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FXR' FERE BEEY

(2] BAFPBEMIAE ( Phenol-formaldehyde resin ; PF ) BAM T FHREBEMSHBIIEZ— - HP Resol BLEZE M PF
BlEFEWURZ=EIEER - BN PF BEEGRARNBRRESGOETIEEY  BEMUEHFEEMRENEEYM
RS - BIEIRIBRE R ERKEN AR ARANE - XRFELUEAE - BR1EAREZ ( Phenol-liquefied lignin ; LL )
KARMRIREAR A ( Wood fast pyrolysis oil ; PO ) B[RS PF - LL-PF & PO-PF E=1&E2)A M PF filf5 - LEEAE
B[RRI TS PF Gl 2 E - WU RAREMRNEEERR PF SlF2 SRR EREEZO1TH - Baissg
REM - —EEMFENEE PF BIETTRE 25% M5 ERENSSEmMAR - EP L PF ARAWFIID F=E - LL-PF
AU\ - MURERHRE ( Differential scanning calorimetry ; DSC ) T4 R# R - LL-PF X PO-PF HIE{LREFTR
SHMEERE - B 160°CMEAE{E2 PF BIEKBEHABZESREERT 96.6% U E - EEHEZBHRESFT
( Thermogravimetric analysis ; TGA ) KRR E R EERBREBIE M KR ERMEE®XES PF - PO-PF K LL-
PF -

(FESERE ] BAM i PR RAs - AR - BRIEARER - B0H - B2 R4 -

Properties of Alcohol-soluble Phenol-formaldehyde Resins

Prepared from Different Phenolic Raw Materials
Wen-Jau Lee !  Yun-Yun Lee? Yi-Chun Chen3”

[ Abstract] Phenol-formaldehyde resin (PF) is one of the most important synthetic resins used in wood industry. The main
application of resol-type alcohol-soluble PF resin is used as a impregnating resin. Phenol used for the preparation of PF resins
is a petrochemical industrial product. If it can be replaced by biomaterials with renewable characteristic, it will be of great help
to environmental protection and sustainable use of resources. In this study, three kinds of alcohol-soluble PF resins, named PF,
LL-PF and PO-PF, were prepared with petroleum-based phenol, phenol-liquefied lignin (LL) and wood fast pyrolysis oil (PO)
as raw materials, respectively. The properties of PF resins prepared with different phenolic materials were compared and the
feasibility of molding plates made with PF resin impregnated Kraft paper was investigated. The experimental results show that
all alcohol-soluble PF resins with 25% concentration are low-viscosity and weakly alkaline solutions. Among which, PF and
LL-PF have the highest and lowest average molecular weight, respectively. The experimental results of differential scanning
calorimetry (DSC) analysis indicate a higher curing temperature is needed for LL-PF and PO-PF to undergo the setting reaction.
PF resins hot-cured at 160 °C have the weight retention above 96.6% after the dissolution test. The results of the
thermogravimetric analysis (TGA) of cured resins and the properties of molding plates show that the thermal stability and
performance of molding plate in descending order are as follows: PF, PO-PF and LL-PF.
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impregnated Kraft paper.

I~ Al

B3 EPBE18IPE ( Phenol-formaldehyde resin ; PF )
RAMIEEEEZNEMEE 2 —  ESHRIKF
HAEE Resol & K Novolak B A $E - H o Resol
ZU PF fifE Ol E— DB S K pH BERFEEME
KA R A PF filfE - B2)A 1 PF &ils /5%
iy EA R AE S5 MR IR IR N R FEMAS - L3R PF
BEARBRK  BoaROEmME A REE - BRE
BEBESERBR  NSWHB2ZRANE &
It PF fifE 2% 2 EMAEERAEIE - olFEHR Nz
Pz mls AR - &0 FEME AR (ElE - T
BN R 2 B5E -

7S PF i lE R BISFIE 2B RS AT
EY  SHREtah2BRRERIZIMRESH
HNERZ - BYAMIK EEREFEENBEEMX
RER HARDPHIARERR —EBREEEY
EIKERETEXSFERARENEEAREE ( Zhang
etal 2011 ) FAEHR B =EEINAEAHMER
IR PF B EE 270 - Pan (2011 ) 5B BB
RACEIEMMBEIRNRIEAREM KO AR AEE
FARIAE 2 S A - Khan A (2004 ) RAEARER
N R AHAEETREEEVRSEREMSM
EEAR PF BIIEEME - Wang A (2009 ) 5
KRIEEIBIARBRTIIN 50%EABmERAR
PF Wl E A - ZEEEA (2011 ) BRBEERIL
REZE ( Phenol-liquefied lignin ; LL ) /R &
Novolak 2 PF fiffig - W5t IIE PF BiAe DI BRI S AY
BUARBYME - Lee A (2012220120 )BRIBELL &
KA M KEZA M PF fills - EARELATE M
RAMBEH  MEE AR AM Ak
6 O3 LE G BE =20 2 k1 F 8BRS E Al BUAR -

AMESERERETRERKBERE
( Thermal decomposition ) - EHIRIREZUAR ( Fast
pyrolysis ) Jh#S AR B F R C R RIEMNERE
400~600°C - G EARERE K RASAURBEL - 23R
RE - ARRBREERERE  RRe _RES
fE A - AL o[ ERE IR 2 /R AREE H( Bio-oil )
YY) ( Meier and Faix, 1999 ; Mohan et al., 2006 )°

!

Kim £ A (2010) EH R HERWEKE O ERS
48.7%MNEEH  HEPBHBIEEMAI S 46% - Bu
A (2011 ) BiERTEIEMAMER ZEERPEZHE
66.9%BN$8{EE#) - Amen-Chen & A (2002 ) %5
A AR RIRELEEH( Wood fast pyrolysis oil ; PO )
WA ABFIE MK A S RIE(EE PF
RE O] FEF A KL A #lRE23E - Choi E A (2015 )84
BRTLEA 25%8EaEmEAR PF HilsH
- Z X IBARE W 2017 RIFELERKEESS0%
B HEamzE88 BKRKEREBEHZKES
SRE DI CNS 1349 SRiEEDPH —HER 2 EK -
FREFZA(2012 ) BLEARFHN O EREA S
PF Wifle®E - MBBEZZEKR - B - 1EER
MERID] DIEABR R BN - Lee FA (2014 ) Al
o E{Eal/PO ESLEE 3/7 RN AN EME
22 AiEA M PF s -

H R4 ( Kraft paper ) A AARTEB S AR
( MBEEEAANER ) I ERAR - BESARRE
R (ZRBESA - 2004 ) - NEFFELUERE -
LL & PO "R REEE A M PF fils - tER A&
BERRPTS A PF BIlE 2 M8 - WIFRARE
- BR5Y PF Rl 2R RANERAR AR EE 2
ajiTHk -

I~ MRS 3%
(1) stami

{22 pE S8 (Phenol )  BAKEZR

( Alkaline-lignin - AL ; BARF(EK AT - pH9.27 -
BEESE 10~12% ) BEfE ( Hydrochloric acid ;
HCI )~ #85# ( Formalin ; 37% HCHO (.q) ) B2
( Methanol )~ Z %2 ( Ethanol ) &5{5#9 ( Sodium
hydroxide ; NaOH )+ £ Z Bg ( Ethyl acetate )* &
2158 ( Ammonium hydroxide ; 28% NH4OH (aq)
)~ ESFL ¥€f% ( Hydroxylamine hydrochloride ) F& B8
fif ( Acetic anhydride )~ IEWE ( Pyridine )~ PU & Bk
( Tetrahydrofuran ) PNHET ( Acetone )~ R#FRIREL
fl (PO ) RS -
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(II) BREEREREEDH

LL 2ERUI AR - HCl BE(LE - 2E
MEIRERESIE2.5/1 HCIANERMES 7%-
EEE/E  HCl & 1/3 EREZXER 500 mL A,
BERER RERSOSRKEBME - 2RE
FORERT - BRAMEE 110°C - BRBRIEGFAE
EZNRMARER D - W4T 110°CZFE 60 min -
FifS LL DIMFEZ IR FATEAER S - IEEE
—EIZMEET ( Brookfield DV-E ) i 25+ 2°CHIZE
HE - ERERIE R ( Suntex SP-701 ) JHIXE pH
B-BEXAERINLLAY 2~3g BTZ (W, )
PL100 mL BPEE/K (1/1; viv ) BRER%RE - DL G3
IWIEMN AR - EEBYLL 103 £ 2°CHFEEZIRER
B(W,) BBEE(%)=(W2/W;)x100 - ZFEH
3 & 2 DA Stiasny value 3R RIEEE=Z LI W3 )
B 250 mL JEM T - IKIHEZR S0mL - FHEHE pH
£70 - MARBSM 10mL & HC15mL - 2L 100°C
AGAMER 1 h - DL G3 IR EARIBIE - WL EKE

BREBMRDIEE R 1032°CHAETZIREBE( W, )

Stiasny value ( % ) = ( W4/W3 ) x100 ( Yazaki and
Hillis, 1980 ) °

NIRRT PO I EAA TR
FEPRi it HEERBENES 2 mm WEZIRFZAK
R AEAS R PR AR E R IETT IR R BV - KA
AE 500°C - B BIFEA 5sec - RRHMSUREL

RELR FISREMNOMIFBETRER B4

s 2 B Ol A BRIK G - ZRFRKTAERE - AR AN -
R REBRMEREOB OB - AR PO AEithik
ME - R E R RLRERES 60+2°C - pH Al
EREEBUIERERELE  REEHSE
FIEREEAINES PO( W; )i 250 mL EM S
MM 20% NaOH (aq)5 g + f&FHEMAR 10mL - 7K 20
g BL100°CKANNEY 2 h - BEENIA HCI 10 mL -
EEAEAE 3 h - L G3 WIEEMBE - IO EE
BEBYMFTDEF R 103 £ 2°CHAELZREESE
( W4 ) - Stiasny value ( % ) FHEATH °
(111 ) B27A 14 PF BIRE & AX

NIZELCAHMAEER 16 EEFREEY
BEMR soomL MOEESER - REMRZOS
Rl EBHEE  RREMRES  BREDNEHZE
60°C - BEE LD R 10 mL NH4OH (o ) ZH
MARER  WirHRERES 85°C  ERER

EHERERBMESIE 30min - 280 FEFESD
& - EBRLERK . FNEREEMUEZ R ( Rotary
vacuum evaporator ; EYELA N-1000 ) 5% 60°CH0%%
ERER KD - A LL BBEREMUR 29 FE
(94 g/mole ) BETEE®E - SIS AM 20mL &
EEDUEINARY - A8 PO AEERZERIZLE PO
B ESELE 1/1 RS - WAM 30mL L2 - =18
i Rk PR St A5 2 AL PF ~ LL-PF & PO-PF %1%
ik

(IV) PF SRl ERIE

HE K pH BERERENAIEER PF BilE#H
BEHARNEE 25% - 119 5 D10 8 5 5 E 5t
( Brookfield-DV ) & B E 8 E & ( SUNTEX SP-
701 ) R 25 £ 2°CIRIRAIE - AREFBEZEHTE
R BRI - BNERIBE S ¢ BF 2 - N
A 150 mL B/ BKRER - A% pH BE
4.0 - BEEINA pH 18 4.0 2 EERE A 50 mL -
6L 0.5 N NaOH (o) EE R ENE R Z pH BER
40 BEEEHRE (AmL ) B LS EETTEH
#HE (BmL ) UTFHARFTERREPE:

AREFESE (%) =[ ( A-B) x N x3.003)/
ARIE (g) x 100

N : NaOH () ZEERE

DFERERENA 0.3 g PF &SRS 150 mL IR
BEN - INAZEIELE 11 ZEERET/IEIEE SR 40
mL - BRRENE 2 KiETIMIERE - KD

Bt PF WS ARNUSKBIHEESRE 0.1%23
& LL0.45 um BIEEE - nFEHERKAGERS
%5 Hitachi L-6200A B 2 2 & E T & ( Gel
permeation chromatography ; GPC ) - 182874 UV
wRlER ( L-4000 ) KK 254nm - DEEER S
Shodex KF-802 - #xmaF AZ 7% 15 uL - DATUS RKIE
7S EIAH Mobile phase JH1 2 7% - A8/t 3R 1 mL/min-
WIABROGZRERBIUBELR -

(V) BENEEREED T

RF1#%2 % Perkin-Elmer DSC-7 FRZEIRH
<21 ( Differential scanning calorimeter ; DSC )
BIERFEAES SRR ER S mBRARE
AEmMEBEL 2 mg - MBERNREBREARST - I
mZEE 10 °C/min - JIERE &R 30~250°C °
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(V1) #E1E PF faifs 2 E i

A 10 ¢ PF ifsst il na e - L 160°C
NZ4 1 h - B TERARSRSEBEREEIRLN
#R 65512 ( Fourier transform infrared spectroscopy ;
FT-IR ; Perkin Elmer Spectrum 100 )- #0752 5B =
B % S28Y ( Attenuated total reflection ; ATR )23
BIEHFEEE 650~4000 cm™ - BEATE 4 cm™! - FHE
RE 16 R - BIEEHBRERABDERZE - IY
1 g i@{cteifs - HBRE - S8R 20mL A - B
B 24h BIE BEEVML105L2°CLZERRE -
SIEHESRER THUEBERBEERZE -2
WIS IS ER A &E8 4 Perkin-Elmer Pyris 1 #4
BENME - B4 Smg R ERNERE - AEIRIERE
FEBAR - HREE 10°C/min - AEEEELE
50~700°C - Eo SF M A BE 2 BEIEX
( Thermogravimetric weight loss ; TG ) MR R HE
Z( & ( Derivative thermogravimetric ; DTG B4R

(Vi) e =R A B ES

PF WAE L Z B2 AR BL B 25%87% - IFARE
15 % 15 em®F Z4TR 8 PF flfE/ 8P 24 h ER D
R BR - LRS- HOBEERE - BLL 60°C
MAENMBAFETREE - RERBEIERRERMR
B15x15x04cm’ - BE 1.0 gem’ - BNHEES

Z PF BSR4 HAHEEEES - DIFVEEE 2
MPa B ~NEL 160°CELEE 10 min °

( VI ) BB ERIE

R 2 x2x 04 e’ BB R - HIEE
REE(m ) REE (t ) REZEEKP - W 24
h REUE R EREREKS  AERKEHZRES
(m )REE(t ) 5ERKE(%)=(m — my)
/mg x 100 - EEIRE (% )=(t1 — to ) /tox100 *
1 AEERAS MR R DIEVA B E E R A
2aatk - PURE RS ( Shimadzu Autograph AG-

& 1LL R PO ZHE
Table 1 Properties of LL and PO

X)) RIREEE A B 2 mm/min 2 S ERE N
SIREHE AR R FBRIBER CRAEHE AR
BE=AEREMPa)=P/(a x b);P: KRR
BRAHE(N) a x b: AAEE(mm? ) FiFHR
1% 8x1x0.4 cm® B BU A, 7 ) A Shimadzu EZ Tester
HaEallg =R EESNANE - EHE
B (MPa)=(15xP;xL) /(b xh?) JEM4EE
(MPa)=(AP;xL?)/(4xAyxb xh®) Edbp,
BWRFHE L BEE b KhDRBREREER
EE AP BEEAIRRA LIREGEHE T REEZE-
Ay "AP HIEZEMETE - ICTKEERE 1
mm/min * M FBRIEEIOET S EEHE -

I - #EREAEY R
(I)LL X PO Zi&E

LL B AREREm &I LI HC R EEEIES
HEEREFRSEY  XuSA (2014) SEHE
LB P REM K 8 PEAE ( Degradation )~
7% ( Decomposition )5 B #E S ( Recondensation )
EE /N FE - Yamada & A( 2007 )& Zou EA( 2009 )
AfERILREEY R —BERDEHNESY -
HpERE2AEREEENAREMLE - KxE
ZRIEAE REME KBRS - PO B
BABEMBESRANBRESEEEY  HAMX
APEIELE - BEH - BE KRR WE - BRE
ik EMFZARERIEEY ( Kimeral,, 2010 )

& | HARMRFERA LL & PO Mgl /RR 2
ME - Hp LL ZEBERE 0% - BB SE
EoJig RBRTEARE - I LL ZH5E 151 cps
pH {8 3.90 - L B3BS°CNMAEREZABEBRNZE
29.9% - ARMKEROI R EMEIZ £ 2 Stiasny value
97.9% BERBMERB =B FES S8k
FRUGDREVEEMEB B ELEL - B

" B HE! EE D Stiasny value
N EIELE H &
LL 0 151 3.90 29.9 97.9
PO 1500 6.56 81.2 91.5

'LL & PO AR &l #URE 72 Al & 25°CK 60°C -
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HARD PR 91%0 EREREZMYE < M
PO TERE 60°CHS Z#5E 1500 cps - pH 1& 6.56
AHEE D ZE 81.2% - Stiasny value 43 91.5% - UT
BIEPHNEZHE 85% 0 RN EZImEYE

(II) REER® PF fifs 2 &

fz/AtE PF flfaS % Resol &L PF faifis - 717B]
HAoFHEBIEZERKPE Jtt?«EﬁﬁTLme
ETREESREMERS 2 FERELEE -
BKAMSRIE(EE PF BISLEEY - AR ﬁkﬂﬂtb
#57Y PF IR SR P B/ B E B &)\ - W55 6R
MIRIBENETRE - IR BRRSHEEZD T
HRE  GRTHRKEKPENSSARD - Al
SREHIKWBRIAOMABRK - BOABERER
R -

T2 R=-ERMERNFT AR A PF Sl 2 4
B HohER pH BERANOEHER 25%3%
BAERS - BRI =7& PF B3R5 5 5®
MRYERE EREE - ERLETE 6.0 cps BUT - pH &R
£ 7.42~8.67 ° L,{Eﬁﬁai«‘ﬁzziiiﬂﬂﬁﬁﬂﬁﬁﬂpﬂiﬁﬁ%Eﬁ
B2 R0 - LUEAB RIFRFTS K PF s
PARAEBAREFE MM LL & PO BBERE
B LL-PF & PO-PF RIDBIEE 6.4%K 7.3%KK
FEEFEE - BE7R LL & PO BARRE 7 R FEMERER
iy - B3RS B SCRBAISRE U ( 2017 ) RUA PO PR
BRKA M PF B 2 & RABLL -

—RBaEEL GPC DT 2D FE4 %?@E‘T"

PF BIEARANEEFIOREEFHINF= -

DFENEE 2.39; ML LL BIERZ LL-PF BB
BHRFEHEDFERBR/INLFESHE - B 1 ]
HoRERMRNPHEREAE PFERENSD FENH

/\

x 2 FAEEREIRE PF il 2148

B - AEJF =7 PF s v n FEHUZIREES
i Hob PF RIIEERBERZHDFELN 1000 L EZ
A RN - LL-PF RIB&BKLLAIRE 72 F =2 A A
f5 -

& PF faffg L 160°CINERRE(L - 17 ARERA H
AR vEEREBXHATHEBEEMEZBLEE =
& PF HIfEEERBERTE 96.6% & - BARIENMER
BREOEREEREAB REMEE - HP L PR
BilE v BIEERS HEEREBEE 99.7% - Mg
{& PO-PF RIIERIRRE - REESHFREBXRIOJZE
96.6% °

(111) AEE/ER PF fihs 2 DSC 2IE L2 HT

B 2 B=TEm RN ERRAY PF BiiE2
DSC #3478 - RERE R =& PF &5 DSC &%t
BHBEPHOHIREBRE BN ELE 3 3 8l
REWNREZHESWSE - EPLEABMBER

Intensity

4.0

Molecular weight (log M)
AEERRIEME PFRilEZ D FEDTE -

Fig. 1 Molecular weight distribution of PF resins

2.0 25 3.0 35 4.5

B 1.

prepared from different phenolic materials.

Table 2 Properties of PF resins prepared from different phenolic materials

Tl B i Rtk M ! pH! & N FE2 B{EE:3
5% &R (cps) RS2 Mn Mw Mw/Mn (%)
(%)

PF Phenol 5.6 8.67 0.0 929 2217 2.39 99.7
LL-PF LL 6.0 7.68 6.4 526 1050 2.00 98.2
PO-PF PO 43 7.42 7.3 698 1733 2.48 96.6

! BIERRE 25% - Al E 25 +2°C
2Mn * Mw * Mw/Mn D RIREEFS - EEFHEDFERD FEDHE -

3160°CRE L la RS Lol v BEERER -



42 Z=HR

METZE FOREST PRODUCTS INDUSTRIES Vol.37 No.1

RIAY PF fif 5 2 Zhom iR 4R (2 IR — B ELE - BAR
BERRBEBRENERRE 125°C RREXE
REE 163°C - WHVRE 195°CIFERENRE - B
EREBENNEES 158.6 J/g - XL LL & PO
BB EBFTS A LL-PF & PO-PF RBIfE B1ERE R
SHIR—E/NRELE - EHRERERHREN T
IRTE 100°C - AUZt PF 481 f5 14 B 9 A 45 0 b A A s
FETNEBEARRENSE - #8 IHEE A EE
RIZER PN PF PR ET NI R R Y 2 2 &
# MESRRKASE=RTENFIEZEHES
[ & 7 I EAE - F5R 3 OJ &l LL-PF K PO-PF &R
ENEZREDRIEELRE 171°CK 177°C - IEPEER
REDRIFEEITE 223°CK 236°C + SRE2 PF 1§
JEEEER - E R FEIEERIEE - LL-PF & PO-PF W
ERIIE D BB 77.0 J/g K 942 J/g - A L35SR D]
- BULL & PO BIRKIFTEE Y PF Bl EEUE
EBAERRSNMERE - MEE(LBEZPTET
HRBRERERE MEEMAELREE
AU TE PF BIFSELER - PO-PF 2 R BRI E KR LL-
PF °

(A)
2002
&
2o {7 o
= - o
w0 [T TN T /’/ <«
9] N a
206 {1 N

-LL-PF ~.
— - PO-PF
1.0 T T T
50 100 150 200 250
Temperature(C)

2. AEERRIEME PF fifs 2 DSC o irE -

(1v ) 1&1t PF il 2 FTIR 247

3 B 160°CNEME (B fINE 2 FTIR J65%
- Eoh PF BIF57E 3100~3600 cm™ (1 ) FIZAAIE
BERWE A EED O-H ZH4EIRE - 1339 cm’!
(9) BIBEZEHIRERULE ; 3020cm™ (2) 75
BIRYZ C-H BHEIREIRUILE - 1100cm™ (11 ) RE
B H 2 SRS RULLE ; 2920cm™ (3 ) & 2850
cem’! (4) BIDRIAREREE (CH, ) WAEE K ETHE
BRI IRULIE ; 1600 cm™ (5) 1509 cm™ (6 )~
1473 cm™ (7 )~ 1455 cm’ ( 8 ) BFRIRZHFHIRUL
I ; 1208 cm™ ( 10 ) BIRMAEE 2, 4- BV EIR R
UTIE - 821 em™ (12) K& 757 ey ( 13) B3RS
1,2,4 5 12,6 S ZRIRIEF E 2 EFIRUTIE ( 3
EER - Z=CHE - 2012 ; Trick and Saliba, 1995 ; Costa
et al., 1997 ; Lin and Teng, 2002; Ktistkova et al.,
2004 ) - Ib#ERBRE(CEOEEA Y PF BilE 2B
ERETORFAMA A (SR P EEE ER -

Ml LL & PO BIRFZ LL-PF & PO-PF i
PF B2 FTIR SEREEl - ZATE 1039 ecm( 14 )
HIREH-CH,0H 2R IE - B nEREERIEA
MAENER  EEEGEDEBE D R<IE-
CH,OH - B3R 2 E5&MAZCRE (2012 ) FIABME
A FOREMAZ F 2445 Novolak BY PF s 2 45 R
iEED

(V) BE{E PF ff5 2 TGA 17

B2 PF B RMBE S S EMIEER
i Em/ﬂniﬁiﬁ.—FPFﬁmaﬂﬁékﬂf )BT R N
—PHRERE HEPEPEORSBLPE 1L
KPR K PO E—DH PF Wl EBMEE -
i PF e 0 FAE BRI P EE R A ZE L
FPRER  BRGEEREBNEMERNEER
INEIAEEEA - Bk B - SRERER R ETIRK R

Fig. 2 DSC thermograms of PF resins prepared from MR C-H RI5EE - £ESER - RFEH
different phenolic materials.
=3 AEERKI S PF s 2 DSC BN S #
Table 3 DSC thermal analysis parameters of PF resins prepared from different phenolic materials
i B fUS% YA & RRENE HERNE R EHEE
O O O (/g
PF 125 163 195 -158.6
LL-PF 135 171 223 -77.0
PO-PF 129 177 236 -94.2
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It C-H #ABEAZRBREMELS - BH@EARE
FREEZKERSE—SHDPREFAREL CO,
KEBWR - 600°CRL LRI RIRG BB S S EFT
SR 2 ES1BEK ( Trick and Saliba, 1995 ; Trick et
al., 1997 ; Lenghaus et al., 2001 )°

4 BE160°CHNEME(E PF faiflE 2 TGA E4
BENME - HP (A)BA (B) B2AIAE TG &
DTG B4R - B8 TG B#ERLUEAB R Z PF &
IEZEMETIHEER2EEYZ LL-PF K PO-PF -
IR AT RBANSREL ( 2017 ) RS AERAERE -
LEOJBEE LL K PO 2B EN A EPRKRE
#RD (Buetal, 2011 ) WARDEMBBRES
R mAEmiREL - WIS MY ZEEBRK
B PF fiflE ; 55 LL & PO PE DB EE(EE Y 2B
MIRENUCHPEEARESED) FEBEFNLE

( Choietal.,2015 ) HER{EEE ZRBEERE

MR EZEEIKH Y - LL-PF & PO-PF EE#. - LL-
PF fEMNEAE 450°CLl EZESBREMPIE - gial
DSC ##rigH LL-PF TEEME(E381E 2 2B R BT
EARE - LAEMEIMREZEIERA -

x4 B ZYERmMTEE

Table 4 Physico-mechanical properties of moldings

5 H DTG [B 2 BB R RN G Ol i H AR
BN R=EREFRER - F—FEEREEERE 300°CLLT -
FBERARSERBEMDNRERGIRERES

¢
I

LL-PF | 1

PO-PF

Transmittance (%)

H

2500 2000 1500
Wavenumber (cmt)

3 AEEREZEME PF fils 2 FTIR J¢:EE -
Fig. 3 FTIR spectra of PF resins prepared from
different phenolic materials.

4000 3500 3000 1000 500

fit B MR 7K == BERR=R AEEE EimE EMER
L] (%) (%) (MPa) (MPa) (MPa)
PF 13.4+0.9 30.9+2.3 0.58+0.50 122.1+110.5 4563.8+£209.9
LL-PF 16.5+0.3 41.8+£2.9 0.25+0.04 57.1£ 6.0 4454.7£107.1
PO-PF 34.6+0.6 54.5+£3.0 0.44+0.07 70.0£2.7 3550.9+77.9
100 e -1
== (A) | £ (B)
I S T ST .
T SR I
& £
= 60 20 \
ED g ST l‘\fl "‘\\l‘ , 4
L 40 > | ': Ny
= > [
—PF S -5 TPF L
20 F - LLPF o ---LL-PF \ I
— —PO-PF ‘£ —=PO-PF Y
)
0 I I I I I I () 7 I I I I I I
50 150 250 350 450 550 650 50 150 250 350 450 550 650

Temperature (C)

B 4 B{EPFRIEZ TG (A) X DTG (B) & -
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