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Abstract

The application environment of composites has great influence on the performance of materials,
and the hygrothermal environment is the most common one. Therefore, it is necessary to study
the characteristics of composites in the hygrothermal environment. In this paper, the accelerated
wet-thermal aging test of composites covered with carbon nanotube buckypaper on double sides
was carried out by boiling method. The experimental results show that the hygroscopicity of
double-sided carbon nanotube buckypaper composites increases in accordance with Fick’s second
law at the initial stage of hydrothermal treatment. Within the time range of 0~29.5 h, the moisture
absorption rate increased linearly, and then the moisture absorption rate did not increase linearly,
but slowed down and gradually stabilized. Saturated moisture absorption rate reached 1.7% when
the time of hydrothermal treatment was 221.5 h. The composites without carbon nanotube buck-
ypaper on the surface also showed the same trend. Saturated moisture absorption rate was 1.705%
at 173.5 h, water molecular diffusion coefficient was 0.381 mm?2/s and moisture absorption rate
was 0.17 s-1. The test results of interlaminar shear strength and flexural strength show that the
mechanical properties of the two materials decrease with the increase of heat treatment time.
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Figure 1. Preparation process of carbon nanotube buckypaper
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Figure 2. Preparation process of double sides carbon nanotube
buckypaper composite: 1, 9-template; 2, 8-absorbent felt; 3,
7-demoulding cloth; 4, 6-carbon nano-paper; 5-composite la-
minate
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Table 1. Hygroscopicity of composites
# 1. EAMRIRER

WAL FRR R (Vh) IR AGEHERRE /0 W AERRACK Y B SRR R (%) T EASSHYKAE SAPRIRIE R (%)
0 0 0 0

5.5 2.35 0.2901 0.2911
29.5 5.43 0.9598 1.1760
53.5 7314 1.2072 1.3442
71.5 8.803 1.3760 1.5506
101.5 10.075 1.5230 1.6024
125.5 11.203 1.6056 1.6621
149.5 12.227 1.6286 1.6818
173.5 13.72 1.6800 1.7050
197.5 14.053 1.6820 —

221.5 14.883 1.7000 —

2.0
Q —o— Double-side buckypaper Composites L b =3—Double-side buckypaper Composites

g
o

-
o

- -
N (=2
L) L)
-

N

—

o

H

T

e

IS

T y

Moisture absorption rate%)
=)
)
L)
Moisture absorption rate(%)
o
)
L]

o
o
T
°
o
T

0 50 100 150 200 250 0 4 8 12 16
Time(t/h) Time(tm/hm)

Figure 3. (a) Hygroscopicity curve for double-side buckypaper composites; (b) Curve for t"*
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Figure 4. (a) Hygroscopicity curve for double-side buckypaper composites; (b) Curve for t"*

4. (a) ARTEBRMKRENESHRIILEMLZ; ) WERM 5 (? KX FRhisk

MIE 4(a) s a] DU 7R SR TR AR B AT 29.5 h, AR 276 28 5 1R A b 21 5 3o, IR &
B A FR B TR R 2R MG G, S 2 A PRI K B 2 R R B, 7E 221.5 h RHEAUAAE,
LB AR ZE 1.705%. [ENEE E 4(00) 2T T DA AL, [1ZA S IRGUK AR E S FPRHE 90°C BIR
REE T R 2 BE I (8] (AL R RE 2 0 AN B, B —Bh B B EMEE XA TR AL 295 h 2
RO SR I Ko puid, A ARG E R4 Fick 55 &M MBI — B a8 RIRIE R
W ) B 35RO e T A, R A AR AN i 2 Fick 58 A

K5 PR REAIRIE R M SR A TR) ¢ A0 €2 f) i 220t BRI o AP R DA HY S FE IR AR FR AT 5.5 h
PRI A (R W R K S B AT, T E 2 i (AR v o o B T P 385 I TR 2 AS B RGN oK AR 1 52 6 AR
R B R BRI A B oK AR A AR, I BB R T XU A RHE BRI AT . B FF 5 Fick @)
BB TR B WU A E R R AR N 0.15 57, A BRGUKRAR IR &R
W R N 0.17 7' RUE A B BRGK ARG S A RHK 2 P BUR N 0.312 mm?/s, 1 02 A S BRAIKR AR
MR MRV P HURECH 0.381 mm?/s; WUH A EBRYUKACE S RHMERIGE RN 1.70%, HEARS
BRAR AR S AR AR RN 1.705%, & IR A . P2 A X ol S SR R 7R
M BRI AR AR AN T W 2 7= AR 7 — @ M52, 5 S5O0UH 6L 78 B 9 K A0S A MR AR W el 3ok e 22

IN—2h
3.2. WEMREMRGR

WE AR SRR RE A0 — BB BOUR M Ak Re . ROSREE 1R A BN (R G, K
THEAM AR, 7> T I EEA RS, SRR AR, HEEEMBI AN RIS & R A2 RN, R E W T
SERETYE, BRAOKRAR 8] (9 5 Ik BE AT B B OA , I LA R P AR IR A AR ) 2 e
3938 XU B B 9K 2% S A AR TR AN B B AN K AR S5 AR J2 1R B ) 558 R A0 25 it 5 R AT 1 0
W52

DOI: 10.12677/nat.2019.92007 65 PRFEAR


https://doi.org/10.12677/nat.2019.92007

B, B

- - 24

2.0k o—Double-side buckypaper Composites I b —o—Double-side buckypaper Composites
_ ! —4—Pure Carbon Fiber Composites 20} —a&—Pure Carbon Fiber Composites
N N A
?? 1.6} S
s L ‘é 1.6}
g 12} A |
g € 1.2
S £ I
2 0.8f 2
< . = 08F
& @ !
= 3
g 0.4 E 04k
=] =] 3
= 0.0F = 0.0}

0 50 100 150 200 250 0 4 8 12 16
Time(t/h) Time(t"z/h"z)

Figure 5. (a) Comparison curve of hygroscopicity M and time; (b) Curve for t'2
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Figure 6. (a) Interlaminar shear strength of double-side carbon nanotube buckypaper composites; (b) Interlaminar shear
strength of composites without carbon nanotube buckypaper
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Figure 7. (a) Comparison curves of interlaminar shear strength of two composites; (b) Contrast curves of interlaminar shear
strength decline between two composites
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Figure 8. (a) Bending strength of double-side carbon nanotube buckypaper composites; (b) Bending strength of composites
without carbon nanotube buckypaper
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Figure 9. (a) Comparison curves of bending strength of two composites; (b) Contrast curves of bending strength decline be-
tween two composites
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