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ABSTRACT 

The structural properties of carbon-reinforced aluminum compounds with different 

weight ratios (0, 0.01, 0.02 g) of carbon in aluminum pistons prepared by powder 

metallurgy were studied. X-ray diffraction (XRD) results were conducted for the 

pistons under study. The results showed that the formed crystals were polycrystalline 

and had a cubic structure with a preferential orientation along the (111) plane. It was 

found that the diffraction peaks improved, indicating greater microstructural 

homogeneity with increasing reinforcing ratios. The crystallite size (Cs) of the 

samples was also calculated and found to decrease with increasing nanocarbon 

support. The surfaces of the samples were also examined using scanning electron 

microscopy (SEM), which revealed grain growth and distribution, as well as 

variations in surface morphology resulting from the nanocarbon reinforcement 

process. 
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الألمنيوم   لمكبوسات  التركيبية  الخصائص  النانوي على  الكربون  إضافة  تأثير    طريقة ب  المصنعةدراسة 

 تكنولوجيا المساحيق 
سلمان ابراهيم خلف   ،شهد موزر سمين   

 رفة، جامعة تكريت، تكريت، العراق قسم الفيزياء، كلية التربية للعلوم الص
 

 الملخص 

من الكربون في مكبوسة    (g 0.02 ,0.01 ,0بالكربون بنسب وزنية مختلفة وهي )  دعمةتم دراسة الخواص التركيبية لمركبات الألمنيوم الم 

( للمكبوسات قيد الدراسة، وأظهرت النتائج XRD)حيود الاشعة السينية  الألمنيوم المحضرة بطريقة ميتالورجيا المساحيق، وتم إجراء فحوصات  

وهذا يدل على  هناك تحسن في قمم الحيود    وتبين ان  (،111ذو اتجاه تفضيلي )  متعددة التبلور وذات تركيب مكعب  أن البلورات المتكونة كانت

بالكربون النانوي.  تدعيمللعينات والذي تبين أنه يقل بزيادة ال (Csالبلوري ) كما تم حساب الحجم  ،دعيمبزيادة نسب الت تجانس البنية المجهرية 

والذي بين نمو وتوزيع الحبيبات والذي أظهر تباينا في   (SEM) الالكتروني الماسحمجهر  الكم تمت دراسة أسطح العينات من خلال فحص  

   بالكربون النانوي. دعيمأشكال سطوح العينات نتيجة لتأثرها بعملية الت 

INTRODUCTION 

Composites consist of two or more phases bonded 

together; the first is called the matrix, which 

contains a material with a lower density, such as 

aluminum (Al). The second is reinforcement, 

typically in the form of particles, filaments, or 

fibers. Various micro- and nanoreinforcements are 

employed, each with distinct effects on the 

properties of certain Al-based composites. Common 

micro-reinforcements include Al2O3 and others; 

nano-sized reinforcements include carbon 

nanotubes, SiC nanoparticles, and ZrO2 

nanoparticles(1). Each micro-reinforcement in the 

Al-based composite enhances specific properties, as 

the reduced size of the nano-reinforcement 

facilitates better interfacial interaction with the 

matrix and can improve the resulting composite's 

mechanical properties(2). The demand for 

lightweight, high-strength materials has increased 

over the past two decades across various 

engineering sectors(3). To meet this demand, it is 

necessary to modify the material's physical 

properties and implement advanced thermo-

mechanical treatments. While conventional metals 

and alloys show a compromise between strength, 

weight and ductility, metal-based composites offer 

excellent mechanical properties along with reduced 

weights, which is why they are used in a wide range 

of engineering applications such as automobiles, 

ships, etc.(4). Metal-based composites have some 

excellent properties such as temperature stability, 

thermal conductivity, higher strength and stiffness, 

and lower coefficient of thermal expansion, which 

are otherwise difficult to obtain from a single metal 

or homogeneous alloys(5). Aluminum composites 

exhibit distinctive properties, including high 

stiffness, good damping, excellent thermal and 

thermal management properties, low density due to 

their light weight, and good corrosion resistance (6). 

The use of pure aluminum remains very limited in 

engineering applications because it is soft, weak, 

and exhibits poor mechanical properties. Therefore, 

research has long focused on improving the 

mechanical properties of aluminum through 

alloying (7). Powder technology is a simple, low-cost 
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method that has demonstrated effectiveness in 

dispersing reinforcements homogeneously within 

the aluminum matrix, thereby improving 

mechanical properties (8). The research aims to 

examine the effect of nanocarbon support on the 

structural properties of aluminum and to assess 

improvements in this material's hardness, light 

weight, and porosity for future applications. 

MATERIALS AND METHODS 

 In this research, Al and carbon nanoparticle 

powders with sizes ranging from 10 to 20 nm 

(Figure 1) were used at different weight ratios, as 

shown in Table 1. The structural tests included XRD 

and SEM.  
 

Table 1: Weight ratios of the powders under study. 

S3 S2 S1 Samples 

0.98 0.99 100 Al 
0.02 0.01 0.0 C 

 

 

Fig. 1: Aluminum and carbon powders. 

 

EXPERIMENTAL PART  

The required powder ratios were weighed out to 2 g 

in an agate mortar, and the ingredients were 

manually mixed for 30 min to achieve a 

homogeneous mixture. During mixing, ethyl 

alcohol (CH3OH) was added to prevent powder 

particles from flying and to ensure homogeneity of 

the mixture. The mixture was then placed in an oven 

at 100 °C for 10 minutes to remove the alcohol 

added during mixing. After mixing was complete 

and a homogeneous mixture was obtained, the 

powders were pressed using a hydraulic press. The 

mold was carefully placed under the press, and a 

pressure of 8 tons was applied for 3 minutes. After 

that, the pressure was removed, and the press was 

lifted from the mold, which was circular in shape 

with a mass of (2 g), a diameter of (10 mm)  and a 

thickness of (15 mm). After model pressing, the 

alloys are not ready for testing due to their low 

strength; therefore, they must be handled with 

caution during transfer to the oven. The sintering 

process is carried out in an oven that reaches the 

highest temperature (1200 °C). The alloys were 

placed in a clay container, and one cm-thick layer of 

iron filings was placed at the bottom. The alloys 

were placed and covered with a 1.5 cm layer of 

silica (red sand) and a layer of iron filings to prevent 

oxidation during sintering. The container was closed 

with a layer of refractory clay. The container was 

placed in the oven, and the temperature was raised 

to the annealing temperature of 520 °C for one hour. 

The samples were left in the oven overnight to cool 

to room temperature, after which they were 

removed from the crucible. 

RESULTS AND DISCUSSION 

a. X-ray diffraction (XRD):  

The results of XRD showed that the pure aluminum 

pistons reinforced with nanocarbon are 

polycrystalline nature and have a cubic structure, 

i.e. the crystal lattice constants are (a = b = c), and 

the presence of diffraction peaks corresponding to 

the levels (311), (220), (200), and (111) is observed 

at angles (2θ = 38.64, 44.70, 65.07, and 78.19) 

respectively, and in the preferential direction (111). 

When comparing these results with the International 

Card (ICDD) number (04-0787), it was found that 

the results are largely consistent. As shown in Figure 

2, XRD results indicate improved diffraction peaks, 

indicating a more homogeneous microstructure with 

increasing reinforcement ratios (9). We notice a very 

small shift in some peak locations towards short 

wavelengths, because impurities play a major role 

within the crystal structure as they work to change 

most of the physical properties so that they can 

affect the distance between the crystal planes and 

size, which causes the peak locations to shift to 
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larger or smaller values. The shifts in peak locations 

to decimal places after the decimal point indicate 

stress resulting from the entry of impurity atoms, 

their diffusion in a similar material, and their 

occupation of lattice sites(10). The average crystallite 

size was calculated using the Depay Shearer relation 

and was found to decrease with increasing 

nanocarbon reinforcement. (11) As shown in Table 2, 

the peak width is approximately midway along the 

curve. Full width at half maximum (FWHM) 

increases as the crystal size is inversely proportional 

to the FWHM. (12). 
 

 

 

 

Fig. 2: XRD of the prepared aluminum pistons: a) pure, b) reinforced with 1 % of nanocarbon, c) 

reinforced with 2 % of nanocarbon. 
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Table 2: Results of XRD analysis. 

Peak Average of Crystal 

size (nm) 

Crystal size 

(nm) 
FWHM 

(rad) 
hkl d (Å) 2Ө (deg) Sample 

Al 14.7 15.8 0.093 111 2.33 38.64 Al: Pure 
Al 12.2 0.123 200 2.02 44.70 
Al 16.2 0.101 220 1.43 65.07 
Al 14.5 0.123 311 1.22 78.19 

Al 13.8 8.4 0.175 111 2.33 38.45 Al : C 

1 % Wt Al 15.6 0.096 200 2.02 44.70 
Al 16.8 0.098 220 1.43 65.07 
Al 14.1 0.126 311 1.22 78.20 
Al 12.2 10.7 0.137 111 2.33 38.43 Al : C 

2 % Wt Al 11.9 0.126 200 2.02 44.69 
Al 12.9 0.127 220 1.43 65.07 
Al 13.5 0.132 311 1.22 78.20 

 

b. Scanning Electron Microscope (SEM):  

SEM was used to examine the surface morphology 

of pure and carbon-reinforced Al pistons 

(reinforcement ratio = 1.2 wt% %), to identify the 

nature of the surface, and to observe changes in 

crystal size with varying reinforcement ratios. SEM 

results showed changes in shape and surface 

structure attributable to nanocarbon reinforcement 

(13). In pure aluminum pistons, we observe the 

formation of flat, interlocking crystals with curved 

faces that form cavities or small networks, 

attributable to the nature of the interaction between 

nanocarbon and aluminum and to the preparation 

conditions. The bonding is homogeneous and 

random, with some surface defects and pores in the 

microstructure (14). When reinforced with (1.2 wt% 

%), carbon nanoparticles begin to appear clearly and 

show a homogeneous distribution with increasing 

reinforced ratios, as shown in Figure 3. The white 

color in the figures indicates a high powder density, 

as carbon forms shiny, flat-faced crystals. In 

contrast, the black appearance of the ground 

indicates low-density areas (15). The average particle 

size ranges between (20-90 nm), which is consistent 

with the results of researchers (16). We observed that 

the addition of carbon nanoparticles affected 

reflection and refraction, thereby improving image 

quality and visual details of the crystal structure 

under the scanning electron microscope. In addition, 

mixing carbon with aluminum improves scanning 

electron microscopy's ability to monitor crystal 

structure with higher accuracy, as it facilitates 

imaging and enables clearer identification of crystal 

shapes (17). 
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Fig. 3: SEM images of the prepared aluminum pistons: a) pure, b) reinforced with 1 % of nanocarbon, c) 

reinforced with 2 % of nanocarbon. 
 

CONCLUSIONS 

 In this study, the results of XRD showed that the 

pure aluminum pistons reinforced with nanocarbon 

are of a polycrystalline nature with a cubic structure, 

and with a preferential direction (111), and that the 

average crystal size (Cs) decreases with increasing 

reinforcement with nanocarbon and its value ranges 

between (12-15 nm). Additionally, scanning 

electron microscopy (SEM) revealed changes in 

shape and surface structure resulting from 

reinforcement, as well as the formation of clear 

spherical crystals of varying sizes and a regular 

distribution of complex elements at high 

reinforcement ratios. 
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