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[ Abstract ] Cryptomeria japonica was liquefied in phenol with H,SO, and HCI as catalyst.

LRI R TB AL 2 D & BEETES | H (Q41R-11.2.2-F5-e1(7)) =
This project was sponsored by the Council of Agriculture, R.O.C. (Grant number: 94-AS-11.2.2-FB-el(7))
2 BB BRI «
Professor, Department of Forestry, National Chung Hsing University.
3 BRI B B A
Undergraduate student, Department of Forestry, National Chung Hsing University .
A T BB L SEAME - SP DR 2508 -
Doctor, Department of Forestry, National Chung Hsing University, Corresponding Author, 250 Kuo-Kung Rd. Taichung, 402, Taiwan.
S BT B B 1
Master, Department of Forestry, National Chung Hsing University.


user01
底線

user01
底線


—518—

The residue, viscosity, nonvolatile, combined phenol and free phenol in the liquefied wood
were used as the evaluation factor for the liquefaction efficiency. The results showed that
Cryptomeria japonica liquefied in phenol with H,SO, as catalyst had better efficiency than
with HCI, which had lower residue and higher nonvolatile and combined phenol. Liquefaction
carried out with higher weight ratio of phenol to wood had better efficiency. Asthe weight ra-
tio of phenol to wood was downed to 2/1, the liquefaction could still be completed, but the
viscosity of this liquefied ryptomeria japonica wood was too high. The FT-IR spectrum
showed that phenol could bond with the component of Cryptomeria japonica. The GPC
analysis showed that the liquefied wood with HCI as catalyst had molecular weight distribu-
tion broader than with H,SO,. As the liquefied wood was used to prepare the resol type PF
resin, the viscosity increasing was faster for liquefied wood that with H,SO, as catalysis than
that with HCl as catalyst at the period of PF resin preparation. Comparison between the F/P
molar ratio of 2.0/1 and 1.8/1, the former had viscosity increasing faster than the latter. The
PF resins prepared from liquefied wood that with HCl as catalyst had higher reactivity
showed from the DSC thermal analysis, and had better normal and wet bonding strength for

WAz By A L B R HoAF Resol B PR fi iR %44k~ EF

plywood.
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ks o
2. RS WA : DI R R (VAT - HC
Fe HoSOq P (LI » 2 P 5 pic s
ZRMMCBIR I A% 1 B - 5
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Tablel Liquefaction condition of Cryptomeria japonica
N7 mf A
_ WAL R R WAL AR
TR AN WAL WA LIRERE feng
tHE VR (%6)* (HELL) () (min)
110 90 H-1
HCl 10 31 120 60 Ho
3/1 130 60 S1
H,SO, 5 25/1 130 60 S2
2/1 130 60 S3

* LRSI B L ER Z H R
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Fig. 1 Wood residue variation of Cryp-
tomeria japonica with different cata-
lysts at the period of liquefaction
(51 K H-2 Z ALt anss 1 s
BRERLHFEAMEREG R )

Table2 Propertiesof liquefied Cryptomeria japonica

WALA FEEE (%) B THRS AR D
IR ermioRs)  lokE) (09 (%) (%) (%)
H-1 51 225 6,480 42.6 17.6 574
H-2 4.1 17.8 4,050 43.1 18.1 56.9
S1 14 5.7 27,420 58.8 338 41.2
S2 0.7 25 >200,000 68.4 399 316
S3 35 10.9 >200,000 76.2 432 235

* R eI AR
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BIEFTERA LT - TSR bAM 2B H
WIS - [8 2 E—20 DL FT-IROERE AT
L H-2 ~ S 1 iR RALAKS R AR I B2
AR RESY - HlE H-2 & S1 i
AW BAEMINZERE 2 E - BUREL HC
8 H,S0, Ry EALE.Z WAL B AHELZ
Jr ¥t o SRELR R BEAIAZ R B B
oo

>x

KEHEMIAZAE 3000~2850 cm™ i —
BHEERIISCT - BU R BIAZ HR AR 3 H CH
Ko, CHo (iR ik - s 1508 cm™ Ak
B %22 B RAG Y ZFE W I g

(Yamadaetal., 1999) : 1053 cm™ H{¥i >
B W ST e Foy A B 3R 2R PN e B T i o T
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C-O-C {Hifa¥®E) (Silverstein & Webster,
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H-2

2944 S
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Kubelka Munk units

Wave number (cm™)

2 REBHIHZEG{ENIIZZ FT-IR 3
Fig. 2 FT-IR spectra of untreated and lique-
fied Cryptomeria japonica
(S1 k2 H-2 ZALeiFaIsR 1 )

(' Shoulder ) W Wi lEeRefg » IRy~ 3R ol
HA AR B 53 Z fig 15 R EBERE ( Aliphatic
ether) .2 C-O-C {iE#ix® (Sun et al.,
2004) - fij 898 om™ HII fyiiift 5% A A B
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F$HT - 1998) -
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o™ 2 R PRI i R R o {HHHR 1238
ot 2 IEFE LR RE S C-O-C ZimF i
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77 B BRI e i P B O S e B B 5 - 1
/s 830 B 756 cm R HIR P ARER Tk
[N EER) (Out-of-plane deformation
vibration ) .2 S + b HE R AT A
YIRIERE 0 - MDA ERSRER  TElIb
AR HHIAZ AR B 3 o Tk e 40 T BT 1 e
figg - 0 HAE—25 BEA RIS E - O E
LI EIEEY) -

(1) WEACKIRZ 53+ 8 e oy T 853 AT

BHe2EEE (GPC) Ky—HI&)
TRERANG AR - DNES TR
TN ST AR S B AL R IR R AN - R
FETRA 0 5 S L PP EE B 1 ( Retention time)
FARE -+ ASHEHRR A S AR i Y
558 (Weight average molecular weights,
Mw ) - #8945 T8 (Number average
molecular weights, Mn ) K 45 F & 455 B

(Molecular weight dispersion, Mw/Mn )
FER o B 3 R R E R FriR
{EtiItZ.2 GPC @ tfrlE » Horfr DL HaSO, Ky f
LAl S1~ S2 J S3 =R LItz a8
PS> & - HorFRaomsEd
i A HC By fiEb . H-1 f H-2 253 F&
434 d [ BN - B DA HC Ry k(b
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iy - HBfR R B 238 -
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BT RE Ry it » Ml L e s -
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EAM PR S ERI A T RN TZ
G - 1ML HoSO, i {LAlZ S1- S2
K S3 ZHENVISTRERAA > HE
VS TR S1 e R
REN S-1 AR 2B A EELE 31 H
WAL ZRERERAR - TERRRRIE RS
Mok ANERELFHG RS
BHBRAKEE T8 1 S2 & S3
SRS e - KRB R0 T [ e &
JEARZHELT - IE R T BRI -

(V) WALHIAZ Fr i PR feiiE.2 — et E

= 4 T A LIRS 50k - FEa%
T2 FIPEEILE 1.8/1 & 2.0/1 &1k F

K3 FRNEZZFHRPFERSFESHE

WAz By A L B R HoAF Resol B PR fi iR %44k~ EF

T T ATdft PR IR Z PR - 256t PR

BT R DIORE LA (L P LS AR R - Il
FARGRERE 200 cps fif SR ] 90 min B
(S I INBSRE - AR PR-1 PR-2 £
JEERRF ] 90 min FRf - HL5 B I R 73
TRy 77 cps K¢ 50 cps » i ARALAH Ry it
FHETERI R G R FORE FE S R -
Hrpprig LR LA HCI fEHT.Z H-2 Fr ik
& H2-LAE SR ] 90 min By Z KLy 189
cps > HERMRIG B IS 1E R ER H] 90 min
A - B R R1E 200 cps DAL » 1
Hg 275 4R AL 8RS BT S M L w278 A A i
Bluo#is -

MBI
T
w>

TR (min)

3 AEEHRIENIZAR z GPC EE

Fig. 3 GPC Chromatography of liquefied
Cryptomeria japonica various lique-
faction conditions

Table3 Average molecular weight and dispersion of liquefied Cryptomeria japonica

- . HEVIGSTE HEVYSTE T ESEE
WALAM (Mw) (Wiw) (Vi /M)
H-1 1235 6026 4.9
H-2 974 16484 16.9
S1 842 7449 8.8
S2 913 2345 2.6
S3 879 2237 2.5

* RfeiRIFER 1 AR
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}4 RIEOZHE PFEIRECE R REERME
Table4 Synthesis condition and properties of PF resins prepared from liquefied Cryptomeria

japonica
T B AT
it
we e HE L TR wm B ses e
*D e Sz 2 0, IR 0, (0,
REF? @Ei) o o R« S CO R 7
H-2 1.8/1 90 H2-1 50.1 115 189 8.6 5.9 0.0
S1 1.8/1 55 S1-1 49.7 11.1 231 6.5 4.8 0.1
S2 1.8/1 15 S2-1 49.7 11.0 267 8.0 8.1 18
S3 1.8/1 4 S3-1 49.9 11.4 275 54 51 2.6
- 1.8/1 90 PF-1 519 11.5 7 14.6 51 0.0
H-2 2.0/1 80 H2-2 48.0 11.0 336 6.4 45 0.1
S1 2.0/1 30 S1-2 47.3 11.3 234 53 5.0 33
S2 2011 14 S2-2 47.6 11.2 309 5.0 5.0 4.0
S3 201 5 S3-2 47.7 11.3 265 5.0 54 4.6
- 2.0/1 90 PF-2 46.7 11.6 50 13.7 7.3 0.1

*1 Ry 85°C
*2. ALRAFAR 1 AR

HTiE LA H2SO, Ry LI Z LI 2

B RGRE Z8  (ER R & BTN AR
MR NaOH JKkiE s i H S eV, R iR
i Pt A 1117 R i P R I 5 S I - AR
NaOH VAR IR N5 S48 < F7 i S e -
HAS R R IR - HR B L
(Bp AWy EEIL) REE - HRSERE

WIEH - e B - 42 FIP ZEE L
Fy L8IF » &Ik 3/1~ 2.5/1 & 211 Z bR
MFrERGZ S1-1~ S2-1 ~ S3-1 Fffig s Bk
[ R ] 55 ~ 15 K¢ 4 min i ELAS IR K
JFELLE 200 cps LA - - 25 it fiE A 135
CINENHIE HB AL - SR PR-1
PF-2 1 135°C.Z[B{L 5351 s 14.6 min
Ko 137 min > DURAEHIAS B OB 4k PR
fatliE Z B AL R IR A 5 e fe (L
ZIEAEANTLLHE > DL HoSO4 F L2
{LHIAZFr it PR 8.2 B (LR AIROE 5 /Y
fé FIP 2 S HPLIEH - HIISLE L 2.0 AT
ZIBACiF R - BRI RS B A B

HE .2 AG S EETT - B PR Rl
Fe A HCHEAL L ALAAS i i PRI
R IER S AL - BUR ARG &
P - HEEC T 2 BE - i DA
H2SO, oy fiE L. A LA Fr i < PF 1)
IEAIY S AR ERE - H FIP Z5EHLE
WRH > R ER RS EES - A RelA
HAERHE S BB PR R b - BE
MBS IR R - B R T AR 2
B ST R TR

4%y FIP 2 B H IR 1811 2 &5
N - H2-1~ S1-1 s HaRH PR-1 =[]
PF BHETE & BoBfEH 2 kL - HfD
H2S04 B L (LT . SI-1{E A O
KGR BFHRIR - TR AERERT 55 min [ » H
R L% 200 cpse DL HCI Ry b A L7
Z H2-1 & pOm R i 2oRs B 3 g 48
18 & EEfE 90 min % - FORG Ry 189 cps:
$HRRH PP-1 HIITE A B[ 90 min B - Rk
{8 77 cps> HHPA LIRS AIEH] > LA HoSO,
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B4 AEELERIENIZE PF BiiES
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Fig. 4 Viscosity variation of PF resin pre-
pared from liquefied Cryptomeria ja-
ponica with different catalysts at the
period of synthesis
(5 HEIE & R R RN 4 )

R WAL AR PR BES
ff > FOREE_EFFBRER - SOFEBA Z 5] -
5 R AL A HEFI S PR REE & plies - F/P
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Fig. 5 Viscosity variation of PF resins pre-
pared with various F/P molar ratios at
the period of synthesis
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Fig. 6 DSC thermograms of PF resins pre-
pared from liquefied Cryptomeria ja-
ponica with different catalysts
(F/P=1.8)
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Fig. 7 DSC thermograms of PF resins pre-
pared from liquefied Cryptomeria ja-
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Table5 Thermosetting properties of PF resins prepared from liquefied Cryptomeria japonica

oo 5 fé DSC 24 (L 28
AR ey B T onsetiEE momEwe B mEw  BHLRER
(min) (C) EE(C) EEE(C) (Jg)

H2-1 1.8/1 90 109.1 - 143.8 172.1
S1-1 1.8/1 55 100.2 - 140.5 155.0
S2-1 1.8/1 15 115.3 121.6 140.0 97.0
S3-1 1.8/1 4 113.1 118.6 143.1 91.0
PF-1 1.8/1 90 118.9 - 144.6 174.8
H2-2 2.0/1 80 101.7 - 142.1 100.3
S1-2 2.01 30 117.7 121.6 141.0 96.0
S2-2 2.0/1 14 122.4 125.7 1435 64.4
S3-2 2.0/1 5 120.0 123.6 142.9 83.0
PF-2 2.0/1 90 120.6 - 146.9 140.5

* BeIlE G R R EEA T E AR 4 FR

Fy 118.9°C ~ 144.6°C I 174.8 Jg » L) HCI
T LB ALARM T &k H2-1 BifEs
AR L2 PR-1 BIIEAEDL - RE
Onset i[5 K i e BN 16 P22 s [ K U A1
% » BURE S Z BV ERETE I 5 1A
H2S0, Syt (LA AL Ry RS - H
FEA LI ER FH I AR 2 W b by 2,511 R 2/1

Frz ks PR fHlE (S2-1 & S3-1) {E{Rif
{H 55 B — FACER S 2 i Bl » B HLAE
Tl & A L IRF AR SE AN RS E - #AE
B ALt B . TR S R e
g > FLEEL I e B AR - HoFE W LE R
kA B HAE BV LA i T 2 B8
fa S ERE R -
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I ALK AR R kS T Bl 7 2L
G 0 LA HaSO4 B (L2 BALBCR B
HCI» HHE LA thi s 2 705 8o Am
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Table6 Bonding strength of plywood made with PF resins from liquefied Cryptomeria japonica

U Kb SHB L E (koflem?)™
= I E
(cps) e Ak B 2k

H2-1 1320 11.743.7 (13) 7.8+4.1 (0) 48+2.1 (0)
S1-1 2235 10.2+1.2 (0) 7.4+15 (0) 45+1.2 (0)
S2-1 1700 7.14£3.0 (0) 34117 (0) 0.6+1.1 (0)
S3-1 1260 85+1.8 (0) 5.8+1.7 (0) 1.3+1.9 (0)
PF-1 1320 15.315.9 (46) 16.316.2 (63) 10.7+3.9 (55)
H2-2 2440 9.4+2.6 (18) 8.2+1.8 (14) 5.6+0.9 (1
S1-2 4690 8.4+1.6 (0) 46+1.3 (0) 0.7+1.4 (0)
S2-2 2010 8.7+1.8 (0) 6.0+1.3 (0) 2.241.6 (0)
$3-2 2390 9.6+2.9 (0) 55+1.3 (0) 21422 (0)
PF-2 1272 12.5+2.9 (93) 12.8+1.0 (55) 11.242.0 (70)

L R S R R R AR EAIZR 4 For
*2 () WRARRER - B(1%
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