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Manufacturing of Resol Type Water Soluble
Phenol-Formaldehyde Resins from Phenol Liquefied
Moso Bamboo

Yi-Chun Chen' Wen-JauLee? Cheng-Tzu Liu’

[ Abstract] Moso bamboo (phyliostac

atalyst. The
quefied Moso bamboos we : 8 ] Resins. The
effects of the liquefaction condition of the liquefied bamboo and the molar ratio of formaldehyde to phenol used for the
resin preparation on the properties of PF resins were investigated. The results showed that the liquefied bamboo could
react adequately with formaldehyde, the unreacted formaldehyde in all PF resins was below 0.25%. Comparison the
viscosity increasing rate between the liquefied bamboos that liquefied with H,SO4 and HCI as catalyst at the period of
PF resin synthesis, the former was faster than the latter. PF resin prepared with the liquefied bamboo that with HySO4
as catalyst needed shorter time to reach the setting viscosity and had fast gel speed. Under the same condition, PF

hy pubesens) was liquefied in phenol with the H,SO, and HCI as ¢
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resins prepared with the higher molar ratio of formaldehyde to phenol had faster viscosity increasing rate at the period of
resin synthesis. DSC thermal analysis showed that the PF resins prepared with liquefied bamboo that with HCI as
catalyst had reactivity higher than the liquefied bamboo that with H,SO, as a catalyst. As the PF resins prepared from
liquefied bamboo were used in the manufacturing of plywood, liquefaction with the weight ratio of phenol to bamboo at

three to one, and using HCI as a catalyst, and synthesis with the molar ratio of formaldehyde to phenol at 1.7 to 1 had the

better bonding strength.

[Key word] Bonding strength, Liquefied bamboo, Phyllostachy pubesens, Phenol, PF resin.
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i L — 3P B R B % TU R B A R IETE B fiT 4B
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2 EgER, © FREE(Sulfuric acid; 95% ; H,SOy) ~
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hydroxide; NaOH) ~ EE[2 £ % (Hydroxylamine
hydrochloride; NH,OH - HCI) ~72{L ] (Potassium
bromide; KBr) -

3 B * & (Shorea spp.; Lauan) » fifgERE 2
mm » [ ~ EAREE | mm - SRBEH -

(D) BTk

LYTARTERER © GRS SREZ - I ~ 36
PR ~ DIEGHEFLIE R 2 mm 2 B PRI R R E
R » BT REER 4 » BURIR 20~60 mesh

EWAL RIS BEfs DL 60°C BLZepEFEiE 1 Lk
Rk 47

2. h iz A EREE - MR R BRI - DAY B
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BEEERTER 3/1 K 2.5/1 BLH,S0, BiE{LE
- IMERIERZ 3.5%K 5% LLHCL &
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110~130 °C - {RILEEH - FPEi e BT E R
1000 mL PUFLEEEIAS - RIS 5518
HiERE S EE TRE R B DR
B - BHNGIMEAERE C SIEIRE - DR
B AGTE & H,S0, K HCL > EFEfRbHE
ISINFEEE > HGETH B ZRZIRITI 2 KBWIMA
SERRA - ST INSE R » MR TETRHERATE
BETRE » I NESZ FE 60 min -

3BT B HIE

(DR BURAETA49 5 g F5FE > LA 100 mL
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HAESR S -
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PF BilE & RS lUE B2 IALTH ~ IS
FEHEE 1/3 2 NaOH, ) FATUFLIEIE 2 FEE »
RFERRAS 147 e R iEaEas ~ BEET ~ 19htE
T PIEEANES B —FLAIE R LRI A -
S ERRTHR 22 85°C » AERFIRSE 10 min -
BRI 2 ARIERZ NaOHyy) » f5f
NaOHq /N IN5E 81 - MEFFRE 85C T
J& » H[E% 20 min BUR—REIEER L
FRHIEHEE 200 cps AIRE LI TE » 3578 U ERE
f5 90 min BRELRL )38 200 cps: HI[EA 90 min
Rl B LB - AT A B H IR AT -
HHEH PF S &R AR R R - EofthEE
18 e & pldze ) (R (B Tt 75 %
5.Resol Bk PF BlgIHEEHIE
(D)AERE S - B0 2 g Z A RB IR A SRR » ¥
R > BAL135£2 CZ BEFEIMEWZE 1 hr - BY
H S B R e I S Al - FEEE > B
HA g -
(2) pH{H : DABYHEEERR pH JIERN 252 TT
HIE - '
(3)34E © DL Brookfield-LVF #UBi— [Bf& =
FEEHIERER 2542 CHIEZ -
(HIBLRERE - B 3 g BRI 10 mm » &
18 em ZHHARAE T - E DI DI BREES
W& IR BN AERN » B
B HEESN - IR ER 13521 C il
fch o BRRE TR ERERE  BH EAEREE
BT BB LR -
()& WEREHY 2 g A 250 mL BEEsiEErrd
FEREZ  BERIAIA 100 mL 288K » Z B UK
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BN HIDARERELL 1/1 Z FRER/ 7KL » 7FT-IR SEaE 4 R B L% PF RS EaahT
BLO.I N BClLSRIHELZ » DA pH {H 7.0 B Fs BERGHIAY - ASELE KBr DAEEELL 11 100 1B&

TEEREEL - DUT GRS mE - 1557 0 AL 60°C ELZeHERSEE IR o PTIR JE2k
s % mL # x 0.1 x£x 4.0 - HERAEERSR Mattson Genesis IHLIMGOERE
IR0 Er— 100 TR R SRR (Diffuse reflectance)

£ 01 NHCI 2o i+ WHIEEE DTGS - WEHTIER 4 o - JlIE

o * 2 WA Ry 400~4000 cm '+ RIS 16
(ORRIEFRE SR © FUG 7 glPFRIEH, 250 :'x{«&%@% o R

mUSIRBSHR  FRPL  SRIMA 150 LA g gesol Mkt P il SHRIE QIR | A

ﬁ%ﬂ( » BLOS N HCI('E’(TQ%%})H{EE 4,0 - 73[] ’ﬂzftjﬂbq]bul*tjﬂaﬁ'ﬁi 5~10y21_]?1:—:r ;I\ a8
APHIE 40 2RI S0l S @

S 5 min » 11 0.5 N NaOHuo MEEPIIE 40y qme 1) i st = I iR IAGE:
RASERBIA L) B SESBETEIRE s apstes - (IERSREEIE - 1SR

(B L) jﬂﬂﬁfi‘f’%@iﬂﬁi ° SRR G A R 25

- x 0.5 x £x3.003 2 2 G Pas : H2 S 07,

; 0y= g/30x30 cm” - {BRIGIS BB E 5 min - (EER

AREIEFRECS) BRE (9 DUBERE 135°C - JiE/7 10 kgf/em® Y 5 min - Ff

f:0.5N NaOH ij{g ?—%‘é\fﬁf@ﬁﬂlﬁ 7 RiE> ffc# CNS 1349 gfléb”jElﬁié
6AMUIEY DSC MBI | prrpkan, D0 SPESUERTBURRE 2.5 omxs.]
Perkin-Elmer DSC-7 BR3ER-RBAE - SRFT om > IBEBYREI 2.5 omx1.3 om ZEABR)Y -

CRERE AR OB g TPBEEERRAE | miimin SRR T

%T@W(ﬁ%ﬁﬁ%&%%ﬁ o Y 15~20 mg fy%[ﬁ]ﬂ% EHRHZIBET)] - %ﬁﬁﬁﬁﬁﬂ?ﬁﬂ%ﬁﬁ

oo SRR RERE SR R SRS BB A RE ~ KIS K R BRI K B EE - H
DSC 2 vl » ABIAIRREEE, 30°C » (8 HEREIEZRENE T ESETBE
Bz 0 bl 10 C/min 2 EGEETHAES SR BRI SE L 6043 C ki 3
225°C - FhEEsE b b s i AR IA T T hr » PUS7KISAIEE IR - TEREINRE TR
(Onset) ~ f 5 HCE AL TEL FEE T RO L 5z JRE 31 - B ARSI DI kiRTE 4
hr % > DL 6043 "CHLFHEZEE 20 hr - FDL

1. BILERIT A

Table 1. Properties of liquefied moso bamboo

Gl L G R R T T
(BRI gy R BT GE BR oy o o o T
S O N SO 2y O 1.2

3/1 H,S0, 5 130 0.4 1.3 30,500 614 37.6 338 S1
2.5/1  H)SO4 5 130 1.9 8.0 164,000 69.6 42.0 270 82
2.5/1  H,SO, 3.5 130 3.7 153 80,000 735 45.6- 244 53

31 HCl 10 120 5.6 18.5 2,750 42.2 19.5 48.7 Cl1
2.51 HC1 10 120 6.3 27.8 6,400 46.6 19.9 468 C2

31 HCl1 10 110 7.4 244 2,250 41.1 184 498 (3

* HIEELL
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Wh7KIETE 4 hr - BERDUS KGRI EIR - 708
TEIRREETTHRE S - M B SRR G5
HAWR » R EEER 8 -

BESI/EE (keflem®) =

x0.9x 1.2
b\

PR (kef) 5 b AT EE(m) » MBS

RE(em) -

T ~ FEEREEET A
(O WbEFRTZEE

F 1 RAFEGERCTM <A EE - ik
B AL LA HaSO, B fle (bl 2 AL R A & Rl
bz EEERK - Rt iE Rt
3/1 » HySOLFRIIE 5 % » BRI B2 5
BRI 0.4% > BRI ERSTEE 1.3 % -
IRED 98. 7% Z M H fE AL IR B E T E K
b5 LA HCl B bRE R bBEREE - Rk
LEHARETIE 18.5%~27.8% VT #E 1 R
{b. - R LENR LT M2 B5E » DL H,SO,
B bBERERE - R LM 2 AR 8
— S EEBEHkEHG &R - HRERD

H,SO, Rt b BB R &I & &K
FAE®RE - L HCl B B2 iR b E]
DIEHHRE -
(I1) Resol}I7KiZ {4 PFIIIG & GETE Z Fh LT
il
Zhang & A (2006) R ENRILHESR < X
JEREHI » FLET R My BRI 7 e SRR Rl (E I BRe
FEE AL Hydroxyl benzyl form FYRTAE - TJE
Phenoxyl-form HfiT4EY) - REMRE T EReM:
ZRREL - ALy BRI - SRR IR
ThER E BRI - BRI R S Z R S R
E—BFIHEER R EEA B EETT
REE - 3% 2 Ky 6 AR EiE %
WA B/ (F/P) < B AR E R 1.7/1 F 2.0/1
T RETARL PF Bilg < 8 » iy Edig
B FERTS L R P-1 J P-2 WitdE PF il
FER FERFRE 90 min REZFhEE 43 ARy 100 cps
219 cps ; LA HoSO, B LEZ AL T4 HEF
J* PF KHE & EORFELRAE LA Pus XA
HAS IR REEERI KA 200 cps @ ZERIZ ERFE
AZEABILELS: 5 DL HCl B bz Akt
R R & RE - HE R MRz - Rk
Cl-1 SR FERF R T E R 2R 90 min 7p

< 2. ALTTRA SR Resol BURIE T PF s SR R EE

Table 2. Synthesis conditions and properties of resol type water soluble PF resins prepared from liquefied

bamboo

s Wik F/P
R M &EEE) R (%)

e NEHRS

pH ME B anE RNE
(cps)  Bff (%) R

(min) (min) (%)
S1-1 S1 1.7/1 40 48.3 11.0 300 5.8 5.4 0.25
S1-2 S1 2.0/1 25 471 11.2 306 6.0 5.4 0.13
S2-1 S2 1.7/1 30 48.8 114 350 8.0 5.5 0.14
S3-1 S3 1.7/1 12 49.3 11.7 305 8.5 6.7 0.11
Cl-1 C1 1.7/1 90 485 11.4 225 10.7 6.0 0.12
C1-2 C1l. 2.0/1 60 47.0 11.8 235 10.7 5.8 0.05
C2-1 C2 1.7/1 75 48.1 11.5 193 8.8 5.9 0.10
C3-1 C3 1.7/1 70 49.0 11.6 240 9.5 6.9 0.16
P-1* - 1.7/1 90 494 11.6 100 9.1 9.0 —
p-2* 2.0/1 90 47.6 11.1 219 10.3 8.3 —

* BT PF RS -
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HER 3 FRIEES SIS 90 min AELEERIK
Ji% 200 cps TZEfE 1 E MBS IE -

1 g Bl HoS0,4 K HCL By kBl ikit
YT#FRR & Bk PF f81RE(S1-2 ~ C1-2) s ¥ 1RRH PF f8f
HE(P-2)#E F/P=2.0/1 » NaOH/P=0.6/1 Z &H{&ft
T EAEEIR S ORI s R RS - Hop
R P-2 BETEMES FEEE PR RS n
TE1% - REZIE 80 min BFHEEE 103 cps i TMEA
HoSO, BB LBl Z AT M BB &2
S1-2 75 FERFRE 20 min BFREEEEEE] 228 cps
BL HCl Esf bl Z AT M B FOR T & R
Cl1-2 Z R BB R AR - (BRSBTS 60
min BFEZNETRER 200 cps - LA EIERGHT
BAH,SO, By bl AT A REFT A PE el
Ty > HEASER  MEEEEK -

250
200 F e S1-2
—~ ——C1-2
& 150
o —&—P-2
& 100
50
0
10 20 40 60 30

2 JERE [ (min)

1. 81-2 ~ C1-2 ~ P-2 =i PF BiHEEEL
R RS b
Fig. 1. Viscosity variation of S1-2 ~ C1-2
and P-2 at the period of
synthesis(F/P=2.0/1)

2 E—H DL HC B LB IILTT4 Cl
Belksliaet - LURcE: PF BilE & Rhy - FIP R
H LS H AR R AR b2 52 % EISR
F/P ZEELRy 2.0 FHFER K F/P ZREE
R 171 FHIGE - BRBRS N RREEHEE
LTRSS ERE -

300
250 —0—Cl1-1
200 —&@— C1-2
%) ——
150 Pl
e P2
#2100
50

0 20 40 60 80 100
[ ERF#(min)

[B 2. AEF/P EELPFElE & REE R,
AR
Fig. 2. Viscosity variation of PF resin prepared
" with various F/P molar ratios at the
period of synthesis

(IT) ResolZI/K A PRS2 — i P
IR 2 #— 2 WS N RS- FT &k PF 13
HigZ —fiseE B - o3 o 232 S AR FTER
Wz F/P RELLFE  EEIE 2.01 HEX
eI ABS FREIREE 37% 2B BA
IR Ak & BB - ML

AE(47.0~47.6%) IR B Ry 1.7/1 HZ A EHES

HIFE 48.1~49.4 %[ - - E RIS pH EZAERT
R AT 11.0~11.8 [ 5 PRUAHRALT TS K JEORHR
(15T aT a1 e o g b i )=
TAFEAAR] NaOH/P BB L7 Bffia S i T~ - &6
47 NaOH B s & i I fEf LB - 2
HemER(E S Bls BahE
fE{ER - 5 pH (EE b/ - SUsRrP & LAt
RIFRFTE R PF Bifleh RIKER & B9
0.25%LAT > BREEIE L MR B R R e s
ZHITE 5 45 PF BfflELL 135°C BT B
Al - HLoATIRHEL P-1 e P-2 FRAEEHE PF il
i < B 230 9.1 min % 10.3 min - [
LA H,SO4 Rt B AT A B B T S il
PF 1fllaFrR B L HIABEREGE - DL HCL Bfigdk
Bl Z AL #4 i & il AR & B (LR ] Bl B 2
HRiHZ PF RlEHEE -
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1,04
0.3 ;
0.6 e
§1-2 o
0.4 4 — / // T
& 0.2 T "
?’5 0'0'-_(:1-2\/ e
w02 ka2 e
e -
0.67 \\\ / l
084 Y /
-1.0 \‘ ) yd
) e
il T T T T T T ¥ T T 1
90.0 110.0 130.0 150.0 170.0
_ , BE () -
3.51-2 ~ C1-2 ~ P-2 =% PF Bz DSC #4

TrHTIE
Fig. 3. DSC thermograms of S1-2, C1-2 and P-2

(IV) Resol B/ 714 PFigifi o 2R L

PF ez SEEWRERNIE - 5kl
B FRREZ MRS RE - TR PR - RERRILAS
FELBETs FRRZE ZBRESN
J& - Tt lE e LT &4 L R DA & ST
Fo 7 - FEABAE R B RTINS R Bl A S L
Rl IE - SRR ES AR IR AR - IR IE
FEBAEIRIAN 5 & R EAE = IR (Sebenik er al,
1974) « [ 3 & S1-2 ~ C1-2 J P-2 =& PF g
Z DSC #orilEl - Hrp i -2 fifare et
LB — AR ENE - DL HCL RefE (A
ALY B &Rk C1-2 g B bigfg
IR AR IS - IR LN R R P-2 FfllE
& » LA HoSOy BB LB Z AL T M &k
S1-2 FEARIR I 55 HiER— oA B R R Tl
(Y& 3 FFEEATR) B S1-2 TR AR EIR Y

#< 3. Resol ZU/K L PF flllg s B L2 2

HABBSWE MR ST IR FE - #fEEE{L
TR PRARIE BN A I o T etlee » SREH A S1-2
A RSN _ LA HRIZY itk 2 BRI S Ry
W& R 25 min» FER G RN BRI EAE BER
BALES: - R ALFE i & A Rk R T i
& o 5% 3 O LU = FE S SR < BV L
258 Hrp S1-2 ~ C1-2 & P-2 Z iRl
FESRIE 138.6°C ~ 144.0C K 149.4°C » HEAEE
Wb 2 Onset JRSE 53k 97.3°C~120.0C K&
130.7°C » Mt b/ FEELR 537k 54.9 T/g ~ 70.5
Jg B2 178.3 J/g » Hrh S1-2 Z ik FEEHH REIR

/I BEREA HoSO B L B AL T A B RERYT

I FEMERE » A B iR LB R T T
KEZHEEIE -
(V)EEILPFEIE Z FT-IRS 4T

4 fmEE % Reso B KA MR T Ha s
ZFTIREEESMTE - FREW %] FIFH R BL R
IR FEFT1S < BHIEMIP-1 e SRR > 3
Hi#E 1467 om™ & 2 SR ARG » 8 Trick 2
Saliba(1995)fg HiE By & DR UL & FEER (Tetra
substituted ring) : BH-RP-1 HBHE T E g TR
BZeEse  B=RITAgREER - MAIRIH.SO,
FeHCE (LB & W b A B B I 2 T 18-S 1-1
BAC1-1 IS B MR Z FT-IRJGEEMTE  BER
Hgbriis a5 TR - (BEBEE
P-1 f5ifG Ll Bils e - S1-1 BAC1-1 BB RS
A 1455 om™ B 1440 om™ HEREG 2 481tk MRl
A > 4 1595 em ¥ HHEE—BEAVRIIE - bR
Bl R K B 3 (Gualacyl lignin) 2 fF 1 15 IR I
(Nuopponen et al., 2003) » BE7R DIRALT#4 JReJEARt

Table 3. Thermosetting parameters of resol type water soluble PF resins

EREE S1-2 C1-2 P-2
B RS HERFRE (min) 25 60 90
A LR IEIREE(TC) 97.3 120.0 130.7
AR (C) 138.6 144.0 149.4

54.9 70.5 178.3

| BMLRER ()
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BUHPFRIIEREIG B A LW E Z KRB EEHE - T
S1-1 BAC1-1 J# 1354 om™ WfSEHHER— RIS » 5L
By rOHEAF Y 2 % (in-plane  deformation
of phenolic OH)(Costa et al., 1997) ; S1-1 7F 1148
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Fig. 4. FT-IR spectra of S1-1, C1-1 and P-1
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Mg AR S IR R - A B B 2
& - RS A BRI SE Sk EREE
B BEEET) » BRCL-1 BRI 10 %EFEIE
Ah o BRFECNSE R ZIEEIRE - E— B S
AR R E R IR R ETHRE R
FEERIRE » Hrp BUH,SO, Bkl 2 AL/ B
B RS2 S1-1 RS1-2 ZERRINEREZ &
T EASEERIGHE - SR S%IEFTRIAIEH
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WAL MR & RECL-1 JC1-2 BB E B &
fiE - HIB/KIEAZ BE RS R
A S%ERERIE— SRR HBEE T > It
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Table 4. Bonding strength of plywoods made with resol type water soluble PF resins

P AR RE é*ﬁﬂ?é%ﬁ(kgf/emz)*z :

(%) (cps) HRE BAIZAK EE R

S1-1 0 333 9.0+1.0 (1) 5.049.5 (0) 2.3+1.9 (0)
5 1319 11.5+1.6 (6) 8.3+1.0 (16) 3.0+2.3 (0)

S1-2 0 238 8.6+1.9 (6) 4.1+2.6 (0) 1.8+1.5 (0)
5 719 13.0+1.9 (1) 9.0+2.7 (13) 6.5x1.0 (0)

Cl-1 0 215 11.3+1.0 (20) 8.5+2.4 (15) 4.7+1.1 (0)
5 913 13.9+1.2 (29) 9.5+2.3 (5) 6.7+1.2 (0)

10 11100 5.4+1.2 (0) 3.2+0.4 (0) 2.9+0.5 (0)

Cl-2 0 238 12.742.2 (25) 7.0+1.6 (0) 3.242.2 (0)
5 1225 12.6+1.7 (0) 7.6+1.0 (0) 4.120.4 (0)

10 6650 13.3+2.6 (3) 5.1+1.2 (0) 2.442.8 (0)

1 SRR 200mesh TG

2 OPRBARESE » BATR%



2006 5 9 F  BhBAL &SI M B Resol TU/K A PF S 257

REFERL o X LR A BT HR FHF/PEL B LL i B
BWBEHNAICHE £ S%EFRI G
T DHCIR b AN T4 BT S R BAF /P B
HIERy 1.7/1 Z(CL)RBEZIBERERE - B
H80, B LB <AL T M Fr & BRI LAR/P 2 52
EEERy 2/1 B (S1-2)i8fE - RS SRR IRE
BRI R Z B AR » I ERE—PER
G -

IV ~ fEm

ARFIEIE M EREE R L HS0,
HCl B LA T basE » I A LA B i
S REBLGE: PF 5HS - DATRALAT M1 B JEURHBLAS PR
HE RS » Y LR B PR e B IS SR (e s
HE IS AR & R R L R & R IE 2 B
{LIFRE - DSC BUMIEER » B HCL B {bEls

ALY 8 PF fifla 2 SR HaSO, By

LRI ZIBALI T M TSR Rt - FT-IR JERES
W SRR DAAET A4 R OB AL PF BRI AE
WEEAEREL PF BiflE Rt - WLTTHTE
FARY PP et EEdfRRE - DAL/ TR E R I
3/1 > HCl Fei bl - SR E
L7 FREREZ GRERE RN ARKB &5
£ SRRk B AR A RE— P

vV~ 2530

ZE ~ BIIETF ~ B (2003) AR ZHK
LR K Bl - B S sl 2 FEF -
MEEFZEZET] 25(3) ¢ 73-86 -

ZOCHE ~ B ~ BFEH (2004) IRALAHREME AR
M ST PRI S TSNS FEF - bhiE
T# 23(1) : 43-53 - '

BREZHA (2000) A=YEARMBEH - BILiEz
fE - pp.325-326 5 151-152 « &k -

T (2001) TR — A EEEE R
] i
http://www.npf.org.tw/PUBLICATION/SD/09
0/SD-R-090-036.htm

Alma, M. H., M. Yoshioka and N. Shiralshi (1994)

Preparation and characterization of the
phenolated wood using hydrochloric acid
(HCl) as a catalyat. J. Appl. Polym. Sci.
30:39-47. ‘

Alma, M. H., M. Yoshioka and N. Shiralishi
(1996a) The preparation and flow properties
of HCI catalyzed phenolated wood and its
blends with commercial novolak resin.
Holzforschung 50(1):85-90.

Alma, M. H., M. Yoshioka, Y. Yao and N.
Shiralishi (1996b) Phenolation of wood using
oxalic acid as a catalyst: Effects of
temperature and hydrochloric acid addition. J.
Appl. Polym. Sci. 61:675-683.

Costa, L., R. L. Montelera, G. Camino, E. D. Weill
and E. M. Pearle (1997) Structure—charring
relationship in phenol-formaldehyde type
resins. Polymer Degradation and Stability
56:23-35.

Lee, S.H., Y. Teramoto and N. Shiraishi (2002a)

" Acid-catalyzed liquefaction of waste paper in
the presence of phenol and its application to
novolac-type phenolic resin. J. Appl. Polym.
Sci. 83:1473-1481.

Lee, S.H., Y. Teramoto and N. Shiraishi (2002b)
Resol-type phenolic resin form liquefied
phenolated wood and its application to
phenolic foam. J. Appl. Polym. Sci.
84:468-472.

Lin, L., Y. Yao, M. Yoshioka and N. Shiraishi
(1996) Molecular weights and molecular
weight distributions of liquefied wood
obtained by acid-catalyzed phenolysis. J. Appl.
Polym. Sci. 64:351-357. :

Nuopponen M., Wikberg H., Vuorinen T., Maunu
S. L., Jimsd S., and Viitaniemi P.(2004)
Heat-treated softwood exposed to weathering.
J. Appl. Polym. Sci.91: 2128-2134

Pandey, K.K.(1999) A study of chemical structure
of soft and hardwood and wood polymers by
FTIR spectroscopy. J. Appl. Polym. Sci.



258 [HZSE =P BIEF M T ¥ FOREST PRODUCTS INDUSTRIES Vol.25 No.3

71:1996-1975.

Sebenik, A., I. Vizovisek and S. Lapanje (1974)
Determination of kinetic parameters for the
reaction between phenol and formaldehyde by
differential scanning calorimetry. European
Polym. J. 10:273-178.

Trick, K.A. and T. E. Saliba (1995) Mechanisms of
the pyrolysis of  phenolic resin in a
carbon/phenolic composite. Carbon
33(11):1509-1515.

Zhang, Y., A. Ikeda, N. Hori, A. Takemura, H. One
and T. Yamada (2006) Characterization of
liquefied product from cellulose with phenol
in the presence of sulfuric acid. Bioresource
Technol. 97:313-321.





