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Table 1 Chemical composition of matrix alloy ZL 301 (w/%)

Mg Zn Ti Si Cu Mn Al
9.5~11.0 0.15 0.15 0.3 0.1 0.15 Bal.

R2 AELFH M0 KIMERESH
Table 2 Property index of graphite fiber M40J

Average Tensile Young's Density/
diameter/um  strength/MPa  modulus/GPa g<m?
6.5 4400 392 1.77

Kl 1 2.5D £ 44 R IHHLAR LM m B E
Fig.1 Appearance and architecture of the 2.5D fabric: (a) 2.5D fa-

bric appearance and (b) 2.5D angle-interlock architecture

#*3 25D RAFHEAMNATLZSH
Table 3 Weaving parameters of the 2.5D carbon fiber fabric

Parameters Value
Fabric size/mm 2002003
Fabric structure 2.5D
Volume fraction of fiber/% 45
Warp density/cm 7
Weft density/cm 3 (2 bundles)

Volume ratio of warp and weft/% 54:46

Water-coolieg casmg

Hot wye  ©

Cracidtie

Metullic melt

Ejecion pun

TN L0 TANTIL 7, AP TN TR ALY S |
| sy K Ll
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Fig. 2 Schematic diagram of vacuum assisted pressure

infiltration device
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KH Instron5569 AL L7 /5 A BHA I AL 52 &+
BB AR 2= RE, IN#EE RN 0.5 mm/min, KA
Quanta2000 FU 33 B4 (SEM) ML ELIRAE O 4L 4R AN
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Fig.3 Dimension and appearance of the tensile specimen: (a) speci-

men dimension and (b) specimen appearance
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Table 4 Density of the composites prepared at three
fabric preheating temperatures (%)

Fabric temperature/C 530 570 600
Warp tensile specimen 96.6 98.1 98.7
Weft tensile specimen 95.8 97.3 98.5

Average value 96.2 97.7 98.4
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Fig.4 Microstructures and morphologies of 2.5D-C¢Al composites prepared at different fabric temperatures:

(a d) 530 °C, (b, €) 570 'C, and (c, f) 600 C
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Fig.5 TEM images on the interface in 2.5D-C+Al composites:
(a) interface structure, (b) morphology of Al,C3 phase,
and SAED pattern (inset)
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Fig.6 XRD patterns of 2.5D-C¢#Al composites prepared at different fabric temperatures: (a) 530 ‘C, (b) 570 °C, and (c) 600 C
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Fig.7 Tensile stress-strain curves of 2.5D-C¢Al composites

(warp direction)
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Table 5 Three stage tangent modulus of 2.5D-C¢/Al
composite in warp direction (GPa)

Temperature/'C Stage | Stage 11 Stage I11
530 181.4 106.0 157.3
570 140.1 99.6 129.2
600 133.6 90.1 152.9

Average value 151.7 98.6 146.5
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Fig.8 Schematic diagram on the deformation behavior of 2.5D-C#Al composite in warp direction: (a) structure of 2.5D fabric in warp

plane, (b) initial elastic deformation stage, (c) middle elastic plastic deformation stage, and (d) final fracture stage
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Fig.9 Warp tensile fracture morphologies of 2.5D-C¢Al composites at different temperatures: (a) 530 ‘C, (b) 570°C, and (c) 600 C
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Fig.10 Tensile stress-strain curves of 2.5D-C#Al composites in

weft direction
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Table 6 Three stage tangent modulus of 2.5D-C«/Al
composite in weft direction (GPa)

Temperature/C Stage | Stage II  Stage III
530 1111 75.9 174.1
570 100.9 69.8 118.1
600 76.5 75.2 112.8

Average value 96.2 73.6 135.0
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Fig.11 Schematic diagram on the deformation behavior of 2.5D-C«/Al composite in weft direction: (a) structure of 2.5D fabric in weft

plane, (b) initial elastic deformation stage, (c) middle elastic plastic deformation stage, and (d) final fracture stage
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Fig.12 Weft tensile fracture morphologies of 2.5D-Cs/Al composites at different temperatures: (a) 530 ‘C, (b) 570 ‘C, and (c) 600 C
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Preparation of 2.5D Woven Fabric Ci{/Al Composite and Its Tensile Deformation
Behavior in Warp/Weft Direction

Wang Zhenjun®, Dong Jingtao®, Gui Wang?, Yu Huan®, Xu Zhifeng®, Matthew S. Dargusch?
(1. Key Discipline Laboratory of Light Alloy Processing Science and Technology,
Nanchang Hangkong University, Nanchang 330063, China)
(2. Centre of Advanced Materials Processing and Manufacturing, The University of Queensland, St Lucia, QLD 4072, Australia)

Abstract: 2.5D woven fabric C#/Al composites with graphite fiber as reinforcement and ZL301 as matrix alloy were fabricated by the
vacuum assisted pressure infiltration method. The density and microstructure of the composites, which were prepared at three fabric
temperature levels, were investigated. The crystal structure and composition of the interfacial product was revealed. The mechanical
behavior of the composite along the warp and weft direction was investigated by the quasi-static tensile test and the fracture was also
observed. The results indicate that the fabric structure can be maintained well, in which the fibers distribute uniformly. With the increase
of fabric temperature, the density of the composites is improved slightly while the relative amount of interfacial product, which is
identified to be Al,C; phase with rod shape, increases obviously. This leads to the reduction of mechanical properties both in warp and
weft direction. The tensile strength in warp direction has been proven to be higher than that in weft direction. The stress-strain behavior in
warp direction exhibits significant nonlinear characteristic. The tensile deformation process both in warp and weft direction can be divided
into three stages, i.e. the initial elastic deformation stage, the middle elastoplastic deformation stage and the final fracture stage.

Key words: 2.5D woven fabric; Ci#/Al composite; microstructure; interface; mechanical property
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