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Abstract: Carbon fiber reinforced aluminum matrix (Cf/Al) composite has many excellent properties, and it has received more and 
more attention. Two-dimensional (2D) Cf/Al composites were fabricated by vacuum and pressure infiltration, which was an 
integrated technique and could provide high vacuum and high infiltration pressure. The effect of specific pressure on the infiltration 
quality of the obtained composites was comparatively evaluated through microstructure observation. The experimental results show 
that satisfied Cf/Al composites could be fabricated at the specific pressure of 75 MPa. In this case, the preform was infiltrated much 
more completely by aluminum alloy liquid, and the residual porosity was seldom found. It is found that the ultimate tensile strength 
of the obtained Cf/Al composite reached maximum at the specific pressure of 75 MPa, which was improved by 138.9% compared 
with that of matrix alloy. 
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1 Introduction 
 

Carbon fiber reinforced aluminum matrix (Cf/Al) 
composites have low density, high specific strength, high 
specific stiffness, good dimensional stability and so on, 
which have attracted widespread attention in the 
aerospace and automobile industries. At present, there 
are many studies on unidirectional Cf/Al composites. 
DAOUD [1] fabricated nickel coated Cf/2014Al alloy 
composite by pressure infiltration method, and the 
pressure applied was 50 kPa. WANG et al [2,3] obtained 
Cf/Al composite with SiC coating by pressure infiltration, 
and infiltration quality was desirable under the pressure 
of 1.5 MPa. However, unidirectional Cf/Al composites 
have anisotropic properties and it can only guarantee 
composites with high performance in the axial direction 
of the carbon fibers. In this respect, 2D-Cf/Al composites 
have stronger bearing capacity in the two-dimensional 
directions of carbon fibers. Therefore, 2D-Cf/Al 
composite has also received some attention, and there 
have been a few studies on 2D-Cf/Al composites. 

ZHANG et al [4] prepared two-dimensional Grf/Al 
composites with squeeze casting, and the mechanical 
properties of the composites were better than those of the 
matrix. Carbon fiber cloth has woven structure, and it is 
also one kind of typical two dimensional carbon fiber 
materials. It is very dense and uniform, and it has the 
characteristics of high density and high volume fraction 
which are beneficial to the preparation of metal matrix 
composites with high density and high strength. 

However, high density and high volume fraction of 
carbon cloth introduces great challenges in fabrication of 
this kind of composite, such as high critical infiltration 
pressure, breakage of carbon fibers and interface reaction. 
In order to obtain composite with satisfied quality, high 
vacuum and infiltration pressure are necessary to the 
successful fabrication into small pores between adjacent 
fiber bundles and adjacent fibers in the same fiber bundle. 
Currently, there are many ways to fabricate 2D-Cf/Al 
composite, such as squeeze casting and gas pressure 
infiltration. However, it is difficult to provide high 
vacuum level to squeeze casting. The preparation period 
of pressure infiltration method is relatively long, which 
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may induce adverse interface reaction. Therefore, 
traditional fabrication methods can not meet the 
mentioned experiment requirements. Extrusion directly 
following vacuum pressure infiltration technique is a 
kind of new technique for fabricating metal matrix 
composite, which is proposed by QI et al [5−7]. It 
combines the advantages of squeeze casting and gas 
pressure infiltration method, and can provide high 
vacuum level and high infiltration pressure. Thus, it is a 
kind of promising technique for fabricating 2D-Cf/Al 
composites. In this work, the technique is used to 
fabricate 2D-Cf/Al composite, and the effect of different 
specific pressure on infiltration quality is studied. Finally, 
the mechanical properties of composites are studied, too. 
 
2 Experimental 
 
2.1 Material 

In this work, Al−Mg alloy was selected as matrix 
and its chemical compositions are shown in Table 1. Its 
density is 2.73 g/cm3, and its solidus and liquidus 
temperatures are 580 and 650 °C, respectively. 
Reinforcement was preform of 3K T300 carbon cloth 
laminated puncture, whose main properties are shown in 
Table 2. 
 
Table 1 Chemical component of Al−Mg alloy (mass fraction, 
%) 

Cu Si Fe Mn Mg 

0.15−0.4 0.4−0.8 0.7 0.15−0.5 0.8−1.2

Zn Cr Ti Al 

0.25−0.50 0.04−0.35 0.15−0.63 Bal. 

 
Table 2 Physical properties of T300 carbon fibers 

Fiber 
diameter of 

monofilament/ 
μm 

Ultimate 
tensile 

strength/ MPa

Elastic 
modulus/ 

GPa 

Elongation/
% 

Density/ 
(g·cm−3)

6−8 3500 230 1.5 1.76

 
2.2 Fabrication process of carbon fiber preform 

The specific fabrication process of the preform was 
given as follows. Firstly, soft 3K plain carbon cloth was 
cured and was cut into d45 mm flakes. Secondly, the 
flakes were stacked neatly and punctured with T300 
carbon fibers. Finally, the preform was placed in CVD 
furnace to deposit pyrolytic carbon coating on the carbon 
fibers surface [8]. The process parameters of deposition 
experiment were listed as follows. The flow rate of N2 

was 100−500 L/h. The flow rate of CH4 was 16−24 L/h. 
The deposition temperature was 1000−1200 °C, and the 
deposition time was 1−3 h. Ultimately, the preform was 

obtained as shown in Fig. 1, which shows that the carbon 
fibers had been coated with pyrolytic carbon. 
 

 

Fig. 1 Preform of 3K carbon cloth laminated puncture 
 
2.3 Extrusion directly following vacuum pressure 

infiltration technique 
Extrusion directly following vacuum pressure 

infiltration technique is a kind of new integrated 
technique for fabricate Cf/Al composite, which integrates 
aluminum melting, pouring, infiltration, and liquid-solid 
forming under high infiltration pressure. QI et al [5−7] 
fabricated many kinds of magnesium and aluminum 
matrix composites successfully. In melting and pouring 
processes, the entire system was in sealed state to avoid 
the oxidization of aluminum alloy and carbon fibers. By 
controlling the valves, the melting process of aluminum 
alloy was converted to pouring process. By setting 
sealing module, the extrusion cavity was used as 
infiltration chamber in infiltration process. After pressure 
infiltration, sealing module was removed, and the matrix 
melt was forced to solidify under high squeezing 
pressure. The schematic diagram of this technique is 
shown in Fig. 2. 

Fabrication of 2D-Cf/Al composite by the technique 
was as follows: 1) Preform was fabricated and deposited 
with pyrolytic carbon coating. 2) Mold and melting 
device of alloy were installed. 3) Mold and preform were 
preheated to 600−650 °C, and aluminum alloy was 
melted higher than 750 °C. 4) The process of vacuum 
pouring was started, and vacuum level was maintained at 
0.01−0.05 MPa. 5) Gas pressure was increased to 
0.1−0.7 MPa. After the molten alloy was cooled to 
580−620 °C, hydraulic machine was started to drive the 
punch to achieve the final infiltration. 6) After the mold 
was cooled to room temperature, composite was obtained 
from the mold. 2D-Cf/Al composite fabricated by 
extrusion directly following vacuum pressure infiltration 
technique is shown in Fig. 3, and the volume fraction of 
2D-Cf/Al composite is 48%. 



Yu-qin MA, et al/Trans. Nonferrous Met. Soc. China 23(2013) 1915−1921 

 

1917
 

 

 
Fig. 2 Schematic diagram of extrusion directly following vacuum pressure infiltration technique 
 

  
Fig. 3 2D-Cf/Al composite fabricated by pressure infiltration 
technique: (a) 2D-Cf/Al composite; (b) Cross-section of 
2D-Cf/Al composite 
 
3 Results and discussion 
 
3.1 Effect of specific pressure on filtration quality of 

composite 
2D-Cf/Al composites were fabricated by several 

experiments under different specific pressures, such as 6, 
42, 60, 75, 90 and 120 MPa. Micrographs of composite 
are shown in Fig. 4. 

Figure 4(a) shows the infiltration quality of alloy in 
preform when the specific pressure is 6 MPa. The gray 
part is aluminum alloy, and the dark black part is the 

two-dimensional carbon fibers. The cutting plane of two 
staggered arrangement bundles of carbon fibers is shown 
in the figure. The experimental results show that lots of 
aluminum alloys fill the pores around the fiber bundles 
of staggered arrangement. This indicates that a lot of 
aluminum alloys exist among adjacent bundles, due to 
the bigger gap. 

It shows that the specific pressure has reached 
critical infiltration pressure among the fiber bundles. 
However, aluminum alloy can not be seen in the pores 
inside the fiber bundles. Fibers maintain the original 
morphology, and the undesirable phenomena such as 
break, drift and damage of fiber almost can not be found, 
which is due to the high fiber density inside the bundles. 
Meanwhile, the fiber bundles of staggered arrangement 
cause different spaces when they are weaved. This 
results in non-uniform infiltration. In a word, when the 
specific pressure is 6 MPa, it has not yet reached the 
critical infiltration pressure inside the fiber bundle, and 
the speed of aluminum alloy is not large enough to 
overcome the infiltration resistance to fill and infiltrate. 
In order to infiltrate successfully between fibers and 
fibers within the same fiber bundle, the specific pressure 
should be increased. 

In Figs. 4(b) and (c), the infiltration effect of 
aluminum alloy into the preform is shown under the 
specific pressures of 42 and 60 MPa, respectively. There 
is much more aluminum alloy infiltrated successfully 
inside the fiber bundles. Break and fracture of fibers 
cannot be found, too. However, fiber dispersion is not 
very uniform. This indicates that part of the narrow pore 
region has not been successful infiltrated inside fiber 
bundle. Specific pressure is not large enough to 
overcome infiltration resistance of these pores. In order 
to get ideal infiltration quality, specific pressure needs 
further improvement. 



Yu-qin MA, et al/Trans. Nonferrous Met. Soc. China 23(2013) 1915−1921 

 

1918 
 

 

 
Fig. 4 Infiltration quality under different specific pressures: (a) 6 MPa; (b) 42 MPa; (c) 60 MPa; (d) 75 MPa; (e) 90 MPa;         
(f) 120 MPa 
 

Figure 4(d) shows the infiltration situation of 
aluminum alloy liquid in the preform when the specific 
pressure is 75 MPa. The result shows that aluminum 
alloy liquid distributes evenly inside the fiber bundles. 
Meanwhile, break and drift of fibers can seldom be 
found. Figure 4(e) shows the infiltration effect of 
aluminum alloy liquid in the preform when the specific 
pressure is 90 MPa. Compared with the previous 
experiment results, the infiltration quality has been 
greatly improved. The result shows that the infiltration 
quality of composite is better in the horizontal and 
vertical directions. The distribution of fiber and alloy 
liquid is homogeneous. However, there are some fiber 
breaks and drifts in composite. The specific pressure at 
this value has caused damage to the fibers. Too large 
specific pressure brings too high flowing and filling 

speed of aluminum alloy, and the force is too strong that 
it causes damage to fibers, which affects the prosperities 
of composite. 

In Fig. 4(f), infiltration quality of aluminum alloy in 
the preform is shown under the specific pressure of 120 
MPa. The result shows that aluminum alloy is distributed 
mainly among adjacent fiber bundles, but not much 
inside the fiber bundles and the infiltration quality is not 
satisfied. Meanwhile, there are much more defects such 
as break, drift and damage of fibers. These phenomena 
show that 120 MPa is beyond the limit of critical 
infiltration pressure. The flowing velocity of aluminum 
alloy is very large when it is filling in the preform, and 
the impact force is very large, too. This undermines the 
preform, and it is not suitable to fabricate excellent Cf/Al 
composites. 
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From above analysis, it is shown that the 
distribution of aluminum alloy liquid between different 
fiber bundles of carbon fiber cloth is relatively uniform 
when the specific pressure is 6 MPa, and it is difficult for 
aluminum alloy to fill inside the fiber bundles. Defects of 
carbon fibers are rare because specific pressure is low. 
With the increase of specific pressure to 42 MPa and 60 
MPa, aluminum alloy begins to fill inside the carbon 
fiber bundles gradually, and the infiltration uniformity is 
also improved. At the same time, with the increase of 
specific pressure, aluminum alloy flows in fiber bundles, 
which leads to a small amount of fiber defects such as 
drift and break. When the specific pressure is 90 MPa, 
there is a lot of aluminum alloy filled inside the fiber 
bundles. Aluminum alloy is uniformly dispersed and the 
infiltration quality is satisfied. However, the composite 
also has some defects. Fiber break can be found because 
of larger pressure, which will affect the properties of 
composite. When the specific pressure reaches to 120 
MPa, the infiltration quality is not ideal, which is due to 
the excessive specific pressure. When the specific 
pressure is 75 MPa, the infiltration quality is better and 
there is no obvious defect. 

2D-Cf/Al composite can be fabricated, and the 
appropriate specific pressure is 75 MPa. If the specific 
pressure is smaller, the infiltration quality of aluminum 
alloy liquid is poorer. When the specific pressure is larger, 
the preform will be destroyed, break and drift of carbon 
fibers and uneven infiltration will appear [9]. 
 
3.2 Mechanical properties and reinforced mechanism 

Through testing tensile strength of composite and 
alloy fabricated under specific pressure of 42, 75 and 90 
MPa, and the ultimate tensile strength (UTS) values of 
transverse direction of composite are 29.8, 281.2 and 
61.6 MPa, respectively, which are listed in Table 3. 
 
Table 3  UTS values of composite under different specific 
pressures listed 

Specific pressure/MPa 42 75 90 
UTS/MPa 29.8 281.2 61.6 

 
From Table 3, when the specific pressure is lower 

than 75 MPa, infiltration is not sufficient, and UTS is not 
ideal because of the bad interfacial bonding of aluminum 
alloy and carbon fibers. If the specific pressure is higher 
than 75 MPa, UTS is also not satisfied because the 
preform has been destroyed and defects appear. The 
specific pressure of 75 MPa is the best value to fabricate 
Cf /Al composite, and the mechanical property is better 
than that of others. 

UTS of cast aluminum alloy is 117.7 MPa. UTS of 
2D-Cf/Al composite of 281.2 MPa is improved by nearly 
138.9% compared with that of matrix alloy under 
specific pressure of 75 MPa (Fig. 5) 

 

 
Fig. 5 UTS of aluminum alloy and composite 
 

At present, studies of carbon cloth reinforced metal 
matrix composites are very few [10−11], and the 
mechanical properties of the composites are not desired. 
The reasons are as follows possibly. In carbon cloth 
reinforced metal matrix composite, the main part of 
bearing tension is still the transverse fibers. In composite 
fabricated by 3K T300 carbon cloth laminated puncture 
preform, directions which can withstand large load are 
still two orthogonal fiber bundle directions. Although the 
volume fraction is half of the total volume fraction of 
composite in the two directions, reinforced mechanism 
of carbon cloth reinforced metal matrix composite is 
very different from orthogonal layers preform of 
unidirectional fiber bundles reinforced metal matrix 
composite. In the former composite, transverse fibers 
bear transverse tensile force and axial shear stress, 
because of the weaving structure of carbon cloth, and 
this is shown in Fig. 6(a). Shear strength of T300 carbon 
fibers is very small, and fibers are easy to break, which 
reduces the mechanical properties of the composite 
greatly. Meanwhile, fiber bundles have defects when 
they are weaving. To obtain satisfied composite, shear 
stress and weaving defects should be controlled 
effectively. 

Fracture surface depends on the interface of the 
composites. If the interface bonding between carbon and 
alloy is weak, load can not be sufficiently transmitted 
and the property of composite is not high. On the 
contrary, fibers are easy to brittle fracture and the 
fracture of composite is flat. Therefore, to get ideal 
2D-Cf/Al composite, the interface of carbon fibers and 
alloy should be appropriate, and the fracture should be 
uneven. Fracture surface of 2D-Cf/Al composite is 
shown in Figs. 6(a)−(d) under the specific pressure of 75, 
42 and 90 MPa, respectively. In Fig. 6(b), some carbon 
fibers are pulled out and others are cut off. In Fig. 6(c), 
lots of carbon fibers are pulled out because of the 
insufficient infiltration quality and weak interface.     
In Fig. 6(d), most of the fibers are cut off and fracture  
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Fig. 6 SEM fracture surfaces of 2D-Cf/Al composite fabricated under different specific pressures: (a) 75 MPa; (b) 75MPa; (c) 42 
MPa; (d) 90 MPa 
 
surface is flat for the large specific pressure and shear 
force. It shows that the interface of carbon and alloy is 
not satisfied, and this leads to the ultimate tensile 
strength of the composite not ideal. 
 
4 Conclusions 
 

1) 2D-Cf/Al composite with satisfied infiltration 
quality can be fabricated by extrusion directly following 
vacuum pressure infiltration technique. 

2) Appropriate specific pressure is 75 MPa to obtain 
ideal infiltration quality. Under this pressure, aluminum 
alloy fills uniformly, and defects can seldom be found in 
composite. 

3) Ultimate tensile strength of 2D-Cf/Al composite 
is improved by nearly 138.9% compared with that of the 
matrix alloy at the specific pressure of 75 MPa. 
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摘  要：碳纤维增强铝基复合材料(Cf/Al)具有众多优良性能，因而受到广泛重视和应用。采用一体化成形且能够

保证高真空度和高浸渗压力的真空吸渗挤压工艺制备二维碳纤维增强铝基复合材料(2D-Cf/Al)。通过微观组织观

察，研究不同挤压力(比压)下复合材料的浸渗质量，得到最佳的比压值。结果表明：采用该工艺能够制备出浸渗

质量良好的 Cf/Al 复合材料，最佳比压为 75 MPa。此时，铝合金充填均匀，纤维损伤和铸造缺陷较少，浸渗情况

良好，复合材料的力学性能最佳，其最大拉伸强度与基体合金相比提高 138.9%。 

关键词：比压；真空吸渗挤压；C/Al 复合材料；碳纤维；性能 
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