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Influence of poly aryl ether ketone resin matrix properties on interfacial

properties and interlayer properties of composites

GU Yangyang, YAO Jianan , WANG Lifeng, LIU Gang', CHEN Chunhai, YANG Shuguang
(State Key Laboratory for Modification of Chemical Fibers and Polymer Materials, College of Materials Science and

Engineering, Donghua University, Shanghai 201620, China)

Abstract: The interfacial strength between PAEK resin matrix and domestic T300 grade carbon fiber (SCF35)
carbon fiber was studied by microsphere debonding method for domestic high performance poly aryl ether ketone
(PAEK-L, PAEK-H) resins with different characteristics. The composites were prepared by using domestic carbon
fiber reinforced poly aryl ether ketone (SCF35/PAEK) thermoplastic prepreg, and the effects of resin matrix on 90°
tensile properties, short beam shear properties, type I fracture toughness and type II fracture toughness of the com-
posites were studied. The results show that the interfacial properties of SCF35/PAEK composites are influenced by
the fluidity of the resin matrix, and PAEK-H resin with higher fluidity can form a better interfacial bond with the
fibers and higher interfacial strength. In the SCF35/PAEK-H composite, the resin-fiber contact angle is ~34.4°, the
interfacial shear strength is ~79 MPa, the 90° tensile strength of the composite is ~76 MPa, the modulus is ~9.7 GPa,
and the short-beam shear strength is ~92 MPa. While in the lower-fluidity PAEK-L resin and SCF35 carbon fiber
composite, the resin-fiber contact angle of ~35.8°, interfacial shear strength of ~64 MPa, composite 90° tensile

strength of ~55 MPa, modulus of ~8.6 GPa, and short-beam shear strength of ~86 MPa. The interlaminar properties
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of SCF35/PAEK composites are influenced by the plastic deformation ability of the resin matrix. PAEK-L, which has

a stronger plastic deformation ability of the matrix, has a higher fracture toughness than PAEK-H. The type I frac-
ture toughness of SCF35/PAEK-L is ~938 J/m” and the type II fracture toughness is ~2 232 J/m? and the type I frac-
ture toughness of SCF35/PAEK-H is ~638 J/m?* and the type II fracture toughness is ~1 702 J/m?.

Keywords: carbon fiber; poly aryl ether ketone; thermoplastic composites; interfacial properties; interlaminar

properties

o P e BRI A R R L AT AR 8 PR B R |
SRR BT JERRIAAEI | T 2 UOm AR R |
15 I T R % R e R & e S 28 o VNI N S
PERY R FEBOR, W 45 A 1B 5K i B G b R
WEIE R R R E Y, BE B A o A AR,
FE AR BE T il 55 7E B M 26 b R Y i
HHEHEAT KB E Y, 240K,
AR S S MR R R . RS R E
SERMN ML . ABTT. HaE . B EEER S
PR RMLE E AT R & . B RIE . Jrm e
FZ BN, PR & B P BEAR
5 NS R S S AR mrERE A R A
AR S BR R FHEUS T 8 8 RO, AR T
AV 1 B2 A ARk il s AR s A v TR P 8 22 [ A

e PERE IR YE A AR B 2T 42 0 R O
fik il (CF/PAEK) & & M &F, HA L5 o,
Tiif =% Ak P BE S it 9 57 PR RE!Y, {# CF/PAEK #4981
BAAM B DB e e B S AR, TR
L zs LR A AT A BT N, (R R AR
o AR TSR I A . R U o A R
U E RV W D o A B D= TR T VTR = e B K )]
WNEARTF 2 | 04 5 BLARBORS R4 el 255, 2
[ 53 407 2 ) SRR A6 00 BRG, &A AR A
PERE S 2 R REAS B TS E AT 2 . Lu 45
58 T CCF300 filk £ 2 5 A [FIA%) g JE AR 1] 7y S 11 5
VIsmBE, 455 WoR R EEBEAR (Polyetheretherketone,
PEEK) 5 filk £ 4k 6] 1) % 11 9% B 24 Oy 44.87 MPa; —
BEHIF 57 2% I N i T PEEK B4 1% 'k R B £F 4k 3¢ 1 RE
BAR, SR WRER, &4 MR 5 R A
B3R AT HE T 23 0], Su %5 9 R F 6 40 K 45 1 1k
T CF/PEEK Z A M Z MBI MERE, W E A M
1Y S 2 BT D) 5 B R 35.8%;  Yan S5 M A T
K 7 M e Ak B Bk ik B (PEEK-NH,) b 3% 5K CF/
PEEK & & 4 %} 1) J2% [ 55 V15 B 52 %5 T 43.1%; B
Pz b, B T2 R A 5 i G M R I AT B
JEEERE, Wu ST ST T AL B R SR &5 i
X} CF/PEEK & & b F ) 2 (8] 8Y D) ML RE (W52 ), 45
T R B A AL B R A R 4 i B R i

B AR 2 ) B ) PERE s s A0 # S DR T T R
T 42805 CF/PEEK B & # K T 10 W7 34 1 ik 1) 52
Wi, 2 5 R A Y R IR Ll S A AL )
BB 86 Tk TR B A8 1 v B 5 A RE Y T 7 D 2
PItE . bR EEE S TR TZAMXNEE
MR BE Y RE 0, T X B R 1 R X A2 A
R RE R F 52 5 /0, Chen S M HF 58 T A )
it sl M AR 1Y PEEK M4 IR 193 A8 17 R, AR 4 45 51
4k T PEEK B iig 3 {4 Xt £F 4k 1) 12 B 2 50, JF
WK T AR5 S8R M G MR 24t R
H IR X5 W B A A [F] 3 20 7 2 19 PEEK £ & 5 4
BH T2 R R

A S il BB A AS TR RE P 9 PAEK A4 i 2 1R
FE 7 T300 2% SCE35 ik £ 4 i 45 1 i Se bk £F 4 14
58 PAEK UM &4k, DIGORBLREPEfE . 90°
P vERE . mORBTUIMEGE . T AT E . TR
Wi 2B R AE A, WESE T AR LR B RR X R A
MARE Y ST RE A2 R M RE RS2 R, R ATAS L A
RS T FH 2 I v R A2 R R B T R o i L
T¥EMS%,

1 REMBEFE
1.1 FE##

AR BE R S B v i Ry TR SEORHAT BR A )
A 77 Y 38 35 Bk R (Polyaryletherketone, PAEK) f#f
Jg v U B0 R A A A A JE A JE5 O PAEK-L,
UL B0k i R B AR R RS O PAEK-H, W il 2
R HERE N2 1 iR s BT 4 b b I A Ak 1 A
AL T B0 A BR2S 7 4 7 1Y) T300 ST 4k, W5
by SCE35, fk&F4EvERE N 2 Frok, FLHIEH W
BTz 5 IO ) T3S ) Dl Y A0 A
BEA R A E A7, W5 50 5 24 SCF35/PAEK-L J¢
SCF35/PAEK-H, Tl % £l 19 £F 4t M % & 29 K
147 g/m®, ZF 4E R LA B0l 52vol%, M IR o i
SHELL N 40wt%.,

1.2 EEMBEERS&

SR FIASE He ) 280 14 5 12 11 4 52 6 B OREZ TR AR,

TS TR R R D) ST A B RS, SR



TR VRS TR TR TR A N R A e 1 X 52 B R S T 1 B R [ 2 BB A 5 i - 4483 -

®1 BFEBIER (PAEK) MEEE A ERE
Table 1 Properties of poly aryl ether ketone (PAEK) resin matrix

Tensile Tensile . Notched impact Apparent viscosity
Property strength/MPa modulus/GPa Elongation/% strength/(kJ-m™) (360°C)/(Pa-s)
PAEK-L 96+0.5 4.0+0.2 109+7.2 5.7+£0.2 1139
PAEK-H 95+0.5 3.940.2 101+4.4 5.740.2 399

Notes: PAEK-L—Low flow poly aryl ether ketone resin matrix; PAEK-H—High flow poly aryl ether ketone resin matrix.

F2 [E7= T300 FKixiF 4 (SCF35) HyIERE
Table 2 Properties of domestic T300 grade carbon fiber (SCF35)

Elongation/% Bulk density/(g-cm™)
SCF35 12K 4 300 230 1.85 1.8 0.8

Fibre Specification Tensile strength/MPa Tensile modulus/GPa Linear density/(g-m™)
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%3 SCF35/PAEK £ &+ B R 1EAE
Table 3 Interfacial properties of SCF35/PAEK composites

Svstem Interfacial shear Contact angle/ 90° tensile 90° tensile Short beam shear
Y strength/MPa © strength/MPa modulus/GPa strength/MPa

SCF35/PAEK-L 64+3.4 35.8+1.0 55+2.9 8.6+0.1 86x1.9

SCF35/PAEK-H 79+6.0 34.4+3.0 76+5.4 9.7+0.4 92+1.4
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Fig.6 Cross-sectional morphologies of SCF35/PAEK microsphere debonding: (a) SCF35/PAEK-L; (b) SCF35/PAEK-H
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Table 4 Fracture toughness of SCF35/PAEK composites

System Gic/(Jm™) Gye/(J-m™)
SCF35/PAEK-L 938438 2 2324208
SCF35/PAEK-H 638+38 1 702+46

Force/N

Notes: Gjc—Type I fracture toughness of SCF35/PAEK
composites; Gyc—Type I fracture toughness of SCF35/
PAEK composites.
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Fig. 12 Typical fracture toughness curves of SCF35/PAEK: (a) Type I fracture toughness; (b) Type II fracture toughness
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Fig. 14 Fracture morphology of PAEK resin specimens: (a) Impact section morphology of PAEK-L; (b) Tensile section morphology of PAEK-L;
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