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BRAAL A= ABLHBINEERSDY » Fr 3 p A A~ LEEBRITS B &\ B
DEDL1DOTHE, AL e —R, ~ixir—R, ) 7=vOFERYLIBEOMBRE
FRIVCHEBOEERR 1LY, ThoRTOEHFIBIERERED —D>THDHH, ZDH
BIDIDETE - ERXTOTENDLEATH S, R 0/ MNRELNR G, B, #9%
I EOUBEER T OFARTLR T ARES AN S OS8R T ine. —F, <17
DX 5 hAMILETECSNTTD, A —R0REFAOTANEE LTED, fBOK
BEOVTIEEAEELIIDLR TV VWOREETH D, erre—R 3K, v—=2vBX
UMD FEHFEFEORERE L LTHAIh, $LKIBTETHIEORBE T2 ) — 1%
ARL, ThOBRKTERGC=F Vv vRERIETH S, =F v VIIBIEAML¥E T EOER
THAEBIFMOEETHS, V /=viZ A ¥R 25 oF vy, B7AFAMMERT7 =/
—NRRVE VR EDFBERLEWCER LEBS, —F, REB~I 2L e —-R0EEHETHS
#vav#%@%vuwbu7»#yFﬁ%,/vﬁvU—H%HOEﬂ,ﬁémmﬁméw
o777 5-1Xh 75 VEIEERESTORE LCOMERELET S,

RO EER D DGEBCITN OPOUBERELHLRDD, TORDO 1 DO X5
KRB, e r—RE SNV - RAETHETHELARB, V7= vt hoBERR
higv, BROOBEBERX TEXHETHT, SPETIFRELTYARY YRERDBY, Th
BT7A2—AKE 7 2 —ASE ERBEYACEARAMO Y AEY) VAR L ATERYOSET
bhH, BBTBLI T A=Y=V R, 7LV - K HEBR=35:3:35 DBEIERESK,
W7, 180°C, 0min DV A K Y YA TheAr — R TALTELT3ZBLR (LA 7TBE
75—y vy 7r=vRKL: 27%P, A THO 7N 2 —AEHKIT929% ThbH, —F, ) /=
VIREBRBAN, ¥~ r - ARKBABATR2CENTA, 7V V- A—KROREE
HEILTORNEBREZHEMLLREEBVILY S VB0 Y AR Y v R0 Tt BH
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D757 ANTENY— PEEDOSORBFTNBY,

A, EEMO v 5 — M Trichoderma viride ipsbHEZI RS L 5l b, Kitk
DEADIEANEL SR, w1 R —ADEWINKSBEER LK) LE=F 1 F—HEENL Y
» K7 S A ATREBFHERR L OOFETHH 5, L, AMZEEERNKS B
T8, WMABLE LTEBPMLERRIBLY 7= v 2 BE LTS,

AFRIE, By 7= vABEORD, YAEY) YAERERL, SEAETHEShILY A
BV CRALTFEHT DL T — € Meicelase P i L 2BEE MK BEOBIREBE L, ks
R BT 2 EBOMR LB LD TbhicbDTh D,

2. = B

2.1 YRRV RNULTOEN

RENTIETER 7 > Fagus crenata Blume (KL : 229%), 3 A+ 5 Quercus mongolica var.
grosseserrata Rehd. et Wils. (KL: 228%), <~ 5 # v-% Betula platyphylla var. japonica
Hara (KL : 20.6%) % X 08148 b ¥~ ¥ Abies sachalinensis Masters (KL : 30.1%), 7 # =
v = Picea glehnii Masters (KL: 26.8%) D& ML FHE D F » 7 3x3x10mm) ZFHEL
A, 59 72g HBE) 320mbE s 7t -t 27 v—7hT, @71V —1 KBS
BEYAG, B 7T THIBFCRIEE 2, BABER 7 vy -1 (C:KW) & 8:2h5 2:8
¥ TE2, RIGEREIZ 150°~190°C, KGR 0~240 min & Lic, RIGEE ¥ C0 FBERFEI
#90min ThbH, —MOERLCOVWTRHEEDOHBRENL, LTOBRMOHEL IRF LI,
LAV VYA 3HEROBEY m-2 vV — A ip-2 V= =3:2) THBHEH, —W
I EREGREECH W, BAR BOh AV FR1IG3 Y5 A7 4 V& —TARL, 7T+t
Pv—K 9:1) C2EEH LIz, 2WTAATRAKKBL, BLTHERL, RO/ FR7 4
ME—RERL, TeFv—K ©:1), Tetv, =Frz—FN, AGli=—TF 1V CHEEREEL
foo VARY VARGK EESRREYEL, RETHREYEERL, BHL27BYOEZNE
Lic, BHY 7= v IOH Y 4 — 2D{LZEHARE O WUz 2 TR by, <17
HOBEY 7= ik 17 05g A+ T 10mé © 72% H,SO, T 2 hr Ink s K, SWT
500mé =V v=Av—77AaRxB L 3% HSO, @itk 4hr EHAEL, BABETL
LCER LT,
2.2 YREKUDRNLT OB

05g DN 7% 05mé D 72% H,SO, T2hr B Lictk, M4mé DKTHRRL4hr &
5 BB CIMAS R Ui, DEWE AR, 58Kz Ba(OH), KB € pHE5 KREL,
AU BYROTE L, LEBRYSml B L, NaBH, THE7 v =2 —kZ 2, HECX
DT A —AT T — bFEH LI, 71T — 12 3% ECNSS-M 2mx3mm # 5 A% 5
A, 75 ABE180°C, F+ V7 —# A N;10mé/min) ODHF R 27 n<t+ 2777 (GLC) THH

’
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L, BESHDID, 1/ v - iRETEEL L,
2.3 JRKRYDRINLTOBERMKS R

YARY Y RSN T ORI X DMK BIEKRS DHFEY B L TIT -, Aok
#1132, Trichoderma viride p»5HRE I oL 5 — ¥ “Meicelase P” O ERTH B, 2gD
22 73 L O Meicelase P50 mg % % » » 7fF LERBR BT & b, 0.1 NEMBEERK (pH 5.0)
W0~15mé iz, IOLRHEHRE LT2~3%DO Ar=vEinx, 40°C, 48hrik: 51 v
FaR— g —THUE L, KIGHE, BEWIIGL 7327 4 A X —-TAHHL, 105°C TEIERE
FELL, BEYWOEND L 7Y ) Ok EE susceptibility ZEH Liz,

3. BRELUEER

YAKEY VAR I BAMD A AL BT B HED, BHYARY)YRAY 72 v IV
BHAY 4 —RAD OLFEHRECHET 52 —#OHRETH WO ICHEFFCER LTHERE LY
AEY YAAAFIEHT S LTS — - Meicelase P & L % B £ Ik 4 88 K susceptibility %
B L, BB RIZ 7ML 7 onwTC Tablel iz, F F=YHie2onToLhiL
Table 22, v A v, I XFrSHEBIVCT7I=V=IHOZEILTOLERBLRDVWTIX
Table 3 & & 2737 L7z,

31 VRKYOREHLBERKSR

BRI X B MKDRTIE, BEIAMCEZERALECOTHLLLDHY /= vEOH]
WEBEYQLEBELTD, By 7= voELE—SEERE, RICRE, RIGKHE, ME—cB#En
KABREDBFEE N 7REKLECESYBEEERRT -7,

3.1.1 A8

FHkE B Be-l RicB T, C:WH@:6) BABHO VYA RY) YATHLALTDRE
#KLi266%, C:W(2:8 Ti173% &#RL, ZhbS5BOBERTORE KL EIZXZ O#
Bed bR EE 1 (Tablel), = OBEROMAS R (LR : susceptibility) 12 C: W (6:4) T
13.85.9% 75 C: W (2:8) TD 909% Lz hBWERRT, TORNTI VY —L—KhH%E
B L XK 90% kB x e Fig. 1, —7, Be-3%, C: W (5:2), 180°C, 90min O X 5
w7 vy AR EmEeEs, BEKLEIZ102% & Be-1RX DY 7= VAT,
R UTRERMAK S L 765% LIETT5, RAROBRIEY 7 » v # Bi-l REB VT
Apbhs, C:W(B:2) BABETD 17 (BHF KL82%) DBELEIXITTE Lirith BV
2, C:W(E:5) 0oxrhir993% LtHMEL, BAxEL2EmkyfEIh?% (Table 3),

ZRIER L P CRBERARKC X 5EHHAKE - (Table 2), A-1FR/eHSTC:W
G5:5) DL 7EEKLILT76%, C:WE2:8)0xrhit178% ZRlL, 7MiMy 7=
VLI, BRLLTC:W{4:6) DEOBEILR6TAZ #RBEICC:W 6:4) © 38.6% O
zE#+5 (Fig. 1),
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Table 1. Solvolysis of beech wood with cresol : water system and
susceptibility for Meicelase P

Conditions
Experi- Pul Klason | Delignifi- | Suscepti-
mental Reaction | Reaction Solvent uip lignin cation bility
system |temperature time CWXI-A*I
€C) | (min) @re | s | e (@
Beech 180 90 6:4:0 59.6 7.2 81.3 85.9
Be-1 5:5:0 55.4 6.8 83.5 90.9
4:6:0 52.7 6.6 84.7 88.9
3:7:0 52.6 7.3 83.8 90.1
2:8:0 51.1 7.3 83.0 87.9
Be-2 180 5 6:4:0 87.9 20.2 22.5 19.3
10 83.4 19.0 30.8 28.2
30 72.7 16.0 49.2 52.5
60 61.8 10.8 70.9 82.3
70 60.3 8.9 76.6 85.3
90 56.1 7.9 80.6 87.4
120 53.4 4.9 88.6 93.4
150 51.5 4.0 91.0 94.0
Be-3 180 5 5:2:0 94.8 20.6 14.7 8.9
20 87.8 18.9 27.5 19.5
30 81.6 17.2 38.7 38.8
60 69.3 12.8 61.3 67.5
90 64.1 10.2 71.4 76.5
Be-4 170 30 7:3:0.1 86.4 17.4 34.0 24.6
60 71.7 15.7 50.8 45.7
90 67.8 12.8 62.6 64.0
120 59.6 7.6 80.2 80.5
180 57.3 5.3 86.7 90.8
240 55.6 3.6 91.3 93.2
Be-5 170 30 5:5:0.2 77.5 19.4 34.3 28.2
60 62.7 12.8 65.0 61.2
90 58.6 10.4 73.4 77.0
120 53.6 6.5 84.8 90.4
180 48.7 4.2 91.1 90.7
240 48.1 3.1 93.5 95.7
Be-6 160 60 5:5:0.2 82.0 17.8 36.3 22.3
90 71.8 15.9 50.1 38.1
120 65.3 12.8 63.5 56.8
180 58.3 10.1 74.3 81.3
240 55.1 6.8 83.6 89.5
Be-7 160 30 5:5:0.4 81.8 19.3 31.1 27.3
60 72.5 16.5 47.8 45.1
90 63.7 13.8 61.6 66.4
120 59.4 10.2 73.5 76.1
180 53.7 6.6 84.5 92.3
240 52.1 5.3 87.9 95.3
Be-8 150 60 5:5:0.8 82.6 18.4 33.6 20.3
90 74.0 16.1 48.0 38.2
120 68.8 14.2 57.3 46.3
180 59.1 8.9 77.0 82.2
240 54.8 5.6 86.6 89.0

Beech: Fagus crenata.
*1 C:W:A=Cresol: Water : Acetic acid.
*2 9% on a wood basis.
*3 % on a pulp basis.
*4 9% on an original lignin.
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Table 2. Solvolysis of fir wood with cresol-water system
and susceptibility for Meicelase P

Experi- Cooking Conditions Pul Klason Delignfi- | Suscepti-
mental |Reaction Reaction | g 1oane ulp lignin cation bility
system |temperature time olve
(&) (min.) C:W:AM (%0)*2 (%)*? (%)+4 (%)
Fir A-1 190 90 6:4:0 57.0 10.0 81.1 38.6
5:5:0 52.3 7.6 86.8 54.0
4:6:0 50.6 8.1 86.4 67.4
3:7:0 51.3 11.1 81.1 57.4
2:8:0 53.5 17.8 68.4 49.4
A-2 190 10 6:4:0 82.2 23.0 37.2 12.8
30 74.0 19.4 52.3 17.1
60 64.9 14.1 65.6 18.9
90 57.0 10.0 81.1 38.6
120 53.9 7.6 86.4 48.4
150 52.3 5.0 91.3 81.8
180 51.5 4.5 92.3 84.4
210 50.0 3.2 94.7 91.6
240 48.6 2.7 95.6 94.3
A-3 190 90 4:6:0.1 48.8 7.8 87.1 74.3
4:6:0.2 46.8 4.3 93.3 78.8
4:6:0.3 46.5 3.5 94.6 90.6
4:6:0.5 45.9 3.0 95.4 93.7
4:6:0.0 45.5 2.6 96.1 92.7
A-4 190 90 3:7:0.2 47.6 6.8 89.2 65.0
3:7:0.3 47.6 6.2 90.2 83.1
3:7:0.4 46.4 5.9 90.9 82.8
3:7:0.5 46.0 4.9 92.5 88.2
Fir: Abies sachalinensis.
*] C:W:A=Cresol: Water : Acetic acid. *2 % on a wood basis.
*3 % on a pulp basis. *4 % on an original lignin basis.

-Susceptibility (%)

100}
(6.8) (7.3)
7.2) (6.6) 7.3
:it] o
(8.1)
A
so}- \11.1)
(7.6) A,
« \
A .
(17.8) —O—: 180°C, 90 min., on beech.
hor & 10.0) —a—: 190°C, 90 min, on fir.
) ( ): % residual KL on a pulp
basis
201 Figure 1. Effects of solvent system
-~ (cresol-water) on enzymatic
‘E_.; -t ) L 1 L susceptibility of beech and
40 50 60 70 8 fir pulps.

Water in solvent (%)
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3 X535 0-1% (C:W 6:4, 180°C, 90 min, #{F 91.2%, Table 3) OEEZ HEEL,
2V A—KEAEPERD LRETKOERNEVCEARIMY 7= vie@NSsBELbh
55, StEBCOVWTOR Y 7= viciRRIORIGER, 7o& 2 SO FESYERTHLE
b5,

3.1.2 REEE

RIGEBEC X A5BEr T, 757 Beb BIV Be-6 Richbhd X dic, BKESH
BIORGHKESEA—TH, BY 7= vEERZATI/ERLE ., 775 170°C, 90 min TH
bhtoir 70 KLi3 104%, #3%160°C, 90 min Ci% 159% L BERNEL, Be-l%
C:W (5:5) TORFF KL 6.8% ICl~BiY 7= v L#EE., ZTOFKR, BedROBRMKS#E
R(3770%, Be-6 %D il T 3917 B &\ Fig. 2), SHLAERTDO 7 AHY ¥R
4T3, Be-l % (C:W 5:5) LRI UG MEREYBH DI L LTOEBO MBI
RISEEOERPLETH 5 (Table 1, Be-8 ),

THEV=YDYAEY YAAATERNT, BY 7= v RIETRIGREOFEILT
TREbR T3, BEEAE C: W (6:4), 180°C, 120 min T <4 7HEFE KL 12 9.2% Th
B, 190°C, 90 min TiL22% ¥ Ty 7/=v 1B 52, 7H=v=<=YP-12C:W:A6:4:
01 RN 5 X 5 BRI X b RISIREE 180°C, 90 min O UGB\ T b A KL 74%
FCHY 7= 1LE5 (Table 3), D& 2/ BI0 7ORENRIT502% Th %,

100 (3.

63o—"" " ow2

—0-
(10,4 (10.1) (6.8)

(12.8)

Susceptibility (%)
3

(19.4)

Y A A L Fl i 1 L
30 60 90 120 150 180 210 240
Reaction time {min.)
—0—: C:W:A=5:5:0.2, 170°C
—@—: C:W:A=5:5:02, 160°C
( ): % residual KL on a pulp basis

Figure 2. Effects of reaction time on enzymatic susceptibility of beech pulp.

3..3 REKRM
Be-8 2D k5 BRI THLMECEER IVUEBHORIGARY 7= vicEEe2 R



Table 3. Enzymatic susceptibility of solvolysis pulps and their sugar composition

0e1

E Cooking conditions Sugar Composition (%)*4
xXperi- - Suscepti-
mental i‘:ﬁ;gfm Reaction Solvent Pulp KL bility .
system rature time C:W:A# Arabinose Xylose Mannose | Galactose Glucose
(%) (min.) (%)*? (%) (%)+3
Birch Bi-1 180 90 8:2:0*5 58.3 7.2 93.4 0.3 31.8 3.2 0.5 63.0
8:2:0%6 61.2 5.9 93.8 30.3 2.7 0.6 66.3
8:2:0%7 59.0 5.1 96.3 0.6 28.9 2.7 0.8 67.0
8:2:0 57.2 8.2 97.7 0.3 28.5 2.5 0.5 68.3
5:5:0 48.0 2.7 99.3 12.2 2.5 0.6 84.8
Bi-2 180 5 6:4:0%7 85.8 16.5 65.5 51.3 2.8 2.3 43.7
10 80.1 15.5 70.3 47.3 2.3 2.9 47 .4
20 71.8 14.1 79.9 0.6 45.0 2.8 1.8 49.8
30 70.2 13.5 88.8 42.6 2.8 1.3 53.3
40 67.6 11.2 81.1 42.3 2.8 1.7 53.2
60 59.0 7.6 97.% 0.6 38.1 3.1 1.3 56.8
90 55.0 5.1 98.8 36.6 3.1 0.8 59.5
120 52.0 3.6 98.8 33.4 3.1 1.4 62.1
Oak O-1 180 5 6:4:0%7 74.0 18.0 57.0 0.8 47.7 1.9 3.6 45.9
10 71.0 16.5 65.8 1.8 43.8 2.3 4.7 47.9
20 66.4 14.9. 73.4 41.2 2.3 2.7 53.8
30 63.7 13.1 84.6 35.3 2.4 1.6 60.7
45 61.2 10.0 39.4 0.7 35.5 2.4 2.2 59.9
60 57.7 7.6 90.4 34.7 2.2 2.2 60.9
90 54.7 5.2 91.2 32.6 2.1 1.7 63.7
120 51.4 3.4 92.3 29.1 2.1 2.4 66.5
Spruce P-1 180 90 6:4:0.14 54.7 7.4 50.2 5.7 5.2 0.4 88.0
7:3:0.14 61.8 10.7 27.5 7.3 12.2 0.6 79.8
8:2:0.14 73.1 15.7 7.6 7.9 20.8 2.1 69.8
8:2:0.28 59.7 8.2 40.6 6.3 8.7 0.6 84.4
3.5:3:3.5 49.3 2.7 99.3 3.3 3.4 0.4 92.9

Birch : Betula platyphylla. Qak : Quercus mongolica var. grosseserrata. Spruce: Picea glehnii.
*1: C: W:A=Cresol: Water: Acetic acid. *2: % on a wood basis. *3: on a pulp basis. *4: % on a lignin-free pulp basis. *5: o-Cresol.
*6: m-Cresol. *7: p-Cresol.

SEREOWRMELHESY IR

Bev ¥

&1%
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FETEHCh S, BEORBC L IR 7= vORBEMBIHORBREAAST,

77 # Be-2~Be-8 RILB AWML, RIEBE*ZE 2 (EREYT O THEH, T
hoBELRHOREE LdHY 7= Viz#ET L, BERIEETS, Be-5 & T 30 min
ORE(LERIL 2827, 60 min £ T1X61.2% & 2Ll Ewm L35, 90 min & T3 77.0%, 120
min C 90.4%, 240 min £ Ci1X95.7% ww#ET 5, AR, Be-6%ic s\ T % 60 min FfT
22.3% OREALEH 120 min #C 56.8%, 240 min "Ti1. 89.5% iwE % (Fig. 3), RAHFEOHERIL >
SHYABI2R)BIVIXF5 (0-1R) OFEMD A FieonTHR» LA (Table 3),
C:W6:4), 180°C, 120min D& CH LI TF, vIFH VA ABIVIXFSOF AT
(Bfr KL 4.9%, 3.6%, 34%) OBEFEINKT BRILE ~ 934, 95.8% 38 L 10 923% w&ET 5,

PR A2REHEORD XK, REBRM OB LK FREOKERE LK) 7
= Vi3HTT % (Table 2) 3 C: W (6:4), 190°C D4&HTF, 10min #, By 7= v&i1 37.2%
Lo 7T, Bbhion 7 (&K KL 23%) OBEER T 128% TH 5, 60 min E:8
% BEKLIZ141%Z THHNFOBRIZZ LA LA LT 189% BE R\, 90 min £,
B KL12100% ETH23MAKS BERIT L 5 386% L, LEMM LERELIR
HBEHEYRE TS, B{LR80% Uik b tedic3BFEKLSS UTET 508N, 20
f2 3 FUGRERE 150 min % B35,

3.1.4 EERBMOSHE

fhE L LCEEMOBRIL Y A R Y YA AL LB W TR THHEIHLLTH D,
B SHEERH OBIRMBL ) 7 = vICR A TH B, AFRCE-TH, MRIMASEH L
7BEKL L BVCHE D AEXNLROBR I VALLTH b, BRBERLFEMLIZEO

100
i (6.6) 5.3
/-—-—-O-
16.8)
{10.1)
R
E 50
=
A,
bt
2 (19,3)

30 60 90 120 150 180 210 240
Reaction time (min.)
—0—: C:W:A=5:5:04, 160°C
—@—: C:W:A=5:5:02, 160°C
( ): % residual KL on a pulp basis
Figure 3. Effects of acetic acid on enzymatic susceptibility of beech pulp.
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100 }
(2.6)
2
=
o
E
a
[3)
3
=1
w
1 1 1
2 4 6 8 10

Acetic acid added (%)

—on—: C:W=4:6, 190°C, 90 min.
—a—: C:W=3:7, 190°C, 90 min.
( ): % residual KL on a pulp basis

Figure 4. Effects of acetic acid addition on enzymatic
susceptibility of fir pulp.

HEYBRI L,

ThboRIL 7 HeonTit Fig. 3z, P F=YHic oWtk Fig. 4 g 2RmLiz,
BRERESESIOKGEENALHE CEHBEMEDO RS Be-6 38 X U8 Be-7 R TIXRMEL 2
BEORETIMEBECHN15%~356% OBATHY 7= v #EFTT5. 90 min KGREBED
BELRIZ Be-6 2 Th T2 381 % B E A5, Be-7THix664% LM LIHEERERCHTS
77ev ey T 4 aiFET 5, 180 min # T Be-6 FRit X 5 < 81.3% icHET 54, Be-7
ATIR923% LA LTS, TIHOLRIACET 2RABREE LT, BRREMOHRSHALHT
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CREFAREVRTHRY 7= vAERBET T2, SFEEMILERMCHEBEY 7= v#
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B\, 5 H VoM Bi-2% (C:W=6:4, 180°C) 120 min &5 h fc <1 7 (BfE KL 36%)
DRI 95.8% wZET % (Table 3), B®AEKL 14.1% D24 7R B\ TORLERIIM £80%
T, AL RG] 20 min e BB SO THDH, Fl, IXFIFHO-1% (C:W=6:4,
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—0—: birch, —[]—: oak, —@—: beech,
—a—: fir, —o—: spruce
Figure 5. Effects of residual KL on enzymatic susceptibility.
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BHBEFRCLIY, V7= vOBRRARLHIELXRELY, ERPOMBOEHRCETERL
Twd, L, BECHTHEIROEBRIECBEKLBR X » CTOXMNTHRITTH
s\, FRAF KL #910% 0 < 73 5 LR IZSER M ic sV T2« 80% LIk ThH B0
TRL, SIEBMCECTROZUTTHD, #EN80% L EoERicET 5 0 ERE
KL5% LFoBETHD, chbDERORBCOWTIRILREEOLERS DR, BAE
KLOAAThTCORERRERIBERO L DLHEEIh, 4%, YA H) v AL 7O
I RDALETH B,

3.3 VARYLRICKBBRY T =y LHNE

AT HEY AR YAREORSERAINIEIAMOTER S YL ST S &
WHEEHD, FIHEC:W:A=7:3:01, 170°C, 120 min ® ¥ A £ ) v A TCOYWEIRTIL
IVRYARLTEIG BFKLT3Y, ) 7= vHRBL8%), VAFAYRY 7= v 2839, &
HA¥ER 125%, 51 978% THHY, ¥, 7H=V =Y P-1 %R (C:W:A=35:3:35 180°C,
90 min) TOAN 7 BEKL27%) K 493% Thbh, 2O L FOBERESFTI/ L2 — X
M29% HEDTWAE, ZHE~NI AR —ABIY 7= v AL T HEH L LHEY T
To TD 7D Meicelase P e+ 2 8{L3i32 99.3% TR LA EZEL L S MR Ehic &R T
BB, MRPBINIENTRCERF RRFIAINS LIRET S 705, BIREIIW 489% (%t
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Table 4. Sugar composition of pulp from beech and
fir wood by Solvolysis pulping*!
. Reaction . ..
Experi- Reaction Sugar composition (%)*2
mental terrrlgtel;re time Pulp g
system C) (min.) (%) Arabinose| Xylose | Mannose |Galactose| Glucose
Beech Be-2 180 5 87.9 2.0 28.6 2.9 2.7 63.8
10 83.4 0.4 24.4 2.9 9.5 62.3
30 72.7 0.6 19.5 5.1 6.0 68.8
60 61.8 0.5 15.5 6.4 4.7 72.9
70 60.3 0.3 15.0 2.7 4.2 77.7
90 56.1 0.2 13.0 6.3 3.4 7.1
150 51.5 2.1 10.2 7.9 4.0 75.8
Fir A-2 190 10 82.2 1.3 6.5 18.5 4.2 69.5
30 74.2 0.2 4.9 19.5 75.4
60 64.9 0.1 4.4 14.5 0.7 79.8
90 57.0 0.3 4.2 10.0 0.8 84.7
120 53.9 3.1 8.9 0.6 87.4
150 52.3 0.4 2.8 5.2 2.3 89.3
180 51.5 3.3 4.9 1.3 90.5
210 50.0 2.8 5.5 91.7
Beech: Fagus crenata. Fir: Abies sachalinensis.
*1: Solvent system: Cresol : Water : Acetic acid=6:4:0
*2: % on a lignin-free pulp basis.
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—0O—: beech, C:W=6:4, 180°C
—o—: fir, C:W=6:4, 190°C
Figure 6. Effects of delignification on sugar yield.
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Fo /) LHEHEIID,
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SIMAKSFBCEE LT B0, SHRMKIBERDOINE T by, M EOK
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TNEANTRBEREF O LLED 7 V2 —2habied A TR AERT 5 b D&M 5 R
HOXh X0 hHBTHD, BEBNROLEDOZTCHTRERHEEBE T RITVH
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10% B O%AF KL OJRFER <1 7 ORI 80% Ll keE T 54, REE 0BE KL
DEERM <L 7O LT 0% DTBE Ry, —BOCBEENKY BRALTBREY 7=
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EF, BLAYAKY YAALTHOY 7= vEEMBCERYS 5ELTB TS, 5%, -
RIBEY 7= BT AR ENT RS EE BB 1 0L B bhb, BIUKE LU
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Summary

It is well known that woods are more subject to hydrolysis when they are pre-treated
with fine-pulveriation or solvolysis. This paper deals with the enzymatic hydrolysis on sol-
volysis pulps of Japanese hard- and softwoods. Wood chips were cooked by solvolysis process
with cresol (C) and water (W) mixture, in some case an addition of acetic acid (A), at 150~
190°C for 5~240 min. The enzymatic susceptibilities of various solvolysis pulps from hard-
and softwoods were estimated by using a commerical cellulase “Meicelase P derived from
Trichoderma viride. The behavior on the enzymatic hydrolysis of various pulps from beech
(Fagus crenata Blume), birch (Betula platyphylla var. japonica Hara), oak (Quercus mon-
golica var. grosserrata Rhed. et Wils.), fir (Abies sachalinensis Masters.) and spruce (Picea
glehnii Masters.) were highly affected by the residual lignin (Klason lignin KL) content in
each pulp. Morever, these residual KL contents in pulps were markedly dependent on the
reaction conditions— solvent system, temperature, time and catalyst.

The results obtained are shown in Tables 1, 2 and 3, and the analytical data on sugar
composition of beech and fir pulp are indicated in Table 4.

1. Aspects of solvolysis conditions on enzymatic hydrolysis are summarized as follows :

i). Solvent systems: Beech pulp (the residual KL 7.6%) obtained by solvent system of
C: W (5:5) (Be-1 system) gave the maximum value of 90.9% on enzymatic susceptibility (Table
1 and Fig. 1). Similarly, that of birch pulp with the same solvent system went up to 99.3%
(Table 3). Fir wood also was delignified by cooking with various solvent systems. The sol-
volysis pulps obtained had the higher residual KL contents (7.6~17.8%, A-1 system) than
those of hardwood pulp. The enzymatic susceptibilities of fir pulp were significantly lower
than those of hardwood and were in the range from 38.6% to 67.4% (Table 2 and Fig. 1).

From the standpoint of the enzymatic susceptibility, the mixture consisting of each equal
portin of cresol and water and/or somewhat more portion of water appear to be favourable
solvent system.

ii). Reaction temperature: The residual KL in beech pulp prepared with solvent system
of C:W(5:5) at 170°C for 90 min (Be-5 syste,) was 10.4%, and the residual KL in pulp
obtained with the same solvent system at 160°C for 90 min (Be-6 system) was 15.9%. Their
susceptibilities for Meicelase P were 77.8% and 38.1%, respectively (Fig. 2). The delignifica-
tion in solvolysis process is facilitated by the use of the elevated temperature and the enzymatic
susceptibilities of pulps are therefore improved.

ili). Reaction time: Various solvolysis pulps of hardwoods under the conditions at Be-2-
Be-8 (beech), Bi-2 (birch) and O-1 (oak) were subject to delignification with increasing reaction
times. The enzymatic susceptibilities of pulps from beech, birch and oak resulted in 28.2%, "
70.3% and 65.8% by cooking for ten min, and those were improved to 94.0%, 95.8% and
92.3% by extending of the reaction time up to 240 min, respectively (Table 1 and 3). How-
ever, that of fir pulp barely reached to 48.6% at 120 min of the reaction time (A-2 system).
To obtain the pulp of over 90% on emzymatic hydrolysis, the time had to be extended up
to 210 min.

iv). Effect of acetic acid as catalyst: It is known that delignification of softwood by
solvolysis pulping is more difficult than that of hardwood and an addition of acetic acid as
catalyst in the solvent system can facilitate its delignification. In the case of beech wood, an
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addition of acetic acid was effective to delignification and morever made possible to depress
the reaction temperature (Be-5 system). Furthermore, the increment of the amount of acetic
acid improved a delignification and consequently enhanced the susceptibility for Meicelase P
(Be-7 to Be-6 system and Fig. 3). On the other hand, the effect of addition of acetic acid
on delignification in solvolysis of fir wood was more significant than in the case of non-acetic
acid system. The susceptilbility of fir solvolysis pulp for cellulase was markedly improved by
the use of acetic acid (A-3 and A-4 to A-1 system and Fig. 4).
2. The influences of the residual KL in various solvolysis pulps on the enzymatic suscep-
tibility are indicated in Fig. 5. Hard- and softwoods became gradually susceptible to hydrolysis
with reduction of the residual KL contents. The rates of hydrolysis on hardwood pulps
containing about 10~11% of the residual KL ranged from 82.3% to 89.4% and those of
firwood pulps with the same amount of the residual KL was only 38.6%. When the residual
KL of fir pulp was delignified less than 5%, its susceptibility for cellulase could be improved
in over 80% (Fig. 5). These findings suggest that the peculiar behavior for Meicelase P
between hard- and softwoods is apparently influenced not only by the amount of the residual
KL but by the existence situation of the residual lignin in pulps. A further histochemical
survey may be required for the elucidation of those differences for cellulase.
3. Solvolysis of spruce wood under the condition of C: W: A (3.5:3.0:3.5) at 180°C for 90
min gave 49.3% of pulp which contained 2.7% of the residual KL and consisted of 92.3%
of glucose residue (Table 3). Its susceptibility for cellulase was 99.3%. Assuming all hydro-
lysates were recoverd, the sugar yield could be estimated about 49% on a wood basis. With
progress of delignification, the sugar yield on beech wood increased gradually and reached
about 50% at the stage of 70~80% of delignification. A further delignification resulted in
no further increment of the sugar yield. Solvolysis of beech wood with solvent system of
C:W (6:4) at 180°C for 90 min gave 60.3% pulp which indicated 94.2% of the susceptibility
by enzymatic hydrolysis. The sugar yield was estimated from these results about 51% on
a wood basis. On the other hand, the sugar yield of fir wood was improved by increaseing
of delignification, but was less than 26% even when was delignified up to 90% by solvolysis.
The sugar yield over 43% could be expected at the stage of above 90% of delignification.
Under the condition of C: W (6:4) at 190°C for 90 min, fir wood yielded 53.9% of pulp con-
taining about 7.6% of the residual KL. Its susceptibility for Meicelase P was 48.4% and
therefore the sugar yield caluculated about 26%. Also, fir wood by the same condition for
150 min gave 52.3% of pulp with 5.0% of the residual KL. Above pulp was hydrolyzed up
to 81.1% by cellulase and its sugar yield was estimated about 42.8%.

Form these findings, the optimum condition of solvolysis process to obtain the pulp of
high susceptibility for cellulase and high sugar yield should be determined by the end use of
the solvolysis products.



