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Preparation and Properties of High-performance Needled C/C Composites
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Abstract: To obtain high performance needled C/C composites, a series of needled non-woven carbon fiber felt
with different characteristics was prepared. The needled C/C composites were prepared by means of high-pressure
impregnation-carbonization, and their microstructure features, mechanical properties and thermo-physical properties
of needled C/C composites were characterized. The investigation results show that the types of preform structure
have obvious effects on the mechanical and thermo-physical properties of the C/C composites. When the preform is
produced with key characteristics of needling depth at 12 mm, needling density at 22 pin/cm’ and fiber web/weft
less ply at 1.0:4.8, the needle C/C composites shows excellent comprehensive performance, with tensile strength,
compression strength, flexural strength, in-plane shear strength, and interlaminar shear strength of 207, 228, 285, 54
and 28 MPa, respectively.
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Table 1 Parameters of needled C/C composites

No pA-ﬁberigveb/ pA-weftlefzs ply/ Needling depth/ Needlipg dgnsity/ pmeforin}/ PC/C{ R Porosity/
(g'm™) (gm™) mm (pin-m ) (grem™) (grem™) %
A 200 300 12 22 0.31 2.073 0.677
B-1 140 340 12 12 0.45 2.052 0.528
B-2 140 340 12 22 0.44 2.047 0.680
B-3 140 340 12 27 0.44 2.052 0.681
B-4 140 340 12 35 0.45 2.048 0.570
B-5 140 340 15 12 0.44 2.042 0.622
B-6 140 340 18 12 0.44 2.040 2.361
B-7 120 300 12 22 0.46 2.040 1.643
B-8 140 340 12 22 0.45 2.048 1.416
C 80 380 12 22 0.6 2.016 1.127
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Table 2 Mechanical performance of three needled preform

No Pafiver wet!  Ppreform/ XY tensile Z tensile
" PA-weftless ply (g~cm’3) strength/MPa  strength/MPa

A 1.0:1.5 0.31 17.5 0.062
B-8 1.0:2.4 0.44 22.0 0.060
C 1.0:4.8 0.60 32.9 0.055

Bl 2 B s/ S A AR A B B 2 45 F R AL
Fig. 2 Microstructure of prepreg in needled C/C
(a) Sample A; (b) Sample C
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Table 3 Mechanical properties of needled C/C composites
Tensile In-plane compression Flexural In-plane shear Interlaminar

No.  Strength/ Modulus/  Strength/  Modulus/  Strength/  Modulus/  Strength/  Modulus/ ~ Shear strength/
MPa GPa MPa GPa MPa GPa MPa GPa MPa
A 116.0 44.85 173.1 37.76 181.5 34.56 67.9 11.08 24.6
B-1 165.5 59.22 221.5 56.14 255.8 43.14 62.7 10.97 23.3
B-2 151.1 57.06 201.8 51.97 249.5 40.21 58.9 10.39 24.0
B-3 165.0 55.34 205.2 53.02 239.1 43.36 58.9 10.68 25.0
B-4 160.9 52.41 198.0 52.18 226.9 42.45 58.2 10.73 25.5
B-5 150.5 56.61 198.9 49.48 211.4 39.49 59.3 10.10 24.0
B-6 120.4 40.99 196.4 44.72 185.1 35.36 54.7 9.93 34.6
B-7 154.0 50.94 219.2 53.41 214.4 39.02 60.6 10.10 29.6
B-8 154.2 51.00 200.2 54.89 221.0 40.72 60.7 10.13 26.0
C 207.4 68.59 228.6 68.97 285.1 52.84 54.1 10.06 28.3
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Fig. 3 Tensile load-strain behavior of needle C/C samples
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