APPENDIX A

Characterization of untreated and pretreated Bana grass with

alkaline solution and ozone.

Table Al Characterization of untreated and pretreated materials with NaOH solutions

pretreatment
Composition (wt.%, based on dry matter
NaOH after pretreatment) Solid Cellulose Remover (%)
solution Time Hemi- remaining recovery Hemi-
(%) (min Cellulose | cellulose Lignin | other (%) (%) cellulose | Lignin | Other
0 0 60.2 238 8.2 7.8
60.2 238 8.2 7.8
60.2 238 8.2 7.8
60.2 238 8.2 7.8
60.2 23.8 8.2 7.8
Average 60.2 238 8.2 7.8
60 61.7 23.9 7.8 6.7 96.5 98.9 3.2 87| 174
61.7 23.9 7.8 6.7 96.5 98.9 3.2 87| 174
61.7 23.9 7.8 6.7 96.5 98.9 3.2 87| 174
61.7 239 7.8 6.7 96.5 98.9 3.2 87| 174
61.7 23.9 7.8 6.7 96.5 98.9 3.2 87| 174
Average 61.7 23.9 7.8 6.7 96.5 98.9 3.2 87| 174
120 61.9 24.0 7.8 6.3 96.0 98.8 33 88 | 224
61.9 24.0 7.8 6.3 96.0 98.8 33 88 | 224
61.9 24.0 7.8 6.3 96.0 98.8 33 88 | 224
0.5 61.9 24.0 7.8 6.3 96.0 98.8 33 88 | 225
61.9 24.0 7.8 6.3 96.0 98.8 33 88 | 225
Average 61.9 24.0 7.8 6.3 96.0 98.8 33 88 | 224
180 62.0 24.0 7.8 6.2 96.0 98.9 3.2 8.8 | 237
62.0 24.0 7.8 6.2 96.0 98.9 3.2 8.8 | 237
62.0 24.0 7.8 6.2 96.0 98.9 3.2 88 | 237
62.0 24.0 7.8 6.2 96.0 98.9 3.2 88 | 238
62.0 24.0 7.8 6.2 96.0 98.9 3.2 88 | 238
Average 62.0 24.0 7.8 6.2 96.0 98.9 3.2 88 | 237
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Table Al (continued)

Composition (wt.%, based on dry matter

NaOH after pretreatment) Solid Cellulose Remover (%)
solution Time Hemi- remaining recovery Hemi-
(%) (min Cellulose | cellulose Lignin | other (%) (%) cellulose | Lignin | Other
60 62.5 239 7.5 6.2 88.5 91.8 11.3 19.2 29.5
62.5 23.9 7.5 6.2 88.5 91.8 11.4 19.2 29.5
62.5 239 7.5 6.2 88.5 91.8 11.4 19.2 29.6
62.5 239 7.5 6.2 88.5 91.8 11.4 19.2 29.6
62.5 23.8 7.5 6.2 88.5 91.8 11.4 19.2 29.6
Average 62.5 23.9 75 6.2 88.5 91.8 11.4 19.2 29.6
120 63.2 24.1 75 5.2 87.0 91.3 11.9 20.4 42.0
63.2 241 7.5 5.2 87.0 91.3 119 20.4 42.0
63.2 241 7.5 5.2 87.0 91.3 119 20.5 42.0
3 63.2 24.1 7.5 5.2 87.0 91.3 11.9 20.5 42.0
63.2 24.1 7.5 5.2 87.0 91.3 11.9 20.5 42.0
Average 63.2 24.1 7.5 5.2 87.0 91.3 11.9 20.5 42.0
180 63.4 24.0 7.0 5.6 85.5 90.1 13.9 27.2 385
63.4 24.0 7.0 5.6 85.5 90.1 13.9 27.2 385
63.4 24.0 7.0 5.6 85.5 90.1 13.9 27.3 385
63.5 24.0 7.0 5.6 85.5 90.1 13.9 27.3 385
63.5 24.0 7.0 5.6 85.5 90.1 13.9 27.3 385
Average 63.4 24.0 7.0 5.6 85.5 90.1 13.9 27.3 385
60 64.9 25.2 5.2 4.7 78.2 84.3 17.2 50.4 53.3
64.9 25.2 5.2 4.7 78.2 84.3 17.2 50.4 53.3
64.9 25.2 5.2 4.7 78.2 84.3 17.2 50.4 53.3
64.9 25.2 5.2 4.7 78.2 84.3 17.2 50.4 53.3
64.9 25.2 5.2 4.7 78.2 84.3 17.2 50.4 53.3
Average 64.9 25.2 5.2 4.7 78.2 84.3 17.2 50.4 53.3
120 65.4 255 5.2 3.8 76.4 83.1 18.1 51.5 62.4
65.5 255 5.2 3.8 76.4 83.1 18.1 51.5 62.3
65.4 255 5.2 3.8 76.4 83.1 18.1 51.5 62.3
55 65.4 255 5.2 3.8 76.4 83.1 18.1 51.5 62.4
65.4 255 5.2 3.8 76.4 83.1 18.1 51.5 62.4
Average 65.4 25.5 5.2 3.8 76.4 83.1 18.1 51.5 62.4
180 65.9 26.1 5.3 2.7 73.4 80.3 19.6 52.6 74.6
65.9 26.1 5.3 2.7 73.4 80.3 19.6 52.6 74.6
65.9 26.1 53 2.7 73.4 80.3 19.6 52.6 74.6
65.9 26.1 53 2.7 73.4 80.3 19.6 52.6 74.6
65.9 26.1 53 2.7 73.4 80.3 19.6 52.6 74.6
Average 65.9 26.1 5.3 2.7 73.4 80.3 19.6 52.6 74.6
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Table Al (continued)

Composition (wt.%, based on dry matter

NaOH after pretreatment) Solid Cellulose Remover (%)
solution Time Hemi- remaining recovery Hemi-
(%) (min Cellulose | cellulose Lignin | other (%) (%) cellulose | Lignin | Other
60 65.1 24.0 55 55 67.1 725 324 55.3 | 528
65.1 24.0 55 5.5 67.1 725 324 553 | 528
65.1 24.0 55 55 67.1 725 324 553 | 528
65.1 24.0 5.5 55 67.1 725 324 553 | 528
65.1 24.0 5.5 55 67.1 725 324 553 | 528
Average 65.1 24.0 55 55 67.1 725 324 553 | 528
120 65.9 24.2 5.4 4.5 66.0 72.3 32.8 56.7 | 62.0
65.9 24.2 5.4 45 66.0 72.3 32.8 56.7 | 62.0
65.9 24.2 5.4 4.5 66.0 72.3 32.8 56.7 | 62.0
8 65.9 24.2 5.4 45 66.0 72.3 32.8 56.7 | 62.0
65.9 24.2 5.4 45 66.0 72.3 328 56.7 | 62.0
Average 65.9 24.2 5.4 45 66.0 72.3 32.8 56.7 | 62.0
180 66.9 24.8 5.4 3.0 64.0 711 334 58.0 | 755
66.9 24.8 5.4 3.0 64.0 711 334 581 | 755
66.9 24.8 5.4 3.0 64.0 711 334 581 | 755
66.9 24.8 5.4 3.0 64.0 711 334 581 | 755
66.9 24.8 5.4 3.0 64.0 711 334 581 | 755
Average 66.9 24.8 5.4 3.0 64.0 711 334 581 | 755
60 67.2 213 6.7 4.8 47.0 52.5 58.0 615 | 711
67.2 213 6.7 438 47.0 52.5 58.0 615 | 711
67.2 213 6.7 438 47.0 52.5 58.0 615 | 711
67.2 21.3 6.7 4.8 47.0 52.5 58.0 615 | 711
67.2 213 6.7 4.8 47.0 52.5 58.0 615 | 711
Average 67.2 21.3 6.7 4.8 47.0 52.5 58.0 615 | 711
120 68.5 21.7 6.5 33 46.0 52.3 58.1 63.5 | 80.6
68.5 21.7 6.5 33 46.0 52.4 58.1 63.5 | 80.6
105 68.5 21.7 6.5 33 46.0 52.4 58.1 63.6 | 80.6
68.5 21.7 6.5 33 46.0 52.4 58.1 63.6 | 80.6
68.5 21.7 6.5 33 46.0 52.4 58.1 63.6 | 80.6
Average 68.5 21.7 6.5 33 46.0 52.4 58.1 63.6 | 80.6
180 69.9 21.0 6.5 2.7 45.0 52.2 60.3 643 | 847
69.9 21.0 6.5 2.7 45.0 52.2 60.3 643 | 847
69.9 21.0 6.5 2.7 45.0 52.3 60.3 64.4 | 847
69.9 21.0 6.5 2.7 45.0 52.3 60.3 64.4 | 847
69.9 21.0 6.5 2.7 45.0 52.3 60.3 64.4 | 847
Average 69.9 21.0 6.5 2.7 45.0 52.3 60.3 64.4 | 847
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Table A2 Characterization of NaOH solution pretreated materials with ozonolysis

process
Composition
Time of ozone flow (Wt.%, based on dry matter) Remover (%)
(minute) Hemi- Solid Celllulose Hemi-
Cellulose cellulose Lignin Other remaining (%) recovery (%) cellulose Lignin Other
0 65.4 25.5 5.2 3.8 76.4 83.1 18.1 515 | 624
65.5 25.5 5.2 3.8 76.4 83.1 18.1 515 | 623
65.4 25.5 5.2 3.8 76.4 83.1 18.1 515 | 623
65.4 255 5.2 3.8 76.4 83.1 18.1 515 | 624
65.4 25.5 5.2 3.8 76.4 83.1 18.1 515 | 624
Average 65.4 25.5 5.2 3.8 76.4 83.1 18.1 515 | 624
10 69.8 23.2 4.2 2.8 70.9 82.2 30.8 63.6 | 74.6
69.8 23.2 4.2 2.8 70.9 82.2 30.8 63.7 | 74.6
69.8 23.2 4.2 2.8 70.9 82.2 30.8 63.7 | 74.6
69.8 23.2 4.2 2.8 70.9 82.2 30.8 63.7 | 74.6
69.8 23.2 4.2 2.8 70.9 82.2 30.8 63.7 | 74.6
Average 69.8 23.2 4.2 2.8 70.9 82.2 30.8 63.7 | 74.6
20 74.8 214 15 2.3 65.5 81.4 411 88.0 | 80.7
74.8 21.4 15 2.3 65.5 814 41.1 88.0 | 80.7
74.8 214 15 2.3 65.5 814 411 88.0 | 80.7
74.8 214 15 2.3 65.5 81.4 41.1 88.1 | 80.7
74.8 21.4 15 2.3 65.5 814 41.1 88.1 | 80.7
Average 74.8 21.4 15 2.3 65.5 81.4 41.1 88.0 | 80.7
30 75.9 20.8 0.8 24 62.6 78.9 45.3 93.8 | 805
75.9 20.8 0.8 24 62.6 78.9 45.3 93.8 | 80.5
76.0 20.8 0.8 24 62.6 78.9 453 93.8 | 805
75.9 20.8 0.8 24 62.6 78.9 453 93.8 | 80.5
75.9 20.8 0.8 2.4 62.6 78.9 453 93.8 | 80.5
Average 75.9 20.8 0.8 2.4 62.6 78.9 45.3 93.8 | 80.5
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Table A3 Characterization of untreated and pretreated materials with NH3 solution

pretreatment
Composition (wt.%, based on dry matter
NHs temp Time after pretreatment) Solid Cellulose : Remover (%)
solution (minute) Hemi- remaining recovery Hemi-
(%) Cellulose cellulose Lignin other (%) (%) cellulose | Lignin | Other
60.2 238 8.2 7.8
60.2 238 8.2 7.8
60.2 238 8.2 7.8
0 60.2 238 8.2 7.8
60.2 238 8.2 7.8
Average 60.2 23.8 8.2 7.8
40 12 60.4 238 8.2 7.7 99.3 99.6 0.6 1.0 24
60.4 238 8.2 7.7 99.3 99.6 0.6 1.0 24
60.4 238 8.2 7.7 99.3 99.6 0.6 1.0 25
60.4 238 8.2 7.7 99.3 99.6 0.6 1.0 24
60.4 238 8.2 7.7 99.3 99.6 0.6 1.0 24
Average 60.4 238 8.2 f s 99.3 99.6 0.6 1.0 24
24 60.5 236 8.2 7.7 98.8 99.3 2.0 1.7 2.2
60.5 236 8.2 7.7 98.8 99.3 2.0 1.7 2.2
60.5 236 8.2 7.7 98.8 99.3 2.0 1.7 2.2
60.5 236 8.2 7.7 98.8 99.3 2.0 1.7 2.1
60.5 236 8.2 7.7 98.8 99.3 2.0 1.7 2.2
Average 60.5 236 8.2 7.7 98.8 99.3 2.0 1.7 2.2
36 60.6 235 8.1 7.7 98.6 99.3 2.6 2.5 2.1
60.6 235 8.1 7.7 98.6 99.3 2.6 25 2.1
60.6 235 8.1 7.7 98.6 99.3 2.6 25 2.1
60.6 235 8.1 7.7 98.6 99.3 2.6 25 2.2
60.6 235 8.1 7.7 98.6 99.3 2.6 25 2.2
: Average 60.6 235 8.1 7.7 98.6 99.3 26 25 21
65 12 60.9 233 81| 78 98.4 99.4 3.6 33| 19
60.8 233 8.1 7.8 984 994 3.6 33 1.9
60.9 233 8.1 7.8 98.4 99.4 3.6 3.3 1.9
60.8 233 8.1 7.8 98.4 99.4 3.6 33 1.9
60.8 233 8.1 7.8 98.4 99.4 3.6 3.3 1.8
Average 60.8 233 8.1 7.8 98.4 994 3.6 3.3 1.9
24 61.0 232 8.0 7.8 98.2 99.5 4.3 4.1 1.7
61.0 232 8.0 7.8 98.2 99.5 4.3 4.1 1.7
61.0 232 8.0 7.8 98.2 99.5 4.3 4.1 1.7
61.0 232 8.0 7.8 98.2 99.5 43 4.1 1.7
61.0 232 8.0 7.8 98.2 99.5 4.3 41 1.7
Average 61.0 232 8.0 78 98.2 99.5 4.3 4.1 17
36 61.3 230 7.9 7.8 97.5 99.2 6.0 5.8 19
61.3 230 7.9 7.8 97.5 99.2 6.0 5.8 2.0
61.3 23.0 7.9 7.8 975 99.2 6.0 5.8 2.0
61.3 23.0 7.9 7.8 975 99.2 6.0 5.8 1.9
61.3 23.0 7.9 7.8 975 99.2 6.0 5.8 1.9
Average 61.3 23.0 7.9 7.8 975 99.2 6.0 5.8 2.0
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Table A3 (continued)

Composition (wt.%, based on dry matter
after pretreatment)

Remover (%)

soll\:;iii)n temp | Time (minute) Hemi- reggil:gng (r::(!:;i/lgrs; Hemi-
(%) Cellulose cellulose Lignin other (%) (%) cellulose | Lignin | Other
90 12 615 228 78 7.9 973 993 6.9 7.0 15
615 228 78 7.9 973 993 6.9 7.0 15
615 228 78 7.9 97.3 99.3 6.9 7.0 15
615 228 78 7.9 973 993 6.9 7.0 15
615 228 78 7.9 973 993 6.9 7.0 15
Average 615 228 78 7.9 973 993 6.9 7.0 15
24 61.7 227 77 7.9 96.9 99.4 77 96 14
61.7 227 7.7 7.9 96.9 99.4 7.7 96 14
61.7 227 77 7.9 96.9 99.4 7.7 96 14
61.7 227 7.7 7.9 96.9 99.4 7.7 96 14
61.7 227 7.7 7.9 96.9 99.4 7.7 96 14
Average 61.7 227 77 7.9 96.9 99.4 7.7 96 14
36 61.9 226 76 8.0 96.7 99.4 8.0 109 12
61.9 226 76 8.0 96.7 994 8.0 109 12
61.9 226 76 8.0 96.7 99.4 8.0 109 12
61.9 226 76 8.0 96.7 994 8.1 109 12
61.9 226 7.6 8.0 96.7 99.4 8.1 109 12
Average 61.9 226 76 8.0 96.7 99.4 8.0 109 12
40 62.0 224 75 8.1 95.7 985 10.0 122 1.0
62.0 224 75 8.1 95.7 985 10.0 122 1.0
62.0 224 75 8.1 95.7 985 10.0 122 1.0
62.0 224 75 8.1 95.7 985 10.0 122 1.0
12 62.0 224 75 8.1 95.7 985 10.0 122 11
Average 62.0 224 75 8.1 95.7 985 10.0 122 1.0
62.1 223 7.4 8.2 94.9 98.0 111 141 0.7
62.1 223 74 8.2 94.9 98.0 111 141 06
62.1 22.3 7.4 8.2 94.9 98.0 111 141 06
62.1 223 74 8.2 949 98.0 111 141 06
24 62.1 223 7.4 8.2 94.9 98.0 111 141 06
0 Avérage 62.1 223 74 8.2 94.9 98.0 111 141 06
62.3 222 7.3 8.2 94.1 97.4 123 159 1.0
62.3 222 73 8.2 94.1 974 123 159 1.0
62.3 222 73 8.2 941 974 123 159 1.0
62.3 222 73 8.2 94.1 974 123 159 1.0
36 62.3 222 73 8.2 94.1 974 123 159 11
Average 62.3 222 73 8.2 94.1 974 123 159 1.0
65 625 220 72 8.3 933 96.9 137 177 07
625 220 72 8.3 933 96.9 137 177 07
625 220 72 8.3 933 96.9 137 177 07
625 220 7.2 8.3 933 96.9 137 177 07
12 625 220 7.2 8.3 933 96.9 137 177 08
Average 625 220 7.2 8.3 933 96.9 137 177 07
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Table A3 (continued)

Composition (wt.%, based on dry matter
after pretreatment)

Remover (%)

soll\:;iii)n temp | Time (minute) Hemi- reggil:gng (r::(!:;i/lgrs; Hemi-
(%) Cellulose cellulose Lignin other (%) (%) cellulose | Lignin | Other
65 62.7 218 71 8.4 922 96.0 156 197 04
62.7 218 71 8.4 922 96.0 156 | 197 04
62.7 218 71 8.4 9222 96.0 156 | 19.7 04
62.7 218 71 8.4 922 96.0 156 | 197 04
24 62.7 218 71 8.4 922 96.0 156 | 197 04
Average 62.7 218 71 8.4 922 96.0 156 | 197 04
36 62.9 216 6.9 85 912 954 172 | 228 05
62.9 216 6.9 85 912 954 172 | 228 05
62.9 216 6.9 85 912 954 172 | 228 05
62.9 216 6.9 85 912 954 172 | 228 05
62.9 216 9 85 912 954 172 | 228 05
Average 62.9 216 6.9 85 912 95.4 172 | 228 05
90 12 63.2 215 68| 86 90.8 95.2 180 | 249 | 04
63.2 215 6.8 8.6 908 952 180 | 249 04
63.2 215 6.8 8.6 208 952 180 | 249 04
10 63.2 215 6.8 8.6 90.8 95.2 180 | 249 04
63.2 215 6.8 8.6 90.8 95.2 180 | 249 04
Average 63.2 215 6.8 8.6 90.8 95.2 180 | 249 04
24 63.3 214 6.7 8.6 89.9 945 191 | 271 08
63.3 214 6.7 8.6 89.9 945 191 | 271 08
63.3 214 6.7 8.6 89.9 945 191 | 271 08
63.3 214 6.7 8.6 89.9 945 191 | 271 08
63.3 215 6.7 8.6 89.9 945 191 | 271 08
Average 63.3 214 6.7 8.6 89.9 945 191 | 271 08
36 63.4 213 6.6 8.8 88.6 93.3 208 | 288 0.7
63.4 213 6.6 8.7 88.6 933 208 | 288 0.7
63.4 213 6.6 8.8 88.6 933 208 | 288 07
63.4 213 6.6 8.8 88.6 933 208 | 288 0.7
63.4 213 6.6 8.7 88.6 933 208 | 288 0.7
Average 63.4 213 6.6 8.8 88.6 933 208 | 288 0.7
40 12 63.6 21.1 6.4 8.9 86.8 91.7 23.1 325 03
63.6 211 64 | 89 86.8 917 231 | 325 04
63.6 211 64 | 90 86.8 917 231 | 325 03
63.6 211 64 | 89 86.8 917 231 | 324 03
63.6 211 64 | 89 86.8 917 231 | 325 04
2 Average 63.6 211 64 | 89 86.8 917 231 | 325 04
24 638 209 6.3 9.0 86.1 913 244 | 344 03
638 209 6.3 9.0 86.1 913 244 | 344 03
638 209 6.3 9.0 86.1 913 244 | 344 03
638 209 6.3 9.0 86.1 913 244 | 344 03
638 209 6.3 9.0 86.1 913 244 | 344 03
Average 638 209 6.3 9.0 86.1 913 244 | 344 03
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Table A3 (continued)

Composition (wt.%, based on dry matter
after pretreatment)

Remover (%)

NH; temp | Time (minute) - Solid Cellulose -
solution Hemi- remaining recovery Hemi-
(%) Cellulose cellulose Lignin other (%) (%) cellulose | Lignin | Other
40 64.0 208 6.1 9.1 85.2 905 255 36.2 06
64.0 208 6.1 9.1 85.2 905 255 | 362 06
64.0 208 6.1 9.1 85.2 905 256 | 362 06
64.0 208 6.1 9.1 85.2 905 256 | 362 06
36 64.0 208 6.1 9.1 85.2 905 255 | 362 06
Average 64.0 208 6.1 9.1 85.2 905 256 | 362 06
65 64.1 207 6.0 9.2 845 89.9 265 | 386 0.2
64.1 207 6.0 9.2 845 89.9 265 | 386 0.2
64.1 207 6.0 9.2 845 89.9 265 | 386 03
64.1 207 6.0 9.2 845 89.9 265 | 386 0.2
12 64.1 207 6.0 9.2 845 89.9 265 | 386 0.2
Average 64.1 207 6.0 9.2 845 89.9 265 | 386 0.2
64.2 206 58 9.4 83.3 88.8 278 | 409 0.1
64.2 206 58 9.4 83.3 888 278 | 409 0.0
64.2 206 58 9.4 833 888 278 | 409 0.0
64.2 206 58 9.4 83.3 88.8 278 | 409 0.0
24 64.2 206 58 9.4 83.3 88.8 278 | 409 0.0
Average 64.2 206 58 9.4 83.3 88.8 278 | 409 0.0
64.5 206 5.6 9.4 83.0 88.9 283 | 436 0.2
64.5 206 56 9.4 83.0 88.9 283 | 436 0.2
64.5 206 5.6 9.4 83.0 88.9 283 | 436 0.2
20 64.5 206 56 9.4 83.0 88.9 283 | 436 03
36 64.5 206 56 9.4 83.0 88.9 283 | 436 0.2
Average 64.5 206 56 9.4 83.0 88.9 283 | 436 02
90 64.6 206 55| 94 827 88.7 286 | 446 06
64.6 206 55 9.4 827 88.7 286 | 446 06
64.6 206 55 9.4 827 887 286 | 446 06
64.6 206 55 9.4 827 88.7 286 | 446 06
12 64.6 206 55 94 827 88.7 286 | 446 06
Avérage 64.6 206 55 9.4 827 88.7 286 | 446 06
64.7 205 54 | 94 823 88.4 291 | 457 07
64.7 205 54| 94 82.3 88.4 291 | 457 0.7
64.7 205 54| 94 82.3 88.4 291 | 457 07
64.7 205 54| 94 82.3 88.4 292 | 457 07
24 64.7 205 54| 94 82.3 88.4 291 | 457 0.7
Average 64.7 205 54| 94 82.3 88.4 291 | 457 07
64.7 204 54| 95 818 87.9 300 | 465 0.0
64.7 204 54| 95 818 87.9 300 | 465 0.0
64.7 204 54| 95 818 87.9 300 | 464 0.0
64.7 204 54 | 95 818 87.9 300 | 464 0.0
36 64.7 204 54 | 95 818 87.9 300 | 465 0.0
Average 64.7 204 54 | 95 818 87.9 300 | 464 0.0
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Table A4 Characterization of NHz solution pretreated materials with ozonolysis process

Composition ((wt.%, based on dry matter) Remover (%)
Time of ozone flow (minute) Hemi- Solid Celllulose Hemi-

Cellulose | cellulose | Lignin | Other | remaining (%) recovery (%) | cellulose | Lignin | Other
64.7 204 5.4 9.5 81.8 87.9 30.0 46.5 0.0
64.7 204 54 9.5 81.8 87.9 30.0 46.5 0.0
64.7 204 5.4 9.5 81.8 87.9 30.0 46.4 0.0
64.7 204 5.4 9.5 81.8 87.9 30.0 46.4 0.0
0 64.7 20.4 5.4 9.5 81.8 87.9 30.0 46.5 0.0
Average 64.7 20.4 5.4 9.5 81.8 87.9 30.0 46.4 0.0
68.7 19.2 4.4 7.7 76.2 87.1 36.6 59.5 24.4
68.7 19.2 4.4 1.7 76.2 87.1 36.6 59.5 24.4
68.7 19.2 4.4 1.7 76.2 87.0 36.6 59.5 24.4
68.8 19.2 4.4 1.7 76.2 87.1 36.6 59.5 24.4
10 68.8 19.2 4.4 7.7 76.2 87.0 36.6 59.5 24.4
Average 68.7 19.2 4.4 7.7 76.2 87.1 36.6 59.5 24.4
78.1 16.0 1.6 4.6 64.6 85.1 55.8 89.6 74.4
79.6 16.3 1.6 2.7 64.6 85.1 55.8 89.6 74.4
79.6 16.3 1.6 2.7 64.6 85.1 55.8 89.6 74.4
79.6 16.3 1.6 2.7 64.6 85.1 55.8 89.6 74.4
20 79.6 16.3 1.6 2.7 64.6 85.1 55.8 89.6 74.4
Average 79.3 16.3 1.6 3.1 64.6 85.1 55.8 89.6 74.4
84.2 12.3 1.0 2.6 57.9 81.0 70.0 93.8 80.5
84.2 12.3 1.0 2.6 57.9 81.0 70.0 93.8 80.5
84.2 12.3 1.0 26 57.9 81.0 70.0 93.8 80.5
84.2 12.3 1.0 2.6 57.9 81.0 70.0 93.8 80.5
30 84.2 12.3 1.0 2.6 57.9 81.0 70.0 93.8 80.5
Average 84.2 12.3 1.0 2.6 57.9 81.0 70.0 93.8 80.5
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Table A5 Characterization of untreated and pretreated materials with Ca(OH)2 solution

pretreatment
Composition (wt.%, based on dry matter
Ca(OH) Temp Time after p_retreatment) Solid Cellulose : Remover (%)
solution (minute) Hemi- remaining recovery Hemi-
(%) Cellulose cellulose Lignin other (%) (%) cellulose | Lignin | Other
60.2 238 8.2 7.8
60.2 238 8.2 7.8
60.2 238 8.2 7.8
0 60.2 238 8.2 7.8
60.2 238 8.2 7.8
Average 60.2 238 82 | 78
40 60.4 238 8.2 7.6 99.5 99.7 0.6 0.6 2.6
60.4 238 8.2 7.6 99.5 99.7 0.6 0.6 2.6
60.4 2338 8.2 7.6 99.5 99.7 0.6 0.6 2.6
60.4 238 8.2 7.7 99.5 99.7 0.6 0.6 25
12 60.4 238 8.2 7.7 99.5 99.7 0.6 0.6 25
Average 60.4 238 8.2 7.6 99.5 99.7 0.6 0.6 2.6
60.4 237 8.2 7.7 99.4 99.7 1.0 1.2 2.0
60.4 237 8.2 7.7 99.4 99.7 1.0 1.2 2.0
60.4 237 8.2 7.7 99.4 99.7 1.0 1.2 2.0
60.4 237 8.2 7.7 99.4 99.7 11 1.2 1.9
24 60.4 237 8.2 7.7 99.4 99.7 1.0 1.2 2.0
Average 60.4 237 8.2 7.7 99.4 99.7 1.0 1.2 2.0
60.5 237 8.1 7.6 99.0 99.5 1.4 1.7 3.0
60.5 237 8.1 7.6 99.0 99.5 14 1.7 3.0
60.5 237 8.1 7.7 99.0 99.5 14 1.7 2.9
60.5 23.7 8.1 7.7 99.0 99.5 1.4 1.7 2.9
36 60.5 237 8.1 7.7 99.0 99.5 1.4 17 2.9
2 Average 60.5 237 8.1 7.7 99.0 995 14 1.7 2.9
65 60.6 236 81| 77 98.8 99.4 19 24 | 27
60.6 236 8.1 7.7 98.8 99.4 19 2.4 2.6
60.6 23.6 8.1 7.7 98.8 99.4 1.9 2.4 2.6
60.6 236 8.1 7.7 98.8 99.4 19 2.4 2.6
12 60.6 23.6 8.1 7.7 98.8 99.4 1.9 2.4 2.6
Average 60.6 236 8.1 77 98.8 99.4 1.9 24 26
60.7 236 8.0 7.7 98.6 99.4 2.3 3.6 2.1
60.7 236 8.0 7.8 98.6 99.4 2.3 3.6 2.1
60.7 23.6 8.0 7.8 98.6 99.3 2.3 3.6 2.0
60.7 236 8.0 7.7 98.6 99.3 2.3 3.6 2.1
24 60.7 236 8.0 7.7 98.6 99.4 2.3 3.7 2.1
Average 60.7 236 8.0 7.7 98.6 99.3 23 36 21
60.7 236 7.9 7.8 98.4 99.2 2.7 4.8 1.6
60.7 235 7.9 7.8 98.4 99.2 2.7 4.8 1.6
60.7 236 7.9 7.8 98.4 99.2 2.7 49 15
60.7 236 7.9 7.8 98.4 99.2 2.7 48 1.6
36 60.7 236 7.9 7.8 98.4 99.2 2.7 48 15
Average 60.7 236 7.9 7.8 98.4 99.2 2.7 48 1.6
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Table A5 (continued)

Composition (wt.%, based on dry matter
after pretreatment)

Remover (%)

soll\:;iii)n temp | Time (minute) Hemi- reggil:gng (r::(!:;i/lgrs; Hemi-
(%) Cellulose cellulose Lignin other (%) (%) cellulose | Lignin | Other
90 60.8 235 7.9 78 9822 992 2.9 54 1.9
60.8 235 7.9 78 9822 992 2.9 54 19
60.8 235 7.9 7.8 98.2 99.2 2.9 54 1.9
60.8 235 7.9 78 9822 992 2.9 54 1.9
12 60.8 235 7.9 78 9822 992 2.9 54 1.9
Average 60.8 235 7.9 78 9822 992 2.9 54 1.9
60.9 235 7.9 78 98.0 99.0 33 6.0 2.0
60.9 235 7.9 78 98.0 99.0 34 6.0 2.0
60.8 235 7.9 7.8 98.0 99.0 33 6.0 2.0
20 60.8 235 7.9 78 98.0 99.0 34 6.0 2.0
24 60.9 235 7.9 78 98.0 99.0 34 6.0 2.0
Average 60.8 235 7.9 7.8 98.0 99.0 34 6.0 2.0
61.0 233 7.8 7.8 975 98.9 4.4 7.2 2.1
61.0 233 78 7.8 975 98.9 44 71 2.2
61.0 233 78 7.8 975 98.9 44 71 23
61.0 233 7.8 7.8 975 98.9 4.4 7.2 2.2
36 61.0 233 78 7.8 975 98.9 4.4 7.1 2.1
Average 61.0 233 7.8 78 975 98.9 4.4 7.1 2.2
40 61.1 232 7.7 8.0 96.9 983 56 85 0.9
61.1 232 7.7 8.0 96.9 983 56 8.5 1.0
61.1 232 7.7 8.0 96.9 983 56 85 0.9
61.1 232 7.7 8.0 96.9 98.3 56 8.5 0.9
12 61.1 232 7.7 8.0 96.9 98.3 56 8.5 0.9
Average 61.1 232 77 8.0 96.9 98.3 56 8.5 0.9
61.3 23.1 7.7 8.0 965 98.2 6.4 9.0 16
61.3 23.1 77 8.0 965 98.2 6.4 9.0 16
61.3 23.1 7.7 8.0 96.5 98.2 65 9.1 16
61.2 23.1 77 8.0 965 98.2 6.5 9.1 15
24 61.3 23.1 7.7 8.0 965 98.2 6.4 9.1 17
6 Avérage 61.3 23.1 77 8.0 965 98.2 65 9.1 16
61.4 22.9 7.7 8.0 96.1 98.0 77 26 15
61.4 229 77 8.0 96.1 98.0 77 96 15
61.4 229 77 8.0 96.1 98.0 7.7 96 14
61.4 229 77 8.0 96.1 98.0 77 9.7 13
6 61.4 229 7.7 8.0 96.1 98.0 7.7 9.7 14
Average 61.4 229 77 8.0 96.1 98.0 77 96 14
65 615 227 76 8.1 95.1 972 9.2 116 07
615 227 76 8.1 95.1 972 9.2 115 07
615 227 76 8.1 95.1 972 9.2 115 07
615 227 76 8.1 95.1 972 9.2 115 08
12 615 227 76 8.1 95.1 972 9.2 115 07
Average 615 227 76 8.1 95.1 972 9.2 115 07
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Table A5 (continued)

Composition (wt.%, based on dry matter
after pretreatment)

Remover (%)

soll\:;iii)n temp | Time (minute) Hemi- reggil:gng (r::(!:;i/lgrs; Hemi-
(%) Cellulose cellulose Lignin other (%) (%) cellulose | Lignin | Other
65 616 226 77 8.2 94.9 97.1 98 115 08
616 226 77 8.2 94.9 97.1 98 115 08
616 226 77 8.2 94.9 97.1 9.8 115 08
616 226 77 8.2 94.9 97.1 98 115 07
24 616 226 77 8.2 94.9 97.1 98 114 0.9
Average 616 226 77 8.2 949 97.1 98 115 08
61.7 226 76 8.2 94.1 96.4 10.9 133 16
61.7 226 76 8.2 94.1 96.4 10.9 133 16
61.7 226 76 8.2 941 96.4 10.9 134 15
61.7 226 76 8.2 94.1 96.4 10.9 134 16
36 61.7 226 7.6 8.2 94.1 96.4 10.9 134 15
Average 61.7 226 76 8.2 94.1 96.4 10.9 134 16
90 62.0 223 75| 82 93.4 96.2 126 | 145 1.4
62.0 223 75 8.2 934 96.2 126 145 14
62.0 223 75 8.2 934 96.2 126 146 14
%0 62.0 223 75 8.2 93.4 96.2 126 145 14
12 62.0 223 75 8.2 93.4 96.2 126 146 14
Average 62.0 223 75 8.2 93.4 96.2 126 145 14
62.1 222 75 8.3 928 95.6 136 157 0.9
62.1 222 75 8.3 928 956 137 157 08
62.1 222 75 8.3 928 95.6 136 157 0.9
62.1 222 75 8.3 928 95.6 136 157 0.9
24 62.1 222 75 8.3 928 95.6 136 157 0.9
Average 62.1 222 75 8.3 92.8 95.6 136 157 0.9
62.3 21.9 75 8.4 91.9 95.0 155 163 16
62.3 21.9 75 8.4 91.9 95.0 155 163 16
62.3 21.9 75 8.4 91.9 95.0 155 16.4 15
62.3 21.9 75 8.4 91.9 95.0 155 16.4 15
36 62.3 21.9 75 8.4 91.9 95.0 155 16.4 15
Average 62.3 21.9 75 8.4 91.9 95.0 155 16.4 16
40 62.4 218 7.4 8.4 916 94.9 16.3 17.6 0.9
62.4 218 74 8.4 916 94.9 16.3 17.6 0.9
62.4 218 74 8.4 916 949 163 177 0.9
62.4 218 74 85 916 94.9 16.4 177 0.9
12 62.4 217 74 85 916 94.9 16.4 177 08
100 Average 62.4 218 74 8.4 916 949 163 177 0.9
62.6 217 73 8.4 91.0 945 171 188 18
62.6 217 73 8.4 91.0 945 171 188 18
62.6 217 73 8.4 91.0 945 171 188 18
62.6 217 73 8.4 91.0 945 171 18.8 18
24 62.6 217 73 8.4 91.0 945 171 18.8 18
Average 62.6 217 73 8.4 91.0 945 171 18.8 18
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Table A5 (continued)

Composition (wt.%, based on dry matter
after pretreatment)

Remover (%)

soll\:;iii)n temp | Time (minute) Hemi- reﬁgil:gng ?:(!:Jlillgrsj Hemi-
(%) Cellulose cellulose Lignin other (%) (%) cellulose | Lignin | Other
40 62.6 216 72 8.6 89.6 93.1 18.9 213 07
62.6 216 72 8.6 89.6 93.1 189 | 213 07
62.6 216 72 8.7 89.6 93.1 189 | 213 0.7
62.6 216 72 8.7 89.6 93.1 189 | 213 06
% 62.6 216 72 8.7 89.6 93.1 189 | 213 06
Average 62.6 216 7.2 8.7 89.6 93.1 189 | 213 0.7
65 62.6 215 7.2 8.7 88.7 923 199 | 224 0.9
62.6 215 7.2 8.7 88.7 923 199 | 224 0.9
62.6 215 72 8.7 88.7 923 199 | 224 0.9
62.6 215 7.2 8.7 88.7 923 199 | 225 08
12 62.6 215 7.2 8.7 88.7 923 199 | 224 0.9
Audhde 62.6 215 7.2 8.7 88.7 923 199 | 224 0.9
62.6 215 72 8.7 88.2 917 203 | 230 15
62.6 215 72 8.7 88.2 917 203 | 230 15
62.6 215 7.2 8.7 88.2 917 203 | 231 14
62.6 215 7.2 8.7 88.2 917 203 | 230 15
24 62.6 215 72 8.7 88.2 917 203 | 231 14
Average 62.6 215 72 8.7 88.2 917 203 | 230 15
62.8 213 72 8.7 88.0 918 214 | 230 17
62.8 213 7.2 8.7 88.0 918 214 | 230 17
100 62.8 213 72 8.7 88.0 918 214 | 230 17
62.8 213 7.2 8.7 88.0 9138 214 | 230 16
6 62.8 213 7.2 8.7 88.0 918 214 | 231 17
Average 62.8 213 7.2 8.7 88.0 918 214 | 230 17
90 62.9 212 ) 8.8 87.9 91.9 218 242 06
62.9 212 7.1 8.8 87.9 91.9 218 | 243 06
62.9 212 7.1 8.8 87.9 91.9 218 | 243 06
62.9 212 7.1 8.8 87.9 91.9 218 | 243 06
12 62.9 212 7.1 8.8 87.9 91.9 218 | 243 06
Average 62.9 212 7.1 8.8 87.9 91.9 218 | 243 06
63.1 211 7.1 8.8 87.9 92.0 222 | 242 08
63.1 211 7.1 8.8 87.9 92,0 222 | 243 08
63.1 211 7.1 8.8 87.9 92,0 222 | 243 08
63.1 211 7.1 8.8 87.9 92.0 222 | 242 08
24 63.1 211 7.1 8.8 87.9 92,0 222 | 243 08
Average 63.1 211 7.1 8.8 87.9 92,0 222 | 243 08
63.3 208 7.1 8.9 87.4 91.9 235 | 249 08
63.3 208 7.1 8.9 87.4 91.9 235 | 249 0.7
63.3 208 7.0 8.9 87.4 91.9 235 | 249 0.7
63.3 208 7.0 8.9 87.4 91.9 235 | 249 0.7
36 63.3 208 7.1 8.9 87.4 91.9 235 | 249 0.7
Average 63.3 208 7.1 8.9 87.4 91.9 235 | 249 07
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Table A6 Characterization of Ca(OH)2 solution pretreated materials with ozonolysis

process
Time of Composition ((wt.%, based on dry matter) Remover (%)
ozone Solid
flow Ligni remaining Celllulose
(minute) | Cellulose Hemicellulose n Other (%) recovery (%) Hemicellulose Lignin Other
63.2 212 7.0 8.6 87.5 91.9 222 | 249 3.3
63.2 212 7.0 8.6 87.5 91.9 222 | 249 3.3
63.2 212 7.0 8.6 87.5 91.9 222 | 249 3.3
63.2 212 7.0 8.6 87.5 91.9 222 | 249 3.3
0 63.2 212 | 7.0 8.6 87.5 91.9 222 | 249 3.3
Average 63.2 212 | 7.0 8.6 87.5 91.9 222 | 249 3.3
63.4 211 7.0 8.5 87.0 91.5 229 | 25.7 4.8
63.4 211 7.0 8.6 87.0 91.5 229 | 25.7 4.7
63.4 211 | 7.0 8.5 87.0 91.5 229 | 25.7 4.8
63.4 211 7.0 8.6 87.0 91.5 229 | 25.7 4.7
10 63.4 21.1| 7.0 8.5 86.9 91.5 229 | 25.7 4.8
Average 63.4 211 | 7.0 8.6 87.0 91.5 229 | 25.7 4.8
63.5 210 7.0 8.5 86.1 90.8 239 | 266 | 6.6
63.5 210 7.0 8.5 86.1 90.8 239 | 266 | 6.5
63.5 210 7.0 8.5 86.1 90.8 239 | 266 | 6.6
63.5 21.0| 7.0 8.5 86.1 90.8 239 | 266 | 6.6
20 63.5 21.0| 7.0 8.5 86.1 90.8 239 | 266 | 6.5
Average 63.5 21.0| 7.0 8.5 86.1 90.8 239 | 266 | 6.6
63.6 210 7.0 8.4 84.9 89.8 25.1| 276 | 87
63.6 210 7.0 8.4 84.9 89.8 25.1| 276 | 87
63.6 21.0| 7.0 8.4 84.9 89.8 252 | 27.6 8.7
63.6 21.0| 7.0 8.4 84.9 89.8 25.1 | 27.7 8.7
30 63.6 21.0| 7.0 8.4 84.9 89.8 251 | 27.7| 87
Average 63.6 21.0| 7.0 8.4 84.9 89.8 25.1 | 27.6 8.7
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APPENDIX B

Characterization of untreated and pretreated Corn stover with

alkaline solution and ozone.

Table B1 Characterization of untreated and pretreated materials with NaOH solutions

pretreatment
Composition (wt.%, based on dry matter
NaOH temp Time after Pretreatment) Solid Cellulose : Remover (%)
solution (minute) Hemi- remaining recovery Hemi-
(%) Cellulose cellulose Lignin | other (%) (%) cellulose Lignin | Other
44.6 324 16.9 6.2
44.6 324 16.9 6.2
44.6 324 16.9 6.2
0 44.6 324 16.9 6.2
44.6 324 16.9 6.2
Average 446 324 | 169 | 62
40 45.0 32.2 16.5 6.2 98.2 99.2 2.3 3.8 0.8
45.0 32.2 16.5 6.2 98.2 99.2 2.3 3.8 0.8
45.0 32.2 16.5 6.2 98.2 99.2 2.3 3.8 0.8
45.0 32.2 16.5 6.2 98.2 99.2 2.3 3.8 0.8
60 45.0 322 16.5 6.2 98.2 99.2 2.3 3.8 0.9
Average 45,0 322 165 | 62 982 992 23 38 08
45.1 323 16.4 6.2 97.8 98.9 2.5 4.7 15
45.1 323 16.4 6.2 97.8 98.9 2.5 4.7 15
45.0 323 16.4 6.2 97.8 98.9 2.5 4.8 1.4
45.0 323 16.4 6.2 97.8 98.9 2.5 4.7 1.4
120 45.1 323 16.4 6.2 97.8 98.9 2.5 4.7 15
05 Average 451 323 164 | 62 97.8 98.9 25 47| 15
45.0 323 16.4 6.2 975 98.6 2.8 5.1 1.6
45.0 32.3 16.4 6.2 97.5 98.6 2.8 5.1 1.6
45.0 323 16.4 6.2 975 98.6 2.8 5.1 1.6
45.0 323 16.4 6.2 97.5 98.6 2.8 5.0 15
180 45.0 323 16.4 6.2 975 98.6 2.8 5.1 1.6
Average 45.0 323 164 | 6.2 975 98.6 28 5.1 16
65 451 322 164 | 63 97.1 983 34 5.6 15
451 32.2 16.4 6.3 97.1 98.3 34 5.6 1.4
451 32.2 16.4 6.3 97.1 98.3 34 5.6 1.4
451 322 16.4 6.3 97.1 98.3 3.4 5.6 1.4
60 451 322 16.4 6.3 97.1 98.3 3.4 5.6 1.4
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Table B1 (continued)

Composition (wt.%, based on dry matter

NaOH Time after pretreatment) Solid Cellulose Remover (%)
solution temp (minute) Hemi- — remaining recovery Hemi- —
(%) Cellulose cellulose Lignin | other (%) (%) cellulose Lignin | Other
65 451 322 164 | 63 97.1 98.3 34 56 15
451 322 164 | 63 97.1 98.3 34 56 1.4
451 322 164 | 63 97.1 98.3 34 56 1.4
451 322 164 | 63 97.1 98.3 34 56 1.4
60 451 322 164 | 63 97.1 983 34 56 1.4
Average 451 322 164 | 63 97.1 983 34 56 1.4
451 323 163 | 63 97.1 98.3 34 5.9 1.2
451 323 163 | 63 97.1 98.3 34 5.9 1.2
451 323 163 | 63 97.1 98.3 34 6.0 12
451 323 163 | 63 97.1 98.3 34 5.9 12
120 451 323 163 | 63 97.1 98.3 34 5.9 1.2
Average 45.1 323 16.3 6.3 97.1 98.3 3.4 5.9 1.2
453 322 163 | 62 96.8 98.3 3.7 63| 32
453 322 163 | 62 96.8 98.3 3.7 62| 32
453 322 163 | 62 96.8 98.3 3.7 63| 32
453 322 163 | 62 96.8 98.3 3.7 62| 33
R 453 322 163 | 6.2 96.8 98.3 3.7 63| 32
Average 453 322 163 | 62 96.8 98.3 3.7 63| 32
08 %0 450 324 164 | 64 95.8 96.6 43 71 15
449 324 164 | 64 95.8 96.6 43 71 1.4
450 324 164 | 64 95.8 96.6 43 71 1.4
449 324 163 | 64 95.8 96.6 43 71 1.4
60 450 324 164 | 64 95.8 96.6 43 71 15
Average 449 324 164 | 64 95.8 96.6 43 7.1 1.4
450 324 163 | 63 955 96.5 46 77| 23
450 324 163 | 63 955 96.5 46 77| 23
450 324 163 | 63 955 96.5 46 77| 22
450 324 163 | 63 955 965 46 77| 22
%4 450 324 163 | 63 955 96.5 46 77| 22
Average 45.0 324 16.3 6.3 95.5 96.5 4.6 7.7 2.2
451 323 162 | 64 95.3 96.5 5.1 8.3 19
451 323 162 | 64 95.3 96.5 5.1 83| 20
451 323 162 | 64 95.3 96.5 5.1 8.3 1.9
451 323 162 | 64 95.3 96.5 5.1 8.3 1.9
180 451 323 162 | 64 95.3 96.5 5.1 83| 20
Average 451 323 162 | 64 95.3 96.5 5.1 83| 20

131




Table B1 (continued)

Composition (wt.%, based on dry matter

NaOH Time after pretreatment) Solid Cellulose Remover (%)
solution | temp | ey o ~— remaining recovery —
(%) Cellulose cellulose Lignin | other (%) (%) cellulose Lignin | Other
40 59.9 239 80| 81 68.1 916 497 | 676 | 104
59.9 239 8.0 8.1 68.1 91.6 49.7 67.6 104
59.9 239 8.0 8.1 68.1 91.6 49.7 67.6 104
59.9 239 8.0 8.1 68.1 91.6 49.7 67.6 104
60 59.9 239 8.0 8.1 68.1 91.6 49.7 67.6 104
Average 59.9 239 8.0 8.1 68.1 91.6 49.7 67.6 104
60.1 24.0 7.9 7.9 67.7 914 49.8 68.2 13.0
60.1 240 7.9 7.9 67.7 914 49.8 68.2 13.0
60.1 24.0 7.9 7.9 67.7 91.4 49.8 68.2 129
60.1 24.0 7.9 7.9 67.7 914 49.8 68.2 129
120 60.1 24.0 7.9 7.9 67.7 914 49.8 68.2 13.0
Average 60.1 24.0 7.9 7.9 67.7 914 49.8 68.2 13.0
60.1 239 7.9 8.1 67.5 91.0 50.3 68.2 11.2
60.1 239 7.9 8.1 67.5 91.0 50.3 68.2 11.2
60.1 239 7.9 8.1 67.5 91.0 50.3 68.2 11.2
60.1 239 7.9 8.1 67.5 91.0 50.3 68.2 11.2
180 60.1 239 7.9 8.1 67.5 91.0 50.3 68.2 11.2
Average 60.1 239 7.9 8.1 67.5 91.0 50.3 68.2 11.2
>0 65 609 237 79| 76 67.1 917 509 | 687 | 178
60.9 23.7 7.9 7.6 67.1 91.7 50.9 68.7 17.7
60.9 23.7 7.9 7.6 67.1 91.7 50.9 68.7 17.7
60.9 23.7 7.9 7.6 67.1 91.7 50.9 68.7 17.7
60 60.8 23.7 7.8 7.6 67.2 91.7 50.9 68.8 16.9
Average 60.9 23.7 7.9 7.6 67.1 91.7 50.9 68.7 17.6
61.1 23.6 7.6 1.7 66.7 915 51.3 70.0 171
61.1 23.6 7.6 1.7 66.7 915 51.3 70.0 17.1
61.1 23.6 7.6 1.7 66.7 915 51.4 70.0 171
61.1 23.6 7.6 7.7 66.7 915 51.4 70.0 17.1
120 61.1 23.6 7.6 7.7 66.7 915 514 70.0 17.0
Average 61.1 23.6 7.6 7.7 66.7 915 51.4 70.0 17.1
61.0 23.6 1.7 1.7 66.0 90.4 52.0 69.7 17.8
61.0 23.6 7.7 7.7 66.0 90.4 52.0 69.7 17.8
61.0 23.6 7.8 7.7 66.0 90.4 52.0 69.7 17.8
61.0 23.6 7.7 7.7 66.0 90.4 52.0 69.7 17.8
180 61.0 236 7.7 1.7 66.0 90.4 52.0 69.7 17.7
Average 61.0 23.6 7.7 1.7 66.0 90.4 52.0 69.7 17.8
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Table B1 (continued)

Composition (wt.%, based on dry matter

NaOH Time after pretreatment) Solid Cellulose Remover (%)
solution | temp (minute) o ~— remaining recovery —
(%) Cellulose cellulose Lignin | other (%) (%) cellulose Lignin | Other
90 61.0 233 79| 79 65.1 89.1 532 | 697 | 172
61.0 233 7.9 7.9 65.1 89.1 53.2 69.7 17.2
61.0 23.3 7.9 7.9 65.1 89.1 53.2 69.7 17.2
61.0 23.3 7.9 7.9 65.1 89.1 53.2 69.7 17.2
60 61.0 23.3 7.9 7.9 65.1 89.1 53.2 69.7 17.3
Average 61.0 233 7.9 7.9 65.1 89.1 53.2 69.7 17.2
60.7 234 (i) 8.0 63.2 86.1 54.4 70.3 17.8
60.7 234 7.9 8.0 63.2 86.1 54.4 70.3 17.8
60.7 234 7.9 8.0 63.2 86.1 54.4 70.3 17.8
5 60.7 234 7.9 8.0 63.2 86.1 54.4 70.3 17.7
120 60.7 234 7.9 8.0 63.2 86.1 544 70.3 17.8
Average 60.7 234 7.9 8.0 63.2 86.1 544 70.3 17.8
60.8 23.3 7.8 8.1 62.9 85.8 54.8 70.9 17.8
60.8 23.3 7.8 8.1 62.9 85.8 54.8 70.9 17.8
60.8 233 7.8 8.1 62.9 85.8 54.8 70.9 17.8
60.8 23.3 7.8 8.1 62.9 85.8 54.8 70.9 17.8
180 60.8 233 7.8 8.1 62.9 85.8 54.8 70.9 17.8
Average 60.8 23.3 7.8 8.1 62.9 85.8 54.8 70.9 17.8
40 66.8 182 94| 57 402 60.3 775 | 776 | 630
66.8 18.2 9.4 5.7 40.2 60.3 775 7.7 63.0
66.8 18.2 9.4 5.7 40.2 60.3 775 7.7 63.0
66.8 18.2 9.4 5.7 40.2 60.3 775 77.6 63.0
60 66.8 18.2 9.4 5.7 40.2 60.3 775 77.6 63.0
Average 66.8 18.2 9.4 5.7 40.2 60.3 775 7.7 63.0
67.4 17.9 9.3 5.4 39.8 60.2 78.1 77.9 64.9
67.4 17.9 9.3 5.4 39.8 60.2 78.1 77.9 64.9
67.4 17.9 9.3 5.5 39.8 60.2 78.1 77.9 64.9
105 67.4 17.9 9.3 55 39.8 60.2 78.1 779 64.9
120 67.4 17.9 9.3 5.5 39.8 60.2 78.1 77.9 64.9
Average 67.4 17.9 9.3 55 39.8 60.2 78.1 77.9 64.9
67.7 17.8 9.3 5.3 39.5 60.1 784 78.3 66.3
67.7 17.8 9.3 5.3 395 60.1 784 78.3 66.4
67.7 17.8 9.3 5.3 395 60.1 78.4 78.3 66.4
67.7 17.8 9.3 5.3 39.5 60.1 784 78.3 66.4
180 67.7 17.8 9.2 5.3 395 60.1 78.4 78.3 66.3
Average 67.7 17.8 9.3 5.3 395 60.1 78.4 78.3 66.4
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Table B1 (continued)

Composition (wt.%, based on dry matter

NaOH Time after pretreatment) Solid Cellulose Remover (%)
solution temp (minute) HemP remaining recovery Do
(%) Cellulose r Lignin | other (%) (%) r Lignin | Other
cellulose cellulose
65 67.5 17.9 9.3 5.3 389 58.9 785 78.6 66.3
67.5 17.9 9.3 5.3 38.9 58.9 785 78.6 66.3
67.5 17.9 9.3 5.4 389 58.9 785 78.6 66.3
67.5 17.9 9.3 5.4 38.9 58.9 785 78.6 66.3
60 67.5 17.9 9.3 5.4 389 58.9 785 78.6 66.2
Average 67.5 17.9 9.3 5.4 38.9 58.9 785 78.6 66.3
66.1 18.0 9.0 6.9 38.7 575 785 794 56.7
66.1 18.0 9.0 6.9 38.7 57.5 785 79.4 56.6
66.1 18.0 9.0 6.9 38.7 57.5 785 794 56.6
66.2 18.0 9.0 6.9 38.7 575 785 79.4 56.7
120 66.1 18.0 9.0 6.9 38.7 57.5 785 79.5 56.6
Average 66.1 18.0 9.0 6.9 38.7 57.5 785 794 56.6
66.7 17.8 8.9 6.7 384 57.5 79.0 79.7 58.6
66.7 17.8 8.9 6.7 384 57.5 79.0 79.7 58.5
66.7 17.8 8.9 6.7 384 575 79.0 79.8 58.5
66.7 17.8 8.9 6.7 384 57.5 79.0 79.8 58.4
180 66.7 17.8 8.9 6.7 384 575 79.0 79.7 58.5
Average 66.7 17.8 8.9 6.7 384 57.5 79.0 79.8 58.5
10.5
90 67.2 175 86| 66 380 574 794 | 806 | 592
67.2 175 8.6 6.6 38.0 57.4 79.5 80.6 59.2
67.2 17.5 8.6 6.6 38.0 57.4 79.5 80.6 59.1
67.2 175 8.6 6.6 38.0 57.4 794 80.6 59.2
60 67.2 17.5 8.6 6.6 38.0 57.4 794 80.6 59.2
Average 67.2 175 8.6 6.6 38.0 57.4 79.5 80.6 59.2
67.5 17.6 8.5 6.4 37.8 57.2 79.5 81.0 60.6
67.5 17.6 8.5 6.4 378 57.2 79.5 81.0 60.6
67.5 17.6 8.5 6.5 378 57.2 79.5 81.0 60.5
67.5 17.6 8.5 6.5 37.8 57.2 79.5 81.0 60.5
120 67.5 17.6 8.5 6.5 378 57.2 79.5 81.0 60.4
Average 67.5 17.6 8.5 6.5 378 57.2 79.5 81.0 60.5
67.5 17.3 8.5 6.7 37.7 57.1 79.9 80.9 59.0
67.5 17.3 8.5 6.7 37.7 57.1 79.9 80.9 58.9
67.5 17.3 8.5 6.7 37.7 57.1 79.9 81.0 58.9
67.5 17.3 8.5 6.7 37.7 57.1 79.9 81.0 58.9
180 67.5 17.3 8.5 6.7 37.7 57.1 79.9 80.9 59.0
Average 67.5 17.3 8.5 6.7 37.7 57.1 79.9 80.9 58.9
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Table B2 Characterization of NaOH solution pretreated materials with ozonolysis
process.

Composition ratio
Time of ozone flow (wt.%, based on dry matter) Remover (%)
(minute) Hemi- Solid Celllulose Hemi-
Cellulose cellulose Lignin Other remaining (%) recovery (%) cellulose Lignin Other
61.1 236 7.6 7.7 0.1 66.7 915 51.3 70.0 17.2
61.1 236 7.6 7.7 0.1 66.7 915 51.3 70.0 17.12
61.1 236 7.6 7.7 0.1 66.7 915 514 70.0 17.1
61.1 236 7.6 7.7 0.1 66.7 915 514 70.0 17.1
0 61.1 236 7.6 7.7 0.1 66.7 915 514 70.0 17.1
Average 61.1 23.6 7.6 7.7 0.1 66.7 915 514 70.0 17.1
66.2 22.0 6.2 5.6 0.1 61.0 90.5 56.7 775 445
66.2 22.0 6.2 5.6 0.1 61.0 90.5 56.7 775 445
66.2 220 6.2 5.6 0.1 61.0 90.5 56.7 775 445
66.2 220 6.2 5.6 0.1 61.0 905 56.7 775 445
10 66.2 220 6.2 5.6 0.1 61.0 90.5 56.7 775 445
Average 66.2 22.0 6.2 5.6 0.1 61.0 90.5 56.7 775 44.5
76.2 18.6 1.8 3.4 0.0 51.9 88.7 70.2 90.4 7.7
76.2 18.6 1.8 3.4 0.0 51.9 88.7 70.2 90.4 7.7
76.2 18.6 1.8 3.4 0.0 51.9 88.7 70.2 90.4 71.7
76.2 18.6 1.8 3.4 0.0 51.9 88.7 70.2 90.4 71.7
20 76.2 18.6 1.8 3.4 0.0 51.9 88.7 70.2 904 717
Average 76.2 18.6 1.8 3.4 0.0 51.9 88.7 70.2 90.4 717
834 136 1.0 2.0 0.0 451 84.4 80.1 99.3 85.3
834 136 1.0 2.0 0.0 451 84.4 80.1 99.3 85.3
834 136 1.0 2.0 0.0 451 84.4 80.1 99.3 85.3
834 137 1.0 2.0 0.0 45.1 84.4 80.1 99.3 85.3
30 834 13.6 1.0 2.0 0.0 45.1 84.4 80.1 99.3 85.3
Average 834 13.6 1.0 2.0 0.0 45.1 84.4 80.1 99.3 85.3
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Table B3 Characterization of untreated and pretreated materials with NH3 solution

pretreatment
temp Composition (wt.%, based on dry matter ratio
NH; after pretreatment) Solid Cellulose Remover (%)
solution Time Hemi- remaining recovery Hemi-
(%) (minute) | Cellulose | cellulose | Lignin | other (%) (%) cellulose | Lignin | Other
44.6 324 16.9 6.2 0.4
44.6 324 16.9 6.2 0.4
44.6 324 16.9 6.2 0.4
0 44.6 324 16.9 6.2 0.4
446 324 16.9 6.2 0.4
Average 446 224 | 169 | 62| %4
40 446 324 16.9 6.1 0.4 994 99.5 0.6 0.6 2.3
447 324 16.9 6.1 0.4 99.4 99.5 0.6 0.6 2.2
447 324 16.9 6.1 0.4 99.4 99.5 0.6 0.6 2.3
446 324 16.9 6.1 0.4 99.4 99.5 0.6 0.6 2.3
12 446 324 16.9 6.1 0.4 994 99.5 0.6 0.6 2.2
Average 446 324 | 169 | 61 | 04 99.4 99.5 06 06| 23
448 324 16.8 5.9 0.4 99.0 99.4 0.9 11 4.9
448 324 16.8 5.9 0.4 99.0 99.4 0.9 11 4.9
44.8 325 16.8 5.9 0.4 99.0 99.4 0.9 11 5.0
448 325 16.8 5.9 0.4 99.0 99.4 0.9 11 5.0
24 448 324 16.8 5.9 0.4 99.0 99.4 0.9 11 4.9
Average 44.8 324 | 168 | 59 | 04 99.0 99.4 0.9 11| 49
449 324 16.7 6.1 0.4 97.7 98.4 2.5 3.2 4.1
449 324 16.7 6.1 0.4 97.7 98.4 2.5 3.2 4.0
449 324 16.7 6.1 0.4 97.7 98.4 2.5 3.2 4.0
449 324 16.7 6.1 0.4 97.7 98.4 2.5 3.2 4.0
36 449 324 16.7 6.1 0.4 97.7 98.4 2.5 3.2 4.1
s Average 449 324 16.7 6.1 0.4 97.7 98.4 2.5 3.2 4.1
65 450 324 165 | 61| 04 97.4 983 238 4.4 39
45.0 324 16.5 6.1 0.4 97.4 98.3 2.8 4.4 3.9
45.0 324 16.5 6.1 0.4 97.4 98.3 2.8 4.4 3.9
45.0 323 16.5 6.1 0.4 97.4 98.3 2.8 4.4 3.8
12 45.0 324 16.5 6.1 0.4 97.4 98.4 2.8 4.4 3.9
Average 45.0 324 16.5 6.1 0.4 97.4 98.3 2.8 4.4 3.8
45.6 324 16.4 5.6 0.4 97.9 100.1 2.1 4.7 114
45.6 324 16.4 5.6 0.4 97.9 100.1 2.1 4.7 114
45.6 324 16.4 5.6 0.4 97.9 100.1 21 4.7 115
45.6 324 16.4 5.6 0.4 97.9 100.1 2.1 4.7 115
24 45.6 324 16.4 5.6 0.4 97.9 100.1 2.1 4.7 11.3
Average 456 324 164 | 56 | 04 97.9 100.1 21 47 | 114
45.7 321 16.1 6.1 0.4 96.2 98.6 4.8 8.0 4.7
45.7 321 16.1 6.1 0.4 96.2 98.6 4.8 8.0 4.7
45.7 321 16.1 6.1 0.4 96.2 98.6 4.8 8.0 4.8
45.7 321 16.1 6.1 0.4 96.2 98.6 4.8 8.0 4.6
36 45.7 321 16.1 6.1 0.4 96.2 98.6 4.8 8.0 4.7
Average 457 321 | 161 | 61| 04 96.2 98.6 48 80 | 47
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Table B3 (continued)

Composition (wt.%, based on dry matter
after pretreatment)

Remover (%)

NHs temp | Time (minute) - Solid Cellulose :
solution Hemi- remaining recovery Hemi-
(%) Cellulose cellulose Lignin | other (%) (%) cellulose | Lignin | Other
90 458 32.0 15.9 6.2 0.4 94.9 97.6 6.3 | 104
459 32.0 15.9 6.2 0.4 94.9 976 63 | 104
45.9 32.0 15.9 6.2 0.4 94.9 97.6 6.3 | 104
45.9 32.0 15.9 6.2 0.4 94.9 97.6 6.3 | 104
12 45.9 32.0 15.9 6.2 0.4 94.9 97.6 6.3 | 104
Average 459 32.0 15.9 6.2 0.4 94.9 976 63 | 104
46.0 319 1538 6.3 03 936 96.6 79 | 124
46.0 319 1538 6.3 03 936 96.6 79 | 124
46.0 319 1538 6.3 03 936 96.6 79 | 124
° 46.0 31.9 15.8 6.3 03 936 96.6 79 | 124
21 46.0 319 15.8 6.3 03 936 96.6 79 | 124
Average 46.0 319 1538 6.3 03 936 96.6 79 | 124
46.1 31.9 156 6.5 03 924 956 92 | 148
46.1 31.9 15.6 6.5 03 924 956 92 | 148
46.1 31.9 156 6.5 03 924 95.6 92 | 148
46.1 31.9 15.6 6.5 03 924 95.6 92 | 148
36 46.1 31.9 156 6.5 03 924 95.6 92 | 148
Average 46.1 31.9 15.6 6.5 03 92.4 95.6 92 | 148
40 46.4 318 155 6.3 03 914 95.1 103 | 160
46.4 318 155 6.3 03 914 95.1 103 | 160
46.4 318 155 6.3 03 914 95.1 103 | 160
46.4 318 155 6.3 03 91.4 95.1 103 | 160
46.4 318 155 6.3 03 91.4 95.1 103 | 160
Average 46.4 318 155 6.3 03 914 95.1 103 | 160
465 316 153 6.6 03 9203 94.1 119 | 183
465 316 15.3 6.6 03 20.3 94.1 119 | 183
465 316 153 6.6 03 20.3 94.1 119 | 183
465 316 153 6.6 03 203 94.1 119 | 183
465 316 153 6.6 03 203 94.1 119 | 183
0 Average 465 316 153 6.6 03 203 94.1 119 | 183
46.6 315 15.2 6.6 03 88.8 92.9 136 | 199
46.6 315 15.2 6.6 03 88.8 92.9 136 | 199
46.6 315 15.2 6.6 03 88.8 92.9 136 | 199
46.6 315 15.2 6.6 03 88.8 92.9 136 | 199
46.6 315 15.2 6.6 03 88.8 92.9 136 | 199
Average 46.6 315 15.2 6.6 03 88.8 92.9 136 | 199
65 46.9 315 14.9 6.7 0.3 88.1 92.6 144 | 219
46.9 315 149 6.7 03 88.1 926 144 | 219
46.9 315 15.0 6.7 03 88.1 926 144 | 219
46.9 315 149 6.7 03 88.1 926 144 | 219
12 46.9 315 149 6.7 03 88.1 926 144 | 219
Average 46.9 315 14.9 6.7 03 88.1 926 144 | 219

137




Table B3 (continued)

Composition (wt.%, based on dry matter
after pretreatment)

Remover (%)

NHs temp | Time (minute) - Solid Cellulose :
solution Hemi- remaining recovery Hemi-
(%) Cellulose cellulose Lignin | other (%) (%) cellulose | Lignin | Other
65 471 314 14.8 6.7 0.3 87.7 92.6 151 | 231
471 314 148 6.7 03 87.7 926 151 | 231
471 314 1438 6.7 0.3 87.7 92.6 151 | 231
471 314 1438 6.7 0.3 87.7 92.6 151 | 231
24 471 314 1438 6.7 0.3 87.7 92.6 151 | 231
Average 471 314 148 6.7 03 87.7 926 151 | 231
472 312 146 6.9 03 87.2 923 160 | 244
472 312 146 6.9 03 87.2 923 160 | 244
472 312 146 6.9 03 87.2 923 160 | 243
472 312 146 6.9 03 87.2 923 160 | 244
36 472 312 14.6 6.9 03 87.2 923 161 | 244
Average 472 312 146 6.9 03 87.2 923 160 | 244
90 474 311 146 7.0 03 86.6 92.0 168 | 252
474 311 146 7.0 03 86.6 92.0 168 | 252
474 311 146 7.0 03 86.6 92.0 168 | 252
10 474 311 14.6 7.0 03 86.6 92.0 168 | 252
12 474 311 146 7.0 03 86.6 92.0 168 | 252
Average 474 311 14.6 7.0 03 86.6 92.0 168 | 252
476 31.0 145 7.0 03 86.2 92.0 176 | 258
476 31.0 145 7.0 03 86.2 92.0 176 | 258
476 31.0 145 7.0 03 86.2 92.0 176 | 258
476 31.0 145 7.0 03 86.2 92.0 176 | 258
24 476 31.0 145 7.0 03 86.2 92.0 176 | 258
Average 476 31.0 145 7.0 03 86.2 92.0 176 | 258
478 30.9 14.4 6.9 03 85.1 91.2 188 | 27.2
478 30.9 14.4 6.9 0.3 85.1 91.2 188 | 27.2
478 30.9 14.4 6.9 03 85.1 91.2 188 | 27.2
478 30.9 14.4 6.9 0.3 85.1 91.2 188 | 27.2
36 478 30.9 14.4 6.9 03 85.1 91.2 188 | 27.2
Average 478 30.9 14.4 6.9 03 85.1 91.2 188 | 27.2
40 480 307 143 | 7.0 03 843 906 | 202 | 284
48.0 30.7 143 7.0 03 84.3 90.6 202 | 284
48.0 30.7 143 7.0 03 84.3 90.6 202 | 285
48.0 30.7 143 7.0 03 84.3 90.6 202 | 285
12 48.0 30.7 143 7.0 03 84.3 90.6 202 | 284
2 Average 48.0 30.7 143 7.0 03 84.3 90.6 202 | 284
48.2 30.7 14.1 7.0 0.3 83.4 90.2 210 | 302
482 30.7 141 7.0 03 834 90.2 210 | 302
482 30.7 141 7.0 03 834 90.2 210 | 302
482 30.7 141 7.0 03 834 90.2 210 | 302
21 482 30.7 141 7.0 03 834 90.2 210 | 302
Average 482 30.7 141 7.0 03 834 90.2 210 | 302
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Table B3 (continued)

Composition (wt.%, based on dry matter
after pretreatment)

Remover (%)

NHs temp | Time (minute) - Solid Cellulose :
solution Hemi- remaining recovery Hemi-
(%) Cellulose cellulose Lignin | other (%) (%) cellulose | Lignin | Other
40 48.4 30.6 13.8 7.2 03 82.8 89.9 218 | 323
484 306 138 | 72 03 828 899 | 218 | 323
484 306 138 | 72 03 82.8 900 | 218 | 323
484 306 138 | 72 03 82.8 900 | 218 | 323
36 484 306 138 | 72 03 82.8 809 | 218 | 323
Average 484 30.6 138 | 72 03 828 899 | 218 | 323
65 486 305 137 72 03 82.1 895 227 | 335
486 305 137 72 03 82.1 895 | 227 | 335
486 305 137 72 03 82.1 895 | 227 | 335
486 305 137 7.2 03 82.1 895 | 227 | 335
12 4856 305 137 7.2 03 82.1 895 | 227 | 335
Average 486 305 137 7.2 03 82.1 895 | 227 | 335
488 303 136 | 74 03 81.9 895 | 236 | 341
488 30.3 136 | 74 03 81.9 895 | 236 | 341
488 30.3 136 | 74 03 81.9 895 | 236 | 341
488 30.3 136 | 74 03 81.9 895 | 236 | 341
24 488 30.3 136 | 74 03 81.9 895 | 236 | 341
Average 488 30.3 136 | 74 03 81.9 895 | 236 | 341
49.1 30.2 136 | 72 03 813 895 | 244 | 347
49.1 30.2 135 | 72 03 813 895 | 244 | 347
49.1 30.2 136 | 72 03 81.3 895 | 244 | 347
20 49.1 30.2 136 7.2 03 81.3 895 | 244 | 347
36 491 30.2 136 7.2 03 81.3 895 | 244 | 347
Average 49.1 30.2 136 7.2 03 81.3 895 | 244 | 347
90 493 30.0 133 74 03 81.1 89.6 250 | 361
493 30.0 133 74 03 81.1 896 | 250 | 361
493 30.0 133 | 74 03 81.1 896 | 250 | 36.1
493 30.0 133 74 03 81.1 896 | 250 | 361
12 493 30.0 133 | 74 03 81.1 896 | 250 | 361
Average 493 30.0 133 | 74 03 81.1 896 | 250 | 361
49.6 30.0 13.1 73 03 805 89.7 | 255 | 373
496 30.0 13.1 73 03 805 89.7 | 255 | 373
496 30.0 13.1 73 03 80.5 897 | 255 | 374
49.6 30.0 13.1 73 03 80.5 897 | 255 | 374
21 496 30.0 13.1 73 03 805 89.7 | 255 | 373
Average 49.6 30.0 13.1 73 03 805 89.7 | 255 | 373
498 297 130 | 75 03 80.1 894 | 265 | 383
498 297 130 | 75 03 80.1 894 | 265 | 383
498 297 130 | 75 03 80.1 894 | 265 | 383
498 297 130 | 75 03 80.1 894 | 265 | 383
36 498 297 130 | 75 03 80.1 894 | 265 | 383
Average 498 297 130 | 75 03 80.1 894 | 265 | 383
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Table B4 Characterization of NHs solution pretreated materials with ozonolysis process

Composition ((wt.%, based on dry matter)

Remover (%)

Time of ozone flow (minute) Hemi- Solid Celllulose Hemi-
Cellulose cellulose Lignin Other remaining (%) recovery (%) cellulose Lignin Other
49.6 30.0 131 7.3 80.5 89.7 255 373 55
49.6 30.0 131 7.3 80.5 89.7 255 373 55
49.6 30.0 131 7.3 80.5 89.7 255 374 55
49.6 30.0 131 7.3 80.5 89.7 255 374 53
0 49.6 30.0 13.1 7.3 80.5 89.7 255 373 5.5
Average 49.6 30.0 13.1 7.3 80.5 89.7 255 373 5.5
54.1 28.8 10.8 6.3 73.0 88.6 35.1 53.1 26.2
54.1 28.8 10.8 6.3 73.0 88.6 35.1 53.1 26.2
54.1 288 10.8 6.3 73.0 88.6 35.1 53.1 26.2
54.1 288 10.8 6.2 73.0 88.6 35.1 53.1 26.2
10 54.1 28.8 10.8 6.3 73.0 88.6 35.1 53.1 26.2
Average 54.1 28.8 10.8 6.3 73.0 88.6 35.1 53.1 26.2
66.5 259 3.6 s 64.6 85.1 55.8 89.6 74.4
66.5 259 3.6 3.1 64.6 85.1 55.8 89.6 74.4
66.5 259 3.6 3.1 64.6 85.1 55.8 89.6 74.4
66.5 259 3.6 3.1 64.6 85.1 55.8 89.6 74.4
20 66.5 259 3.6 3.1 64.6 85.1 55.8 89.6 74.4
Average 66.5 259 3.6 3.1 64.6 85.1 55.8 89.6 74.4
734 203 21 4.2 50.1 825 68.7 937 65.9
734 203 2.1 4.2 50.1 825 68.7 937 65.9
734 203 2.1 42 50.1 825 68.7 937 65.9
734 203 21 42 50.1 825 68.7 937 65.9
30 734 203 2.1 4.2 50.1 825 68.7 937 65.9
Average 734 203 2.1 4.2 50.1 825 68.7 937 65.9
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Table B5 Characterization of untreated and pretreated materials with Ca(OH)2 solution

pretreatment

Composition (wt.%, based on dry matter

Remover (%)

Ca(OH). Time after pretreatment) Solid Cellulose
solution Temp (minute) Hemi- o remaining recovery Hemi- o
(%) Cellulose Lignin | other (%) (%) Lignin | Other
cellulose cellulose
44.6 324 16.9 6.2
44.6 324 16.9 6.2
44.6 324 16.9 6.2
0 44.6 324 16.9 6.2
44.6 324 16.9 6.2
Average 44.6 324 16.9 6.2
40 44.7 324 16.9 6.1 99.5 99.7 05 0.5 25
447 324 16.9 6.1 99.5 99.7 0.5 0.6 2.5
447 324 16.9 6.1 99.5 99.7 0.5 0.5 2.5
447 324 16.9 6.1 99.5 99.7 0.5 0.5 2.6
12 447 324 16.9 6.1 99.5 99.7 0.5 0.5 25
Average 447 324 16.9 6.1 99.5 99.7 0.5 0.5 25
447 324 16.8 6.1 98.5 98.8 15 1.7 25
447 324 16.8 6.1 98.5 98.8 1.5 1.7 2.4
447 324 16.8 6.1 98.5 98.8 1.5 18 2.4
447 324 16.8 6.1 98.5 98.8 15 1.8 2.4
24 44.7 324 16.8 6.1 98.5 98.8 15 1.8 2.3
Average 447 324 16.8 6.1 98.5 98.8 15 1.8 2.4
449 325 16.7 6.0 98.2 98.9 15 2.9 4.9
449 325 16.7 6.0 98.2 98.9 15 2.9 4.8
449 325 16.7 6.0 98.2 98.9 15 2.9 4.9
449 325 16.7 6.0 98.2 98.9 15 2.9 5.1
36 44.9 325 16.7 6.0 98.2 98.9 15 2.9 5.1
20 Average 44.9 325 16.7 6.0 98.2 98.9 1.5 2.9 4.9
65 449 324 16.5 6.2 97.6 98.4 2.3 4.7 25
449 324 16.5 6.2 97.6 98.4 2.3 4.7 25
449 324 16.5 6.2 97.6 98.4 2.3 4.7 25
449 324 16.5 6.2 97.6 98.4 2.3 4.7 25
12 44.9 325 16.5 6.2 97.6 98.4 2.3 4.7 25
Average 449 324 16.5 6.2 97.6 98.4 2.3 4.7 25
45.0 324 16.3 6.3 97.2 98.2 2.8 6.2 0.8
45.0 324 16.3 6.3 97.2 98.2 2.8 6.2 0.7
45.0 324 16.3 6.3 97.2 98.2 2.8 6.2 0.7
45.0 324 16.3 6.3 97.2 98.2 2.8 6.2 0.6
24 45.0 324 16.3 6.3 97.2 98.2 2.8 6.2 0.6
Average 45.0 324 16.3 6.3 97.2 98.2 2.8 6.2 0.7
452 324 16.2 6.3 97.0 98.3 3.1 7.1 15
45.2 324 16.2 6.3 97.0 98.3 3.1 7.1 15
45.2 324 16.2 6.3 97.0 98.3 3.1 7.1 15
45.2 324 16.2 6.3 97.0 98.3 3.1 7.1 15
36 45.2 324 16.2 6.3 97.0 98.3 3.1 7.1 15
Average 45.2 324 16.2 6.3 97.0 98.3 3.1 7.1 15
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Table B5 (continued)

Composition (wt.%, based on dry matter
after pretreatment)

Remover (%)

Ca(O_H)z Time So_liq Cellulose
solution Temp (minute) Hemi- o remaining recovery Hemi- o
(%) Cellulose Lignin other (%) (%) Lignin | Other
cellulose cellulose
90 453 324 159 | 63 96.4 98.1 35 89| 15
45.3 324 15.9 6.3 96.4 98.1 35 8.9 15
453 324 159 6.3 96.4 98.1 35 8.9 15
453 324 159 6.3 96.4 98.1 35 8.9 15
12 453 324 159 6.3 96.4 98.1 3.6 8.9 14
Average 45.3 324 15.9 6.3 96.4 98.1 35 8.9 15
455 325 15.7 6.3 95.8 97.9 4.0 10.7 2.4
455 325 15.7 6.3 95.8 97.9 4.0 10.7 24
455 325 15.7 6.3 95.8 97.9 4.0 10.7 2.3
20 455 325 15.7 6.3 95.8 97.9 4.0 10.7 2.3
24 455 325 15.7 6.3 95.8 97.9 4.0 10.7 2.2
Average 455 325 15.7 6.3 95.8 97.9 4.0 10.7 2.3
457 32.3 15.6 6.4 95.1 97.5 5.1 121 1.6
457 32.3 15.6 6.4 95.1 975 5.1 121 1.6
45.7 323 15.6 6.4 95.1 97.5 5.1 121 1.6
45.7 323 15.6 6.4 95.1 97.5 5.1 12.1 1.6
36 457 32.3 156 6.4 95.1 97.5 5.1 121 1.6
Average 457 32.3 15.6 6.4 95.1 97.5 5.1 121 1.6
40 458 323 155 | 64 945 97.1 57| 133 19
45.8 32.3 155 6.4 945 97.1 5.7 133 1.9
45.8 32.3 155 6.4 945 97.1 5.7 133 1.8
45.8 32.3 155 6.4 945 97.1 5.7 133 1.7
12 458 323 155 6.4 945 97.1 5.7 133 1.7
Average 45.8 323 155 6.4 945 97.1 5.7 133 1.8
45.9 32.3 15.2 6.6 93.8 96.6 6.5 15.7 0.1
45.9 323 15.2 6.6 93.8 96.6 6.5 15.7 0.1
45.9 323 15.2 6.6 93.8 96.6 6.5 15.7 0.1
0 45.9 32.3 15.2 6.6 93.8 96.6 6.5 15.7 0.0
24 45.9 323 15.2 6.6 93.8 96.6 6.5 15.7 0.0
Average 45.9 323 15.2 6.6 93.8 96.6 6.5 15.7 0.1
46.1 32.3 15.2 6.5 93.2 96.3 7.2 16.0 1.8
46.1 32.3 15.2 6.5 93.2 96.3 7.3 16.0 1.7
46.1 32.3 15.2 6.5 93.2 96.3 7.3 16.0 1.7
46.1 323 15.2 6.5 93.2 96.3 7.3 16.0 1.7
36 46.0 32.3 15.2 6.5 93.2 96.3 7.3 16.1 15
Average 46.1 32.3 15.2 6.5 93.2 96.3 7.3 16.0 1.7
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Table B5 (continued)

Composition (wt.%, based on dry matter
after pretreatment)

Remover (%)

Ca(O_H)z Time So_liq Cellulose
solution Temp (minute) Hemi- o remaining recovery Hemi- o
(%) Cellulose Lignin other (%) (%) Lignin | Other
cellulose cellulose
65 463 320 15.0 6.7 92.0 95.6 91| 181 o7
463 320 15.0 6.7 92.0 95.6 91| 181 07
463 320 150 6.7 92.0 956 91| 181 07
463 320 150 6.7 92.0 956 91| 181 07
12 463 320 15.0 6.7 92.0 956 91| 181 07
Average 463 320 15.0 6.7 92.0 956 91| 181 07
465 318 150 6.8 90.8 946 109 | 193 0.9
465 318 15.0 6.8 90.8 94.6 109 | 193 08
465 318 150 6.8 90.8 94.6 109 | 193 08
465 318 152 6.6 90.8 946 110 | 184 32
51 465 318 15.2 6.6 908 94.6 110 | 184 31
Average 465 318 151 6.7 90.8 946 109 | 189 1.8
461 324 148 6.8 90.9 94.0 91| 205 06
461 324 148 6.8 90.9 94.1 91| 205 07
461 324 148 6.7 90.9 94.1 91| 204 08
461 324 148 6.8 90.9 94.1 91| 204 07
35 461 324 148 6.8 90.9 94.1 91| 204 07
Average 46.1 324 148 6.8 90.9 94.1 91| 204 07
% 90 46.8 315 148 6.9 89.5 939 131 | 214 0.0
468 315 148 6.9 895 93.9 131 | 214 0.0
46.8 315 148 6.9 895 93.9 131 214 0.0
4638 315 148 6.9 89.4 93.9 131 | 214 0.0
1 468 315 148 6.9 895 93.9 131 | 214 0.0
Average 46.8 315 14.8 6.9 89.5 93.9 131 21.4 0.0
472 314 146 6.8 893 945 134 | 226 13
472 314 146 6.8 89.3 945 134 | 226 13
472 314 146 6.8 89.3 945 134 | 225 1.4
472 314 146 6.8 893 945 134 | 226 13
24 472 314 146 6.8 89.3 945 134 | 226 13
Average 472 314 146 6.8 893 945 134 | 226 13
473 312 145 7.0 88.7 942 145 | 237 0.0
473 312 145 7.0 88.7 942 145 | 237 0.0
473 312 145 7.0 887 942 145 | 237 0.0
473 312 145 7.0 88.7 942 145 | 237 0.0
36 473 312 145 7.0 88.7 942 145 | 237 0.0
Average 473 312 145 7.0 88.7 942 145 | 237 0.0
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Table B5 (continued)

Composition (wt.%, based on dry matter
after pretreatment)

Remover (%)

Ca(O_H)z Time So_liq Cellulose
solution Temp (minute) Hemi- o remaining recovery Hemi- o
(%) Cellulose Lignin other (%) (%) Lignin | Other
cellulose cellulose
40 475 31.2 43| 70 88.3 94.2 150 | 252 | o7
475 31.2 143 7.0 88.3 94.2 15.0 25.2 0.7
475 31.2 143 7.0 88.3 94.2 15.0 25.2 0.7
475 31.2 14.3 7.0 88.3 94.2 15.0 25.2 0.7
12 475 31.2 143 7.0 88.3 94.2 15.0 25.2 0.7
Average 475 31.2 143 7.0 88.3 94.2 15.0 25.2 0.7
47.6 31.2 14.2 7.1 87.3 93.3 16.1 26.7 0.2
47.6 31.2 14.2 7.1 87.3 93.3 16.1 26.7 0.3
47.6 31.2 14.2 7.1 87.3 93.3 16.0 26.7 0.1
24 47.6 31.2 14.2 7.1 87.3 93.3 16.0 26.7 0.2
Average 47.6 31.2 14.2 7.1 87.3 93.3 16.1 26.7 0.2
47.7 311 141 7.1 86.6 92.6 17.0 27.6 0.0
47.7 31.1 141 7.1 86.6 92.6 17.0 275 0.0
477 311 141 7.1 86.6 92.6 17.0 275 0.0
47.7 311 141 7.1 86.6 92.6 17.0 27.6 0.1
36 47.7 311 141 7.1 86.6 92.6 17.0 27.6 0.1
Average 477 31.1 141 7.1 86.6 92.6 17.0 27.6 0.0
100 o5
47.8 31.0 141 7.2 85.7 91.9 18.1 284 0.7
47.8 31.0 141 7.2 85.7 91.9 18.1 284 0.7
47.8 31.0 14.1 7.2 85.7 91.9 18.1 284 0.8
47.8 31.0 141 7.2 85.7 91.9 18.1 284 0.7
12 47.8 31.0 141 7.2 85.7 91.9 18.1 284 0.6
Average 47.8 31.0 141 7.2 85.7 91.9 18.1 284 0.7
48.0 30.8 14.0 7.2 85.2 91.8 19.1 29.0 0.8
48.0 30.8 14.0 7.2 85.2 91.8 19.1 29.0 0.7
48.0 30.8 14.0 7.2 85.2 91.8 19.1 29.0 0.8
48.0 30.8 14.0 7.2 85.2 91.8 19.1 29.0 0.7
24 48.0 30.8 14.0 7.2 85.2 91.8 19.1 29.0 0.7
Average 48.0 30.8 14.0 7.2 85.2 91.8 19.1 29.0 0.7
48.1 30.6 14.0 7.2 84.9 91.7 19.7 29.3 0.9
48.1 30.6 14.0 7.2 84.9 91.7 19.7 29.3 0.9
48.1 30.6 14.0 7.2 84.9 91.7 19.7 29.3 0.9
48.1 30.6 14.0 7.2 84.9 91.7 19.8 29.3 0.8
36 48.1 30.6 14.0 7.2 84.9 91.7 19.7 29.3 0.8
Average 48.1 30.6 14.0 7.2 84.9 91.7 19.7 29.3 0.9
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Table B5 (continued)

Composition (wt.%, based on dry matter after

Remover (%)

Ca(OH), Time pr_e”eatmem) solid | Cellulose :
solution Temp (minute) Hemi- o remaining recovery Hemi- o
(%) Cellulose Lignin other (%) (%) Lignin Other
cellulose cellulose
9 482 306 140 7.3 84.6 914 202 299 0.0
48.2 30.6 14.0 7.3 84.6 914 20.2 29.9 0.0
48.2 30.6 14.0 7.3 84.6 914 20.2 29.9 0.0
48.2 30.6 14.0 7.3 84.6 914 20.2 29.9 0.0
12 48.2 30.6 14.0 7.3 84.6 914 20.2 29.9 0.0
Average 48.2 30.6 14.0 s 84.6 914 20.2 29.9 0.0
48.3 30.5 139 7.3 84.3 914 20.7 30.3 0.8
48.3 30.5 13.9 7.3 84.3 91.4 20.7 30.3 0.7
48.3 30.5 139 78 84.3 91.4 20.7 30.3 0.7
100 48.3 30.5 139 7.3 84.3 914 20.7 30.3 0.7
24 48.3 30.5 13.9 7.3 84.3 914 20.7 30.3 0.7
Average 48.3 30.5 139 7.3 84.3 914 20.7 30.3 0.7
48.3 30.5 13.9 7.3 83.9 91.0 211 30.8 1.0
48.3 30.5 139 7.3 83.9 91.0 211 30.8 1.0
48.3 30.5 13.9 7.3 83.9 91.0 211 30.8 0.9
48.3 30.5 13.9 7.3 83.9 91.0 211 30.8 0.9
36 48.3 30.5 13.9 7.3 83.9 91.0 211 30.8 0.9
Average 48.3 30.5 139 7.3 83.9 91.0 211 30.8 0.9
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APPENDIX C

Inhibitor examination

146



Science and Technology Service Center, Chiang Mai University
(STSC-CMU)
239 Huay-Kaew Road, Muang District Chiang Mai, Thailand 50200
Tel : 053-941971, 053-943397, 053-941973, 053-941974
Fax : 053-892275 E-mail : stsccmu@gmail.com

TEST REPORT

TR No. : 59/0622
Sample Code : STSC- CMU59/279(1)
Name of Customer / Organization : Wg Cdr. Jurarut Minmunin
Address : Department of Mechanical Engineering , Chiang Mai University.
Received Date : April 19,2016 Testing Period : April 19-27, 2016
Test Report Issued Date : April 29,2016
Sample Name : Sample A

The Results of Analysis

No. Tested Items Tested Result Unit LOQ LOD Method
1 Acetaldehyde ND mg/L < 0.5 HS-GC-FID
2 Total phenolic 296 +£0.14 mg/L - = Spectrophotometer

Note : (a) ND = Not Detected (b) LOQ = Limit of Quantitation (¢) LOD =Limit of Detection

The result is valid exclusively for the tested sample as mentioned in this report .Dissemination
or alteration of any part of this test reportis prohibited unless written permission is first obtained from

the Director of STSC-CMU.

(Asst. Prof. Dr. Sunanta Wangkarn) (Asst. Prof. Dr. Sakunnee Bovonsombut)

Deputy Director of STSC-CMU Director of STSC-CMU

“End of report™

FM -QP 5.10-01 Page 1/1

Figure C 1 Test Report for Ca(OH)2 and Ozone pretreatment of Bana grass.
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Science and Technology Service Center, Chiang Mai University
(STSC-CMU)
239 Huay-Kaew Road, Muang District Chiang Mai, Thailand 50200
Tel : 053-941971, 053-943397, 053-941973, 053-941974
Fax : 053-892275 E-mail : stsccmu@gmail.com

TEST REPORT

TR No. : 59/0623
Sample Code : STSC- CMU59/279(2)
Name of Customer / Organization : Wg Cdr. Jurarut Minmunin
Address : Department of Mechanical Engineering , Chiang Mai University.
Received Date : April 19,2016 Testing Period : April 19-27, 2016
Test Report Issued Date : April 29,2016
Sample Name : Sample B

The Results of Analysis

No. | Tested Items | Tested Result | Unit | LOQ | LOD Method
1 Acetaldechyde ND mg/L = 0.5 HS-GC-FID
2 Total phenolic 3.06 £0.03 mg/L = i Spectrophotometer

Note : (a) ND =Not Detected (b) LOQ = Limit of Quantitation (¢) LOD =Limit of Detection

The result is valid exclusively for the tested sample as mentioned in this report .Dissemination
or alteration of any part of this test reportis prohibited unless written permission is first obtained from
the Director of STSC-CMU.

< (4

(Asst. Prof. Dr. Sunanta Wangkarn) (Asst. Prof. Dr. Sakunnee Bovonsombut)

Deputy Director of STSC-CMU Director of STSC-CMU

“End of report”

FM -QP 5.10-01 Page 1/1

Figure C 2 Test Report for Ca(OH). and Ozone pretreament of Corn stover.
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Science and Technology Service Center, Chiang Mai University
(8TSC-CMU)
239 Huay-Kaew Road, Muang District Chiang Mai, Thailand 50200
Tel : 053-941971, 053-943397, 053-941973, 053-941974
Fax : 053-892275 E-mail : stsccmu@gmail.com

TEST REPORT

TR No. : 59/0624
Sample Code : STSC- CMU59/279(3)

Name of Customer / Organization : Wg Cdr. Jurarut Minmunin

Address : Department of Mechanical Engineering , Chiang Mai University.

Received Date : April 19,2016 Testing Period : April 19-27, 2016
Test Report Issued Date : April 29,2016

Sample Name : Sample C

The Results of Analysis

No. | Tested Items | Tested Result Unit LoQ | LOD Method
1 Acetaldchyde ND mg/L - 05 HS-GC-FID
2 Total phenolic 8.72 £0.26 mg/L 2 & Spectrophotometer

Note : (a) ND = Not Detected (b) LOQ = Limit of Quantitation (c) LOD =Limit of Detection

The result is valid exclusively for the tested sample as mentioned in this report .Dissemination

or alteration of any part of this test reportis prohibited unless written permission is first obtained from

the Director of STSC-CMU.

AN

%.ﬁ/"\/\— &'\4’ "\h\\«+

(Asst. Prof. Dr. Sunanta Wangkarn) (Asst. Prof. Dr. Sakunnee Bovonsombut)

Deputy Director of STSC-CMU Director of STSC-CMU

“End of report”

FM —QP 5.10-01 Page 1/1

Figure C 3 Test Report for NHz and Ozone pretreatment of Bana grass.
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Science and Technology Service Center, Chiang Mai University
(STSC-CMU)
239 Huay-Kaew Road, Muang District Chiang Mai, Thailand 50200
Tel : 053-941971, 053-943397, 053-941973, 053-941974
Fax : 053-892275 E-mail : stsccmu@gmail.com

TEST REPORT

TR No. : 59/0625
Sample Code : STSC- CMU59/279(4)
Name of Customer / Organization : Wg Cdr. Jurarut Minmunin
Address : Department of Mechanical Engineering , Chiang Mai University.
Received Date : April 19,2016 Testing Period : April 19-27, 2016
Test Report Issued Date : April 29,2016

Sample Name : Sample D

The Results of Analysis
No. | Tested Items | Tested Result Unit LOQ | LOD Method
1 Acetaldehyde ND mg/L - 0.5 HS-GC-FID
) Total phenolic 9.83 =0.03 mg/L = = Spectrophotometer

Note : (a) ND = Not Detected (b) LOQ = Limit of Quantitation (c) LOD =Limit of Detection

The result is valid exclusively for the tested sample as mentioned in this report .Dissemination
or alteration of any part of this test reportis prohibited unless written permission is first obtained from
the Director of STSC-CMU.

A

(Asst. Prof. Dr. Sunanta Wangkarn) (Asst. Prof. Dr. Sakunnee Bovonsombut)
Deputy Director of STSC-CMU Director of STSC-CMU
“End of report”
FM -QP 5.10-01 Page 1/1

Figure C 4 Test Report for NH3 and Ozone pretreatment of Corn stover.
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Science and Technology Service Center, Chiang Mai University
(STSC-CMU)
239 Huay-Kaew Road, Muang District Chiang Mai, Thailand 50200
Tel : 053-941971, 053-943397, 053-941973, 053-941974
Fax : 053-892275 E-mail : stsccmu@gmail.com

TEST REPORT

TR No. : 59/0626
Sample Code : STSC- CMU59/279(5)
Name of Customer / Organization : Wg Cdr. Jurarut Minmunin
Address : Department of Mechanical Engineering , Chiang Mai University.
Received Date : April 19,2016 Testing Period : April 19-27, 2016
Test Report Issued Date : April 29,2016

Sample Name : Sample E

The Results of Analysis
No. Tested Items | Tested Result Unit LOQ LOD Method
1 Acetaldehyde ND mg/L = 0.5 HS-GC-FID
2 Total phenolic 18.87 +0.56 mg/L = = Spectrophotometer

Note : (a) ND = Not Detected (b) LOQ = Limit of Quantitation (c) LOD =Limit of Detection

The result is valid exclusively for the tested sample as mentioned in this report .Dissemination
or alteration of any part of this test reportis prohibited unless written permission is first obtained from
the Director of STSC-CMU.

(Asst. Prof. Dr. Sunanta Wangkarn) (Asst. Prof. Dr. Sakunnee Bovonsombut)
Deputy Director of STSC-CMU Director of STSC-CMU
“End of report”
FM —QP 5.10-01 Page 1/1

Figure C 5 Test Report for NaOH and Ozone pretreatment of Bana grass.
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Science and Technology Service Center, Chiang Mai University
(STSC-CMU)
239 Huay-Kaew Road, Muang District Chiang Mai, Thailand 50200
Tel : 053-941971, 053-943397, 053-841973, 053-941974
Fax : 053-892275 E-mail : stsccmu@gmail.com

TEST REPORT

TR No. : 59/0627
Sample Code : STSC- CMU59/279(6)
Name of Customer / Organization : Wg Cdr. Jurarut Minmunin
Address : Department of Mechanical Engineering , Chiang Mai University.
Received Date : April 19,2016 Testing Period : April 19-27, 2016
Test Report Issued Date : April 29,2016

Sample Name : Sample F

The Results of Analysis
No. Tested Items | Tested Result Unit LOQ | LOD Method
1 Acetaldehyde ND mg/L = 0.5 HS-GC-FID
2 Total phenolic 25.35 £0.79 mg/L 5 - Spectrophotometer

Note : (a) ND = Not Detected (b) LOQ = Limit of Quantitation (¢) LOD =Limit of Detection

The result is valid exclusively for the tested sample as mentioned in this report .Dissemination
or alteration of any part of this test reportis prohibited unless written permission is first obtained from
the Director of STSC-CMU.

§_ Iz

(Asst. Prof. Dr. Sunanta Wangkarn) (Asst. Prof. Dr. Sakunnee Bovonsombut)
Deputy Director of STSC-CMU Director of STSC-CMU
“End of report™
FM QP 5.10-01 Page 1/1

Figure C 6 Test Report for NaOH and Ozone pretreatment of Corn stover.
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APPENDIX D

lodometric Method for the Determination of Ozone in a process gas

(International Ozone Association, Quality Assurance Committee, Revised Standardized
Procedure 001/96.)

Object : The present standard method concerns the determination of ozone in air, oxygen

or other process gases.

Reagents

1. Quality of the water for make-up of solutions shall comply with ISO No0.3696-
1987 Grade 1).

2. Buffered Kl (potassium iodide) in water

3. Buffered KI (potassium iodide) in water: KI 20 g/L;Na2HPO..2H,0 (disodium
hydrogen phosphate) 7.3 g/L and KH2POs (monopotassium dihydrogen phosphate)
3.50/L.

4. Sodium thiosulfate:Na2S.O3 0.1 mol/L in water.

Acidifying solution: H2SO4 (sulfuric acid):4.5 mol/L
Powered KIOs (Potassium periodate).

Cystalline KI.

HCI (hydrochloric acid) or H2SO4 0.1 N.

9. Starch indicator: Znl» (zinc iodide)-starch, prepared by dispersing 4 g starch into
an aliquot of water. The dispersion is added to a solution of 20 g ZnCl; (zinc chloride) in
100ml water. The solution is boiled until the volume has been reduced to 100mL and is
finally diluted to 1-Lwhile adding 2 g of Znl,. The indicator is stable for at least one
month when stored in the dark at room temperature.

N o g
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Standardization of titrant.

1. Principle
5KI+5H"=5HI+5K"
KIOz; + H" = HIO3 + K*
HIOz+5HI=3 12+ 3 H.0
312+6S:03=61+3S406”

2. Procedure

2.1 To 50mL of water in a 250 conical flask are added 0.05 g KIO3 and 0.5 g
Kl,followed by another volume of about 50mL water. After mixing, 10 ml of certified 0.1
N acid are added. The iodine formed is titrated with the thiosulfate solution. Normality
of S203™ equals: Normality of acid multiplied by the volume of acid (ml) and divided by
the volume of thiosulfate titrant (ml).

2.2 Determination of ozone.

2.1 200ml of KL solution are added to a gas washing bottle equipped with an
open gas bubbling device (tube or diffusor) under a reagent depth of 15 cm or more; (the
use of fritted glass diffusors is not recommended).

2.2 A second identical flask is connected in series as a guard detector for
ozone transfer and reaction in the first flask.

2.3 Process gas containing ozone is bubbled at a flow rate of 1 I/min or less,
until a total (estimated or expected) quantity of approximately 1 mM O3 (it equals 0.048
g) has passed.

2.4 The iodine formed in the solutions of Kl in the flasks, immediately after
acidification with 5ml of the acidifying reagent, is titrated h a freshly standardized sodium
thiosulfate solution.

2.5 After titration to a pale yellow color, optionally, 0.5mL of the starch
indicator solution can be added to complete and record the final result.

2.6 Concentration of ozone in g/L equals: 24 x volume of thiosulfate in L x
Normality of thiosulfate divided by the inlet volume of gas passed in L.
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