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Abstract

Due to the universality of the humid-thermal service environment and the seriousness of the ef-
fect of moisture absorption on the mechanical properties of resin matrix composites, composites
have attracted wide attention. In this paper, the hydrothermal aging behavior of carbon nanotube
buckypaper composites was studied by accelerated aging method. The results show that the
change of hygroscopicity of composites conforms to Fick’s second law at the initial stage of hydro-
thermal treatment. With the increase of hygroscopicity, the interlaminar shear strength and flex-
ural strength of composites decrease. In dry state, the interlaminar shear strength and flexural
strength of unilateral carbon nanotube buckypaper composites are significantly higher than those
of composites without carbon nanotube buckypaper, and the difference decreases with the in-
crease of moisture absorption.
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AW TR AR E A AE R 1 A SRR e 2 = A AR g s Ve RE e i ™ S, —E
ZR|Z IR ] APRIEE SR S5 e BRG] 22 4, 1SR & X S A A RHB A T
. WEAT NG T T REEN, PR S MERE AL T 1 ) 2 REAE B AV A A R Y
SETUSBENII, MEGTE SRR AT TR, Bl 7 IR AR T
RIS K52] [3] [4]. Eat B RE — MR RIR IR i, SEhr ERESM B2 WIR . R
AN AT AR RO = AR R R, OB AHLIE T 274 S Je P S R SR B - fher 32tk
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Figure 1. Flow chart for preparation of carbon nanotube buckypaper
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Figure 2. Manufacturing process chart of composite laminates: (1) Carbon nanotube buckypaper; (2) Car-
bon fiber epoxy; (3) Rubber absorbing material; (4) Demoulding cloth; (5) Press plate of flat vulcanize
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RMAAAS [FIRIR 2 R R A MR E BT RE  25 itk e,  7RE AT 2 AR ARG5S, Xt
ANFEIHFEEREA T A R I, BARFEHane | FoR: BRLRETES, BV N FERIEZE T 1
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x3mm, F7 1 MAFE. W18 1 FR: R ESHRELR 55 MM, Hd RS9 30 mm x 6 mm x 3 mm ()
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Table 1. Grouping of samples for hygrothermal test
F 1L ORRRERAE A

B R RS AT B R WS AT
1~6 15
7~12 6-10
( ;04; :6 ;;) 13~18 SR8 )38 % /DMA (;? ;j:lsnjni) 11~15 Boas wp
19~24 1620
25~30 2125
Mt 30 25

MEASI T JA , RERFRERE MR, JRH SRR R AR . FRE RO, HRAT R,
AR, REHTAAETRES, RESLRIMRE, FRESICREE IR LR E, Rl Al s =
IR 53 3G EEFR /N T 0.05% I H 8 5T 538 (B 0.02%), 1X BN A2 HE il 2P (B AN I K IR A
(ot i N A RETE VR iR
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mm x 3 mm, E5EEN 15 mm, HIEGEEA 2 mm/min; 2 #EEE SN 40 mm x 15 mm x 3 mm, ESEEA
32 mm, MIEGEZA | mm/mine AR 2 45 20 T AR T 3548

FHRIA A KO THE R Z [ 3y D) 58 2 -

3n

ILSS =—- 1
4bh M

Hodr: ILSS NJZRIBIYI5EE /MPa, P, NiRIEJI/N, b NAEED E/mm, & ARFEE & /mm.
A RQ) U AR 5
_3BL
bR
Kb o, APUEHE/MPa, P, NIRITI/N, L NEE/mm, b ARFETEE/mm, A RFEEE/mm.
3. ER51
3.1, BT HRNMRER

3 AP RAFPRES B SRR A B R, WRIR A5 1 A A BRI [A] LA IS TR)F D5 AR 5%
Fihge; WA 3 T E N, TERRIPKERE SHEHE 100°C K% B 7K PRI EER, £ 100 /N,
W T4 A BRI 18] (39 00 2 A R R IZ B BT, iR A AE BRI [T 100 /NS RUE, B AR
AR ETIT RS, W, EEMRHER A BT G R BT TS ], B Ab B[R]
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Figure 3. Curve of hygroscopicity varying with hygrothermal time: (a) Relationship between moisture absorption rate and t;
(b) Relationship between moisture absorption rate and t"?
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W, A RERHRIRE =R Fif 9 A A BRI () 389 50 M0 32 B, B 150 /N RUR, Wi BT R 12218 .
HEMEBHERAAEHE 173.5 /M, BRMAMRGERIRES, HUAMIEERDY 1.84%. M 3(b)F T LLE H,
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T2 W LT BRGOR AR AT RHERR I A PRI RSB AR AT & Fick 25 @ AR IR AL BN [A)ERL 100 h
LUG, BT 7 i BP0, USRI R B LS, K5 TR B B AR AR R S AR 8
HUAT NWES T Fick 1704, Fick & HHB AR A T Ml BOR IBR 9K ARE SRR NG MU -

XFECIEL 3 PRIk T2 rT SR A FEMRIR TG B BE(100 h BLN) SR TR 9K AR S 5 A4 RHIR i 2 8 e T
TRRMAIRE SR, BEERARIHET, 100 h ZJ5, TCBRAKIE SRR TR K T S ik g8k
JKEAMEL RIGRAEEE 100 h Z)5, AFEPRE TR G RIRGEE R A A FRE LA, (2
BRAIKR AR S PRI A i i T B AR R R SR, HR & IR K 48R &0 RHRE AR IE 21
ATHT FH E) IS 18] K TERR R ARE 5 41

L R BRSSP Y R 5% IR 6 i A e RS2 30 mm x 6 mm < 3 mm,
BURE NI BT 5 B SR A6 AR BT, Herb L R TIBCA S5, TN i T A AR R B AT 4,
PISEARRS T BRI S OB, B R A6 E B, BaR iRl M e 4T, BB AT,
MARFE T HE AT A S K iR BN Z 5, K BE MR R 20E b N, A BRIK AR
FECERRGUR AR M BENE AL — e R L BRGNS ], B AR GOK AR G ORI i
TR/ T IR AR SR
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Wigd, EEMORE IR S T BRARSE — RO, RO AR W LRI R SR 715
PERE BB A4, AT — DI T ISR B SRR L 122 ML RE B S AL

CALF AR N B SRR s AR, AR SEMBIIK T 2 524 R R AR, i &
BRI B ANERE - AR . LB AR LR AN HE N K 2> T3S, S Ky TR AAC 2 RS, N
MG EET YRR L AR, RAEMBHISRE N S TR W, Jfhl 272 18] 7t R R B 5 A R
BRFEVIMR . AW TP E S BHEA FIRIR R T 1 2R RE 20 A BT Al R S R AS R IR A
Kb B AR HEAT JZ 1R BY D) 5 BEAN TS it PEBEIIN, RS AT I A S AR E S RHEA G R T
JZ IR B V) 568 RN PT2S 95 5

3.2.1. BiESYEE

3 5935 EC A o A2 A REA [ B I A 3 R AT 2 (D BT D1 P, SR g 5 S P Kb B B ]
WIR R W 2 Fis o

4 XFFE 2 2 A B )5 R BRI AR . TR, BEE R R AR, A E S RE
6] BY V)50 5 45 S O PEAR e 34 o Horp TR F ERGURAE A M EH Z R B V)51 59.5 MPa, Hif]
AR AR ARG Z R B I3RS A 71.6 MPa; JRFIAKLER 5.5 h i, TEARGIKARE A RN JZ M 85 b5
N 51.3 MPa, AHX T LRETAFECT 8.2 MPa, PR 13.8%: FIEBRIIKINE GBI E 0 BT V)50 B A
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Table 2. Interlaminar shear strength of composites at different moisture absorption rates

2. FRMERTESMRREITTIRE

Ve RS TR [H]/h W 2R /% JZ (8] BT )38 % /MPa
1# 0 0 59.5
21 5.5 0.40 51.3
3# TEhRIAKAL 28 1.12 50.2
44 101.5 1.61 46.2
5# 173.5 1.82 41.9
1# 0 0 71.6
21 5.5 0.47 62.7
3# PALTRT B 4P K 4K 28 1.18 49.9
43 101.5 1.64 39.9
5# 173.5 1.84 39.1
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Figure 4. Effect of hygroscopicity on interlaminar shear strength of composites
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FTRETERICT 8.0 MPa, FIEAN 0.74%, W LUEH, ERAVIGEME, HHmasKkaE SRS o
JE B 2 AR T TR AR A kL o Bl IR AR AT, PR A MRS i 2 52 IR HH AN TR AR AR AR A
sl s fros: BEE IR AT, TTPUKAE MBS SRS E T52 0 , 7E 800 MPa PHIT ), iB#4 173.5
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Table 3. Bending strength of composites with different hygroscopicity
F 3. AEREXRTEEMRMERE

Ve RS TR A [H]/h W 2R /% B 5/ MPa
1# 0 0 1020
24 5.5 0.40 790
3# TERRN A AR 28 1.12 876
44 101.5 1.61 810
S# 1735 1.82 748
1# 0 0 1082
21 5.5 0.47 1074
3# FATHI BRI AR 28 1.18 999
4 101.5 1.64 814
5# 173.5 1.84 767
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Figure 5. Effect of hygroscopicity on flexural strength of composites
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Figure 6. Comparison of mechanical properties of two kinds of composites under different moisture absorption rates
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