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[Abstract] In this study, bisphenol A-type epoxy resin (ER) and liquefied wood-based epoxy
resin (LWER) were prepared by reacting epichlorohydrin with bisphenol A and phenol/bisphenol
A liquefied Cryptomeria japonica, respectively. Triethylenetetramine (TETA) was used as a
cross-linking hardener with the equivalent ratio of amine to epoxy as 0.8/1, 0.9/1 and 1.0/1. The
curing behavior of epoxy resins with different dosages of cross-linking hardener was detected
by differential scanning calorimeter (DSC) with dynamic and isothermal heat scanning. The
properties of cured resin were measured by Fourier transform infrared spectroscopy (FTIR),
dissolving test, dynamic mechanical analysis (DMA) and thermogravimetry analysis (TGA).
The results showed that ER resin had smaller molecular weight, lower viscosity and had more
heat released during curing than that of LWER resin. In addition, the cured ER resins had higher
storage modulus, larger weight retention after dissolving test and better heat stability. The
chemical structure of cured resin was not influenced by the dosage of cross-linking hardener.
For ER resin, increasing the dosage of cross-linking hardener caused a more heat released during
curing and provided better physical, dynamic mechanical and thermal properties for cured resins.
However, with the equivalent ratio of cross-linking hardener as 0.9/1 had more heat released and

better properties for LWER resin.
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Fig. 1 Structure of epoxy resin.

A2 BLER S8 R P e I FE R ER ) LWER
fHER UG - ATETARS G - £EaT
ZRUE RO A R S 00 S e AR ER A 2
SHEME B REAL SRR o7 T ~ PrBE e E
BYRERIRIE S e B 2 R

1~ BPRFEEL ST 4

(D) G
1. {LERgEs,

3 (Phenol) ~ # [y A(Bisphenol A) ~ I&
E & A E(Epichlorohydrin) ~ Hif#(Sulfuric

acid ;s H,SO,) ~ Hfi#(Methanol) ~ Y& kiR
(Tetrahydrofuran ; THF) ~ 0tbIE(Pyridine)
UKEEE (Glacial acetic acid) ~ & & LN
NaOH) ~ [BkHE R
#(Phenol phthalene indicator) ~ = Z )Y
fi¢(Triethylenetetramine ;s TETA) ~ Fffijig
(Hydrochloric acid) ~ Nfid(Acetone)
2. KEME
Ml #2(Cryptomeria japonica Don ;
Japanese cedar) » £& H B 5 # K2 g
PR > JRBEEE PRI ZE 3PRHE ~ elfin 432
AL AR

(Sodium hydroxide ;



—36— IR RE A RS I T Ty AT B i UM B R E IR S IR i (LR e i LA 1 2 R

(D) MIFZARM 2 AR P

LI 3838520 mesh 2 HIFZ AR¥ Rk
FaK} - 88 L8/2 2 T/ BT AR A VS
B > WRALTA B E 5%, 2 H,SO, B AL - 8
LS| B A Ky E R H2.5/1 - LI150°C k60
mindE T AL R HE o P IS H( L E V) a2
1.9% ~ FhE24350 cps ~ #4{E452 mg-KOH/
g~ THHEEI) 65.9% °
(1) I S

1. i AR IRE BB (Bisphenol A-type
epoxy resin ; ER) : FNE H LL5/1 Z IR
HNEEL AL 1,000 mLPY[TE]E T
FEIR - I FEYIIEAE110°C - LUEE)
FESE W A40% NaOH,, 1E0H » §
il AH L (E£E4 hif5¢ » ZENaOH,,
IRINZE S » R A EL h o i TR
mal o i - ABRBHEIKH 2 NaCl »
Slf7 A0 JRR 22K BB B 25 7K R o X I 2 BR 4
FARE o FERFIIA100 mLA (A fE
1A » Wi {HE 8 2 NaCIfhL U -
A ETE 2 > FHAT IR KB BRI - By
3 B B A Bt AE (BT ~ PRIESR -
1987)

2. Moy /¥ iy AR AL I A2 £ 2 T 3R SR st i
(Liquefied wood-based epoxy resin ;
LWER) : HU& 15 5 R 2 A L2 B
105 B ERA AN e S SCHEHIL A - [R] i
LT TEEA TR A R RE

(V) B2 1 E il E

1. R LiBrookfield B — [AfiH#H zCRY
FEEHAIRE < - BBk A 25 £2°C »
EHAEMNE XBBX -

2. BREE & ¢ H10.5-1.0 g ARkt AE 2250
mL =R » FEFFZ(W) - J1A0.2

NEEIENE SR 25 mL > SER £ 20
min > (HATE R > MIAS0 mLHfE -
LIByBL F5 57 > £L0.5 N NaOHHH i
VRN E £ E EA(A mL) - [F] BT
T HABE(B mL) - IREE (g
eq) = (1000 X W) / [NX (B-A)] ; EHIN
FENaOHHI AR < B B IR - HIE B
M3 E M o

3.0y - IR R ITHF R R 2 iR
£0.1% » L10.45 e myENGETE - 79
B E IR B ) R A s B R 2 B g i
{#(Gel permeation chromatography ;
GPC ; Hitachi L-6200A) » fafllgs UV
%l 25 (Hitachi L-4000) » {5 I F254
nm > S} L Shodex KF-802 » £
TEAE20 L > DITHFRSEH IR -
T 1 mL/min °

(V) ERERIE 2 DSCRE{L 43 #

1. DSCHREER G 0 A - RIS
Perkin-Elmer DSC-7#UR Z i R &
{# (Differential scanning calorimeter 3
DSC) » %€ MG L I TETA BLER
e < s B B R S B EE A 0.8/1
0.9/151.0/1 = j 3% € & < I S et i Bl
TETAGFER RIS » B2 mead
BHA R SR - B KR o HIE R
FE#I[E]30-250°C » FHELHEE10°C /min »
IIELFE 51 SR F &R, » fe Sk B
R Bafi L o

2. DSCEHIRBMT I AT« PRI FEAS ket
M ARSI [mI AT - UK 2 meal ks
Frindnfg - wE - W o FRAVT
T AT o B R E R EESSC ~ 65°C
K 75°C > FRRFERTS0 min > FOERERHEEN



Hr3E R 2L ZS Tl (Quarterly Journal of Chinese Forestry) 49(1):33—48 (2016) —37—

TR < B L o

(VD) R BRI i < TR

3% € TETA BLIR A M8t s 2 M & & B IR
SEEILE0.8/1 ~ 0.9/11.0/1 » BEYE S

LIRERR B TETARERNIS Z) - BT
FE10X 1 e’ B AIYIRE L » et IR T E
2 h > BB FELLI00CHTZR h » 110°C HhZA2
h» 120°CHNZA3 htEf TIRRE LR 3

1. FTIRIIAT + HUEALAS R iy - 38
RE IRE{5H I 25 28 5 Perkin-Elmer Spectrum
100 {# FI| ZEMEHRT S+ K O'CRE 5 (Fourier
transform infrared spectroscopy :
FTIR) » ¥R%&: SCGaiflE - WIRE 2 oeas
#i[#]4,000-650 cm™ » fiEHTEE4 cm” > R
RBAR -

2. vaEBE R RE LB RIS E - HU0.2 ¢
FRARf250 mLECHEREME - KSFFZ(W,) »
JIA20 mLPSHR » F#iE24 h > DUJEAR
P > BEYILI10S CHIg AR E
(W) HERHEE(%) = W/W, ° F—
3 BUERREERERY.

3.DMAB)EREM B 0 1 - PR R &5
Perkin-Elmer 8000} He Zh &tk 43 M7
f#(Dynamic mechanical analyzer ;
DMA) » G A5 X 1X0.4 cm® » ]

FE IRF P P 8 g 488 1 (Dual cantilever

*1 REMEZTE

Table 1 Properties of epoxy resins

bending) IR » MIESHZST Hz » T
TR 28 2°C /min > {1 RE VR 86 1] 25 1A 22
160°C -

4. TGAELMITHT + HUREA LA A BF PR R Ky
8 A # &5 Perkin-Elmer Pyris 1Z\VEE 7
T (Thermogravimetry analyzer ;
TGA) » Hi#)5 mghkin it B &bk -
FEFrZ - W IR BT R BR > MRS T AR
H#i[#50-750°C » FHEHA10°C/min > 53
Mtk ot BAS e 2 B R AL

P~ G R BT G

() BB R 2 EAME

F 15 Sy ATUER S B (ER) Bl iy / €
Ay AVRAL AR M 55 R HER SR (LWER) 2
PE - HAERBIE ZRE1370 cps ~ A
B 284 gleq o MLWEREHE 2547320
cps ~ B4V F318 gleq o A LLB R FEIR i At
25 F & » LWERE# 2 71 =S 1>
ERHAR o I ATRE KR AL AR B A (IR
RGN 2 REfREY) » HAHR Y 8 & Y
WERERE S 2 0 F B > HAR o R
EERYA > H B2 AR (RIKE ~ X
7 5 2009b 5 Zhang et al., 2006) o [K &%
L B IR & I 2 54 - Bl oy

: ; 2 Molecular weight
Code of resins' Viscosity EEW

(cps) (geq) Mw Mn Dispersity
ER 1,370 284 600 377 1.59
LWER 47,320 318 2,345 787 2.98

' ERFILWERZ3 31l 25 71 F B A B A LA M £ JEORHEU i 2 BRI -

2EER : IBRE& -



FREK > AR R - A ELWERH
Ne B A R RE R i KBRS & -

li 2 72 W L ER 2R 2 73 - Ry Al
HARERBEIG Z 77 & e K - »
B FaEomieEd » HomErs9 - Wi
APl o PLPY R R 2 0 T &
SYRIE228 ~ 329 ~ 447 1626 » 5 H i FE[E 2
AT AL DY A1 B Mg 73 B RAnfE RS0 ~ 1~ 253
ZEFEY) o BEURILEREHE E A/ N TR

—ER
> ---LWER

§%)

c

2

- A

20 25 30 35 40 45 50

Molecular weight (Log M)

B2 REHEOFEDINE -
Fig. 2 Molecular weight distribution of epoxy

resins.

0.5 ER
o
2 05
=
°
G
< -1.5 ¢
T

2‘5 1 L 1 L 1

40 80 120 160 200 240

Temperature (°C)

'«— 0X3
Heat flow (W/g)

IR RE A RS I T Ty AT B i UM B R E IR S IR i (LR e i LA 1 2 R

it o T LR A 55 J5UREZ LWERKSH S
2 FRMEREE » BARE &S
Hop & 7 AMIE3002E10,000 » 77 HLE
2.98 -
(1) Bt g 2 B L

AR IR G LRI TETATR 5 —
JiE S FE » Barral Z% A (2000) & FI|FHIDSCHy
R IR S I AN DN RE 2R R L 7 2 B A LR
PR > RS e R S E R & B T
5 (Autocatalytic behavior)  [&]3 5% i fE IR %,
F VR A [ L B TETA 2 DSCEY RE BT i
gyt 2 Bam s LlE - R2HR H AL
ZAHBH > W 228 o EhlE] T R A ER S A
TE BT AT A ED R B R - 3t BE VL
T T R E RH B il > BRI =
TEANA] EE A .2 TETA ZE G A LR S i 22 1
HHARR 2 JEtE I E -

W R T B A AR LU > ERMEAR 2 T
B & 4 s T AERH R R LWEREAE » BHUR
ERMS IR 1 20 LA A B e o2 SOREE - f
AT S 2 JERG I HE o T LWERS i 1 24
f i R 2 BRI - R IILWER

0.5
-0.5 E<n
o
l
15 - - IWER 08
wes LWER 0.9
—LWER 1.0
25 : ' | I
40 80 120 160 200 240

Temperature (°C)

B3 FEZEELEIRIIBREMAEZDSCRELE -

Fig. 3 DSC thermo-setting curves of epoxy resin with different dosages of cross-linking hardener.
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Table 2 DSC thermo-setting parameters of epoxy resins with different dosages of cross-linking

hardener
Code of resins Rate of hardener' Peak temperature ("C) Peak height (W/g) AH’ (J/g)
ER 0.8/1 81 1.0 292.9
ER 0.9/1 80 1.1 310.3
ER 1.0/1 80 1.1 319.8
LWER 0.8/1 75 0.4 110.1
LWER 0.9/1 76 0.5 163.8
LWER 1.0/1 74 0.5 163.4
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Fig. 4 DSC isothermo-setting curves of epoxy resin with different dosages of cross-linking hardener.
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Table 3 DSC isothermo-setting parameters of epoxy resin with different dosages of cross-linking

hardener
Codeof  Rate of Peak height (W/g) AH (J/g) End® (min) Ea’
resins hardener'  s55°C 65°C 75°C 55°C 65°C 75°C 55°C 65°C  75°C  (kJ/moD)
ER 0.8/1 043 058 0.88 107 213 213 44 30 28  381%20
ER 0.9/1 086 138 1.82 206 231 231 71 42 19  388%08
ER 1.0/1 092 157 0.96 192 192 217 66 54 31 30684
LWER 0.8/1 0.19 049 038 66 133 84 176 159 7.0 37.4+128
LWER 0.9/1 031 079 058 65 113 83 106 75 7.1  55.0+%233
LWER 1.0/1 0.46 0.60 0.56 67 118 73 79 51 48 5514232

S s
* A H R End 37l 75 B ER B SRS SRR
* Baf TG LAE

ERMAETE3,300 em™ 2 B B I £50-H
RN-HZ i fRB(1) » 3,060 cm™ 5552
C-H{f#EHREN(2) » 2,962 ~ 2,930 ~ 2,867 cm’
BRI 2 C-HZ i iR B (3) » 1,607 -
1,582 ~ 1,508 om’ 5 AR BRI IR I (4)
1,460 1,360 cm™ B IR EMBHIEFEH#EHCH, 2
AN SRR B S R 4R B IR I (5) 0 1,295
e’ B BRI C-0O-C 2 Bk # R I kg (6)
1,239 ~ 1,182 om’ BB A B 2 B R E)
+IR IR 2 C-O-CIEEH R HiE IR B (7) -
1,034 em™' 1 ~ 4RI IR 2 C-HIF ZF [
B IRBY R R I Bk 2 C-O-CHT R (iR
B(8) » 828 em™ 1 ~ 4HUAAYRIR ZC-HIE
7 T A2 R B+ B R TP CHL, o2 7F T8 i
#(9)(Patel et al., 1991; Cherdoud-Chihani et
al., 2003; Martin et al., 2006) °

liE 5(B) LALW 3 Ut 2 LWER 51 fi5 BEER
1A B A B 2 W MR 3 o B iRAL S
A BLER R E B R E T TP R EBHR - AR
161,720 cm ' [fif3E IR C=0 2 Kl (1) »

1,335 cm’ {HBUEAE 75 & B2 CHR PR
Wl (2”) » 884 em B PUALR K IR(3) »
754 cm ' HIH1,2,6 ZHURIE T 2 5 & IR
S REN(4°) » 692 om™ H B B2 R ER
(5°) » HH b3S S BE /R LWERMSHIE RTF (£
b Z AR RELRE 53 11 6 B AR 3 2 At H (Pan et
al., 2009; Kiistkova et al., 2004)
(V) & i Ga E B R AR

TFI AN [R] EL I e e A b ) o2 A L B
SEUBHIE LA EE 1 T A e - RS SR 3R4
Fftr > REZERERE LTS 0 L Bk n > 5
b ERRARGRGEG 2B ERR
TR 25 ZERG A LRI 5 B BR A UBT R 2 2R
% ZBERG IR IE - BEH L BIIE AR m 2
R A B o e R (ORI NA e el 1
Ao VA AR B 2 R R AR A o W
fEAAR G LR > ERBIIE 2 SRR
AR ALWERMSHR » BT H 4806 I e

o

iy

S
i3



>
é.
3
=
) L U

Intensity

IR RE A RS I T Ty AT B i UM B R E IR S IR i (LR e i LA 1 2 R

| LWER 1.0

| LWER 0.9

- LWER 0.8

(B)

1 L 1 1 1 L 1 1 1 L 1

4000 3500 3000 2500 2000 1500 1000 500 4000 3500 3000 2500 2000 1500 1000 500

Wavenumber (cm™)

Bs BLREEEIFTIRE -
Fig. 5 FTIR spectra of cured epoxy resins.
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Table 4 Weight retention of cured epoxy resins

after solvent dissolving test

Weight retention (%)

Rate of
hardener' ER LWER
0.8/1 81.0 76.2
0.9/1 82.8 76.3
1.0/1 83.1 78.5
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Fig. 6 DMA curves of cured epoxy resins.
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Fig. 7 TG and DTG curves of cured epoxy resins.
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Table 5 Thermo-gravimetric analysis parameters of cured epoxy resins
1 II 11 v
Peak
Code of Rateof WL Onset’  Peak’  Height' WL! Onset WL Onset WL
resins  hardenerl (%) C) °C) (%/min) (%) C) (%) C) (%)
ER 0.8/1 6.3 241 327 -8.1 54.9 352 19.6 464 59
ER 0.9/1 4.6 240 326 -8.6 523 352 24.5 472 53
ER 1.0/1 5.5 303 333 -10.1 55.7 372 20.8 486 8.4
LWER 0.8/1 25.1 287 319 -3.7 24.1 362 18.1 497 29.3
LWER 0.9/1 18.7 276 315 -4.4 27.7 350 21.3 487 15.1
LWER 1.0/1 22.0 263 305 -3.5 26.3 353 19.8 522 18.0
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