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Impact strength and dielectric properties of epoxy resin modified by cyanate ester
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(1. School of Materials Science and Engineering, North University of China, Taiyuan 030051, China;

2. Research Center for Engineering Technology of Polymeric Composites of Shanxi Province, Taiyuan 030051, China)

Abstract : To reduce preparation costs, low content of cyanate ester (CE) was used to enhance the toughness of the epoxy (EP)

resin. EP/CE copolymer was prepared and the curing process was studied by differential scanning calorimeter and Fourier infrared

spectrometer. The influence of CE on the impact strength of EP/CE copolymer was studied, as well as the flexural properties, dielec-

tric properties and thermal properties. The results show that the EP/CE copolymer exhibits the best impact strength when the addi-

tion of CE is 0.2 of epoxy resin,and the impact strength of the modified EP resin significantly increases from 3.46 kJ/m* to 5.81 kJ/

m’. In addition, the flexural modulus also significantly improves from 2.71 GPa to 3.47 GPa, and the dielectric loss angle tangent of

2~18 GHz frequency range at room temperature decreases to 0.029 8. The glass transition temperature and initial decomposition

temperature decrease to 117.0 °C and 328.9 °C, respectively. The EP/CE copolymer with good mechanical, dielectric and thermal

properties can broaden the application of EP resin composites in mass production.

Keywords : epoxy resin ; cyanate ester resin ; impact strength ; flexural modulus ; dielectric property
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1360 °C. 4855 % T EP/CE 2R i , EP
53 B0 R 25% INF, EP/CE 1 & ) wh i 50 BE 14 5] 6
KJ/m? , P R 1k 464.8 °C, [l 7E 0.5~10 GHz
AR A A F R (e ) A AL AR FE AR IR DIE
(tand) 73 M A4 E7E 2.7 F10.012 fft it . LiZ095% ] EP
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EER SN, 51 A ShZS PR K —OCN JE 5% A3 (1 145
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0.54 mol/100 g, Tk 2% , B B R A W BHAT BRA
GF
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afi, BB RL T AR A BR A

EP W REAR T 1 2, 4, 6- = (- FF 42 5L /P 3 28 iy
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(TG /T : TGAQS0, 55 [F TA 23 5

A FAHLIN (DMA) 53 H7X : DMA Q800, 3% [
TA/NF]

SEM:SU8010, H A H 37/ A 5

23 T4 - DZF-6096, b 5T T K 6 I BE 7Y
A BRA

F PG XA < 101, JE BT A B By 7 (A%
A BRI
1.3 XAEH &

(DSR4

W HHPA (3T 8 B ) BCA 70 °CHEFH 1
30 min B, SRJF ¥ E-51 FIE A HHPA % 1
0.8 MY it i LU AR I B THebrrh BB R o m A
E-51 1 HHPA & Jii 5 0.4% ) DMP-30; 500 1/min i
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F£ 10 min, 100 Wi 75431 10 min, 70 °CHY H 25 55
HEYE 10 min, T2 42000 BP MR IRCIE , 120 EP JIE
W3 AR5 ¥ EP JIE i 5 BADCN 1R 4, 80 °C T 500 1/
min #HL B £ 40 min, 100 W 8 75 43 # 10 min,
120 °CE %5 BREE o i i) 30 min, & /i EP/CE 1R & ¢
W, % i o E-51: BADCN=1:0.1,1:0.2,1:0.3,
1:0.4 F1 1:0.5 i %5 EP/CE I FE i, 4353 4 EP/
0.1CE, EP/0.2CE, EP/0.3CE, EP/0.4CE F1 EP/0.5CE
G

() AR it ol 45 o

VLR B0 A MR A B Hop |
TR THRAE 4 125 °C/2 h, 150 °C/1 h, 180 °C/1
h B8R B [ £k T2 (JE7E 70 °CHY .28 BRsg i if0 5
min) i 45 EP [ 4k4), 304 EP; 4% 125 °C/2 h, 150 °C/
1 h,180 °C/1 h,205 °C/1 h ) [ 4k T 2l £ EP/
CE 3t R ¥y, 43 %l ic & EP/0.1CE, EP/0.2CE, EP/
0.3CE, EP/0.4CE #1 EP/0.5CE., EP/CE 3t 5 ¥y 114
it L,

80°C J‘ 500 r/min

- 40 min
«“BADCN
- [_5]
== HHPA l Pre-polymerizing|
- DMP-30 MiXiNg | e e

Epoxy/BADCN Epoxy/BADCN prepolymer

mixture Vacuum defoaming
NN
// /_/ / 13
EP/CE resin samples % [ I [ l I‘
Q
Epoxy/BADCN Curing Casting

copolymer

Fl1 EP/CE G NEH: 1 il f7R A
Fig. 1 Preparation process diagram of EP/CE copolymer sample

1.4 MXA KA

(1) DSC 3 « 75 JF % A% =X R 3k EP 1 EP/
CE 1[4k )2 7, # i i 2 5 mg 2247, N, i 12K 50
mL/min, J}E# 2 10 °C/min, J& 2 85l 25~250 °C.,

(2) FTIR {3 : %} EP F11 EP/CE #£47 FTIR it ,
FIHTE RN 500~4 000 cm ™', 73 FER 4 ecm ',

3) b PERR I : R H T R b g L
X} EP F1 EP/CE By if 38 B 4705 . 4% I8 GB/T
2567-2008 , i FE R 54 80 mmx 10 mmx4 mm , &4
54t

(@) il PE R : R 7 g S AL EP A1 EP/
CE (145 i s 703k, 2 B GB/T 25672008,
LR S 80 mmx 15 mm=4 mm, B4 5MRkE i,
ISR BE A 2 mm/min, #5115 °F 64 mm.

(5) SEM 434 : %I EP H1 EP/CE {1 i W 1 14647
JESERAE , A i 2 T2 A 7 1 4 Ab B, L I v R
F10kV.,

(6) 1 L R« ol FH % £ X 4% 43 BT A, 2R
[ 72 X EP Fl EP/CE [ LM REUEA T, i3y
[l 2~18 GHz.

(7) DMA 7387 : 78 = 53 5 i 85 X R 3 EP 1
EP/0.2CE 1y T, #1245 i i, IR sh 013 1 Hz, =5 Ui
& 50 mL/min, Ft i 3% 3 °C/min, & & {5 Bl 30~
300 °C, FEAR R SE R 35 mmx 10 mmx4 mm.,

(8) TG 4341 : % EP 1 EP/0.2CE fl 14 5 M 1k
AT, AR R 2 4 mg, FHIZIE % 10 °C/min, N, i
5 50 mL/min, & B F 4 40~800 °C.

2 #RE5ITR
2.1 DSC,FTIR 4 #7 B4L BB B B T Z

K HI DSC ALK EP #1 EP/CE WY [EIfbAT My 1752
ik, 2R 2 s, BARBAE AR 1. B2 Fk 1
AL, 7E 50~250 °CHi Bl A, B S ASUAT — A Tl A
W, L5 CE & 2 A3 i , EP/CE [ AR5 28 1 7]
il X R Bl , IR 215 5 ~F- 22 , Hor,EP/0.1CE
(A A AR 55 BP A TR], o] BB th Pk &b
CE & 55/ % [ A B (R A AR /R AN B B, 338
HAGRIEEA 225 . XK CEMIES EPW IR
A RAFR AR A R S NP A T A — R [ A

EP/0.5CE /4 /4 /4
EP/0.4CE , ! '
T EP/0.3CE :
E EP/0.2CE / /
%
T _EPO.ICE
T EP TN
T
Tor T TEnd .
50 100 150 200 250
Temperature/°C
K2 EPFIEP/CE [ DSC 4k
Fig.2 DSC curves of EP and EP/CE
%1 EPFIEP/CE K DSC##E
Tab.1 DSC data of EP and EP/CE
Sample TOnscl/OC TFcak/OC TEndscl/oC
EP 126.41 159.54 187.18
EP/0.1CE 131.24 156.10 189.18
EP/0.2CE 138.12 168.42 200.11
EP/0.3CE 149.22 179.52 203.94
EP/0.4CE 155.83 186.57 215.09
EP/0.5CE 161.93 194.29 224.36
Note: T, is Initial curing temperature; 7}, is Peak curing temper-

ature; 7,

Endse 18 Terminating curing temperature
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Fig.3 FTIR spectra of EP/CE
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Tab. 2 Characteristic frequencies of main functional groups of
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. Characteristic frequen-
Functional groups cies/om”!
/
o]
—
—° <\ /<N 1 570 (N—C=N)
N
e}
~N
Triazine
Alk
OYN \(O
N N 1700 (C=0)
- R
Alk \[r Alk
O
Alkyl isocyanurate
H
—C—CH,,
d &
AE s 1 740 (C=0)
c
Il
0
Oxazolidione
Ji
JJJ
SN 9\ B
meO=C A/ GCC O 1 175/1 220 (—C—0—
Hyg H O)
o-C ’(If—C O v
(0]
Polyether

R ) P W (B 20 T T B3, T30 AR R v — IR BRI
RS AR [ b S B A R e ), I EL = A T v
(i) &5 Ky ot Ik S DR R T , R BB A 1T BB SR AT A R
L T A A A e [ S I A o s e T 2

1175 em™ Fl 1 220 em™ (M) b i) I AEL T = , 150 ]
TG MR IHORT — S RS54 AR E R FE b R —
OH fAAEMIAM T IR RN R RES 5 LR U 34
AR R T Rk ™, e 20 B [ AL 22 15 )
REEH . B4 PRI A S R IR 3 A1 ) B i =X

454 DSC HI FTIR il 73 B T EP 1 EP/CE %}

BARZR B EAC N, R DR R A R g o8 2 [E 4k,

I bk Gl B[4k sz 725004 A% A BN g e [ 1k
YIRTEREF= A R, i E EP R IRIR R A IEL T 208
125 °C/2 h + 150 °C/1 h + 180 °C/1 h; EP/CE 3L B4
HE 1 & 14 [ 4k T 25 R 125 °C/2 h + 150 °C/1 h +
180 °C/1 h + 205 °C/1 h.,

MR LR o & B, 78 CEIR & % L T , EP/
CE R Z HAFAE It 10 sk | 2R ik 5+ R /D i 1) —
BRI, BN B R HIE T Ak &%, Horr,
WIPE =R IR ZE R AR A M OR B T CE WA 14T i1 g
R, T EP/CE LM H s T, . AT A T HA i RE AN
5 A e 5 17T S IR IR 4% 118 T TG A R A5 S
FIREAETE B R IR R B s ILAh , CE R AR FI EP A4
RETE R A I N S R RS A /N Bdir i
TURSs A pR A  Rie SR M E 1A1™, K It , EP/CE
LW LA By it e e e AN s bERE 5 S0k Xt
A i o A AR R T T o
2.2 FHRRSHT

(D)o BE

EP 11 EP/CE (1) ik o B2 X 25 J an 1l 5 i
TEEP 5 CE R M 1:0.1 F1 1:0.2 1), TR R IEIA
Z B wpili o B B b, Hodr, EP/0.2CE B il o B ik
$] 5.81 kJ/m?, A [t T EP (3.46 kI/m*) 32 5 T 68%.
X FEE i T EP WG A 0SSR R AR &R
TR 25 ¥ R 7 A2 B SN E T I, 4R 3R B0 A
KAGHENE, 11 EP 5 CE 2R S0 & , 142 72 0 38 1K 245
AR CFE 2.5 17 Fp b AT BRIE THA) , R B, JL R A I 1
FA PN BBAFAE Rt 2P 35 AT (OO e o 25 ) 0 2R ik 45 44 )
/D I 5 AT (0 B 235 ) A B 32 2R 1) Ak A
2 AR AR BIE RS I, AR 2k e 4R AN JIAE
FHR R4 0y o3 alzk far , WSR2 iy pi fig i, DA
T T AR o o 2
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Fig. 4 Diagram of reaction of epoxy group and cyanate group
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Fig. 5 Impact strength of EP and EP/CE
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Fig. 6 Flexural modulus of EP and EP/CE
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A6 T 22 b U T B 7 AR Y RE e, PR e el DL
B¢, EP/CE MW IR R R FERETE K, J12# R L
EP B4, X 5 ik Sy PR RR Ml 25 2 — 5, Y4
CE MR A I AR EP A4 i i 4 0.2 BsF, AR A
14 T 18T S 7 1 07 ) B v A W 24 R (8] 7)), 3
S CE & RS 22, (A 58 P8 220 3k [T TR 1 i
AR LR A9 8 i EL P i 1) B —Ad S A 4 B
li) {6 (4l EP A4l CE A4 B ) B Ay B8 4 e ), [ Bt
AR 22 PN A 4 sz 73 5 PRI , 358 T [T Ao 7 )
S (Can 35 5T rh A 25 ), AT 3 B0 s[5 Ak P 7 A2
FIuE SRR T R X 5 R 2R R A IR 2

HF—2, Y CE & &1t EP Jii &1 0.2 B}, EP/CE
IR i A 2R o i R RS R BT R

y /! 100’ pat :

(c) EP/0.2CE

(g) Enlarged raing of EP/O,2C
F7  whifi i SEM
Fig. 7 SEM images of impact section

e, &l 7g & EP/0.2CE (Y W ian R 1A, W 1 Ak 7Y
SEG0H BRI 2 R, R AT 2 | A T B LA
AT AR B E E  F IRIA R A LA L £51)
2.4 AR AT

A HLUH B e T HL AL FE tand J2 175 U B4 Rk 40
SO R R BB R B RRIR BLR . [B 8 e 3 S EP I
EP/CE 7£8 i T B9/ L ERE 45 S o fifi H CE it
£ EP B g A7 1) T B A BB 42 3 (9 A F B #E , EP/
0.2CE HA f K 1) tand, “F- ¥J{H 4 0.026 4, ifii EP/
0.2CE [ &' Lt EP F R, (H AL AR FEAE BT, 3 2
B A MR B IR IR A R RR DR . X
ZUZ T EPRIAR AR B L IR R N o FHE R
YA I 1) 1t P DRI L BT DA &7 AR, 1 EP/
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Fig. 8 Dielectric properties of EP and EP/CE

*3 EPSEP/CERI/TRIEREEIETHE
Tab.3 Average dielectric properties of EP and EP/CE

Sample g’ tand
EP 2.091 0.0322
EP/0.1CE 2.260 0.028 7
EP/0.2CE 2.234 0.026 4
EP/0.3CE 2.259 0.030 8
EP/0.4CE 2.227 0.033 7
EP/0.5CE 2222 0.032 5
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1) =R EEAL T AS A AE S E T, ek
A=A X AR A A St AN SRR | TR A A5 i Ak B
HAK &' Al tand, X [H Ky EP/0.2CE (1) 58 6 % Ji 4%
EP A FITREAIR , 4312 8l 23 (R A 34 R AEAS o F il Ak in
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