
International Journal of Mechanical And Production Engineering, ISSN: 2320-2092, Volume- 3, Issue-12, Dec.-2015 

Investigation Of Sample Position Effect On Produced Coating During Mechanical Milling 
 

33 

INVESTIGATION OF SAMPLE POSITION EFFECT ON PRODUCED 
COATING DURING MECHANICAL MILLING 

 
1ELMIRA KABIRIBALAJADDEH, 2FARHAD SABA, 3JALIL VAHDATI-KHAKI, 

4MOHSEN HADDAD SABZEVAR 
 

1,2,3,4Ferdowsi university of Mashhad, Iran 
E-mail: 1e_kabiri91@yahoo.com 

 
 
Abstract- Tool steel substrate was coated by titanium carbide using mechanical milling technique. Titanium and graphite 
powders was used as starting materials with molar ratio of 1:1. During the milling process the effect of substrates position at 
milling vial was checked to find the best condition of milling. Phase transformation and structure of the coating at different 
stage was analyzed by X-ray diffraction (XRD) and scanning electron microscopy (SEM). The measurments of 
microhardness was performed on both fixed and mobile substrates. It was noticeable that substrate position influenced 
hardness, thickness and structural properties of the coatings. 
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I. INTRODUCTION 
 
Carbon steels are promising materials for excellent 
industrial applications; however, their wear, corrosion 
and oxidation resistance in harsh environment 
specially in high temperature and acidic ambience 
noticeably decline [1]. 
Many ascertainment such as alloying, heat treatment 
and surface hardening and so on have been 
undertaken to decrease these limitations. Surface 
coating because  its unique and exclusive features has 
found eligible position among other technique. 
Different methods such as electrodeposition, thermal 
and cold spray, physical vapor deposition (PVD) and 
chemical vapor deposition (CVD) have been used to 
coat carbon steels with different alloys [2],[3]. 
Recently, it has been turned out that mechanical 
milling technique can be utilize to apply different 
coating materials on substrate surface in order to 
obtain nano-scale coating layers [4]-[7]. Material 
carbides due to their special properties can be 
considered as one of the excellent choice for coating 
steels. Among these vast range of carbides titanium 
carbide (TiC) because of its particular features likes: 
high corrosion and oxidation resistance, low density, 
chemical stability. High melting temperature and 
relatively low friction coefficient can be a primary 
candidate for coating steel [8],[9]. Previuose literature 
contain limited examples of specimens coating and 
synthesize coating material simultaneously via high 
energy ball-milling. Also there is not any report on 
coating of tool steels and effect of sample position on 
produced coating properties.    
 
II. EXPERIMENTAL 
 
Graphite (4µm) and titanium (purity 99.99%, <30µm) 
powders was used as a starting materials to deposit a 
coating layer on AISI D2 tool steels. They were 
sealed in a hardened steel vial of 160 ml volume with 
the mixture of 1:1 molar ratio under argon 

atmosphere. A planetary ball mill with the rotational 
speed of 300rpm was used. Steel balls with diameter 
of 10, 12 and 14 mm were used, and the ball to 
powder weight ratio was 30:1. The duration of MA 
was between 5 and 50 h. All of the steels discs were 
cut and machined in the diameter of 25 mm. The 
substrate material was AISI D2 cold work tool steel. 
Table 1 illustrates chemical composition of the 
starting substrate. All substrate surfaces were 
polished. The hardness of the substrate was   250±5 
HV. Half of the samples were fixed at the top of a 
vibration chamber and others had freedom of 
movement in the vial. The phase analysis of coating 
layer was studied by X-ray diffraction (XRD) using 
CuKα radiation (1.54059 A˚). Scanning electron 
microscope (SEM) was carried out to monitor the 
microstructures of the composite layer. A 
microhardness tester with the load of 2000 g was 
used to study the hardness of the coated substrates. 
The coating thichness was examined by Cross-section 
SEM micrographs and Clemex software.  

Table 1: Chemical composition of the D2 steel used as the 
substrate material 

 
 

III. RESULT AND DISCUSSION 
 
Fig. 1 shows XRD patterns of starting materials and 
produced coatings after various milling time. At this 
round 4 test between 5 and 25h was done.

 
Fig. 1. XRD patterns of starting materials and produced 

coatings after various milling time. 
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Due to the XRD results after 10h of milling   the 
starting materials peaks gradually disappeared and 
TiC peaks slowly appeared. With increasing in 
milling time it is obvious that after milling for 20h, 
all the raw materials convert to production. Also 
Further milling did not cause to any new phases. As a 
result 20 h of milling was considered as a synthesis 
time. Given that the main purpose of this project was 
creating and evaluating a TiC coating layer on steels 
substrate, all the next step tests were done during 
more than 20 h of milling. 
Fig. 2 illustrates cross- sectional micrographs of the 
coatings after 35h of milling for both fixed and 
mobile substrates. Due to SEM pictures, it can be 
seen that unlike fixed sample, which its coating layer 
is sporadic, the produced layer on mobile sample was 
almost uniform and continuous. According to figures 
2c to 2f which shows cross sectional micrographs at 
higher magnification it is recognizable that created 
coating on mobile sample is completely dense and 
without any cracks and cavity; conversely, the created 
coating on fixed sample have a lot of cracks and 
cavity and was not very compacted. 
Coating thickness changes during different milling 
time for both sample series was investigated by 
clemex software (Fig. 3). Due to the results, it is 
completely obvious that Coating thickness variations 
of both sample series are similar but mobile substrate 
has more coating thickness than fixed sample at 
different time. Fig. 4 presents the results of cross-
section microhardness test for produced coatings at 
different milling times for both fixed and mobile 
substrates. The line graph reveals that like coating 
thickness, microhardness of both series shows a 
similar trend, in addition at all milling duration 
coating layer of mobile substrates have higher 
microhardness value than another group.       
Due to the test results, it is understandable that 
mobility and freedom of substrate result in Creating 
better and more desirable properties in the produced 
coating. This can be raised for the following reasons: 
1- During the coating process, we need collisions of 
small balls (to transfer synthesize powder to the 
surface) and large balls (to transfer energy for cold 
welding of the powder to the surface) 
Simultaneously. Also during this coating method all 
collisions occur accidentally; as a result, mobile 
sample affected by more collisions. So in this state 
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Fig. 2. illustrates cross- sectional micrographs of the coatings 
after 35h of milling for both fixed and mobile substrates (a) 
Fixed sample (1000X), (b) Mobile sample (500X), (c) Fixed 
sample (5000X), mobile sample (5000X), (d) Mobile sample 

(5000X), (e) Fixed sample (20000X), (f) mobile sample (20000 
X). 

 
we can see a continuous and uniform coating layer 
on the surface. 
 
2- In addition mobile sample is affected by balls 
collisions from all sides; however, fixed sample is 
affected by one-way collisions; consequently, 
substrate and powders receive energy from both 
sides. In this case the possibility of cold weld on the 
surface increases. Also produced coating will be more 
dense and uniform and free of any crack. 

 
Fig. 3. Mean value of coating thickness for the coating 

fabricated on the fixed and mobile substrates. 

 
Fig. 3. Mean value of microhardness for the coating fabricated 

on the fixed and mobile substrates. 
 
CONCLUSION 
 
1- During this experiment titanium carbides 

synthesize started after 10h milling and completed 
after 20h ball-milling.  

2- The mechanical alloying technique was turned out 
to be able of producing uniform and acceptable 
coating on steel substrates. 

3- The condition of sample position in milling vial 
had an important and noticeable effect on final 
coating layers properties. 
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