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Pulping of Plantation-Grown Softwoods in Hokkaido

Part 1. Pulping of Thinnings of Saghalien Fir,
Norway Spruce and White Pine,
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a3 h, REBRZHTTEROENEm -, RKERBIZr F=v, =V =Y O&EK
Bz Zh, BACAL ERAKREY <Y 2k, EBAFEKEE F=y okt s X
SR olc, BMEDA T~ DIEKERCH VB 34 ST EBPRRBEL, » 7~ ViEK
IR 5%, AR FYRBERORCIEVWFE LTOMBEERED S X 5o, BinAk
ERMMEEOATERTEII?3 FhaB I, P Fw23Z069% ¥ EDT7h= V=V
15%, » 5= 12% LV T\nwb, FEEFTH IV ERTH>KEERTENTH, +F
<=V 60%, W=V 2L EFF=URIFTYREALTVD,

—77, SEBEEOERD HBPIHCEFIhCH, Bz —ry b v ewflicd
T ha BEIE 5 Tk, BEKFTF2HRLCEBEHNCHEEEIEARNEON, 277V 5E
WREEREXERC LT, A e — 7~y OBERHSER 33 E00ABACHG I, B4
FERIALERERED 44% ZEd b L5 kotc, L LEZOBBEICESD L, BETILZ
EAEBERERTORRY, g2—r .y by e IRETIAEEEOREN LSO TH A, I
WERLSZ ENOREBNLERAR OB R o Te, L LEAEKEZ LR LT, BFEK
HED 1% ikl I h T 5,

BEOGEEC T2 ATHKERED 2139 Fha¢, F F=Yy»nb0%, #7<=Yn31% %
5D, B P YR BERO—BREELLETFHEINS, ZhietfVWREBREESR
SEEMOEHFRTERELMETH Y, TOBRCEOBNIRET LR TS,

ARRE LEROMBOMERO—BRE LT, LBEENEEERRD L FFEROWTER
HEFT-1dbDTHD, BB, BERMEZALIr P EA e —F =Y, ZThic KEH#R
EDORBRE -1y 2 b Y eROWT, HobERE, ARTERS JOBEOHEN
WEHE AV FREREEELAC L, FRA—KRFTBT 2BAROREDOEEDN N Ikt
Ex 5 EYRETHRNTT o1, 7 7 =IOV TL, TTREHLSY, BILUD® ic o
EXxH 5,

ARRETOICHIY, BHFAEE, HARKCBL, JLEEEKRRETEREEDO IR
FRAeEE BERERBDEMNBRLBETE), LEERETRERRE, WWABKEEKRESF
B AOHR 2B, FLEREBEL, AERRE—HEEOBHIEX B, & e UTEH
DEZETS,

2. o ®

t ¥~ (Abies sachalinensis MASTERS.) (3 LB EENREHEERBEEESREX 378 B
B2NHCHEBR IR O, WEEROSHEEEC L UNRERORRSD LO% 6 K%
AT, ZOHMIEROMBERBEED WREh, AERCIMERBROBRE S LB 1,

2 —r 3+ v (Picea abies KARST.) (3£ RRH EEXORAEKCHR I hicd D X b,
MEERNC 3 REAN, HuudimE, A 158 T, EHRAE 3,000 &/ha, {XERFH 1,400
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A/ha TH o1z,

A b v —7 <y (Pinus strobus L.) 1322 SERERRATF 5 | 6 PRFE 111 /LD R A IR
Ehidboky, WEERINC6 AFEAL, HEIXEER X, BN 14E T, #HHRE 2,600 %/
ha, {REIREK 1,400 &/ha THote, SHLKBEMORELED P V=Y 1 RKEHEOICHIF
B B Ui,

BRI, EEE F~ YOV CIIBMB44E12H6H, 2—Rr v Y e, AL R—
TV 3B ESFIATH 7. ThHDOHAROEE L ARBEIEAI OV TR F-1
ERTERITHS,

HARKIBEAEEL Z2m ORIREYH LT, MALLE, #H70x30mm Ol L
THhLHE L, EORERERF » 2 —TH20x15Xx3mm DRKEILF » ALK, K
HRBTRE LI,

F—1  HEUR & BUBHERIRESAL

Table 1. Sample trees and portion of sample log

. . Diameter .
Height Height of No. of rings
Wood No. of D.B.H. No. of of sample
species tree rings of tree  sample log 1o of ?ample
(cm) (m) (m) (cm) o8
Abies sachalinensis 1 6 37 7.9 33~ 7.3 6~ 12~
MASTERS. 2 10 39 12.8 3.3~113 9~ 3 23~ 7
3 14 44 14.7 7.3~133 10~ 3 24~ 7
4 18 44 15.6 9.3~13.3 12~ 5 18~ 7
5-T 3.3~ 53 20~18 30~25
22 42 16.2
5-11 9.3~153 13~ 3 17~ 3
6-1 3.3~ 5.3 23~21 30~27
26 39 18.8
6-11 11.3~17.3 15~ 3 18~ 4
Ku 15 18 12.9 0.1~ 81 17~ 8
Picea abies KARST. 1 14 40 115 0.3~ 6.3 17~10
2-1 0.3~ 4.3 23~17
19 43 11.0
2-1 43~ 83 17~ 7
3-1 04~ 44 25~18
22 44 116
3-IT 44~ 84 18~ 8
Pinus strobus L. 1 10 18 79 02~ 4.2 13~ 6
2 12 18 8.6 0.1~ 41 16~ 9
3 16 18 9.2 0.1~ 6.1 20~ 8
4 17 18 9.7 0.2~ 6.2 20~ 8
5 19 18 94 04~ 44 21~ 9
6 21 18 9.3 0.3~ 6.3 21~ 9
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3. R R KA X

3-1 (LREREEMBERS SUMBETERER

F oy TSR ERBE VA v — I L THREL, 40~60 2 » ¥ 2 H o e bFE-ERI i A
Wic, ALFRBRIWNL, Koy, TAa—A-_XvEviitiyy, V7=V, Artie -, a-t
N — A DOWTET - T2,

Koy, 7ra—n-<vevitity, V7= iz ISef-THREL, Freilr—AX
Wise D FET, o~ v —RINEErr L e -2 X bhRDI, ke rwie— 20T,
Koy, V7= vBEEXT oTh, a-tir— ATk TFbih o,

AEEBEEBL, V=Y ORJIS L KBRS CHE Lich, JISX hkdichorng
PEWERTR L, F2) LALEAZ K LTWAD, 2—rybYE, Abr—7~
7 W R oK SRR A e,

BHEVEERCOWTUY, RNEZ 57 + AL 7OBBERY TR ZE 60 %) T, #ik
B YFBMEE (400 £5) TEh L 150~200 K OBHEL D KD,

3-2 Y—FEAAZHNILT

BRI T » Y A XOFEIBCREVWOT, Fid LBEERY 1 XD 0w E
LCEBRHW,

R 200 g MMSORET v 72 AKIRBIDR, Fvr—2 —HTRE, MELHEE
WL, KPe—BEE Lk, —RMEBBIT+ 7714 7v—52—-DEEAVWT, BKELS
kg/em? (4 — CHE, 128°C 1 fHY), BG4 4, B@EE3 5, BE 15% OB TT -7
2, 3RV 774 =V IRV VY IATF 4 A7V 79 45— (ERI12A4 v+), 7 v - No.
17804-A # A\ C, ThEXh V7 RES%, 4%, 7V 79 A2 03mm, 0.1 mm, {iEEE
150 g/min, 100 g/min O &MH:TIT - 2,

SRV 7 74 =V I7DBRTHHRAVTBRELELIEDOT, 8hy» bOARZ YV —-vERBLHK
TR, HERIL81~91% ORETH » 7, HEEAL T D7 Y — % A2 CSF 360~720 mé
EIRBAEEL LD T, PFL s A% FWT AL 7## 30g, BE10%, 7V 75 v 2 05mm,
AIARFE 1.8 kg/cm? 0 et T 7,500~70,000 EIE:MIf% L, CSF 210+20mé i & L1z, IR
A7V~ vRBERCEE LI,

AP =HAANTORE, BEIBEOR LAY L ETRd v A7 vy —BRERENT
bhb, FREBROERND, vAT vy —BREX7Y —FRADEKTE Y — EEOWHEMY L
febFzen@Bbobhleds, A—7 ) - ATHEKETHLERUBOIDLBLEAEENRDR
oo TeD T, RERTIIEH L,

3-3 45707
Hile ERBRNTHEZ 400 g MOKE T v T, 4L EBBERA ~ b 7 v - FTERGTER
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Ty 20%, ALK 25%, W5 4ke, RE 170°C, FERFR) 90 4, RFEHER 90 550 %M
TEMLI, BBES»»y POR 2 ) —vwE L, BEAL 730K PFI 1 2 AWT,
TMP & [f—4f T 13,000~17,500 E &I LT, CSF 370+25m¢ i 37% L1z,
34 NATOHHE
7) -2 ARBEFE-FBRLEAATHE IS TV Fy—r#ER LT, ARE,
HE, ANE, HBERBI, LIIHBE, MITHI2IE L,
757 v AATROWTE, JISIRI DD v A — [l ROEME LM L,

1. BRLEER
-1 PRV

HHARDO LA LER R R LI, RSB X2V HLACT S enie, Ak
5.6 oWTIETHEILSIEM LI, 5T, REDOEEC X s HEOH 41158 1~4, 5
II, 6-I1 B LCATYy, BREERALIC X 2 HBIERAKE 5, 6 D1 L I oW TfTH C ik L,

AEOLFAR L AEBER L BEVRBERI R 2CRTEBITH S,

LERTEOWTE, K513 0.36~050%, F#042% C, FRBEICK & nEzEDH
Richote, 7TAa—A-_vEviiitidn: 22~38%, FH28%Z #RL, AB2L5-11x%
hEN36%, 38% LORBEWMERR LI, Y 7= Vil 283~301%, F#291% T, HEH
BVCEHE M LT\, metin—R160.3~721%, FH71.0% T, Rk 21269.3% &
RREEL R LIS, a-tl v —R[1143.9~4687%, T 451% C, 3K 6-112468% L%
BWEBRLE, TAz—L-<VvE/HEEY, rrere -2 atlr - 2B LTRIRE

#—2 YO FARIAETERLBIETE

Table 2. Chemical composition, basic density and fiber
dimension of saghalien fir woods

No. of sample tree 1 2 3 4 5-T 5-II 6-1 6-1I

Ash (%) 046 046 041 036 037 038 050 039
Alcohol-benzene extracts (%) 25 3.6 22 2.8 3.8 26 27 24
Lignin (%) 301 292 298 283 291 293 286 285
Holocellulose (%) 714 693 706 713 705 715 721 713
a-cellulose (%) 444 443 457 454 444 457 468 439
Basic density (kg/m3) 284 290 267 280 261 265 208 323
#(285) (301) (281) (294) (267) (271) (313) (346)

Fiber length (mm) 195 198 217 236 222 214 241 230
Fiber width (prm) 344 340 330 333 362 352 363 338
Felting factor (L/W) 567 582 658 709 613 608 664 680

* () Determined by JIS method.
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DEEC X 5 —EOEMIEDbhich - Ieh, K& ) 7= vz K-1erR-T X5, REN
BL7ED ERCHMT A HA YR L, REGRNOE DR VT, EBrLORBD T
N3 — VX VR D R — DR TH - T,

BETBEERIL 261~323 kg/m®, F#284kg/m® TH Y, FB 6 BIEHCE W ERT LI,
HEEZEE TS L, A6 0ANIDSIBREOBVIOBREBVELXTRT LI THS, %
7o JIS 1o X 5K B#E TRDIB AT 267~346kg/m® TH b, KEHREC L HHD LD 1~
23kg/m® KE\WME L Tn o ey, FOEMITBE—R LT, BEED I EEDORLZHLD
DOMEAREIEELT, FAEEEROBLLFMRH LTV5, ToRERC XB L, L,

(%)

0.50
o o
= 0.40 | °
L o °
o
6 10 14 18 22 26 (cm)
(%)
30 °©
o
=}
i o °
= 29 }
=]
o
o
&
6 10 14 18 22 26 (em)
o
; 70
3 o
g o
g
4 60 | o
3 (o}
[ ] o

6 10 14 18 22 26 (cm)
B—1 rr=voREBERiMotE oK

Fig. 1. Relation between diameter at breast height and
wood properties of saghalien fir.
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AR -REC BN TEEBOLORBEWERRL, HREOWTRREFTHEUEVEE
%, BRARLETIL, AB6ERREREDOEN DB ERVELRT,

AERTHOEABOH EBIEHARNC L - TRBZDOT, HERIELOENRAELhELD
EEZLRS,

AR 1.95~2.41 mm, F¥ 219 mm TH b, HEEEIL 33.0~36.3 um, F#y 345 pm %
AU, BHERIEREOBWHARTREVEHALZZR LY, BECR—E0EHAIRDS
hishote, BEOHWROBEL LB 7 = AT 4 v 7HRE BRER/BEE) BREOENLD
BEWEZRTOT, (R-1) chbi3EEmlRVEE LTWwBEE2bh5, BRERBLSEE
MORBOMMERITE L, BERBIR o7, 72174 V/7BRBEREERLTHHDT, k
MORBITHORB L —Fb v/ I VWBETHER IR TWEEELLIS,

Y—FA D=2 AN AN TUDOBERIE BB R TERLVCHD, A1 CBEALUL, F» 7
PLRTH - T TTbich o,

£33 LF=vOY—Ah=pASLT
Table 3. Thermomechanical pulping of saghalien fir woods

No. of sample tree 1 2 3 4 5-1 5-T1 6-1 6-1L
Yield (%) — 93.2 9.0 .7 94.3 90.6 93.3 95.8
C.S. Freeness (mé) — 205 222 226 196 213 198 209
Brightness (%) — 536 54.7 53.2 — — — —
Density (g/cm3) — 0.26 0.25 0.26 0.24 0.23 0.24 0.23
Breaking length (km) — 21 2.0 2.0 1.8 15 1.7 17
Burst factor — 0.7 0.8 0.8 0.8 0.7 0.8 0.8
Tear factor — 66 83 86 84 79 90 71
Folding endurance — 2.8 3.7 3.8 4.0 — — —

AN FIREL 90.6~95.8%, Fi593.7% THEDERE, EHRIGHRALL L X 5 —EDHE
FEED bk -1,

B EEXERRE 5, 6 1 DWW TRIIE Ligh o 1223, 54% FikTh » o,

¥ — FEEEL 0.23~0.26 g/em®, P 0.24 glem® BiR Lz, 34 THBERDOWTIY, SN
Ri1215~21km, ¥¥18km TH v, HHEHMB I3 0.7~08, FH08 T, WTFhd Lk
WEBE o/ LT, BB 66~90, Fig 8L TH »Tc, N 7 DOHEME DB TII,
BEOBNHOD Y — P EENEL, ThEHFERBERCDSD L VWbh AR LEWEY T
Liz, L LILOBECE L TR—E0HABRD bR o7, FRFAENLTOL DI
v — PEEMEL, EBRHTHEEIEWER R L,

7257 bRV TLORBERI RARTTERYITHD, AV FULEKIT 46.2~496%, Fi
B1Z AL, AP LIMEWETS - h, MEENRGCEHS LT, Mogi
01~09% TR HMILIh Tz,
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‘T4 FF=YOD2ZIF7EFAASE
Table 4. Kraft pulping of saghalien fir woods

No. of sample tree 1 2 3 4 5-1 5-11. 6-1 6-1
Screened (%) 458 47.6 477 48.3 47.8 47.0 49.1 47.9

Yield Screenings (%) 0.4 0.5 0.5 0.1 0.1 0.9 0.5 0.2
Total (%) 46.2 481 48.2 484 479 47.9 49.6 481
Kappa number 46.9 48.2 477 42.8 413 477 435 413
C.S. Freeness (m4) 349 390 364 370 344 376 371 392
Brightness (%) 19.5 19.0 19.7 20.6 20.5 20.3 204 21.0
Density (g/cm3) 0.71 0.68 0.68 0.66 0.68 0.69 0.64 0.65
Breaking length (km) 8.7 8.1 8.0 8.0 8.0 7.8 6.6 7.3
Burst factor 8.0 73 74 7.2 74 7.0 5.8 6.2
Tear factor 200 229 265 269 261 215 271 238
Folding endurance 1,740 1,790 1,630 1,680 1,340 1,620 1,200 1,200

oy A —{fii3 41.3~48.2, F#44.9 T, AEEOEEIN DK EIL ST,

KAV 7D 7V —F A3 Fhd CSF 710 mé §itsCH v, W% CSF 350~400 m¥
FET 5 ewic PFI : A EEHIE, 14,000~15,000 2 Ui,

HEEIL19.0~21.0%, F#201% 2RL, RWEEHCH/H/ LTV, REDEBWHLDOD
HABERRREWETHHS, Zhily— 1 EERBEWIERIAEDTHAD,

v — FEBEL 064~0.71 g/cm®, ¥ 0.67 g/em® B LTz, ZIBFEIL 66~8.7km, Fi§
78km T, RB 1D AA TRRRFEEY, K6 DL FIRREMELRL, FOMOR
B oA FRRIEFHECEELY R Lic, HWHBEAEX1358~80, ¥iHT70 T, ZRE»D
DAL TOBEOFMOBEMIL, HEROBE LIIFRAKETH D, Hh7|3H X% 200~271, F
¥1244 ChH Y, WHTE I 1,200~1,790, £ 1,520 ¢, WThd EWEBICOR LT,
BESBCOVTL, HFIHBIZR L, REOBVIDOBERBVEWVIRBRR LT, &
B A EHORBN LD 7L, BEOBWY - EFRL, 7V —FADEL0E%E
BTs LU HBIERVCTEVEERZ RTEELDRD,

UbEDfERNG, BEROM EROE T OREIC BT, BEDOEBWIMERITKS,
V) 7= vEELEDR FEEEENEL, BEXEVERCSBEEVW2S, ThORERET
%5 TMP BHEBEREBEOE VY — 2B LT, BULENEYTT. KPOoB&L v — 1 BE
EL, HRBIYRBERSVELYRT,

BEMREORVWHAROH EBOR ST OBE L5 L, LBoboDT7TAL2—2-
A vE vEHRA L, BNV, ThebEE L TMP 3235, BER4% 5, KP
DHHFIYT Y — P EENEL, KFIHBI YR BAEIECELYRT, ,

Dinwoobie® |3, HF|HME LMERCFOMBERDAZ EXWMELTWER, Zhbo
BECLMERDOEVZ LA KP ORGIHBIXEL Z 22 HTHDEELBNS,
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Kirg 591%, = 7 r U — 3 YORBB I & B U CHEMEL, EliET, v
=BT TEGBEL, Thhb#EE L V7o v VEE, Ak, HEHEIIX
B, HHBINEWVERZRT I EERE LTS, KRB EE»S 10~15FiEF, i
RREDOEECH b T 5~7cm OBPEICEET S Evbh TV 30,

FEBROBEIL, RAB LI E A ERBEMN TR SN, RAB5 L 60 LB »E
G BYRZoPHe b5 EE2BR5,

O3 SN TOERRET S L, AEBEERUMI KR b ERELBRCETLHC L
b, HEMOBEIERBEMOLDIEFTERELEKETHEVL LS,
4-2 I—pynpIE

AR OLFHRE, KREMEEOHERIIRSERTEBY THS,

TS -y OfFERE AREER L BTG

Table 5. Chemical composition, basic density and
fiber dimension of spruce woods

No. of sample tree 1 2-T 2-1 3-1 3-1r
Ash (%) 0.30 0.32 0.35
Alcohol-benzene extracts (%) 1.6 2.0 1.6
Lignin (%) 27.1 27.0 28.0
Holocellulose (%) 74.2 72.6 725
a-cellulose (%) 511 496 50,0
Basic density (kg/m?) 307 333 331 297 295
Fiber length (mm) 2.59 2.52 2.94
Fiber width (¢em) 31.6 30.4 34.7
Felting factor (L/W) 82.0 82.9 84,7

K433 0.30~0.35% T, MEDOBVMMEARKBIEEWERZ R LI, 7A3—A v vl
H#i1 16~20% T, RE 20530080572, ¥ 7= Vi3 270~280% #7RL, Rk 32
BMER TR L, hetrw—R (3 725~742% C, KB 1 BB WEXZRL, a-tr e — Xt
49.6~51.1% T, hrtrw—-ALFEFERAN 1 XEWERZR LI,

BAETBERIL 295~333kg/m® T, AP 2BNE LS BWEER L, Rt kEicin,
Fo L oDOERHL TR CER R LT,

iR 252~2.94 mm, #HHEEIT 304~34T7 pm T, WThiIRAB I OENKEL, 7
=2 NMT 4 VIRBDRRE . o TRM 3 OMEIIEAR 1, 2 LB LT, XETRPMRV
HkE LD EW2 5,

Gt AN AN AN TDFERIIROSCRTEBY TH D,

SV 7R 94.0~99.27, FH959% T, AK 1 pBicEWERRL, i EER OB
TR EFOLOPEELR LI,
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HEEEL 538~549%, F¥H545% T, FRBMCKEnEZRXRDBLh e 5T,

¥ — PR 0.25~0.27 g/em®, F35026 g/em® R L7z, MM R 17~18km, F#
18km Th b, HHEHBX1206~07, F£H06 T, WThIZRAMEOZI NI hot, M
FIABR X121 59~79, FEH 7L T, REOEBVWL DB EEVERXTR Lz, AWML 1.7~23, F
20T, BWEBECIA LTS, R ERORE - OOERRLRES - I,

237 b AL FLOBRIFZ-TRRT LRI TH S,

AN TIREIT 465~49.1% T, B2 HRLRENELR LY, HRWThd 01% L8
HRME LS h T,

7y A=l 35.2~37.7T R L, AR 1ARLHNERRLI,

KANE<V 7 D7 Y — kA% CSF 720 mé §ik TH b, CSF 360~380 mé e F%T B it
PFI : s 13,000~14,000 El#s DA% LB & LT,

F6 =zZ—ny b eDF—-EAD=HARLTE

Table 6. Thermomechanical pulping of spruce woods

No. of sample tree 1 2-1 2-10 3-1 3-1r
Yield (%) 99.2 94.0 95.9 94.1 96.3
C.S. Freeness (m¥) 217 219 212 206 205
Brightness (%) 54.6 54,6 54.9 53.8 544
Density (g/cm3) 0.25 0.26 0.27 0.26 0.26
Breaking length (km) 17 1.8 1.8 1.8 1.8
Burst factor 0.6 0.7 0.6 0.6 0.6
Tear factor 79 72 74 71 59
Folding endurance 2.0 2.3 1.8 2.0 1.7

FTT a—mrytveDr37 a7
Table 7. Kraft pulping of spruce woods

No. of sample tree 1 2 3

Screened (%) 490 464 485
Yield Screenings (%) 0.1 0.1 0.1

Total (%) 49.1 - 46.5 486
Kappa number 37.7 35.2 357
C.S. Freeness (mé) 374 360 373
Brightness (%) 19.1 199 20.1
Density (g/cm3) 0.69 0.70 0.66
Breaking length (km) 9.6 9.1 9.1
Burst factor 8.6 94 89
Tear factor . 251 216 238

Folding endurance 2,760 1,840 1,830
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HEEZ19.1~201% T, RAp1B3RREEL T Lich, REOZIT/N b,

¥ — PR 0.66~0.70 g/cm® T, FK 3 MRREER R L, B Ei2 9.1~96km
T, AR LA, AR 213 8.6~9.4 THK 2 B\ EL R Lic, 52485 X 13 216~251,
W HT 3 312 1,830~2,760 & HRBE DZIZKE L, WTFhIRAB I BB WER R L,

EDRER®D, a—r y b7 e DBERBEOB VDI ARl —R L a-t i r —
ARHLER, RFypReedl, thbo TMP, KPiiwvwFhidy, REDEVS DM R
Lich D L%, ThHUEDY — MRELTTE V25, Lo LAEROBRAIZHT S 3
FThY, BHRAROERUEARFOBERL G TN LD, SHEEHL ORI OWTEMATR
HETOMLELRD 5,
43 2pO-TTY

PEY LB LTERBMORBEOEINS S, HENESZE Wi, RE1 &
2EBRROBWIL-F, BRES L4 FEEO /A —F, BB L6 XREDENI/L—F
ERDLTHBRT > LR LI,

BRI OLEMNE, FROBEBEOSHERII EFESRRTERY TH D,
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Table 8. Chemical composition, basic density and fiber
dimension of white pine woods

No. of sample tree 1 2 3 4 5 6
Ash (%) 0.18 0.24 0.25 0.16 0.21 0.23
Alcohol-benzene extracts (%) 438 6.5 6.7 74 6.7 55
Lignin (%) 28.8 283 27.1 27.0 28.0 283
Holocellulose (%) 68.6 67.9 68.1 67.6 67.2 67.0
a-cellulose (%) 4.7 433 4.0 4.0 436 434
Basic density (kg/m3) 271 279 237 262 247 235
Fiber length (mm) 201 2.02 2.09 2,01 1.87 2.05
Fiber width (pm) 39.3 427 41.9 421 42,1 440
Felting factor 51.1 473 499 47.7 444 46.6

VFERS W TUL, K51 016~025%, Fi5021% €, E£RBHOZI Dot
Tz — Xy E YL 48~T4%, F#63% T, RE11248% LEWERZTRL, R
B 413 74% LEnERTR LI, V7= 11 27.0~288%, F#279% T, HERREEOZ
TN Ehole, FertElr—-21267.0~686%, FH677% ThHYH, a-trr— AL 433~
44.7%, FH438% T, WThIBRVEHCIH LT, REOEECHhbLT, K,
a-Ar —ARBE—FBTH 1D, 7ra—L Xy Eviit, V 7=y, ketila—R

TWER2ERERT IS - FEENED LR, REODEBEWI L -TDT7 A2 -y
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Fig. 2. Relation between diameter at breast height and
chemical composition of white pine.
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Fig. 3. Relation between diameter at breast height and
wood properties of white pine.

FBI9 Atuv—TF=VOH-—FXh=hASLTL
Table 9. Thermomechanical pulping of white pine woods

No. of sample tree 1 2 3 4 5 6
Yield (%) 90.6 84.6 91.1 90.9 92.0 874
C.S. Freeness (mé) 223 216 197 226 210 217
Brightness (%) 51.1 51.5 53.1 52.9 51.9 524
Density (g/cm3) 0.23 0.25 0.24 0.26 0.24 0.25
Breaking length (km) 13 15 15 14 14 14
Burst factor 0.3 0.4 0.5 04 0.3 04
Tear factor 59 70 61 59 61 73

Folding endurance 0.8 1.8 12 2.0 1.2 1.5
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Table 10. Kraft pulping of white pine woods

No. of sample tree 1 2 3 4 5 6

, Screened (%) 428 439 449 458 442 447
Yield Screenings (%) 0.1 0.1 0.4 0.2 0.3 0.2

Total (%) 429 440 453 46.0 45 49
Kappa number 43.0 475 471 45.8 48.8 44.9
C.S. Freeness (mn4) 377 383 376 383 389 390
Brightness (%) 190 - 174 174 204 17.9 194
Density (g/cm3) 0.71 0.73 0.72 0.72 0.71 0.72
Breaking length (km) 7.7 8.0 8.8 8.2 7.8 7.5
Burst factor 6.0 6.5 76 6.5 6.2 6.2
Tear factor , 195 172 168 173 156 190

Folding endurance 1,140 2,130 3,110 1,530 1,940 1,620




EEPERARD <A TR ET WA (FR-S8F-FW) 279

(%)
29
.0
o o
[t 28 (o]
E
o
3
(o]
27i o
La . X ,
43 4y . 45 46 (%)
Yield

B4 Ate—7=v0ysr=va&HFEL A TRELOMR
Fig. 4. Relation between pulp yield and lignin content
of white pine woods.
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F-11 RROBhHPRETHE
Table 11. Influence of slow growth on wood properties

Wood species Saghalien fir Spruce White pine
Chemical composition Ash + Ash — Holocellulose +
Lignin  + Holocellulose +
a-cellulose +
Basic density + +
Fiber dimension - -
T™™P KP TMP KP TMP KP
Sheet density + +
Breaking length + + +
Tear factor - + +

12 IHEOLFER L ARBER L RMETE

Table 12. Comparison of chemical and morphological
properties of three wood species

Wood . Saghalien fir Spruce White pine

0oc species Av. Ku Av. Av.
Ash (%) 042 0.35 0.32 0.21
Alcohol-benzene extracts (%) 2.8 2.7 17 6.3
Lignin - (%) 29.1 28.8 274 27.9
Holocellulose (%) 71.0 67.3 731 _ 67.7
a-cellulose (%) 45.1 435 50.2 438
B_asic density (kg/m3) 284 284 _ 312 255
Fiber length (mm) 2.19 2.17 2.68 2.01
Fiber width (#tm) 34.5 31.0 32.2 420
Felting factor 63.5 70.0 83.2 479

BEHETHLEHEEDOR I VHARELD, 2—my 2t Y e IMRVBET, At -7
=V RTASY ELEMROBETER I TwWBEvwe 5, P F=Y i3z 0 2 oI
LB LT\, B

JIHES™E, PV EHBLTA N -T2 YDRSY, 7Ara—A-v¥viiliy,
7= vhEL, duerd - ARSWEREBTVWEH, XRRTRIKS, Y 7= viddhd
L3 ldiahrole, 2o, BPREFREORNNCIZSDOTHS Y, ik, BAEE
EFB LT —K LEREh T4,

P A N2 AN AN TDOERIZIF-1BELEDLA TS, UK, AERERRWT,
At r—7= Y MEWERRTY, ch37ra—A - _vY vHEYOSERED BB L5
boLEZLRB, LY, Abte—7=Y0RAMEHL F P~y BB LTS W2 L
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Table 13. Comparison of the properties of thermomechanical
pulps from three wood species

Wood sp.ec.ies : Saghalien fir Spruce White pine

Av. Ku Av. Av.
Yield (%) . 937 U6 9.9 89.4
C. S. Freeness (mé) 210 199 212 215
Brightness (%) 53.8 42 - 545 52.2
Density (g/cm?) 0.24 0.26 - 0.26 0.25
Breaking length (km) 1.8 21 1.8 14
Burst factor 0.8 07 06 04
Tear factor 81 74 . 71 64
Folding endurance ' 36 30 . 2.0 14

£—-14 3@EDs I 7 AT

Table 14. Comparison of the properties of kraft
. ‘pulps from three wood species

Wood species Saghalien fir ; Spruce White pine

) ’ Av. Ku - Av. Av.

Screened (%) 477 465 480 442

Yield Screenings (%) 04 0.1 0.1 0.2
Total (%) 48.1 46.6 481 446

Kappa number 449 47.2 36.2 46.2
C.S. Freeness (mé) 370 382 369 383
P.F.I. revolution 14,200 14,500 13,300 17,300
Brightness (%) 20,1 194 19.7 18.6
Density (g/cm?) 0.67 0.69 0.68 0.72
Breaking length (km) 7.8 9.3 9.2 8.0
Burst factor 7.0 74 9.0 6.6
Tear factor 244 190 235 176

Folding endurance 1,520 1,630 2,140 1,910
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Summary

This study, based on the investigations of the characteristics of wood and on the pulping
tests involving three species of plantation grown softwoods in Hokkaido, was undertaken to
determine the suitability of thinnings of these species as raw materials of pulp. Using the
samples from slow and fast grown trees collected from the same forest, the influence of growth
rate of trees on the characteristics of wood and on the properties of pulps produced from
these wood samples were also investigated.

The wood samples were collected from different places in Hokkaido. The name and the
properties of the wood samples are shown in Table 1.

The results are summarized as follows:

1) The samples from slow grown trees of saghalien fir, 44 year old, were high in ash,
lignin and basic density in comparison with those from fast grown trees. The thermomechani-
cal pulps and kraft pulps from these samples showed good strength properties except tear
strength.

2) The samples from upper portion of trees of saghalien fir had smaller fibers compared
with those from under portion. The strength properties of thermomechanical pulps from the
former samples were lower than those of the latter, but those of kraft pulps showed reverse
results except tear strength.

3) The samples from slow grown trees of spruce, 44 year old, were high in holocellulose
and a-cellulose in comparison with those from fast grown trees. There were no significant
differences in pulp qualities between the samples.

4) The samples from slow grown trees of white pine, 18 year old, were high in holo-
cellulose and basic density in comparison with those from fast grown trees. The pulps from
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these samples showed similar properties in spite of different growth rate.

5) The samples from spruce were higher in holocellulose and a-cellulose content and in
basic density than those from saghalien fir and from white pine. The fibers of spruce wood
samples were slender.

6) The samples from white pine were higher in alcohol-benzene extracts and lower in
basic density than those from the others, and their fibers were short.

7) The qualities of thermomechanical pulps from white pine were inferior to those of
pulps from saghalien fir and of pulps from spruce, but kraft pulps from white pine showed
similar qualities as those from saghalien fir, except yield and beating energy.

8) Spruce wood was excellent in pulping properties in comparison with saghalien fir wood,
which has been in wide use in pulp mills as raw material.



