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Table 1. Conditious and results of cooking

No. Chemicals Temperature Time Yield Lignin¥#*

(%) (%) Q) (min*) {min*¥) (%) (%)

SAQ NaOH
SQ-1 0.5 8 160 60 0 84.0 19.8
SQ-2 0.5 10 170 60 20 75.9 17.8
SQ-3 0.5 12 180 60 30 67.3 12.6
SQ-4 0.5 16 180 60 50 56.8 3.4
S-1 0 8 160~ 60 0 85.1 22.0
S-2 0 10 170 60 20 78.1 20.5
S-3 0 12 180 60 30 71.0 17.0
S-4 0 16 180 60 50 59.2 7.2

NayS NaOH

K-1 1.4 5 170 60 0 83.2 21.6
K-2 2.4 8 170 60 0 74.2 19.1
Na,CO;3 NaOH

C-1 12 0 170 60 0 91.0 22.4

C-2 16 0 170 60 60 83.9 23.3
SC-1 4 4 170 60 0 87.9 22.8
SC-2 [ .. 170 60 60 81.5 24,0,
CcQ-2 16 SAQ 0.5 170 60» 60 84.4 23.9

Nast3 NaHCO3
NS-1 10 3 160 60 90 84.2 18.1
NS-2 16 4 170 60 60 81.0 16.9

* Time to the temperature
** Time at the temperature
*+*  Based on pulp

22— VY — #Ex, NaOH 8%, %Kik 54/ke, BROFHT2HMT -, LBHD
o pH 11133 Ch o, pHT7T el T2 -0 kB @ 0B Lk, FEBRchfLE,
3. NAFEFE

F oy TOMBMBILT + 7 » 4 7= 2 —DEEHT, Table 2 DEHTHT -7, BE
DHEIELTIT - 12, BERER100°C LT oFH I — 2 HEERK TFHMBELTHD
F o TEBEAL, BEFONECRECET LicZ E 2R LT MRAE L,

RBEBORNDIFCIIBEOBELRLDEILIL LD F L - vOoBRYRDT, B
ERC PV — YRR TINBEREMLD I L L » TREY 16% % L,

RO HBRENIEREENHEZHCTHEL, BEECETLIENILET CTHRRICE
HEhicExRDi, S L . i

FRMREAI 80°C OBK L L bt A ThHH, BB LT, 82y bDRAZ Y -~ VvEBLTE
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Table 2. Pulping procedure

1st stage Defibrator D
Steaming pressure kg/em? 0-7
(Temperature °C 15-170)
Presteaming time min 4
Fiberizing time min 1
Consistency % 6-15

Washing (Hot water disintegration)

Screening  Slit mm 0.2

2nd stage PFI mill
Clearance mm 0.5
Load kg/em? 1.8
Consistency %o 10

Ry ERE L, T4 7747 v—2 —OEREEIEFNEL, Brosry S12Y 7
A F— LB LTI Y REH—TBBOEREY T 5, Lich o TR IS I
WIS T L, B E S ¥ TRBRNER2ZT5BE0 b o B> L EXL DR 50T,
BELTAAL7ORBERHMLTLE LV EEI LW DL LT,

BED7 Y —RAFTI 754 =2v 7 TH5dPFL : A %HWT, #E20gn317
% Table 2 ® ¢ 10,000~35,000 [E M Lz,
4. BIEPHERONE
CUIR4y, WY, v r= voEBR IS LAy, aerr — R, v+ vt Tappi R
B, hewile— 2R3 Wise DFEDIE LS - TR, i lhkrtre—2@LT
Y 7= vERGOBERTT, ari e —RXTtheeie—-2hbRbdl,

A4 7 OMIER DT Bauer-McNett 501 # % AT, Tappi R%EE (T 233 0S-
75) W LN TRELE, £7 3 7 v a vORSB#ERCIY Tasman 7 X 5E® 2 BT,
BERPHEBHERYITE L,

7K B Japan Tappi 3§iE No. 26-78) ik LicR - CTHIE LA, BREBIZIGZo 4
FAZ 4 NE—=L 2002 5 ¥ DEPRETCR NS v TERG,

NS Lo TALTD7 ) =2 ARMEL, ~v Py — bR L, BREE
B+ 2R T~ v Fy— F OfEildic SCAN 2B M 10:76) i LichoTL A4 F vy —
BERELT, BMRED v A%B SDIREKEBR LTy - r 2B L, T84,
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Fig. 3 iz ®E 86% ULk */ viEMOHRER L, WThOLHETERLILBAT
b, ¥/ VERMTHEEC X - TERBZEFETTHH, By 7= vRBIELIALTS,
THIEBLY 7= vEEEL D I LR EWRT B, 55~90% OIERBITE\ T, By /= vR
BF S VEEMTAZER X, TE5~8% By, —EOBY 7= vEIZKT 5 NEIL1~
9% OWME~T, ZOBRIBCRIBBECHEHE TS LIXFEHShS, BRE:
N7 OB BRCERABNTRARTHHDOT, Fv ThbEsO@BEYTHT B0 5
y 7 OBRALE CHAER D5 B WEX L 7D

100+
" N T Soda
MECEEPEY 525, BINEKTO*
901 1 soda-quinone
J VIRIMEBOKY 7= vHRST SR T
80
w0 / Sodu-laulnone o 70 /
nssc £ P -
Kroft
/ / 60
A =
. 30 / / § 504
~ » Soda "E
g o S 540
3 / 2
g 20 / E 30 %
2 X R
3 J %
10 - / o.-o” 20+ / |
B g NoyCOs /
p. 10 4
0 0 90 ' /
; - - 00 8 70 60
Dissolved carbohydrate (%) Yield (%)
Fig. 2. Relation between dissolved Fig. 3. Effect of quinone on

carbohydrate and lignin. delignification.
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5Ly, REORGCERE AL TERLOHE LA
BETHHZERRLTWDEVL D,
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BTF% Fig 4 erRt, ToOHPA~Irr R 3V )
P VOfEERRL, aw—RTHEY, V= v, = 1

100 7

v VARG OERR LTS, RERBELUE ¥ —
T~ e — AOWHERE L, FRUTFORRT 2 /o Heatcel ulose
304

XY 7= vOBFHAIRE D, wre — ADEHN 20 —
SR AT, WET0% UTTh 20% BECEE > (/f/lmw
Twd, TOXHEF 7 VR X »Th, REDHC e
~3ierm - ARNBENCERTS 7 A0 ) EREEO yiew @

. . Fig. 4. Dissolution of chemical
SE—-vERLLEVE, -3 v 7olHBpRe X - components.

TR DEENIMREIR T B E VLB,

F 7 VIRMB AL T Y - OBEENEREBCEOBEOEEY S XIFTHrEbLIrT 51D
i, Tablel @ SQ-1 & S-1 DEMHT AL FLETV, ¥ — +r OMEXHE LIz Table 3
ThHhH, BEE, HEHBILIF/ vEEMTHI L L5 T10~30% OHnsiELR
b, Y- FEEREL LB LR, F/VERCIBEY 7= voREN EBED ZBRILE S
Licho:Erbhb,

Table 3. Effect of quinone on pulp properties

Breaking

Temp. Cﬁghior;g ' CSF Density length f’i‘;&:)l;
49 (mf) (g/cm3) (km)
20 Soda 240 0.35 3.1 86
\ Soda-Quinone T 250 0.36 3.5 112
110 Soda 430 0.37 2.6 70
Soda-Quinone 440 0.40 3.4 79

2. U—&-F) URRICEBENENSLT

TMP. o BEOBOBRIEE LY 7= vOR(LBEMEARE L IhTW58, #8001k
FHMERITS Z L X » TAROBRILBE BT EBHMOR TV EM, Licdts CHi
W X o CRA MR b BT 5 & EAFHIRD, £& CHILK AL 7B MET 51
5 BRI 4 1 B B BB BB 18 5 70bIC, ¥ — - % /) L IRRIC X o T UL 55~85%
WHIAE LicT » 7% 15~140°C O FRIRE T4 7L LT, {LFRTAE R X O InBain s
S S OB LIET e R L,
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BANEBINEK I LORBBEINCA 7 Y — VHREBE L TOBERIMEFH LT
ALI20H Fig. 5 Th5B, MLENEOTUL A 7O#MERS B} L TCELVWHEr
XiEL, WROETELLIEAZ ) — VHRIIBY L CBEBHELIMRES RS, ChEETL
TA8 4 y v 2 PO RMMERSHINT 5, ChooBBIL, Y V= voEFEELRY 7
= VREORBVHEMBOBEBRENMETLTFy 70 boBO T BRERIRY, TOK
ORI BT R TE L2 TDBEO ORI LER LTS,

% b4
100 100

rejects
30 ;__________,/”//‘h\\\\\\

14+
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80}

60 60}

14/48
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0 ] 20p ]
48- 48-
0 i} —
100 80 60 . 15 70 105 140
vield % Temperature “C

Fig. 5. Fiber fractionation of fiberized pulps.

BB EOREIMLEHMAE L LB L TN WS, BREOERE L IRAZ ) — VHER
B LCEMBMENINT S, LHL140°C TREWR 7 Y — vREXENTAEECH S, 16~
140°C DB EOFAITIZ~ I e v —R L ) 7= VOBLERD DD, ZhbOK 50
BB LR RE LIc L B2 bh b, 105°C TR EBEILEL LW ERIIF » 70
BALIZT CHAT A LIXTEIR,

2.2 HENSNLTOBR

fRBBOBEE L 7OMEER Tadle 4 R L, BT OERY Tgble 5 R, Table
5L hBRAEVRSERECK JETFMABEOEENE LV LAHLATH Y, BB
BLowtl7 ) — 2 AUAOESBECEEL 5500, RAKEMIMCE LTI X
D HFEBIDI N,

FAABIEIMET THERBE AL /D7) -2 AMET LT, ¥ — FEE L BE HMT
b, THIIBHERERS OBHC X - T, BEOCRBEIEMLERTHDLELLNRS, &
AEZBEOH ERORETH Y, KERFTHRNEZRL 5D, BHEERTOBEHITM
AP HEREREDT, KOREFEHRELYHEME S, TtoBeHEkEO~I2Lr -2
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Table 4. Properties of fiberized pulp
Yield  Temp. Freeness W.R.V  Density Dre8Kil8  Tear  Lignin  Pentosan
ength factor
(%) C) (m) (%) (g/cm3) (km) (%) (%)
86 15 700 160 0.29 1.0 56 21.6 20.6
70 740 151 0.28 0.7 46 21.7 21.4
105 770 139 0.29 0.8 44 21,0 20.2
140 770 - 145 0.25 0.4 21 20.8 20.9
78 15 740 151 0.32 2.0 70 19.8 20.3
70 750 136 0.31 1.1 62 19.4 21.5
105 740 154 0.34 1.5 75 18.8 21.6
140 780 122 0.29 0.4 36 18.2 21.2
67 15 730 159 0.36 2.6 109 14.3 —
70 730 152 0.36 2.0 94 14.3 —
105 700 164 0.37 3.0 107 14.7 —
140 770 140 0.29 1.2-. 42 13.8 —
58 15 680 162 0.49 4.2 113 5.5 23.0
70 700 158 0.44 3,‘3 97 7.1 23.3
105 700 151 0.50 3.3 131 6.2 —
140 710 141 0.46 2 7 97 3.5 23.1
Table 5. Analysis of variance
Factor .F P (%)

Freeness Yield 5.59* 38.0

Temp. 3.49 20.6

e 41.4

W.R.V Yield 2.38 13.0

Temp. 5,22% 39.8

e 47.2

Density Yield 99, 1** 89.1

Temp. 8.00** 6.4

e 4.5

Breaking Yield 57.8%% 77.3

length Temp. 12, 7%= 15.9

e 6.8

Tear Yield 26,0%* 64.2

factor Temp. 9.96** 23.0

e 12.8

Lignin Yield 429%* 98.3

Temp. 4.02* 0.7

e 1.0

0.01\ _6.99
F (3’ 9, 0.05) =3.86
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FBBENE S 705 LB 7ORKERETHRL, ¥ —  BECHESETS 5
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WA RBBED LR L Lde7 ) — 2 AREELFT, DEOBRIVTFRY, B
DI BB T > CRBORRERE KD, 74 7 ML L2 R ELT
W3,

FRBBRER AL TDY 7= vARRBC LY EY 52 5, Tiobb, BENE DL
Y 7= R T B EEERT, Shil, BEABC L -THy THOBET AR ) O
TRV 27 = AERBPE LD D THEAS, -
2.3 UTsAZUINRLTONR

7Y — % A 350 mibd 2 7"@@53’9&%% Table 6 &, ¥V DOKEES Table 7 TR
T, AN TOERBECH TR NABRO RS A X, Fig 6 CRTEHRMENSHD

Table 6. = Strength properties of pulps

Yield Temp. Density Blr:x?gtll? g E‘\g(s)f; g:?orr
(%) _ (9 __(g/em?) (km)
86 15 0.38 3.1 1.3 95
70 0.39 3.2 1.3 95
105 0.41 3.4 1.4 90
140 0.46 3.7 1.7 98
78 15 0.48 4.4 2.4 99
70 0.52 4.7 2.8 115
105 0.52 4.5 2.4 125
140 0.56° 4.9 3.1 127
67 15 0.58 6.6 4.5 132
70 0.61 7.1 5.5 110
. 105 0.59 7.0 5.2 137
Tia0 0.60 6.7 .. 4.8 125
58 e e . 0.66 8.6 7.9 145
70 0.66 8.9 7.4 142
105  0.66 8.0 7 Tes 135
140 0.65 76 .. 6.6 147

CSF 350 m¢
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ko, RROBET L LIy~ F BECLHE LISIFHEERCHNT 5,

—HRBRRE T, LFWAER L BB LCERRDIVY, BEOMCIXEERN
BB ENTFHEIADOT, FMLABRENOBBRECHTHY - 1 EELHHROELLY
Fig. TR LI, Thicksd &, FABNEABVWHEGCIEBRTERIh L 7D v -1}

Table 7. Analysis of variance e
~
[=2]
Factor F 0 (%) 2 0.6 1
2
b
Density Yield 103+ 93.8 0.4 -
Temp. 2.74 1.6 =
o 8 1
e 4.6 SE
2 6
Breaking Yield 131%* 96.7 3 4 |
p
length Temp. 0.49 — =
p .
e 3.3 43 6 1
< 4
Burst Yield 98 2** 95.6 g 2 4
2
factor Temp. 0.47 — -
e 4.4 5 1407
9
S 120 A
Tear Yield 17,1%* 77.6 5
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Fig. 11. Effect of fiberizing time on fiber length distribution.
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Table 8. Results of defibration at various temperatures (Untreated)

Temperature (°C) 20 80 100 110 120 130 140 150 170
Yield % 941 948 962 956 974 — 975 945 936
Energy Wh 68" 68 70 70 68 68 67 65 60
Rejects % 482 463 406 365 384 378 37.8 324 267
Fiber length distribution :

14+ % 43 58 62 45 84 58 59 49 173
14/28 % 217 238 256 275 293 271 297 262 336
28/48 % 225 185 - 165 212 197 240 240 271 310
48/150 % 226 226 245 244 249 218 218 230 163
150- . 289 293.:.272 224 177 - 186 186 188 118
Fiber length* mm 101 105 108 111 124 116 122 116 138
W.R.V % 100 88 ) 94 — -~ 92 94 )

* Weighted average fiber length
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Table 9. Results of defibration at various temperatures (Soda-quinone)

Temperature (C) 20 50 80 100 110 120 130 140 150
Energy Wh 85 — 78 — 68 — — 58 —
Rejects % 19.0 17.9 14.2 13.0 124 . 131 15.7 18.4 24.8
Fiber length distribution .

14+ % 12.7 11.0 9.9 10.2 9.5 105 8.6 13.3 14.9
14/28 % 21.0 28.3 30.4 34.1 33.6 35.7 36.9 36.9 36.0
28/48 % 29.9 29.9 30.5 29.5 30.2 27.2 26.8 27.0 26.4
48/150 % 12.1 11.6 11.8 11.8 114 11.0 12.1 90 ° 87
150- % 23.6 19.2 174 144 15.3 15.6 15.6 13.8 14.0
Fiber length* mm 1.30 1.37 1.38 ‘ 1.44 1.42 1.46 1.42 1.55 1.57
* Weighted average fiber length
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Fig. 25. Changes in freeness of Fig. 26. Changes in weighted average
pulps during pefining. fiber length during refining.
0.6 2 05
— =3
[«3 (=1
% < 28/u8
2 3
e 05T e
= Y
= ook
5 g
S )
0.4
Z el
2 2 03}
8 &
0.3 o 20°C o 20°C
A 110°C A110°C
o 140°C _ o 140°C
0.2 L — . ; 0.2 L A ,
0 20000 40000 0 20000 40000
PFI revolution PFI revolution

Fig. 27. Changes in sheet density of whole pulps and of
- fraction pulps during refining.
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Table 10. Pulp properties before and after refining
Temperature (°C) 20 140
Bauer-Mcnett
14/28 % 75 55 75 47
28/48 % 25 18 25 20
48/150 % — 11 — 14
150- % — 16 — 19
Fiber length mm 18 14 1.8 1.3
Freeness mé 740 350 740 430
W.R. V. % 148 190 143 194
14/28 %o 145 167 139 156
28/48 % 157 174 153 166
48/150 % - 172 — 166
14/28 fraction
Basis weight g/m? 101 109
Density g/cm3 0.45 0.47
Breaking length km 2.8 2.4
Burst factor 1.7 1.2
Z-strength kg/cm? 3.1 2.7
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Table 11. Comparison-of pulp properties at CSF 400 mé

Temperature (°C) 20 50 80 110 140
PFI rev. X10-2 105 165 200 225 250
Fiber length distribution ‘

28+ . 30 24 24 22 22
28/150 46 53 53 53 53
150- . 24 23 23 25 25
Density g/cm3 0.37 0.41 043 0.46 047
Breaking length - km 29 33 35 37 38
Tear factor 92 105 106 89 84

BHEEIMIIE LWHRBRIRD D h WA, ERER S Wi TORBHESET S,
PR R X SRR L T O HIBER DI IDBKREVD, V7 21 = v VEBOEMAIE
HTHY, TMP O X5 BBBEZ R T5 L IHREBECHEIIBLRI,

Y- PEESAFEBREBEEO ERL L LHBMNTHION, V7 A = v S BBRBT AR
DBELWIDTH Y, REROEMEE, FIABIOVTL 50~80°C TR S hic T n
THhRLHEL, V- P HEOEHME - LV, FIRBIOBECITRBHEDOR L OBEN
BEtrikdThHAS,

PEDXS@7An ) RIAE Licr y 7SR THREBTAZ Lt X » TRENBSEO R
WA TOBGENRTIRER IR D, AR EORBEORBENE LN B DL, 0BT AR I
BBy S 2 THRMBEMETOBELT, V7 4 = v 7 BRSO BBROERLE
DEDT LRI - TERLS DL THDEBRS N D, A OBIGRE I CRBT2 2
ER X - CHHBIOEMARDHRIH, BEMGEECRBRELELLL, ZZTiZ L
TOBENEREZR—7 ) - A ATHE LY, A—HB=FL¥ - CHELESSIE, A
MERARK E 2 RLBEMIEOBBRII K ZREREFE Oz Licidahd Ly,

3.3 pH O¥EE

CHhETRBORIHERL, BRBATCT » 7O®E LT - TRV D F » T LEE
DEALTWT, pHX7 A2V HedH D, 745 ) THAE LCAHIISESE T 20 X 5
THBLL, HMEOXEBNE LB THZ EAMLRTGBY, Licsis Thimk Ui fhie
EOoRRCI pH OFELFIELTWT, REBRTAER LLBARIZF v 7RO E T 1
7Y ORGP NBCAE CTHRCHEY 525 &m%xbhé

3.3.1 A-AKY—FRBF v TOME o

2=V = FRBIERTT S, ~ 1wl e — 20— HWEHE ZKEO BB
BRIERTHY, BV 7= vHRINE, BEINCTy 7RBETTO7 L% Vi X 2R IE
BEZT T\t wo T, %ﬁiﬁﬁLL%ADﬁwéﬁk%lﬁTpH@%Quk%m_kﬁ
FHEIh5, w
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Table 12. Results of defibration (Cold soda)

Energy consumption  kWh/t of pulp

Temperature (°C) 20 110 140 170
pH 7 13 7 13 7 13 7 13
Yield % 96.6 A 96.4 98.0 93.5 96.1 90.5 94.8 889
Energy Wh 81 81 71 61 61 55 60 52
Rejects % 32.8 35.0 17.6 155 22.5 20.6 21.6 19.1
Fiber length mm 1.26 1.18 1.50 1.54 1.63 1.67 1.60 1.67
Freeness mé 310 — 710 750 — — 770 780
W.R.V % 189 201 148 152 125 129 116 127
14/28 % 148 165 132 127 111 114 110 113
Table 13. Analysis of variance (Cold soda)
Factor F 2 (%)
Yield Temp. 267 24.6
pH 9.44 412
e 34.2
Energy Temp. 27.6* 854
pH 7.71 7.2
e - A 74
Reject Temp. 46.8%* 95.1
. pH 0.9 —
e 4.9
Fiber Temp.. 36.0** 943
length pH 0.28 —
e 5.7
W.R.V. Temp. 237** 974
pH 12.7* 1.6
e 1.0
0.01\_34.12 0.01) _ 29.46
F <1’ 3 o.os)‘ 1013 F (3’ 3, 0.05>— 9.28
MRS R & BT O R % Table 12 & 13 Wik,
oPH 7
R ML RBEORETE LETHRE OV ULEREBEE S pH
0 3 FRETRRVA, REOFERNRIZ ULbbdz &b
1000 |
REFROFEENRTFRINDG, 2% h pH7 OB AR
o REC X5RRBOEHHP VO LT, pH13 04
wl T CRRBREO LR L L LT s THROT AN VIS EHE
RIFANELL, REOKBRETLZEL, BHIHBER

Temperature

0 50 100 150

‘c

Fiﬁ. 29. Effect of temperature

and pH on energy con-
sumption.

A7 Y — K, BB LT OEHREE R KED T
CREIFTERIERBEC LD 3 00nERC Kk E L, pH
DOEETII W,
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Fig. 30. Effect of temperature ane pH on distribution
constant and average particle size.
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i<, B ERICI D, BEH L FHEEOTILL Fig. 30 0FT X 51K, REEERT
Y- T pH OMERRER D, 20°C DHFRIIK X /RFERARA, 110°C LTk pH 13 TR
T AL TOHERIAEL, Fo TOBRMLERBNZ EERFLTVS, RKECEL T
pH b EE LD, WFhOREDSHAICS pH 13 ORKENEMEL 8D,

LlEDREEND, B#EHIck LT pH OFBRIFREEOH BT ERE VLT EN
B THD, 110°CHUETIE, WFhoBERI\ TS pH 13 0 F yv 7ORKIEL VA,
zwc@%ﬁ&%ﬁ%ﬁ%ﬁ%ﬂﬂfDﬁﬁwbﬂﬁfékpH7@*w75ﬁ5ﬁ§ﬁﬂmE
REGEELLRD, L LAMOREER pH BBWBERKEVWZ EMbHR, TORK
DOWTIRILERHTILBED 5,

3.3.2 V=& %) UERF 9T ORE

Table 14 THLM L 512, WTFhOREOHAERT S pH 2EV-£TRE I hic 17

Table 14. Resuts of defibration (soda-quinone)

Temperature (°C) 20 110 140 150
pH 7 11 7 11 13 7 11 7

Yield % 96.0 94.3 93.2 91.0 85.9 - — 91.8
Energy Wh 80 82 70 63 55 60 55 58
Rejects % 19.2 234 124 13.6 14.0 12.9 16.5 11.7
Fiber length mm 138 140 132 149 157 147 162 153

" Freeness mf 600 580 750 750 760 750 770 770

W.R.V % 165 172 134 138 139 128 140 130
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HETE & DHEEHOBEHI M U THBEO S B ES T TOEH A CEL o b, Bl
EEMET T E0E2bhS, 20C° TORBTIRF v 7ORBEOEVCVIERER Y
BT LFHMINLS, ZOPRIDIVEFERIND, 20°C OB OB IIHRER V7
OBMEED I HIT, B pH DIF 585 » 7ORIEABWZ EXTREIRE, Zhit=z—2
Fy— 2085y 7OBEIRABTH o, BLEOHLK 7L AV OEER L - TZRENFHEL
TR THEBEIND L, Fy 7OMANR—EOMMEDE T LTEBHICAE LS ow, ik
DHBENRA L — ACfTHhENDTHL S, TORREYHALIACT I, BREIOFy 70
MEOUERYIE L CRBRER LRI TR LS Z LHLETH S,

3.3.3 U7 7 A=V FICKBLTDERDOELL

PFI I A C2HEEEME LD L 7 O#EE 0By Table 156 w3, MO pH
DENR7 ) —F ADETIEE IETHRIIEL, 79 —* A1k pH cBFREIBE—ED
EECETFT5, Lo LREEOBLCE 11T pH 0B B A X <, 110°CLLEDR
BT pH 2B &l CREB S hic 1 7 OEHELSRETH 5, ChidBREEOKEL R

Table 15. Changes in pulp properties during refining

Temperature (°C) 20 110 140

pH 7 1 7 1 13 7 1
Freeness m¢ 300 —290 -380 —410 —380 350  —370
Fiber length distribution )

/14 % —79  —100 ~34 -84  —97 -77  —106
14/28 % —97  -35 -51 —98 —220  —128 —213
28/48 % 13.2 8.7 3.9 48 107 62 148
48/150 % —08 —08 37 31 9.9 83 106

150/ % 5.2 40 0.9 94 111 6.0 6.5
Fiber length mm —027 —025  —014 —036 —053 036 —050
W.R.V % 25 27 46 64 56 47 46

Table 16. Pulp properties after refining (Soda-quinone)

Temperature (°C) 20 110 140 150
pH 7 11 7 11 13 7 11 7
Freeness mé 300 290 370 340 380 400 410 350
Fiber length mm 1.11 115 118 113 1.04 1.11 112 1.18
W.R.V % 190 199 180 202 195 175 186 186
Density g/cm3 0.41 0.40 0.49 0.50 0.57 0.47 0.51 0.50
Breaking length km 43 43 43 49 52 44 49 4.6
Burst factor 26 26 24 31 33 24 26 2.3

. ‘Tear factor. - . 63 65 71 73 77 67 72 78

Folding endurance 15 18 16 31 46 13 23 21
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Summary

The soda-quinone high yield pulping process which is an alkali based sulfur-free system
has been investigated. The objective of this study is to make clear the effects of chemical
pretreatment and of fiberizing temperature and pH on defibration of birch wood chips and to
explain how the strength properties of pulps develop during mechanical treatment.

At first the effects of anthraquinone on soda cooking in the yield range above 55% were
investigated. The results obtained are summarized as follows.

1) The addition of 0.5% sodium salt of tetrahydroanthraquinone on soda cooking pro-
moted delignification 5 to 8% and increased pulp yield 1 to 9% at the same delignification
rate. This effect was remarkable in the ultra high yield range above 80%.

2) The strength properties of soda-quinone pulps of 85% yield were 10 to 30% higher
than those of soda pulps. Therefore it. was concluded that soda-quinone cooking was not
suitable only to chemical pulping but also to high yield pulping.

Secondly the effects of chemical pretreatment (55~85% yield) and fiberizing temperature
(15-140°C) on pulp properties of soda-quinone high yield pulps were investigated. The results
are as followes.

3) As the chemical pretreatment yield decreased, fibers were separated easily from chips
and were more flexible. The increase of strength properties of pulps after refining had a
correlation to the decrease of chemical pretreatment yield.

4) Defibration was most accelerated at 105°C in the laboratory defibrator and water
retention value and sheet density of fiberized pulps decreased as the fiberizing temperature rised.
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Defibration at higher temperature was the most suitable for strength properties of pulps when
the pretreatment yield was high, but the optimum temperature was lowered as the pretreat-
ment yield decreased.

5) There was a correlation between strength properties and sheet density of pulps in
spite of various cooking and fiberizing conditions. This result suggests that the increase of
flexibility of fibers is the most important for the improvement of strength properties.

At last soda-quinone pretreated chips of 85% yield were fiberized at different temperatures
and in different pHs and the behaviors of chips in defibration and changes of pulp properties
during mechanical treatment were investigated to clarify how the strength properties were
developed. The results are summarized as follows.

6) For the untreated chips, the energy consumptions per screened pulp and particle size
distribution of fiberized chips were changed dramatically in the range of 80 to 110°C near the
softning temperature of lignin. Therefore these were regarded as parameters of softness of
chips.

7) The behavior of soda-quninone pretreated chips in defibration began to change in the
temperature range 20 to 80°C. This finding shows that the softning temperature was decreased
by chemical pretreatment.

8) Defibration at higher temperature gave lower energy consumption, more uniform
particles, longer average fiber length and higher freeness and lower sheet density of screened
pulps. These resulte show that fibers were separated in a less damaged state because of
thermal softning of chips.

9) Morphological changes of pulps defibrated at high temperature were remarkable in
refining stage.

10) The effects of pH on defibration and pulp properties were little at 20°C, but at high
temperature as the pH value increased, the fibers were separated more easily during defibration
and pulp properties were improved. In this case it seems that the above results were affected
by the interaction of wood components and alkali during treatment, because the pulp yield
decreased.

11) The mechnism of improvement of pulp properties by change of fiberizing temperature
and of pH value was explained as follows. When chips were softened by thermal softning,
partial dissolution of components and swelling, fibers were separated near the intercellular
layer in a less damaged state. As the stiffness of fibers was comparatively high, fibers absorbed
mechanical energy easily and the flexibility of fibers increased rapidly. On the other hand, as
the swelling ability of generated fines was relatively poor, the contribution of fines to the
decrease of freeness was a little. Therefore the resultant pulps had good strength properties.



