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Abstract— An investigation was carried out to assess the 

effect of the Ni and Cr content on the hardness of Cu-Zn 

brass alloy. The procedure for the study is carried out first 

by coating brass alloys with thin layers of chromium and 

chromium above nickel. The surface refining of the coated 

brass was done using the Gas Tungsten Arc Welding 

(GTAW) as heat source. Hardness evaluation of the refined 

layer was conducted using a Vickers Hardness Tester. It was 

found that the hardness of the modified layer shows an 

increase when compared to the hardness of ordinary brass 

alloy. This is due to refined grain structure of the modified 

layer as compared to the coarse dendritic structure observed 

in the brass alloy sample. 
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I. INTRODUCTION 

Brass, an alloy of copper and zinc, that was in use since 

early ages and was named for its applications where low 

friction is needed such as in locks, bearings, valves and in 

musical instruments where its acoustic properties are made 

used. Also brass has made applications in plumbing and 

other such areas where its good machinability is required. 

Despite of all these applications brass has very limited 

application in areas like automobiles, production 

machineries etc.. due to its very low hardness, where bronze 

has made its applications. But comparing to brass, bronze is 

much expensive. Hence, we need something that is less 

expensive and having wide range of properties like that of 

brass along with high hardness. In that case we must think 

of some other means to improve the hardness of brass. 

Nickel and chromium are some elements having 

high hardness. To improve the hardness of brass a possible 

method is to coat nickel or chromium on brass. To improve 

effectiveness of coating a new method can be employed, 

called Surface Refining  

Process (SRP). The tribological properties of 

nonferrous and ferrous alloys can be enhanced with the 

application of this emerging method. SRP can be considered 

as an alternative to the conventional coating methods like 

PVD, CVD, electroplating etc. In this process, an 

appropriate moving heat source is employed to melt the 

surface of the substrate material to form a molten pool so 

that a modified layer forms on the surface upon 

solidification. The modified layer so formed is integral to 

the substrate material. In the case of traditional coating 

methods, the coating material may delaminate under various 

service conditions.  Such a drawback can be resolved by the 

application of SRP, where the modified layer being the 

integral part will be found effective. Therefore, it is 

expected that the components treated by the SRP can carry a 

higher load than those coated by the traditional methods. By 

the application of the SRP, it is possible to enhance various 

properties such as surface hardness, wear resistance, 

corrosion resistance, thermal conductivity etc. So, it can be 

assumed that surface refined brass alloys can provide better 

properties compared to normal brass alloys.  

II. RELATED WORK 

Many researches and studies have been carried out and were 

ongoing on surface refining process and the benefits of 

alloying nickel or chromium to metals or metal alloys. The 

major observations and results obtained can be stated as 

follows; 

Cherian Paul et.al[1], has investigated on the effect 

of Sn content on the properties of surface refined Cu-Sn 

bronze alloy. The surface refining was carried out using the 

gas tungsten arc (GTA) heat source. It was reported that the 

surface refining resulted in an increase in surface hardness 

which is attributed to the increasing Sn content on the 

substrate. A fine grain structure is also formed on rapid 

solidification of surface refining process. In the paper, it has 

also been stated that there are two factors that will affect the 

hardness, one is wear rate which is depended on hardness 

and other is coefficient of friction that was independent of 

hardness. 

B. Rakesh Chandra, et.al,[5] have developed a 

regression model by relating the experimentally measured 

arc parameters and gas tungsten arc welding process 

variables like electrode diameter and current. The author has 

investigated the relationship between microstructure and 

mechanical properties of a GTA weldment on the physical 

work piece surface.  The analysis was done by examining 

the arc parameters obtained during GTA welding process. 

The variation of arc parameters with change in electrode 

diameter and current are shown below. The author reported 

that af and ar values increases as current and electrode 

diameters are increased.  

The methodology used for this project is to Coat 

Cr/Cr and Ni over the surface of brass alloy using 

electroplating method. Melt the surface layer with TIG heat 

source and dissolve Cr or Ni into brass. Measure the 

hardness of the brass alloy using hardness tester across the 

weld.Test the microstructure using an optical microscope in 

the weld bead. Test the composition in the weld bead using 

Spectrometric analysis. Repeat the experiment for various 

process parameters. 

III. EXPERIMENTAL PROCEDURE 

The base matrix material used for the experiment was 

commercially available brass alloy having a composition of 

60% copper (Cu) and 40% zinc (Zn). A single rectangular 

block of brass with dimensions 230mm×60mm×19.2mm is 

cut into 3 pieces having length 80mm, 80mm and 50mm 

respectively. 
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Fig. 1: Brass piece coated with 80microns Cr (left side), 

brass piece coated with 20microns Ni and 80microns Cr 

(right side) 

One  of  the  blocks  having  length  80mm  is  

coated  with  chromium  of  thickness 80 microns using and 

other block is coated with 20 microns of nickel and 80 

microns of ambiguities in denominators. Punctuate 

equations with commas or periods when they are part of a 

sentence, as in chromium over the nickel coating using 

electroplating method. 

To melt the surface layer coating(surface refining) 

and diffuse Cr / Ni into the alloy experiments are done using 

TIG welding as a heat source and process parameters for 

doing the experiments (current input) is varied. Min arc TIG 

180 MLP provides DC for the welding. The device operates 

with a 1-phase voltage of 230 volt. Argon is used as the 

shielding gas. Mostly 2% Thoriated Tungsten electrode is 

used. The diameter of the electrode is taken as 2 m. 

 
Fig 2: Welded specimens with corresponding input current 

The  specimen  is  placed  on  the  worktable  to  

the  bottom  of  which  the  cathode  end  is connected.  

Welding is performed manually by the operator.  The anode 

end to which the electrode connected is run over the 

specimen. Welding is done on the two coated blocks (Cr 

coated & Ni+Cr coated) and the single brass block for an 

input current of 140A. The experiment is repeated for 

another input current of 160 Amperes. Thus making total of 

six runs of the electrode. The new modified layer is allowed 

to cool and solidify. 

For conducting future tests and analysis the welded 

specimen is needed to be cut to small pieces. Cutting 

operation is performed using a cutting machine of METCO 

(BAINCUT- MEDIUM) made having specifications of 

voltage- 415V +/- 10%, current- 4 to 5A, power- 3.2 kW. 

Weld bead in each block is cut and taken out. These weld 

beads avoiding the end sections which are not properly 

welded are cut into three pieces of equal lengths (about 

17mm). Thus a total of eighteen pieces is obtained(6 pieces 

for Cr coated brass welded at 140A and 160A, 6 pieces for 

Ni+Cr coated brass welded at 140A and 160A and 6 pieces 

of brass welded with 140A and 160A). Among the three 

pieces cut out, one is intended for hardness testing and the 

others for metallography and spectroscopy analysis. 

IV. EXPERIMENTAL RESULTS 

A. Hardness 

Base Metal – Brass 

Coating – Chromium (80 µm thickness) 

Current – 140 Amps Current – 160 Amps 

114HV 120HV 

Table 1.Hardness values for 80 micron Cr coated brass alloy 

The average value of macro hardness reading 

obtained at different location on the weld bead for brass, 

brass coated with Cr, brass coated with Ni and Cr is 

tabulated below. 

Hardness of brass coated with 80micron Chromium 

that has undergone GTAW at input currents 140Amps and 

160Amps is shown in table 1. Under hardness testing, 

ordinary brass gives  a  hardness  of  108HV,  whereas  

surface  refined  Brass-Chromium  composite  gives  a 

hardness  of  114HV  under  140Amps  and  120HV  under  

160Amps.This  implies  that  surface refining of Brass with 

Chromium increases the surface hardness of ordinary brass 

alloy. 

Base Metal – Brass 

Coating – Nickel (20 µm) and Chromium (80 µm)) 

Current – 140 Amps Current – 160 Amps 

125HV 135HV 

Table 2: Hardness values for 80 micron Cr and 20 micron 

Nickel coating 

Hardness of brass coated with 20micron Nickel and 

80micron Chromium subjected to GTAW at currents 

140Amps and 160Amps is shown in table 2. An ordinary 

brass gives a hardness of 108HV on Vickers hardness tester, 

whereas surface refined Brass-Chromium-Nickel material 

gives a hardness of 125HV under 140Amps and 135HV 

under 160Amps. This shows that surface refining of Brass-

Chromium-Nickel increases the surface hardness of ordinary 

brass. Also this mode of surface refining provides much 

better hardness than surface refined Brass-Chromium alloy 

Base Metal – Brass No Coating 

Current – 140 Amps Current – 160 Amps 

112HV 114HV 

Table 3: Hardness values for surface refined brass 

Table 3 shows the hardness values of surface 

refined brass are 112HV and 114HV for currents 140Amps 

and 160Amps.This shows simple surface refining can 

increase the hardness of brass alloy (hardness of normal 

brass being 108HV). 

From table 1, table 2, table 3 it is observed that the 

hardness value increases with increase in current used for 

GTA heat source. This variation of hardness with various 

currents and composition is shown in the Fig 8. It is clear 

that Brass-Cr-Ni alloy under 160Amp current gives 

maximum hardness which is far better than ordinary brass 

alloy. 
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Fig. 3: Variation in surface hardness for various 

compositions under various current 

The current increases a fine grained structure was 

observed after surface refining. This is due to the increase in 

grain boundaries and thus increases in hardness. 

V. CONCLUSION 

It can be concluded that, surface refining achieved by 

performing tungsten inert gas welding on the surface of the 

coated brass block is a much effective and inexpensive when 

compared to other coated methods. Also it has been 

observed that this method provides an improvement in the 

hardness of the brass alloy and gives a better diffusion. An 

improvement in surface grain is also achieved by this 

process. 
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