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Preparation and application of epoxy resin derived from protocatechuic acid

CAO Zhaolin', YAO Yucheng', TAN Jihuai' , CHENG Zhenshuo? , CHENG Cunzhao® , ZHU Xinbao'*
(1. College of Chemical Engineering, Nanjing Forestry University, Nanjing 210037, China;
2. Anhui Engineering Research Center of Epoxy Resin and Additives, Huangshan 245900, China;
3. Huangshan Kehong Bio-Flavors Co., Ltd., Huangshan 245200)

Abstract: The brittleness of epoxy resin needs toughening to meet the application requirements. Protocatechuic

acid epoxy resin (PA-EP) was synthesized from protocatechuic acid (PA) and epichlorohydrin via two-step reaction,

and used as special epoxy resin for the modification of bisphenol A epoxy resin. The structure and properties of the

PA-EP were characterized by fourier transform infrared spectrometer (FTIR), nuclear magnetic resonance spectro-

scopy (‘HNMR), potentiometric titration and viscosity tester. FTIR, 'HNMR and viscosity analyses indicate that the

target product are synthesized with epoxy value of 0.73 eq/100 g and viscosity of 43.2 Pa-s at 25°C. The mechanical
properties of PA-EP/E-51 thermosets are better than others when the mass ratio of PA-EP to E-51 is 10%. The tensile

strength, flexural strength and impact strength are increased by 37.4%, 17.2% and 82.9%, respectively. The scanning

electron microscope (SEM) images of impact section show that PA-EP/E-51 thermosets exhibit ductile fracture

characteristics. Dynamic mechanical analysis (DMA) and thermogravimetry (TG) results indicate that the glass
transition temperature (T;) increases from 116.0°C (neat E-51) to 137.3°C with 12.5% of PA-EP/E-51. The weight loss
10% and the maximum decomposition rate temperature are decreased slightly while the residue content of 800°C
increases from 5.9% (neat E-51) to 9.8% (12.5% PA-EP/E-51).
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Fig.1 Chemical equation of protocatechuic acid-epoxy resin (PA-EP)

1.3 PA-EP/E-51 E{L 4% &
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51 &M AR LA DETA S 384 B i [ 1650,
AT
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4 DETA 4% PA-EP/E-51 FF4E RS IR A4
HEHERRY—EWH, ISR, BiEE
% GB/T 2567—2008"% 1% &5 T ofi A5 HL v il 7%



3226 -

EEMRER

RS WA 4F N . 25°C/12h+80°C/3h, FIit
K TREE, WA EERE R, 52 EE N
4mm. A [ H K PA-EP/E-51 [H 1k 4 B 4,
FORCE A 10 KIG AT F#ERE L . Bl 28
BRI A A

O Mixing ﬁ
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Epichlofohydrin

] 'conditions
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PA-EP/E-51 thermosets

PA—Protocatechuic acid; EP—Epoxy resin; DETA—Diethylenetriamine;
E-51—Diglycidyl ether of bisphenol A
¥12 PA-EP {3 i} PA-EP/E-51 [ {LH) il %
Fig.2 Schematic synthetic route of PA-EP and typical preparation
process of PA-EP/E-51 thermosets
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Fig.3 FTIR spectras of PA and PA-EP
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Fig.4 FTIR spectras of PA-EP/E-51 cured products

with different PA-EP mass ratios
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Fig.6 Loss tangent tand curves of PA-EP/E-51 cured products with

40 60

different PA-EP mass ratios

%1 PA-EP/E-51 ELWHIEBURTRE T,

Table 1 Glass transition temperature T, of PA-EP/E-51
cured products

Sample T,/ C
E-51 116.0
2.5%PA-EP/E-51 121.4
5%PA-EP/E-51 129.9
7.5%PA-EP/E-51 130.0
10%PA-EP/E-51 130.5
12.5%PA-EP/E-51 137.3

NIl 45+ ] L) BEL A5 0 S B 1Y) 43 38 B A5 1R &
T, Fhi . 24 PA-EP & &3 KI, T 16 [ fid
& b PA-EP T 5 1% AL BE AR U7, ]k o B PR
fii 15 PA-EP Ml E-51 7& [ 4k 5 B h 25155 5 B W A
Ay B MG RO L i 3450 3 SR 2544 .
2.3 PA-EP/E-51 E{L ¥ 1 1E8E

14 PA-EP # AN TR i & L 48 A 8 B-51 1, il 4%
B RE 25, AT IR Jr2Frkae ik, 45 51 4n
K7 iR o

P AT, AR B A i Ll A R
whds 5 B ER B 2 PA-EP 78 I 4 38 hin S 48 K
. 4 PA-EP 5 E-51 Jitfe [t R 10% B, Jy2¢ ke
A, PG FE N 62.8 MPa #2175 %) 86.3 MPa, 2
& T 37.4%, XJ&H T PA-EP 5 E-51 E.A W2
IG5 Ky T 2 1 31 £ 400 1) L fef e B

— R YE, OB R R R, BAORHE S 1
ap VR T 1 24 503k 3 R0 25 AR B R A 32 1Y) e K
Fy R, PR s R . PA-EP HA R
HERAME I FER, BARENIAE, B
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Fig. 7 Tensile strength (a) , flexural strength (b) and impact strength (c)
of PA-EP/E-51 cured products
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2.4 PA-EP/E-51 E{L ¥ RIHT H EH IR

%} 4l E-51 Al 10%PA-EP/E-51 [ 4k 4 (1) v b Wy
ZURE S Y W 2 pEAT SEM IR, WLEEAE RN K] 8
R o

[§] 8 4fi E-51 (a) 1 10%PA-EP/E-51 (b) mfi¥iiii SEM [El{%
Fig.8 SEM images of impact section of pure E-51 (a) and
10%PA-EP/E-51 (b)
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Fig.9 TG (a) and DTG (b) curves of PA-EP/E-51 cured products

%2 K[ PA-EP Fi=E L) PA-EP/E-51 Bk EH iR
Table 2 Thermogravimetric date of PA-EP/E-51 cured
products with different PA-EP mass ratios

Sample Tyon/ C Tyl C Residual
mass/%
E-51 349.5 370.1 59
2.5%PA-EP/E-51 345.9 368.0 6.3
5%PA-EP/E-51 344.8 367.5 7.6
7.5%PA-EP/E-51 343.3 369.4 8.4
10%PA-EP/E-51 341.9 367.1 9.1
12.5%PA-EP/E-51 337.1 364.2 9.8

Notes: T;y,—Temperature at which the weight loss rate of the
cured substance is 10%; Tp,,,—Temperature at the maximum
decomposition rate.
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(1) 38 3k Tl G 26 3k B ) o] 4 it )L 255 R A6
A M (PA-EP), ifiid FTIR FlI'HNMR i 17 45 K4 7ff
N, AR EE N 0.73 eq/100g, 25°C FEE N
43.2 Pa-s,

(2) 4 PA-EP 5 E-51 Wittt A 10% B, PA-EP/
E-51 [E 4k Sr2#bE R e, hrfiom i . 25 il om
Fipd SR /5100 86.3MPa . 130.7MPa #124.7kJ/m?,
4l B-51 00 0 R T 37.4%. 17.2% 1 82.9%.
SEM [t 7 [ 4k 4 o 19) 1% T R4 4R 4iF , 3R W] PA-EP
B R o e, I EIALEH A 54 .

(3) [E Al Ik 72 Bl 38 Ak e 78 1L B2 (T) B %5 PA-EP
R B K b TF L, 12.5%PA-EP/E-51 5% & N
137.3°C, Jf H 800°C 1% 5% it & L T 4l E-51, Tif #4
PEBE I 3
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