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Forming process of in-situ growing CNTs/CFF/EP lamellar composites
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(1. Department of Mechanical Engineering, Tsinghua University, Beijing 100084, China;
2. Key Laboratory for Advanced Materials processing Technology, Ministry of Education, Beijing 100084, China)

Abstract: The appropriate technological parameters for the preparation of in-situ growing CNTs/CFF/EP (CNTs is
carbon nanotubes, EP is E54 epoxy resin) ternary laminar composites by the hot-pressed method were obtained by the
analysis of DSC characteristic curves and isothermal rheological curves of CNTs/EP binary system, together with the
analysis of density and mechanical properties of CNTs/CFF/EP composite with EP matrix laminar composites reinforced
by carbon fiber fabric (CFFs) with in-situ growing CNTs. The effect of the pressure time on the properties of the
composites was studied. The results show that when the CNTs/CFF/EP ternary laminar composite precursors are
preheated at 150 “C for about 60 min, which is pressure time, and then heated at 195 ‘C with full load on, the composite
can be well molded with smooth surface with no defects and high density (97.3%—98%); the introduction of in-situ
growing CNTs can increase the interlaminar shear strength of the composites by 52%, as well as the bending strength by
26%; ahead or delay of pressure time can bring negative effects on properties of the composites to different extent.
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Fig. 1 SEM images of in-situ growing CNTs/CFF (a) and
TEM image of in-situ growing CNTs on surface of CFF (b)
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FHK 50 mL/min, FHEEE K 10 °C/min;

Mixing EP and DDS with
mass ratio of 100:35

:

Weighing certain account of
on surface of CFF by EP and pressing it to even
seeding method sheet with same size of CFF

| |
'

Putting CFF and EP sheet layer by
layer and locating them in
mould with release agent

:

Hot forming in hot pressing machine |

In-situ growing CNTs

2 CNTs/CFF/EP FRE A AR il s it
Fig. 2 Preparation process of CNTs/CFF/EP laminar

composite
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Fig. 3 Schematic diagram of hot-pressing process
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Fig. 4 DSC curves of EP with different mass fractions of

CNTs at different heating rates: (a) 1%; (b) 3%; (c) 5%
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Table 1 Equation parameters of 6; (6;=4,+B,4) with different

contents of CNTs

Mass fraction of CNTs/% A, B R,
0 135.895 1.9092  0.981 00
1 147.560 19988  0.979 31
3 149310 1.8528 0.97240
5 155.005 19206 097715

F 2 WRMEWEE 6, B CNTs & 524 1K 7 7(6,=4,+B.f) S5
Table 2 Equation parameters of ), (0,=4,+B,f) with different

contents of CNTs

Mass fraction of CNTs/% A, B, R,
0 191.680 2.8564  0.988 88
1 192310 2.7718  0.984 95
3 194230 25596  0.97949
5 197285 24174 0.974 61
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Fig. 5 Relationship between viscosity and time of different
CNTs/EP systems at 6,
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Table 3 Density of different samples fabricated by hot pressing process

Theoretical density of

Actural density of

Sample No. Mass fraction of CNTs/% ) i ) L Consistency/%
composites/(g-cm °) composites/(g-cm °)
0 0 1.480 1.443 97.5
1 1.2 1.488 1.452 97.6
2 2.8 1.497 1.467 98.0
3 4.7 1.508 1.468 97.3
4 4.7 1.508 1.408 93.4
5 4.7 1.508 1.360 90.2
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Fig. 6 Mechanical properties of composites
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i B A A IR BRI R LB IR IR 4
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IR HLRRTIORE 5 P20 Bl%, FERA.
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FE, FES 4 A0S 1R RE R B ECHEROR, IR R
MR SRR B AT S B RN 5], AT
JSCI S ARG BRI R — R ik
PG IR IS AT T 2 42 1) CNTs/CFF/EP —
TCEAMEL A EE R .

4 it

1) I X CNTS/EP — oAk 28 DSC Al A {E i it
BPERENNR, IFLE GRS IR 4K CNTs [ CFF/EP
SAA PRI BERN ) 2 PERE 20 b, i T LAk AR
K CNTs () CFF b 3§ 9 AH DL # B 32 ol %
CNTs/CFF/EP = o2 RE G MRS T 225 il
IR 150 °C, FARIRZT 60 min J5 00 %,
IR N 195 C,

2) RHA L 24 T LU AL 443 2R DG
ToHRbe . R FER 1(97.3%~98%) ] CNTs/CFF/EP —
TCERE MR FEALAE K CNTs (1) CNTs/CFF/EP
ZICEAMEN ) R AL T CFF/EP —JuE G
MEHG 2 bERe, HBEE CNTs SEMBIN, S46H
B A Re b2 30, 4 CNTs 76 EP & &4
4.7%HF, LB U)50 B (ILSS) R BT S 51 & (BS) 20 il 2 151
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