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Mechanical properties of unidirectional carbon fiber composites based
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Abstract:  Three unidirectional carbon fiber composites impregnated with molten epoxy resin were prepared from TSOOH carbon fi-
ber, M40J graphite fiber, and their mixtures containing alternating and parallel tows of 12 K fibers with a volume ratio of 1: 1. Their
tensile strength and modulus in directions parallel (0°) and perpendicular (90°) to fiber axis as well as the compressive strength in
quasi-isotropic( +45°/0°/-45°/90°) ,s after a drop weight impact according to ASTM 7136/7137 were investigated. Results indicate
that the 0° tensile modulus of the mixed composite observes the laws of mixing, the 0° tensile strength and inter-laminar shear stress
negatively deviate from the laws of mixing, and the 90° tensile strength and the compressive strength positively deviate from the laws
of mixing. Compared with the TSOOH composite, the 0° tensile modulus of the hybrid is increased by 13% . Compared with the
M40J composite, the compressive strength of the hybrid is increased by 35% . The hybrid composite has both a high tensile modulus
and a high compressive strength.

Key words: Composites; Inner-ply hybrid; Hybrid effect; Mechanical properties

Corresponding author; PENG Gong-qiu, Senior engineer. E-mail: penggongqiu625@ 163. com

1 [mis B 5T PERE S T BT ok LA R A TR A Y A — 2%
SR SPERE )2 B T s A, A KL Y



5 6 1]

BONFK S5 [ T8O0OH 7k £F 4k 5 M4A0T £ BLT4i )2 IR 24 52 A AR REXT 1L - 777 -

FHAR RIS AR AL 22 A i KL A ek i
TRz ", YIRS E A bR R R H A
& Hayashi $2 11, 245 ty PR el g Ff LA L 2 2 TR 2%
Rl P REARTT I B0 &2 5 4 ), 21 dEiR A 2 5 b kR
REVPEIAAE T BB, w] LI i A [7] 6 8 A4 £F
4t A RSB TR IR T AR TR 2 T LA A
Kol AT FIR B PERE BR T AL R RN B — £ 4
R L, 0 RERS L O T 2T I R T, AR et
(BEA S B AR o A b R S L i, i T
RS A A A8 T Iz RN

Fie J 2R R A2, IR 2T A3 43R v e TR T
BOREIA 2512, [ 20 228 80 4RI, AARTE 2
] T80O I G 22 m] IM7 SRR i fmy st B I £F 4k
A R T ZE RAIL AR I 8548 AT 5 BN 2256
EAE BT — U2 AT e i, FE M 45 S d
AECLANBE i 2OR , 18 D) 28 0w i Y e 41
YUe LA 2 R R 2T 4, 4 M40 £
SRETYE, th T SR AR B R, B R B e R
FON, PR A POR 5 A b R REE S S
ORI B b A8 o I B )=, — e R LR
BT AR AEAE AL A AT SAE R LR
LA et i 2 1 2T 24 R oy 5 0 e 47 AE T2 TR 2 525 b
Mo, — 7 TR P e 8 B A 2T 44 52 5 b IR TR P g
U (8RR L, 3 — 7 TR e 58 5 2 AR v 1
SRR FPEREANZ N PR RE =2 18] BURE R 4P A 23 5

ity R AT — AU A R AT A% FR T a5 R S i — ik
B IO

HERIRE SRR X B AEZ MR JZ
WIRZ% e gk 2 IR R TR 2 2 R R
AR S LB — PR AR 2R T 20 B 2 5 2
WA XA 1 2], PERE W] 2 i TR R 28 2
BRI B (H 52 BN IR M, BF 5 420
SEH SR o FP L[] TBOOH Ji 21 4 il g 45 M40J
AR 2P 4YE LR IR A, L1 R ZR LS
FRITEI AR A, KRR TR NIR AR E
BRI T OTSERNIR A SRR TR
ZRARNE, IR T PR T AE ) W) B 2 454 6 L
TIRARSE G B LS PR B — 27 30 50 52 5 4R
AE, W TR E B RS P A B — 21 i o &
AR 90° B fe g IR U B T JE2 35, LA R e o g
BRI G ORI S i — 2 AR S 2%
WA o

2 5
2.1 SEBM#

[ 7 T8OOH 5¢ 2T 24 A1l [ 7 M40 £ 2 £ etk fiE
Y935 1% GB/T 3362-2005 sk, PEfE W3 1. ACS531
R RN AR A AR, O A MR A R DT
KNAER

F 1 [E7= T8OOH 7% £ 40 M40 F £ 41 4E 1% Bk
Table 1  Properties of domestic TSOOH carbon fiber and M40J graphite fiber.

Tensile strength

Tensile modulus

Elongation  Linear density Density

Fib Numb f fil. I8
tber type umbers o raments Average /MPa C.V./% Average /GPa C.V./% 1% (tex) (g/em’)
T800H 12K 5641 245 293 0.35 1.93 447 1.78
M40J 12K 5410 1.56 381 0.83 1.43 453 1.77
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Fig. 2 SEM images of carbon fibers surface: (a) Domestic TSOOH
carbon fiber and (b) Domestic M40J graphite fiber.
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Fig.3 Raman spectra of fibers.
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Table 2 Microstructure parameters of fibers.

Fiber type R 20(002)/°  doopy/nm  L./nm
T300H 2.48 25.18 0.3533 1.58
M40J 1.14 25.70 0.3462 3.21
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Table 3 XPS surface composition of fibers.

Fiber type C(%) O(%) N(%) Si(%) 0/C
T80OOH 79.43 17.13 1.19 2.25 0.216
M40J 82.61 16.78 0.02 0.59 0.203
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Fig. 4 Curve fitting Cls photoelectron peaks of fibers: (a) Domestic TS00H carbon fiber and (b) Domestic M40J graphite fiber.
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Table 4 XPS Cls curve fitting results of fibers.

Pealk1 Peak2 Peak3 Peak4 Peaks Peak6 Peak?7
Fibertype  Reference  -C-C-or-C-H -C-OH or -C-O- c;(m{.)dfi;&f;s C=Oar-C+N “COORox “000 oe Aa“lt;;;'::‘/(;
_____ BEeV PCP% BE/V PCM BE/eV PC/%  BE/V PC/%  BE/eV PC/% BE/eV PC/% BE/eV PC/%

TEOOH 2846 3260 2850 3394 286.1 17.31 286.6 12.85 287.7 ¥ 2894 3.31 290.6 ! 33.47

M40] 284.6 3079 2850 39.94 2861  9.42 286.6 1637 2877/ 289.4 2,52 290.6 096 29.27
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Fig.5 XRD patterns of fibers from equatorial scan.
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Fig.6 Damage morphologies of 0°tensile for hybrid composite. Fig.7 Typical stress/strain curves of 0°tensile for three

types of composites.
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Fig. 8 Section morphologies of 90°tensile strength for composites under room temperature and dry state (a,a) AC531/M40J composite,
(b,b) AC531/M40J composite and (c,c’) AC531/( T800H + M40J) hybrid composite.
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Table 5 Mechanical properties of composites under room temperature condition.
— Material type
P ACS31/TROOH ACS531/M40J ACS531/TROOH+M40T)
3 — Average/MPa 2590 2396 2130
0° Tensile strength C.V./% 337 3.87 432
= i Average /GPa 170 212 192
0° Tensile modulus CV/% 151 172 280
Strain Average /ue 13828 10558 10896
Average/MPa 67.00 49.80 60.50
90° Tensile strength =
s (eBEle Bl C.V./% 4.03 8.99 411
; Average /GPa 8.33 8.24 8.66
90° Tensile /G
0" Tensile modulus/GFa C.V./% 1.52 0.71 1.09
; Average/MPa 116 101 103
S C.V./'% 2.84 0.63 3.07
, Average/MPa 327 218 294
CAIME C.V./% ENE 4.52 623
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Table 6 CAI properties of domestic TSOOH carbon fiber

and M40J graphite fiber inner-ply hybrid composites.

Sample Dent depth/mm Damage area/mm> CAL/MPa
1 0.45 440 309
2 0.41 369 307
3 0.45 405 282
4 0.41 432 285
5 0.51 387 267
6 0.39 385 312
Average value 0.44 403 294
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