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Abstract. This paper focuses on the effect of the new method on the crystallite size and thermal 
stability of Fe80Cr20 alloy powder. Generally, the ball milling sample and ultrasonic technique 
sample have dissatisfaction result when applied at high temperature. In addition, the combination of 
both techniques not yet carried out. Therefore, this study aims to investigate an appropriate 
technique to produce smallest crystallite size in order to improve the thermal stability. The new 
method of mechanical alloying (mill) and ultrasonic technique (UT) were applied in order to reduce 
the crystallite size and improve thermal stability. The new method is called as combination 
treatment. This condition allows the enhancement of thermal stability of Fe80Cr20 alloy powder. In 
this study, mechanical alloying process was carried out by milling time of 60 hours. Then, the 
ultrasonic technique was performed at frequency of 35 kHz at 3, 3.5, 4, 4.5, and 5 hours. From XRD 
analysis, it was found that the broader peaks indicated the smaller crystallite size. It shows that the 
combination treatment (milled and UT) reduce the crystallite size up to 2.171 nm when mechanically 
alloyed for 60 hours (milled 60 h) and followed by ultrasonic treatment for 4.5 hours (UT 4.5 h). 
Smallest crystallite size enhances the thermal stability up to 12.7 mg which shown by TGA analysis 
during 1100 0C temperature operation. The combination treatment is method which is effective to 
fabricate Fe80Cr20 alloy powder. 
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1. Introduction 

 
The iron-chromium system has been used in long time as the basis by many engineering alloys for 
high-strength and corrosion-resistant applications, such as for fuel cell interconnect. Chromium acts 
as the α-phase stabilizer when added into iron because chromium has the same Body Centre Cubic 
(BCC) crystal structure as α-iron [1, 2]. Many aspects of the properties and structure of Fe-Cr alloy 
powder required for more detail investigation. The oxidation of two commercial Fe-Cr alloys which 
containing 16 and 22% Cr in a wet methane atmosphere at 800 0C (1073 K) have been studied [2]. 
The result indicated that at a higher chromium-containing alloys would have a slightly lower 
oxidation rate in that environment [2]. According to [3] the crystallite size of metallic material is 
decreased with the increasing of thermal stability during temperature operation of 650 0C. 
Developing nanocrystallite metallic interconnect also studied by [4], they found that it was operated 
at temperature of 900 0C which is give the effect that the higher thermal stability at smaller crystallite 
size up to 11 nm. Higher thermal stability shown by smaller mass gain during temperature operation. 
Other study of Fe80Cr20 alloy powder investigated that the effect of the various sintering process and  
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Lanthanum (La) implantation on the crystallite size [5, 6] and the results show that the growth rate 
of La implanted sample smaller than without La implanted during sintering process. Smaller 
crystallite size shows the smaller growth rate after sintering process. Intermetallic Fe80Cr20 
developed by using mechanical alloying with milling time of 40 hours and 60 hours, prior to 
implanted by using Lanthanum (La), it is consolidated at temperature of 1273 K and pressure of 25 
MPa [7]. FeCrAl is treated using ultrasonic technique prior to nickel electroplating which have been 
studied [8, 9] and they found that the ultrasonic technique effective to break the agglomerates or to 
improve homogeneity, improve surface morphology of the FeCrAl alloys. Some previous research 
above shows that the crystallite size of Fe80Cr20 alloy, clear correlation with temperature operation. 
Ball milling and ultrasonic technique is shown inconvenience results in growth rate of crystallite size 
at high temperature operation [3-11]. Therefore, this study will combine between ball milling and 
ultrasonic technique. The objective of this research is to evaluate the effect of that process on the 
diffraction peaks, crystallite size, strain, and thermal stability of Fe80Cr20 alloy powder. 
 
2. Research Methodology 

 
Raw materials consist of iron and chromium powders. The powder was mixed at 80 wt% Fe and 20 
wt% Cr compositions. In this research the synthesis was milling combined with ultrasonic treatment. 
The Fe80Cr20 alloy powder were mixed and sealed in a 250 ml grinding jar with the ratio of the ball 
and the powder mass at 13:1 [12]. Hardened steel balls with varies diameters: 1 ball of 10 mm, 2 
balls of 15 mm, 5 balls of 20 mm, 8 balls of 27 mm is used in ball milling process. According to Hendi, 
(2011), the smallest crystallite size was obtained using milling time of 60 h. Therefore, this research 
ball milling process was carried out at fixed milling time of 60 hours. Refine the surface morphology 
and more homogeneity was introduced using ultrasonic technique. The fixed frequency of ultrasonic 
machine is 35 kHz. The ultrasonic process was conducted at varies ultrasonic times of 3 h, 3.5 h, 4 h, 
4.5 h and 5 h for each sample. Characterizations phase using X-Ray Diffraction (XRD) and thermal 
analysis using Thermo Gravimetric Analysis (TGA). Crystallite size is determined using Williamson-
Hall method as shown in (1) [13, 14]. 
 

 𝜕(2𝜃)𝐶𝑜𝑠𝜃 =
0.9𝜆

𝐷𝑊𝐻
+ 4𝜀𝑆𝑖𝑛 (1) 

 

Where 
 𝐷𝑊𝐻= the crystallite size 
 𝜕(2𝜃) = FWHM (radians) 
 𝜆 = Wavelength of the X-ray (𝜆 = 0.154056 nm for Cu-K𝛼) 
 𝜀 = Strain (%) 

 
3. Results and Discussions 

 
3.1  XRD peaks and crystallite size properties 
Comparison of XRD pattern of the treated samples (UT samples, milled 60 h sample and combination 
treatment (milled and UT samples)) and untreated samples (raw material) is shown in Figure 1. 
Generally, the combination treatment samples show broader peak than raw material, UT samples 
and milled 60 h sample. Broader peaks are indicated that the smaller crystallite size of Fe80Cr20 
alloy powder. This broadening is due to overlapping peaks in the iron and chromium. It is probably 
caused by the similarity of lattice parameter. The peaks are located at the reflection angle of 440, 650 
and 820 which can be assigned to the peaks from the (110), (200) and (211) planes, respectively. 
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Figure 1. XRD pattern and crystal structure of the treated and untreated samples 

 
3.2  Crystallite size and strain analysis 
Crystallite size and strain is determined using Williamson-Hall method. The crystallite size and strain 
of the treated and untreated samples are shown in Figure 2. 
 

 
Figure 2. Crystallite size vs strain of research sample 

 
The combination treatment has a significant effect to reduce the crystallite size. These phenomena 
are due to the Fe80Cr20 alloy powder and the crystallite size is smaller than 20 nm, the total volume 
fraction of inter-crystalline region become significant. Therefore, the full dense material in the nano-
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crystalline material is developed. Strain of designation sample are relatively increase up to 62 % from 
Fe80Cr20 sample to the combination (milled and UT) samples. Increasing sample strain means the 
deformation in term of relative displacement of particle in the body has increased. Deformation 
during ball milling and ultrasonic process formed a stress field because temperature is changed 
during the process. A continuous and discontinuous of crystallite size and material strain are 
included in Figure 2. 
 Crystallite size and strain on raw material until combination treatment (milled and UT 4.5 h) 
samples are located in deformation elastic of material (continuous condition). Meanwhile, the 
deformation plastic of the material is located at milled and UT 5 h (discontinuous condition). That 
phenomenon also showed by [4, 15, 16] that the temperature operation gives a great influence on 
the crystallite size which is shown by continuous and discontinuous/elastic and plastic area of the 
samples. Higher temperature is effect to the higher growth rate at same crystallite size and smaller 
crystallite size is effect to the smaller growth rate at the same temperature operation. 

 
3.3  Thermal stability analysis 
Thermal stability of material was analyzed using Thermo Gravimetric Analysis (TGA). Thermal 
stability is introduced by mass changes of the samples in high temperature operation. Mass change 
is obtained directly from TGA machine after the process complete. If the low mass changes is 
observed, it means that the material have a good thermal stability. Lower mass gain is shown in ball 
milling 60 hours and combination treatment samples. For more clearly understand of TGA curve as 
shown by Figure 1. 
 

 
Figure 1. Mass gain of milled 60 hours and combination treatment samples 

 
Influence of the crystallite size on the mass gain has been investigated. Therefore, the graphic of 

the crystallite size and mass gain in treated as well as untreated sample is shown in Figure 2. 

 
Figure 2. Mass gain vs crystallite size of the treated and untreated samples 
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Reduction of the crystallite size of the sample designation has expected give effect to mass gain. 
Although on higher temperature operation, milled 60 h sample and combination treatment sample 
have smaller mass gain than raw material and UT samples. It is caused by reducing crystallite size 
after each process. Therefore, decreasing crystallite size will decrease the mass gain of the samples 
designation of 2.71 nm and 12.7 mg, respectively.  
 Crystallite size is decreased by mass gain which has decreased. It is relevant with the previous 
research that growth rate of crystallite size after consolidation process by using hot pressing was 
observed [3-6, 9]. Growth rate was increased at the larger crystallite size. 
 
4. Conclusions 

 
From XRD analysis allowed to precise determination of the crystal structure is (110), (200) and 
(211), plane crystal structure is Body Centered Cubic (BCC) and the sharper peaks show the smaller 
crystallite size. Outline/reverse correlation of the crystallite size and strain of the samples and in line 
correlation of the crystallite size and mass gain. The influence of the crystallite size on the thermal 
stability of the metallic interconnect from literature may result from differences in the method, 
composition and temperature operation. It was found that this result obtained by new method are 
consistent. 
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