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Table 1.1 Changes of pulp production in Japan >

(unit 1,000t)

year Dissolving pulp | Sulfite pulp | Kraft pulp | Others Total

1945 15 96 12 120 243
1950 101 208 58 381 748
1960 378 512 996 1,646 3,532
1970 554 404 4,608 3,235 8,801
1980 300 182 6,519 2,787 9,788
1990 187 31 8,721 2,389 11,328
2000 80 8 9,793 1,517 11,398
2007 86 3 9,711 1,097 10,897

Including SCP (Semichemical pulp), CGP (Chemground pulp),
TMP (Thermomechanical pulp), RGP (Rifinerground pulp), and GP (Ground pulp).
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Fig.1.1 Chemical structures of anthraquinone compounds
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Fig.1.7 Effects of quinone compound addition in kraft cooking process

Stabilization of

25)

polysaccharides —® Increase of
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Ac?ele?ratiop of < Shog;nm.g of
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Table 1.2 Mill results from DDA trial test >
Mill  Variety of pulp Digester DDA Results
1 UKP Softwood Continuous 0.03% AA -1.5%, Yield +1.5%
2 UKP Softwood Batch 0.03% AA -2.0%, Yield +1.8%
3 BKP Hardwood Continuous 0.03% AA -1.7%, Yield +1.5%
4 BKP Hardwood Batch 0.03% AA -1.5%, Yield +1.5%
5 BKP Hardwood Continuous 0.03% AA -0.8%, Yield +0.7%
6 BKP Hardwood Batch 0.03% AA -1.5%, Yield +1.0%
7 BKP Hardwood Batch 0.03% AA -1.0%, Yield +1.0%
8  BKP Hardwood Continuous  0.03% Temp. -3 C, Yield +1.0%
9  UKP Softwood Continuous  0.02% Temp. -3 C, Yield +1.0%
10  BKP Hardwood Batch 0.02% Yield +0.7%
11  BKP Hardwood Batch 0.05% Time -30%, Yield +1.5%
12 UKP Softwood Continuous  0.03% Temp. -3 C, Yield +1.4%
13 BKP Hardwood Batch 0.03% Temp. -3 C, Yield +1.0%
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55)
Griffin AQ
Table 1.3 AQ
AQ
60)

Table 1.3 Comparison of pulp yield obtained by cooking tests *”

Note: Cooking condition was as follows. Chip: southen pine, total active alkali charge: 18%,

sulfidity: 30%, liquor to wood ratio: 4:1, total AQ dosage: 0.1%.

Cooks Yield Yield
(22 Kappa) (30 Kappa)

Conventional 42.5 44.5

MCC™! 435 45.0

MCC-AQ in impreg. 44.5 46.5

MCC-AQ split > 44.0 45.9

MCC-AQ in co-current ' 43.0 45.0

*1: Active alkali was added 11.85% for impregnation stage (beginning of the cook)
and 6.15% for co-current stage (at 200 of H-factor).

*2: AQ was added 0.1% for impregnation stage.

*3: AQ was added 0.05% for impregnation stage and 0.05% for co-current stage.

*4: AQ was added 0.1% for co-current stage.
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Fig.1.10 Course of delignification during kraft pulping of wood shavings

from Pinus sylvestris L. The effect of the presence of AQ "

Note: Cooking conditions were as follows. Sulfidity: 30%, liquor to wood ratio: 20:1,

AQ dosage: 2.0%.
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Fig.2.1 The laboratory wood-cooking equipment for optimization of modified cooking
a: cooking autoclave (VE-1), b;b,: white liquor containers (VE-2,3),
c: black liquor container (VE-4)
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and fresh white liquor are exchanged after 60 min.

186

3.3L/kg
VE-2

30

TAPPI



2.5

3.3L/kg
Fig.2.4
130 30
VE-4

70% 30%
24

2.6
10ml
10
HPLC

Wakosil-1I5 C18 40
1.0ml/min UV254nm

VE-3

HPLC

36

70:30 MCC

VE-2

130

2ml

15

DDA

/

100

75/25

70ml



3.1

Table 2.1

0.1%

Table 2.1 Comparison of kraft cooking results

Kappa Pulp
DDA number yield A\;efra)l(ge A\;efre)llge eifg?i?r;l*
(X) ()%
20.1 49.2
- 19.8 49.1 19.9 49.2 0.05
Conventional
) 19.9 49.2
cooking test
. 16.3 49.1
equipment
0.05% 16.4 49.1 16.3 49.1 0.03
16.1 49.0
19.9 49.1
- 20.2 49.3 20.0 49.2 0.02
Developed
20.0 49.1
cooking test
. 16.1 49.0
equipment
0.05% 16.3 49.2 16.1 49.0 0.01
16.0 48.9

* Standard error of y given X for a regression line.
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49 r

48 I

Pulp vield (%)

10 12 14 16 18 20

Kappa number

Fig.2.5 Effect of split addition of white liquor on relationship
between kappa number and pulp yield

Legend: oe: 100%*1, Om: 70%*1,
o O : presence of DDA™, o u : absence of DDA.

*1: Percentage of total active alkali charge at the beginning of cooking.

(Total of active alkali charge: 16.0, 18.0, 20.0% based on weight of the oven-dried wood)
*2: DDA was added at the beginning of cooking.
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Fig.2.6 Effect of split addition of white liquor on relationship

between active alkali charge and kappa number

Legend: o e : 100%*1,D ] :70%*1,
o O : presence of DDA, o m : absence of DDA.

*1: Percentage of total active alkali charge at the beginning of cooking

*2: DDA was added at the beginning of cooking.
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3.3 DDA

DDA
Fig.2.7 DDA
U X
DDA
DDA
DDA
Griffin ¢

DDA
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S
=
o
=
R
2 47 +
46 |
10 12 14 16 18 20
Kappa number
Legend: m 0:0,
x 0:0.025,
o 0.025:0,
0.025:0.025,
0.05:0.

Fig.2.7 Effect of split addition of DDA on relationship between kappa number and pulp yield

Note: DDA addition (%) on wood at the beginning and the middle of cooking.
The range of total active alkali charge was 16.0 20.0% based on weight of the

oven-dried wood.

Split ratio of white liquor was 70:30.
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3.4

A 70% [ ]
30% 0.9%

DDA

Fig.2.8 16
DDA Table 2.2 DDA

70%  50%

30%

DDA
70% 50%
DDA
30%
DDA
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&
< 48 |
=
(D]
e} i
oy
£ 47|

46 |

10 12 14 16 18 20

Kappa number
Legend: o e : 100%,0m : 70%, a:50%, : 30%,

oO : presence of DDA, e m o : absence of DDA.

Fig.2.8 Effect of percentage of total active alkali charge at the beginning of cooking
Note: The range of total active alkali charge was 16.0 20.0%

based on weight of the oven-dried wood.

Table 2.2 Increase of pulp yield by DDA at split addition ratio of white liquor

Percentage of total active alkali charge
at the beginning of cooking (%)
100 70 50 30
Absence of DDA (A) 473 47.5 47.5 46.4
Pulp yield at kappa Presence of DDA (B) 48.8 49.1 49.1 48.3
number 16 (%) Increase of yield, B-A 1.5 1.6 1.6 1.9
Increase of yield, (B-A)/A 32 34 34 4.1
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3.5

DDA
AQ DDA Table
23 Fig.2.9 AQ
AQ 30 50ppm DDA
AQ
DDA 5 8%
27% AQ
AQ AQ
Surma-Slusarska  *) -AQ AQ

AQ
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Table 2.3 AQ content in black liquor extracted at the middle of cooking

Initial AA AQ content AQ content Extraction

)" (ppm) (mg) ratio (%)™
1.6 32.0 2.2 5.4
1.6 39.1 2.7 6.6
2.1 43.8 3.1 7.4
2.2 40.2 2.8 6.7
2.4 38.0 2.7 6.4
2.6 42.2 3.0 7.1
2.8 30.4 2.1 5.1
3.1 41.9 2.9 7.1
3.1 343 2.4 5.8
34 37.3 2.6 6.3
3.5 324 2.3 5.5
3.5 30.8 2.2 5.2
3.9 45.8 3.2 7.7
3.9 46.1 3.2 7.8

*1 Initial AA concentration of cooking

*2 (AQ content in black liquor) / (AQ dosage)

8
IS
IS IS
o * 4
.
g o9 . .
Gy
IS

S . ¢
i
[en
S 4
5 y=0.1773x+ 5.933
> R*=0.0223
8

2

15 2.0 25 3.0 3.5 4.0

Initial AA concentaration (%)

Fig.2.9 AQ content in black liquor extracted at the middle of cooking
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2.1

Eucalyptus urophylla
3cm lcm Smm
83.69

50% 100%

NazS:NaOH:Na,CO3 = 28.5:71.5:22.5 NaxO

Fig.3.1
100 (a)
16.0% 3.3L/kg
(a)
10.2%
(b) 130 58ml
5.8% 4.0L/kg (a)
(a) (b)
(b) 3
AQ AHQ DDA AQ
50.0% AHQ DDA 20 %
10 %
AQ 0.05%
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Cooking temperature (

0 30 60 90 180

Cooking time (min)

Fig.3.1 Temperature profile of the kraft-quinone cooking
Note: H-Factor of the sampling points are (1)0.1, (2)1.3, (3)16.5, (4)88, (5)500.

O OH OH
OH OH
9,10-anthraquinone 9,10-anthrahydroquinone  1,4-dihydro-9,10-dihydroxy
(AQ) (AHQ) -anthracene (DDA)

Fig.3.2 Chemical structures of quinone compounds
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2.2

1 6
Fig.3.3 A
A
300ml 5
B
A 10ml
2ml 10
B 50ml
C
Ig
AQ
HPLC

- Wakosil-II5 C18

65/35 (pH2.5) : 1.0ml/
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C

1.5L

2ml

A
Willy mill

20ml 60 2

AQ
HPLC
: 40
: UV254nm

2)

Fig.3.1
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| Reaction mixture |

<>

| _ !

| Cooked chips |
Black liquor
DEW (Fraction A)
A4
| 1st soak |
1 Washed liquor
Soak and filteration o (Fraction B)
repeated in 5 times o 1500ml
1
A 4
| Sth soak |

Washed chips
(Fraction C)

Fig.3.3 Flow diagram of classification of fraction A-C
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3.1

Table 3.1
28.5%
AHQ DDA AQ
AQ AHQ DDA AHQ DDA

DDA AQ
9 Wandelt?

AHQ AQ

Table 3.1 Klason lignin (%) contents during kraft-quinone cooking

Note: Acid soluble lignin was not determined. The final pulp yields
were 58.2% (AQ), 59.0% (AHQ), and 58.9% (DDA).

Sampling o Factor Klason lignin of kraft-quinone pulps
point KP Kraft-AQ | Kraft-AHQ | Kraft-DDA
1) 0.1 27.8 27.3 26.9 27.0
2) 1.3 26.8 25.8 25.5 25.5
3) 16.5 23.1 22.2 21.9 21.8
“ 88 14.8 13.9 13.6 13.5
%) 500 4.6 4.0 3.8 3.8
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3.2 HPLC

HPLC
AQ 10 Fig.3.1 (1) A
3 Table3.2 3
1% HPLC
Fig.3.4
Table 3.2 Repeatability of AQ determinations by HPLC
Note: Sampling point was 10 minute after beginning of cooking.
Fraction Distribution of I:XQ (%) during kr:aft—AQ cooking Star}dz}rd
Ist 5 ond 5 3rd deviation
A 49.2 50.6 49.2 0.81
B 33.6 E 32.1 E 34.3 1.12
C 12.9 13.5 12.4 0.55
Total 95.7 96.2 95.9 0.25
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AQ

10 20 30

Retention time (min)

Fig.3.4 HPLC chromatogram of anthraquinone extracted with chloroform

Note: Biphenyl was uses as an internal standard (IS).
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HPLC
Table 3.3
AQ
9,10- AHQ
C
Table 3.3
Fig.3.5
10
95.7%
A:B:C=49:34:13
C
60
56.6%
A B
Fig.3.1 (5)
4.7%
-AQ
130

A C
A B
DDA 1,4-
DHAQ AQ
AQ
AQ
A C
AQ 0.1%
Fig.3.1 (a)
A BC A BC
D -AQ
Fig.3.1 (1)
A C
47%
B
C
Fig3.1 (3)
A:B:C=26:19:12
C
8.4% AQ
Surma-Slusarska "
AQ 90%
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-AQ
3:1 5:1
0.05% 0.20%
AQ
Algar 2 MC AQ
e 60%
4 AQ
AQ
Gourang 6 -AQ AQ
Fullerton "
AQ 3-
-AHQ (1)
96.4% -AQ
A:B:C=51:27:18 AQ
AHQ B C 45%
AQ B
C -DDA -AHQ
AHQ DDA
AQ
AQ
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Table 3.1 AHQ DDA AQ

Table 3.3 Distribution of quinone compounds (%) in black liquor and cooked chips

during kraft-quinone cooking

Note: Quinone compounds were determined as AQ.

Sampling . Kraft-quinone cooking
] Fraction | . ...
point Kraft-AQ  Kraft-AHQ  Kraft-DDA
A 49.2 50.6 49.1
W B 33.6 27.1 26.9
C 12.9 18.3 18.9
Total 95.7 96.0 94.9
A a2 407 413
B 29.5 23.4 22.8
2)
C 12.4 18.2 17.8
Total 83.1 82.3 81.9
A | 259 24 218
B 19.1 15.6 16.6
3)
C 11.7 17.9 18.0
Total 56.7 55.9 56.4
A 95 88 86
B 9.9 8.1 7.9
4
C 7.0 9.6 9.7
Total 26.5 26.5 26.2
A 36 36 37
B 34 2.2 2.9
O]
C 1.3 1.5 1.7
Total 8.3 7.3 8.3
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. —{— Fraction A
80 r .. . —/— Fraction B
‘ —O— Fraction C
) ---¢-- Total

40

AQ content (%)

20
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80 | e

60 |

AQ content (%)

20 |

) 2 3) 4) )

Sampling point

<DDA >
100

80 | 0«

60 -

AQ content (%)

20 -

M @ ©) 4 )

Samp ling point

Fig.3.5 Distribution of quinone compounds (%) in black liquor and cooked chips

during kraft-quinone cooking
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3.4
3.4.1

AQ
AHQ Table 3.4
conventional

conventional

Table 3.4 Influence of white liquor addition at the middle of cooking (sampling point (3))

on the distribution of quinone compounds (%)

Kraft-AQ i Kraft-AHQ
Fraction :
WL addition  Conventional { WL addition Conventional
A 274 25.9 24.2 224
B 17.8 19.1 i 141 15.6
C 11.2 11.7 17.6 17.9
Total 56.4 567 1 559 55.9
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34.2

AQ
Fig3.1 (3)

AQ

(b)

Table 3.5

AHQ

C
AHQ Fig.3.1 (a) (b) 0.05% 0.10%
Table 3.5 *“(a) and (b)”
(%) A:B:C=56:17:8 (a)
Table 3.5 (a) A
AHQ
AQ AHQ Fig3.1 (a)
0.05% Fig3.1 (3)
22 A C
“(b)” AQ (%) A:B:C=63:23:4
A:B:C=60:21:9 AHQ
AQ (a) Table
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Table 3.5 Influence of timing of quinone compound addition

on the distribution of quinone compounds (%)

) Kraft-AQ Kraft-AHQ
Fraction - " - - = -
(a) (a) and (b) (b) (a) (a) and (b) (b)
A 27.4 56.3 62.5 24.2 50.1 59.8
B 17.8 16.5 22.7 14.1 16.5 20.5
C 11.2 8.2 3.6 17.6 13.1 8.8
Total 56.4 81.0 88.8 55.9 79.7 89.1

*1: Dosage of quinone compound was 0.05% (on chip)

*2: Total dosage of quinone compound was 0.10% (0.05% at (a) and 0.05% at (b))
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2.1
2.1

Fig.3.3 A C
AQ AHQ DDA

2.2
A 10ml
10
2ml 2ml 10
B
A
Willy mill
lg 20ml
AQ
HPLC AQ
: Wakosil-II15 C18 : 40
65/35 (pH2.5) : 1.0ml/ : UV254nm
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3.1 HPLC

HPLC
10%
Table 4.1
AHQ 3%
AHQ
Table 4.1 DDA 1,4-
9,10- AHQ DHAQ AQ

Table 4.1 AQ content (%) in extracted chloroform with quinone compound measured by HPLC

Extraction with CHCl; Extraction with deaerationed CHCl;

before oxidation after oxidation before oxidation after oxidation

AQ 99.9 0.1 99.9 0.1
AHQ 97.1 2.9 0 100
DDA 97.8 2.2 0 100
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3.2

A B
Table 4.2
Table4.3 C
AQ
Figd.1 (1) A
20 )

3)

(1

A (1) A
B B

A
AQ AHQ
AHQ 10 (1)
A B 20 ()
€)
2)
(1)
AQ
A B
C
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Fig.4.1 Temperature profile of the kraft-quinone cooking
Note: H-Factor of the sampling points are (1)0.1, (2)1.3, (3)16.5, (4)88, (5)500.
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Table 4.2 Distribution of oxidized and reduced forms of quinone compounds (mg)

in black liquor and cooked chips during kraft-quinone cooking

Note: Quinone compounds were determined as AQ.

Sampling Fraction AQ AHQ DDA
point distr. 0X. red. | distr. OX. red. distr. OX. red.
A 504 378 12,6 | 513 3.1 482 | 499 25 474
o B 319 99 220 265 24 241 | 275 3.0 245
C 132 132 0 | 179 179 0 18.1 181 0
Total | 955 - - | 957 - - 955 - -
I A | 425 191 234 418 184 234 | 417 196 221
) B 302 148 154 | 224 114 110 | 232 114 118
C 119 119 0 | 180 180 0 174 174 0
Total | 846 - - | 822 - - 823 - -
D A | 264 214 50| 241 190 5.1 | 230 196 34
3 B 184 155 29 | 146 126 20 | 186 162 2.4
C 1.0 110 0 | 175 175 0 175 175 0
Total | 5538 - - | 562 - - 59.1 - -
I A | 102 92 10] 92 87 05| 95 86 09
@ B 94 87 07| 97 87 10 | 89 78 11
C 73 73 0 | 91 91 0 92 92 0
Total | 269 - - 28 - - 276 - -
D A 33 32 01| 34 32 02 | 35 33 02
) B 30 29 01| 32 30 02 | 28 27 o1
C 15 15 0 13 13 0 15 15 0
Total 7.8 - - 7.9 - - 7.8 - -
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Table 4.3 Distribution of oxidized and reduced forms of quinone compounds (%)

in black liquor and cooked chips during kraft-quinone cooking

Note: Quinone compounds were determined as AQ.

Sampling Fraction AQ AHQ DDA

point distr. ox. red.| distr. ox. red.| distr. ox. red.

A 492 75 25| 506 6 94 | 49.1 5 95

B 33.6 31 69 | 27.1 9 91| 269 11 &9

M C 12.9 - - 18.3 - - 18.9 - -
Total 95.7 - - 96.0 - - 94.9 - -
A 412 45 55| 407 44 56 | 413 47 53
B 295 49 51| 234 51 49 | 228 49 51

@ C 12.4 - - 18.2 - - 17.8 - -
Total 83.1 - - 82.3 - - 81.9 - -
""""""""""" A | 259 81 19| 224 79 21 [ 21.8 8 15
B 191 84 16 | 156 86 14 | 16.6 87 13

©) C 11.7 - - 17.9 - - 18.0 - -
Total 56.7 - - 55.9 - - 56.4 - -
A 95 90 10| 88 95 5[ 86 91 9
B 99 93 7 8.1 90 10 7.9 88 12

* C 7.0 - - 9.6 - - 9.7 - -

Total 26.5 - - 26.5 - - 26.2 - -
A 36 9 4 | 36 95 5| 37 9% 6
B 34 95 5 22 93 7 2.9 97 3

® C 1.3 - - 1.5 - - 1.7 - -

Total 8.3 - - 7.3 - - 8.3 - -
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Table 4.4 Table 4.5

Figd.1 (a) Figd.1 (b) AQ AHQ

0.05% 0.10% Figd.1 (3)
Table 4.4 Table 4.5 *“(a) and (b)”
Table 4.4 Table 4.5 “(b)”
AQ A B Tabled4 (a)
AQ AHQ
AQ B AQ AHQ
C
AHQ
AHQ AQ
C
AHQ
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Table 4.4 Influence of timing of quinone compound addition

on the distribution of quinone compounds (mg)

Kraft-AQ
Fraction (a)" (a) and (b) (b)™!
distr. | ox. | red. | distr. OX. red. | distr. OX. red.
A 109 | 88 | 2.1 23.1 | 208 | 23 255 | 232 | 23
B 7.6 64 | 12 7.0 5.7 1.3 9.5 7.8 1.7
C 4.5 - - 3.5 - - 1.4 - -
Total 23.0 - - 33.6 - - 36.4 - -
Kraft-AHQ
Fraction (a)"! (a) and (b) (b
distr. | ox. | red. | distr. OX. red. | distr. OX. red.
A 9.9 7.8 | 2.1 204 | 145 | 59 248 | 194 | 54
B 6.0 52 | 0.8 7.1 5.3 1.8 8.4 7.1 1.3
C 7.2 - - 5.3 - - 3.5 - -
Total 23.1 - - 32.7 - - 36.7 - -

*1: Dosage of quinone compound was 0.05% (based on weight of the oven-dried
wood.)

*2: Total dosage of quinone compound was 0.10% (0.05% at (a) and 0.05% at (b))
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Table 4.5 Influence of timing of quinone compound addition

on the distribution of quinone compounds (%)

Kraft-AQ
Fraction ()" (a) and (b) (b) ™!
distr. oX. | red. distr. oX. | red. distr. ox. | red.
A 264 | 81 19 56.1 | 90 | 10 61.9 | 91 9
B 184 | 84 | 16 169 | 81 19 230 | 8 | 18
C 11.0 - - 8.4 - - 3.5 - -
Total 55.8 - - 81.4 - - 88.4 - -
Kraft-AHQ
Fraction (a)"! (a) and (b) (b) ™!
distr. ox. | red. distr. ox. | red. distr. ox. | red.
A 241 | 79 | 21 494 | 71 | 29 603 | 78 | 22
B 146 | 8 | 14 172 | 75 | 25 204 | 84 | 16
C 17.5 - - 12.8 - - 8.6 - -
Total 56.2 - - 79.4 - - 89.3 - -

*1: Dosage of quinone compound was 0.05% (based on weight of the oven-dried
wood.)

*2: Total dosage of quinone compound was 0.10% (0.05% at (a) and 0.05% at (b))
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2.1

GEGE Fig.5.1 ®- 2-
MPAG Y MPAG
0.IN o
GEGE 26.6%
Na,S:NaOH:Na,CO; = 30.0:70.0:22.5 Na,O

62.0g/L DDA
300ml
GEGE 500mg p- 60mg 100ml
DDA 1.3%  GEGE
2.0 4.0% GEGE
120 0.4ml 90:10
GA  HPLC Fig.5.2
Y HPLC . Inertsil ODS-80A 4.6mm@ x
250mm 45 : 60/40 (pH3.0) : 0.5ml/
: UV225nm

81



OCHj
OH

(acetoguaiacone)

Fig.5.1 Synthesis of a-guaiacylethyleneglycol-B-guaiacyl ether (GEGE

OH

OCHj
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H2C_O Hzc (0] H2C_O
HC—OH HS—CH
H;CO H;CO H;CO
- H,O
OCHj4 OCHj; OCHg3
OH
(GEGE)
|C|:H2 /CH2
)
H;CO
OCH; OCHj3 )
° Guaiacol (GA)
)

Fig.5.2 Reaction scheme of GEGE degradation during kraft cooking ¥
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2.2

3cm

Eucalyptus urophylla

lem

Na,S:NaOH:Na,CO; = 28.5:71.5:22.5 Na,O

DDA

DDA

16.0

105
T236cm-85

Lred.

Lred.
Lred.

0.12%

18.0%

0.25%

Smm
50% 100%
0.05% AQ
Fig.5.3
100 60
3.3L/kg
Lred. 65ml
24% 130
155 H
Lprep.
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TAPPI T249hm-85
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Fig.5.3 Temperature profile of kraft cooking using eucalyptus wood
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3.1
GEGE DDA
Fig.5.4
60
4%

B-O-4

GEGE

GA
2% GA

GA 60
DDA

DDA

DDA
GA

40

30 |

Yield of GA (%)

10 |

20 40 60

Cooking time (min)

Fig.5.4 Effect of reducing agent on the degradation of lignin model compound

Note: The symbol represents the results of DDA addition;

0 1.3%DDA, =

1.3% DDA and 2% starch, @ 1.3% DDA and 4% starch.
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3.1

DDA

Lprep.

DDA
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130

DDA
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Fig.5.5 Effect of reducing agent on the cooking results

Note: The symbol represents the results of reducing agent and DDA addition;
Lyrep. (liquor containing active alkali),
A L.y (liquor containing reducing sugarand active alkali),
e 0 L (liquor containing 2% starch and active alkali).
A e  without DDA
o 0.05% DDA
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2.1

0.IN
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2.2

SMAQ SEAQ Fig.6.1

2.2.1 SMAQ

500ml 4 2- -9,10- MAQ  31.2g(140mmol)
N- 25.1g 1.37g
300ml 110

2-(a- )-9,10-
(BMAQ)18.2¢g 1000ml 4 BMAQ
6.3g 200ml 200ml
130
n- SMAQ
2.2.2 SEAQ
2- -9,10- EAQ 32.8g(139mmol)
2-(o- )-9,10- (BEAQ)30.0g BEAQ
11.8g 5.7g 200ml 200ml
22.1

SEAQ

SMAQ SEAQ HPLC
HPLC : L-Column ODS (¢ 4.6mmx 250mm)

: 35 80/20(pH2.5) : 1.0ml/
: UV235nm
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|
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Fig.6.1 Reaction scheme of 2-anthraquinoil-a- methanesulfonic acid sodium salt (SMAQ) and

2-anthraquinoil-a-ethanesulfonic acid sodium salt (SEAQ)
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223

222 SMAQ SEAQ Eo
Ccv CvV P-1100
1.0N 95:5
1.0mmol
2.3

Eucalyptus urophylla
3cm Icm Smm

Na,S:NaOH:Na,CO; = 28.5:71.5:22.5 Na,O

83.6g
100%
16.0 18.0% SEAQ SMAQ
DDA SEAQ SMAQ 22
DDA
0.05%
Fig.6.2
100 (a)
70%
3.3L/kg (b)
130 58ml
4.0L/kg
0.05%
105 8 TAPPI
T236cm-85
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Fig.6.2 Temperature profile of the kraft-quinone cooking
Note: White liquor was added at the point of (a) and (b).
The point for sampling of cooked chips and liquors was (1).
2.4
Fig.6.2 (1) 10
AQ 2.2 Fig.3.3
A C HPLC
SMAQ SEAQ
HPLC : Wakosil-115 C18 : 40
65/35 (pH2.5) : 1.0ml/ : UV254nm
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3.1
3.1.1
Table 6.1

0.31%

17%

0.05%

Table 6.1 Recovery of cellulose (%) during kraft- or kraft-AQ cooking

Recovery (%
Model y () A% by AQ addition
compounds Kraft cooking | Kraft-AQ cooking
Hydrocellulose 71.5 74.0 2.5
(reduced) 88.8 91.7 2.9
Cotton cellulose 89.4 933 3.9
(reduced) 89.6 94.1 4.5
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3.1.2 AQ
AQ

AQ
4.5%
AQ
17%
AQ

AQ

99

Table 6.1

AQ
2.9%
3.9%

AQ

2.5%



3.2 SMAQ SEAQ
22 SMAQ
6.1% 86.1% BMAQ 2.0% MAQ 7.0%
SEAQ 17.3% 91.2%
HPLC EAQ BEAQ SMAQ SEAQ NMR
Fig.6.3 Fig.6.4
SMAQ SEAQ CV Eo Fig.6.5
Eo 0.182V 0.163V
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Fig.6.3 The "H NMR spectrum of SMAQ
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Fig.6.4 The "H NMR spectrum of SEAQ
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Fig.6.5 Cyclic voltammogram of SMAQ and SEAQ
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33

Fig.6.6
SEAQ
DDA SEAQ DDA
1.6 SEAQ DDA
SMAQ DDA
SEAQ  Eo
Eo 0.13 0.16V
SMAQ Eo Eo

50

49 |
- i
- 48 |
2 i
o
g 47 |

46 |

10 12 14 16 18 20

Kappa number

Fig.6.6 Effects of quinone compounds addition on relationship

between kappa number and pulp yield

Legend: e :absence of quinone compound, © :DDA addition,
O :SEAQ addition, and :SMAQ addition

Note: Dosage of quinine compound was 0.05% on oven dried chips weight.
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3.4

A C
Table 6.2 SMAQ SEAQ
B C
SMAQ SEAQ
B+C DDA
SEAQ DDA

DDA

SMAQ

Table 6.2 Distribution of quinone compounds during kraft-quinone cooking

Note: Sampling point was 10 minute after the beginning of cooking.

Quinone

compounds SMAQ SEAQ DDA
Whole | CHCl; | Whole | CHCIl; | CHCI;
fraction | extract | fraction | extract | extract

A 49.5 0.4 48.7 0.3 49.1

] B 42.7 0.3 44.5 0.2 26.9

Fraction
C 2.9 0 2.3 0.1 18.9
total 95.1 0.7 95.5 0.6 94.9
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17%
25 45%

DDA
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1) 27(8) 15-21 (1973)
2) 32(12) 713-721 (1978)
3) Holton,H.H.: Pulp Paper Canada 78(10) T218-T223 (1977)
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2.1

lcm Smm

= T71.5 285 225

AQ DDA

2.2

Table 7.1

Table 7.1

2ml
HPLC

28.5%
16.0%

(Eucalyptus urophylla) 3cm

83.6g
Na,S:NaOH:Na,CO;
(active alkali, AA)

AQ 0.05%

AA

AA

2ml
AQ 2ml

23
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Table 7.1 Conditions of impregnation stage

Range Tentative value
Temperature 70 130 100
Time 0.5 30min. 10min.
Active alkali charge 0.5 10.0% 5.0%
23
H 500 4.0L/kg

105 8
T236cm-85

110
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TAPPI



3.1

7.3

10

A 50%
50%

111

Fig.7.1



3.1.1

Fig.7.1 DDA
AQ 110
110
DDA AQ 110
AQ
Fig.7.1
50% DDA 120 AQ
130
AQ DDA AA
100 AQ
- 90i AN DDA
° o
= 80 [
o .
b O
75} 70 B
> .
>
g 00 [ o
> L 2
~
40 .
30 :
70 90 110 130

Impregnation temperature
Fig.7.1 Effect of impregnation temperature on the recovery of quinone compounds

Note: Conditions of impregnation stage were as follows.

Time:10min., AA charge:5.0%, and liquor/wood ratio: 3.0L/kg.
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3.1.2

Fig.7.2 DDA 100
50% 20
AQ 60
70%
100
AR
90 | © O
S 80 le ©
o
< 70 e o
< *
2 60 | ¢
§ 4
S 50 20 4
DDA
40
30 '
0 5 10 15 20 60
Impregnation time (min)

Fig.7.2 Effect of impregnation time on the recovery of quinone compounds

Note: Conditions of impregnation stage were as follows.

Temperature: 100 , AA charge:5.0%, and liquor/wood ratio: 3.0L/kg.
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3.1.3 AA
AA Fig.7.3 100 DDA
AA 100 10
50% AA 6.5%

100
9N e O
80 [ <
70 .
60
50 AQ * .
40 DDA

30 ‘
0 2 4 6 8 10
AA charge (%)

Recovery as AQ (%)

Fig.7.3 Effect of active alkali (AA) charge during impregnation
on the recovery of quinone compounds
Note: Conditions of impregnation stage were as follows.

Temperature:100 , time:10min., and liquor/wood ratio: 3.0L/kg.
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3.2

DDA 120
10 AA 7.0% 3.0L/kg
(1)
DDA
(i) DDA DDA
(iii) DDA
(iv)
(V)
Fig.7.4 DDA
(i) (v)
DDA () (iv)
DDA DDA
(iii) DDA (i) (iii)

115



50.0

495
.@I

S w
= 490 | ¢
© °
>
=
=
-

48.5 O oo

O o
48.0
15 16 17 18 19
Kappa No.

Legend: () Impregnation with DDA — kraft cooking (i)
(o ) Impregnation — kraft cooking (ii)
(e ) Impregnation — kraft-DDA cooking (iii)
(m ) kraft-DDA cooking (iv)
(O ) kraft cooking (v)

Fig.7.4 Relationship between kappa number and pulp yields given by kraft-DDA cooking
Note: Conditions of impregnation stage were as follows.

Temperature: 120 , time: 10min., AA charge: 7.0%, and liquor/wood ratio: 3.0L/kg.
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33

DDA
Fig.7.5 1.5
2.2L/kg
2.2L/kg
1.0L/kg
16.5 49.5
o
10 <o o
< 160 | 1490
5 =X
o ~
Z 3
< .
& A 2
S 155 | A | 485 T
N A &
A A
15.0 48.0
1 2 3 4

Liquor/wood ratio (L/kg)

Fig.7.5 Effect of liquor/wood ratio during DDA impregnation on kappa number and pulp yield
Note: Conditions of impregnation stage were as follows.

Temperature:100 , time:10min., and AA charge: 5.0%.
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3.4
3.3

3 AA

(v)

DDA

(iv)

2.0%

(i) DDA

(iii)

118

2.2L/kg

DDA

3.2
DDA 100
(1)
DDA
DDA
Fig.7.6 DDA
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Legend: () Impregnation with DDA — kraft cooking (i)
(o ) Impregnation — kraft cooking (ii)
(e ) Impregnation — kraft-DDA cooking (iii)
(m ) kraft-DDA cooking (iv)

(O ) kraft cooking (v)
Fig.7.6 Relationship between kappa number and pulp yields given by kraft-DDA cooking

Note: Conditions of impregnation stage were as follows.

Temperature: 120 , time: 10min., AA charge: 7.0%, and liquor/wood ratio: 2.2L/kg.
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4) Stromberg,C.V. and Phillips,J.R.: 2008-223217
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