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Ultraviolt Microscopic Studies on Fibers in High Yield Pulps®
By

Seung Lak Yoon**, Yasuo KojiMa** and Tsutomu KAyama**

3 &

V74 =272k VEMLEN L BIER OV TOBMBEERICEET 2 ) 7= 45K
ERUAY IS & 2 BIE VT DOBHED & DY) 7= > ORABIC DV TREL 72,

TMP (Thermomechanical Pulp) i3V 774 => 7z & - TN WA KMBME H 5 \»
IZ2RETHMEN, MMEREICIZ) 7= ICEAZHAMIBMME R U2 —F—2BEL,
CTMP (Chemithermomechanical Pulp) 3§43 &MAE T N, SR
KW BAMBRER U —F—»FEL TWB Z HBHLN,

IV oREIZE - T, TMP O#i#EEICHFET 2 AMBME it —F—nY 7=
vidisHTE Yo7z, FRICHL T, CTMP 22w T3, $EEROMENER ICTFET M
Ba—F—n) r=2ix, AV RE 5S>, LEROBMEILS oL LBEHEIN,

SHEM MM RER UCBILZEL CHRBNEICA > BIEL, ME»LBY 7= 23
N, 2REHRREIZY S TRICY) 7= 2B Tz, LEMOBMIIRED SHNAEF V2 H*
BEL, B 7=r30, 2KREAMICY) 7= 5o Twiz,

*—7—F: TMP, CTMP, #+V > ) 7=, E5HEEKRE,
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The part of this work was presented at the 37th Annual Meething of the Japan Wood Research
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1. # L}

BIE OL7RBIBNT, AMF o750 774 =2 7ic & - THELE N 255, #
HIIEAMISME Y 5 2 KRB AT TRA— 5T 2. ZOSBTE9 471362552k
2 Bruim®ic & > THLPICE NI, EDF A4 T THMS NI METL, MEREICIZ) 7
SVRBARBEANBEBY I—T 4 V7B EVIIRTHICE > T b, ZOREOEHEIL,
Y774 =v FROBHNEEL S, WENERICHET oMl EHEE, RREIE-D
T, BicA T, TMP O & 5 TR D A 1T 23858103, T EENHE 22
PNNTERDBZEIIEBTH S,

ZHZLEWET L0, Bk, LEHLBABEL L TRILADE A REBHITh
Twd, TOMBICENVEELLD) I DBEHMEEI N, SENEREIEEL, 2K
BRI L TR W, 200N IEML, BENEEIMET S LR
HE N HFpReassteN iy H\agt, AV ik S LB S=viclL, PRI AT
BaproBEt L BRI L,

FHE LWL, [RER CTMP ic 4V > A% L - 8EDYIME 2 RABEMETREL, &+
Vot ko THHMER» LBRICH) 7= 3N L v R/, 362, V' 0HEE
HED 2 RENDRE G 2 BABIRR AR PNVTHEL TERLNLER Y2 L) 7= BE L
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TWBBFI T T I NKICEA, V) XN = BemiciEl$s e FRLE,

BRI 774 =TI E - THMLE N BIE N TOBBERBICHFET S 7=
CORTREBRUA YV ABIZ L 2> LD =2 DREERARSLZ L 2EMNELT,
$t, EEMOBINE LT EINLDI NTICEY VBB IT - -l B RS CRE
L7,

2. X B B &

2.1 KRV TMP, CTMP OO3iE

AWMEIcE b EET, dEMDT AV (Picea glehnii Masters) & [LEB -2
7 > 2% (Betula maximowicziana Regel) 0) 2WETH B, LHERETERHEREKR L DR
WLALTHZY =y (B 150 F4£) L=r 3 (BB 135FE) %2, ERASF v/ —Tk
E#H20mm, BE2~3mmaFv7iclizbniAW,

mkED TMP OMEI3, METF v 7 100g % Z7KEH 50 %IcREL T, Tablel iR
L7z & 51z, Asplund Defibrator (D type) %A\, B 135°C T 4 sk, 3 oHE
L7z,

CTMP M@, Table 1 iZRL 22 & & » ¢, MK F -~ 7 400 g & EEHMK
ik (BiS ) I0d » THEB LT 72, EBRHFEIZTF v 70N 0 %Ic% 3 &5 IcERS ¥
2. FEIRERRNIZ Table L ICREN TV 2, BoN2F v 713 18K L TH 65 &KEH 50 %I
FlL, TMP LRI &M&Fic &k - THREBL 72,

Table 1. Refining and cooking conditions

Refining Asplund Defibrator (D type)
Temperature ; 135C
Preheating time ; 4 min
Refining ; 3 min

Cooking Chemical ; 3%-NaHSO,
Liquor to wood raito; 6: 1
Temperature ; 145°C
Time to max. temp. (145C) ; 60 min.
Cooking time ; Spurce-20 min.

Birch-15 min.

BEgIC L > THBLN VTR, 80CTL—T Y —2BRELE THZY V312 %
v b, @HURE8HYINTFTH PRI THEL 2,
PNTDN T ERRIZ I T/ RISk > TRIEL 72,
2.2 #VnE
IV U RERIE, BES YV UHRASHOERO-3-2 2FHL 2, BREFNEREIZ 100V,
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BEREIZI0/h LT, COLEDF/ L RERIIHI.8g/h Tho72, AV MEIT, |
T, BET 52 1B FAR7 522108 KES50~55 %0 VT hAEHET 30g 2ANT,
FIRTH5, 15, 07MAEET- 72,

Mm%, 1%—NaOH #M T 1Mt 217- 72,

2.3 TAHACIERBR URNARBANRORNE

I ROQGEOMBEIIZ VT T 2> 25 50, 70, 90, 100 %T 30 3 2OBAK%1T- T
FTLIBEALZ, ZORBZ210%T7T 2 RVB®E (1:1) Bic 1BBELE, B
RHEEREL, TRV BEREMZTE LI 1BBREEZIT-> 22,

IRVEBICERIET2 % DMP-30 #/2 THRAICHBL 28icak % 1 B@%L 72,
FLOWZRVBHIC2%HDMP-30 2/m2 728 & E6 %2 BERICANT 35°C T 1 B, 45°C
T¥ B, 60°C T3 BM, 35°C T 1:RAMBEL%21T- 7.

IRVIBEOMBIZRDEN TH 5,

A ¥ Epon 812 62
DDSA (Dodecenyl succinic anhydride) 100
B# Epon 812 100
MNA (Methyl nadic anhydride) 89

AW BHE=4:6 »dwz 3:7 (BERH)
ENREBEOBEIL, BELLE™Z MY I L THRENORMS 2V HL, IS5
270 —LIBNDOFT, IR FAT7ERVT, BE L yum DYE 2IERL 72,
COURERERATA FPAT7RA LICEREESE, 7)) 2B TFLTREA N—F T
ATHEHAL I, BABEBE (Carl Zeiss #% UMSP-80) 2 & 2 8%, 280 nm DEERE T
T-72,

3. BRRRUE®E

3.1 <N FTRPIZHOWVT

3.1.1 WEENALTOPE

M1BCTAMTRL, 3FHEBREZT - THBLNLT A2V E2h 0 TMP
&, (LERYBILE 2 ATV R R 1T e CTMP oMU |E Table 2 iR L 72,

TMP &3, 7A=Y H796.0%, =5 >33 97.2 % THEBHEOUEL, 122 A LR
LTHhoTz,

CTMP D%HA I3, Ak | THEERBIEEORME 21T-> THLN2F v 72 B
72728, BIALEE & RESINEE % B 2 IRl L 72, Table 2 i27RE T\ 5 TTE ) CTMP Dl
BRI T 2V 7TDIERTH 5,

T A X/ DRIES » T ORI 93.1 % T, ZDF v TOBEINERIL 93.8 % (i
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Table 2. Yields and lignin contents of TMP and CTMP treated with ozone

Species Pulp and treatment Yield (%/wood) Lignin (%/wood)

Spruce Wood 100.0 28.5
TMP 96.0 26.4
TMP-0;-5 min 88.6 24.8
TMP-0,-15 min 83.5 20.6
TMP-05-30 min 78.0 16.2
CTMP - 87.3 21.7
CTMP-0;-5 min 82.2 17.8
CTMP-05-15 min 74.8 14.1
CTMP-0;-30 min 69.5 9.4

Birch Wood 100.0 22.7
TMP 97.2 22.3
TMP-0,-5 min 92.4 19.1
TMP-0,-15 min 87.6 15.2
TMP-0;-30 min 83.0 10.2
CTMP 89.0 16.3
CTMP-05;-5 min ’ 85.4 13.7
CTMP-0;-15 mis 76.5 6.4
CTMP-05-30 min 70.3 3.3

BF 7)) Thole, @h > 3DFAIR, AR EH94.7%, HEIEIT 4.0 % (HuE
Fo7) THolze

ik CTMP i1, I %2 —Fi2§ 5725, FABRNERNHZ AR 20T, 12IZFEL
WD 7T B 5 1Tz,

3.1.2 #VRAR-EBNTRENEL

AV MBI L B & NT DWNENE(IL Table2 2R3 LT3,

WiltE TMP i, &V REREMIEL L5 20N TNEREIBLST 505, <A kD
THILYS Y TMP OFHAY VMBI L 5 NEBLOEEHKRENT L 2R 12, LERH
AoEETIE, TH/ =V TMP 3B L 15 FLUBRDPNEROBIENIKE, 2h >
NEEEEL T IR LRBORERL 2,

CTMP o TIL, RS DOHAIZABCIZeh &N T H /=YD CTMP
FREL, 2T H =y CTMP OB OB 32k 2@ L T, ALESEEZR
FTOIHNRT, =H Y NZNE 5 F3UEPLRE(BITEZEIRENTVS,

3.2 MV Ir=riconwT

WiiE o TMP, CTMP » 4 V' > MBEHICN T 59V 70BRFY 7= &% Table2

2, WY 7=vEicowTid FiglicRL 7.
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1001 -
® Spurce
1 A Birch 4
A
801 ] /////
| | A
°
co- | /////
A ]

Delignification rate (%/wood)

¥ ¥ ] 1 v L § L Il
THP 05~5 0s-15 Ga-30 CTMP 05-5 05-15 05-30
Treatment time (min)

Fig. 1. Delignification of TMP and CTMP by ozone treatment.

BER V7R S BERT AV L) HEHW I RO LND,

THTevH TMP oY) 7=, MBS 5 F TREHRTZ ) 7= BHD LW,
WERS L gD b RE B o lz, M 15, 30 oM 2 BT 5 LIZIZRRNY) 7= BB E N
7zo CTMP Tid, ES5FLIRIC) 7= 2% BRI N5,

FNRRLT, @5 TMP iz AV B 5, 154cERT 2 V= Bo#lAi2i3
LAEFRULT, 1573 LUEkL BB ENE Y 7= 5% 12, CTMP O3 E413 1/ > 38 5 5
FTOBR) 7= L) SGUBDOBY) = BIKE S -7, FiC, WES5 555 1549 F
TOBRY 7= BHEWZ L BH LN,

e, AVURBIZLZBHEILOB) = 2RARBEHRTHRELER (3.3.2
TV URBEENER VT, $E) L2 HET 5L, TMP %4, W 15 5L » HBERT
DY) 7= HEB L, CTMP IZRE S SL#» S BEERT D) 7= 2 EHL T2 BERE
EESC—HL 2, LT, BM#REN) 7= DBERPR) 7= BlokECHELTY
5T LIZHALITH S,

IV ORMBEREICLIBY) 7= 0REY, BREICL)RL 5003, &, EER) 7=
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DIFEPCETER, MM, BENERY, RE(EEBLTIwWALDEbNS,

ENVTOR) 7= icBL TE, KOBEBIZBWT, ENMRABEBREOKRICEO W
T, Bic#ELIHWT 5,

3.3 RAMEMBMEOVT

3.3.1 ®REALS

F o TEBEHL ROBBEOSTRERE, SHELCEBENORTICEIT5Y) S namFRE
#RET 520, Wikt TMP, CTMP % £ 8BME 2 H\vC, 280 nm TREL 7=,

TE O DA, WE R R T 5 L, TAH =Y (Photo 1-A, B) DEHHIGESE (Photo
1-A) nEB3E{, BH#f (Photo1-B) i2#v:, 74> % (Photo2) MAR@MENEEE B\,
Mg, @ ToMBOMBMEIIR, #Mita—F—i3Ewv,

T Az =v? TMP (Photo 3-A, B, C, D) Ti, #AMMMEE CHBES N,
Photo 3-A L 5 iICMMEE I3 ) /=Y ICEA M WEAMIME cEb N TV 5, Photo3-B
DBWHEIESHRMBE RV 2 KETHEIND), OE T3 2 KEIFEHEL T3,

Photo 3-C D##NHAIL, a i 2 KB THBS LTV 555, bEICIZEEL Ty 5 @i
NEA MM o T\ Tv 3, Photo 3-D m#i#izi3132RA+HAMKME CALNLIZREIC
toTwb,

<7237 TMP i3 Photo 4-A & ) ICEAMISME ToMEIN T, MEOMI 2 —F—&
BAMBMB I MERTICEEL T2 b0 L EH LN B, SHOMEI Photo4-B & 5 i
2 IREEHR RERTOFIMEL D 5415, 72, Photo 4-C Midii#e L 5 i< #IlREE»HEEE & 11, Photo
4-D & ) LMD/ R LN S,

WitkiED TMP (3, SO A MR B 2 KETH8ES L7 Photo 3-C,4-B &5 %9 4
TOMMEDE N, KIS, [HERO TMP Tl 2 KB4 % 1) 72484 (Photo 4-B, C) »*&
HDohbd, 72, Mo —F 3L bTHERTEICER> T3,

miEED CTMP i 5\ Tid, K F v 71 LERIRTNIE 217 - 721, ##LEN T30
T, AMEEOBILIC L > C, WMIIESHREECIET 2720, B#EDOHIES 2 2R
#Bi2 TMP iIcle_ TRt o 72, TH IV =7? CTMP (Photo 5-A, B, C) iz#idn a4
M CoBEIN, #EREIRIW-HAMBEMETALN, Miaa—F—3@BHoN5,

=% 230 CTMP (Photo 6-A, B) 274V =Y? CTMP SR & 5 iciZ & A ¥ il
HIZEAMIBME B EEICHAL T % (Photo 6-A) %%, Photo6-B & iz 2 kB (&ED) I
HE»HHBHLEHLNS,

F72, Photo6-C D a, b, ciZ/RINTWE LI, BENTHD L 2272 I3HEETH S,

T%bhH, CTMP 3#i#nRAHRMECoBEIN, ZRICIIHW-EAMIRRE, Mz
—F—HFEL T 5,
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3.3.2 F/uBENEANLTS
3.3.2.1 #FvVRRizst» TMP, CTMP n@g#nr 5o 7=

TMP & CTMP 3 A 7L T RU B 720, MlECHFET S ) 7=V I3KE, BROICR
BNT, INLHAV VLT, DL ICBEHEINEPREL 22,

$rEEM ) TMP i3+ > 88 54 (Photo 7-A, B) TIaBl) 7= 2B, 13X A %L
MRLNEV, 2KREFBHIN T3 EE (Photo 7-A, KEI) TLE{LPBDHLNL IV, 15
sr0EE (Photo 8-A, B) T, BEM{EENEE (Photo8-B) ) 7=»%H L, Photo
8-A DM I—F—D) F= 3B L Ty, 30 54E (Photo 9-A) Ti3MMERE KU
HEL LD 7= 5B bnd, RE»LOBY) 7=21%, XV rILE 8L TR
BALZEDEEZ NS, BEMO{REE (Photo 9-B, XEN) 3B M 728, Vb
BEHICEEL, MR = 3RLICHEHNIN TS,

FiizxL ¢, CTMP i34V B 54 (Photo 10-A, B) TH##EREN) =>4 L
BHEINLLHICRL2Y, o —F— ) 7= i3 BEH I N T v, 15 4408 (Photo 11
-A, B) TRE#EEN) 7= EHL, BERNRHY I nidtBH o025, BiC,
B#{REE (Photo 11-B) » a#4r & ) IcHRRENN) 7= rEHInzHBaLbRons,
30 oE T3 Photo 12-A & 5 KN EE LN LB 7= 3, 2KREP BT
B 7= HB-> T3, 72, Photo 12-B & 5 iC 2 IREEF R > 7RI =2 5%
2TV b,

TMP n##EE cHFET > RAMBMEICTEING ) 7=i3, AV AB 5T 00
HL, Mlaa—F—nY) 7=2i3 30 FRNELT-> TLRLEICIZBHTE Lo 72, FHISH
LT, CTMP n#istRmEICHFETI MBI —F—D ) 7=V iZRE 15 FHh LBEHEN,

LEBOBNER LT ICBWT, F V5457 TMP (Photo 13-A, B) Tit Photo13 -
Bk ) ICEMEERAEOLBIEAMBHETALN T ARAICIE, MlREN ) 7= N
HEUEBMENR) 7= 3BD LNV, 2KREIEHE N T3 Photo13-Am aEic
BB F=rpBH bbb, 15508 (Photo 14) T, MRRMBTa—T4 v 7& 85
@B 7= i3BHoNT, 2—T 4y 7ENTwhoBIONAIC, BY 7=>2E8H
L3, 30 7F (Photo 15-A, B) Tid, 2RENEF TB) 7= &5 %%, Photo15-B
$ I ICHREERITE)D 5 I MEEIERE I N BIOICRESCAV O rBREL, B
D 7=rrBhHosns,

FicrtL T, CTMP o343, + V> 55 0% (Photo 16-A, B) THi#EERNY 7=
iy 55 (Photo16-A), LA L, Photol6-B (XE1) k5%, #Mla—F—o
) = iRBHEN TV, 159038 (Photo 17) I3M#ERE A 5 BRIC) 7= » K &
n, B 7r=i3 2 RENRIZEL T3, 30 50E (Photo 18) Ti3 2 REEFPRERE THLY

=r3INTnwa,
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Thbb, LEMOENER NTRIBENERTL» LA/ o @EL, BE»LFRICHKY
T=rENTWwa3,

EiZ, TMP RV CTMP D##XREICHAET 2 ) 7=V 3R, BROICRL 20T, Mk
PHLOBY 7= i3 TMP, CTMP TH L Bh 5 Z LBH L NT,

3.3.22 #V/ RBIIHH, LEBORE»LOBY V= DK

STEM O PGEE X Photo 9-A, 12-A, B & 9 icl#EE, WROTH > LMY 7= 547
b, 2REDPREIC) > 7K, BANICY 7= Ko T b, BHOMESIZ MY
Wiz, V' RERMAREC %5221 T Photo 9-B 0 & 5 ic MilaBED ) 7= pisedic
BHINSG, i, BERE»SNBY) 7= L RAKICEILEZEL TREBEADLT V> OBA
KEDABE»LDB) 7= fTbhiTwaehrEL LN 5,

EFRICHL T, REHOBMEIIA YV RBEE T2 LBERTEL LAYV HRRICRE
L, Y 7=>23H, Photol8 &k 5 ICH#MANEIZ) = B> Tw3,

Tibb, &, LEBBECHTIAV O BERUB) =09 — 2 Nk, WE
DHHEDBRILNTEBIIZRICKE L HBLZIITWB I ETRBRENS,

Bilidst, REMOBMEICIIRICHEFET 30, SEMMIGEREOFREILOEERITLER
MARMEDBEILICHANTAE M 1 AL D 0BILOKIZES & 0 K IEE IS v,
IOBILNKER, KBErE2DL, KBMNEIZBL AV OREIRETHL LBbN
5,

372, WEENEILEEL TA- XV > ORRL L VWLBDNEY, 2KEN) =
MEE (MAEOBAEMRL D) IHAMIRMEBORM1/2 40T, Zoffin) =3l
RynEBbhz,

4. & W

V7742271 & » THMILIN BN VT OBEREICHEET L) 7= D %H
RE, RUTV Y 2AWRREL T - - BME» S OBY) 7= ORE2 AL 120D, TH
Ve ke TMP, CTMP &, Zn b0V 7icx L TA Y > T 5, 15, 30 s
2T ML, BOMRERSTHEL, ROBRMMELNL,

1. &, IZ¥EMH TMP i, BEOBSMIBMED 2\ i3 2 RETHBEL, SMEEEIZ)
T ICBATEAMEMETELN TS, Mlga—F—3@BHons, CTMP 344K
METoBEL, BMEREICIIE W AR R UL —F—»FEL 22,

2. AVromEic L 2TWEEN TMP, CTMP OB /= Bz Thr /v tn=eh
N, TMP iz A/ B 15 L #» 6, CTMP i3 5 LA b D) 7= X B 7
> 72,

3. TMP,CTMP i3SV 7ALTERY 2 2 OMMICRET 2 Y 7=V 3K, BAICR
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b, H-T, MEOBMHMERICHFET L) I IcEAZBAMBMERECHEBI—F—n
SERELREL S, SNLDZLHA YV OBERUBY =ik % C EBL, TMP Ti,
BHERTMICHFET>HAMBME, MR —F—n) 7= 34V > B8 30 FTELICET
Ehdrolze —H, 2REHFBHENTWBETIIMES SLUR, EE»-L4 V2 98EL,
B 7r=r3fi:, CTMP DM FET 2 HAMBEED ) 7= i3 5 FLUicEH L, #
Ba—F—ny r=iz, sE#ETi3, TVRB 15905, LHERTIR, 590 58H3A
2o

4. AV ORBICLBR) = o Rikst, FEMEETRL S, HEROBS, E
FEORERUBEILZEL THRABCAYV > »FEELT, MH»LBY) 7= 2h, B EE
BT 2REBHRREIC) > 7RICY 7= B> T B FEMGER I EREr# 20, K
BNN) 7F=rrELicBlEnt RABIC ATV »BREL, B 7=> 350k TMP
TIZEE 15 LItk 5, CTMP Tid 5 7LD 6 TH - 72 LEHOMUEIZI BT & D ABR
KAV HBREL, B 7=v3h, 2KREARIC) 7= 5B - Twi,

5. # [z

FHREITIICLY), BIRBEBMBERICEHT N 2 TH 72 LS EREREER A
FREOFRNZHER, BRERYE OERL, 5 R MERBOBE S CHITER VS 2 1H
W RBENEMEFNFICRC BHEKL T,

X o

1) Bruun, H., Lindroos, P.: UV microscopic studies of tracheid fibre surfaces in mechanical pulps,
Paperi ja Puu-Papper och Tr4, 65-11, 739-745 (1983)

2) Lindholm, C.-A.: Ozone treatment of mechanical pulp, ibid, 59-4a, 217-232 (1977)

3) Soteland, N.: The effect of ozone on mechanical pulps, Pulp and Paper Canada, 78-7, T157-T160
1977)

4) Allison, R.W.: Effect of ozone on high-temperature thermomechanical pulp, Appita, 32-4, 279-284
(1979)
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momechanical pulps, Tappi, 63-4, 133-136 (1980)

7) Allson, RW.: Low energy pulping through ozone modification, Appita, 34-3, 197-204 (1980)

8) Lindholm, C.-A., Gummerus, M.: Comparison of alkaline sulphite and ozone treatment of SGW,
PGW and TMP fibres, Paperi ja Puu-Papper och Tra, 65-8, 467-473 (1983)
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61-65 (1986)
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11) Kojima, Y., Yoon, S.L., Kayama, T.: Delignification from the cell wall of wood fibers with ozone,
Mokuzai Gakkaishi, 34-8, 697-701 (1988)

12) Fukazawa, K., Imagawa, H. : Ultraviolet and fluorescence microscopic studies of lignin, 1983 Inter-
national Symposium on Wood and Pulping Chemistry, Vol. 1, 20-23 (1983)

Summary

Spruce (Picea glehnii) and birch (Betula maximowiziana) chips were defibrated to produce
TMP (Thermomechanical Pulp) and CTMP (Chemithermomechanical Pulp) and the pulps were
treated with ozone.

The distribution of lignins on the surface of the fibers in the high yield pulps and the
delignification modes for these pulp fibers with ozone were investigated using a UV microscope.

During the defibration to produce TMP, the fiber cells in the chips were not smoothly
separated. The separation of the fibers occurred either in the compound middle lamellae or in
the outer part of the secondary walls. The breaks in the outer part of the secondary wall were
a characteristic feature of the TMP. Fibers having breaks in the secondary walls showed the
exposed outer part of the secondary wall on one side and the secondary wall covered by the
compound middle lamella on the other side (Photo. 3-C). The cell corners remained on the
surface of the fibers after defibration (Photo. 3-C and 3-D). '

On the other hand, during the defibration to produce CTMP, the fiber cells of the chips were
easily separated form each other, with the separation occuring mainly in the compound middle
lamellae. Breaks in the outer parts of the secondary walls, as were seen in the TMP fibers, were
hardly observed. The fibers secondary walls were covered with thin compound middle lamella
fragments attached to one or two cell corners (Photo. 5-A, B, C and 6-A).

When ozone was added to the TMP or CTMP, it degraded the lignins at the surface of the
fibers. However, the ozone delignification modes were different with TMP and CTMP because
of the differences in their defibration modes as mentioned above and in the degree of the
modification of their lignins during the pretreatment.

In the case of the TMP fibers, the lignins in the exposed secondary walls were attacked
directly by the ozone, and delignification proceeded easily. However, the lignins in the other
parts, such as the sides where the secondary walls were covered by compound middlle lamela, the
compound middle lamella and the cell corners resisted the effects of the ozone and ramained
intact even in treatments with ozone for 30 minutes (Photo. 9-A and 15-B). Consequently, the
delignification of TMP fibers with ozone proceeded slowly and nonuniformly.

On the other hand, in the case of the CTMP fibers, the delignification with ozone proceeded
easily. The lignins of the compound middle lamella of the hardwood fibers were quickly
degraded with ozone, disappearing even in 5 minutes of treatment (Photo. 16-A), whereas those
of the softwood fibers resisted the effects of the ozone over the same period (Photo. 7-A and 7-
B). With treatments of 5 to 15 minutes, the lignins in the compound middle lamellae of the
softwood fibers were degraded and disappeared (Photo. 11-B). With treatments of this length,
the ozone started to move into the lumens through the pits and attacked the lignin in the
secondary walls from the lumens (Photo. 11-A and 11-B). Whith 30 minute treatments, almost
all the lignins except those in the secondary walls were degraded and disappeared completely
(Photo. 12-A and 12-B).

The delignification modes for the secondary walls of high-yield pulp fibers from soft- and
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hardwoods with ozone were somewhat different from each other.

In the softwood fibers, ozone attacked the lignins in the secondary wall from both the surafce
and the inside of the fibers after 5 minutes of treatment. Ozone could pass into the lumens of the
softwood fibers through the pits and reached easily to the inside of the secondary wall. Conse-
quently, while the lignins disappeared simultaneously from the surface and the inner part of the
secondary wall, a part of them still remained in the middle part of secondary walls, and these
lignins were the last to be degraded and disappear (Photo. 9-A, 12-A and 12-B). The rate of the
lignin degradation from the lumen side was faster than that from the surface.

In the hardwood fibers, the ozone attacked lignins of the secondary wall only from the
surfaces of the fibers because of the lack in of pits as lange as those found in the softwood fibers.
Consequently, the lignins disappeared concentrically from the surfaces of the fibers with a part
of them remaining in the inner part of the secondary walls until the final stages of the treatment
when all the lignins were degraded and disappeared (Photo. 18).

Explanation of photographs

Photo 1-A. A UV photomicrograph of the tracheids of late wood in the spruce wood.

Photo 1-B. A UV photomicrograph of the tracheids of early wood in the spruce wood.

Photo 2. A UV photomicrograph of the wood fibers in the birch wood.

Photo 3-A. A UV photomicrograph of the tracheid of early wood in the spruce TMP fibers.

Photo 3-B,C.D. A UV photomicrograph of the tracheid of late wood in the spruce TMP fibers.

Photo 4-A,B,C,D. A UV photomicrograph of the birch TMP fiber.

Photo 5-A,B A UV photomicrograph of the trcheid of early wood in the spruce CTMP fibers.

Photo 5-C. A UV photomicrograph of the trcheid of late wood in the spruce CTMP fibers.

Photo 6-A,B,C. A UV photomicrograph of the wood fiber in the birch CTMP fibers.

Photo 7-A,B. A UV photomicrograph of the tracheid of late wood in the spruce TMP fibers

treated with ozone for 5 min.

Photo 8-A. A UV photomicrograph of the tracheid of late wood in the spruce TMP fibers
treated with ozone for 15 min.

Photo 8-B. A UV photomicrograph of the tracheid of early wood in the spruce TMP fibers
treated with ozone for 15 min,

Photo 9-A. A UV photomicrograph of the tracheid of late wood in the spruce TMP fibers
treated with ozone for 30 min.

Photo 9-B. A UV photomicrograph of the tracheid of early wood in the spruce TMP fibers
treated with ozone for 30 min.

Photo 10-A. A UV photomicrograph of the tracheid of late wood in the spruce CTMP fibers
treated with ozone for 5 min.

Photo 10-B. A UV photomicrograph of the tracheid of early wood in the spruce CTMP fibers
treated with ozone for 5 min.

Photo 11-A. A UV photomicrograph of the tracheid of late wood in the spruce CTMP fibers
treated with ozone for 15 min.

Photo 11-B. A UV phtomicrograph of the tracheid of early wood in the spruce CTMP fibers
treated with ozone for 15 min.
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Photo 12-A,B. A UV photomicrograph of the tracheid of late wood in the spruce CTMP fibers
treated with ozone for 30 min.
Photo 13-A,B. A UV photomicrograph of the birch TMP fiber treated with ozone for 5 min.
Photo 14. A UV photomicrograph of the birch TMP fiber treated with ozone for 15 min.
Photo 15-A,B. A UV photomicrograph of the birch TMP fiber treated with ozone for 30 min.
Photo 16-A,B. A UV photomicrograph of the birch CTMP fiber treated with ozone for 5 min.
Photo 17. A UV photomicrtgraph of the birch CTMP fiber treated with ozone for 15 min.
Photo 18. A UV photomicrograph of the birch CTMP fiber treated with ozone for 30 min.
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