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Aging Mechanism and Properties of Epoxy Resin and Its Composites under High-Temperature and High-
Pressure Mineralized Water Conditions
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Abstract : A glass fiber (GF) reinforced epoxy resin (EP) composite NOL ring was prepared through filament winding after
adding a silane coupling agent or carbon nanotube into EP using physical and mechanical mixing methods. The properties of the
composites were characterized before and after aging through static and dynamic mechanical properties, as well as scanning electron
microscope, fourier transform infrared spectroscopy and energy spectrum analysis. The results show that the best mechanical proper-
ties of the the as-prepared composite were ascer-tained for the silane coupling agent and carbon nanotubes at 1.5wt% and 0.2wt%,
respectively. The mechanical properties of the composite decreases after being subjected to high-temperature and high-pressure min-
eralized water aging, and the glass transition temperature drops by 9°C . The metal ions in the solution are difficult to enter the inte-
rior of the composite due to the volume limitation. The deterioration of the composite properties is mainly caused by the temperature
and moisture damage to the EP matrix and the interface between the EP matrix and GF. Water molecules couple with polar functional
groups in the EP resin to form hydrogen bonds and produce hydrolysis of the ester group. The parts near the external solution suf-
fer severer damage. The diffusion ability of water molecules in the composite is weakened after the silane coupling agent or carbon
nanotubes are added into the EP matrix. At the same time, the composite’ s aging resistance and post-aging strength retention rate are
improved.

Keywords : composite ; aging ; mechanical strength ; microscopic morphology
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i1, KH-550 AJ LAYE EP &K 5 GF 2 [a]dt vy fb 2
AL EIFEVE R, L, K S AT DULE B4k, 2 &
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‘?R 800
F 600 r
L& 400 -
200 -
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g 10000 L
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(b)
1600 - -=KH-550F4/350H0%
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I 400 -
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0.0 0.2 04 0.6 0.8 1.0 1.2 1.4 1.6
{1 F%/mm

(©
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(d)
a—JZ A BTEI M, AN CNTs 35053510 0% #110.2% ;
b—Hi A, A CNTs itk 730805318 0% #10.2% 5
c—JAMIBTYIZEAT , TN KH-550 52045050514 0% A1 1.5% 5
d—HE AT, TR KH-550 B 080514 0% Hl 1.5%
&5 ERINAN A i 48 KH-550 o CNTs (1) GF 34 EP & &4k
NOL HEALHI G A SR o - (785 ik

WAL 2 i A v Py M 2 far 4 5, 24k 56 d
J&, T AN R EREE ST EP S4A L) K EP 5 GF 22 1]
Y ST AR G AR 2 ] 5T U] i (AL 4
fof TR o

JIT AR [ 43 % KH-550 B CNTs (1) GF 4
i EP A #1k NOL M2 b a i) SR L3k 5
K 6,

x5 FIARRESNH KH-550 i GF 138 EP S5+ #!

NOL IR ER N1 E8E MPa
9 I;H/-s§o i Ak /d
B % 0 28 56
0 1030.95+19.60 944.50 +28.13  823.54 +44.30
hrfi 0.5 1054.43 +£33.57 984.14+49.30 896.67 +47.34
R 1.0 1095.90 +40.58 1020.78 +38.54 930.70 + 35.53

1.5 1132.92+36.40 1043.35+26.39 985.03 +44.66

N 0 52.21 £0.98 47.33 £ 1.60 40.26 £2.07
’;:‘E 0.5 54.68 +0.76 50.97 +1.33 47.60 £ 1.01
e 1.0 56.03 £0.45 5242 £1.93 50.31 + 1.54
15 58.52 + 0.81 53.14+ 1.16 51.65+1.12
* 6 FMARRESNE CNTs B GF 1438 EP £ & 414}
NOL RZNEH 1= 1%RE MPa
WA CNTs JF &AL /d
DEC % 0 28 56
0 1030.95+19.60 944.50 +28.13  823.54 + 44.30
Hiff 0.1 1066.16 + 65.69 999.03 +38.51  934.84 + 48.23
S 02  1073.76 £+29.97 1017.94+32.03 959.93 +55.24
03  1043.05+53.90 957.47+31.59 921.07 +32.04
‘ 0 52.21 £0.98 4733 £1.60 40.26 £2.07
gﬁg 0.1 54.59 +0.68 50.93 + 1.74 4730+ 1.78
B 0.2 56.95 +0.87 53.89 + 1.60 51.54+1.32
0.3 55.59 +1.91 51.41+1.05 46.79 + 1.09
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TGN, AR R R |2 A B 15 R
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VISR SR T 9.89% 1 12.09%., E AR
P AR |2 B] 5 U] 58 5 SLR B AR CNTs 197
I R AEL P e £, Y CNTs f VR I BT & 43 50k
0.2% B, 52 A MR fr A B2 |2 (8] 5 D)5 14 3k 5]
SN

ShA A% 3 RN 4 1 o A A R T, BN
AN TR 5 43 B KH-550 5% CNTs Ji&, 2 & H BHE =
= R A K B AL S T AT AR SR - F i E A
MR AL BP 4> T EERY A RIREY EL. AR
5 FER 6 M LR, A s R oK B B
G AR TSR RR R B R e R . 2 KH-550 BT
A EON 1.5% 5 CNTs I8N 43 50h 0.2% B,
HAMEEA 56 d Ja BA B PR B 2 R 5y
VIs R B % TS 4k 56 dJa, I
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38 1.5% 1 KH-550 B, F A | 22 4] 55 D158 B Of 78
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() CNTs B, F | 2 6] 5 D) i B O B3 5505 51l 4 =
11.91%,17.36%, 75l CNTs %f T4 Sk i 2 Akt
REAEETH A 3K
2.6 HALWTE ST

ZALHTE , U AN [R] ot 4348 KH-550 B CNTs
) GF 3458 EP & & 44 FL NOL ¥4 W1 () SEM & A
e 6 Fros.

a—&ALHT, R KH-550 2% CNTS 5
b—&4k 56 d J&, R KH-550 5 CNTs ;
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L0, VN KH-550 7] LA7E GF 5 EP Z [A] ¢ 57
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3 g
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