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QUALITY ASSESMENT OF CNT 

REINFORCED METAL MATRIX 

COMPOSITES FABRICATED BY 

INFILTRATION CASTING METHOD 
 

Abstract: Carbon nanotubes (CNTs) have been known 

as the strongest and stiffest materials discovered in 

terms of strength and elastic modulus, respectively. For 

that reason, the usage of CNTs as reinforcements in 

composites has become vital. CNT reinforced metal 
matrix composite studies started at the end of 90’s. 

Above all, most of the studies were related to powder 

metallurgy techniques, which require expensive tooling 

and much production time. There is still an important 

deficiency in casting of CNT reinforced metal matrix 

composites. However, some important studies can be 

found realized by casting methods where liquid metal is 

infiltrated into CNT or CNT containing preform.  

In this paper, quality assessment of CNT reinforced 

metal matrix composites fabricated by infiltration 

casting method is reviewed and discussed. 
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1. INTRODUCTION  
 

Nanotechnology studies have become 

widespread and important in terms of 

contribution in multidisciplinary research 

areas in the latest two decades. Carbon 

nanotubes (CNT) have been known as the 

strongest and stiffest materials discovered 
in terms of strength and elastic modulus, 

respectively. For that reason, the usage of 

CNT as reinforcements in composites has 

become vital. 

Until today, great deals of CNT 

reinforced polymer matrix composite 

fabrication studies were carried out. 

However, very few studies are performed 

in CNT reinforced metal matrix composite 

(MMC) fabrication area because of the 

difficulties such as wetting of CNTs. CNT 
reinforced MMC studies started at the end 

of 90’s [1]. Above all, most of the studies 

were related to powder metallurgy 

techniques, which require expensive 

tooling and much production time. Melting 

and solidification is the most conventional 

processing techniques for MMCs; 

however, there is still an important 

deficiency in melting and solidification 

studies of CNT reinforced matrix 

composites.  

A few studies are available 

CNT/MMC due to the requirement of high 
temperature for melting. The process may 

cause damage to CNTs or formation of 

chemical reaction product at the 

CNT/MMC interface. Therefore, processes 

are mainly preferred for MMCs having 

low melting point matrix. Another 

limitation is that suspended CNTs are 

disposed to form clusters due to surface 

tension forces. 

First of all, developments for all 

methods regarding to melting and 

solidification route are given subsequent to 
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short explanations of related methods in 

this paper. Consequently, quality 

assessment of CNT reinforced MMCs 

fabricated by infiltration casting method is 

reviewed and discussed.  

 

 

2. VARIOUS MELTING AND 

SOLIDIFICATION METHODS 

FOR FABRICATING CNT/MMCs  
 

2.1 Casting 

Casting is a process when most of the 

defects are introduced into the cast part 

[2]. In addition to defects, dispersion of 

reinforcement is hard to provide. Still, 

there are succesfull CNT/MMC fabrication 

works done in the literature.  

Bian et. al. were the first to synthesise 

CNT/Zr based bulk metallic glass under 

casting topic [3]. In their study, pre-

alloyed powders were mixed with CNTs 

and compacted into cylinders, were melted 
and cast to form CNT-bulk metallic glass–

Zr composite rods. Crystallinity of the 

matrix was increased by the formation of 

ZrC at the interface as well as depletion of 

Zr from amorphous matrix. 

Mg is used depending on its low 

melting point metal in melting and casting 

route [1]. Billets produced by melt 

deposition method were hot extruded in 

the study of Goh et al. [4], but there is no 

mention about the distribution of CNTs or 
interfacial characteristics. 

 

2.2 Melt Spinning 

Melt spinning is a process where a 

molten metal alloy is poured drop by drop 

on to a toraring Cu wheel [1]. These 

droplets are converted into ribbons with 
the effect of high cooling rates. CNT 

reinforced Fe alloy bulk metallic glass 

composite ribbons were produced by melt 

spinning method but no investigations 

were reported about reinforcement, 

dispersion and mechanical properties [5]. 

 

 

2.3 Laser Deposition 

Laser deposition method is well 

known as a CNT synthesis technique. 

Besides, this method is used as a CNT 

reinforced MMC technique only once by 

Hwang et al [6] to produce CNT/Ni 

composites. Considering the high 
processing temperature, defect density 

increased in mentioned study. Wetting of 

CNT by Ni was reported but no interfacial 

information was given in related study of 

Hwang et al. 

 

2.2 Metal Infiltration 

Metal infiltration technique’s first step 

is to prepare a porous solid structure 

named preform with dispersed carbon 

nanotubes and then infiltrating molten 

metal into the pores of preform. After 
solidification, the composite structure is 

formed. The schematic explanation is 

given in Figure 1.  

 

 

Figure 1 - Schematic of infiltration into 

carbon nanotube preform 

 

Yang and Schaller [7] used the 

infiltration technique to prepare carbon 

nanotube/Mg composites. Carbon 

nanotubes grown by CVD on a structure 

made by Al2O3 fibers were used in 

infiltration of molten Mg under 

pressurized gas. This study reported 
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enhancement in shear modulus by 20% in 

high temperature environment (~225°C).  

In another study, Uozumi et al. [8] 

explored the possibilities of squeeze 

casting to fabricate CNT reinforced Al and 

Mg alloy composite with good dispersion 

of carbon nanotubes and without pores.  
In a relatively recent study of Zhou et 

al., [9] pressureless infiltration process was 

employed as the infiltration of a molten Al 

alloy into CNTs-Mg-Al preforms to 

fabricate and investigate the friction and 

wear behaviors of CNT/Al composites. 

Due to self-lubrication and unique 

topological structure of CNTs, the friction 

coefficient of the composite decreased 

with the increasing volume ratio of CNTs. 

In addition, the wear rate of the composite 

showed a steadily decreasing trend with 
the increasing volume ratio of CNTs in the 

Al matrix composites.  

Our vacuum assisted infiltration of 

CNT containing preform study recently 

takes place in the literature [10]. Our group 

reported approximately 300% increase in 

the compressive strength of CNT/Al 

composites fabricated by infiltration of 

CNT-Al preform by 6063 Al alloy. 

 

 

3. QUALITY ASSESMENT BY 

INFILTRATION CASTING 

METHOD 
 

Infiltration into a preform is believed 

to be a perfect study to fabricate 

composites with high volume ratio with 

homogeneous distribution of 

reinforcements in SiCp/metal matrix 

composites [11]. This speciality makes this 

method preferable in nano structural 

material reinforced metal matrix composite 

fabrication studies. 

 In this section, quality assessment in 

CNT reinforced MMCs fabricated by 

infiltration casting method is reviewed and 
a discussed. 

 

 

3.1 Results of Reviewed Studies 

In the study of Uozumi et al., 

wettability of the basal plane of graphite 

by molten aluminum and magnesium was 

measured by the sessile drop method [8]. 

In addition, trial fabrication of 

MWCNT/Al and MWCNT/Mg alloy 
composites were carried out by infiltrating 

CNT preforms produced by organic 

binders using squeeze casting method, 

trying not to destroy CNT preforms. As a 

result, a fully infiltration is observed; 

however, no mechanical investigation was 

reported for these composites. 

Microstructure of MWCNT’s that Uozumi 

used is given in Fig. 2 and microstructures 

of MWCNT reinforced Al and Mg 

composites are given in Fig. 3. 

 

 
Figure 2. Microstructure of the MQCNT 

preform used in the study of Uozumi et al. 

[8]. (a) Lower magnification, and (b) 

higher magnification 

 
Figure 2 - Microstructures of MWCNT 

reinforced Al and Mg alloy composites 

from the study of Uozumi et al. [8]. 
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In another study carried out by Zhou 

and friends [9], they fabricated CNT/Al 

composites by a modified preform rather 

than using preforms produced by using 

organic binders. In this study, CNTs are 

mixed with Mg and Al powders in 

different ratios by ball milling and pressed 
to form CNT-Mg-Al preforms. Later, 

CNT/Al composites were fabricated by 

pressureless infiltration of LY12 Al. After 

the succesfull fabrication of CNT/Al 

composites, tribological properties were 

reported in the study. As a result of the 

study, friction coefficient of the composite 

decreased with the increasing volume 

fraction of CNTs regarding the self-

lubrication structure of CNTs. There is no 

extra information about mechanical 

properties of these composites except 
friction and wear behaviours. Preform used 

in this study is shown in Fig. 4, CNT-Al 

distribution is shown in Fig. 5 and 

fractured surface is shown in Fig. 6. 

 
Figure 4 - Non-infiltrated CNT-Al 

preform specimen (Mg free) used in the 

study of Zhou et al. [9]. 

 

 
Figure 5 - CNT-Al distribution of 10 

vol.% CNT reinforced Al alloy composite 

from the study of Zhou et al. [9]. 

 
Figure 6 - SEM image of the fracture 

surface of 10 vol.% CNT reinforced Al 

alloy composite from the study of Zhou et 

al. [9]. 

 

In further study carried our by Li et al. 
[12], processing of CNT/Mg alloy 

composites were indicated to be improved. 

This study is not directly related to the 

usage of preforms in an infiltration casting 

method; however, it is a fine example of 

successful improvement of casting process 

by prepearing a CNT preform. In the first 

stage of fabrication, a block copolymer 

was used as a dispersion agent to pre-

disperse MWCNTs on Mg alloy chips. 

Later on, these CNT/Mg chips were 
melted and at the same time mechanically 

stirred. In this second stage, molten 

CNT/Mg alloy were poured into a 

cylindrical mould to solidify quickly. As a 

result of this succesfull fabrication, the 

compression at failure, the compressive 

yield strength and ultimate compressive 

strength of composites were all been 

improved up to 36% by adding 0.1 wt% 

CNTs into the Mg alloy. Dispersion of 

CNTs on Mg chips are shown in Fig. 7, 
and microstructure of the CNT/Mg alloy 

composite from the study of Li et al. is 

given in Figure 8. 
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Figure 7 - SEM image of dispersed 0.1 

wt.% MWCNT on Mg chips in the study 

of Li et al. [12]. 

 

 
Figure 8 - SEM image of the fractured 

surface of CNT/Mg alloy improved in the 

study of Li et al. [12]. 

 

In the most recent study about 

infiltration of composites into a preform, 

our group [10] successfully improved 

compressive mechanical properties of 

CNT/Al alloy composites by using low-

purity (~85%) industrial type MWCNTs 

inside the preforms. First of all, 

functionalized CNTs were mixed with 

micron sized aluminum powders for 

improved distribution. Afterwards, mixed 
CNT/Al powder was mixed with pore 

forming agent and high temperature 

binder, which are poly vinyl alcohol 

(PVA) and colloidal silica, respectively. 

After the curing process, PVA was 

thermally removed and colloidal silica 

turned into high temperature binder, 

cristobalite. These preforms were finally 

used in vacuum assisted infiltration 

process, in a plaster mold to fabricate 

CNT/Al alloy composites. According to 
microstructural investigations, CNTs 

seems to be dispersed quite 

homogeneously. Compression tests results 

we indicated before shows that the 

successful fabrication effected the 

compressive mechanical properties of 

composites. The ultimate compressive 

strength and hardness of CNT preform 
reinforced composites were increased 

approximately 330% and 250% relative to 

6063 Al matrix material, and 245% and 

215% relative to Al powder/Al, 

respectively. 

 

3.2 Discussion 

 As we look through the period, most 

significant enhancement for infiltration 

process is development of preforms until 

today. Preform usage in casting process 

also fallowed this development, as a matter 
of course. In the study of Uozumi et al. [8], 

preform is slightly indurable compared to 

others. However, binder ratio is a lot fewer 

that lets molten metal flow easily through 

preform. The most difficult issue is to 

maintain durability of these preforms by 

decreasing the molten metal flow and 

applied pressure.  

The preform of Zhou et al. [9] is much 

more rigit; however, it is hard to infiltrate 

molten metal through pores after pressing 
CNT-Mg-Al powder including preform. 

Because of the infiltration difficulty, 

operation time and energy need to save 

matrix material molten increase to provide 

successful infiltration and voidless 

structure. 

In our study [10], we provided a 

relatively rigid preform as well as 

providing porous structure enough for 

infiltration. Moreover, using a vacuum 

assistance through the plaster mold during 
the infiltration process served the 

fabrication of solid volume of CNT/Al 

composite. Density results were obtained 

fairly close to the theoretical densities of 

these materials (relative density between 

98.96 – 98.52 %) by means of vacuum 

infiltration process. All these results show 

that the improved preform and adaptation 
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of vacuum assisted infiltration method to 

the fabrication process provided the 

microstructural and mechanical 

enhancement that composite 

manufacturers needed. 

 

4. CONCLUSION 
 

 In this paper, developments for all 

methods regarding to melting and 

solidification route are given subsequent to 

short explanations of related. Afterwards, 

quality assessment of CNT reinforced 

MMCs fabricated by infiltration casting 

method is reviewed and discussed. Results 

and discussions show the enhancement in 
preform production in our study and its 

adaptation to a preferred fabrication 

process clearly. In addition, main results 

are listed below to give a short summary: 

1) A relatively rigid preform with a 

homogeneous CNT distribution is 

produced as well as providing 

porous structure enough for 

infiltration by the means of Al 

powders used for better 
distribution, PVA as pore forming 

agent, and colloidal silica to form 

cristobalite as high temperature 

binder. 

2) Vacuum assisted infiltration 

process helped the fabrication of 

voidless CNT/Al composite. 

3) All of the results indicate that the 

microstructural and mechanical 

enhancement of CNT/Al metal 

matrix composite is obtained. 
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