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D757 bk E R, A AULBRPCREEEYEREIE LWL, FEO=F
NF - R EET LB AREROBNEB Y LNEL Lity, Flterr—R (A7) DSt
K~IeAr—RAEY 7=VvORMESHE VERIRTC, BRI BURSHh, b
Fs C R TH B EH AN = - ACBL LSO EAEHF LTS, SHICER,
KRR CH D7 =/ —AMFRALTRIGEPSER LY 7 = v DK FEAL S BE»HEE
L, B¥T5Z EaH¥kS,

INEY VAN T B BEORBERIL Y S VA, Th=V =Y HED L
FREED 757 P AL TRENRED AN TEREBELELZ LR LEYY, UL, A7
B RIET 7 r e AER EORFIIFES LT 2 T8\, 27 P A TIC X BRBLY 7=
v BUGBE RAKALH D 28 o & K D ILELEH CH % Initial phase, BiY 7 = v DB DHiIC
Xt iz Bulk phase & Final phase @ 3 By 14 Hh?, Final phase 23R - F D EM %
BRETDHEREIRTVEY, #oT, VAFEY YASALF OB 7= vRibE MR
5T LITEBRGE, FRIT, YARY VAU X BB Y 7= VBTSN & R
TR, ThZhOMTHLEBIC I W ETRLLLOBRVEBOLR T 220, SEEH
BIOEEBHCERBEDS S VA £ Y v AL FLEHORED DT, “hbDHOB
V7= vRISEFMCRHA T8RS 5 L Bbh b,

RHFEE Y VA Y v 2L FLEOHRHEO—RE LTiThbh, BsOHO Y FY »
AANTH LB 7= vRIGRHFMCKRF L, BROLHY 7= vRIGHEE D X 5 77
BEBGORELRART,

2. = B

2.1 ® *

HEBBHE 7= V=Y, #F=VE L F=VRMDO <y FER/DEF » 7, EERIC
YIHVANEIRFFHEMONTTF y THFEBE LTHC, ¥ FH V3, X5, Th=
V=D, A=V BIONr F=YE&MDs5—v vy ry=v (KL) &34 « 20.6, 22.8, 26.8,
311 & 30.1% TH-t,

2.2 SINTIEBFERENSLTOSH

2g DRERBEZERL, 20méD i 7et -+ 2 v—7ED, BETOp-72 vV —n-
K (7:3) (CW) 1L p-7 v/ —A—K-EEBE (7:3:05) (CWA) D&KM% Iz, PTERE,
BB CRM L, 4 — b 7 U — 7 A TAS L, WOl LT 7 & 40 TRIEH
BB L, <A TIBEEES, <L FHOBEY 7= vBR 75—V v ) 7=y & LTR
Blz, ATOBBEBIET A2 —ALDT72F -+ D GC X YA LI,
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3. BRLER

3.1 LESHOBYIT=

v - EKOREGN, BRRELRBEEZEZ I v AHO VY ARY AL T
CBIF B EOWEERIT 7 LV — -k (8:2), 180°C, 90 S s 7Mbbl Bk
DF ShI AL TRE L, 7L -k (1:1) K EBEMER LA m =R, ~Itrn—RE
Y 7= vORMEERS R EENCT T ZZ E&R Lfce’; UL, RESHY 7= vinlt
EKID%E,M%%%ﬁm<£&D,77?9w%%Kﬁ?5797¥w%%®%%%ﬁﬁ
KX D 26505 60% I » T\ 5 LY, AR O B C b MBSl B E R L ) 7=
CHEROHES RIS LRESRTUBY, 5T, WRDETBROBY 7 = vRIGC X
D,%ﬁ@?¢hkﬁﬁf%§%?5tbmm;%UV:V&Mﬁmm%K%TéﬁMKHE
BLETH D, E

BT, 7V —AK (CW) ROV AHR) Y AALTE L BB 7 = v RISk R
N EE Ui, BED 7 57 VRIS L7 5 4 N IEIRIC X 5 SUSKERIB Y 7 = VRIED
WS w1, RGRABRFORBBREOEMNMIERN LELV1E, BHE200X 55ERHRK
?k%%%%%&%?&?bﬁ,vﬂﬁuvxﬂwfmk%vfm BILTD7 vy —n—k
(7:3) TAAAhR Y = vie EFERIGL, BBEhE 7 v V-2 BREmMZ v/ —1 D 2~
5% wlaERabY, EHELBEL, BT ChY 7= vRIGEH&E L.

CW %, 180 & 190°C THAAFILLTHLRB L THOF o THHORYGY 7= vE
(RLy) & 7Emnsil i 2 BB FBFKic 7 ey 1 L, Fig TERLE, LY ARY YRS
b\ Ch 777 rEEY b1y > PERBY LRACI SR 7= vRIGH 3D
DB (1st, 2nd & 3rd phases) TH#ErZ & &RE L, 180 & 190°C 0 EMEHTE i,
1st phase 135 TR T L, KD phases it #¥s, 2nd & 3rd phases D FEHFE ORI L
~ONBEILERARAMOY 7= vERBE-FK LV, -oTHEERFORB L rofEESY &
phase WY 7= vEE L. & Ly LKEL,

2.303 L
ko = = log 17 -
2.303 L,

ko = = lo8 1,

DBF—RIIERD D, % phase DRIEEE EH kwma & kwa ETE L, Table 1 @R LT, kg
O LT, § XFIMOKERRBE ISV 5% phase DHEBEERIIVTHhE v 55 v
D%+ % phases DEEER L W EIRLLREL, WHOBY 7= vEERETREKLS
TEwTEm LI, CWR, 190°CREB7 2=V =UHOBY /= RS AERICEERG R
HWHrHBE L, 7H=V~YHOBRY 7= vRIGER LcB84HT it 1 20 phase L
PRET, BEBMORIGERIsotc, L L, KIGOFEMITIRAERERE 60 53 LIED X b Ml
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1 L 3 I
0. 0 30 60 90 120
Cooking time (min)}
Fig. 1. Kinetics of delignification by solvolysis of

hardwoods with CW at 180 or 190°C.
Notes: CW=p-cresol-water (7:3).

Table 1. Pseudo-first-order rate constants and activation energy of
lignin removal for 2nd and 3rd phases by solvolysis of
hardwoods with CW at 180 and 190°C

Mizunara Shirakamba
180°C 190°C Eg 180°C 190°C Eq
kond 0.0176 0.0295 215 0.0141 0.0267 26.6
kara 0.0145 0.0173 74 0.0124 0.0200 19.9

Notes :

kma=Rate constant for the second phase of delignification.
ksra=Rate constant for the third phase of delignification.
E,=Activation energy (kcal).
CW = p-cresol-water (7: 3).
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%%%M%&Tbozm%#T@7n;szﬁaﬁmﬁﬁﬁﬁumiﬁ@meKlahm
E—H LT,

Fﬁﬁﬁ@woawwco»wfmulbﬁbhtMUf:vﬁmoﬁﬁﬁﬁ&mbt
1°C DREC I 5 EEEROMIEL RTT L —= ADRDD, FHfb= %1+ — (E) %
&1, Tablel @R L, § X7 F#L >3 H v 30 2nd phase O Y 7 = vEIBR BT
5Eﬂy§&m5a%6ma3mpmm11uau%&74&m9mar@ato757r$
@iz 3513 % Final phase @ E, |t Bulk phase ® E, ® 342 };%ﬁ'ﬂ:éﬁhf\, DB U5 H v
SO by DRBED E, 211D 2nd O 4E ay}o X x345m2 gﬁtoto

YAEY YAAL T X BEROB Y 7 = vRIERE Y 7 = v & BRKHROER
B OB L, BRKMEHRIABENS 75—V VY 7= vER2E LI KA
B LCER Lk, $ XFIHEY I v BB okEREE Fig. 2 & Fig. 3wmiLi, § X
F SO Y 7= v RIGIEETR D”&< BERBY 7= vERTEBEOED 1st phase, #
TFie@ ety 7/ = vEED 2nd phase BIDFEFKHY 7= vEE OB 3rd phase it
bR oo, }ﬁgﬁﬁiﬂgf% phase ThRrh ) 7= vEiX R 5, 1st phase 525 2nd ~D BT
RN (BT T, T 8 X0 3rd ~OBF B(T) CBFHFy 7UDOWY V= vEE L«

100 40.4

Delignification (%)
Decarbohydrate
xylose/glucose

60

t
e
t

40

Cooking time (min)

Fig. 2. Dissolution of lignin and carbohydrate by
solvolysis of mizunara wood with CW.
Notes: DL=Delignification, DC =Decarbohydrate, xylose/glucose=ratio
of xylose and glucose in sugar composition of solvolysis pulp.
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100

40

0.6

30

10.5

60

Delignification (%)
I
Decarbohydrate
xylose/glucose

401

40.2

Cooking time (min)

Fig. 3. Dissolution of lignin and carbohydrate by solvolysis
of shirakamba wood with CW.

DL, & DL, b +% &, 180 & 190°C DZEMIRE T T1 124 % 20 & 10 4, T34 ~« 60 & 55 47,
T, > DL, 13180 » 190°C T% 4 56 & 70%, T, D DL, 3% %« 81 & 2% Th o1z, 757 b
L7 > 4 B Initial phase TIHXT, DL, OBWER Y 7= vERIIEMBES BRI
LB Licicd Bbhs, RAMHOBRIIIB Y 7= vRIGD 1st phase TRRIC S
Z b, 2nd phase TIREHEEINEL £ D, 3rd phase THOBREEENEL A5EHAER L
7%, 2nd phase icsit 5 Rk{LH OB ENTIEEWEHHETD » 7o, 190°C 12t % 3rd phase T
D RARACH O ¥ HERE 1L 180°C YT HEE X b $F <, 190°C, 3rd phase THLY 7 = v X
IO RIRM D > phase X b 4% & T, 2nd phase D B 7 Bk ka0 ¥ S
YRIT LR, LEBMOTEERETAILF e —X (X) L/ ra -2 (G) OERE
(X/G) DHERT BT HEHEMELBE L, X/IG 1Y 7= vRIED st phase TRBET
L, 2nd phase CHEADETHRL, 3rd phase THEMMETEEYE», ZofEmily 7=
vRIGEBDTRVHBERR L,
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Fig. SRR LIV I I VAHDOERLIXFSHOBELEUL, BY 7=vD 2nd
phase KT 2 RKDOKRBEHIRDOhI, ¥ I v HOBLY 7= vRIELKT S
T, 13 180°C & 190°C D FEMRRECT#£ 420 £ 5, Ty 3% %90 L 604TH b, DL 134 % 67
L 51%, DL i3& % 85 & 92% T » 1z,

VARY VARV LB Y 7= v e BRSO BEHED HEIEfRY Fig. 4 iR L,
MBABARIZ I R IM LY S v AN TETFRIL -, T Edic, F» 74D 15~16% O
V= vEHE BY 7= vR72~T6%) AEZEOBROBIARTD 122, I XFSHORE
FHEETORY 7= viEREIZ190°C 23 180°C 0 2 7DD L v ¥ X b, BIF AL EDY
7= vEBEBT AR CHIRECRT 2ZRECHER el ltoTz, ¥ I3 VAR TREI A
FCIRBEREcEAY R IRV, BIAUETRBREMANTI v BUWRREAZD bR, VY
F2VvEBDE T H= V<Y (KL264%) TiX, YROZ L7ehid, H—EDOV 7= v
BHT BB TRERMCENTEHWCERER D 1o, 215 UEo) 7= vEH®

30k 7/ mizunara (180°C) r

WV mizunara (190°C)

o O shirakamba (180°C)

@ shirakamba (190°C)

20
akaezomatsu
(190°C)

Dissolution of carbohydrate (% of wood)

O L 1 L 1 1 '}
0 10 20 30

Dissolution lignin (% of wood)

Fig. 4. Relationship between dissolution of lignin and carbohydrate
by solvolysis of hardwoods and softwood with CW.
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BACLBEOEY 7= vRIEOFERERRD B I,

DAEOKRE, M—BY 7= vRoEWBEBREOD MY 7= vRIBRZDOHK Y 7= vERIT
BT HRMEH OB ERE (190°C) THETH Y, A TRIROBETLHEHLBbh3, &
BEXBCIBRECEHEIEZELVWEELLIBDTC, BBRBELFHHZERE LV AR ¥
AN O T AR ENSROBETH B,

3.2 HEHHOKRUTI =

RERBEMTHBT H=V=v (KL268%), »7<v (KL3L1%) & F~> (KL30.1
%) DEMNEF » TEHWT, SEEHOVYAEY vAAL AR LB 7= v EBREKL
Yo RiGERE L,

B, CW & CWA ROEBERC LA T A= V< YHOBY 7= vRIEXEERIIC
EBEL, REBMCRT A HFHBRCELT, AFRELYe CoPY 7= vER Ly, t50K
BB THEE) 7= RLOLRIGERZHE Lz, CW 3R, 190°C D7 =< Y H D3
N7 X BRI ¢ & log RL, ©BfR% Fig. 5 @R Lic, CW ROEEBM OB Y 7= v
Rt & B b, 1st & 2nd phases D&M » H 1, 3rd phase (3 190°C DIRE T3 160 &5 LI
CHbhbbolELbh5, 2nd phase DERHIHE LIS L & T, FARBRSHE O EE
EBEIEL, FHTHL, CWRT A=V <Y HOBLY 7= VRIGED kana 13156 X107 T
Btz (Table2), CWA RZDT7 A=/ =MDl Y 7= vRIGiL 3 phases R L, RFEE
190°C % phase ORI X v DAFEE L, & Ly 124 2 135 L 46% TH b, HFRCEH LR
kpwa & kya (2.3.66x107% L 1.84x1072 TH H, CW REMERMTs el y, By 7=
VRIEEENKIBR R EI D2 b 2R L, 190°C, CWA RIL X575~V & b Fev D&
MERUL A 7L B 7= YRIEREERHCEE Lic, M &b 3 phases K X585
7= vRIGDETERBEL, MHED Ly & Liid% « 135 L 36%, HED L, & Lz « 200
L56% ThHote, SEEOBLY 7 = v EE D LI kona 28 F F YHTETHEL, kD3
BECHRAEO S B ERRE LT,

By 7 = vER & BURKALROREEHZE LD, SHIEDOB Y 7 = v RISOERIE# #at
Ui, CW %, 190°C 07 h= V= HOBY 7 = v ROBIHE{LTEERNEEC X 5
B LA, 2 phases DAXTH b, phases HOBITHEMIEM @TH T) 1290 5T, OB
OBty 7 =vHE DL 13 80% TH -t (Fig. 6), RKAHOBHZEENL 3 BT bhic,
DD BRE COBRERNLEBM ORI T 5 BEOBRERL h Xbids TMNIVDIL, 24558
BBERCARRERES FERSBLIOKERY D 77 e s v 5 vNEEBICESEENS
cbRBET 5. 150 PMOEMCREOMY 7 = VR 029%) LR Lk, Thil oy
Fe Dbt kS OREEBEL L, ) 7= vBEDOB b K~y B X0 a7k
cEERD D LRI, 5T, DBEOBRILTNT CWA ZOKMK Tt T,

CWA %, 180 L 190°C R X 37 7=V =Y HOBY 7= vEROREHE i CW Ric



Residual lignin (% of wood)

YAEY Y RAALTE L BRMOBY 7= (BAR) (5 FHE-HIE)

10

0.5

_First phase

o Second phase i Third phase

0.1

]
30 60 90 120 150

Cooking time (min)

Fig. 5. Kinetics of delignification by solvolysis of

softwoods with CW and CWA at 190°C.

1125

Notes: CW=p-cresol-water (7:3), CWA =p-cresol-
water-acetic acid (7:3:0.7).
Table 2. Pseudo-first-order rate constants of lignin removal
for 2nd and 3rd phases by solvolysis of softwoods
with CW and CW A at 190°C
Akaezomatsu Karamatsu Todomatsu
Ccw CWA CWA CWA
kona 0.0156 0.0366 0.0344 0.0361
kara 0.0184 0.0162 0.0148
Notes: CW =p-cresol-water (7:3).
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100 40
sof 430
g °
gt £
60} 4 &
IO '.’:.." Cooking conditions%(solvent, °C)
40 I P ’,u.'ﬂ' 1 I 1 1 1 1 1 1 1 1 i a1
0 30 60 90 120 150 10

Cooking time (min)
Fig. 6. Dissolution of lignin and carbohydrate by solvo-

lysis of akaezomatsu wood with CW and CWA

at 180°C and 190°C.
YALEBMoOTEELL, By 7= vRIGH 3 DOBRBE s Ihsz &&m Lz, 1st
phase #>5 2nd phase ~O# {35 T & 2nd phase 7% 3rd phase ~DOBITA T, 13.180°C T
% % 50 & 120 [, 190°C T#& ~ 25 & 65 [ & 7n b, BEERWRINT% phase ~OBTHEE LT
g b, Hic190°C TLOHANEE TH o1z, e T & T, DEBITRECETBHRY 7= v
R DL, & DL, 3 180°C T% % 80 & 93%, 190°C T#& 4« 82 & 96% &1t ~tc, $t- T, BEMRH
Mz X b, BIEEAOBY 7= vRb@EL hbpBAERLE, RANBLLORA—BY 7= X
&IRT A% Fig. 6 b RD 7z, 80% DRV 7 = vR B3 BEHEIL CW &, 190°C T
85 4yfil, CWA 7%, 180°C ¢ 55 4rfd, 190°C -Tix 20 43R, 90% wi& ¥ BREHEIL & « 135, 105
B XO50 HHETH - Tz,

RN X b R OB HELHM L, CWA R, 180°C 0 -n (LT, RKMILH
DEHIIELY 7= VO & 0T LTSS, 190°C Tt Y 7 = vRIEAS 3rd phase @ B
TIB B LB, BRRAYRIGII Y 7= v @ 2nd phase DEENLL—EDRE T
HELMET e, 80% DY 7 = vRE R TEBREM OB KK HFIL CW %, 190°C T16%,
CWA %d 180 & 190°C T& % 18 & 19% wxt LT, 90% DOtV 7 = vRTOB RK/{LHR
134 18, 22 L 24% TH e, CWA R, 190°C OZEMEFHE] 90 5755 150 5l E 887 T,
15% DV 7= vhEH Lok, KKtHOoBEHER29% Th -1,
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Ho=v D CWA R LB AN TLOKRE Fig. T wRLi, #I7=yHOBY) 7=
VRIBIRT ==y o CWA RORIG & B B ER TEIsD, RHO 55BN
T5Y 7= vEi3 180 £ 190°C L iz <, 190°C, 5 HEOB Y 7= vEEIT h =V =Y BT
466%, P F=YMTLHBEZRHLT, #F<YHTit598% Th -7z, # phase ~DBTF
Rbfeod X v, 180°C T& x 45 & 100 54T, ZDOREOB Y 7= v& DL, & DL, 1%
£H2TTE90% Thotz, 199°C s T & T i34 4 10 & 354/, #hbo DL, &
DL, 134 4 70 & 93% Th 1z, % phase ~OBTA T1 & T ixWTho kb HERMT
Botehl, EBTRACBITBHY 7= vEIWThMoMORI h HEL, BEMERLTR
Lice #5=VMD T, Df) 7= vE DL,/ ERBRY 7= vEhBNY) F=viih 5
=V MEEBNT EBRBT A,

Delignification (%)

100

80

60

40

30

20

Decarbohydrate (%)

40 j 1 \ 1 1 2 1 L 1 2 L X '
0

Cooking time (min)

Dissolution of lignin and carbohydrate by solvolysis
of karamatsu wood with CWA at 180 and 190°C.

Fig. 7.

5=V HORKIYOEHEENIH Y 7 = VRIED 1st phase DBECHEE L BORK
HaZbbhich, il phases BT B 7= V<Y HoboBELU LT, #1
BFE O R o RN R BB 0 RAK D OB HEBICHIGT 52, TR AERCELE
FTEKEW A IR ) FUFVELNRKBREOTIE I FS 7 X VRN 5 =Y HBRNS
BHEATHD ZLBETE LRI S,
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F K= YD CWA R LD AboER%y Fig. 8 KR Lic, 180°C, 0~120 Dz
B BBy 7= vRIGKL 2 -0 phases DB LR & 7od»» Tz, & ik 3rd phases @ B
2120 DB Rbh b led L #EE S, 190°C DY 7= vRIEHMBO# & Ffkic 300
phases OB Z Enb TSI, 180°C ki 2 BTH 111265 4H, Zoo DL
2.75%, 190°C TD Ty & T, i34 « 35 £ 90 4/, FhboEMEEREO DS, & DS, 134 % 85
L 96% Tholee P F=VHD Ty & T 3MEOMORETA T1 & T X bW ThdREHR
otehy, DLy & DLy i37 51 == YV #® DL, & DL R LR R Lic, ZhbORRE
XON90% OBy 7 = vREET 5 EMEFEIA 180°C & 190°C TH 4 120 & 60 M TH 55
Bt F=YHOBY 7= vHMBOMOBRY 7= v X b ThioBETHDZ LT
T5,

100 40
..... e
L s iadl
Dy
R -
e

sor ‘ 430
8 ; 8
& / =
g F / g
g : a
¢ 2
= IO . g
8 b /. pC (180°C) 1o &

/P

40

30 60 90 120
Cooking time (min)

Fig. 8. Dissolution of lignin and carbohydrate by solvolysis
of todomatsu wood with CWA at 180 and 190°C.

bR VRO RKILH OB HEBNL 180°C DM IRE T 70 5 E TRA AL OB AR
E, O FRUBIESE DIRHAEE L, 190°C TIZFIH D 20 431 % CAE A AW 1248,
120 438 & CRRB 7o 23 5 ER A HAVERRE L7,

B LIsERM 2 Y 7= v EENLEY 7=vEBH (THh=v<2#, KL268%) L&
y7=vEBH (»5<y#H KL311%, + F=Y# KL301%) &), Fy7YbDy 7=y
& RARAL O B O HBEBR DM O L FMLEEORF KRR Fig. 9, EY 7=V
BM TRy 74022 0 7= vRERTSE TRRERAKILHOBFHERLY 7= vEHEL
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BEHEERTELLAOHEINL, 22Z LUEkoy 7= vERBEH LBRD BN, RK(LHOEHR
BERAMeHnTsEA%E R L, BY 7= vEMTCIIZ0BR LA BEBY 7= vBIK X
Z26% Thole, RKAHOZIMIcHR - BHOWBELIALD Y 7= vy EHEIRY 7=
VRIGOBT A T ORMEBHMETREZ D, BV 7= vE8Z wlHY L,

30

O akaezomatsu (CW)

@ akaezomatsu (CWA)
£
3
2 /\ karamatsu (CWA)
o 2F
e A todomatsu (CWA)
3
E
3
g
©
K
a
L
K
2
1 = .
A 10 /d

. } . 1 . J
0‘5 15 25 35

Dissolution of lignin (% of wood)

Fig. 9. Relationship between dissolution of lignin and carbohydrate
of softwoods with CW and CWA at 190°C.

CWA 3, 190°C DM T 84% DY 7 = vRERTEBRENLT h ==Y H T304
M, #»5~YHT2549H, FF=YyHTOHETHD, FiT5E27HTH-T,

YR Y Y RAA I X B R OB HEB T HEMCRET A DR, S THOR
REOHEBEY ST L, RENLEREY Table 3izRi LT, CW R, 190°CO7 H = /=Y HD
EBTEBY 7= vRIEOBITA Ty ¥ TIRERHE LV~ v YORBEER LY, ERBROR
ml7z CWA RTREROHP T~ v vO—HRBH LIRS, T~ vr vOoBHIEL
{ote, CWA R, 190°C D7 5~ Y HOEBTE, HEOHLOBMLLYT 7 2 vORBH
RED, Ty TRAREOF T 7 2 YHREM LI, LHL, ~vr YifloMo~vr v X hE
HLE, CWA R, 190°C D + F= Y HOBBR UL, BY 7= vy RIGIEETH- 1
2, RAKDOEBERABROBILT »= V=Y OB EBELI LT,
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Table 3. Sugar compositions and residual lignins

of solvolysis pulps

Cooking conditions Sugar compositions (%) Residual

Species lignin
ligour | °C min Ara. xly. Man. Gal. Glu. (% of wood)

6 1.1 6.8 22.7 5.1 64.6 19.9

CcwW 190 20 1.1 6.7 19.8 4.2 67.1 15.0

30 0.5 6.3 19.8 42 69.3 135

90 0.3 6.0 ‘ 13.7 3.7 79.6 4.1

5 0.3 8.2 15.9 21 76.4 144

Akaezomatsu 20 03 63 147 01 790 9.9

30 04 5.6 12.8 2.8 81.2 6.7

CWA 190 60 0.3 5.5 8.7 1.8 86.1 26

90 0.3 52 7.8 1.1 80.3 1.6

120 1.1 5.6 6.9 1.8 82.1 0.9

150 0.2 41 5.9 14 90.3 04

5 1.3 6.6 174 7.6 67.0 12,5

30 0.8 --8.7 11.4 3.6 80.5 35

Karamatsu CWA 190 45 0.6 6.2 127 1.3 79.3 2.6

60 0.0 41 8.9 ‘ 1.2 85.9 15

120 0.0 39 10.1 2.3 83.7 0.6

5 0.0 47 15.3 3.6 76.4 16.4

30 0.0 41 15.0 4.8 76.1 7.0

Todomatsu CWA 190 45 0.0 45 13.2 — 82.3 4.0

60 0.0 4.0 11.6 — 844 31

) 0.0 47 19 — 84 1.3

120 0.0 4.0 6.5 — 89.5 0.8

Notes: Cooking conditions=liquor ratio 7, CW =p-cresol-water (7:3), CWA =p-cresol-water-

acetic acid (7:3:0.1).

FREOEBRAO —BIXBER LA ERFHIE—BFE AL T,

E3

i

#

VARY AT EDHY 7= vRIGOBIRKE: E RERVBELHERM L LTT
HE=S=Y, hFIVELPFRYRMO~y FERF 7, BEBHELTCIXFr3Ev 59
Fo TR p-7 VvV ==K (7:3 (CW) Fiit p-
7 vV —n-K-EE (7:3:0.7) (CWA) oBAERKF, 180 F7212190°C THM%ZZE 2 C, &

VABERDNE Ty TREA T R T2,

BLIc, M7 & LT,
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1. CWIRXBREBMORY 7 = vRIGIL 32D phases DBE XA Eh i, & phase
BT BBLY 7 = v RIS 1 KRG T - T, 180 & 190°C I X % % phase DHEEEHM S,
7 V== 9 AOREANT, B EOBHALT %A ¥ — (E) %58 Lk, 2nd phase & 35135
E1:i XF5L>5h v AHT%« 215 & 266kcal, 3rd phase @ Egi3%& % 7.4 & 19.9 kcal
Thote, BV 7= VEEL Ist, 2nd & 3rd D% phase DI ONTELL Loz, BHT
1st phase #HT5 Y 7 = v & RAK{bH DO &% 180°C T 4 #4556 & 24%,190°C TH 4§ 70
L 28% Tdb -7z, 2nd phase i3 180°C C#) 85%, 190°C TR 92% DV 7 = VHBEHTHE T
FEutz, 3rd phase TR Y 7 = vRIGOZE R BbQh, X YSEORKHOEHLIHE
ste. BIRMEDO B BB Y 7 = vKIiL 2nd phase DRREE % CRD B, T OO ZEFRERH
123 XF FHICRT 180 & 190°C T% 4 60 & 55 448, + 3 » v TH& ~ 90 L 60 HRIC
- Hol,

2. 7 h= V= vk CW T 190°C, 0~150 5FI7ME L1z, BV 7 = vRIGiX 2 phases @
ZCH b, 3rd phase 1 150 LD EECHbh S LBbhb, CW ic X D FER DL Y
7= g Lino DT, CWA CHEMZ o1, CWARIBBY 7 = v[KIGI 3 phases
TEFL, CWIRIBEED 26 TH-7 ., 4% phase 31 RRIGHR Lic, E$IEMMO
9nd phase L3V B ) 7 = VR EERIZGES L\ ER R LIS, 3rd phase i 51 5 BEE
Fiifc X VAR TR L, e, B) 7= vEROT a =Y < YRR /=Y
SEOMOM LD LB 7= v SR VERER LI, #7<Y#0 Istphase £ X %) 7=
v RAMHOBHEIMBOMICHERTE L S ote, BREODHS ) 7= v OEHIX 2nd
phase DB E TT, CWA, 190°C 51} 5% DB ORMRML7 # =<7 H T30
S, #I=YHT2BHME, b FeYHTOLM TS >, 2nd phase ORRBHED EHH O
Biv 7= vz 84%Z TH -T2,
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Summary

The kinetics and selectivity of delignification during solvolysis pulping have been studied
with small chips of Mizunara (Quercus mongolica var. grosseserrata REHD. et WiLs.) and
Shirakamba (Betula platyphylla var. japonica HARrA) as hardwoods, and Akaezomatsu (Picea
glehnii Mast.), Karamatsu (Lariz kaempferi CARR.) and Todomatsu (Abies sachalinensis MAST.)
as softwoods. The chips were cooked at 180°C (or 190°C) for changing times with p-cresol
and water (7 : 3) (CW) or p-cresol, acetic acid and water (7:0.7:3) (CWA). The cooking liquor
to wood ratio was 7:1.

1. The dissolution of lignin from the hardwoods during the cooks with CW exhibited
three phases. The rates of delignification for each phase followed pseudo-first-order kinetics
(k) and were accelerated steadily with increased temperature. Based on the experimental data
E at 180 and 190°C, the value of apparent activation energy (Ea) was calculated from the
Arrehenius equation. Values of Ea for delignification of Mizunara and Shirakamba chips were
21.5 and 26.6 kcal (2nd phase), and 7.4 and 19.9 kcal (3rd phase), respectively. The delignifica-
tion rate became slower in order of 1st, 2nd and 3rd phases. The degrees of delignification
and decarbohydrates during each 1st phase were about 55 and 24% at 180°C, and about 70
and 28% at 190°C, respectively. The 2nd phase continued until about 85% at 180°C and 92%
at 190°C of lignin have been removed. The rate of delignification at the 3rd phase was
slowest and more amounts of the carbohydrates became soluble undesirably. Selective dissolu-
tion of lignin appears to finish at the end of the second phase, the cooking periods of which
were 60 min at 180°C and 55 min at 190°C for Mizunara chips, and 90 min at 180°C and
60 min at 190°C for Shirakamba chips, respectively.

2. Akezomatsu chips were cooked with CW at 190°C for 0 to 150 min. The dissolution
of lignin exhibited only two phases. The 3rd phase seems to be appeared after 150 min,
indicating that the dissolution of lignin for softwoods is more difficult than that for hardwoods.
Then, the cooks with CWA were carried out, and the dissolution of lignin showed three
phases. Acetic acid accelerated the dissolution rate of lignin and also carbohydrates. The
dissolution rate of lignin with CWA was about two times higher than that with CW. Pseudo-
first-order kinetics of the delignification rate for the softwoods was obtained. The rate constants
(ksna) Of them at the CWA cooking are almost the same, and the ones (ksq) are different from
each other. The delignification rate of Akaezomatsu with lower content of lignin was much
higher than those of other softwoods with higher lignin contents. The dissolution rate of
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lignin and carbohydrates for Karamatsu at the 1st phase was higher than those for others.
In the case of the cooks with CWA at 190°C, the selective delignification finished at the end
of the 2nd phase. The cooking periods were 30 min for Ezomatsu, 25 min for Karamatsu

and 40 min for Todomatsu. The degree of delignification at the points was about 84% for
all the softwoods.



