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Wood Hydrolysis with Strong Sulfuric Acid
Main-Hydrolysis 8

Studies on Filtration of Diluted Slurries of Main-Hydrolysis
Products Prepared by the Strong Sulfuric Acid Process
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Summary

_ The specific filtration resistance of the cake and the filtration resistance coefficient of
the caked cloth were determined by making an eXperiment on the filtration of diluted
slurries, before and after post-hydrolysis, of main-hydrolysis products which had been
prepared from dried, ground, and pre-hydrolyzed hard woed by impregnating it with
strong sulfuric acid using extruder type reactor.

The values of specific resistance, o were expressed by the following empirical formula.

o (before post-hydrolysis) = 9,9 X% IO‘D.Ap_U 916 _g—3.56R ‘

o (after post-hydrolysis) =2.37 x 10", Ap??'6 =356k

The filtration resistance coefficient of the caked filter cloth was represented as a
function of mixing ratio as expressed by the following empirical equations.

R. (before -post-hydrolysis) =e=2 5% x 1,225 x 1013

R. (after post-hydrolysis) =25 x 1 225 x 10"

The solid concentration of the diluted slurry of main-hydrolysis product was represented
as a functicn of acid concentration and mixing ratio as given by following empirical
formula.

8%0.00879R"‘»78.C° 2

The density and the viscosity of filtrate were given as functions of acid concentration

as expressed by the following two empirical formula respzctively.
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Table

Mixing Ratio and specific Filtration Resistance of the Cake

Lignin Residues

Specific Filtration Rasistance of the Cake

Ron o yixing ,
Before Post-Hydralysis After Post-Hydrolysis
Numter Retio .
APp=526g/cm? 790 2,000 4,000 526 790 2,000 4,000
2 1.27 6.19 x 101 1.85 X 1072 2.29 X 1012 1.29 x 100 3.50 x 101 16,20 X 101
3 1.32 4,00 X 101 3.58 X 101 4.17 X 101 8.05 X 1010 2.90 x 101 5.35 X 101
4 0.59 5.40 X 1012 1.60 X 1018 2.45 X 1013 9.54 X 101 3.71 X 1012 6.20 X 1012
5 0.56 8.17 X 1012 1.64 X 1013 3.20 X 1013 1.95 X 1012 6.10 X 10712 1.11 X 1013
6 0.52 3.81 X 1012 1.29 X 1018 2.57 X 1013 1.75 X 1012 5.30 X 1012 9.80 X 1012
7 0.42 1.00 X 1012 3.10 X 1013 4,50 X 101 2.42 X 101 9.46 X 1012 1.16 X 1018
8 1.02 5.66 X 101 1.22 X 1012 2.78 X 1012 7.00 X 1012 2.18 X 101 3.1 X 101 1.27 X 1012 1.50 X 1012
9 0.95 1.10 x 1012 1.48 X 1012 1.65 X 1012 1.98 X 1012 3.15 X 101 5.09 X 101 1.06 X 1012 1.41 X 1012
10 0.72 2.65 X 1012 3.60 X 1012 8.27 X 1012 1.35 X 1012 6.51 X 10N 8.31 X 10U 2.28 X 1012 3.60 X 1012
11 1.14 6.50 x 101 1.02 X 1012 3.08 X 1012 4.83 X 1012 1.25 X 10M 1.80 x 10% 8.00 X 101 1.14 X 1012
12 0.81 | 2.0 x 1012 | 3.55 X 102 | 510 X 102 | 8.13 X 1012 | 5.00 X 10H 5.30 X 10M 1.11 X 1012 | 2.00 X 1012
13 0.73 3.05 X 1012 4,58 X 1012 1.00 X 1013 2.05 X 1013 2.28 X 101 7.00 X 101 2.50 X 1012 2.77 X 1012
14 0.71 3.39 X 1012 4.58 X 1012 5.40 X 1012 9.00 X 1012 6.35 X 101 8.30 X 101 2.75 X 1012 3.27 X 1012
15 0.72 | 2.15 X 1012 | 3.23 X 1012 1:06 x 1013 2.38 X 1013 5.10 X 1011 1.09 X 1012 | 3.79 X 1012 | 5.76 X 1012
16 0.65 | 3.00 X 102 | 5.51 X 1012 1.44 X 1013 1.40 X 1013 5.71 X 101 6.60 X 10N 3.00.X 1012 | 5,60 X 1012
17 0.68 5.65 X 1012 3.55 X 1012 1.36 X 1013 2.12 X 1013 6.60 X 101 1.41 X 1012 1.68 X 1012 5.43 X 1012
18 0.56 | 4.40 X 102 1.02 X 1013 2.02 X 1013 3.79 X 1013 1.05 X 1012 1.55 X 1012 4.60 X 1012 8.00 X 1012
19 0.74 1.99 x 1012 2.75 X 1012 8.10 X 1012 1.36 X 1013 8.48 x 101 8.00 X 101 2.10 X 1012 3.06 X 1012
2 0.75 1.50 X 1012 2.50 X 1012 1.06 X 1013 1.42 X 1013 6.55 X 101 1.16 X 1012 2.37 X 1012 3.17 X 1012
21 0.72 2.45 X 1012 2.95 X 1012 1.9 X 1013 2.53 X 1013 2.83 X 1010 7.70 X o1 1.75 X 1012 5.15 X 1012
22 0.52 5.10 X 1012 6.70 X 1012 2.00 X 1013 3.27 X 1013 2.38 x 101 2.90 X 1012 8.18 X 1012 1.16 X 1013
23 0.53 4.76 X 1012 6.95 X 1012 1.33 X 1013 2.06 X 1013 9.10 X 101 .50 X 1012 3.L0 X 1012 3.43 X 1012
24 0.57 5.08 X 1012 5.00 X 1012 1.64 X 1013 2.77 X 1013 2.00 X 101 1.35 X 1012 4.92 x 1012 7.40 X 1012
26 0.78 2.05 X 1012 2.63 X 1012 8.36 X 1012 1.49 X 1013 4.36 X 101 6.03 X 101 1.06 X 1012 3.00 X 1012
27 0.52 3.39 x 1012 3.42 X 1012 1.39 X 1013 5.10 X 1018 1.28 X 1012 4,02 X 161 4.90 X 1012 8.00 X 1012




Table Mixing Ratio and Filtration Resistance Cofficient of the Caked Cloth
Run Mixing Ry : Filtration Resistance Coefficient of Caked Cloth
Before Post- Hydro]ysu, After Post-Hydrolysis
Number | Ratio | A;,cfnz.f 790 2,000 526 790 2,000

2 1.27 12.10x1010 | 5501010 7.90X10% | 4.50X 109

3 1.32 3.13%x1010 | 6,70 1010 4.23x10% | 5.03%x 109

4 0.59 3.32x101 | 2.35x 101 1.29X1010 | 3,80x 1010

5 0.56 1.90x10M | 2.02%x 100 — 4.00x 1010
6 0.52 2.80%x 101 - — 3.93X 1010

7 0.42 4.00X 101 | 6.83x 101 5.80%X1010 | 1.47x 101
8 1.02 | 1.54x 101 | 7.12X 1070 | 9.83X 1010 | 1.18X10' | 1.00x101° | 8.00x 109
9 0.95 | 1.15X101 | 7,10X 1010 | 1.84X 101 | 1.05X 1010 | 1.12X 1010 | 9.60% 107
10 0.72 | 1.32x10M — 3.55X 101 — 1.46X 1010

11 1.14 | 1.00X 10" | 6.91X 1010 | 6.30% 1010 | 6.10X 1010 | 6.90X 109

12 0.8l | 2.11X10M | 1.69X101 | 1.02x 10" | 1.82X 1010 | 1.65% 1010

13 0.73 | 1.92x10" | 2.19x 101 — 2.00x 1010 —

14 0.71 | 3.08X101 | 3.76X 101 | 2.45x 101 | 1.45X1010 | 3.21X 1010

15 0.72 | 2.05X10M™ | 1.30Xx101 | 1.00X 101 | 2.90X 1010 | 1.85% 1010

16 0.65 | 2.85X 101 | 1.24X101 | 2.50X 101 | 1.05X 1010 | 2.73X 1010

17 0.68 | 2.20X 107 | 2.93%X1011 | 1.01X 10" | 4.20X 1070 | 4,10X 1010

18 0.56 — 3.30x 101 — 2.24X 1010 | 2.63%X 1010

19 0.74 | 1.13X101 | 1.64X% 10N — 1.43%1010 —

20 0.75 | 3.20X10T | 3,37 %107 | 1.65X101 | 5.88X1010 | 3.29%X 1010 | 4.10X 1010
21 0.72 | 1.17%x10M | 6.06X 1010 — 2.57X1010 — 2.75X 1010
22 0.52 — 3.90x 101 — 3.50X 1010 | 3.00%x 1010 | 2.85%x 1010
23 0.53 — 3.65X 10" | 5,77X101 | 4.00X 1010 |'3.43X 1010 | 2.00X 1010
24 0.57 | 1.54X101 | 1.95%x10M — '5.50X107 | 73.10X1010 | 2.15X 1010
26 0.78 | 1.45%10™M | 9.65x1010 | 1.44x101 | 1,15%10%0 | 1.56x1010 | 1.05% 1010
27 0.57 | 3.20x10n | 2.85%x 101 — 1.13X1010 | 2.45%x 1010 —
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Table Solid Content Slurries Table Density and Viscosity of Filtrate Table Cake Moisture and
Mixing Ratio

Ren jyees
Mixi Sulfori i i in-Hed . Tirat
Nu- M meum If.ric Acii Conceniration Run Main-Hgdrolysis B Filtrate Mass ratio of wet cake
mker 59 | 10% | 20% | 30% | 40% Nu- fpgeos [ Acid |Acid Densi-'s;. .
| _ _ . b, [Mixing Temp -Retent-c o [ | Viscosity to dry Cake
2| 1.27] 0.020] 0029} 0.049] 0.069 | 0.089 g | |eratreion aarnw,b. avae . |fgmy [(8mom/
3| 1.32| 0.016] 0.0251 0.044 | 0.062 | 0.081 Ratio | °C |re, minlio o |ion o B s sec] Pressure Defference
4| 0.59 0.061 | . ! i i - - gw jem2
| oael 00w | m %w " m,wmm . 2| 12r| 70 | 6 |73.7]48.5]1.350 0.035 526 | 790 12,004,000
. . . | . .
o | 006! 0098 0.167 ," | 3]1.32] 60 3 | 75.0|49.5 | 1.335 0.0395 6.90 | 6.85 | 6.85
. . . . t
ol 001! o118 oo | | 4059 | 60 3 |34.9]17.4|1.170] 0.0178 7.04 | 6.80 | 6.06
' g L pore i 510.56 | 50 3 |79.6]21.9|1.140] 0.0181 5.26 | 4.31 | 4.17
s| 1.02] 0.020! 0.044 | 0.075 ! 0.105! 0.134
ol 05| 0.035 | 0.049! 0.077| 0.105| 0.133 6]0.521 70 3 |75.1]20.7|1.149 0.0198 5.21 | 5.61 | 4.67
: 0351 0.0491 0.0773 8. 100 0. 710.42| 60 3 | 76.4117.3|1.119] 0.0172 5.0 | 4.55 | 3.16
0] 0.72] 0.0321 0.044! 0.069 | 0.094 ! . e e : . :
| 14| 0.028 ! o OMM 0071 | mmwmw 0.119 8]1.02] 50 3 | 74.3]49.3|1.354 0.0430 5.05 | 4.35 | 4.20
e O PG ey 0.128 910095| 50 | 6 |79.9|41.3]|1.277] 0.0418 6.00 | 6.00 | 6.05 | 5.33
13 0.73 o.o\*m” o.o&“ o.:m_ o.amu C.160 10|0.72| 70 6 | 76.4 | 40.7 | 1.296] 0.0259 5.66 | 6.05 | 5.56 | 5.05
el ot o0es | o con o.S»w o 1oy | 0.193 11]1.14] 60 6 | 74.8141.2|1.280 0.0335 5.00 | 5.00 | 4.85 | 4.75
sl 072! 0033} 0054 0.09  0.138 | 0.204 122|081 | 60 | 6 |75.6|41.0|1.246 0.02i9 6.66 | 6.85 | 6.50 | 6.31
6| oes| 0.05 ! ocesl 0.141 o108 | 0.180 3loza| 50 | o |76.7|31.0]|1.226 0.0254 5.50 | 5.20 | 5.03 | 4.36
17| 0.68| 0.032| 0.051 | .87 | 0.123 | 14 | 0.71| &0 9 |80.1|34.51.227] 0.0212 5.9516.00|5.83 | 5.68
: 032, 0,051y D.0800 M. 129 15|0.72| 60 | 3 |76.9|25.5 | 1.200| 0.0307 5.50 | 5.32| 5.10 | 5.10
18| 0.56| 0.045 1 0.0781 0.141 | 0.204 | C
10| 074 | 0.035 0.053 | 0.088 D o123 ! 16 | 0.65 | 70 3 |78.0]23.7|1.135 0.0194 6.02 | 5.71 | 5.50 | 4.17
20 o.d o.cd,” o.mmmﬁ c.ccc,,, o._mmm 0.158 17 | 0.68 | 50 9 |74.9|36.8| 1.264 0.0271- 5.61 | 5.20 | 4.03 | 4.56
o1l 0721 008! o.nmm_" o ossl 0168 8l056| 50 | 6 |76.4|21.9 1.123] 0.0163 5.93 | 5.76 | 5.85 | 5.93
. . . . | . !
221 0521 0.052! 0.081 ! 0,158 ; 0. 104 1 0.200 19 | 0.74 | 50 9 | 81.7 |3l.2]1.210; 0.0252 5.26 | 5.15 | 4.67 | 4.39
. . . ! . . | ’
23| 0.53| 0.08! o0.107 1 0.205 "_ ﬂ 20|0.75) 70 9 | 74.6|31.5]1.237] 0.0190 7.04 | 6.94 | 7.14 | 6.94
’ B ERGaE ED _ 21 | 0.72 5 7.15 6 6
24| 0.57| 0.033! 0.107 1 0.155 | 0.204 _" 70 9 |76.4]25.6|1.116, 0.0227 6.67 | 6.35 | 6.03
G | , 2210.52| 60 9 [79.2]20.6|1.105 0.0186 5.71 | 5.21 | 5.38 | 5.65
251 0.78 | 0.040 1 0.C65 1 0.114 1 0.164 |
27| 052 | 0.066 ' 0.1c0 ' 0.167 " | 0.213 230.53| 70 3 | 76.7115.9 | 1.092 0.0191 4.85.]5.38 | 5.21 | 5.05
) e Wy ! 24 | 0.57 | €0 6 |77.2 ] 21.4 | 1.129 0.0236 4.28 | 4.46 | 4.23 | 4.39
26 1 0.78 | 50 9 | 74.2|27.1|1.140 0.0260 5.50 | 5.43 | 5.32 | 5.21
27 |0.52 | 70 9 |76.3|20.6|1.113 0.0215 5.95|5.68|5.325.10
: - 4.81 | 4.67 | 4.03| 439
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Reaction Temperature 70
Retention Time min 9
Acid Concentration 76.3
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Mixing Ratio 0.9
Acid Concentration 74
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