150

170 190 Luers,( )Saeman,( )Harris( )
Luers

Scholler( ) Madison

Wood Sugar Process( ) Process

Hudson( ) Giordani Leone( )

Peoria( ) Pilot Plant
22 23
() Process
Glucose Galactose Mannose Xylose
100 150 7.25mm 9.5mm 89 115mm

cc 1000cc
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H Luers Z Angew Chem 43 455 1930 45 369 1932
J F Saeman Ind Eng Chem 37 43 1945
E E Harris J Physical Colloid Chem 53 344 1949 51 1430 1947
H Scholler Chem Zt 60 293 1936
E E Harrisetal Ind Eng Chem 38 890 1946
C S Hudson Ind Eng Chem 10 925 1918
M Giordani et al Chimica e industria 21 265 1939 Italy
J W Dunmning et al Ind Eng Chem 37 24 1945
23



Paraffin

100cc measuring flask

100cc fill up 5cc

Somogyi (10) Control —— Na,S,0,
200
graph
0.5 51
100 electric controller water bath
100 150cc
Sampling  pipette 5cc fill up
10
mins fill up (10)
Somogyi — NaS,0, cc mg
200

(0.1mg 1.5mg)

100 residual reducing sugar

initial reducing sugar

cc plot

¢ ).C D.C ).C ).C).C).C ).Q10),(69,(70),(73)

— log, - x2.3026
b initial reducing sugar 100
b X residual reducing sugar initial
t
K
half life mins
2.3026 x log 0.5 0.703433
mins
2.3026 x log 0.01 4.6
mins

100

Erlenmeyer flask

100 30

cc

¢ ) HADGB)

10 M Somogyi J Biol Chem 160 61 1945



Glucose (12) log K, log C 16

slope M,
d log K log K, log K"
dlogC log C log C"
2
Temp 150 135 120 100
) 1.056 1.095 1.08 1.00
) 1.057
100
Temp 150 135 120 100
108 113 110 100
107.3
16 log K, logC Y AX n
Hammett *
Ho log C (14) Ho log K,
Zone
8 32 150 Slope M,
8 32 M 0.536
32 51 M 0.45
51 65 M 0.52 0.64
65 81 M 0.73
A Zone 8 32
243 B Zone(32 51 ) 182 C Zone(65 ) 430
C Zone 51 65 90 228 90 337
Xylose Mannose Galactose Fructose M,

11 L P Hammett et al J Amn Chem Soc 54 2721 1932 56 827 1934
56 830 1934
L P Hammett Chem Rev 16 67 1935



(15),(16),(17),(74),(18),(71),(19)

H,S0, Xylose Mannose Galactose Fructose
100 150 slope M,
H,S0, concn 100
Xylose M, 1.01 K K 1.02 K" 102
Mannose M, 1.24 1.37 K, 137
Galactose 1.26 1.38 K, 138
Fructose 1.03 1.04 K" 104
Mannose
60 M, 17.27 K, K" 4.2K,)" 420
50 19.18 5.2 K, 520
40 19.10 5.2 K" 520
Galactose
70 M, 16.5 Ky K’ 3.82K) 382
60 19.38 5.34 K, 534
50 19.8 5.61 K" 561
Xylose
70 M, 12.4 326
60 13.6 367
50 15.8 452
40 19.4 637
30 20.4 707
20 20.3 707
log K,
Arrhenius
slope
d log K, log K, ' log K,
T Tl T"

(20),(21)



m O O W >

energy E,

E,

H,S0, concn

30
60
90
120

81
76
73
65
51
32
16

10

30
60
90
120
150

H,S0, concn

81
76
73
65
81
76
73
65

4.576 M," cal./mol

slope M,"

M,
6260
6275
6270
6389
6453
6675
6929
7010
7381
7532

0.000121

0.000100
0.000082
0.000070
0.000060

energy E,

K,
K,
Ky’
Ky’
Ky’
K,
K,
K,

glucose

E, cal./mol
28600
28650
28600
29200
29550
30500
31700
32050
33800
34500

4.71 K,
4.75 K,
4.74 K,
4.83 K,
3.23 K,
3.24 K
3.23 K
3.35 K,



475

51
81
76
73
65
51
32
16

73
65
51
32
16

32
16

474 483 ...l

Xylose Mannose

(26),(72),(75)

log K,

10

Xylose
Mannose
Galactose
Fructose
Xylose

Mannose

Galactose Fructose

Graph

M,

100
120
135
100

6770
7380
8240
6840

120
135
150
120

168

170

E,

Ky  3.42 K"
Ky 2.26 K,
K, 2.27 K"
K, 2.265K)"
K, 2.34K)
K, 2.38K,
K, 2.52 K,
K, 2.69 K,
K, 2.76 K,"
K, 1.74 K,
K, 1.79 K"
K, 1.81 K,
K, 1.82K,"
K, 2.04 K,
K, 2.07 K"
K, 1.58K,"
K, 1.68 K,
K, 1.70 K,"
10
Slope M,
31000 cal./mol
33700
37300
31300
190
164
146
219

471

(22),(23),(24),(25),



120 135 189

135 150 169
Galactose 100 120 265
120 135 226
135 150 198
100 120 192
Fructose 120 135 167
135 150 148
Mannose log K, graph 72  Temp 40 60
80 M, 5940 K,' K" 2.58 K, 27100 ca ./mol
7 6400 2.95 K, 29200
64 6990 3.49 K, 31900
Galactose log K — graph 75 Temp 40 70
80 M, 5990 K, K" 2.60 K, 27350 cal./mol
72 6544 3.05 K, 29900
64 6990 3.46 K, 31900
Xylose log K, graph 22
80 M, 5500 25100 cal/mol 363 0 30
76 5800 26450 404 335 0 30 30
72 5910 27000 347 30 60
64 6250 28500 387
60 6340 28900 397

resistant cellulose
resistant cellulose  Saeman

hemicellulose

60



Sample

resistant portion of cellulose K, 1/2
Saeman
62
H,S0, 10 150  30mins
dil NaOH pot mill
100 mesh 5.5
10
72 H,SO,
30 45mins Koch 100 hrs
fill up Somogyi initial potential reducing sugar

Saeman 12

27 28

plot
Ky

1 X
K, _—_logy, J __  2.306
T

a 100 initial potential reducing sugar
K, cellulose

a X, residual potential reducing sugar
t

2.3026x log 0.5  0.703433 .

X mins
k, k!

12 J F Saeman Ind Eng Chem Anal Ed 17 35 1945



40

80 16 log K, log C 52
16 62 Ho  log K, 54
62 Ho  log K, 80
16 slope M,
mp d fog K log K/ log K"

d logC log C log C"

M1
My

y 4109 K log K, log K,"

d Ho Ho' Ho"

H,S0, concn 100

150 1.10
135 1.27 214 H,S0, concn
120 1.48 241 16
100 1.57 279 32
297 16 32
My Ho
150 0.5225 -
135 0.534 o2
120 0.553 257
100 0.641 337
90 0.650 347
80 0.679 377
log K Arrhenius
57 , 58 slope M,

M, d log K, log K/  log K"
1 1 1
T T Tn

d



E,

10

60 90

90 120

120 150

concn

4.576 M, cal./mol

H,S0, concn

16
32
46
56
62

H,S0,

68

My

9030
7780
6720
6450
6430
6400
6128

H,S0,

218
167
179
180
181
194
248
327
138
148
151
151
160
202
261

E, cal./mol
41200
35600
30800
29600
29450
29300
28200

51 81

H,S0,



H SO, 10 160 30 mins
pot mill 100 mesh
1.7
50
200cc Erlenmeyer flask
heater
Sampling
Cellulose Cellulose  Sample 100 mesh
57 58 Sample
68 0 30
50
Sampling 150
cc 200cc
Sampling 10 fill up
Willstatter Schudel 13 CHO 100
Koch 2 3hrs fill up Somogyi
Schudel graph  Somogyi initial poten
tial reducing sugar Som
ogyi (29).(30),(31),(32).(33),(34).(35),
(36).(37),(38),(39).graph a ) a
Sample 11
Schudel
D P graph
plot = log d;] (=ln d;]
2.3026 log——— d av D
d
P. graph plot
slope intersection  d, initial

13 R Willstatter and G Schudel

M L Cadwell

et al

Ber 51 780 1918

Ind Eng Chem Anal Ed 8 181 1936



do (42),(43), (44), (45), (46)

av D P log
0
(47),(48)
(29) (39) graph Cellulose
Kuhn(14) Freudenberg(15) 51
(16)
N B N
Glucose Cellulose m a
n Glucose B (n )
Glucose Molecule Cellulose Molecule Glucose
Molecule
n n n
S Ch= 3 gnt 3 @hn
n=1 n=1 o=
BL @n= rn(rf:lz—:'l') = N;:__;_Q naQ(]—a)n_]
pn'= m&f'i]) - N2+n1 a(l-)"
No=m (N—n+2) a* (1—a)n-1
Z'n=2ma (1—a)n—1
( )2n n Glucose B Cellulose chain
n Glucose fB Z n
Cellulose chain n Chain molecule
o on

n . -
> Cn:ﬂ%—-r !\N+1 —{N+1+an(_N—n)}('|—a)

n=—

{— un}a

14 W Kuhn Ber 83 1 1503 1930
15 K Freudenberg et at Ber 63 1 1510 1930 68 2 2070 1935
18 45 No.536 1101 1942



i Cn=1-1+4na) (1-a)"

n=1

123,
i Nﬂ}%?,, =1 NQ”H 0 LRAZHEVHEKZOT
i]Cn:a‘z ‘%1 f(1=a)" =1 (T tna) (=)
n== n==
n 10 20 n 10
100 hrs.
Glucose
n
Glucose
Cellulose n 10
Glucose Xa
a © 100
Cellulose
( CHO  Willstatter Schudel Cellulose
Glucose a 0.45 0.5
graph

reducing cellulose degradates/potential reducing sugar a

a
K t

Cellulose Freudenberg

Glucose Cellulose  Glucose

K,

10



X

Cellulose

Glucose

()——

Xy

) )
() oC)

FOO
—f 00 9 j(
y::e J—

Glucose

b (X) f

ENCON

£ OO
oo *

)dx+c



10

10 2 Ky K,? K,?
Z:Xa—X2:1—(]—a) (]+]0(1)—(l’ +2—ka—2!(5+2~—K—2—-e
Z max
97 0 =)+ (1+10a) 10 (T =) —2a+2 KoK ™
dt K, K,
K, — e
55a(1—a)* —a= K- (e & =D
S =K Lt Kl ThEDD
1 —Ke
55a(1—a)—a= K (e -1
—Ke Kia® 1 KPa® Ka?
e = ]-—Ka—*— ""'*27' *i“ 6 + *-—] Ka+ 2
error 0.1% .
55a(1—a)9—a:_L(1_Ka+ Koo -D
K 2
9 S
55a (1—a)® — 5 a’=0
B
55 (1= B~ —5— (1=R)"=0
10 9 K 2 K .
55810 —5543° + ~2—,8 —KB+ 5 - =0
_ Ko N
K= g=Tad325
v K': 2___”Kj~37, K'J _
55¢ 1”—-55/3%—# K. B K, B+ K, =0
P 200
B Newton

F(By+h) =F(BD +h F (B =

h=— F(Bo)
F (B




e o FCBD oK ]
=By th=0y— 0 = =L = &
K,
oc:'l——ﬁ:f—%f
a - Z max

F(BDY 2 7 8B0K,+512K,

/82'_—181’}“’\/:,81"‘ {:le) = 1 -+ *§§K1-]28K.’

51 45 0.0025
0.000006
11
B _
20
(x —
20
a S Z max Z max
20
Z max 0.000113 0.999887
10
20 Zmax  0.0057 0.9943
initial potential reducing sugar
Twh 0.45
Ky
a 0.45 B 55

Willstatter Schudel

Xa 0.5 ( 100)( a)®
a B «a
f3) 108" 11 0.5
a 0.1 0.2 B 0.9 Newton
B B " 0.9 0.044 0.856



a 0.144

half life mins

th 0.144
_le
Ky
K 1 2
Twh 20
Twh
Willstatter Schudel a
(30),(32),(33),(34),(35),(36),(37),(38),(39),
(55) 40 58 81 H,S0, 10
935 1000 10 341 504
(42) (48) Graph Wolfrom(17) Methylated Cellulose
Satage
d 1 d 1 e K
d dy
d (av degree of polymerization),d, t ( X
In d log d 1
d d
intersection In do log d 1
dy dy
do
Cellulose (42),(43),(44),(45),(46),(47),(48),
Initial D P t 0
Sampling
av D P inital 200 300
Ky Kp
K (40),(41),
(G Ho log K,

(@AM L Wolfrometal J Am Chem Soc 61 1072 1939



Slope M1
d log K; log K/ log K,"

M,
d Ho Ho' Ho"
Temp M, K,
45 0.758 5.676 K"
40 0.903 7.95 K/
30 0.966 9.25 K"
20 0.968 9.29 K"
15.5 1.115 13.04 K"
0 1.233 17.11 K"
100 hrs
45 Ho scale
- _ (54)
5.67 7.95 7 95
45 65 H,30,
(41) Kp (55)
15.5 10 935
M, 24.5
(41) (56) log C log K
K, K
Ky
Slope M
Temp M
45 7.75
30 9.67
15.5 13.4
45 10 109 30 151 15.5

259



(57),(58),(59) Arrhenius
— logkp — logK __
Slope M,
M, d log K, log K/  log”
d-L 1 1
T TI T"
energy E,
E, 4 576 M, cal./mol
Ky
H,S0, concn My
51 6579
62 6062
68 5700
72 5045
75 4816
80 4542
120 30 10
0 30 H,S0, concn K/
80 3.55 K,”
75 3.82 K"
72 4.07 K,"
30 60 80 2.85 K,"
75 3.03 K"
72 3.20 K"
60 90 80 2.36 K,"
75 2.48 K"
72 2.59 K,"
9 120 68 2:5 K’
62 2.64 K,"
51 2.97 K,"

log K,
log KI
E, cal./mol
30800
27700
26100
23200
22000
20800
H,S0, concn K/
68 4.89 K"
62 5.41 K"
51 6.25 K,"
68 3.72 K"
62 4.04 K"
51 4.55 K"
68 2.93 K"
62 3.14 K"
51 3.47 K"



10

3.55 3.82, 4.07 2.97
(68) 10 51  H,SO,
481 Slope M 6950 64 72
59 Slope Mp
H,S0, concn Mp
64 6850
72 5650
10 64  H,S0, 465 72
314 15
Luers Saeman
In K, —In K In Rt log
fmax = nhiTnfe Ko = Ka  x 23026
Kl _‘Kz K] — Ko Kx - K2
. K K
CB max = a(*!é;v)Kﬂ—Kl =100 ( E; ~)K°—K‘ (%)
T max B max a
potential reducing sugar t max B max
_ K Kit = —Kyt
CB =a K, —K, (e e )
=100 KElK (e_Klt—e—K2t> (\(}/o>
Temp H,S0, concn t max mins B max Total potential

reducing sugar



100

120

135

150

100

120

135

51

46

46

32

16

51
46
32
16

46
32
16

32
16

N

= N B~ 0

194
360

1246
4530
14800
27000

0.0034
0.00743
0.00162
0.0044
0.017
0.035
0.018
0.058
0.00473
0.012

40
137
585

1460
3460

29
128.5
331
679

1585

31.5

145
298
688

Ky

K,

23.7
20.6
17.5
24.8
12.4
16.8
24.6
18.5
20.0
15.0
13.8
18.4
21.5
17.4
18.4
16.2
20.9
21.5
20.8
21.1
18.9

0.000018

0.000066



2 K, 0.0003

K, 0.00115
150 16 K, 0.0185 1 K, 0.00242
K, 0.05 K, 0.000787
Hemicellulose Acid cellulose 9 10
100 150 1 51 HS0, Saeman
- E
K=H.CM.e RT
[L Me dleaK C BRI M itk
dlog C K 1~k X HEss B e/ 45
log K=log H-+M log C — "Q’.:Tog*s’ﬁ’f
log H=log K~M log C + o
2.3026 RT
Ky
150°C M,=1.10 C=4 E,=41200 cal./mol K,=0.00403
135 1.27 8 35600 0.00152
120 1.48 16 30800 0.000825
100 1.57 32 29600 0.000406
150°C T H=1.39x 10
135 1.13x 1015
120 1.72x 10"
100 1.05x 10
K, 100 150 M,
M, 1.057 C 8E, 32050 K, 0.00121
H 4.83x 1015
150 K,
X
K, 1.39x 1018 C“' e
135 K,



- 35600

K, 1.13x 10® C* e 2.3006 R
120 K,
K, 1.72x 10° C% e o=
100 K,
29600
2.3026 RT
K, 1.05x 10" C-* e
K, 100 150
—32030—
K, 4.83x 105 C1® ¢  *¥®F
100 150 K,
K, log K, _ log K; log C graph
K, Cellulose
pot mill 100 mesh Sample
Resistan Cellulose
Cellulose Sample K, Resistant Ceilulose K
Sample Cellulose  SamPle Cellulose
2
Cellulose

initial potential reducing suger

(60) Cellulose
log

K,

Saeman
1
/,

1/2

Factor



(
K, K/K, 1
K./K,
Scholler Madison Wood Sugar Process
1
Xylose 300 500
« ) (61)
cellulose Xylose
Excess
Glucose Cellulose
(62) Glucose 15 mins
Glucose log t
C Glucose 86.4 H,S0, )
Slope M 1.94 Glucose 100
Glucose
Glucose Starch
(64) Starch
150 Starch
Glucoseun unit  H,S0,
Ice Calorimeter(18) 3 ice box Glucose

Glucose
) Ky

65

Xylose
Hemi-
Cellulse
Xylose

logC( t

284

Glucose
80

18 F G Keyers etal J An Cherm Soc 49 156 1927



Wi llstatter-Schude

(50)(51)

pot mill

Residual lignin
substance % on dry
matter
39.4
42 4
40.0
47.25

64 H,S0,

Cellulos(potential reducing sugar)

Cellulose Sample( )

H,0
H,0
Glucose
Cellulose Sample
/ Celluose
2 / 4.5
Apitong(Philippine ) ( ) « )
2 H,S0, 10 150 30 mins
100 mesh
Moisture % Potential reducing
on dry matter  sugar% on dry matter
16.1 60.0
5.5 45.8
15.54 60.0
3.11 52.75
Apitong( )
68 H,SO, 0 30 mins
30
50
(65) Apitong X
plot
(66) 67

Cellulose

o}



Willstatter Schudel Cellulose Sample

Lignin  lodine Cellulose Willstatter Schudel
Hemicellulose
Cellul
ose initial potential reduc
ing suger Diagram(60) (61)
24,25,26

25



Research on the kinetics of Wood Saccharification at
Lower Temperatures with Dilute and Stronwg Sulfuric Acid

by T Kobayashi Agricultural Faculty,
Tokyo University of
Education

Luers(1)has made valuable contribution to the study of Kinetics of cellulose dextrin
hydrolysis in dilute sulfric acid at hight temp Recently Saeman(2)and Harris(3)reported
the kinetics of the saccharification of wood in dilute acid at high temperature thoroughly.
And by these studies, the “ Madison Wood Sugar Process” an improvement on “ Scholler
Process” (4)through successful operation of pilot plant(5),was reported On the other
hand, Hudson(6), Giordani Leone(7), and Dunning Lathrop(8)have reported the processes
of the saccharification of cellulosic materials with dilute and strong sulruric acid at lower
temperatures, and successful results were reported through pilot plant operation Although
Freudenberg(9), Kuhn(10), and Sakurada(1l)have made many contributions to the studies
of kinetics or cellulose hydrolysis in strong sulfuric acid, there is little information in the
literature on the kinetics of the saccharification of resistant cellulose and celuosic materials
in strong and dilute sulfuric acid at loner temperatures, that is degradation of cellulose
molecule using acid concentrations ranging from 51% to 81% and temperature below
45 ; and hydrolysis using acid concentrations ranging from 1  to 62% and temperature
below 150  This paper will describe the outline of recent research on the kinetics of
the saccharification of cellulose and wood in dilute and strong sulfuric acid at lower tem-
Peratures. This work is a part of programs authorized by the “ Wood Saccharification Discussion
Committee” to develop a practical method for conversion of wood into sugar and subse-

quent aerobic fermentation of the sugar to Food or Fodder Yeast

(1) H.Luers:Angew.Chem.43,455(1930);45.369(1932)

(2) J.F.Saeman:Ind.Fng.Chem.37,43(1945)

(3) E.E.Harris:J.Physical Colloid Chem.53,344(1949);51,1430(1947)
(4) H.Scholler:Chem.Ztg.60,293(1936)

(5) E.E.Harris et al:Ind.Eng.Chem38,890(1946)

(6) C.S.Hudson:Ind.Eng.Chem.10,925(1918)

(7) M.Giordani et al:Chimica e industria 21,265.(1939)

(8) J.W.Dunning et al:Ind.Eng.Chem.37,24(1945)

(9) K.Freudenberg et al:Ber.63(1),1510(1930);68(2),2070(1935)

(10) W.Kuhn:Ber.63(1),1503(1930) -
(11) 1.Sakurada et al:J.Soc.Chem.Ind.Japan 45,1101(1942).



Apparatus and Analyses

Experiments carried out at higher temperatures than 100

The experiments on the hydrolysis of resistant portion of filter paper of wood and the
decompositon of sugars in dilute and strong sulfuric acid ranging from 0.5% to 56%
were carried out in sealed glass bombs heated in about 1000ml of paraffin bath, temper-
ature of which ranges from 100 to 150 precontrolled by an electric controller Soft
glass culture tubes 7 7.25mme x 89 115mm were sealed in a blast lamp And 1ml.
of about 4% sugar solution Which contains various concentrations of sulfuric acid ranging
from 0.5 to 51% was sealed in One tenth gram of cellulose sample and 1ml.of sulfuric
acid solution ranging from 1.0 to 56% were also sealed in It would require about few
minutes to reach desired temperature and also a few minutes to drop it down to room
temperature in running water sugar analyses were made by the improved method of
Somogyi(12), using his new reagent with 20 minutes of boiling time The unhydrolyzed
carbohydrate was determined by subjecting the residue to a quantitative saccharification(13),
followed by sugar determinaton

Experiments carried out at lower temperatures than 90

The experiments on the hydrolysis of resistant portion of filter paper or wood and the
decomposition Of sugar in dilute and strong sulfuric acid ranging from 16% to 81% were
carried out in Erlenmeyer flask of 300 ml or 500 ml capacity which placed in the water
bath electrically controlled The temperature of the contents was kept constant at the
temperature ranging fron 0 to 90  About 100 150ml solution of sugar or cellulose
sample after dissolving in strong sulfuric acid ranging from 51% to 81% were poured into
flasks with thermometer inserted in each solution through gum stopper  In other cases, cellulose
was suspended in strong sulfuric acid(ranging from 51% to 62%)without dissolution of
cellulose and treated in the same way Sugar determinations were made as above

But in the more strong sulfuric acid than 51% the sugar present or formed was poly-
merized in various degrees under various conditions and so after sampling, the mixture was
diluted to about 10% sulfuric acid concentration and hydrolyzed for 30mins.(in the case
of sugar decomposition)or 2 hrs.(in the case of cellulose hydrolysis)at 100 before
the determination. On the other hand, after sampling, the mixture was merely diluted and
neutralized without hydrolysis and analyzed by Willstatter Schudel’s method(14)to calcu-
late the average degree Of polymerization of cellulose degradates or sugar Present.

12 M Somogyi J.Biol.Chem 160,61 1945
13 J.F.Saeman et al Ind.Eng.Chem.,Anal .Ed.17,35 1945
J W Dunning et at:Anal Chem 21,727 1949
14 R Willstatter et al: Ber 51,780 1918
M L Cadwell et al Ind Eng Chem., Anal Ed 8,181 1936



Method of dissolution of cellulose sample:

To dissolve the cellulose sample ground cellulose powder was wetted well with the least
quantities of 58% H,S0, and cooled down to 0 and the calculated quantities of cooled
and more concentrated sulfuric acid was poured into it to make the mixture 68% sulfuric
acid solution and agitated until clear solution obtained At 0 , about 30 minutes were
necessary and then the caluculated quantities of various strong sulfuric acid were added
and kept the mixture at various constant temperatures and constant sulfuric acid concentr-
ations At every time of sampling, analyses were made as above.

Samples used were prepared as follows

Filter paper was ground and pretreated with 10 times of 2% sulfuric acid solution at
150 for 30 mins and residual cellulose washed with distilled water and neutralized
with dilute alkali solution and washed with distilled water thoroughly and dried at 100
and horny white mass was obtained. This mass was ground in pot-mill and screened thro
ugh 100 mesh sieve and resistant sample of cellulose was obtained. Sawdust of Sugi  AKITA
(Cryptomeria japonica),Himekomatsu-Nagano(Pinus parviflora),and Apitong-PHILPPNE was
treated same as above

Type of material moisture % * potential reducing
. on dry matter sugar % on .dry matter
Sugi (AKITA) raw 16.10 60.6
‘pretre.ated 5.10 458
Himekomatsu (NAGANO) raw 1554 60.0
pretreated an ) 52.75

Apitong (PHILIPPINE) raw, dried — —_
pretreated dried — —_
Filter paper (TOYQ) pretreated 5.05 100

Decomposition Rates of Sugars

To determine the relative rates or decomposition of various sugars which are contained
in the form of polysaccharides in wood, 1 ml. and 100 150ml.of about 4% solution
of next sugars mentioned in the tables were used.

The reaction of sugar decompositon tested is of the first order the range of 1%
to 81% sulfuric acid and 0 to 150  For reaction constant K2, and half life periods,
see Tables 3, 7, 11, and 76 below.

Decomposition of sugars as a function of acid concentaration
When the logarithms of the reaction rates in Tables, 3, 7, 11, and 76 are plotted as a



function of the logarithms of acid conentration, straight lines are obtained. 1(See P.37)

The talbe gives values for the slope, M2, of the lines in every figure and this corres-
ponds to an increase of X % in the rate of decomposition with a 100% in dilute acid
case or 10% in strong acid case increase in acid concentration 28(p 38

Decomposition of sugars as a function of temperature

When the logarithms of the reaction constants in Tables 3,7,11,and 76.are plotted
against the reciprocals of the absolute temperature, straight lines are obtained as shoan in
Figures 20,21,22,23,24,26,72,and 75. therefore, this reaction follows the general
law of Arrhenius relating the speed of a chemical reaction to the temperature

The slope of lines,M2,and the activation energy,E2,are Shown under 3 P 39

The rates of decomposition of sugars increasing with an increase of every 10  are
shown under 4 P 39

Hydrolysis of Stable Cellulose

Without pre dissolving temp. range 80 150
This reaction of hydrolysis is of the first order and for reaction constant, K1, see Table
40. The value of reaction constant, K,, Of wood sample(pretreated with dilute acid at
150 for 30mins.)is 2 times as large as cellulose sample
Hydrolysis of stable cellulose after dissolution of cellulose into the strong sulfuric
acid
Freudenberg(15)studied the kinetics of the degradation of cellulose molecule in the
51% sulfuric acid and showed that the Kuhn"s(16)theory of cellulose depolymerization
agreed with his experiments

Sakurada(17)theoretically presented the next formula concerning the cellulose depo-

lymerization
. n n n
2 Cn= 3 g+ 3 o
n=1 n=1 n=1
. n Zn _ N-=qn+2 n—1
where, @n = T (NED T TNET na®(1-a)
= —nZn 20 ey "]
PE N Ny @d-a

and yet, Zn=m (N=n+2) a® (1—a) n-1
Zn=2ma (1—a) "~

15 K Freudenbergetal I c
16 W Kuhn I c
17 1 Sakurada et al I ¢



where each notation means as follows

cn the yield of the sum of glucose units contained in al molecules which
have n 1 P linkages for total sum of initial potential glucose

molecules
N number of B linkages of glucose unit consisting the cellulose molecule.
m number of celluose molecules which initially existed
a ratio of cleavage of thef linkage the initial totalf linkage
n number of molecules having n 1 [ linkages produced in the case

or cleave Which occurred at both sides ends of the molecule
which has n 1 [( linkages from cellulose chin molecule.

Z°n number of molecules having n 1 [ linkages produced in the case
of the cleavage Which occurred at one side end or the molecule
which has n 1 B linkages from cellulose chain molecule.
the yield of the sum of glucose units contained in Zn for the total

on sum of initi potential glucose molecules.
the yield or the sum of glucose units contained in Z"n for the total
sum of initial potential glucose molecules

Sakurada and co-workers derived the next formula and proved it to be acceptable in the

early stgee of cellulose degradation by their experiments.

n -| n
£ Cn= g7 N+I- IN+T+an(N=m} (-ad

n=1

1 ' yn

Hence, in the case of cellulose saccharification, the next assumption is tolerable on the
depolymerization of cellulose in the strong sulfuric acid

N—n== N+1
because, NZ>nz=1
n
S Ca=1=1+na) (=a)"
therefore, Ry ,
In other words, the next assumption is tolerable.
N—n+2 _2n
-«.N+.I————-'l and NH’_.—O
2 2 | n—1 n
therefore. > Ch=a 3 n(—-a) =1 —-(+nax) (1—a),
’ n=1 n=

In the cellulose saccharification process such as the the degradation of cellulose in the



strong sulfuric acid followed by the hydroysis occurring after diluting down to 10 to 20%
sulfric acid concentration the critical value of n, which is soluble to 10 to 20% sulfuric
acid solution, is assumed to be ca.10.After heating at 100 for 1 to 3 hrs all carbo-
hydrates of the contents are hydrolyzed to glucose perfectly with negligible sugar decom-
position
In the above formula,if n takes the value of 10,the next formla will be obtained,
Xa 1- 1-a ° 1 10a

where Xa means soluble part which has been solved into 10 to 20 % sulfuric acid
solution after degradation of cellulose in the strong sulfuric acid, which is perfectly
hydrolyzable to glucose after heating at 100 for 1 to 3 hrs' hydrolysis with negligible
loss of sugar

On the other hand, until the ratio of cleavage,a ,indicates 0.45 the reaction of the
depolymerization of cellulose in the strong sulfuric acid under the conditions without
accompanying the polymerization of the produced sugar molecules, is proved to be zero

order reaction through experiments as shown in Figures 32 and 33

Under the conditions accompanying with the polymerization of the produced sugar mol-
ecules, when the ratios of the number of molecules produced to the number of inital
potential glucose molecules are plotted against the time, straigh lines are also obtained
in the range of time until the reaction contents become perfectly soluble into 10 to 20%
sulfuric acid solution. In this respect Figures 29 to 39 are available

But when the reaction contents became perfectly soluble, this ratio did not indicate
0.45, and it is too complicated to derive the formula theoretically

In the saccharification, the polymerization protects the produced sugers from decomposi-
tion, therefore, it is enough to study the decomposition of the produced sugars under the

conditions without accompanying the polymerization

whére K, means zéro order reaction constant and time in minutes

According to Freudenberg, in the case of cellulose depolymerization it is evident that
the lower the degree of polymerization of 3 -linkages of glucose molecules, the larger will
be the rate of cleavages of (B -linkage of glucose molecules

And to obtain the maximum yield of glucose from cellulose after dilution and hydrolysis
the optimum time in the strong sulfuric acid must be computed

As above described, the decomposition of glucose in the strong sulfuric acid is the first
order reaction. And we must think that the cellulose is hydrolyzed to glucose and then
a part of the glucose becomes the decomposed product in the strong sulfuric acid

Hence, next equation is obtained

dX.
# K X X%



where X, means the quantities of the decomposed glucose X,, the quantities of the
produced glucose K,, the reaction constant of the glucose decomposition.
In glucose case, n is equal to one

Therefore
— fom=na® (1—a)" Vg 20 —) e 2
Co=gn+g@n=na? (1—-a) + N4l © a(l—-a) o?+ NL «,
and yet, we must assume
"y B
N1 O
therefore Cn=a?=X, , when n=1,
Xi=a?=K?® %,
therefore _ddxtg C=K, (K —X,).
Integrating the equation
- f Kad [ f Kadt
X,=e l—J‘(—KI’-Kg-t”e )de+Ch,
and simplifying the equation -
K,? K,? K,t

_ 2 2 __ : . . l_
X, =K2 2-2 K, t+2 K +Cee ,

and yet, when t equals zero, X, equals zero.

Therefore C=—9 K,®

K2
K.2
Substituting the C with — 7T<}E’”"’
2
K,? K.? K2 —K,t
We get X,=K; t'-2 K12 t+2"|"<’:'2' -2 KiT e .
Substituting the t with I? , we get
1

K, _K—12A TR«
K2 a+2 K22 (] e 1 )

In the cellulose saccharification process such as the degradation of cellulose in the strong
sulfuric acid followed by the hydrolysis after dilutng down to 10 to 20% sulfuric acid
concentration at 100 for 1 to 3 hrs. net sugar obtainable,Z is calculated by the next
formula,because the sugar loss in hydrolysis at 100 for 1 to 3 hrs is negligible.

Xeg=a?— 2

K,? K.? - a
Z:Xa——xg.zl——(1—a)‘”(1+10a)—a2+2f:2 """" a——Q—K‘!—g— +2 K;” e K,

And then the maximum value of Z is obtained as follows



, : , K,. ,
92 =100 =)+ (1410091001 — ) — 242 A iy S
2 2

Simplifying the equation we get

55a(1—a)* —a=

Hence denoting K_ equals and we must have K 1

1 —Ka
therefore  55a(1 —a)*—a= g (e -1,

—Ka Kla® ° Kla?

K2a?
and yet e =1 _Ka+TT_—+ --------- ==1 —Ka+——2-(error 0.19%)

6

Hence we have 55a(1 —a)! —a= ’T'I(m (1 —Ka+ ,,5?32,; -D.

Simplifying the equation we get

55a(1—a)®— . g az=0,
Putting o iseqaul to1 [ We have

-

55 (1-8) B — —5 (1-8)'=0,

therefore 558 -558" + —5— =K@+ 5 =0,

I

Substituting the K with K we have
2K

w_sem . Ko g K K
5581 —5548° + K, B K B+ K, =0.

Hence to solve this algebraic equation since the value of the term of 2% which
1

contains no 3 is /200 or smaller we put zero for 3 at first and then calculate the
approximate value of B using the Newton"s method f P 0.

This equation means above equation, hence we can put 3, for B as an approximate
value or B And the more accurate value of B 3, 1is obtained as follows

S (Bo+h) =f(By) +h. f (By) =0,

therefore h=— %E—% .
) K,
‘ _ —p_ JSBD __ 2K _ 1
hence Bi=PRy+h=20, By TR =5
‘ K

and therefore, we get a=1-8= ,,,12“4,



That is, when o equals »the value of Z becomes maximum, repeating this method

SBY 1 55K, —128K,
VD) 2 880K, + 512K,

Thus, e.g 1in the 51% sulfuric acid solution at 45 .,

K, 0.0025 and K, 0.000006 were obtained

Hence, we have By= f;%* '

/-\gain 182:181""[7,:31_

therefore, a= 50

This value of a is more accurate than and when a takes this value Zmax is as follows :

Zmax 1 0.000113 0.999887.
This value is almost the same with that of initial potential sugar
In other words, the decomposition of glucose in the strong sulfuric acid is negligible
comparing with cellulose degradation hydrolysis
And the necessary time for maximum yield obtainable is given by the next formula,

Twh = ~Oé§v~— ,

where a  0.45 indicates that the residual 3 linkages correspond to 55% of the initial
B linkages. The half life minutes of cellulose in the strong sulfuric acid after dilution and
hydrolysis mentioned above are obtainable computable by the next formula,
Xa 0.5 1 1 a “ 1 10a
Thenwe puta 1 B,
we get B 0" B¥ 0.5 0
Yet, the value of a is 0.1 a 0.2 by the experiments, and so we can put 0.9 for
B, and treat as above by the Newton"s method,
B, B, h 0.9 0.044 0.856,
therefore o 0.144
Hence, we obtain the half life minutes, th, by using the next formula,

0.144
th= ﬁ_,K___
on the other hand, we can compute the value of K; using the next formula,
— ] 9 -----------
K Twh © 20 A

The value of Twh is obtainable by the extrapolation of the plotted values of Xa against
time as can be seen in Figures 29 to 39 by the experiments

To compare the relative rate of degradation of cellulose in the strong sulfuric acid until
the cellulose becomes perfectly hydrolyzable into glucose after dilution at 100  the



formula A will be used and then K; Will be computed, because the polymerized prod
ucts are easily hydrolyzable into glucose in the 10 to 20% sulfuric acid at 100 for
30 minutes or less

The values of K, are available in Tables 40 and 41

Hydrolysis of cellulose as a function of acid concentration

When the logarithms of the reaction rates in Tables 40 and 41 are plotted as a function
of the logarithm of acid concentration, straight lines are also obtained in the range of 1
to 32% H,S0, See Figures 52 and 53

When the logarithms of the reaction rates in Tables 40 and 41 are plotted as a function
of Ho acidity function 18 ,Straight lines are obtained in the range of 16 81% concen
trations of H,S0, as shown in Figure 54

The table gives values for the slope, M,, of lines in the above figures 5 See P.41

Hydrolsis of cellulose as a function of tempreature

When the logarithms of the reaction constants in Tables 40 and 41 are plotted against
the reciprocals of the absolute temperature straight lines are obtained

Table gives values of the slope, M, of these lines and the activation energy, E;, 6 P.41

The rate of hydrolysis of stable cellulose increases with an increase of every 10 as
shown under 7 P.42

The necessary unit time to make reaction mixture perfectly hydrolizable after dilution at
100 as above mentioned decreases down to X unit with an increase of every 10
as shown under 8 P.42 See Figures 57 and 58

4 Saccharification of Stable Cellulose and Resistant Portion of Wood

A Without dissolution of cellulose
The date previously presented show that the saccharification of wood involves two con
secutive first order reactions the rates or which are of similar magnitude

Ky Ko
Cellulose - reducing sugar — sugar decomposition products

K, K,
Filter paper hydrolyzed - reducing sugar — sugar decomposition products

K", 2K, K,
Hydrolyzed wood(hemi cellulose free) - reducing sugar — sugar decomposition products.

The values of K"1 of various samples are shown under 10 P.45
Stable cellulose and hydrolyzed wood give values tmax and C; max at each condition
as shown under 9 P.43

18 L P Hammett et al J Am Chem Soc.,54, 2721 1932 56, 827 1934 56,
830 1934



In order to make suitable for commercial uses,the agent promoting hydrolysis must give
a high rate of hydrolysis, K1, as compared with the rate of sugar decomposition, K2 The
calculated values for K1 K2 for various conditions are given in the table  9(P.43)

B Hydrolysis of stable cellulose and wood after dissolution of cellulose into strong

sulfuric acid
In this case, the decomposition rate of sugar is perfectly negligible magnitude comparing
with the rate of cellulose hydrolysis. The ratio of time required to hydrolyze the cellulose
(until becomes perfectly soluble to 10% sulfuric acid solution)and the time requied to
decompose the sugar or the same quantities perrectly is about 1:5000 1 10000

When the saccharification of cellulose with strong sulfuric acid is calculated, the rate of
sugar decomposition is negligible when compared with the rate of hydrolysis of cellulose
as the hydrolysis of starch with amylase

Figures 60 and 61 are available for the saccharification of wood, the former is the
results with glucose and cellulose, and the the latter, xylose

The same minutes curves have two cross points, these points indicate the criticals for
two different practical methods of wood saccharification, that is, dilute acid with high
temperature, and strong acid under low temperature

Figures 65,66 and 67 show that the hydrolysis of raw and hydrolyzed wood are easier
than stable cellulose

The ratio of cellulose and sulfuric acid influences largely on the rate of hydrolysis of
cellulose

Fig 62 shows the effect of glucose quantities added

Fig. 64 shows the different effect of same quantities of starch and glucose added.

When the ratio of cellulose and sulfuric acid is 1 87, the time required to dissolve
the cellulose degradates contained in 10% sulfuric acid solution is 1 unit, and when the
ratio of cellulose and sulfuric acid becomes 1:8.7, the time required to dissolve all cellulose
degradates contained in 10 sulfuric acid is 2 units

\When the ratio of cellulose and sulfuric acid becare 1 3.2, the time required to dissolve
all cellulose degradates of the mixture in 10% sulfuric acid was 4.5 units

1
A. In glucose case, Figure 12 was obtained in the range of 2 16% H,S0,

13 2 81% H,S0,

When the logarithms of reaction rates are plotted as a function of Ho(acidity function

of sulfuric acid)straight lines are obtained in the range of 8 81 sulfuric acid Figure

14 is obtained



B In xylose case, Figure 15 was obtained in the range of 0.5 16% and 100 150 ,

Figure 16 was obtained in the range of 60-80

C In galactose case, Figure 17 was obtained in the range of 2 16

D In mannose case, Figure 18

*2-
Sugar Temp

glucose 150
135
120
100

xylose 100 150

mannose

galactose

xylose 70
60

50

40

30

20

mannose 60
50

40

alactose 60
50

40

glucose 90
80
40
60

135
135
100
135

Figure 74
Figure 71
range of acid concn ~ Slope, M,
2 16% 1.056
1.095
1.08
1.00
0.5 16% mean 1.01
2 16 1.24
2 16 1.26
60 80% 12.4
13.6
15.8
19.4
20.5
20.4
64 80% 17.27
19.18
19.10
16.5
19.38
19.8
8 32 0.536
32 51 0.45
65 80 0.73
51 65 0.53 0.64

64 80
2 18
64 80

increase of X

in the rate with

a 100 increase in acid concn

increase

108

113 mean
110 107.3%
100

102

137

138

of X in the rate with

a 10% increase in acid concn

326
367
452
637
707
707
420
520
520
382
534
561

increase of X% in the rate with

an increase by 1 of absolute

value of Ho

243
182
430
228 337



3
Sugar
glucose

xylose

mannose

galactose

4
Sugar
glucose

H,S0, concn
81
76
73
65
51
32
16

0.5 16
80
76
72

60

80
72

N

16
80
72

range of Temp
0 30

30 60

6260
6275
6270
6389
6453
6675
6929
7010
7381
7532
6770
5500
5800
5910
6250
6340
7380
5940
6400
6990
8240
5990
6544
6990

H,SO, concn

81
76
73
65
81
76
73
65

E, cal./mol
28600
28650
28650
29200
29550
30500
31700
32050
33780
34470
31000
25100
26450
27000
28500
28900
33700
27100
29200
31900
37300
27350
29900
31900

increase in the rate
471
475
474
483
323
324
323
335



xylose

galactose

mannose

60

90

120

30

100
120
135

30

60

100
120
135
30
30
60
60

90

120

150

30

60

120
135
150
60

90

120
135
150

60

60
90
90

51
81
76
73
65
51
32
16

73
65
51
32
16

32
16

80
76
72

60

2 16 mean
0.5 16

80
72
72
64
2 32 mean

80
72
72

342
226
227
226.5
234
238
252
269
276
174
179
181
182
204
207
158
168
170
363
30--60 335 404 0 30
347
387
397
190
164
146
297
351
244
275
265
226
198
292
336
234
275



100 120 2 32 mean 219

120 135 189
135 150 166
5
A Temp M, increased of reaction rate with a
100 increase of acid concn
150 1.10 214
135 1.27 241
120 1.48 279
100 1.57 297
increased  of reaction rate with an
increase by 1 of absolute value of Ho
150 0.5225 233
135 0.534 242
120 0.553 257
100 0.641 337
90 0.650 347
80 0.679 377
B Temp M, necessary unit time to make reaction
mixture perfectly hydrolyzable after dil-
ution at 100 for 2 hrs. decreases
down X unit with an increase by 1 of
absolute value of Ho
45 0.758 1/5.676
40 0.903 1/7.95
30 0.966 1/9.25
20 0.968 1/9.29
15.5 1.115 1/13.04
0 1.233 1/17.11
6
Q)
H,S0, conen M," E, cal./mol
4 9030 41200
8 7780 35600
16 6720 30800
32 6450 29600
46 6430 29450
% 6400 29300

62 6128 28150



Temp range
60 90
90 120

120 150

Temp range
0 30

30 60

51
62
68
72
75
80

H2S04 concn
62
62
56
46
32
16

62
56
46
32
16

H2S04 concn
80
75
72
68
62
51
80
75
72
68
62
51

6579
6062
5700
5045
4816
4542

30800
27700
26100
23200
22050
20800

increase in the rate
218
167
179
180
181
194
248
327
138
148
151
151
160
202
261

X unit
1/3.55
1/3.82
1/4.07
1/4.89
1/5.41
1/6.25
1/2.85
1/3.03
1/3.2
1/3.72
1/4.04
1/4.55



H,SO, %
32
32
32
16
16

—_—
o
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Temp. °C
130
120
100
130
120
100
130
120
150
130
120
100
150
135
120
150
135
120

60

90

90

120

80
75
72
68
62
51
68
62
51

Saccharification of Hydrolyzed Wood

K,/min.
2% (0.0135)
2 x (0.0039)
2% (0.000406)

- 2x(0.0033)

2 x (0.00092)
2 x (0.000147)
2% (0.001)

2 x (0.00029)
2% (0.004)

2 x (0.00041)
2 x (0.00012)
2 x (0.000017)
2% (0.0019)

2 x (0.0003)

2 x (0.000043)

- 2x(0.0009)

2% (0.00013)
2 x (0.000016)

Ky/min. Cg max %
0.033 33.15
0.0125 28.56
0.0014 27.36
0.0072 34.90
0.00285 29.05
0.0003 36.31
0.00391 25.23
0.00125 23.87
0.011 31.09
0.00151 26.28
0.00057 22.45
0.000066 25.45
0.0052 31.17
0.0012 25.01
0.00028 . 18.35
0.0025 30.94
10.00056 23.87
0.00013 15.70

Saccharification of Hemi

Rayon pulp mill

Cellulose

tmax mins
29.0
- 100.5
807.0
130.0
435.0
3371.0
352.0
1157.0
119.0
880.0
2613.0
21059.0
205.0
1154.0
6081.0
469.0
2557.0
14546.0

1/2.36
1/2.48
1/2.59
1/2.93
1/3.14
1/3.47
1/2.5

1/2.64
1/2.97

K. /K,
0.81
0.62
0.58
0.91
0.64
0.98
0.51
0.46+
0,72’
0.54
0.42
0.51!
0.73
0.50
0.30
0.72(
0.46¢
0.25



H.,SO, %
32
32
32
16
16
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H,SO, %
32
32
32
16
16
16

o

— NN NS KM M A ®

Temp. °C
130
120
100
130
120
100
130
120
150
130,
120
100
150
135
120
150

Temp. °C
130
120
100
130

- 120
100
130
120
150
130
120
100
150
135
120
150

K,/min. K,/min. Cgmax %
5x(0.0135)  0.033 50.90
5x(0.0039)  0.0125 4510
5 x (0.000406) *0.0014 43.85
5x(0.0033)  0.0072 52.84
5x(0.00092) 0.00285  46.24
5x (0.000147) 0.0003 54.60
5x(0.001) 0.00391  42.50
5x(0.00029) 0.00125  39.52
5% (0.004) 0.011 48.50
5% (0.00041)  0.00151  43.30
5x(0.00012) 0.00057  37.53
5x(0.000017) 0.000066  42.51
5x(0.0019)  0.0052 48.75
5x%(0.0003)  0.0012 41.00
5x(0.000043) 0.00028  32.30
5x(0.0009)  0.0025.  47.97
5% (0.00013)  0.00056  39.89
5x(0.000016) 0.00013  28.26

Saccharification of Acid Cellulose
K, /min. K,/min. CB max %
10x (0.0135)  0.033 63.80
10 % (0.0039)  0.0125 58.70
10 x (0.000406) 0.0014 57.47
10 x (0.0033) - 0.0072 66.60
10 x (0.00092)  0.00285  59.20
10 x (0.000147)  0.0003 67.20
10 x (0.001) 0.00391  54.80
10 x (0.00029)  0.00125  52.88
10 x (0.004) 0.011 61.85
10x (0.00041)  0.00151  56.06
10 x (0.00012)  0.00057  51.10
10 x (0.000017) 0.000066  55.24
10x (0.0019)  "0.0052 61.96
10 x (0.0003)  0.0012 54.61
10 x (0.000043). 0.00028  44.42
10x (0.0009)  0.0025 61.49

tmax min.
21.0
63.5
589.0
89.0
272.0
1989.0
226.0
742.0
65.0
511.0
1624.0
12987.0
139.0
713.0
4037.0
267.0
1648.0
9707.0

tmax mins.
15.0
43.0
415.0
49.5
183.0
1355.0
154.0
509.0
445
383.0
1176.0
9065.0
93.0
508.0
2875.0
197.0

K, /Kq
2.04
1.56
1.45
2.9
1.61
2.45
1.28
1.16
1.81
1.35
1.05
1.29
1.82
1.25
0.77
1.80
1.16
0.62

K,/Ky
4.05
3.12
2.90
4.55
3.23
4.90
2.56
2.32
3.64
2.70
2.10
2.575
3.65

-2.50

1.54
3.60



H,S0,

32
16
16

AN -

10

Temp

130
130
100
150
150
150

135 10x (0.00013)
120 10x (0.000016) 0.00013

Ky/min. K2/min.

10x (0.0135) 0.033
10x (0.0033)  0.0072
10x (0.000147) 0.0003
10x (0.0009)  0.0025
10x (0.0019)  0.0052
10x (0.0041) 0.011

tmax
mins

15.0
49.5
1355.0
197.0
93.0
44.5

0.00056

Cs max.

63.80
66.60
67.20
61.49
61.96
61.85

53.20
40.80
Saccharificatrion of Acid Cellulose

Decomp.
Product

23.90
16.80
20.20
28.01
20.36
22.21

K1’/min. reaction constant of hydrolysis

Acid cellulose
Hemi cellulose
Hydrolyzed wood

13,7 K,
7,1 K,
2 K

about 10 K,
about 5 K,

1136.00
6892.00

Cg Mmax.

D.P

87.70
83.40
87.40
89.50
82.32
84.06

2.32
1.23

100
CB max
D.P.)

12.00
16.60
12.60
10.50
17.68
15.94

Total
1st+2nd
CB max.

71.65
76.54
75.67
67.96
72.92
71.72



Acknowledgment
This work was carried out partly on the research funds of the Forest Experiment Station,
Tokyo and mainly on the Hokkaido—Ringyo-Shidosyo. The author is grateful for
these grants in aid and also for the interest shown in this work by T.Kotaki,chief of the
Forest Section of Hokkaido-cho and M.Abe,chief of the Forest Chemical Section of the
Forest Experiment Station,Tokyo.Members of the* Wood Saccharifcation Discussion
Committee” Profs.S.Uchida,K.Sakaguchi,T.Asai and N.Migita made helpful suggestions
during preparation of this manuscript,these were very much appreciated.The author also
wishes to T.Sakai,T.Tabuchi and K.Watanabe for the assistance given to this work.



MEMBERS OF THE WOOD SACCHARIFICATION DISCUSSION COMMITTEE

ABE, Makoto

ASAl, Toshinobu
HARA, Chuhei

HASEGAWA, Kozo
HOSAKA, Hideaki
HOTTA, Katsuichi
KATAYAMA, Samata
KOBAYASHI, Tatsuyoshi
KOTAKI Takeo

KUZUOKA, Tsuneo
MIGITA, Nobuhiko
OYAMA, Yoshitoshi
SAKAGUCHI Kinichiro
SHIMAZONO, Hirao

TAKUBO, Kenjiro

TOYAMA, Shigeaki
UCHIDA, Shunichi
YAMADA, Koichi
YONETA, Ryuhei.

Chief of the Forest Chemical Section, Forest Experiment
Station

Professor of the Tokyo University

Chief of the Extension and Research Section, Forestry
Agency

Director of the Forest Experiment Station

Technician of the Hokkaido Forest Products Research Institute
Technician of the Special Products Section, Forestry Agency
Chief or the Special Products Section, Forestry Agency
Assistant Professor of the Tokyo University of Education
Chief or the Forest Affairs Department, Hokkaido Prefectural
Government

Assistant Professor of the Tokyo Institute of Technology
Professor of the Tokyo University

Professor of the Tokyo Institute of Technology

Professor of the Tokyo University

Head of the Wood Saccharification Laboratory, Wood Chemistry
Division, Forest Chemical Section, Forest Experiment Station
Head of the Wood Chemistry Division, Forest Chemical
Section, Forest Experiment Station

Head of the Account Section, Forest Experiment Station
Professor of the Tokyo Institute of Technology

Assistant Professor of the Tokyo University



—
~ - ——h %S0y
N 116
\ \0\
\ : ati/oo°C
~
\
\ \\\
\ \\22
. £\ s Ao ()
. b
— g
~ — ¢
~1 ——_
\\ 4
at |frec
\\
y p o 2 ¢
N -
R I~
N\
N —
N T |2
\"\ \ | pase
N~y
4
2 h 1 p
S =
\ \\
\-\
\\ —~—1 |,
\ at | 1500
'Y
\
1’ J’r P A o 1 ?y




AT 4o°C

at |Lo¢

at| poc

at | 20°C

4
——

2

(-4
‘J 24

152
3

"~ 76 % #2504

(Res)

‘\_{- 7

\\

’\_ﬁﬁtc

—\‘\.‘

\‘\

AW

LN




Temp. °C

40

60

80

90

100

120

135

150

%
75.95
80.84
72.89
75.95
80.84
64.65
72.89
75.95
16
32
51
64.65

16

32
51

[o NN

16

AN~ O AN

H,S0O,

mol Ho
13.03 -6.28
14355 -6.975
12.25 ~-57
13.03 -6.28
14355 -6.975

9.21 -4.7
12.25 -57
13.03 - 6.28

1.78 -0.16
3.965 -1.685
7.222 -3.344
921  -47
0875 0

1.78 -0.106
3.965 -1.485
7.222 -3.344
0.423

0.875 0

1.78 -0.16
0.2125

0.423

0.875 0
0.106

0.2125

0.423

Reaction Constant
.K,/min,
0.00034
0.00103
0.00195
0.00493
0.0168
0.00501
0.0217
0.0628
0.00009
0.00036
0.002037
0.01169
0.00014
0.00028
0.00112
0.00743
0.00058
0.00121
0.0026
0.00115
0.0025
0.0053
0.00242
0.0052
0.0108

Half Life
mins,
2069

683
365
142
42
144
33
11.2
1954
781
345
60
112
2512
600
95
- 1212
570
258
600
294
141
310
129
63



‘ - T
~ :t ‘ I S S e 3 (L 3
N ¢
\*;\‘
N ) at | Joo
|
u T
{ .
_ 2 ¥ & 2 1 Zo (Rrs) |
s i 5
—\*\i:ﬁ\ = : = |
e~
) ) \\{
\ N 1 at |120%
' N . :
] N
2 3 '3 . L 4 7l R
—— =
\# RN T—e—1_ |,
~
T —
N T ar| 730 ¢
Tz
1 ) y ? 4 \‘ P y 4
X o [ —
\ "\\ = m\\
\\ . ‘j\ ’ T oS
\ ‘ ™ | at|ee
; N . |
7 3 «




NSRS | |lg | | 3 _
LRy tARn: w%
BB N MR 8
e w o TUSRER. wvﬁl o T m,._ -
I / il A 4 \ < R
oMl Poos g :
\ /l LYY I h\ ) i =
/ °| ] -~y Vs o | & %
/ . ‘, RE i
- wE Ny \ \ \\ . M g
| , e | \\ = \ X
‘ S , A Ry 2
i : < ¢ T
| \; | r, NNNW 3 —3




" -
'\\ . 60.cv
—— [ Ky=wop2ay
p: J0'C
lQo0s 77
K ™N £ 1 ? p
XR* 4 il 44 ‘4" A ﬁ"
?7; HaSi0;
i, ot ‘
B S Vo ol o ot/ 36
] \\N
\
I~ ~_ .
\ . Tj"‘? gorc
\Q 0.0045¢
‘ ig £ | v T ¥ A
A — | Towip. #3°T
~— K-=a0032]
Ftr £0°C
\i@a,amo
\\
3 r B
‘ ,D ,/v T2 OV
—t V| X
i =o.00/42
rs y 40
k=~ BPOE7L
» ¢ ~ -




Temp.

°C
20

30

38

40

50

60

70

100

120

135

150

H2SO4 COﬂCf’l.

%
80
76
80
76
72
64
76
72
72
64
60
64
60
60

16

o A N —~ ® i

Reaction Constant

K,/min.
0.00109
0.000383
0.00475
0.00152
0.000549

~0.0002485

0.00692
0.00221
0.00860
0.00136
0.000549
0.00484
0.002225
0.00877

0.000273
0.000523
0.00125

0.000366

0.00155
0.00404
0.0017
0.0033
0.007266
0.00342
0.00665
0.01393

Half Life

mins.

2576

1340
563 -

1920

453
174
413
213

97
206
105
505

g



)

U
R 3 g
$ ] '{’
K] ¥ ¥

I£4

~—
b\‘y

i

$ /
. /

N
N




Ny U

Q

¥ S
3 ¥

CAve )

\L\-n&




% _ ;
| s 3 3 §
¥ % L ® ;
5 . ot
Y
A w 1/”2 9:1.# oIVN \m
o ' N /.
] o i g \
N ‘ \ | ) M\ m/\ 3
N - — e %ﬂ. .. , ¥ 9 &
o s/ y | A ‘
Ny , / . \?; \ “ [

-T

N

/ x/ \ \\ / w \ \ MM\.V&
1 x V- / . AR [ ,
i o/ ] ARy . -\
DMl 1 dn A

J

S T

X




Temp, °C

100

120

135

Temp. °C
100

120

135

- 150

H,SO, Concn. %

16
32

o A~ N O 0 AN

Fructose

Reaction Const, K;/min.

Galactose

0.000076
0.000192
0.000727
0.0001756
0.000368
0.000913
0.00300
0.00093
0.00223
0.00530

H,SO, Conen. %

2
4
8

10
0.5
1
2
4
0.125
0.25
0.5
1.0
0.125
0.25
0.5
1.0

Mannose
0.000064
0.00015
0.000434

0.000231
0.000627

0.00137

0.00116
0.00264
0.00651

K,/ min.
0.00192
0.00403
0.00962
0.02602
0.00254
0.00523
0.0130

0.03001
0.00206
0.00523
0.0116

0.02166
0.0141

0.0263

0.0469

0.10241

Half Life mins.

Galactose Mannose
11000-
9256 4690
3664 1640
969
4000 3050
1920 1120
770 515
234
755 605
315 266
133 108
Half Life mins.
366
174
73
27
277
135
54
23
341.5
135
60.5
325
52
27
15
7

Temp.
°C

50
60
70
40
50
60
40
50
60

Temp.
°C

60

70
80
50
60
70
40
50
60



§s
. |5‘C/
. ;/ /
%ot ; : 7 7
: » —
/ vV,
7/ >
i( /{ y
/ % /
/ // 9°3/

rones 4o 2o o | mo | o




3 1Y narien

K wjlv/ T T e
-
~ ~~ -
T~ .
%) // 1 i
N ™N
1N
/P 8§

1




/

ke 3

HaS 04 '/‘

-+

Tk}

14
Al

/

[/

/

24

.Qal\

/

65
i

Sl %

VAL

77

/
|/F

e

—_— b — ]

KaVAY,

“n
/L/ NN ///
llv r/ Y 5 ~ =3
i //7 N ~A IM//f wn.w// 7 N
N / RN // // ///,.«.Wx
N—— o — - Yy -t — 4 — -+ 2 I R G L L L L D P A iy — —_— e — | — — — —
R ~ // e ™N ./\.0/ y a7
% ™~ ™ "™ ’ /
i Q ™ /// N .ur
N /m N // A
) << 23 !
m/ i ™ / | / “
B 2 // : / 24
- Us - w



L A dl
- — g
7 —
: | / . X,
o ,/./ -**I/
v - F
/4 N .
/ ‘
e
K
T
05 1o 2.0 4.0 8.0 0.0




D /

0.01
} ) Vi

i / /

0.001 / /
: 7 —

/ /|
0.0001 -/ : //

ép “ 92| 76 20 %4

0.00001 _
1.77 1.78 1.79 1.8 1.81 1.82 1.83 1.84 1.85 1.86 1.87 1.88 1.89 1.90 1.91 1.92 1.93

—






o /
doo /
. /-
7 ‘
/ /
Q,
yaniiiiia
/ R
/
—
e .

Sfq Cong

LA

%




0.1

0.0,

0.001,

/ J/ ‘ / /

L/
; /J/ » - //

yih 7

4 P4
A i 4

/
V4

o128

—> HaS

%

/6.0




v
2.8

—

2.6

2.4

2.2

2.0

1.8

1.6

\\\\l\
=
L B4 /o \\\\ \\\
L \ q 7\.\\. | .
\\ A -~ 1 "
a
.H L1 1 - LS — S,
P L1 "1 =
. T &a\\\\ L
E A 1 \‘\.\ L ﬂ_%\ \\_\ ;
‘u |1 \\ | wn.ec Lt . \ o
T \\ \ \\\ \.\ \\\ 16 00 \L\\\ 4+ \l
et L \ | \ \ .a\cq \U\,\ M\ \.
g L e e I T g ——

\\ \ ‘\\ \\\ \\\\ 2,00 “M“N“\\\ J
ﬁ \\.\\ — -\\,\\ L — LT \\\ “\\\A\v\_ ]
;\ \\ P \ \\\\\ ~ I “
p— = — — = [— '3 i
ﬂ\ — 41 | A g P\ N
[e — | = . £
.\\\\\ \\\\Y\\\\“N““NH\\\ 1.0] =
E 1 -
L \\\\\\\\\\\\H\“m“\\ | ]
L ot =1 — -
o — == e il g
HMMNN““\
s g
=T |

1.4

1.2

‘1.0



,\ﬂo.wk o\.o\\ \T\\\\‘ = 1
\\ \\\\\\\\\ \\\\L\\\\ —— \.
\\\\\ — ﬂ_m.ﬂﬂ = \\
L4 \\\ .
\_\ \\\\ \\\ - B Wﬁ
\\\\\ \\\\\\ L1
\\\\\\\\\\\‘\ Wf ot \_\\\\ ]
OO | \ p
\\\\\\\.\ \\‘\\ \‘\ﬂpO\\A ‘HHH\\\\ "1 \\\ .M
\.\.\\.\\l\\ -1 \_‘\\\ 4 OO L1 " A\\\ \\ 24
-\-\\\\\\\.\\\‘\\\\\\\\ﬂ.oo ] \\\\ \\\\\\\\\\\ 4
\\_\ ‘\\\\\0»»\\\0“\\ \\\\\\\\\ \\\\ \\ .
2




A \\\
ny - '
| %\2\ ] -~ \\\
|~ k — 7 —
v ; - .
\ .,w. p e q )
\ ~
A Z et 3.
P - s
L ol
\\\‘..,w i u
\;,\\

0.001

0.0001

3.6

3.5

3.4

3.3

3.2

3.1

3.0

2.9



4.6min

AL T T 1 | N
ARV \\ L
- L
Y LU
VAV LR W
VAV \\ \

NN

ATV \
WV 1 \ \
AV VY \ 1\ ALV
\ \ \T'\ \ [\
VA VLT A
VAL A INAVEA

N

\\ \\ \\ \\ \\ \\ \\ 3 \\
VLAV \ 1\ VL
W W S D S
VAR \

AVAN Y \ \

NN

N\
8 \ o

2.2 2.4 2.6 2.8 3.0 3.2 3.4 3.6 3.8
Reciprocals of Absolute Temperature



0.27sec
1.0

2.7sec

27sec
1

4 4._6min

w50t 7

\
4 ...X_ _\ e

WA

RN
b
Al

WO

WA

LAt
411

[WRWRIAY

A

AN

\'. po , Mo, 12¢ \ ’.'”\\7.” Qx %0 2

L

WAL

AW WA WA

VALV ALY

VAV VT

G Vi W W W . a whaianliie it o v Sl

A

ALAAN

WA

WAL

N

WA
NN
VAV VD
VAL

1
L
\L‘

'\)x \
| 30, 360, 30, 3go, po, B0, Mo, e \PY, R

2.8 3.0 3.2

2.6
x 1073

2.2

2.0
lute Temperature

Abso

of

als



620070

820070

120070

920070

G¢00°0

¥200°0

€200°0 0€00°0

oer) cobn | osd oo
\ /, \ /
I AVEVAVAAY
NN N TN )N
A\ // .,/. \ // //
N\ A NN NN
// . // / / \ - \
N
\ AN A
AN\ \NAVAVAY
/ b/ NN | /L, \

/

L~
//
Pl

//
L~

[P

~
P

al

”
’,v’
.4”’

AT

10°0



oot (o¥1) FED 001) D)
\ VER'RA
NI NN Y
N AR \
LA .
//r //r J// i /// \ Jyr //f4/1/
' ENRRRE
\ A\ %) V ///
2\ / \ & //
ENEANEANAN \ ,x.
AVAVAE \
N AN YA
\ ./ / / ,wa / \ /
/ / / / | 5
/ AW | \ /
NAAR \ |
RN ANIAYA
\NERANAVAY \NIAVYER
\ \ \ \
\ \ \ \

100070

100°0

10°0



(Wil X4

: 'f ? $ LA
M :

| /] “
/[ ; ;

| / i
+‘ | ; /4

AmEe anii .
| /}T 3 =
L1 :
L~




J oo e p
& v
[ )
= m——
oce o> oles
~
lIIMWIIIIl
~
/
QQQM o J/
. /A.
> M‘\.\ xﬂ]ii!
——
. 1 ~J
(vse) 4/ 4 oopk u./ 04
Y J
- lllllll!, .
o 0P / .
N// ~ —
S*H %/ —— . P
F=m— %
- [r”

Tosurw oawrg
asoIn19) 10 SISAJ0JpAH

Potential Reducing Sugar

Residual



1.0 ‘ 0 51
0-&'&\\\(
0.6 \\ : a2l
0.4 \ ~~
0.2
0 —
6 12 18 24 0 3 hrs
A, \\\\
\\
\\\\\
& T
) -_\‘\]\_‘"\ :
0 2.15 3.15 4.15
1o 15.5 68
- " \\.\\
-
\\
~~d_
\\ T~
v\\.
0
2 4 6 8 10 12 14
0.5 172
10 <
\\\‘ ST
\ \\
‘\\\
\0\'\
0 ‘ - =
5 10 15 20

45 51
1.0 * \L\
N <
N
\ \\
\\'
0
1 2 3
1.0 \ B —
NC Tk
\‘\ el
N
‘\
0 ~
20 40 60 8 100 120 140
, 20 68
1.0 <1
\\\\‘~
N T
\\ “~d
X
: \)— _
0 1 2 3 4 5 & 7
15.5 72
1.0 -
\\\ T
N
N
\
0 1 2 3



0 62 30 68
1.0 e 8 TR

o 1.0 h\\‘ I
1.83 \"\\J r

‘(\ o N \ - B
RS w
0.64 ~ » .

- ’ - N <
\ ~4 0.5 't X\ \\
0.41 . h

0.2%
N
0 ~—d 0 g
10 20 30 40 50 60 70(mins) 10 20 30 40 50 60
1.0» : —? 155 75
] \\/-,.'h
N =~

10 20 30 40 50 60 70



1.

0.

0.

0

0.

- Residual Cellulosic Compound r]>10

0

8

6

.4

2 .

[,

o

o

o

o

o

o

o

o

o

o

Degradation of Cellulose
in the strong Sulfuric

’ 0.5 Acid
RN
\
L) \
1 2 2 5 6 7 (hrs)
0\ )
9 N d= kit
\ N
| “K\\\\\\\ -~\,~\5‘§~4L\\
X2y
N
3k N 1( : \\
6 ‘Z—I—(l~i)/a [~ —_
51
N
\\
N I~ 0°C 90% M:Soy
\
1 \\ﬁa‘-
10 20 30 40 50 60 70 80



10

20

10

20

LhSOs (7% -23bh |
CTemp.  30°C

Cellalose Q¢ _ | |

! ! |

! ;

W=o00022/ | |

\ ‘( :0 !
\ fo B
N B i
P . : i
- ! ; {
| : T
e 1]
. e -
1 i i -
2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 (hrs)
|
tHhS0¢  $1% ~23H4
Temp. asec ' _|
Cellulose 2%,
It - \
\ \\

N

—
T
N
N

i

120 150

30 180 210 (mins)



| | HiSoy S50 A0t |
10 : 7—<?n./z 3o0°C ]
\ Cellwlose Loy

20,

\ =
o ,,\ \\
s % \\
60 \ : Ukt = 0,000 227 |

4 =0 :
70 . i ;
80 S '
~N |
90 ¢ \\ IL
\L‘ i
100 y - l
50 100 150 200 250 300 350 400 450 500 600 700 800
(mins)
0

| \ ' ]
10, o |
\ \ ‘ | HS0p 62, "¢.}77/‘-/.

20 Ten,o. go°C. |

T~
“ , \‘\ \\\\7\0\\ 1 Cellslose 2%
40 \ ’\ \s kot = 2.0/17
\
N

\ ~ 5¢>§.0o}7_£
50

60 > \
70 . \ ° N
80 » - <
90 - \ |

100 RN E
10 20 30 40 50 60 70 80

I~

A1




10 % ] SOy $2% ~4S/He

\ Cellutose 2%
20

e
\ - 7-€7ﬂf 4o>C
Q
30 \ %\
N N ——
° -~\~“‘-.-_
50 [~
K = 0.0063¢ T~

kf’ = 0.0007:3?

N

"’ \\ |

90 ’ . \\
e ———
100 10 20 30 40 50 60 70 (mins)
0
10 Q _VaSox 644, "%ﬁL_..__.
\ ,\ Temp. 30°C

) S L‘cLOJC -l%

20 .
] —=
\ \
\. ~0
\ o]

30 \ \

T~
40 | \ \\

50 \ ~
]

60

70!

w0 \

90 ?
\f\\

100 20 40 60 80 100 120 140 160 180 200 220

(mins)



<===éhn=:::£:::_..i ’ ‘ I
10 ‘\J}\ Ha50¢ 64%
\) \\\‘QN“\ Te;n/, 20°C.
20 N\ *L}. Cellutose 0%
\ \\ —
\ \
\’ \“\
50 \ K= 00024
\0 Kp = 0.00043
60 A
70 \\
N
80
0 \\
100. .
10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 (mins)
(VI ;
\w\ﬁd HMaS0g 60% T4
10 ..-.!*='==s= Tewp. 30°C
\ - Cotlulose 2%
20 N —— |
N‘T‘~v::::::
30 - —] —
I~~~ P ——
e ~—~—— P—
40 — r_T~le
)| Kt = o000 9¢¢
50 - Kp = 0.00008%
60 \\
70 - ‘ ‘\\\\\\\q
80 . . <
90 : \\\\\“‘
~]
] \
00 —
! 50 100 150 200 250 300 350 400

(mins)



0 Mg ; T F— ,
X~ o ! ' HS0w  64% — 4 1944,

10 ! ~10Q 7_€ . élf'C J;

NS T B
0 . \\\\ ~ “b\Tw\N _Kd=eoep | |

' \Q ! -O\\ | L(/U =0, 0200
20 \‘ \ M~
K ‘\ © \\ I
—
\\
50 N\o ™~
60 A \\\
\ S
D

70 \\\ ) I~
% N N
%0 I : \\\‘\n e

| \\{‘K T T T
100 i 1 ~ ||

1 2 3 45 6 7 8 9 101112 13 14 1516 17 18 19 20 21 22 23 24 25 26 27 28

0"
'5"&.‘ SO 8%, ~G. 294,
o —— 72..{0 180T - L
\\ O Cellilose 2k, |
20 = I
30 - i —=
\ \\\
= pDoCoOR!
50 \ l? ‘

\\

100 : | |
120 240 360 480 600 720 840 960 1080 1200 1320 1440 1560 1680 1800 1920




N HuS0y 60 15AFH,
10 ::Eii““‘"““- N — _ Temp.  30°C.
N T~ T —
20 k\) T —— h
—
40 \\ ! \\ hd
. \\
50 , k T~
60 : \ : Kd = 0,004
70 \
80 ‘ <
90 <
100 , -
5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85
0 -
\’:::~_—__-* 9 )
10 \\\:\\ . " S —
, N Tt
200 : «\\\\
30 \\\ \\\\\
3 He$0p 76 % —6.17Hp
Tems. 1547
40 - : oy d
\, N Cellulose 2%
50> AN L
~{ T
\ \ Kd = 6,006 73
) /(,p = 0.00L77

NN

70 . \ ~N
: A\

80 ‘ \ \

90 <
*\\\5\

10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 (mins)

100



—~ ‘
10 » P, ) ——&TM; O—
\! ‘f 0
\
20 . \l\\ \\\"‘\
\\\
30 ) X r\ e
\ \\-
40 S0y IR L1707
X
N \ —E)hf 47C
50 ! . : C-eua_(,rrc ol?‘%
! |
60 . \\J’ Kt = 00028
Ajp = 000273
70 y \9J
80 '|—r \\
|
90 » \‘[{
100 ; ! ~ |
0 20 30 4 5 6 70 8 9 10 110 120 130 140 150 160 170
0 )=
~\ T 0]
0> ™~ ™ qu_\"""\-&)—
102 \\d Q Lo -
\ ‘\‘x e -s.?%"“u—-—-
20 \}\ \\ N
\\Jt
™~
30 » \\ \\
I~
I~
40 \ I~ =
N Ny
50 5 \ ] T
O\ 1 \\
60 1 \\ M5Oy /e ~S\774h \*\
Teaw,/a. 30°C
70 . \ Cellulose 224 N
| .
80 ' , WKt =0.022¢
A’/’:O- o) £1
90 \\
1000 ™ |

12 3 4 56 7 8 9 10 11 12 1314 15 1617 18 19 2021 2223 24 252627 28 29 30



10 \
‘ \ i p4S0r 80% ~4.52Hy

20
Tenp. J°c
\\ \‘\ CtL,Zuvae 2%,

40 y ' \\
50 \
60 Y’ \\\
70 \
90 \\\ \
I~ N

toc 5 10 15 20 25 30 35 40 45 50 55 60 65 %O




Temp. °C

15.5

20
30

45
80
90

100

120

135

150

%
80
75
72
68
72
68
68
62
51
51
62
62
56
56

- 46

32
16
32
16

16

- N N~ 00 Hh

H,SO,
mol
14.1
12.83
12.01
11.05
12.01
11.05
11.05

9.64
7.35
7.35
9.64
9.64
8.35
8.35
(6.45)
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Reaction Constant
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Decomposition of Mannose

H,SO, Conen. Reaction Constant
% K./min.
64 ©0.0001394
64 - 0.00088
64 0.00253
72 " 0.0003324
72 0.001345
72 | -~ 0.00583
80 C O o002
80 0.00973

80 0.0353

Decomposition of Galactose

H,SO, Concn. Reaction Constant
% Kz/min.
64 0.000458
64 - 0.001815
64- 0.00678
.72 0.000712
72 0.002945
72 0.010478
80 0.001477
80 . 0.00678

80 0.02303



