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Abstract. This article uses powder metallurgy to prepare aluminum foam and carbon 
nanotubes (CNTs) / foam aluminum composites. The effects of the surface treatment of carbon 
nanotubes, the amount of pore-forming agent, and the amount of carbon nanotubes on the 
microstructure of aluminum foam and its composites were studied by means of infrared 
spectroscopy, Raman spectroscopy, and scanning electron microscopy. The results show that 
the mixed acid treatment of CNTs can effectively disperse CNTs and introduce new functional 
groups on their surfaces. Using NH4HCO3 as a pore-forming agent and using powder 
metallurgy, a porosity of 41% to 79%, Cellular pure foam aluminum material and CNTs / foam 
aluminum matrix composite with 60% porosity. 

1. Introduction 
Aluminum foam has many advantages such as low density, high specific surface area and corrosion 
resistance. Therefore, it is widely used in automobile manufacturing, ship hull, aerospace materials, 
construction and chemical industry [1-3]. Due to its excellent mechanical properties, carbon nanotubes 
(CNTs) can be used as a lightweight reinforcing phase to improve the mechanical properties of 
aluminum foam. 

The preparation methods of aluminum foam include liquid phase method, solid phase method and 
electrolytic deposition method [4]. However, it is not easy to obtain the microstructure of aluminum 
foam with uniform pore distribution and fewer defects. Due to the low mechanical properties of pure 
aluminum foam, it is necessary to add the reinforcing phase to make aluminum foam composite 
material, which makes the preparation process more complicated. 

This article uses powder metallurgy to prepare aluminum foam and carbon nanotube / aluminum 
foam composites. The effects of surface treatment, pore-making agent and addition of carbon 
nanotubes on microstructure of aluminum foam and its composites were studied by infrared 
spectroscopy, Raman spectroscopy, and scanning electron microscopy and other characterization 
methods, providing experimental support for future studies on aluminum foam. 

2. Experiment  

2.1. Experimental Materials 
Aluminum powder was purchased from Beijing Xingrongyuan Co., Ltd. The particle size was 600 
mesh, the average diameter was about 23 μm, and the purity was> 99.7%, as shown in Figure 1. CNTs 
were purchased from Deco Island Gold Co., Ltd., with a length of 20-30 μm and a purity of 97%. The 
pore-forming agent is NH4HCO3. 
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Figure 1. SEM photo of aluminum powder 

2.2. Experimental Method 
Pure aluminum foam was prepared by powder metallurgy. First weigh a certain mass of aluminum 
powder and pore-forming agent NH4HCO3, where the mass fraction of NH4HCO3 is 30% ~ 70%, then 
mix the two evenly, put it into an alloy steel mold with a diameter of 30mm, and press-mold at 
400MPa pressure. The pore-forming agent is dried and decomposed at low temperature, and the 
preform body is finally sintered in a tube furnace with argon gas to obtain a small-pore foam 
aluminum material with certain pores. 

Carbon nanotubes / foam aluminum composites were prepared by powder metallurgy method. A 
certain quality aluminum powder and a CNTs surface treated with concentrated sulfuric acid and 
concentrated nitric acid and 0.25%~1.5% of mass fraction were first mixed. The mixture was mixed in 
the mixer and added to NH4HCO3. Then the CNTs reinforced small pore aluminum foam material 
with porosity of 60% was prepared according to the above method. 

2.3. Characterization Method 
Raman spectroscopy and infrared spectroscopy were used to analyze the surface structure of the 
surface modified carbon nanotubes. The microstructure, CNTs distribution and pore size of foam 
aluminum composites were observed by JSM-6510A scanning electron microscope and NeXView 
three-dimensional white light interferometer. 

3. Experimental Results and Analysis 

3.1. Surface Analysis of Modified CNTs 
Figure 2 is a SEM photograph of CNTs before and after acid treatment. It can be seen that the CNTs 
after acid treatment are no longer entangled with each other like the original CNTs, and the dispersion 
is effectively improved. 
 

 
Figure 2. SEM photos of CNTs before (a) and after (b) mixed acid treatment 
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Figure 3 is the photo of alcohol suspension before and after CNTs surface treatment. It can be 
found that the original CNTs suspension has completely precipitated after standing for 1h, while the 
treated CNTs suspension has not been completely deposited after standing for 10h, which may be due 
to the introduction of some hydrophilic functional groups on the surface of CNTs after treatment, so 
that CNTs can be more completely dispersed. 

 

 
Figure 3. Photos of alcohol suspension before and after mixed acid treatment 

 
Infrared spectrum test was carried out on CNTs before and after treatment. From the curve in 

Figure 4, it can be seen that the untreated CNTs have the stretching vibration peak of carbon oxygen 
double bond in the carboxyl group at 1622cm-1, the absorption peak of hydroxyl group at 3427cm-1, 
and the peak at 2921cm-1 is - CH2 symmetric and antisymmetric vibration peak, indicating that there 
will be a small amount of hydroxyl and carboxyl containing functions on the surface of CNTs 
prepared by CVD Group [5]. Compared with the original CNTs, the intensity of the treated CNTs is 
large and broad, and a new carbon-oxygen double bond stretching vibration peak appears at 1067 cm-1 

[6], indicating that the treated CNTs are not only purified, but also new oxygen-containing functional 
groups were introduced on its surface, which made the distance between CNTs larger, and it was 
easier to achieve the dispersion effect [7-9]. 

 

 
Figure 4. Infrared spectrum of CNTs before and after mixed acid treatment 

 
Figure 5 shows the Raman spectrum of CNTs at 1000 cm-1 to 3000 cm-1 before and after mixed 

acid treatment. Three strong peaks appear in the figure. The peak at 2680 cm-1 corresponds to the 
double wave number of the D peak, and is also called the G’peak. The Raman frequency shift of the G’ 
peak is related to the excitation wavelength [10]. The peaks at 1346cm-1 and 1571cm-1 represent the D 
peak of the carbon atom lattice defect in the CNTs and the G peak of the graphitized structure. The 
ratio of the two peaks, i.e. ID / Ig, represents the ratio of amorphous to crystalline carbon content in 
CNTs, which can be used to characterize the structural changes of CNTs [11]. The Id / Ig of CNTs 
increased from 0.69 to 0.79 before and after mixed acid treatment, indicating that defects were 
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generated on the surface of CNTs, the reactivity was enhanced, it was easier to introduce 
oxygen-containing functional groups, and the dispersibility of CNTs was better. 

 

 
Figure 5. Raman diagrams of CNTs before and after mixed acid treatment 

3.2. Effect of Pore Former Mass Fraction on Microstructure of Aluminum Foam 
Figure 6 is a histogram of the porosity of aluminum foam prepared by adding different mass fractions 
of NH4HCO3. It can be seen that as the mass fraction of NH4HCO3 increases, foamed aluminum 
materials with porosity from 41% to 79% can be obtained. 
 

 
Figure 6. Porosity histogram of foamed aluminum with different mass fraction of NH4HCO3 

 
Figure 7 shows the SEM photographs of the different porosity aluminum foams and their 

corresponding three dimensional photographs. It can be seen from Fig. 7a that the distribution of pores 
is even more uneven with the increase of the porosity of the foam aluminum, and even the structure of 
the pores is destroyed. In Fig. 7b, different interference colors represent different depths of the surface, 
and the size of the aperture can be calculated by the relative value of the corresponding color. It can be 
seen that the pore size does not change significantly with the increase of porosity, and the maximum 
pore size is about 400 μm. 
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Figure 7. SEM photos (a) and three dimensional photographs of foamed aluminum with different 

porosity (b) 

3.3. Effect of CNTs Mass Fraction on Microstructure of Composites 
Figure 8 is a SEM photograph of fractures of composite materials with different mass fractions of 
CNTs and 60% porosity. It can be seen that the structure and distribution of pores in foamed 
aluminum and the increase in mass fraction of CNTs have no obvious changes, and can be seen in the 
fracture morphology It can be seen that there is a connection between the pores and the pores of the 
aluminum foam, which belongs to the open-cell small-pore foam aluminum. 
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Figure 8. Cross-section SEM photos of aluminum foam with different mass fractions of CNTs 

4. Conclusions 
(1) CNTs can be effectively dispersed by mixed acid treatment. Compared with the original CNTs, the 
treated CNTs can maintain one-dimensional nanostructure despite some damage, and new functional 
groups are introduced into the treated CNTs. 

(2) Using NH4HCO3 as a pore-forming agent, powder metallurgy can be used to prepare pure 
aluminum foam with open porosity of 41% ~ 79% and CNTs reinforced aluminum foam composite 
with 60% porosity. 
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