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Properties of Continuous Carbon Fiber Reinforced Polyethylene Terephthalate Composite Laminates

Ren Zhaoying, Qiao Liang, Tan Hongsheng, Yan Xu, Shen Hongwang, Yuan Wenli, Wang Shigiang
(School of Materials Science and Engineering, Shandong University of Technology, Zibo 255049, China)

Abstract : In order to investigate the influences of the placement modes of continuous carbon fiber (CCF) reinforced polyethyl-
ene terephthalate (PET) prepreg tapes on the properties of PET/CCF composite laminates, the prepreg tapes of CCF reinforced PET
were prepared by melt impregnation and pultrusion process using the self-designed and self-assembled melt impregnation device, the
prepared prepreg tapes were cut and the composite laminates were prepared by hot press molding according to three different place-
ment modes of 0°,0°/90 °and 0°/90° weaving. The flexural strength, notched impact strength, thermal conductivity and electrical
conductivity of the composite laminates were tested, the influences of different placement modes on the mechanical properties, ther-
mal conductivity and electrical conductivity of the composite laminates were researched. The results show that the properties of PET/
CCF composite laminate arranged in the 0° direction are best, the flexural strength, notched impact strength and thermal conductivity
are 1080.09 MPa,242.99 kJ/m’ and 1.46 W/(m - K), the thermal conductivity is 630% higher than that of pure PET. The electrical
conductivity parallel to the fiber direction is 0.44 x 10~ S/cm, but the value perpendicular to the fiber direction is 0.15 x 10~ S/cm,
lower than that of 0°/90° and 0°/90° weaving. Because the latter two also have conductive paths that can be formed by fibers in the
90° direction compared with the 0° arrangement, which is conducive to the transmission of electrons.

Keywords : continuous carbon fiber reinforced thermoplastics ; polyethylene terephthalate ; mechanical property ; thermal

conductivity ; electrical conductivity

BEE LY s S BRI A e, IR ME B bh PRBE IR, PRI S 5 AR A0 0 T2 i A
FHAFEA mo | i SR AT A AR ELA IS A AR S S b B (E TR S AL
ZEVH 482 RO U AR, AMTAUINOGTE AR SR IR A bR ) A R D T A7

ESWH: LAY AARAE4TH (ZR2017BEM026)
P b O L S € e s 2| N LB U EN W R e DL & ] -8
e H 8 : 2022-02-21
SRR TR0, Irae it AR 4 | SRR ARG PET & A MBHRM BUTERE [7]. TREEELN T, 2022, 50(5):39-43.
Ren Zhaoying, Qiao Liang, Tan Hongsheng, et al. Properties of continuous carbon fiber reinforced polyethylene terephthalate composite

laminates[J]. Engineering Plastics Application,2022,50(5):39—43.



40 TSR

2022 4F 55 50 45,55 5 3

FEAE , DRSS A 0 FH 9 L 32 21— R BR R
MV SER£F 2 (CCF) B & A AR s B, ] LA
BAM B RRTS B IR L &, 9 T B A& A EHY
;P R

XA W R 2 ik (PET) J&—Fhah i 5 5
THARE, LR RAFATE BOsRAS M i o5 1 |
i EE 46 55 B 1 | L G P R it Ak 2= 2 e T )
TR AT SRR R AR A A, B
T2 E BRI H R R A U, (H LA, R
S 5 222 B e [ P 3 R o W B 4
A5

FELTAERG R YR 7 1, 2 R FBE AT 4t (GF) 1
Sk 3R A AL AT R W AR v P A 1 oy 2R
fie ¥, AT R K Y GF E s A, 24 H
TR 30% ), PET & & MHRHWEREfedr, 25 1 ik
BEAF] 151.4 MPa, bR A E] 110.46 kI/m* ",
MUK GF Ry Hg s A, HJ5 it 4380 20% ~ 50% i
FEL PN, P i B | 25 it o B 25 i s M e Bl GF
S Ob ) TR N TN E R ey AL S e AL &
5 R HIEA B HHE U,

h T HE— A PET B9 J12APERE, nT R AT
4 (CF) VE M3 s A% PET #4788 50 ol v 120, B
il e A 52 G AR EAT 25 BN i M SR i AT B
DIsie B gy Ul A A AN R R A4 e 1, 3R
P LR 2R O BLn] B R e R A AR
TRAT AR BUFEA R AR U, W AR 2 1
g R A R .

Hfi, CCF 8 W H TR AT, B &
SRIE R RSO A TR AR, KA YR
AR HERSCR T IR R R 1k, il fifi2f
A S5 I EwLs G, PR EE A MRS
WSk RE ™. BT, &F CCF 3% PET & & M
RHODFFEIRIE /D, ik, 3 R G iR 9
%, UL PET N EAK, UL CCF M58 44K, il % CCF
Ko PET WY o Xl 85 0 TRl iE A T35 , 44 I8
0°,0°/90°,0°/90° w2 ( LI R fAIFRgiL ) =FhA TR i
By X, RIS 2 R 2 G AR
WF 5 TR N R SO A MR R ) 24k
fE | HL TR A RR A5
1 XIE4S
1.1 =ZRH

PET : BG80, TSI ¥ Ak A PR A 7 5

CCF : T700SC-12K , H AR itk 234t

PG 1010 HLEHF) 168 - SR L T A BR
NS
1.2 EBMERELEL

PABEFFE ML RM-200A % | B R FE MG 3 H
HFEARTHUEABR A

BLZS T4 . DZF-6021 Y, | XU B 147 R
N

PLC- & /¥ ¥ il £ A #l: BL-6170-B-507 %4, |~
IREFHT AR A FR A7 5

T HeA BRI AL : INSTRONS5969 U , 36 [ 4 iy
FE ]

Z e s E AL XTTUD-5.5] &, b 5 4 %
FZRMERA BR A 5

M3 DU L BRI AN FT-330 Y, 7% Fiy
PV AR A FRA R 5

PG E Y . TC3200 B, PG 22 IR i FRH
AR
1.3 A 4&MHAH&

¥ PET & T HAS A AT 12 hBREK 57,
FREL—E 81 PET HLE 1010 F1 168 ( BRI T
FIBY T2 B0 J 0.2%), IR -G 15] . J5 sh g
B AL FHR AR I Ga AR, BF L = B
TR R 250,260,275°C B EIRE R 275°C, ik
FIBE RS MR G IR, B a miciR S
PET il o FUIBAFFEF i HLE AR BT (IBFFEE N
9 r/min), [AB}, FEAGIHILEZE G| T, CCF £ 73
B B BUSCEAT R 22 AF— 38 1 R IR
LA B R R i P T S, BT SE R IR 15 1 4T 4
AL R , 5 I 8 o R SE AL ZE v F AR s . T

B A T LA 1 PTR o
YU IR CCRY ERMHLK MRS TEAERR U0

A

Y% Fritth
1 PET/CCF & 4P il 4 T 2
XTI AT T, # Y A B 20 om, %18
0°,0°/90° FgmZ = A WA AT 2R A,
T 12 )2 fEERB R TR EESR, JF 8 o SRt
VR, 52 JA BB LA PLC- 2 3 48 4l K A L
o, FHE 2] 290 °CJ5 i 5 min, 7E 6 MPa | {4




TR, 5« ELERRET AR PET S ARRB A PERE 41

10 min, LA 20°C /min 3 B & E1HF A 5 min, 5
Je WALl 5 PET/CCF & A A BHR A, A4 b CF i
TN 36%.
1.4 MR 5 KA

(1) s R

KT G BHA I LIRS T 25 5 B Wik, )
BT = A h B et iR GB/T 3356-2014 22K
Tl 45, AR R EE S 2.00 mm, S84 25.00 mm),
PSR 32 0 1. LA 10 mm/min 43 B 24725 il
G, TSR B, B 5 A RCEHE 1 YME L A i
AR A R

(2) iR 1 s B

SR FH A2 e =X ol o 32 3 ML A7 Bl 10 o < 0
3, $2 18 GB/T 1843-2008 %2 3K i £ i KE, M
BV HGAAE , R Y 5 B 5 ARObE D R R A ], 5
BEN 5 mm, Bt 2RO AR B RN
0.25 mm, JFELH T O R A PR B
e, 0SB B S A RO B A A iz
RERY B O rhih o,

(3) T3

R PR A 2 S TR TR, # B GB/T
3139-2005 SRl A , B il A #3200
A, IR 2 b B AR R T, RIS, AR
9 5 S U 5 AN RCBAE 19T YME R iz iR
HOFARE

(4) HL TR

SR FH 38 38 DU AR T o BEL 252 0 A A T S 3R
R FTFAER AR DREERAL R, SR I ik
BCAERRET () T T, TR T, W R BRI
UFEARIC S B 5 AN A RCEAR A VR iz ik
FERHL %
2 ZHR5ITR
2.1 Tk AEsAT

& 2 2 0°,0°/90° Filgm 2 = FhA [F 4 s =Ll
HIE AR S iR . MK 2 v A, 5
] 0° 5 Al 48 0 52 6 AR b 1Y) 25 it i i
=, S~ 1080.09 MPa,0°/90° X 2, iy 506.39 MPa,
2L 7 1) A MR A1, S 345.53 MPa, 1]
DL A 00 s = 2 i A b 25 i B d
= TR E WA 7 2 A8 AR AL 58 B . 0° Bl
KA i CCF Jy i #fARIR] , 7652 1 )5 1] 1 2F
Yo B, B S R U I E 0°/90° 5
RN A& AR T, CCF 2 BIE PRI A~

TEAZTT [0}, AR A2 33 A BE I/, 25 5 Rt A 1 s
/INe 0°/90° 5 2 Bk 1 b ik 7 AR L, BRAR P
LFYEAE —HETT 1) b oA b S i A ) {H FR A A 2
L e P 2 Rh 330" RS, I 3 i
N T HEAE IR IR G R v e A il A VT
P 2520 2 A FORHSUR (9 3 24k de 7, i LAZR 21
7 2 o A RRORE 25 5 e

12001

1080.09
1000|
£
S s00f
i L
w 600 506.39
= 400l
= 400 345.53
200}
0
0° 0090° 44l
TR AT =0

P2 N[V OT 2C #6  S SRR R )25 i e 2

3 AU LS

2.2 v rkEi%E ST

4 ARSI 2N =AM R s i
R, 4 v A ) 0° BT Ul
B 52 A AR ARORA S 11 o 58 B A i, R 242.99 kJ/
m’, AU e &5 SRR, = Rl 2%
R e R 114 -5 X i 8 %) S L AL
Yo AR RS2 T 1) LA 4 A
] R Z A e AR 0° #2151 L
LY R 2 TRZ T RE S, REAS I A M BT AT
FIVEFH T 4 SVl AT AR 3 SUBE fl 7 1 R BT i Ak
TGP ELRA Wi 5 AR ) PG TR

250 242,99
£ 200
3%(150, 142.55
%100 110.06
13
=
= 500
045 0990°  Zn
1)) G

4 ANV S SRR ASOR Byl 1 o



42 TSR

2022 4F 55 50 45,55 5 3

2.3 wFEHH

4l PET MMkl i 38 < 1077 S/em,
Il CCF HA A1 S bk ae, Oy HE A R
()75 I T V- 11 4570 B 1T 2 (B A B 3l 2, 7S il
TEBRIR 1) 43 85 5 720 0 T B e A Rl L 3k A 2 W I
PR T CF YR, B F = i [ Pk
RAFR SR U0 CCF 1R itk S PET 4,
il 25 1 52 A AR M HL R A 4l PET 4 17 =
ARG (A AR I L TR 504l CCF FEAIG
T =AY, R R R 5 AR 4 R S
BHL, I HLAF e A AR F B BT 24 T o7 38 i o
U 0° Sl ) 0 H AR R AT TR 4R 1,
A EL T 0° HATT 7 A R 3B T 2R 48 D710

& 5 2 0°,0°/90° Fil g2 = Fh A R4 s =il
HE BB T2 B S HA T DA
B gy 0° GO A 2 G AR M TP AT T 4F
4 J7 1) B L 55 (0.44 x 107 S/em) B Wik 5 T3 1
T4 )7 1A B9 5% (0.15 x 107 S/em), X & A,
WK 6a Fisn, 1 B T2 47 & i il 1, 274k 2
ETfERE Y ESEEEEe 9oy S e NN iy N = N s R £
SRR TR A2 BT 2

0.5

~ |94 v AP
5 0.477 o 1L T4
‘;J 0.3}
T 0.26 0.26  0.250.25
=
X 02
Q_ 0.15
ot 0.1
=

0.0

0° 0°/90° Yt
i C2iit ), e
5 ORRVE T 2 5 00 2 A AR Y L §oR

e e
ﬁ_l
(— —

03

e

(@) (b)
a—0° G725 b—0°/90° FNgmgii )y =X

Bl 6 IR AL T i
MK 5 vl LLE e AT E4E 07 0] 1, 0°
i Ty 2 A 0 52 A AR R A Y 3 3K T 0°/90°
2R =X, R R 0° Aoy =il A5 1)
Wbt i, - 4k o3 A TR 15y, B TSR % 45 1) 1, OF
HAE AT 4 )5 L 0° SO X ge i gie £
A i - I B T 2 A AR, T 0°/90° 15 441

BT A& Ao, IR 6b T, £F 45 AR TE
PIANSARIR 7 ) L 0D TP ATEF 4 5 1) ) T L B A
ENGLEN R | W I = By M S R N = T D
WA 6 T BLAT 487 1) b L 3 T 0° Bl =X
PIMRE , I ELRG T ] AR 21 435 50 oA, e AW 7
[ FEL S 2T (LR 55
2.4 HFEHHT

PGB SRR I AL, S R AR S
REMEE SRz —, e MR B A 8 k2 — B2,
7 2k 0°,0°/90° Fllgm 4L = FloAS [l e =X il 45 19
FAEPPR TR 4l PET SRR, 12
0.2 W/(m - K), ifif CCF J& = bl 5 b4k, it i I
HEA R GRS, CCF 7E9\ 1 E5-A7HES,
MNTIAE PET HE BT A 28 2548, A I T #a %
i, 7 LA S, 00 Eior X &0 PET £4
BRI AT $CT R e, A 1.46 W/(m - K),0°/90° 5
S BVl T =B AR A B R 25 RN R, 4l
1.41,1.39 W/(m - K), %4l PET 4542 %5 T 630%,
605%,595%. 0° i iy =i A5 i Al bF N FR AR 4t oy
ATF5Y AR 7 1) 2R 4R e, T2 S 24 T
TG 7, BEAE R 2 S b AL A E R

1.50¢

— —

& P

=} wn
T T

HERIW - (m - K)7]

0° 0°/90° Al
TR O =0

7 RSO 8 AR 3 5%
3 4ig

(1) BF5E 7 U2 0°,0°/90° F14 4 =FhA [m) 4
W7 O i 5 1Y 52 G A BRS¢ R BB S I, 45
W, i 0° FlCH 225 10 2 G A B A 25 2
A 1 wh oo B A 5, 09/90° IR, i Ak, He
J PR, 0° FlBCO AR AE3Z 0107 1) b 27 4 B i 1
i HA S AR E )

(2) 0° Sl Ty =il 2 I A MR AR AT 41
Y7 1) b L FoRARE , BR 0° BT =AM FE I T
] LEF4E S i m, A 2 TR g, B
T 1L T4k 77 1) b B S R I, X2 T )
R4 2 (R R A bR, T 0°/90° 5 4m il %
(AR A 7 T ELLT 4 7 1) A3 £F 4 A A7 A S HL IS



TR, 5« ELERRET AR PET S ARRB A PERE 43

A, BCX R 77 1] B HL SR8 T 0° SROT
il #& HAs

(3) 0° Bl 7 2 2 19 5245 4 R ARURE B R

B 5, N 1.46 W/(m - K), % 4l PET #2 & 630%.
0°/90° 15 4 21l £ I M AA 1T 3R AH 225K, 0° Al
5 2l & BB AR 4 3 A 3850 T B A )
LREER I Y, BEAS R B A G HAE

(1]

(2]

(3]

(4]

(5]

(7]

(8]

(9]

[10]

& % ok

Rashid A A, Khan S A, Al-Ghamdi S G, et al. Additive
manufacturing of polymer nanocomposites:Needs and challenges
in materials, processes, and applications[J]. Journal of Materials
Research and Technology,2021,14:910-941.
Al Rashid A, Ko¢ M. Creep and recovery behavior of continuous
fiber-reinforced 3DP composites[J]. Polymers,2021,13(10).
DOI:10.3390/polym13101644.

Rousseau G, Wehbe R, Halbritter J, et al. Automated fiber
placement path planning:a state-of-the-art review[J]. Computer-
Aided Design and Applications,2019,16(2):172-203.
Ning Haibing, Lu Na, Hassen A A, et al. A review of long fibre
thermoplastic (LFT) composites[J]. International Materials
Reviews,2020,65(3):164-188.

Isaac C W, Ezekwem C. A review of the crashworthiness
performance of energy absorbing composite structure within
the context of materials, manufacturing and maintenance for
sustainability[J]. Composite Structures,2021,257. DOI:10.1016/
j.compstruct.2020.113081.

Penumakala P K, Santo J, Thomas A. A critical review on the
fused deposition modeling of thermoplastic polymer composites[J].
Composites Part B:Engineering,2020,201. DOI:10.1016/
j.compositesb.2020.108336.

THRE, B RAEHR . PET 45 7 A etk i RIFSE ke (1], 20K
Tlk,2003,31(11):1-4.
Ning Caizhen, Hou Feng, Xu Tingxian. Progress in research of
improvement of crystallization of PET[J]. China Plastics Industry,
2003,31(11):1-4.

AT RET RS TR X R T R £ ZREIR S A BRI A5 A
PERERFST [D]. B - AEARHT R, 2012,

Shi Pinpin. Preparation and performance research for carbon fiber
reinforced polyethylene terephthalate composite[D]. Shanghai:East
China University of Science and Technology,2012.
Thodsaratpreeyakul W, Uawongsuwan P, Kataoka A, et al.
Mechanical properties and fiber characteristics of glass fiber/carbon
fiber reinforced polyethylene terephthalate hybrid composites
fabricated by direct fiber feeding injection molding[J]. Journal of
Polymer Engineering,2018,38(6):513-523.

TR RER T, 55 A YIBIELT L (GF) B558 PET Z 44

FHGTRSE (7], ST, 2005, 33(9):33-35.

Ning Caizhen, Xu Tingxian, Ya Jing, et al. Study on PET/GF

composite reinforced by short GF[J]. China Plastics Industry,

2005,33(9):33-35.

(1]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

N SR, S, 4 L K AT MRS PET S AP KRy
AF [J]. 58 Tlk, 2006, 34(S1):290-292.

Jiang Runxi, Zhou Hongmei, Han Keqing, et al. Development
of long glass fiber reinforced PET composite[J]. China Plastics
Industry,2006,34(S1):290-292.

Algaflah A M, Alotaibi M L, Aldossery J N, et al. Preparation
and characterization of glass fiber—reinforced polyethylene
terephthalate/linear low density polyethylene (GF-PET/LLDPE)
composites[J]. Polymers for Advanced Technologies,2018,
29(1):52-60.

Um H J, Hwang Y T, Choi K H, et al. Effect of crystallinity on
the mechanical behavior of carbon fiber reinforced polyethylene-
terephthalate (CF/PET) composites considering temperature
conditions[J]. Composites Science and Technology,2021,207(9).
DOI:10.1016/j.compscitech.2021.108745.

Ye Lin, Scheuring T, Friedrich K. Matrix morphology and fibre pull-
out strength of T700/PPS and T700/PET thermoplastic composites[J].
Journal of Materials Science, 1995,30(19):4 761-4 769.

Lin Guoliang, Li Dongwei, Liu Minyi, et al. Rheology, non-
isothermal crystallization behavior, mechanical and thermal
properties of pmma-modified carbon fiber-reinforced poly(ethylene
terephthalate) composites[J]. Polymers, 2018, 10(6). DOI:10.3390/
polym10060594.

XA, AU, WA 2 1 S JRRZT 2 1 i SR LI Bt Al
B A SERE (9], Wi T AR S TR, 2020, 36(2):53-59.
Liu Changheng, Zhu Kaili, Tan Hongsheng, et al. Fabrication and
properties of continuous flax-reinforced polylactic acid prepreg
tapes[J]. Polymer Materials Science and Engineering,2020,
36(2):53-59.

EA . SRR AR 0 R R AR B AR ST (D). W - L0 AR
TR2,2019.

Wang Jie. Research on laminates for continuous carbon fiber
reinforced polyether ketone ketone[D]. Zibo:Shandong University
of Technology,2019.

Forintos N, Czigany T. Multifunctional application of carbon
fiber reinforced polymer composites:Electrical properties of the
reinforcing carbon fibers-A short review[J]. Composites Part
B:Engineering, 2019, 162:331-343.

Zhu Kaili, Tan Hongsheng, Wang Yajie, et al. Crystallization
and mechanical properties of continuous carbon fiber reinforced
polyether-ether-ketone composites[J]. Fibers and Polymers,2019,
20(4):839-846.

Guerra V, Wan C'Y, Mcnally T. Thermal conductivity of 2D nano-
structured boron nitride (BN) and its composites with polymers[J].
Progress in Materials Science,2019,100:170-186.

IREPE, KL, EEL, 55 RIBE S MR A0 S R B e
T (1] BAROR S T2, 2019, 19(11):130-135.

Zheng Suping, Zhang Xia, Wang Congke, et al. Measuring method
of equivalent thermal conductivity of thermoplastic composites[J].

Science Technology and Engineering,2019,19(11):130-135.



