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Optimization of Synthetic Conditions of Epoxidized Lignin and it’s
Application to Biomass-based thermosetting resin
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We report synthesis and utilization of epoxy resin derived from lignin (L), which is classified as a plant biomass
with a polyphenol structure. L is considered to be a suitable alternative to petroleum-derived phenolic resins used
for preparation of epoxy resins. Thus in this study, we synthesized epoxidized lignin (EL) by the reaction of L with
epichlorohydrin and cured the resulting EL by using phenol novolac (PN) as a curing agent. At first, the effect of
phase-transfer catalysts on epoxidization was examined by model reaction using coniferyl alcohol (CA) . CA was
reacted with epichlorohydrin by a two-step process in the presence of the catalysts, and it was found that the cat-
alysts composed of ammonium cations with alkyl chains longer than ethyl group were suitable for epoxidization.
Then, L was epoxidized by using Tetraethylammonium chloride as a phase-transfer catalyst. As a result of opti-
mization of synthetic conditions, EL with low epoxy equivalent weight and softening point was obtained in good
yield. The resulting EL was cured with PN to give a cured resin containing about 75wt% of biomass-derived com-

ponent.

Key words : Lignin, Epoxy resin, Epoxidization, Biomass, Thermosetting resin

1. #&

il

AR, LR EROME, MWERERILZTRE T8
BE#oOBmTIVEZT, (N F~A] ICHEHPET
S TW5h, WA FIZAEFEZRA PAMERIZT 572
OIE, FHEBRFEM, IRIIERFEM ORI RS
WHTHAH., V7=, EYWREFREOhTcE, HE
BIZRR PAMARTERILEWE LTORT Y v v
AT HARENA A< ATHS V.

V=i, AMEEET 2 ZKESO—DOTH
LHY, M SN TR WAL FHIN TR Mo F
B> T Bt u— ZRFEM LB LT, WER ik
e & LCoFMAYANE, AR FHEARIZH
FEEINTWAWD Y, Yy, ZKITICADHA
PEHMEP OB 2 A TH 2 (Fig.1). LaL,
LFREERICEL DT = ) — VKR ET A2 &
o7z = VBHRORBME L LV RLIRT Vv
WEHD TS,

—77, TRF VBRI, ZEERETRS VBRILE
Wy & REALHI O BOG I X Y = RocHE HREER 2 T L T

WAbs 5. ComAbYIE, BWRE, W, BEE
FICBWTENCREBEZAETAMB L LTHILONTS
D, TNHOMEED? L TEKR - BEESEH TORM
AR L LT, MWITER - BETOHICBIT2HI1E
, MZEHETOFRPY MY v 7 AMIESE L LTLA
MEnTwd, T, AL LR UBRIEZ 5
FHIC TR ED 7 2 ) — VKRR AT BALEW
#T¥zsuuk ) » (ECH) &7 VA)5EBTICT
IBEELZLIZEINELNE. ftoT, KTz
—VThb) 7= VIR & LTI TR, K
FUBBELTORT Yy v HOTVS, Lo,
IRFUMLY 7= %) S THLEES 2 &
A, FEHEAIZIZ100%ICIEV N, F < 2 HRE R
PO L TR F IR ERTREEEZE L O
5. TNETOWIET, V7=V BT F VEEOM
EH & LCHHWTEETH Y, SHICY /=2 RF
b A LT ARF UL LTCOFMHRETH B
TEERILTWE YT, SE, VoI EFY
Bz CTHiET 5.
WdorBy, —MHMIZ7 =/ —Viibawz 7V

FEWMBIR LERSOTHEET, 2y PT7—27F)<— Vol35 No3 (2014) % —#BINEE L Tl

140



141

A VAT CTECHE UL &5 Z & TR F V% E
ATH. LaL, VF=roX) Il siEzs4T
LIRFVMIRIE, COFETREZIRFI(LEECHE
DEAFICIYESTRILL, TR X VHIFo AR H
HTHDH., FHE O, MHEBEAMES T T TECHE X
BEE, ALz oe FY IR Z KR TT )V
AVICE YRS L BB L) 7= o KRF
LA TH LT L 2B LY Lal, Boh
% TR F ¥ BRI BRAGIR L AT W 72 0 T AL B 1 A3 1
ST, BRI OVERAHEETH - 72 °.

Z ZTARBIZETIX, &bz iz, Xkt
BEOIRFIY 7= 2 ELZETHRELTD
W RetE % S H W TE RS o fali b 2 MET L 7.
FTV = voETMEEmELTI=T Y NT IV
I— IV EAVZRF AR XD ol ke s & S
MZL72. RICZEDOFMED LI V= 2T RF Y
ftL7z. ZLTHARLIZRF ML) F= %, WL
HleLCT7x /=N R Ty, WALRMER & LTl
— VT /) TFNV2—ITFN—4—RXAFIVA IF =)
(2E4AMZ-CN) % T, MEBIET, 7L AR L3
5 2 L THALY 2R L 72,

Fig. 1 Supposed structure of lignin
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Fig.2 'H-NMR spectra of epoxidized coniferyl alcohols
(ECAs)
(a) TBAC, (b) TEAC and (c) TMAC (CDCls, r. t.)
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Fig. 3 Relationship between number of carbon in the
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"H-NMR spectrum of epoxidized lignins (ELs)
(a) EL (TEAC) and (b) EL (TBAC) (CDCls, r. t.)
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Table 2 Properties of the cured resins 1
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Fig. 7 DMA charts of the cured resins (5C/min, under air)
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