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Table 1 Relation of 1st order Reaction Constant to Temperature on Destruction of Xylose k

and Hydrolysis of Cellulose K

in Dilute Sulfuric Acid Solution

|
Temp. °C 140 150 160 170 180 190 200 210
k min—'| 0.17X10-2 | 0.42X 1072 | 0.10X 107" | 0.24X 107" 0.53x 10— 0.11 0.24 |0.48
k/ min.— | 0.98X10~* | 0.34x10—% | 0.11X 102 | 0.34X 1072 [0,10X 10~ 10.29X 107"/0.87 X107/ 0.20
k/k’ 16.7 12.3 9.1 6.9 5.1 3.9 3.0 2.4
k k' Calculated from(1)and(2)
k/k'
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Table 2 Effect of Cooking Temperature to Furfural and Organic Acid Yield
. Yield of Farfural Co- .17 | organtc acia | Organic Acid |Residuae
Cooking Fuarfural Solu. nen, of Distil." Furfural yield ][(v.onm, of Distil. yie!id yield
Tegnp. 'II};I;Q Distillate Evaporated Ave. Distillate| Evap. Ave, Distillate| Evap. %
C | min. cc L9 ¢ g/10C¢c % % g/100¢cc % %
200 .45] 540.5 208.0 4.96 5.13 | 1.00 3.63 3.81 | 1.45 76.4
195 1.05| 552.5 168.0 4,96 5.27 | 0.89 3.45 3.65 | 1.13 75.9
190 1.30] 539.7 158.0 5.36 5.54 { 0.75 3.40 3.51 | 1.07 75.2
185 2.10] 550.7 174.0 5.29 5.58 1 1.03 2.67 2.81 1 1.12 76.0
180 3.00] 540.1 112.0 5.41 5.59 | 0.45 3.47 3.59 | 0.99 77.5
175 4.15 540.9 105.0 5.90 6.11 | 0.28 3.26 3.38 | 0.91 76.9
170 6.00| 541.4 133.0 5.06 5.25 1 0.24 2.62 2.73 1 0.94 77.2
160 8.00| 541.2 153.0 5.04 5.23 | 0.85 1.66 1.73 | 0.67 80.1
150 | 16.00] 539.9 214.0 4.77 5.31 1 0.36 1.60 1.65 | 0.78 78.2
140 | 32.00| 540.6 152.0 4.14 4,29 1 0.30 0.86 0.86 | 0.49 78.2

Volume of evapoiated

liquor a the end of cooking



Table 3 Analysis of Residue Cooked with Fresh Steam

Cooking Based on Residue Rased on Wood
) ‘ Cellulose| Pe ntosan
Temp. }‘_ﬁrf A]céfsnz Lignin Pentogan:CelluloseAI%;E‘(’HZ‘ Lignin [Pentosan/Cellulose| yield yield
°C | min, | % % % | % | % | % % % % |\ %
|
200 45 18.2 — 3.6 53.8 | 13.9 — 2.8 41.2 72.7 11.3
195 1.05] 16.5 — 3.6 56.1 12.5 — 2.7 42.6 75.1 10.9
190 1.00{ 14.2 26.3 5.6 53.8 11.2 20.8 4.4 | 427 75.3 17.8
180 3.00 9.4 30.2 5.1 52:1 7.3 23.4 3.9 40.3 71.3 15.8
175 4,150 14.0 30.0 4.9 54.3 10.8 23.1 3.8 41.8 73.8 15.4
160 | 8.00, 11.9 29.5 7.0 56.4 9.5 23.6 5.6 45.2 79.7 22.6
150 | 16.00| 10.3 29.5 8.2 58.8 8.1 23.1 6.4 46.0 81.2 25.9
140 | 32.00| 10.3 24.2 8.5 60.7 | 8.1 18.9 6.6 47 .4 83.6 26.7
Table 4 Effect of Acetic Acid Concentration in Steam to Furfural and
Organic Acid Yield
Cooking ] Ylieédqu Farfur-pyrfural Furfural 3ield Organic Organjs] dAcid
____\ al Solt. Conc. Acid Co- _yeld | Residue
. HAc. 1....|Evapora-'of Distil. nen, of DIy, oy PR
Temp. |Time. |~ ) o) Distillatel, 4 Liy. | Ave. ‘stt:llatu Evap. & o Ave. Distillate] Evap. yisld
°C |His. | % | cc o lg/iocee | % % g/100ce % % %
170 | 6 o | sa1.4| 133.0] 5.06 1 5.25 | 0.24 | 2.62 | 2.73 | 0.94 | 77.2
170} 6 1 ‘ 540.3 146.0 5.42 \ 5.61 0.29 ‘ 2.97 1.85 1.36 76.3
170 | 6 3 540.1 126.0 5.71 | 5.91 0.27 | 4.08 1.14 0.88 75.7
190 l 1.5 0 ! 547.0 255.0 4.89 i 5.13 0.72 ‘ 3.42 3.53 1.62 78.3
190] 1.5| 1 | 540.8| 266.3| 5.36 !‘ 5.55 | 0.66 | 3.93 | 3.02 | 1.39 | 76.1
190 | 1.5| 3 | 541.0| 241.5| 5.40 | 5.59 | 0.78 | 5.05 | 2.09 | 1.26 | 74.0
Table 5 Analysis of Residue Cooked with Steam Containing Acetic Acid
ki Pased 1
Cooking o ased on Wood _(CellulossPentosan
y |Acetic |Residue | Ale.— Lo I " .
Temp. | Time acid co-| yicld | Bens. Lignin iP entog an@Cellu losael  yield yield
°c |Hs. men. 94| 9% |Ext%| % | % | % % %
‘ ,
170 6 | 1 | 763 | 11| 232 6 | 34.4 ' 60.1 | 14.6
170 6 | 3 1 75.7 ‘ 11.0 24.7 3.4 32.8 l 57.9 13.8
190 1.5 | 1| 76,1 | 15.4 18.1 2.2 37.7 66.6 8.9
196 1.5 l 3 l 74.0 ‘ 14.8 ‘ 16.9 2.7 35.7 ’ 63.2 10.9
!




Table 6 Effect of Calcium Chloride to Furfural and Organic Acid Yield
Added 0.8 CaCl, based on dry wood

. Yield of Furfural| Furfuial ‘ . ros Organic Organic Acid .
Cooking Solu. Coneon. Faifural Yield Acid ? Yield Residue
of Distil, | ———— B Concn, |————F—— seld
Temp. Time |DistillateEvaopra-| = Ave. [Distillats| Evap. | of Distil. |Distillate; Evap ¥
ted Liq. Ave | : %
°C Hrs. cc cc | g/100ce | % % | e/100cc | % % ’
190 1.5 540.9 237.0 6.10 6.32 0.93 3.21 3.32 1.47 75.5
170 6.0 540.3 202.0 7.08 7.31 0.38 - 3.09 3.20 1.61 73.1
150 8.0 539.5 140.0 3.91 4.05 0.76 1.43 1.48 0.58 83.5
150 16.0 540.6 560.0 5.13 5.32 1.21 0.98 1.02 1.25 73.3
Table 7 Analysis of Residue Cooked with Calcium Chloride
Cooking Fased on Wocd Cellulcse|Pentosan
Temp. | Time | CaCl, Rf;iigllée %I:nz l Lignin |Pentosan/cellulese yield yield
°C His. % % Ext. % ‘ % % % % %
ISC 8 0.8 83.5 8.4 24.0 10.8 37.4 66.0 43.7
150 16 0.8 73.3 5.8 16.9 7.4 39.2 69.2 30.0
170 6 0.8 73.1 5.9 22.3 3.2 37.8 66.8 13.0
190 1.5 0.8 75.5 11.1 24.1 2.0 33.6 | ~59.3 8.1
Table 8 Effct of Sulfuric Acid to Furfural and Organic Acid Yield
s - I
. Yisld of Furfural | Furfural . Qrganic Organic Acid  [Resid-
Cooking Solu. Concn.of Furfural Yield émd vield
— Distil.  |-——— — I?‘m' —_— e
Temp. | Time H»SO, Distillate|Euapora| Ave. |Distillate Evap. (]))istil Distillate] Evap. | Yield
ted Lig. N
°C |Hrs. | % cc cc g/100ce % % g /?ggéc % % %
170 2 0.5 540.1 152.5 4.84 5.01 1.09 3.39 3.51 0.76 77.7
170 3 0.5 540.5 157.5 5.44 5.63 1.05 2.93 3.04 0.69 79.4
170 4 0.5 539.9 162.0 - 6.31 6.52 1.13 2,76 2.85 0.65 76.9
170 5 0.5 540.7 165.0 6.71 | 6.95 1.09 2.56 2.66 0.68 72.0
170 1 1.0 540.7 171.5 5.98 6.19 0.73 3.84 3.98 0.79 79.6
170 2 1.0 540.6 155.5 6.27 6.49 0.71 3.68 3.82 0.77 77.3
170 3 1.0 540.3 169.0 6.44 6.66 0.49 3.22 3.33 0.89 71.5
170 4 1.0 5401 163.0 6.65 6.88 0.51 3.24 3.35 0.85 74.0




Table 9 Analysis of Residue Cooked with Sulfuric Acid

Cocking Based on Woed Cellulcse
- Temp. | Time |H3SO, | Residue gé;z— Lignin Cellulcse] yield
°C Hirs. % yield Ext, : % % % . %
170 3 0.5 79.4 11,5 22.3 33.3 \ 58.7
170 4 0.5 76.9 19.1 18.9 33.0 58.2
170 B 0.5 72,0 10.2 22.4 31.7 56.0
170 1 1.0 79.6 18.6 21.8 32.2 56.3
170 2 1.0 77.3 10.2 27 .4 — —
170 3 1.0 71.5 8.0 25,7 — —
170 4 | 1.0 74.0 8.3 26.6 —& —

Imposible

Table 10 Effect of Sulfurous Acid to Furfural Yield

Cooking Yield Cé‘oll'l?l urfural Furfural Yield | Residue
Temp. | Time |Distillate Et;gpfirig- Distillate| Evap. Y;d
°C min, cc | % % ?
200 60 | 540.0 | 140.0| 2.77 | 0.06 61.7
190 110 | 540.2| 170.0| 3.90 -| 0.55 58.3
190 80 | 540.5| 165.0| 5.11 | 0.10 65.4
190 50 | 540.0| 191.0| 5.41 | 0.36 64.0
190 40 | 540.3| .185.0| 6.26 | 0.22 61.5
190 30 | 540.8 | 215.0| 6.61 | 0.48 63.1
190 20 | 537.0| 205.0| 6.50 1,76 65.6
170 60 | 542.0| 136.0| 6.08 | 0.52 75.5
170 | - 30 540.5 | 130.0 | 2.83 0.52 87.8




