804
91.998
294.010

R2

0.99

0.98

0.98

0.99

Langmuir
Y=aX+bh
Y=3.9267X+7.8586

Y=6.2511X+19.433

Y=7.6984X+39.46

Y=8.059X+19.434

Q max
0.25

0.16

0.13

0.12

Freundlich

R?
0.97

0.93

0.95

0.98

001



5%

37T %

!
()
2.0188
2.0188
2.0004
2.0036
2.0390
2.0186
20121
2.0141
2.0402
2.0064
17071
2.0282
2.0298
2.0310
2.0212
2.0294

(

1)
4:66
9.92
20.09
50.09
4.66
9.92
20.09
50.09
4.66
9.92
20.09
51.75
5.03
9.75
19.46
51.75

Ce( [

0.85
2.33

7.88
19.97
0.75
1.94
8.54
30.97
0.59
1.92
9.44
32.50
0.51

2.08

7.16
29.55

q
(meg/g)
0.03
0.05
0.08
0.20
0.03
0.05
0.08
0.13
0.03
0.05
0.09
013
0.03
0.05
0.08
0.15

Celq

33.053

45481

94.744

97.489

28.703

35.899

109.181
239.418
21,705

35.225

111.046
251.296
16.808

40.420

86.345

198.241

7

0.87

0.98

0,99

0.98

Langmuir
Y=aX+
Y=3.2122X+42.773

Y=6.899X+30.52

Y=7.0736X+26.221

Y=5.913X+27.354

Q max
031

0.14

0.14

0.17

Freundlich

R2
0.57

0.95

0.97

0.97



5%

37 %

()
2.0266
2.0430
2.0230
202711
2.0303
2.0276
2.0366
2.0212
2.0311
2.0449
2.0269
2.0247
2.0191
2.0486
2. 58
2.0261

(

1)
5.29
10.72
21.10
51.72
5.29
10.72
21.10
51.72
4.85
9.75
19.83
52.02
4.85
9.75
19.83
52.02

Ce( /)
0.79
2.90
9.94
40.08
1.10
5.90
14.40
44.34
1.16
478
13.27
44.46
0.92
4.59
13.23
43.98

L g

(meg/g)
0.03
0.05
0.07
0.07
0.03
0.03
0.04
0.05
0.02
0.03
0.04
0.05
0.02
0.03
0.04
0.05

Celg

189.221
222.440
303.789
715.382
203.591
358.168
509.414
1125.042
212.033
318.623
486.641
1106.538
197.908
307.446
478.656
1041.196

R2
1.00

1.00

1.00

1.00

Langmuir
Y=aX+h
Y=13.367X+178.22

Y-20.782X+207.5

Y=20.298X+207.86

Y=19.135X+206.26

Q max
0.07

0.05

0.05

0.05

Freundlich

R2
0.88

0.92

0.98

0.99

ar



5%

37 %

!
()
2.0142
2.0217
2.0404
2.0251
2.0262
2.0196
2.0163
2.0269
2.0342
2.0330
2.0373
2.0370
2.0300
2.0491
2.0267
2.0245

(

1)
5.29
10.72
21.10
51.72
5.29
10.72
21.10
51.72
4.85
9.75
19.83
52.02
4.85
9.75
19.83
52.02

Ce( /)
0.07
02
0.73
4,08
0.0L
0.14
0.98
16,86
0.0L
0.09
137
8.82
0.00
0.0L
0.93
8.17

(meg/g)
0.03
0.07
013
0.30
0.03
0.07
0.13
0.22
0.03
0.06
0.11
0.27
0.03
0.06
0.12
0.27

Celq

162.123
163.782
167.866
174.619
161.236
162.529
167.945
238.847
161.833
162.975
173.821
194.821
161.236
162.917
168.891
190.755

7

0.91

1.00

0.96

0.98

Langmuir
Y=aX+
Y=2.809X+163.52

Y=24.553X+162.16

Y=3.549X+164.23

Y=3.410X+163.18

Q max
0.36

0.22

0.28

0.29

Freundlich

R2
0.87

0.99

0.94

0.96



5%

31 %

()
2.0370
2.0216
2.0035
2.0282
2.0345
2.0290
2.0293
2.0120
2.0241
2.0280
2.0433
2.0195
2.0286
2.0244
2.0106
2.0155

(1)

5.29
10.72
21.10
51.72

5.29
10.72
21.10
51.72
4.85

9.75
19.83
52.02
4.85

9.75
19.83
52.02

Ce( [

0.50
1.26
2.80
6.84
0.07
0.25
0.96
10.32
0.13
0.39
0.97
16.26
0.07
0.18
119
13.80

(meq/g)

0.03
0.06
0.12
0.28
0.03
0.06
0.12
0.26
0.03
0.06
0.12
0.22
0.03
0.06
0.12
0.24

Celq

178.677
181.952
183.475
185.641
163.757
165.001
168.860
199.638
165.192
167.785
170.636
233.332
163.481
163.812
169.887
217.881

R2
0.81

0.98

1.00

1.00

Langmuir
Y=aX+h
Y=0.932X+179.78

Y=3.426X+164.38

Y=4.157X+165.79

Y=3.926X+163.81

Q max
1.07

0.29

0.24

0.25

Freundlich

R2
0.57

0.98

0.92

0.97

70T



1

5%

37 %

()
2.0009
2.0030
2.0216
2.0052
2.0010
2.0006
2.0024
2.0051
2.0064
2.0028
2.0067
2.0024
2.0006
2.0038
2.0058
2.0041

(

1)
5.23
10.00
18.81
50.40
5.23
10.00
18.81
50.40
4.99
9.77
18.95
50.28
4.99
9.77
18.95
50.28

Ce( 1)
211
5.00
12.23
41.82
2.94
1.23
15.58
45.42
2.64
6.83
15.65
46.08
2.58
6.76
1531
46.01

g
(mea/g)
0.02
0.03
0.04
0.05
0.01
0.02
0.02
0.03
0,01
0.02
0.02
0.03
0.01
0.02
0.02
0.03

Celq

110571
163.670
307.032
798,625
209.917
426,685
789.231
1494316
184,180
380.189
777627
1795.157
175.005
367.725
j 689.366
1764543

.
1.00

0.97

0.99

1.00

Langmuir
Y=aX+
Y=17.231X+81.52

Y=29.003X+214.00

Y=36.492X+134.72

Y=36.126X+110.99

Q max
0.06

0.03

0.03

0.03

Freundlich

R2
0.95

0.97

0.99

0.99

607



5%

31 %

()
2.0042
2.0018
2.0036
2.0074
2.000
2.0045
2.0466
2.0177
2.0074
2.0010
2.0057
2.0044
2.0012
2.0018
2.0252
2.0380

(

/)
5.23
10.00
1881
50.40
5,0
10.00
1881
50.40
4,99
9.77
18.95
50.28
4.99
9.77
18.95
50.28

Ce( [

0.12
0.46
1.56
13.32
0.52
1.65
4.64
30.42
0.35
1.39
6.26
30.36
0.28
117
5.30
28.98

g
(meq/g)
0.03
0.06
0.11
0.23
0.03
0.05
0.08
0.12
0.03
0.05
0.08
0.12
0.03
0.05
0.08
0.13

Celq

3.846
7.887
14.806
58.923
18.043
32.366
54,761
251.020
12,373
21.121
80.848
249.623
9.721
22.253
:64.254
226.575

.

0.99

1.00

0.99

0.99

Langmuir
Y=axX+h
Y=4.004X+5.89

Y=7.686X+17.51

Y=7.694X+18.71

Y=7.364X+14.92

Q max
0.25

0.13

0.13

0.14

Freundlich
2/
0.99

0.94

0.99

0.99

90T



5%

37 %

()
2.0042
2.0039
2.0073
2.0038
2.0021
2.0012
2.0116
2.0123
2.0031
2.0062
2.0040
2.0025
2.0071
2.0033
2.0397
2.0191

Ce( /)

0.35
113
2.81
14.28
0.32
1.14
5.98
25.62
0.55
1.58
5.70
28.38
0.31
1.05
5.49
28.23

q
(meg/g)
0.03
0.05
0.10
0.22
0.03
0.05
0.08
0.15
0.03
0.05
0.08
013
0.03
0.05
0.08
013

Celq

11.746
20.860
28.806
64.733
10.662
21.040
76.613
170.004
20.275
31.625
70.444
212.046
10.864
19.711
67.980
211.227

R2
0.98

0.96

0.99

0.99

Langmuir
Y=aX+h
Y=3.523X+15.18

Y=6.045X+19.62

Y=6.733X+22.65

Y=6.998X+16.07

Q max
0.28

0.17

0.15

0.14

Freundlich

2

0.84

0.88

0.98

0.98



3000

108

2500 -

2000

L

< 1500
@]

1000

500 -

o

400

15 20 25 30 35 40 45 50

350 |
300 -
250 -

g 200 -

&)

150
100 -

15 20 25 30 35 40 45 50

37 %
( 1

1

37 %)

15 20 25 30 35

o A 5%
id( ( )
( 1 5%



|
I
l

o e
e |
et - i
B |
e |
S i
P .
i /<> i
=~
=7 - S
s
" ,,,//
P -
- _—
,/"
-
T T CCL RN ) [ S E e N

15 20 25 30 35 40 45 50

,_A
|
i
|8
-

: -A
-— :-.o.
P EEER
Y Ao . S
i
i
!
i
|
|
[
T T T ——r e




110

2000
L
1500 L e
§ 1000 -
500 -
i
0

300
250 - _B
2t
200 - b
N
$ 150 R
o P o
LR A
100 - P
A _ 277
g5
U T T T T T T -
0 5 10 15 20 25 30 35
250
_a
200 - L
u"}‘,/. - /u
150 - _‘).,v" s
o "/__..-;" i —
3 i e
100 - o
.-""‘ ==
T
25 30




FWIANNTAUAUIING 1A Y
CHuLALONGKORN UNIVERSITY



t

1.000

01
01
36.5

(200*0.4)-4(36 5*0.1)

54

(000438°0.)

4.5

000 ‘

meq/g.

1.004
0.1

0.1

38.8

004

meq/g.

(>}

=z

ml

ml

112
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@)
2.0019

@)
2.0007

pH

5.05
5.04
5.47
5.45
5.48
5.48
5.73

pH

5.05
5.04
5.41
5.45
5.48
5.48
5.73

pH

4.46
4.43
4.50
4.56
471
4.79
4.80

5.24
5.18
5.70
5.29
5.38
5.36
5.50

(mg./1.) (mg./1.)

113.04 53.70
108.30 86.88
105.54 93 12
106.62 96.78
108.96 99.00
111.66 9966
113.10 118.38
(meq)
(meq/g.)
HCI 1 N (meq)

%

(mg./L) (mg./l)

113.04 5220
108.30 79.32
105.54 92.16
106.62 98.34
108.96 99.54
111.66 101.04
113.10 122.46
(meg)
(meq/g.)
HCI 1 N (meq)

%

(meq)
0.81

0.29
0.17
0.13
0.14
0.16

1.70

0.85
1.07

62.57

(meg)
0.83

0.39
0.18
0.11
0.13
0.14

1.79

0.90

121
67.67

114



pH
(9.
2.0054 5.09

5.12
5.14
5.05
5.07
5.06
5.22

- oo o1 B W N

LJ
(9)

20054 5.09
5.12
5.14
5.0
5.07
5.06
5.22

- oo ol B W N

pH

4.13
4.03
4.14
4.22
4.34
4.42
4.49

4.59
5.06
4.45
4.52
4.67
471
4.79

(mg./1.) (mg.1.)

111.60 38.58
105.84 89.94
111.90 97.20
111.84 98.34
112.38 99.72
109.80 97.26
107.70 112.08
(meg)
(meq/g.)
HCI 1 N (meq)
%

(mg/L) (mg./l.)
111.60 28.08
105.84 80.94
111.90 94.56
111.84 96.66
112.38 97.38
109.80 97.74
107.70 108.66

(meg)
(meq/g.)

%

HC1L N (meq)

(meq)
0.92

0.20
0.19
0.17
0.16
0.16

1.79
0.89
1.23
68.44

(meq)
1.05

031
0.22
0.19
0.19
0.15

2.12

1.05

1.10
52.20

115



- OO o1 B w N

(9)
2.0007

(9)
2.0007

pH

5.45
5.40
5.46
5.43
543
5.45
5.23

5.45
5.40
5.46
5.43
5.43
5.45
5.23

pH

4.42
4.46
451
4.60
4.64
471
481

5.09
4.62
5.09
5.00
5.04
5.02
5.17

(mg./l) (mg./l)

106.50 47.22
107.34 80.76
103.26 89.04
106.02 99.36
104.16 92.82
102.18 108.72
108.90 102.84
(eq)
(mea/g.)
HCI 1 N (meq)

%

(mg/L) (mg./l)

106.50 45.06
107.34 76.02
103.26 86.58
106.02 104.82
104.16 93.48
102.18 90.54
108.90 102.00
(meq)
(meq/g.)
HCI L N (meq)

%

(meq)
0.73

0.33
0.17
0.08
0.14

1.45

0.7

1.28
88.33

(meq)
0.75

0.38
0.20
0.01
0.13

1.48

0.7

1.28
85.97

116
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5%

37 %

5%

37 %

5 %

37 %

(9.

2.0018

2.0060

2.0019

2.0032

2.0035

2.0014

2.0025

2.0023

2.0014

2.0063

2.0021

2.0048

5.37

5.37

5.37

5.37

5.37

5.37

5.37

5.37

5.37

5.37

5.37

5.32

5.09

5.07

5.34

3.83

5.16

3.94

3.83

5.27

3.65

3.72

(mg./l.)

5.31

5.31

5.31

5.31

5.31

5.31

5.31

5.31

5.31

5.31

5.31

(mg./l.)

4.57

1.47
2.12
1.73
1.86
1.44
2.29
1.41

1.94

( eq)

0.0101

0.0131

0.0162

0.0153

0.0523

0.0435

0.0488

0.0470

0.0527

0.0412

0.0531

0.0459

(%)

13.92

18.03

22.39

21.06

72.19

60.03

67.34

64.90

72.83

56.70

73.37

63.31

81T



1

5%
3T %

5%

3T %

5%

3T %

@)
2.0018
2.0060
2.0019
2.0032
2.0035
2.0014
2.0025
2.0023
2.0014
2.0063
2.0021

2.0048

5.37
5.37
5.37
5.37
5.37
5.37
5.37
5.37
5.37
5.37
5.37
5.37

5.32
5.09
5.07
5.34
3.83
5.16
3.94
3.83
6.31
5.27
3.65
3.72

5.93
5.93
5.93
5.93
5.93
5.93
593
5.93

0.56
1.98
1.04
0.84
1.00
1.52
0.74
1.25

(meq)
0.0314
0.0356
0.0336
0.0322
0.0676
0.0497
0.0616
0.0641
0.0621
0.0555
0.0653
0.0589

677



5%
3T %

5%

37T %

5%

3T %

2.0018
2.0060
2.0019
2.0032
2.0035
2.0014
2.0025
2.0023
2.0014
2.0063
2.0021
2.0048

537
537
537
537
537
537
5.37
537
537
537
537
537

pH

5.32
5.09
5.07
5.34
3.83
5.16
3.94
3.83
6.31
527
3.65
3.72

(mg./1
0.57
0.57
0.57
0.57
0.57
0.57
057
0.57
0.57
0.57
0.57
0.57

(mg./1.)
0.56
0.56
0.54
0.53
0.4
0.5
0.41
0.39
0.39
0.43
0.44
0.41

0.0017
0.0016
0.0020

29.77
12.27
28.04
31.54
31.56
24.48
22.78
28.00
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B

5%
37%

5%
37%

5%
37%
BET Surface Area, sq.m./g.

BJH Cumulative Adsorption Surface Area, sq.m./g.

1+
7.2608
5.9455
5.1385
6.9116
7.6595
6.2637
7.1618
6.7524
7.6535
5.1574
6.1268
7.4202

BJH Cumulative Desorption Surface Area, sq.m./g.
BJH Cumulative Adsorption Pore \Volume, cc/g.

9%
47203
3.8894
35184
47414
4.5893
3.7127
43911
3.9989
5.3153
3.6862
4.1987
5.1199

O N o o

g
4.8955
4.0176
3.5695
5.0189
4.5548
3.8519
4.4023
4.1616
54809
3.736
4.4006
5.3199

4
0.006798
0.005523
0.004928
0.006828
0.006224
0.005025
0.005699
0.005239
0.008901
0.005650
0.006802
0.007962

5
0.006305
0.005183
0.004599
0.006391
0.005757
0.004760
0.005303
0.004969
0.008232
0.005177
0.006351
0.007425

6
45.9809
45.8068
47.1724
47.4626
40.4354
40.0257
39.9982
39.2363
54.5866
52.4828
52.7710
51.3910

BJH Cumulative Desorption Pore Volume, cclg.
Average Pore Diameter (4V/A By BET), A0
BJH Adsorption Average Pore Diameter (4VIA), A’
BJH Desorption Average Pore Diameter (4V/A), A°

7
57.6052
56.7979
56.0279
57.6063
54.2478
54.1402
51.9149
52.4015
66.9811
61.3153
64.7994
62.2070

g
515127
51.6062
51.5339
50.9326
50.5591
49.4310
48.1876
47.7569
60.0762
55.4226
57.7270
55.8260

44!
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ASAPNOVA® A PAGE 3
SAMPLE DIRECTORY/NUMBER ANALYSISI37 START 10:49:04 02/2102
SAMPLE D' CORN PRE COMPLU :57 10022002
SUBMITTER REPRT 12:14:3102/21/02
OPERATOR SAMPLEWT: 0353 g
UNITNUMBER 1 FREE SPACE: 546956 (¢
ANALYSIS GAS Nitrogen FQUILINTRVL 5 SEC
SUMMARY REPORT
AREA
BET SURFACE AREA 72606 g g
SINGLE POINT SURFACE AREAAT p/Po 01999 41377 3 mig
BIH CUMULATIVE ADSORPTION SURFACE AREA OF PORES
BETWEEN 17000 AND 300000A DIAMETER. 4723 sqmg
BJH CUMULATIVE DESORPTION SURFACE AREA OF PORES
BETWEEN 17000 AND 300000A  DIAMETER: 48955 s g
MICROPORE AREA 39662 s mig
VOLUME
SINGLE POINT TOTAL PORE VOLUME OF PORE LESS THAN
12297822 A DIAMETER ATATP/Po 0.9840: 0008346 cclg
BIH CUMULATIVE ADSORPTION PORE VOLUME OF PORES
BETWEEN 17000 AND 300000A DIAMETER  00067%8 ool
BJH CUMULATIVE DESORPTION PORE VOLUME OF PORES
BETWEEN 17000 AND 00000A DIAMETER 0006305 colg
MICROPORE VVOLUME 0003076 cclg
PORE SIZE
AVERAGE PORE DIAMETER (4V/ A BY BET) 5% A
BIH ADSORPTION AVERAGE PORE DIAMETER (4V/A): 57602 A
BJH DESORPTION AVERAGE PORE DIAMETER (4V/A): 5517 A



Micromeritics Instrument Corporation
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ASAP 20001303 A PAGE 13
SAMPLE DIRECTORY/NUMBER : ANALYSIS/40 START 12:31:48 0222102
SAMPLE ID CORNHCL COMPL 13 : 34 : 44 02/22/02
SUBMITTER REPRT 14:54:29 02/22/02
OPERATOR SAMPLEWT 03845 ¢
UNIT NUMBER 1 FREE SPACE:  56.1913 cc
ANALYSIS GAS Nitrogen EQUIL INTRVL: 5 SEC
SUMMARY REPORT
AREA

BET SURFACE AREA 5055 50 mfg
SINGLE POINT SURFACE AREA AT p/Po 0.1999 34824 s mlg
BJH CUMULATIVE ADSORPTION SURFACE AREA OF PORES

BETWEEN 17000 AND 3000000A  DIAMETER:  388% sq.mig
BJH CUMULATIVE DESORPTION SURFACE AREA OF PORES

BETWEEN 17000 AND 3000000A  DIAMETER: 40176 sq.mfg
MICROPORE AREA 33713 sg.mlg

volume

SINGLE POINT TOTAL PORE VOLUME OF PORE LESS THAN
1229.7822 A DIAMETER ATATP/Po 0.9840: 0.006809  cclg
BJH CUMULATIVE ADSORPTION PORE VOLUME OF PORES

BETWEEN 17000 AND 3000000A  DIAMETER: 0005523 cclg
BJH CUMULATIVE DESORPTION PORE VOLUME OF PORES

BETWEEN 17000 AND 3000000A  DIAMETER: (0005183 cclg
MICROPORE VOLUME : 0.002527 el

PORE SIZE

AVERAGE PORE DIAMETER (4V/A BY BET) H068 A
BJH ADSORPTION AVERAGE PORE DIAMETER (4V/A) %7919 A
BJH DESORPTION AVERAGE PORE DIAMETER (4V/A) . bLe062 A



%
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ASAP2O0VAM3 A PAGE 13
SAMPLE DIRECTORY/NUMBER ANALYSIS38 START 12:25:45 02121/02
SAMPLEID CORN 5 COMPL 13: 30 1302121/02
SUBMITTER REPRT 13:52:11 02/20/02
OPERATOR SAMPLEWT: 04769 g
UNITNUMBER 1 FREESPACE  55.98% cc
ANALYSIS GAS  Nitrogen FQUILINTRVL: 5 SEC
SUMMARY REPORT
AREA
BET SURFACE AREA 513 g mig
SINGLE POINT SURFACE AREAAT p/Po 0.19%9 30687 s mg
BIH CUMULATIVE ADSORPTION SURFACE AREA OF PORES
BETWEEN 17000 AND 300000A  DIAMETER: 35184 s mig
BJH CUMULATIVE DESORPTION SURFACE AREA OF PORES
BETWEEN 17000 AND 3M00000A DIAMETER:  35% sqmig
MICROPORE AREA 29679 s mlg
VOLUME
SINGLE POINT TOTAL PORE VOLUME OF PORE LESS THAN
12207822 A DIAMETER AT AT p/Po 09840 0.006060  celg
BIH CUMULATIVE ADSORPTION PORE VOLUME OF PORES
BETWEEN 17000 AND 3000000A DIAMETER 000928 colg
BJH CUMULATIVE DESORPTION PORE VOLUME OF PORES
BETWEEN 17000 AND 3000000A DIAMETER: 000599 colg
MICROPORE VOLUME 0002182 cclg
PORE SIZE
AVERAGE PORE DIAMETER (4V/ A BY BET) aims A
BIH ADSORPTION AVERAGE PORE DIAMETER (4V/ A) 609 A
BIH DESORPTION AVERAGE PORE DIAMETER (4V/A) 5150 A



3%

Micromeritics Instrument Corporation
ASAP2000V303 A
SAMPLE DIRECTORY/NUMBER  ANALYSIS/39
SAMPLEID CORN 37
SUBMITTER
OPERATOR
UNITNUMBER 1
ANALYSIS GAS Nitrogen
SUMMARY REPORT
AREA
BET SURFACE AREA .
SINGLE POINT SURFACE AREA AT p/Po 01999
BJH CUMULATIVE ADSORPTION SURFACE AREA OF PORES
BETWEEN
BJH CUMULATIVE DESORPTION SURFACE AREA OF PORES
BETWEEN
MICROPORE AREA :
VOLUME
SINGLE POINT TOTAL PORE VOLUME OF PORE LESS THAN
12297822 A DIAMETER AT AT p/Po 0.9840 :
BJH CUMULATIVE ADSORPTION PORE VOLUME OF PORES
BETWEEN 17000 AND 3000000A  DIAMETER
BJH CUMULATIVE DESORPTION PORE VOLUME OF PORES
BETWEEN
MICROPORE VOLUME :
PORE SIZE
AVERAGE PORE DIAMETER (4V/ A BY BET)
BJH ADSORPTION AVERAGE PORE DIAMETER (4V/A)
BJH DESORPTION AVERAGE PORE DIAMETER (4V/A) .

17000 AND 3000000A  DIAMETER:

17000 AND 3000000A  DIAMETER:

17000 AND 3000000A  DIAMETER:

PAGE 13

START 10:43:20 02/22/02
COMPL 12: 02 : 57 02/22/02
REPRT 12:17:18 02/22/02
SAMPLEWT:
FREESPACE: 54334
EQUILINTRVL: 5 SEC

0T g

69116 s mig
W13 5 mg

47414 s, mlg

50189 s mig

350 3 mig

0008201  cclg
0006828  cclg

0006301 cclg

0002892 ccly

47466 A
oo A
50932 A
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ASAP2000V303 A
SAMPLE DIRECTORY/NUMBER NISA/ 1
SAMPLEID BEANPRE
SUBMITTER
OPERATOR :
UNITNUMBER 1
ANALYSIS GAS  Nitrogen
SUMMARY REPORT
AREA
BET SURFACE AREA :
SINGLE POINT SURFACE AREAAT p/Po 0.1999 .
BJH CUMULATIVE ADSORPTION SURFACE AREA OF PORES
BETWEEN
BJH CUMULATIVE DESORPTION SURFACE AREA OF PORES
BETWEEN
MICROPORE AREA :
VOLUME
SINGLE POINT TOTAL PORE VOLUME OF PORE LESS THAN
1229.7822 A DIAMETER ATATP/Po 0.9840:
BJH CUMULATIVE ADSORPTION PORE VVOLUME OF PORES
BETWEEN
BJH CUMULATIVE DESORPTION PORE VOLUME OF PORES
BETWEEN
MICROPORE VOLUME :
PORE SIZE
AVERAGE PORE DIAMETER (4V/ A BY BET)
BJH ADSORPTION AVERAGE PORE DIAMETER (4V/A) .
BJH DESORPTION AVERAGE PORE DIAMETER (4V/A) :

17000 AND 3000000A  DIAMETER:

17000 AND 3000000A  DIAMETER:

17000 AND 3000000A  DIAMETER:

17000 AND 3000000A  DIAMETER:

PAGE 13

START 15:00:46 102901
COMPL 16:28:50 10729/01
REPRT 16:52: 10 10/29/01
SAMPLEWT:
FREESPACE  56.80%84 (c
EQUILINTRVL: 5 SEC

03163 g

765% . mfg
3912 s mig

45893 sg.mlg

45548 s mlg

35162 s mlg

0007743 cclg
0.006224  ccly

0.005757  cclg

0003126 cclg

40434 A
D278 A
05591 A



Micromeritics Instrument Corporation
ASAP2000V303 A
SAMPLE DIRECTORY/NUMBER NISA/?2
SAMPLE ID BEAN HCL
SUBMITTER
OPERATOR
UNITNUMBER: 1
ANALYSIS GAS Nitrogen
SUMMARY REPORT
AREA
BET SURFACE AREA
SINGLE POINT SURFACE AREAAT p/Po 0.19%9
BJH CUMULATIVE ADSORPTION SURFACE AREA OF PORES
BETWEEN
BJH CUMULATIVE DESORPTION SURFACE AREA OF PORES
BETWEEN
MICROPORE AREA :
VOLUME
SINGLE POINT TOTAL PORE VOLUME OF PORE LESS THAN
1229.7822 A DIAMETER AT AT p/Po 0.9840 :
BJH CUMULATIVE ADSORPTION PORE VOLUME OF PORES
BETWEEN
BJH CUMULATIVE DESORPTION PORE VVOLUME OF PORES
BETWEEN
MICROPORE VOLUME
PORE SIZE
AVERAGE PORE DIAMETER (4V/ A BY BET)
BJH ADSORPTION AVERAGE PORE DIAMETER (4V/A) .
BJH DESORPTION AVERAGE PORE DIAMETER (4V/A)

17000 AND 3000000A  DIAMETER:

17000 AND 3000.000A  DIAMETER:

17000 AND 3000000A  DIAMETER:

17000 AND 3000000A  DIAMETER:

PAGE 13

START 16:25:45 10/3101
COMPL 17:47:26 1013001
REPRT 09:00:24 10/31/0L
SAMPLEWT
FREESPACE 55383 «c
EQUILINTRVL: 5 SEC

0377 g

6.2637 5. Mg
31486 sq.mlg

37127 s mlg

3819 sqmlyg

2719 s mig

0006268  cclg
0005025  cclg

0.04760  cclg

0002534 cclg

400251 A
M2 A
204310 A
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Micromeritics Instrument Corporation

ASAP2000V303 A PAGE 13
SAMPLE DIRECTORY/NUMBER NISA/3 START 15:14:46 11/01/01
SAMPLEID BEANS COMPL 16:23:08 11/01/01
SUBMITTER REPRT 07:59:03 11/01/01
OPERATOR SAMPLEWT: 03331 ¢
UNITNUMBER: 1 FREE SPACE: 558385 cc
ANALYSIS GAS : Nitrogen EQUILINTRVL: 5 SEC
SUMMARY REPORT
AREA
BET SURFACE AREA 11618 sq. mig
SINGLE POINT SURFACE AREAAT p/Po 01999 . 3609 sg.mlg
BJH CUMULATIVE ADSORPTION SURFACE AREA OF PORES
BETWEEN 17000 AND 3000000A  DIAMETER: 4911 s.mlg
BJH CUMULATIVE DESORPTION SURFACE AREA OF PORES
BETWEEN 17000 AND 3000000A DIAMETER: 44023 sq.mfg
VOLUME
SINGLE POINT TOTAL PORE VOLUME OF PORE LESS THAN
1229.7822 A DIAMETER ATATP/Po 0.9840: 0007161  cclg

BJH CUMULATIVE ADSORPTION PORE VOLUME OF PORES

BETWEEN 17000 AND 3000000A  DIAMETER:

BJH CUMULATIVE DESORPTION PORE VOLUME OF PORES

BETWEEN 17000 AND 3000000A  DIAMETER:

PORE SIZE
AVERAGE PORE DIAMETER (4V/A BY BET)

BJH ADSORPTION AVERAGE PORE DIAMETER (4V/A) .
BJH DESORPTION AVERAGE PORE DIAMETER (4V/A)

0.0056%9  cclg
0005303  cclg
39,9982

51.9149
43,1876

> >
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Micromeritics Instrument Corporation

ASAP2000V303 A
SAMPLE DIRECTORY/NUMBER MSA/4
SAMPLEID BEANJT
SUBMITTER
OPERATOR
UNITNUMBER 1
ANALYSIS GAS  Nitrogen
SUMMARY REPORT
AREA
BET SURFACE AREA:
SINGLE POINT SURFACE AREA AT p/Po 0.1999 .
BJH CUMULATIVE ADSORPTION SURFACE AREA OF PORES
BETWEEN
BJH CUMULATIVE DESORPTION SURFACE AREA OF PORES
BETWEEN
MICROPORE AREA .
VOLUME
SINGLE POINT TOTAL PORE VOLUME OF PORE LESS THAN
1229.7822 A DIAMETER ATATP/Po 0.9840:
BJH CUMULATIVE ADSORPTION PORE VOLUME OF PORES
BETWEEN
BJH CUMULATIVE DESORPTION PORE VOLUME OF PORES
BETWEEN
MICROPORE VOLUME
PORE SIZE
AVERAGE PORE DIAMETER (4V/ A BY BET)
BJH ADSORPTION AVERAGE PORE DIAMETER (4V/A) :
BJH DESORPTION AVERAGE PORE DIAMETER (4V/A)

17000 AND 3000000A  DIAMETER:

17000 AND 3000.000A  DIAMETER:

17000 AND 3000000A  DIAMETER:

17000 AND 3000000A  DIAMETER:

PAGE I3

START 14:17:42 11/02001
COMPL 15:33: 22 11/02/01
REPRT 10:30:36 11/02/01
SAMPLEWT :
FREESPACE 544928 cc
EQUILINTRVL 5 SEC

03376 g

6./524 . mig
32040 sq. mlg

39989 sg.mlg

3.1616 sg. mlg

27146 s mig

0.006624  ccly
0.005239  cclg

0.0049%9  cclg

0.002679  ccly

302363 A
4015 A
a175% A



Micromeritics Instrument Corporation

ASAP2000VB03 A PAGE 3
SAMPLE DIRECTORY/NUMBER ANALYSIS/AL START 10:54:30 02125/02
SAMPLEID SUNPRE COMPL 12:08 : 1702/25/02
SUBMITTER: REPRT 1222 :56 02/25/02
OPERATOR SAMPLEWT: 03046 g
UNITNUMBER: 1 FREE SPACE:: 563807 ¢
ANALYSIS GAS Nitrogen FQUILINTRVL: 5 SEC
SUMMARY REPORT
AREA

BET SURFACE AREA 165 5 g
SINGLE POINT SURFACE AREAAT p/ Po 0.19%9 48168 3 mlg
BIH CUMULATIVE ADSORPTION SURFACE AREA OF PORES

BETWEEN 17000 AND 3000000A DIAVETER: 53153 sgmig
BJH CUMULATIVE DESORPTION SURFACE AREA OF PORES

BETWEEN 17000 AND 3000000A  DIAMETER: 54809 sq.mig
MICROPORE AREA 45057 sq.mig

VOLUME

SINGLE POINT TOTAL PORE VOLUME OF PORE LESS THAN
1209782 A DIAMETER AT AT p/Po 09840 001044 cclg
BJH CUMULATIVE ADSORPTION PORE VOLUME OF PORES

BETWEEN 17000 AND 2000000A DIAMETER: 00080 oclg

BJH CUMULATIVE DESORPTION PORE VVOLUME OF PORES
BETWEEN 17000 AND 3000000A  DIAMETER
MICROPORE VOLUME
PORE SIZE
AVERAGE PORE DIAMETER (4V/A BY BET)
BJH ADSORPTION AVERAGE PORE DIAMETER (4V/A) .
BJH DESORPTION AVERAGE PORE DIAMETER (4V/A) :

0008232  cclg

000216 cclg

M50 A
66811 A
600762 A



Micromeritics Instrument Corporation

ASAP200VAB A PAGE 3
SAMPLE DIRECTORY/NUMBER : ANALYSIS/ % START 13:49:27 02/19(02
SAMPLEID SUNHCL COMPL 15:25 : 1002/19(02
SUBMITTER REPRT  15:26:00 02/19/02
OPERATOR SAMPLEWT: 04577 g
UNITNUMBER 1 FREE SPACE: 55733 ¢
ANALYSIS GAS : Nitrogen FQUILINTRVL: 10 SEC
SUMMARY REPORT
AREA
BET SURFACE AREA 51574 g
SINGLE POINT SURFACE AREAAT p/Po 0.1999 3L s mg
BIH CUMULATIVE ADSORPTION SURFACE AREA OF PORES
BETWEEN 17000 AND 300000A DIAMETER: 36862 sqmg
BIH CUMULATIVE DESORPTION SURFACE AREA OF PORES
BETWEEN 17000 AND 3000000A DIAMETER. 3730 sqmg
MICROPORE AREA 323 s mig
VOLUME
SINGLE POINT TOTAL PORE VOLUME OF PORE LESS THAN
12297622 A DIAMETER ATATP/Po 09840 0006767 cclg
BJH CUMULATIVE ADSORPTION PORE VOLUME OF PORES
BETWEEN 17000 AND 300000A DIAMETER: 000530 cdlg
BJH CUMULATIVE DESORPTION PORE VOLUME OF PORES
BETWEEN 17000 AND 300000A DIAMETER: 00077 colg
MICROPORE VOLUME Q00212 cclg
PORE SIZE
AVERAGE PORE DIAMETER (4V/ A BY BET) 5088 A
BJH ADSORPTION AVERAGE PORE DIAMETER (4V/A) 61353 A
BJH DESORPTION AVERAGE PORE DIAMETER (4V/A) 5406 A
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Micromeritics Instrument Corporation

133

ASRPO0VA A PAGE 13
SAMPLE DIRECTORY/NUMBER ANALYSIS /42 START 1232 5502/25/02
SAMPLEID SUN5 COMPL 13:36: 1802/25/02
SUBMITTER REPRT 13:36 : 1902/25/02
OPERATOR SAVPLEWT:  03%0 g
UNITNUMBER 1 FREESPACE 54392 ¢
ANALYSIS GAS : Nitrogen EQUIL INTRVL: 5 SEC
SUMMARY REPORT
AREA
BET SURFACE AREA 61268 s, mig
SINGLE POINT SURFACE AREAAT p /P 0.19%9 388%  sqmlg
BIH CUMULATIVE ADSORPTION SURFACE AREA OF PORES
BETWEEN 17000 AND 300000A DIAMETER. 41987 sp.mig
BIH CUMULATIVE DESORPTION SURFACE AREA OF PORES
BETWEEN 17000 AND 3000000A DIAMETER: 44006 sqmig
MICROPORE AREA 3684 s mg
VOLUME
SINGLE POINT TOTAL PORE VOLUME OF PORE LESS THAN
12297822 A DIAMETER AT AT p/Po 09840 0008083 colg
BIH CUMULATIVE ADSORPTION PORE VOLUE OF PORES
BETWEEN 17000 AND 3000000A DIAMETER: 0006802 cclg
BIH CUMULATIVE DESORPTION PORE VOLUME OF PORES
BETWEEN 17000 AND 300000A DIAMETER: 00061 cclg
MICROPORE VOLUME 0002565 cclg
PORE SIZE
AVERAGE PORE DIAMETER (4V/ A BY BET) R0 A
BIH ADSORPTION AVERAGE PORE DIAVETER (4V/A) BT A
BIH DESORPTION AVERAGE PORE DIAMETER (4V/A) 570 A
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Micromeritics Instrument Corporation

ASAP00VRB A PAGE 3
SAMPLE DIRECTORY/NUMBER ANALYSIS /45 START 13:01:22 02/2802
SAMPLEID SUN37 COMPL. 14:06:50 02/28/02
SUBMITTER REPRT 14:20:35 02/28/02
OPERATOR SAMPLEWT: 0330 g
UNITNUMBER 1 FREESPACE 56,0534 c¢
ANALYSIS GAS Nitrogen FQUILINTRVL: 5 SEC
SUMMARY REPORT
AREA
BET SURFACE AREA 74000 sqmig
SINGLE POINT SURFACE AREA AT p/Po 01909 45984 s mlg
BIH CUMULATIVE ADSORPTION SURFACE AREA OF PORES
BETWEEN 17000 AND 30000A DIAMETER: 5199 s mlg
BIH CUMULATIVE DESORPTION SURFACE AREA OF PORES
BETWEEN 17000 AND 20000A DIAVETER: 53199 s mlg
MICROPORE AREA 44173 g g
VOLUME
SINGLE POINT TOTAL PORE VOLUME OF PORE LESS THAN
12297522 A DIAMETER ATATP/Po 0.9840: 00053 cclg
BJH CUMULATIVE ADSORPTION PORE VOLUME OF PORES
BETWEEN 17000 AND 300000A DIAMETER 000792 colg
BIH CUMULATIVE DESORPTION PORE VOLUME OF PORES
BETWEEN 17000 AND 3000000A DIAMETER 00045  colg
MICROPORE VOLUME : 0003156 colg
PORE SIZE
AVERAGE PORE DIAMETER (4V'/ A BY BET) 513010 A
BIH ADSORPTION AVERAGE PORE DIAMETER (4V/ A) QAT A
BJH DESORPTION AVERAGE PORE DIAMETER (4V/A): O A



18.1105
19,5333
19.5435

18.1105
20.2275
18.0417

18.1106
20.2274
18.0418

18.7262
18.1097
20.2266

18.1883
19.6413
19.6407

18.179%
20.3499
18.1513

18.2020
20.3214
181512

18.9178
18.3098
20.3307

67.3521
68.3476
68.3768

67.3543
68.7820
67.2541

67.3845
68.6094
672756

67.6991
67.2444

68.7859

67.4288
68.4615
68.4735

67.4221
68.9036
67.3636

67.4734
68.9024
67.3859

67.8835
67.4443
68.8893

5%

3%

1014
1001
1005
1007
0.007

1019
1007
1001
1.009
0.009

1028
1011
0.992
1010
0.018

1039
1001
1007
1016
0021

135



2 )

18.1099
20.2269
18.0419

1

18.1102
20.2210
18.0415

18.1102
202271
18.0415

18.1107
20.2275
18.0420

182111
204624
18.1103

18.3045
205288
18.1336

18.2189
204863
18.2076

18.2104
204054
18.1809

67.3461
68.6735
67.3066

67.3554
66.5641
67.2975

67.3298
68.64/2
67.2390

67.3377
68.7513
67.2186

67.4423
68.8958
67.3772

67.5433
68.8796
67.3876

674376
68.9019
67.3970

67.4374
68.9130
67.3557

1.052
1.059
0.969
1027
0.050

1034
1021
1022
1.026
0.007

5%

1.008
1018
1051
1.026
0.023

37%

1.000
1.100
1013
1.038
0.054



2 )

18.1104
20.2275
18.0419

18.1101
20.2272
18.0414

18.1105
20.2219
18.0420

18.1104
20.2273
18.0414

18.1883
20.3136
18.1042

18.2032
203308
18.1563

181714
203010
18.1305

182417
204144
181941

67.3598
68.8409
67.3276

672573
68.7906
67.2411

673778
68.8617
67.3105

67.3409
68.7365
67.2308

67.4367
68.9255
67.3890

67.3479
68.8929
67.3537

674381
68.9332
67.3972

67.4763
68.9224
67.3810

1.013
1018
1014
1015
0.002

1.028
1013
1.020
1.020
0.007

%

1010
1022
1021
1018
0.007

3%

1.014
1.006
1.017
1012
0.005

13/



0.1666
0.2493
0.1745

0.2252
0.3110
0.2598

0.2616
0.3945
0.4125

0.2616
0.4576
0.3275

0.92
151
1.12

0.92
151
1.12

1.00
141
1.82

0.92
151
1.12

24
111
177
1.29

24
1.08
1.72
1.23

24
1.12
161
1.95

24
1.01
1.58
1.18

5%

31%

121
1.17
1.15
1.18
0.028

1.17
1.14
1.10
1.14
0.038

1.12
1.14
1.07
111
0.036

1.10
1.05
1.05
1.07
0.028

138



3(

0.3247
0.3246
0.4718

0.4302
0.3821
0.5412

0.4310
0.4457
0.5008

0.4386
0.5384
0.5374

0.91
0.90
1.29

1.00
0.81
121

0.83
0.95
1.10

0.81
1.01
1.02

24
1.86
1.68
2.47

24
1.84
1.53
1.75

24
1.39
1.58
171

24
131
1.62
1.64

2.04
1.87
191
1.94
0.092

1.84
1.89
1.45
1.73
0.243
5%

1.67
1.66
1.55
1.63
0.066
37%

1.62
1.60
161
1.61
0.007

139



3(

0.1342
0.1407
0.1417

0.1317
0.1721
0.1801

0.1666
0.2493
0.1874

0.1527
0.1628
0.1616

1.03
0.92
1.00

0.80
0.99
1.00

0.92
151
112

0.81
0.72
0.90

24
1.80
171
161

24
1.25
1.30
1.35

24
1.12
181
121

24
0.98
0.84
0.99

1.75
1.86
1.61
1.74
0.125

1.56
131
1.35
141
0.135
5%

1.22
1.20
1.08
1.17
0.074
31%

121
1.17
1.10
1.16
0.055

140



201 ALKYL GROUP - GENERAL

223 ALKYL GROUP - HYDROXY OR POOSIBLY AMINO SUBATITUENT

402 HYDROXY OR AMINO COMPOUND - GENERAL

511 ALIPHATIC ALCOHOL - PRIMARY OR SECONDARY OR POSSIBLY CYCLIC HYDROXY

3900 3400

I
2900

2400

PRE-2 3601 4000.0 400.0 28.58 70.34 %T 16

REF:4000 64.70 2000 69.68
3434.0 28.58 2926.052.82 2124.0 69.26 1640.0 45.73
1542.0 58.99  1431.0 5311 1378.0 53.50 1323.0 54.44
1247.0 54.44  1159.0 47.61 1060.0 40.31 897.0 58.65
562.0 48.60

END 13 PEAK(S) FOUND

1900 1400

80

10

60

50

40

30

20

10

900 400



HCL-2 3601 4000.0 400.0 27.26 70.41 %T 11 FASMD

QESH © 67.50 2000 70.02

3433.0 27.26 2926.0 52.10 2059.0 70.46 1735.0 59.13

201 ALKYL GROUP - GENERAL 1642.0 49.10 1537.0 60.46 1433.0 55.10 1376.0 53.61
223 ALKYL GROUP - HYDROXY OR POOSIBLY AMINO SUBATITUENT 1322.0 54.63 1245.0 53.90 1160.0 46.74 1060.0 38.56
402 HYDROXY OR AMINO COMPOUND - GENERAL 898.0 58.64 562.0 48.24

511 ALIPHATIC ALCOHOL - PRIMARY OR SECONDARY OR POSSIBLY CYCLIC HYDROXY END 14 PEAK(S) FOUND

3900 3400 2900 2400 1900 1400

80

20

10

900 400 OML



223 ALKYL GROUP - HYDROXY OR POOSIBLY AMINO SUBATITUENT

402 HYDROXY OR AMINO COMPOUND - GENERAL

3900

3400

2900

FOR-2 3601 4000.0 400.0 27.06 70.24 %T 14

REF:4000 66.64 2000 69.58
3432.0 27.86 2926.0 57.17 2055.0 69.31 1735.0 59.14
1641.0 49.18 1534.0 60.11 1377.0 54.54 1245.0 54.43
1150.0 40.23 1059.0 40.10 898.0 59.64 563.0 49.83

END 12 PEAK(S) FOUND

2400 1 11900 1

1400

80

20

10

900 o M
5%



80

FOR-37 3601 4000.0 400.0 14.56 69.76 %T 14 i 20

201 ALKYL GROUP - GENERAL
REF:4000 58.91 2000 67.85

223 ALKYL GROUP - HYDROXY OR POOSIBLY AMINO SUBATITUENT
3436.0 14.56 2928.0 36.42 2042.0 67.59 1743.0 38.77

402 HYDROXY OR AMINO COMPOUND - GENERAL 10

511 ALIPHATIC ALCOHOL-PRIMARY OR SECONDARY OR POSSIBLY CYCLIC HYDROXY 1652.0 32.19 1538.0 44.11 1384.0 37.41 1245.0 38.04
1161.0 30.76 1061.0 22.83 897.0 42.62 560.0 34.04
4906 CARBONYL COMPOUND - POSSIBLY ESTER KETONE
END 12 PEAK(S) FOUND

I I I | | [ [F— 0
3900 3400 2900 2400 1900 1400 900

4 37%
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B2 9709
3
4 2544 3063 4 2544
4 2544
2455441
V/H.736
- VH.737
- VH.738
VH.736 VH.737 VH.738
Lignin:(ash corrected) 39.9 9.7 17.7
Holocellulose 56.8 58.4 51.9
Alpha-cellulose 35.2 48.8 38.5
Seta-cellulose 8.4 7.3 4.1
Gamma-cellulose 13.2 2.3 9.3

o

( )
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0.10 /

37% 180 /

37% 200 /
96% 160 /

1.00
200

(200*0.10)
20 /

1.00
300

37% 1.66
(300%0.10) + (1.66*180)
329 /

147



' 5%
1.00
300

37% 1.58
96% 0.45
(300%0.10) + (1.58*200) + (0.45*160)
= 418 /

37%

1.00
350

37% 12.0
96% 0.45
(350%0.10) + (12.0%200) + (0.45*160)
= 2507 |

20 /
2.2 meq/g

148



16

2542

2543
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