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1.1 FHRHOBBRUED

— KN BERIIERBEE (GNP) MUERIHEEIBEV Vb TW5, BEAE
FTi% 1986 £ ~1999 ENHRNFEE GNP K (FFHMHUE) (212.9% L FHIL, HMERE
DEFERUERIT 3.4 % (1990~1995 F) & FRIL7z, L L, BEEEHRLY F—KE
12k 5L 1987 FEIC BT EEEHNKIEREONBIEEMURITZS ~ 6 B EOEH S (,
1987 FEMMEBRBOMNBIFEEMURIEREET6RICE > T, 3.4 %D FHREL ARIC LR
5 TWh, KILVZ ZN L DREHZE DT, NV TEEORRDO TR & FERERORIEL %
RKOLHICHEH L, HMEBREBZ 1987 FN 21560 7 > #~—2 2 LT, 3.1% (1987 4F)
DEEDI B EIREL 2BATYH, 23F%0 2010 412132 418 3500 77 + > o#EHUE Iz L 5,
SERBURE OV TR EALZ 1.06m3/ | >, VT BENEERARREAMS 3.3m3/ bk
T, Eic 58 m U EoKMrLEICK S,

—7%, HADEKOBJBETRFBREFAKNMMULIEL V., 2R THHHBKIZ, KOFE
749 g/m?H b 46 g/mICBERBRILI N7, EBOMMEBEIZNEIZEC X LHEWTHSH
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5, O BRARKICOVTIZZNBEMMRIIBLAE k> T L FRENS,

ZHIUTK L T, 1988 F - N7 D HEIT 1,434 7 b > L RIHEREIZHATH 12 %L, B
it 11 %iébﬂl,fc‘”g LT, - NTOERIL, HWHETIZIZITERARDKRETH 557,
PN DWTIIH20% %, 2V TEAM (BEAREF v 7) 1220 T 40 % &8 Ak
FLTW3,

1988 FEED VT HAM D EARBIEIIRTFEEIC N TH 9 %N 3,510 T mie 25 Tw
5 SHEBIRADT 8 %1, INTERIF AL 7 %18, $HEEWF - 7H7 10 B3, [KEHF o 7H9 %
MEZ%>TBMAMIZII%HEMNL,646 T m?, HEMIT 2 %EMN1,864Tm*Th 52,

D10 EMDMAM D EIT 1979 FEED 46 %% & — 712 L 72 LAk, 1985 13 38 %,
1988 EI3 47T B L L > T b, TLHAERBZT XV A, AF 5, A—RA ' FVTF, =2a—v—F
YFDAHET, ERAED 80 %LU LEZ D 4FEICKEL T %, RET 2 To 513, 1974 &
IIZ2BARD 11 % Th - 7225, 1988 Fi3# 3 %A T L 72, 2 V7 BM O AL 45 2 sk -
RESNTVELHIZ, FROVCUWTHOMAZEITITHL L2 BN S,

ERL72E i, MHBBOBELMIMICHL T, HHEFEOHIR, A 7THMOTED
LR VT (VTR 66 KU L) DBENrER IR TS, S5i2, #HEMNZL LT,
[REERM > 5 L EINE N T 2 8ET 2 2O OEMOMTI I RELREL 4> T b,

BB <L 713, 1950 SELARTIZ GP AYEEDER T H - 7257, 1950 ER/i#%IC) 774 F— 2
H=A N7 (RMP) 4%, 1968 £4£12(3 Defibrator #4577 4 /N\— K — F ORI 8ERE ¥
LTHRELZY— 2 =207 (TMP) 2N FNARRBENCZIEL 72,

RMP, TMP i35 72 BRI TE, &< i2 TMP 3EESFE WO T, FrHAKOBRE(
KB TESZ V7L L THERZBY, RBICEESMITL TE29, 72, IE GP(PGW)
XF 7 GP (FGP), {L#BIRIAEZAT ) 7 I A A=A N 07 (CMP), # 34— xh=
N7 (CTMP) ZEHBIREINTET,

’iz, CTMP 3L IC L ) F v 728&ILS$TH 5, BEML TRET 2 72012
RIHIRPEICED LN S, €T, FHMELIZREXT, 74 70 Mbh A 72Tk 7 Bl
BEL, TrAViIEECEAEETRT, ZoBEBL L, MEREANIE L, BENEE
DENENINTREZBI LTS,

—77, {LEHRRBORFIZL > TIIZ FFEL L), A TIERMETRABRENK
T, BAMPBA L2 L EORAEZH T3,

—iic, BB LT CERAINIREEIHEMIETH L, TNRIMOREHEL, S
BVFRWZOHTHS, —F, B, CTMPOEARE L THEINATWBEERIEIR TS, ¥
¥, AN, —BOL—H ) L EDBRRENDLDHNTIE AL TH B, BREORTEIZBELD
FHOBHEDBIR S 1, RIS > T — P DBEIHF 20, FRICTZ v, Ll Zehts,
FABHE 4 2R EM Tl R 2 T REY, SECENE o, SHE
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DTEIC DWW T HLFERIBIAB & RS, A&, M@k 2REL T, LiEofA
LOMBEEBRT L EIBBORETH 5,

BH L8 70T, CTMP 3HHAKZ DMOEERICB TGP 2 ¥ 2T X
5L, (L NTOREL L TCOFBELTRTHS,

AWRIL, LERL LENETCHEMEND VT 2HETLIZL2BHE L TThL, &
WAXDEENHARBHRUREEEIZKROMA) TH 5,

QETIIEHENEES M) 7L, BUEEREST M) TARREICES) S nEl¥e
RETHZE, 72, EDZ LI NTOPEHWEICEN L ) L HBL2 52 2D0HNL 2
EERHME LI T TA AR I X T ERWT, WAEEIT-2F v 755 CTMP % 8%
L, BMERNGHRLL — P DOYBEMENEILEZRETT 5 & & L ICRIMRSERERIC & - THiM
DAL L A RET L 72,

3ETI, LEMCTMP 0#ME L LAY > 2 AV REENRT*ERE L, 75
A AN, 2 XFFH55 CTMP #8lEL, B2 DA VL MB R 1T- 7, V2 B 70y
HHER MCENEEOELERET T2 & & LS A TE#N 4V > MBI L 5 E8ILF
B DV CRRET L 72,

4ETIE, LEMCTMP matEnm LL AR nilfll & oXFHEE2Em LS5
ZERBEWMELT, VA A" LOEERES ) T ARRECTMP 2B, A/ —#
BALKFMB 24T - 120 AV > —BEILKE, BREILKR—F VB —7 > ZDMEIC
£ 56— DYBHMENELE HBERET L, atEoR L &R D OMFEIc BT 8Ebk
ROMBERET L7z, 72, SIMRSAMEEZ H W T 7@MD MBI LN L BIbiIc oW TR
DA

—h, AV r—BBKELEIC BT ML LOB) S 3BERTE - L — A A
MAETHERTIRENLHAREZRT I LB L 20, ZORRBLHY 7= RELkE
& 240 %nD, BECKFEREICHECERD pH 55 WIZIBE(T0C)I2L 33 0%kndk
FHLPICTEZ LD, IV R, K, EEEES ) 7 LKER, KLY 7L
KBEBE A, HBEERCHMBRE 2SS TREL 72, ZO7 VT O@BHREL DY 7
=ORAERETL, BROLBRY) 7= DFER%RAEL 72,

B, ZORXIE TIEBEREEEENRL OREZ2EVEEHLLDTH D,

1.2 LEMCTMP OMERUEFD/VLTORRIZMT 5IREE CORE

CTMP i3 TMP OB EET, V) 7 74 = 2572 » TITh L 5 LRI BT |3 AR M RE %
RIS, V7 7A=Y TDRICETHHMOBELICL LIS, V774 =7 2Rx 0
X — 2RI EC TR N AN —2BEL, SRED V7,152 L 2Tk
LT3,

CTMP i2B8§ 5 R TI3, SR CTMP (B8 § 2885841213 %\ 2%, [K3ERH CTMP (2B
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T BRI D%\, B, LEE CTMP RSN T a2 I KREORE (K7, ¥+
X, Avox, —Boa—74")) KBLhTw5,

SINKEY 593 Y7 7 4 | BiAL % B4T - 72 aspen, gmelima, red oak % &+ 7% H
WTCTMP 2835 L, TMP it iR THRERMICEN 2 V7 2872, BT, TAr VYL
774 PRAEIMOTNT A FPRBL)EENEEORBCHENTH -2 EBREL T
%, —7, birch # F\»7z VIKSTROM 594 FIBOER 2 #|EL T 5,

MARTON 5“3 L3 6 WFE L &, BN F» 7ICBREI VL HET, Ty )iy
W7 74 FECTMP # 83 L, TMP ¢ CTMP O#3EaI1E % ¥k L 72, aspen, poplar 7¢
EDKILENRITED 5D CTMP [358EDE\ VL7 % 5 2 5 %% eucalyptus, red oak 7t &
B E OB 5> CTMP it aspen D# 1/3 DME L 1B 517w L 8L 72,

BHREOHEHEL LBMEI N SV TOWENME 2 WET 5 2512, NELSON 599 eu-
calyptus % 0,-Na,CO, & 7% )t H,0,7 2 ExE L 7- CTMP # 8% L, SBEMNEE,IZ
LMy 32 &28E L7, —F, GAVELIN 598 Y — i L 5 F o 7ORTLE D L7
DEEHRRE R EXEEZ L ERL 2

Law 5993, aspen % single-stage T L 72 TMP (3 +5 7% L 7 £ TR & 2o\ hs,
{LEEIRIE % L 72 CTMP DM I3 R CHIMME A N 58 <, BEMNEEI WBEINL S
EERL, 72, FHAKOERIC—BEVWLNTWRLEALTOREE L TLERD
CTMP #FEHT2Z 0 TE B LHREL 2,

MOBEICHET 5RFON, SBEx0BE, BEORS, SloTkYE, SHERES
71 EATEM & REBE) 2 Lol E99I2 & - TEE#M Y L L EVWEED CTMP 851 5
%Y, BURER L L CRBEICHEHI N 2HOIIEICHE 2175 LB H 5,

HERASNVTDORBEEND—D L LT, AV 2HEVWIHEITONTER, VI3
N5 N T —RELRIET B0, SNTOMBEET LMWL 22D BREEGENREHNIE
B Th b, LINDHOLM®VIL, A V' VB b ENFLMRE L LT WEHD 40 BfHEICH Y,
CDFMETREL 727 VT BEFBCZ L2 RWH Lz, JdA YV Bk 5T, ¥
PRNVT DBHEYSFRBREL T DI — P REIE L b2 L 8L 72¢Y, HEITNER 5?2
134V BIC L ZMEDEREDEMICL - T 2K 774 =2 Z7OBDOIANX—HEL
TH5ZEEMEL, ALLISON®ZZRANX —IERDVE VLT OMEL BRICH Y > 2 AW
VA

KIBBLEWHITE 5934V > 3 TMP (2 81} 2 DM & - BB ot cisBd
5N 7= RURKIHES5ITL, REMESHEIBVI L ERAIBENL) 7F=> il
HENZ L BRL, ALISON® EEUERZHREL 72,

MINLI RGP 24V, BIERFE ) 7L, EREAEF MY 7ATOAEL, A%
SANSINTIEN T BICEMBEOIR % HBRE L 72, AV B L7y —  BESOR L
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R 72Af, BHEOFRIERUBRAELIIEORE L N AL W 22 RELZ. &8, TV~
~TNHY) BEDLIEIC & > TIHERNEEOMMAERD H M 72%, 72, TMP D4 V> s
BT MENEEOE EICIZ) 77 A= TRENHEBIREVEREL TWE®,

SOTELAND®?i3, /' MERSH RIS BN B 198 C RBEL, 51 &5 E B TSR L
7LD IEERM o OVTIZN L THREHTH DL E2BEL 2. & 512, KIZLZESHM TMP,
CMP AV BT, ) 774 =2 72 ANX—DRL & BEMTENN L2 B 7200,

—7%, LINDHOLM 5@V(3, #1774 MABEIEENEREICRWHEL 52, AV
BIIMERENEANICHREET I I L 2WHL2ICT b Il nF ek L EFEEIC OV
TRETL 72,

xR OLT OREEHEE 12OV Tid, LIEBERGOTO H2AET L TH Y, BE{bK
%, AV TGP #EBL, BEENMLET S & &L PCMAEAST 55, TEHEIMETT
vy ERE2E:.

MOORE 58Z /B — 2t N~ e —ANFHELY > EDREEIFVZ L, &V
CBEMGEC U = RELICEBEHREIND Z L 2HE L, KIBBEWHITE H®VI3EH
THRKIEDIX L TR Na=erFrThHbI LEHEL

B, BHRETIE, A TREE LB AMREOTE & &R bicmy~<, o7
OEINEL E WEGMBENRE L o 2B L B R RET 500, —EOFNER VT
DB L FOMEICET 5K 2 T CE 2, ThHIY =Y %W TMP, CTMP n%
HEHMEOFE, BRI L 2AMERITOENL, VT A= TRICBIT @RS BOER
EUEENETFHEMBE (SEM) i & 2 SR BOEILE SICOWTRE(T-> TER, Fv
TR & 2 VT OMENEENUFIIAE(, ZORRELT2KRY 774 =
YITHET BT A OB ENTOAEIRFCE L W RO LN, kB, SEM OB
2k, TMP 33z 2 RENB THENRERE,EZ 52 &, CTMP 3iaiENH 5\ i3
B h 5 2 RBENBICH T TEZSZZ E#H L IC L 1269,

Pk E 5z, $t2ERH S50 CTMP 3ENBENEE 2> Twa I ErHL I
ENtz. —FH, LERMDLOBNER VL TIIHERICHNT, AV TORERAGENS S
e CBGKA VT IREE E L THAY D 5,

FDie, LERH D LBERA V7 L TEEDH 5 CTMP 0 GE IS 22857
b, {LEHRTNEC & 2 RENEENREI TR TH ), [REHMH» 5D CTMP OBLEN TS
HEMEHUREE X 17269,

774 AN L XF7EAVT, CTMP 8ENBDF » 7ORIRE L L TEEN T IVT7
74 PREGTREL, V774 =2 7k 2 HEBHELR Y SEM 0BECR L, 1KY 77
L =2 THOBEROTEIL D> %) R L—XIfTbRTWBZ E2RL, ¥— PEEICRITY
T4 DHEIIOWTIZT 7 4 OB, HEWHRGBEELRFICLL5ZLE2TE
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L7,

L& L, [EZEE CTMP I3 8EEMEEA 275 Tld %, BEARE L U TngEMIcERA
T 520, WM, HEMEEYILICRETILE» DL, AT NEERHEL, %
D—FEELTAYV  MBEPBHLZ2LNT, HEIZ2EBLTTHELIBNS,

2%  [R¥H CTMP o%ft

2.1 # x

H—F A H=H )NV 7 (TMP) IZMMOBH L7 IR TEENEEIENTE Y, ¥
MAEOBRRILICHIETE 207 L L THEZBY, [BICEEELMIL TE2, LArL
Zhis, THOTMPIZY 77 A+ —AH=H 7 (RMP), Bk 7 (GP) IZHNXTE
TEREG S 2oBE 2 &L, FRESGES Lo RBRLZATY S,

INLDOMBEABETEHIIZ, )7 74 =2 ZORNCILENRTME 21T 9 CTMP &)+
BRINns, Hib, {LREMERE L - TRMF o 728&ILL, BENZANX—DOBEREPY 7
PA=Y T LZRANK—2RRCHEMEICIRINE Y, V774 = TOBRICET 2@HENEESY
Al L THRERMEENEBNI VT 25252 0°TE 5,

L LZ%edts, KD $HEBIZIIEATE %5 aspen & THORMEOBHELINMIIZEA S
DEEMTRIBATE L\, TN %, FABENGIBROMBELFRRL, AREZHEKATEL
Oz, EERL L CTMP 28E L, T2 REL TWI{MRIEETH S,

R E LR CTMP Tl3, OBEICHET IRTD ) b, #lE< DWE, SN
E&, BiEnZEYE, SHERBES L IIREINI LI L > THEMNEEI M ETSZ LI
BLPTHDL, LELADHS, BHEMIZOWTY, {LEHHILER EBERGFERETL, 1L
HESNNTICRET 2ERET S CTMP #3858 TE 3 L) i L g, BROMEE @k
THZERIEL LTV,

AENHMNL, V5L A NERBOFNI X7 2, BEHEEST ) Vo, BESR
il B ) 7 LKBHIC L B = DB EEICED L ) ICHEBL T, F 2,
FRBEHASNT ORBIHEICEN L ) A B 52200 2ALPICTEIETHL, LR
DR ZTH-12F » 7H 5 CTMP 2 85E L, SERYH— P OWENEE T 51E
YHRABENOMELRAND L & ICERMREMEIC L 2 HRILEN R ERE L 72,

22 BBFH&E

221 & =

ALHEE R R B R IE B RE DRI 135 F 7 74 5 >N (Betula  maxi-
mowicziana REGEL) & BIfHBIHEBHRE DMK 170 £ 3 X+ 7 (Quercus mongolica Fischer
var. grosseser-rata REHD. et WILS.) 2 ERERF /T 20X15X3mm DY A XD F 7
L2 ndERE L, MEOLERSHEEEZRLICRL,
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Table1l. Chemical components of wood samples

487

Species Alcohol-benzene Klason lignin Holocellulose
P extractives (%) %)

Birch*! 1.3 22.7

Oak*? 2.6 21.4

*! - udaikamba *2. mizunara

Table 2. Cooking conditions and pulp yields

Species Chemicals Max. :I‘emp. * Tir.ne Yield
(%) () (min) (%)
Birch BiS*: 3%-NaHSO, 145 60-15 89.0
60-30 81.9
60-50 71.3
60-180 54.4
AcS*: NaHSO, 120 60-0 88.5
H,SO, 60-10 76.9
(3%-Tot. S02,* 60-40 65.4
0.75%-Com. SO, *) 60-120 55.3
Oak BiS: 3%-NaHSO, 145 60-0 87.5
60-15 78.4
60-50 68.5
60-180 51.5
AcS: NaHSO, 110 60-0 91.5
H,S0, 120 60-5 77.9
(3%-Tot. SO,* 120 60-15 73.4
0.75%-Com. SO,*) 120 60-50 53.3

Max. Temp.*: Maximum temperature
BiS* : Bisulfite AcS*: Acid sulfite
Tot. SO,*: Total SO, Com. SO,* : Combined SO2,

Table3. Conditions of first and second refining of pretreated chip

First refining Asplund Defibrator (D type)
Temperature : 135 °C
Preheating time : 4 min
Refining time : 3 min

Second refining PFI mill
Clearance: 0.5 mm
Pulp concentration : 20 %
Freeness: 200 ml
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2.2.2 CTMP ¥

{LERBLIEIE R 2ISRL TV A EMHIC L - T, BEL0gNF v 72 EEHES )7
L, BRSSP 7 L THAEZ T, 90~50 %% T4 AONETHIMEF » 72572,
M3 60 S TREEEE CREL, IFENNELBL HICRSBENRFRMLE 2L TT
olze BE2IRLIEHTHELNLF » TIR—BRKEL TH 5 EKES0~60 %I FHEL 72,
F3ieEL2ZLSI1KkY 774 =7l Asplund Defibrator (D type) # A\, iR 135C
T4 4Hme, 3ommEL 2.

INLDINTEBCTL—Tri—2kwiztk 84 P77y F X7 =Y THE
Lize ZO2NTD2R) 774 = 7RESIIRLE IS, 77 BE20% & L TPFI 2
NDIZYV TS5 Z0.5mmDEHET7Y)—32Z (CSF) #200miz% 3 TiT-72,

2.2.3 KoV IRE

HMENEE V4 1T Bk Bauer-McNett BB % A\ 7z, REHIME S gL D LT
FHEW, kB2 1%0 11 2L T2040, 24~48~100~200 X v > 2D 7'L— } DGR T
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Fig. 1. Fiber length distribution of birch CTMP after the first
refining (bisulfite pretreated).
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Fig.2. Fiber length distribution of birch CTMP after the
second refining (bisulfite pretreated).
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Fig.5. PFI mill revolution to reach to 200ml freeness at differ-
ent pulp yields.
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Fig. 7. Plot of percentage of lignin removed from the middle lamella
(ML) and the secondary wall (S) against percentage of lignin
removed from whole wood.
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Fig.17. Tear factor of CTMP and O, treatment CTMP at different
pulp yield.
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Fig. 18. Breaking length of CTMP and O; treatment CTMP at different
pulp yield. .
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Fig. 20. Delignification rate of CTMP by chemical pretreatment and
subsequent O treatment.
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Fig.23. Content of sugars, lignin and uronic acid in birch wood, CTMP
and O, treatment CTMP.
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Fig.24. Content of sugars, lignin and uronic acid in oak wood, CTMP
and O, treatment CTMP.
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Fig. 25. UV spectra of various areas in the cell walls of a CTMP fiber
and O treatment CTMP fiber.
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Fig. 26. Changes of delignification rate of CTMP treated with
0;-H,0, and H,0,-0, sequences.
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Fig.27. Changes of tear factor of CTMP treated with 0,-H,0,
and H,0,-O; sequences.
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Fig. 28. Changes of breaking length of CTMP treated with O,
-H,0, and H,0,-0, sequences.
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Fig. 29. Changes of brightness of CTMP treated with O;-H.0,
and H,0,-0, sequences
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Fig. 30. Changes of PC number of CTMP treated with O;-H,0,
and H,0,-0, sequences.
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Summary

Two hardwood (birch and oak) chips were treated with bisulfite and acid sulfite prior to
fiberization and chemi-thermomechanical pulps (CTMP) were produced from these treated chips
in a laboratory defibrato. To upgrade the CTMP, some of the pulps were subjected to ozoni-
zation and extraction with various solvents before the second refining stage.

The chemical and physical properties of these pulps were determined as well as their
bleachability with alkaline-hydrogen peroxide. Furthermore, changes in the distribution of
lignin in the cell walls of the wood fiber by treatment with ozone and hydrogen peroxide were
observed under a UV microscope, and UV spectra of the lignin remaining in the cell walls were
measured by UV microscope spectrophotometry.

Chemical pretreatments of chips made the wood more flexible and greatly improved the
quality of the pulps.

The yield and lignin content of the ozonized pulps decreased with increases in the rate of
ozone consumption. A large portion of the dissolved material from the pulps by ozonization and
extraction with various solvents consisted of lignin degradation products. Therefore, it was
concluded that lignin reacted with ozone selectively and was almost completely dissolvedfrom the
pulps.

The energy required for the second refining to reach a specified freeness was rapidly
decreased by ozonization of puips for 5 min.
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Sheet strength properties of these ozonized pulps were higher than those of conventional
CTMP. Particularly, a remarkable increase in tensile index was found in this study.

The transverse sections of the cell walls of ozonized fiber were observed under the UV
microscope at 280 nm which showed that lignin was dissolved stepwise from the outermost layer
of the cell wall by ozonization. Elongation of the ozonization time led to an increase in the are
of the lignin free region in the cell wall. No difference was found in the mode of delignification
between the pulps from birch and oak. The UV spectra of the residual lignin in ozonized pulps
showed that lignin remaining in the cell wall after ozonization was subjected to chemical change
through ozonizatios.

The PC number of ozonized pulps was significantly decreased by hydrogen peroxide bleach-
ing. Lignin remaining at the lumen side of the cell wall after ozonization was found to be
dissolved with alkalinehydrogen peroxide.

Explanation of photographs

Photo 1. A UV photomicrograph of the birch wood.

Photo 2. A UV photomicrograph of the birch chip (yield 90) pretreated bisulfite.
Photo 3. A UV photomicrograph of the birch chip (yield 70) pretreated bisulfite.
Photo 4. A UV photomicrograph of the birch chip (yield 55) pretreated bisulfite.
Photo 5. A UV photomicrograph of the birch chip (yield 90) pretreated acid sulfite.
Photo 6. A UV photomicrograph of the birch chip (yield 70) pretreated acid sulfite.
Photo 7. A UV photomicrograph of the birch chip (yield 55) pretreated acid sulfite.
Photo 8. A UV photomicrograph of the CTMP fiber.

Photo 9. A UV photomicrograph of the CTMP fiber treated with ozone for 5 min.

Photo 10. A UV photomicrograph of the CTMP fiber treated with ozone for 15 min.

Photo 11. A UV photomicrograph of the CTMP fiber treated with ozone for 30 min.

Photo 12. A UV photomicrograph of the CTMP fiber treated with 1% hydrogen peroxide.

Photo 13. A UV photomicrograph of the CTMP fiber treated with 29 hydrogen peroxide.

Photo 14. A UV photomicrograph of the CTMP fiber treated with 49 hydrogen peroxide.

Photo 15. A UV photomicrograph of the CTMP fibers treated with 1% hydrogen peroxide after
ozone treatment.

Photo 16. A UV photomicrograph of the CTMP fiber treated with 2% hydrogen peroxide after
ozone treatment.

Photo 17. A UV photomicrograph of the CTMP fiber treated with 4% hydrogen peroxide after
ozone treatment.

Photo 18. A UV photomicrograph of the CTMP fiber treated with ozone after 4% hydrogen
peroxide treatment.

Photo 19. A UV photomicrograph of the CTMP fiber.

Photo 20. A UV photomicrograph of the CTMP fiber after ozonation (without extraction).

Photo 21. A UV photomicrograph of the CTMP fiber treated with water for 1 hour at room
temperatute after ozonation.

Photo 22. A UV photomicrograph of the CTMP fiber treated with water for 6 hours at room
temperatute after ozonation.

Photo 23. A UV photomicrograph of the CTMP fiber treated with water for 24 hours at room
temperatute after ozonation.



Photo 24.

Photo 25.

Photo 26.

Photo 27.

Photo 28.

Photo 29.

Photo 30.

Photo 31.

Photo 32.

Photo 33.

Photo 34.

Photo 35.

Photo 36.

Photo 37.

Photo 38.
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A UV photomicrograph of the CTMP fiber treated with water for 1 hour at 70°C after
ozonation.

A UV photomicrograph of the CTMP fiber treated with water for 3 hours at 70°C
after ozonation.

A UV photomicrograph of the CTMP fiber treated with water for 6 hours at 70°C
after ozonation. .

A UV photomicrograph of the CTMP fiber treated with NaOH solution for 1 hour at
room temperatute after ozonation.

AUV photomicrograph of the CTMP fiber treated with NaOH solution for 3 hours
at room temperatute after ozonation.

A UV photémicrograph of the CTMP fiber treated with NaOH solutlon for 6 hours
at room temperatute after ozonation.

A UV photomicrograph of the CTMP fiber treated with NaOH sohition for 1 hour at
70°C after ozonation.

A UV photomicrograph of the CTMP fiber treated with NaOH solution for 3 hours
at 70°C after ozonation.

A UV photomicrograph of the CTMP fiber treated with NaOH solution for 6 hours
at 70°C after ozonation.

A UV photomicrograph of the CTMP fiber treated with Na,SO; solution for 1 hour
at room temperatute after ozonation.

A UV photomicrograph of the CTMP fiber treated with Na,SO; solution for 3 hours
at room temperatute after ozonation.

A UV photomicrograph of the CTMP fiber treated with Na,SO; solution for 6 hours
at room temperatute after ozonation.

A UV photomicrograph of the CTMP fiber treated with Na2503 solution for 1 hour
at 70°C after ozonation.

A UV photomicrograph of the CTMP fiber treated with Na,SO, solution for 3 hours
at 70°C after ozonation.

A UV photomicrograph of the CTMP fiber treated with Na,SO; solution for 6 hours
at 70°C after ozonation.
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