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Preparation and properties of epoxy resin based glass cloth laminates with
high CTI for large generator
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Abstract: A kind of epoxy resin matrix with high heat resistance was developed, and glass cloth laminates was prepared by
high temperature hot-poressing technology using glass cloth as reinforce material. The properties of the matrix resin, cured
resin, and the laminates were analyzed. The results show that this cured resin has high heat resistance and good mechanical
properties, its glass transition temperature reaches up to 201°C, and the 5% weight loss temperature is 367°C ; its tensile
strength and flexural strength reaches to 76 MPa and 82 MPa, respectively. The glass cloth reinforced laminates show
comprehensive performance, the tensile strength, compression strength, and impacting strength of the laminates is 411 MPa,

480 MPa, and 226 kJ/m? respectively. The flexural strength at room temperature and 180°C is 633 MPa and 416 MPa,

respectively. Moreover, the tracking index (CTI) of the laminates can reach to 550.
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Fig.1 Viscosity curves of resin solution and matrix
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~In(p/T2) = EJ/(RT,) + In (AR/E",) ()

Inf = ~1.052 x E/(RT,) + B (3

(2D~ BRTHERIHE R T, Jy Ve (H TR AR S E

Ak s S PR - 2515 A RE s A AR TR R 9 BE R
SARE B R

H 3 (2O MR GOA 45 R 3(b) s, 13



26 A R A8« DRR AT T R IR A P SR SBE A J2 FRAR (1 ) 2% 5 1

@sFRl 2023,56(6)

FR R E" 5334 64 kJ/mol 5 69 kJ/mol.

A AN 5] T T 2 T B S 4 B A I T U T[]
AR JE T, 26 1 LI FE T, 70 30 il 224 ], 25
R EI3(c)o R i 5 — T i T8 28 A0 HE K T il T
AN ZE 0°C /min B 0] 45 B REAE [ AR . X e ih
J5E K 18 W PR R T A T ) AR A
M 3(c)FT LA Y BP A4 i (146 4 [ 44 i 7
120C A4, X5 F MR REAY G . HEK
SR HBLAE 168°C , TR UL, 44 A [ A i P o2 1
168°C , AR 7t 346 B ) ¢ v [ 44 iR B2 2 180°C 2 & 3
). & 3(d)s2 EP FE A I 2 S b T2 [ A6 AT 5 1
DSC %k, MEI3(d)nr LAE H, [EAHT, 2 7E 150
~300°C 2 It — AN T I B g T AE [ 40 S 72
DSC i £ & A W %2 21 B 12 1 e g, 3R B EP WY i
TEBEAFR 7 T s R BE B ey, [ AL A 8 4
2.1.3 p(EP)#) # 1 fE

AL RGBT N HELZRER
T EE, PR, T, 02 thE MRS — D B 2R bR . &
4 & p(EP) [ #A vk RE I 45 2R, BAR B s 1 T 3% 1.
M B 4(a) 7T LLE H 5 p(EP) F W) 46 % RE A & 1.8
GPa, L i REML & (B FEAR & (D SHFER 7
(tand) £ 1 %€ p(EP) ¥ T, 73 7] 9 198°C . 201 C 5
210°C , i i ik DSC & 3(d) Wik 45 2 1) T, N
196°C , % B p(EP) H A R & (i ik, 3 7, /& T [
M FAR IR EW AR L X 2 E S BT [ 46 77 DDS 4514

1 1250 Lo.8
— ffE b 1200
R g (06
o —n— R T 150 N
g i [ =
4K ] L Ty
®o0l 1005 | %
Jm s
% 50 = [0
0 o)
0.01= : : ,
50 100 150 200 250
WE/PC
(a)DMA Hfi £k
100 Lo
801 0.5 ~
ol 10
et 3
404 [
& 40 5B
201
L.2.0
0 200 400 600 800
IR E/°C
(b)TGA Hi%;

4 p(EP)HYAIMERE
Fig.4 Thermal properties of p(EP)

#F1 pEP)HIMERE
Tab.1 Properties of p(EP)

b TR 45 5

it e B 5L (E")/MPa 1.2
T(E/C 198
T(E")/C 201

T (tand)/ C 210
T,,/°C 367
T,,/C 388

5 i 455 5 /GPa 2.7
25 55 B /M Pa 82
W 2K 2 /% 12.3
Fr {5 & /GPa 1.2
$r {5 % /MPa 76

W 2R B RN E I T T R R T A . A
4(b) R LLE H L p(EP) ) 5% #4 2k B FE /L 367°C
10% #5554 388°C , £ IR & #E i 400°C LA J5
p(EP)A JF A A2 W B (W B AR AT v, B R A3 R R
2.05%/°C . #VEREWT T4 KW, p(EP) R AL R 1)
i A R B R o
2.14 p(EP)&) 1 M 48

p(EP) (1 R it 5 25 il i 25 SR an 1 5 Fn ke 1
Fiox. M S FIZE 1 AT LUE H , p(BEP) I R A B &
1.2 GPa, 1 #5876 MPa, W 24K F K 12.3%;
LB 2.7 GPa, 25 1 58 5 8 82 MPa, 15 W iZ% M
JER R B RIFH 1R .

801
701
§60-
550,
21401
&5
E30-
20
104

0

4 6 8 10 12 14
AN AE /%
(a)hr P RE

—_

00+

25 il )% F3/MPa
B [ o0
.2 .2

Y
<

(=]

0o 1 2 3 4 5 6 7
=l N %
(b) i fE
E5 pEP)HAFMERE
Fig.5 Mechanical properties of p(EP)



disirRl  2023,56(6)

RS - R R AL i R AL PR S BB AT J2 AR I ) 2% 15 P A 27

22 BEREIMEEHR
2.2.1 AI(OH),*f & /EAR CTI 8% 7R

CTI 24 M B — /N B ZE e R AR , A A
P i K Ly 1A O B B s I CTHE . iR
B, [ i AR 2R s i & B K & T A s )2
il b 1 CTLPE BB, e H & B K& N
AIOH),, HAE M N & R4 g, — 7] LR &
B B R T IR s o5 — 7 T, TR K 8 R
TR RRE 2R T B B A 420 5 S 2% F IR A 1) Ok R 3k
J& , [ B BT AI(OH), & 43 fif A2 B ALO, 38 BT 3%
U 1R 5 T S B 0 L A% 5 R ORE OB R B 7 A ) A
5, 2D B AR R O A R, R R v B R A
JZ AR FI T FIR AR KT o ASHIT 5840 59 1) B i A &R
N J5 R 23 BN 5% 10% 15% 6] AL(OH),, | 15
AH R AT 2 R AR R CTLA 51 A 475,500,550
222 BEMALEAER

AT T 2% 10 )2 AR S WG P8, R 5
EIR G, PRI AT SU A R A A T B
HIn T, V) O WA BUE 5, B 2 VR AL. BIE
R 47 A 1 e L3R 20

®2 BRERBIRS KR
Tab.2 Key properties of the laminate

PR MR &5 1
W /(g/em’®) 1.895
W 7K 28./% 0.037
EiE 633
25 il 58 5 /M Pa 155°C 471
180°C 416
$i 55 /M Pa 411
JE 4 58 /M Pa 480
TCk 1, 8 3R 226
T R FE /() /) o
BRI, fai S R 85
CTI 550
. i 3.8x10"
2 1Hi HLBH #6/Q )
1Z7K24h 1.9x10"
i 6.6x10"
PR L BE A /(Q-cm) )
127K 24 h 1.4x10"
58 FE (3mm B4R )/(kV/mm) 19

M2 v] LLE W, 2 AR Rl s
633 MPa, 155°C ] 25 il 58 FZ R £F %4 74.4%, 180°C
()25 il 9 R AR R 2R R 65.7%, 3 MM B 25 5 2
PEREAR T, M I AE L R . R el T A RS O it
RIEAM R o o B R FEAE = KT, 1A B 226
kJ/m?,

3 &g
(D% T BA RIFm A e st 5 s

JE T R PR S AR i, L A P ) T, 7T 3% 200°C , hiz
ISR 4 76.3 MPa, 5% # 2k iR 5 N 367°C .

(2) 38 3L 48 I AL(OH), 7] A RL & /=1 2 s AR 1 it
I HLES R PR R 24N J5 & 4 F 15% 11 A(OH),
i, 2 EAR B CTIEIE F) 550,

(3) BT A1) ) vy i 5 3 B A 2 P AR LA R e 45
A RE, FA E= R M 56 BN 633 MPa, 155°C #vis
LR 2N 471 MPa, 1) 72 180°C FAZS S i s 2 /&y
15 416 MPa. A2 58 B IR FF 3N 65.7%, 32 %M KL
A RUF 07125 Re F 3G e o s |, H CTHE AT
Fasg ik 3 550, H.2%5 T HL S R R AT -

SE R

[1]  ESEZ R &G b KRS AL R B 5E - 2 e it 3 )y 2 45 ) Ui 2
AL 37 3 A1 7 FLR L[], R HUHLECR,2022(1):33-37,42.

[2] VT, 2R 75 R, A R K R L R 4 il 34 e 2 ) R
W] KEHLEAR,2022(4):29-37.

[3] K4, T 85,5 530 . i R ) v PR SR IR A R 4 g
BESE[I). 462048, 2021,54(1):60-65.

[4] 755, Z8 4 o0, L4000, 25 . 1000MW B I PR 56 R b L e 13
e 3& T Z[J]. 277 Hi41,2008(2):12-16.

[5] ZEifh,Zeom, 2 56 KBRS K ML A8 5 2 00 8 T b o
0 R 3 I LT A3 AT 1 RS R [T]. 482560 81,2022,55(1):73-79.

[6] A, mt b, o=, 55 B 2L i vee i A S I A7 J2 AR B 9],
YA 25K KE,2015,48(6):18-20.

[7]  EREAESRTE] . I A IR G AR R T (0], 48 060 R

2012,45(6):27-29.

[8]  HBSI4E k1 T P IR AL 3 S B3 AT 22 AR AR T A [C /7 58 T 46

GBS BZBR AR SUGL S IER(:2008.
[91 P S BH A5t L 4 R R o (i) (A A 9 2 K B G D B AL AT
NIETELT]. F 5 4,2004(2):208-212.

[10] YEJ, MA S, WANG B, et al. High-performance bio-based epox-
ies from ferulic acid and furfuryl alcohol: Synthesis and proper-
ties[J]. Green Chemistry,2021,23(4):1772-1781.

(117 EDak, B F g, AR B . 2L W R IR BG4 Sy B4 U IR 78 (R 1
A6 R S (D], DI RE 1 73 15441, 2022,5(3):243-236.

[12] KAN Z A, BH A, HI B. Synthesis of a smart bisbenzoxazine
with combined advantages of bismaleimide and benzoxazine res-
ins and its unexpected formation of very high performance cross-
linked polybenzoxazole[J]. Polymer,2021,223:123703.

[13]  #& P, 20, 10,55 . — F7 4L 0 i BELAA 78 5 8 A 3 A A R 1
il [J]. A6 S0 52 5 8 ,2004,16(1):55-57.

[14] 30T IR S . 5o XUl SR I SV e A% I I 4 52 2 &)y g 25 (R F 5
L], FA A E,1994(4):14.

[15] SKRHEEAT, £ AT . 6 R K& P AR R i I v ke IR 1 B 1 52 1
[J]. FEL R 8E T 4%,1998(6):10-13.

[16]  AR%A 30 AR A 44 CTLHETH[I]. AR 55 1],2006(3):17-19.

[17]  BEED AR A . m CTIE S TR BB o v 8 v 1K 2
[371. 288} 1Mk,2006,34:313-315.

¥ H EA:2022-08-22 &8 HER:2022-10-14
{EE BN AT (1977-), B (E) . @) AA, H A LA,
EBANFLEAABGMAEARTF R AL F T L EEIAE.



