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Wood Hydrolysis with Strong Sulfuric Acid
Summary on Past and Recent Research Development

Wood-Saccharification Research Section

1 .2
2
3
4
5
6
7
8
9
10
1
12
13
14 s 17
15 20
16 22
17 22
18 .23
19 RESUME ..oieiieieiieiieeie et et e e e s e 24




1960 10 FAO Food and Agricultural Organiza
tion of United Nations

Gypsum Process
Acid Dialysis Process

10 1956

1957 1 2.5
1958 11

Fagus Crenata Blume

1 16 74 147
70



Ka Ke
K, 2.56x 10™C-™exp  30.900/ RT
Ks 5.57x 10MC-Bexp 30.900/ RT

Ky Kgooooronn
C
R
T ° K
Betula japonica Sieb var Tauchii Winkl
0.5 2.0 110 150

K, 6.08x 10°C°®exp  23.200/ RT
Ky 2.79x 10°C-%exp  23.200/ RT
Ka

Ky Kg
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1 12 150 190
60 1 1.3 15
145 30 40 65 Table 1
7
90 9%
200
35 mm 1.000 mm 11
100
185 190

80

140

15 20 min



Table Balance of material on extraction of pentose

Chip 60.8kg Dil.Sulfuric acid 168.0kg
Pentosan 9.7 ‘ H2SO4 2.1
Hexosan 19.1 | | Water 165.0
Lignin eic 8.8 ) |
Wafer 23.2

Counter current continuous extraction

’ ¥ . i

Residues 45.0kg Extracts 183.8kg
Pentosan 2.3 ( Pentoses 7.3 “
Hexosan 17.7 | Hexoses 1.3 |
Lignin etc 10.5 | Furfural| 0.4
Waler 14.5 ’ Tolal acid 4.3 |

—_—! ‘ Water 170.5 :

60
Cotti0, N
Table 2,3 140 200

Table 2 Fresh stean cooking

Analysis of Residue

Cooking Furfural Organic Acid Rssidvua based on residue
Time Ci?"”‘ Yield Coon;:n. Yield | Yield [Me7Benze| 1o i1 lbantosan|Collulose
Temp °C hrs emin.| Distils Distil. Ext.
Ave: Ave. -
9/100cc % 9/100cc % % % % % %
200 | 0.45 4.96 | 6.13 3.81 5.26 | 76.4 18.2 - 3.6 53.8
195 1.05 4.96 6.16«| 3.85 4.78 | 75.9 16.5 - 3.6 56. 1
180 | 1.30 5.36 6.29 3.51 4.58 75.2 14.2 26.3 5.6 53.8
185 ] 2.10 5.29 6.61 2.81 | 4.93 76.0 - - - -
180 | 3.00 5.41 6.04 3.59 4.58 77.5 9.4 30.2 5.1 52.1
175 ] 4.15 5.90 6.39 3.38 4.29 76.9 14.0 30.0 4.9 54.3
, 170 | 6.00 5.06 5.48 2.73 3.67 77.2 - - - —
160 | 8.00 5.04 6.08 1.73 2.40 80.1 1.9 29.5 7.0 56. 4
150 | 16.00 4.77 5.67 1.65 2.43 78.2 10.3 29.5, 8.2 58.8
140 | 32.00 4.14 4.59 0.86 1.35 78.2 10.3 24.2 8.5 60.7




Table 3 Effects of distillation ratio to yields and
concentrations of furfural and organic acid

cooked with fresh steam at 185 2 hrs
Distillation ratio o6t | o | n2e | .08
Conceniration of furiural 7.85% ‘ 6.31% ‘ 5.27% i 4.42%
Concenlration of organic acid 1.74% | 2.72% } 3.11% l 2.81%
Yield of furfurai 5.2 % ‘ 7.0 % | 7.3 % 8.8 %
Yield of organic acid 1.9 % | 3.5 % } 4.1 % ' 5.9 %
3
13
0.8
05 1
1 1.8 4.2 ton
600mm 720mm

0.08

18

sus 27
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Table 4 Comparison of steam cooking Pre hydrolysis between
fundamental and pilot plant tests

Cooking conditions Condensales I Residues
I Pressure| Time | Temp. Furfural | Furfural Org.ccid“Org.ucid' ResidusslPeniosan[CeHulo;e
Conc. | Yield Cone. | Yield | Recovery|Removal R ecovery
kg/cm? min. °C % % % % % % %
f
Pilot plant fest ! 10.5 120, | 185 6.55 J 6.5 2.6 ‘ 3.3 77.0 | 90.4 72.1
Fundamental test | = 130 ‘ 185 5.05 [ 6.3 2.7 ] 3.9 76.0 ‘ 86.0 72.0

Table 5 Pre hydrolysis by continuous steam cooking
of several woods

Wood species L2 s e s e |7 | s
Pentosan conteni of chip % 22.9 20.9 22.9 | 21.0 20.7 19.4 17.2 18.2
Furfural yield based on chip % 7.8 6.4 6.3 5.4 5.2 B2 4.2 3.5
Lignocellslose yield % 7.4 81.5 78.6 76.5 7.2 79.5 73.3 70.2
Analysis of lignocellulose
Hot water ext. % — 10.2 1.3 10.9 - 10.0 9.8 | 10.9
Alc-Benz. ext. % | 18.6 18.7 | 19. 22.4 | 22.5 | 16.4 | 13.4 | 23.5
Penfosan % 2.5 2.7 2.9 2.9 3.1 2.8 1.7 2.6
Tolal reducing sugar ]
- (as glucose) % | 54.5 | 59.7 | 58.2 | 58.3 | 66.7 | 63.5 | 58.6 | 59.2
Lignin % | 246 | 2.6 | 26.2 | 27.4 | 38.6 | 25.5 | 33.6 | 27.6
Note 1 Wood species 1 White birch 2 Alder 3 Oak 4 Yachidamo Fraxinus
excelsissima Koidz 5 Shinanoki Tilia Japonica Simk 6 Itayakaede Acer
pictum Thumb 7 Katsura Cercidiphyllum japonicum Sieb et Zucc
8 Elme
2 All tests were done on same cooking conditions 185 120 min by a
continuous digester in our pilot plant
3 These cookimg conditions were choosed for white birch so these conditions
may be not suitable for other species Then furfural yields were low in other
species
4 Quantitative analysises of lignin were done by ordinary way with 72 sulfuric
acid
5 Accurate comparison between wood specieses should be done on a scale of

fundamental studies But wood specieses is not so large problem on wood
saccharification as on pulp e think of course by products such as furfural
or xylose are depends on the content of pentosan
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1.0 1.2

Table 4

185 2

Table 5

C
k, 6.50x 10%C*-Yexp
temp 100 150
k, 1.27x 10%C-%exp
temp 100 150
k, 5.63x 10™C-®exp
temp 100 135
k, 2.85x 10™C-“exp
temp 100 135
k, 2.48x 10%C-exp
temp 100 150
51 75

1952

32.000/RT
C 1 32
29.600/RT
C 0.5 16
42 _.700/RT
C 2 16
37.400/RT
C 2 32
29.800/RT
C 0.125 16
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k, 2.60x 10"C*®%exp  29.800/RT
temp 15 50 C 51 75

n 80 30
100 Imin 1.6 30min 100
1.0 2.700min. 80
12 13
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Fig 2 Main hydrolysis by expeller type impregnator
3
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Fig.3
Table 6 Filtration of main hydrolyzed
residue by constant pressure
prossure | Time | filtrate | Cake 1 Cake | Cake
ressur volume | weight [thickness | moisture s
| l 0 T Tt *r/\,
kg/em? | min. cc g mm % Lo b
2 15 30 50 3 76.4 = <
2 30 55 92 6 67.5 _% 100 5
2 60 85 | 123 9 68.5 s
2 70 100 148 1 66.9 g 60 /
2 120 172 172 13 65.7 1
20,
4 15 42| 88 6 63.5 0 T R TTRT)
4 30 72 109 8 68.5 Time  (min)
4 60 110 151 3l 63.7 @ pressure 6 kg/cm?
4 90 122 195 13 66.5 ® 4 4
4 120 157 200 15 64.7 O 7 2 7
6 15 55 89 7 65,8 Fig 3 Filtration of main hydrolyzed residue
6 80 8 | 103 9 61.5 Relation between filtrate volune
6 60 116 154 13 £5.5 and time of filtration
6 90 150 189 15 63.5
6 120 176 216 17 64.5
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¢ lomperature

Reciprocals of absolu

3.35x 10 cm/gm

P grm/cm

M M 74p0%

0.0026 -

0.0027}-
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T

Concentration sulfuric acid (%)
Fig 4 Time of post hydrolysis of
glucose polymer expressed as
functions of temperature and
sulfuric acid concentration

P kg/cm? 2 4
cn/gn  8.4x 10" 12.0x 10" 22.9x 10"
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k, 1.38x 10%Ct-% exp 28.600/RT
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Table 7 Main hydrolysis of drying

method
100 -
Temperature Sugar Yield —o— 40°C .
Mixing ratio T % —— 60°C ’
c o [ S by expelier —
type impregnator %
0.56 40 45.5 %
0.59 60 43.0 % 80 » o
0.64 60 53.0 E ; /’./J./
0.73 40 67.0 g " o g
0.76 40 65.5 4 )% /5/
0.76 60 66.5 Y 7
0.81 60 67.0 A
0.84 §0 73.5 o /
0.85 60 75.0 i .
0.88 60 73.5 04 05 06 07 08 09 Lo LI
0.96 40 83.0 Mixing ratio
?g; :g g;'g Fig 5 Main hydrolysis of hard wood
: : by drying method
100kg/day
19
y R 0.5 1.4

y 31 48R

0.03m

14

50 1
4 100 10 1.5 2hrs



Fig.6

Pre hydrolyzed wood

Sulfuric acid -

20sec
Fig 6 Flash mixer
3min
0.64 1.61 Table 8
0.9 90 i .
Table 8 Main hydrolysis

With flash mixer
Mixing Ratio I Sugar Yield

y 0.64 62.3

0.76 83.0

31 48R 0.85 84.6

0.95 85.1

1.00 96.3

1.15 96.7

1.24 102.1

1.56 96.4

1.61 " 96.1

y 31 48R 15
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Table 9 Results of comparative tests using wood hydrolysis solution and
H,S0, plus glucose “ mix’ solution

- N . Component ®) ‘ End-electrode
8 Kfter Blesive il jransfered ) . Potential -
“ = K 2 — —
o | | 2
s v s (A | ® X ©
o L 2 = i fg =
L 5 5 13 ] S 100 | ° £
Tl 238 |E2|leslgsl 22 g~ 8 Tl 2| EZS =
L 55| 33 |E| 23 135|25/25] 85 SME AR
El g s G s |0 27| < 6 | T 0 (%)\u =2 2 T
Wood + 64.5 | 21.662 | 0.086
hydrolysls C 71.5 | 383.866 | 14.572 | 7.111 0.249 3.5 31,8 5._28 5.45 5.00
soluiion [ — | 62.6 | 12.535 | 0.307
1 0.457 -
Mix + 64.8 | 22.015| 0.094 i
) c | 6.2 |35.871 | 14.972 | 7.968 ; 0.497 | 6.23 35.6 512 5,27 4.91
solution — | 62.7 |12.995 | 0.437
Wood + | 65.4 | 22.321 | 0.0795
hydrolysis c| 67.8 |35.137 | 14.186 | 7.641 | 0.279 [ 3.85 35.5 5427 5.42 5.02
solution = 62.3 | 13.411 0.365
2| 0.437 T
Mix — | s4.6 |22.628 | 0.13
c | 73.5 |22.294 | 14.600 | 8.196 | 0.460 | 5.62 38.3 5.17 5.25 4.90
soluton — | 63.0 |12.868 | 0.449 |
Wood — | 64.6 | 22.628 — A . .
hydrolysis C 73.5 | 22.294 | 14.171 7.892 | 0.208 | 2.63 34.5 528 5.40 4.90
soluiion — | 63.0 | 12.868 =
41 0.467 -
Mix + 65.3 | 22.893 —
) C 67.2 | 34.964 | 14.643 | 8.504 | 0.467 ; 5.49 37.2 5.18 5.26 4.82
solution — 63.0 13.151 _ "

Remarks : Wood hdyrolysis solution is Posi hydrolysis solution

12

Table 10 ®

Table 10 Diffusion leakage coefficients of H,S0, KOH and Glucose

Combinaiion Ks - 10° Kr-10*
(g/% -em®-hr) (ee/% cm® hr)
Soluie of conc soln. —
Ambe Plex Amberplex Amberplex Amberpley
vis. dil. soln. c—1 A—1 C—1 A—l
H2504 10% : 5% 5.94 25.21 25.22 -2.8
KOH 10% : 5% 50.4 0.78 5.4 16.2
Glucose 30% : 5% 2.3 1.01 6.14 1.22
Remark : In ihe velocity indicgiion, leakage coefficieni by Yahaiava (Yahataya and others :Repori of

Asahi Glass is Vol. K
% = gr/100cc.
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Table 11

Table 11 Some result of acid-recovery pilot plant test
case of 10 concentration difference counter-current flow test

= 3 = 3 S
i~ ~ b =
g g g g 3
" & o =
o = - °
3 I 3| £ & ° 2 w3l W% s
AN AESARFARL ARSI AR NEE S 5100 £ 5 1IN0
e |leg |8 |3 | ST " | £, |8§.2.]8%2% B
= E . E B £ s 2 %\g I EE o%gg 55 58 ° 5
£ 2 S z 9 z = | [ o P~ z 2= z o = 2z z
— ~ ’ 34.62
2 1.2855 | 5.418 | 30.678 | 11.378 |-
B | G 12.84 o
25 . - 9.85 1.157 0.037 | 1.474
5293l 2 1.100 5.698 | 8.86 | 10.07 ka/w | ka/he ka/h.
=377 % G 11.203 :
£
e e
N
gs |2 1.000 498 | 0.0 | 0.0 water | (69.6% | (6.06%
RS - recovery) leakage)
w C [} . R R
o Sl> . e e merr——
R 24.82
o 1.178 4.70° | 24.62 | 0.787 ‘
3 G 0.793 |
. 34.62 |
3
2| 265.4|1.2855| 341.2 | 5.73 | 0.678 | 11.378
E £ k G 12.84 . Ave. Ave.
825 13.31 | 0.779 0.779
5 (3% 2 §.003 | 11.89 | 10.64 164.87 o A
3 |F% 5| s 1.1145 | 357.2 o e v0/59. 5hrs k9/59.5hrs]  k9/5.95hrs
s 8|—|— i — =3 ={.
55 : L,o.ggwg/h.} '0'01319/;( =1 3495kg/h
3E > . | 419 0.0 | 0.0 tor v r
n?_:‘_; = = 285.1 { 1.000 285 waie (61.98% ‘
e , (2.01%
B & | rezove.Y) -
30| 3 . 24.92 | leakage)
® el 21 943.2 | 1.1176 | 271.8 | 4.73 | 24.85| 0.286 [
3 G 0.287 |

Remarks @ TW-membrane 98 sheeis (effective area 14.2/m®) Resulis of 58.5hrs. fest afier consiant siaie

14



8.93
9.67
0.97
4.54
0.32
90.27
2.91
1.99

100 1hr

pH2.5

Fig.9

pH Lof
2.5 pH
25 0.9

Ca ion/ 100cc solution (as CaS04)

0.4F

Table 12

pH7 0.8 2 3 4 5
PH.

Fig 9 Relation of calcium ion
to pH value during lime
neutralization
in glucose solution

Table 12 Ash composition of glucose solution resulting from
lime neutralization

~--—__composilion |
T ‘ Fe:0
- 203

Weight perceniage !

| Crg .
CasO,4 (562, ‘ NiSO,

CaO ‘ SiOg

Alz A=
(SO4)s 504

18.4%glucose soln. basis
' Ash basis

0.072{ 0.346 | 0.0588 | 0.034 | 0.0077 | 0.0003 0.0016’ 0.299
11.53 | 55.6 | 9.46 | 5.50 [1.24 |0.139 | 0.249 | 48 1




H.M.F.

CeH0s ,NaCl  H,0

Lebedev

Weight % 60 Bx 50
18+
16
-

62 64

80 160 240 320 400 480 560,560 720 0.1 0.03
particle size (M)

Fig 10 Distribution of particle size of
crystallized glucose



300 350u
Fig.10

15

1.000kg/day

400kg/day
pH2 3 24'
2 3
Table 13 Ash in the process of purification based on
glucose

Crude Ash % | Ca ion SO ion
After lignin removal 0.02 - -
After de-acidification - 0.008 ’ —
After Posi=hydrolysis , - 0.013 -
Affer neuiralization 3.88 1.09 1.00
After de-colorisation ' 4.00 1.07 0.98
Medium concenirated liquor 2.53 0.03 ; 0.03
Double salt 16.70 0.02 0.002
Glucose crysials 0.028 trace irace

* 550—600 °C, 3 hrs. ignition

| Fo:0 |20, | 510, | CaO | MgO | KsO | NeO | PaOs

0.007 | 0.07 0.03 0.20 0.01 0.05

(#3)

BEBAH g0 | —
3 R (0.3~0.6 —

10.5"‘1.0 98.2 10.2~0.5 e = =

Table 12
18 8

13
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Table 13
Table 14 Fig.11
Table 14 Sugar composition at each manufacturing
step by paper chromatography as glucose
* XYlose Di- . Tri- Tefr_u—
R Arabi Gl e > ..’ | Saccharides
sductone | Arabinose | Glucose | 'saccharides | 3o e
Hy drolysis liquor 1.10 3.26 62.37 18.00 15.27
Posi=hydrolysis liquor . 0.58 2.27 91.74 4.73 0.67
Neiralizaiion liquor 0.29 1.77 92-51 4-94 0.45
De-colorising liquor 0.45 2:05 92.53 4,55 0.53
Medium concentrated liquor 0.34 2.69 92.36 4.08 0.80
Double salt 0.26 0.46 98.55 0.40 0.33
Glucose crysials 0.13 0.15 99.42 0.15_ 0.12

* There is a possibility that a reducione part of the xylose fraction is included.

Fig 11 Paper chromatography of oligosaccharides in the process of purification

I After ion-exchange membrane deacidification Reductone
2 After post-hydrolysis Xylose Arabinose Mgnnoso
3 After lime neutralization Glucose
4 5 6 After purification Di- Tri-saccharides
7 8 Medium concentrated ligquor Tetra-saccharide and over
9 Double salt

10 Glucose crystals



Table 15 Property of crystallized
glucose by doublesalt

40 degradation
Moisiur.e 8.66 percent
Ash 0.028 ~»
15 Oligo saccherides 0.34 ~»
H.M.F. 3.8 ppm.
pH 6.52
Acidity 0.45 c.c.
Conductivity 23.6 HU/cm
Color 0.04
Turbidity 0.004
Purity 99.53 percent
16
1 65 75kg
280 290kg
10 15
2 80

80

17
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19.Résumé

From a series of pilot plant test from prehydrolysis to crystallization, it has
been proved that one ton of hard wood could produce 65~75 kg of furfural, and
280~290 kg of crystallized glucose.

Prehydrolysis is quite effective for ebtaining pure glucose. By ;selection of a
proper method of mixing 10~15 percent of sulfuric acid could be saved. The
filtration of lignin was also greatly improved.

De-acidification by ion exchange membranes without the use of electricity
improves the recovery of sulfuric acid by over 80 percent guarantees less than
2 percent of leakage of sugar.

Since the expectation of life for this membrane is more than one year, and
it is known that sulfuric acid is recovered at low cost and can be re-used, a
rapid progress would improve its economic use in industry.

For the purification of sugar liquor, a‘ quite simple and economically special
method has been devised. ,

In the field of manufacture of érystallized glucose, a new technique by double
salt has been developed. The yield of crystal reached 80 percent and the quality
and the granule size of crystallized glucose are so e_xcellerit that no re-crystalliza-
tion is needed and the expense of crystallization is saved, Almost all the table
salt is recovered.

A new company calléd the “Hokkaido Mokuzai Kagaku KK.” (President Mr,
Masanobﬁ Nagata) using the /Hokkaido process’” of wood saccharification by
concentrated sulfuric acid was established in 1959; Its plant is now under cons-
truction at Asahigawa, Hokkaido, with a capacity for treating 100 tons of dry
wood per day. The necessary machines and equipments have already been

ordered.
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