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Effect of natural aging on mechanical properties of CF/PA66 composites
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Abstract : At present, the research on the aging behavior of fiber-reinforced polyamide composites mainly focuses on artificial
accelerated aging method, and there are relatively few literatures on the aging behavior of fiber-reinforced polyamide composites
using natural aging method. In order to study the natural aging of fiber reinforced polyamide composites in Shanghai area, short
carbon fiber reinforced polyamide 66 (CF/PA66) injection particles were used as raw materials to prepare CF/PA66 tensile splines
by injection molding. CF/PA66 tensile splines were placed indoors for 36 months of natural aging test in Shanghai. The effects of
natural aging on the mechanical properties, failure mode and failure mechanism of CF/PA66 were analyzed by tensile and bending
tests and observation of tensile fracture morphology of CF/PA66 before and after natural aging. The results show that PA66 degrads,
and the surface becomes white and powdered after 36 months of natural aging. The retention rates of tensile strength, tensile
modulus, bending strength and bending modulus of CF/PA66 composites are 77.27%, 85.59%, 92.18% and 91.03%, respectively.
The retention rates of bending strength and bending modulus after natural aging are higher than those of tensile strength and tensile
modulus. Natural aging does not change the tensile failure mode, fracture mechanism, or bending failure mechanism of CF/PA66.
However, due to the increas ,ed toughness of CF/PA66 after natural aging, the bending failure mode of CF/PA66 changes from frac-
ture to crack in the tension region.
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Tab.1 Summary of 12 months mean climate data in Shanghai

Climate indicator Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Now. Dec.
Average high temperature/°C 8.1 10.1 13.8 19.5 24.8 27.8 322 31.5 27.9 22.9 17.3 11.1
Average low temperature/°C 2.1 3.7 6.9 11.9 17.3 21.7 25.8 25.8 22.4 16.8 10.6 4.7

Average humidity/% 74 73 73 72 72 79 77 78 75 72 72 71
Average sunshine time/h 10 11 12 12 13 14 14 13 12 11 10 10
Average UV index 4 5 7 9 10 11 11 11 9 7 4 3

Q) B o IR AR E S GB/T 1447—
2005, 2855y 2 mm/min, JREE 25 °C.

(3) A i o Al R bR v A GB/T1449—
2005, A — S, nZk e 2 4 2 mm/min,
PSR 16: 1, MR 25 °C.

(4) SEM 43 #T o 5 e SLAE it %) BT 10 0 46 o
J&i o HOUR T SEM H LSRR 171 &k () Bk 27 4 R

EE ISR
2 GHR5ITE
2.1 CF/PA66 REALTII A1 A AE AT

CF/PAG66 A &AL I HL A B A S il 1 i L 3%
2, 22 [T, CF/PAGG & A5 HH R BRI i e
SRR A R R | AR Y B R E(C V) A
5K 2.34%, 1.43%,2.04%, 1.79%, BIA# T 3%,
AT L, B Al 2 T 2R AR 1R — B
Uf-, REAB I AR 32 CF/PAG66 A AT i 1124 PR

FR2 CF/PAG6 RZ W N1 MEREC S
Tab.2 Summary of mechanical properties of CF/PA66 before aging

. Tensile Tensile Flexural Flexural
Mechanics
index strength/ modulus/ strength/ modulus/
MPa GPa MPa GPa
Average value 156.87 20.40 214.39 12.67

CV/% 2.34 1.43 2.04 1.79
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Fig. 2 Microscopic comparison of surface of CF/PA66 before and after

natural aging
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Fig. 3 Macro-level comparison of surface morphology before and after
natural aging of CF/PA66
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Tab.3 Summary of mechanical properties of CF/PA66 after

natural aging

. Tensile Tensile Flexural Flexural
Mechanics
index strength/ modulus/ strength/ modulus/
MPa GPa MPa GPa
Average value 121.21 17.46 197.64 11.53
CV/% 2.79 2.93 2.10 1.03
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Tab.4 Summary of mechanical properties retention rate of
CF/PA66 after natural aging

Mechanics Tensile Tensile Flexural Flexural
index strength modulus strength modulus
Retention rate/% 77.27 85.59 92.18 91.03
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before and after natural aging

Fl6  MMNEEIA Ptk ROBRET 430

Fig. 6 Morphology of carbon fiber extracted from resin matrix

7 RS BRRET AR AR
Fig. 7 Morphology of carbon fiber after tensile fracture



FSeAT, 55 HIREALRT CF/PA66 S2 AR 1 PERE I S 129

J WA g et P di ok . BRI, CF/PAG6 FH 8A %
U D ERSERR PR € S ] e I Ny €27 N L
SHALAR R 7T R R AR B T Bt 2T A ) D S R e
YRR
TE SR FE T, CF/PAG6 Fir P& it
P FEE A A R AN R - (DRSS B K SRR Ak
TR ERVE T , CF/PA66 HY HM IR LA 25 & A [
fif S INE , KA 5 W 2453 i, S BUW IR SR A B 1Y
P T2 PERE T B 5 (2K 3 F 1B A SRR 2
T 5 27 4 (B ) R B2 PERE , AR AL T B, 177 PAGG B
BEA B WO WO K 538 i B R AT 2
PR SEAAR 8] ) AL T AL, S350 PAG6 B IR LA S5 Rk T 4
Z 0] B B T R A 2, ST A . BRIE, F AR
ARG 1) CF/PAG6 P AR i F Ao B35 I %
H SR EAL I , CE/PAGG W 24 K R 38 i i) Ji
J& CF/PAG6 H i 47 4k J 21 4k, AF % 2 b 53 A T
PAG66 B g 544 rh X oK AL 1Y) CF/PAG66 , ik £T 4
55 R0 Rg 0] 9 S TH 45 G PR RE LT, N AR ORIl
DL S5O A FH AR B 3R L B9 R g 4% 32 B ik 47
Yt 1o iR R J-ni AR 2 e LA 4 CF/PA66
KA IRIST B R LA () T AR b T WK 1 e By
Bt YNk BRI, CF/PA66 % A= HIREIR , 618
JETRET AE MW 2L, I8 2 b 2T 4k 0 ik , #1025 I ik
EF A 3 RO, DT (AR i B AR 7K A2 B RN T
ILEF CF/PA66 JUT 32 21| 1 F7AH B 738 K T PA66 14 Il
FARTT AR SZ R R PR o LIS, PAG6 FR AR 1A
Ko FHE KA B i, B g SE AR BRI Wi 2L . (R,
CF/PAG66 TE R IR e KA AN F7 85T, 3 TT9RFE R 0.
A RHRL i AR S 11 /N S B T R B
e ST o PARSRMEAST R B, MRS ZS 5 tE A
B AER R RAIEAS  RZ 88K . TEK S FIEH
T, A AR AR 2% , fr AN g 38 o S DA i A
236 BN B 27 2L (ORI . AEAR R A Hr A R g
KT, SERTHIEL, Z1LI5 1Y CF/PAG6 H HIR A
SR Z 2N ST o WIRIEARAE SR B R K
I ERIRSRME R, Ko T HEWT 2, P s i
TR BT IE RE SRR . TR P FP R R 25 A
IR, #4051 CF/PA6G KT 24K R ATk
3 T AN, - IR 2T DA Y - X AR
J5i 1) CF/PAG66 , 78 HA A7 7 38 B 5 KRR, A% g 3k
RO L& BT AR IR AR . 40 i85
KA, ZALJG B9 CF/PAG66 H (R g LAk Rl e 2>

FE BT 1 5 R0 R A % (8] 75 52 6 Hh G B 1Y)
FLARI 7o BLET, PAG6 A4 B304 p (1) R 7075 [ B
SRS Wi 157, S B0 i LR [A] 2, CF/PA66 1 )i
JIBREIAZE . & 8 Sk H AR B AL 5 S FE A K

K. mlE 8 iU i, SR, AREALIR T
W g BV B T Ak A T B RSB IE A L SRR
T B

(a) Before aging (b) After aging
8 FISRBALTIE R IESEMHOR IR
Fig. 8 Enlarged view of resin matrix before and after natural aging
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Fig. 10 Comparison of bending stress-strain curves of CF/PA66

before and after natural aging
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