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This paper makes an investigation on the synthesis of tantalum carbide (TaCx) based chromel 
composites and their tribological behaviour using pin on disc under various load conditions. The 
reinforced chromel alloy with TaCx was prepared at the rate of 0, 3 and 6 wt.% of TaC using stir casting 
route. The wear resistance of composites was found to improve with the increase in weight percentage 
of TaC. The wear properties of Chromel-TaCx composite were enhanced due to the presence of 6% 
TaC. The wear worn out surface of chromel composite was studied through microstructures. The 
optimal process factors and their effect on responses have been analyzed through Response Surface 
Methodology (RSM) and Analysis of Variance (ANOVA).

Keywords: Chromel, Tantalum carbide, EDX, Worn surface morphology, Response surface 
methodology.

1. Introduction
In recent days, nickel based chromium alloys are playing

an essential role in metal industries. The combination 
of chromium with other alloys offers better substance 
properties. Nickel based chromium alloys were used in 
automotive industry, aero engines and nuclear reactors1. 
Chromel alloy was generally used as thermocouple. Chromel 
(K-type) thermocouple was applied to determine the outlet 
temperature2. Tungsten-copper and iron based chromel 
alloy were effectively utilized for temperature applications3. 
In direct contact type heat exchanger, chromel thermocouple 
was used to find the water temperature at the bottom of heat 
exchanger to withstand corrosion4. Tantalum carbide (TaCx) 
was used to enrich the carbon content of the material and 
also to strengthen the interfacial alloying elements through 
different compositions. The mechanical behaviors were also 
gradually improved5. As a result, different applications were 
suggested, including thermal heat insulation and vehicle 
wear-resistant liners. High volume fraction of tantalum 
carbide was applied for the improvement of fracture 
toughness and tensile strength6. The different compounds 
of tantalum carbide rich phases were used in alloy such as 
TaC, Ta6C5, Ta4C3 and Ta2C

7. Due to superior properties like 
high hardness, melting point, wear resistance and chemical 
stability, TaCx was observed to have a great effect on the 
substance properties8. The substance properties of MMC play 
a major role in the selection of material for any applications 
and processes. The three types of manufacturing process 
are (i) liquid state (ii) solid state, and (iii) solid-liquid9. 
Among these processes, liquid state process was found to 
be more economical. Stir casting was an example of liquid 
state processing technique. The advantages of using this 
process are better homogeneous material, cheap and uniform 
distribution of reinforcement particles. By using computer 

simulation, the effect of the stirrer velocity on the flow of 
material and possible distribution of reinforcement particles 
in the molten matrix yield improved material structure10.

Reinforcements such as oxides, carbides, borides and 
nitrides with matrix usually minimize the wear of Al alloy11. 
The wear was increased due to the penetration of reinforcement 
material into the matrix and the forceful removal of debris 
material12. The wear rate was minimized due to the addition 
of reinforcement particles to the alloy and it was concluded 
that load was the top most factors to affect the wear rate13. 
AA 6082-T6 composite that was synthesized by reinforcing 
with an assortment of silicon and boron carbides using a 
stir casting process, subjected to a sliding wear test. Load, 
sliding speed, reinforcement percentage and sliding distance 
were selected as control factors. Variance analysis showed 
that the wear increases with an increase of sliding distance 
and load. However, a decrease in wear was observed with 
an increase in reinforcement or sliding speed14. Sliding 
wear test was performed on electroless Ni-P coating to 
investigate the wear behaviour and the test revealed that 
load and time have a major effect on two-way interaction15. 
An attempt to minimize the wear rate of Al/AlB2 composites 
by employing L9 Taguchi orthogonal array was done 
by considering the control factors of dry sliding wear 
behavior16. In recent times, Design of experiments was the 
most realistic statistical approach which was used in many 
fields for process control, design optimization and product 
performance prediction. The influence of input constraints 
on dry sliding wear behavior of SiC and graphite particles 
based reinforced aluminum composites were analyzed by 
carrying out L27 experiments under Taguchi DOE method. 
Among other factors, sliding distance was found to be the 
most significant factor17.The experiments were performed 
to obtain the wear data in accordance with the experimental 
design of array. In particular, the impact of process factors *e-mail: mohmedfazilmech@gmail.com
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