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Abstract—Metallization of plastics has always been a great challenge to the researchers. With the establishment of the wide 
utility of metal coating on the plastic base, various attempts have been made to metallize plastic. This paper presents a simple 
and hassle free method of deposition of copper on the acrylonitrile–butadiene–styrene plastic substrate by thermal spray 
method. The adhesion of the coating was assessed by standard tape test and has shown excellent adhesion to the substrate. 
Sliding wear test has been conducted to study the wear resistance of the coating surface. SEM and Energy dispersive X-Ray 
Analysis have revealed the coating characteristic and established coating to be of pure copper. Taguchi method of optimization 
was used to design the experiment using L27 orthogonal array.  Effect of several parameters on coating thickness was studied. 
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I. INTRODUCTION 
 

The main motive behind the development of coating 
is to provide protection against corrosion and erosion, 
so as to protect the material from chemical and 
physical interaction with the surrounding 
environment. The automotive industry extensively 
uses metallized and non-metallized plastic parts. It is 
well known that direct copper plating on plastic or 
non-conductors has become widely industrialized as 
the traditional electroless copper plating involves the 
use of environmentally objectionable complex agents. 
Wear problem is still of great relevance in a wide 
range of industrial products and parts as it results in 
the degradation and eventually the failure of 
components. In the industrial sector, the aesthetic 
metallic appearance of some plastic components using 
nickel and copper finishing is very important. This 
represents a higher practical and economic benefit in 
substituting heavy and costly metallic substrates. The 
non-conductive materials usually require an 
electroless process to create an autocatalytic metallic 
thin film that allows the subsequent electrolytic 
deposit. Various scientists have made various attempts 
to achieve metallization on plastics. Gui-xiang et al. 
[1] presented a method of copper plating on ABS 
plastic. Although the deposition of copper on ABS 
plastic was successful, the method required the use of 
toxic agents. The substrate was etched by CrO3/H2SO4 
solution containing Pd2+ ions, catalyzed by Pd/Sn 
colloids solution and accelerated in an alkaline 
solution containing copper ions. The Pd2+ ions in 
etching solution reduced the surface roughness and 
enhanced the colloids adsorption capacity. After 
acceleration, when the stability of Cu2+-complex was 
relatively low, Sn2+ was oxidized by Cu2+ in the 
alkaline solution, meanwhile Cu2O was formed. 
Hence, this method involved number of steps such as 

etching, neutralization, activation and acceleration, 
which made this method rather more complex. 
Another method of deposition was reported by Li and 
Yang [2]. This method deposited copper metal onto 
aluminum (Al)-seeded 
acrylonitrile–butadiene–styrene (ABS) plastics in 
acidic electroless baths.  Bath contained 15 wt. % 
copper sulfate and 5 wt. % of any of the acids such as 
sulfuric acid (H2SO4), phosphoric acid (H3PO4), nitric 
acid (HNO3), or acetic acid (CH3COOH). Cu crystals 
were formed on the Al-seeded ABS surfaces deposited 
from all of the four acidic baths. Deposition time 
played a critical role in this method.   Bazzaoui et al. 
[3] have achieved coating on ABS Plastic by using a 
plating method that consists of treating the plastic by 
polypyrrole. The deposition of PPy on ABS samples 
was reached chemically in a solution of pyrrole and 
iron (III) chloride. The polypyrrole (PPy) synthesized 
was adherent to the plastic surfaces. Adherent copper 
layers with different thicknesses have been obtained 
on PPy/ABS at different electrolysis time. Teixeira 
and Santini [4] introduced the method of surface 
conditioning of acrylonitrile-butadiene-styrene (ABS) 
using solution consisting of sulfuric acid, along with 
hydrogen peroxide and/or nitric acid, replacing 
environment ally unfriendly chromic acid, as 
oxidants. The results have shown that the types of 
solutions obtained could be optimized to perform as 
efficiently as the chromic-based baths, however, 
providing a process which is far more environmentally 
friendly. An alternative method was published by 
Magallón-Cacho et al. [5] they present a surface 
treatment on ABS which significantly lowers the 
levels concerning to environmental impact. It is based 
on a photo-catalytic reaction that is performed on the 
copolymer surface by TiO2 nanoparticles (30 nm), as a 
suspension, carried out under UV exposure. After the 
surface conditioning with the photo-catalytic 
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treatment, the metallization of substrate was done by 
two different ways: electroless process or dynamic 
chemical process (DCP). The DCP does not need a 
surface activation with palladium ions, unlike 
electroless process. Hence, it is more simplified 
procedure which aims at directly reducing both, the 
effluents and the costs. Tang et al. [6] discovered an 
environment-friendly process of surface activation of 
ABS plastic that was carried out by using a biopolymer 
to fix catalyst metal on the substrate by chemical 
absorption. The ABS specimens after each step of 
pretreatment were investigated under XPS to 
thoroughly analyze the reaction mechanisms. 
Recently, the wire arc thermal spray method has been 
broadly described by Gedzevicius et al. [7]. It has 
confirmed that the new method can enhance the 
adhesive strength of the coating and the desired 
characteristics can be achieved by varying the coating 
parameters. The coating can be achieved with a 
minimum increase in the final cost. 
 

 
Fig. 1 ABS plastic specimen before coating 

 
II. EXPERIMENTAL PROCEDURE 
 
A.  Material 

The material used in our work is acrylonitrile 
butadiene styrene (ABS-M30). ABS (chemical 
formula ((C8H8· C4H6· C3H3N)n) is a carbon chain 
copolymer and belongs to styrene ter-polymer 
chemical family. This plastic is basically composed of 
90-100% acrylonitrile/butadiene/styrene resin and 
may also contain mineral oil (0-2%), tallow (0-2%) 
and wax (0-2%).     
B. Specimen fabrication 

 A 3D design of the specimen (substrate) was drawn 
using CatiaV5R19 software. The image was saved in 
.STL format. Fused deposition modelling (FDM) was 
used to fabricate the RP parts by using by Fortus 3D 
production system, manufactured by Stratasys (Fig. 
1). The Fortus 400 mc was coupled with Insight 
processing software that was used to make required 
adjustments in the dimensions of the design of the part 
to be made. FDM machines build a part layer-by-layer. 
Unlike other RP systems which involve lasers, 
powders, resins, etc. This process uses heated 
thermoplastic filaments which are extruded in a form 
of paste from the tip of nozzle. Separate nozzles are 

being used for part material deposition and support 
structure material deposition. They both work 
alternatively. The material used is preferably the one 
which melts at a pre-selected temperature and also 
quickly solidify on to the previously deposited layer. 
Previous researches suggest that major part of output 
quality is dependent on few primary control factors 
viz., layer thickness (LT), part build orientation (RA), 
raster angle, raster width and raster to raster gap (air 
gap) [8–11] . Out of these factors, Layer thickness and 
raster angle have been varied, keeping rest of the 
factors at a fix as shown in the Table I. 
C.  Cleaning of the substrate 
    For a strong adhesion of the coating with the base, 
surface of the substrate should be free of dust particles, 
oil or grease as it prevents the direct contact of the coat 
with the substrate. Ethanol has been used for cleaning 
of the ABS plastic substrate. 
D. Surface Activation 
     Surface activation was done by subjecting the 
substrate to sand blasting. At least one layer of coating 
must be performed on substrate within four hours of 
surface activation. If the holding period exceeds four 
hours, the surface must be cleaned and re-blasted. 

E. Electric Arc Thermal spray 
    Electric arc or wire arc is a twin wire system in 
which two copper wires are fed into a spray gun; one of 
these wires is positively charged while the other one is 
negatively charged. At the front head, arc is generated 
whereas the compressed air is supplied to the gun 
which helps in spraying the melted copper towards the 
surface of the substrate (Fig. 2). In our sample zinc has 
been used to provide the primary coating.  After which 
copper coat was applied keeping the constant spray 
distance of 12 inches. Coating parameter such as 
voltage, current and pressure have been varied as 
shown in the Table I. 

                                                
Fig. 2 Wire arc thermal spray method 

 

 
Fig. 3 ABS copper-coated specimen after the tape test 
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Table I: Factors and their levels. 
Controlling 
parameters 

Unit Level  
1 2 3 

Layer 
thickness(LT

) 

millimeter 0.178 0.254 0.305 

Raster angle 
(RA) 

degree 0 30 60 

Current (I) Ampere 28 29 30 
Voltage (V) Volt 100 250 400 
Pressure(P) Bar 3.6 3.9 4.2 

 
Table II: Experimental design of Taguchi L27 

orthogonal array 
Expt. 
No 

LT RA I V P Thickness  
(mm) 

1 1 1 1 1 1 104 
2 1 1 1 1 2 109 
3 1 1 1 1 3 190 
4 1 2 2 2 1 158 
5 1 2 2 2 2 247 
6 1 2 2 2 3 214 
7 1 3 3 3 1 222 
8 1 3 3 3 2 300 
9 2 3 3 3 3 475 

10 2 1 2 3 1 374 
11 2 1 2 3 2 354 
12 2 1 2 3 3 408 
13 2 2 3 1 1 187 
14 2 2 3 1 2 254 
15 2 2 3 1 3 220 
16 2 3 1 2 1 248 
17 2 3 1 2 2 269 
18 2 3 1 2 3 321 
19 3 1 3 2 1 220 
20 3 1 3 2 2 241 
21 3 1 3 2 3 294 
22 3 2 1 3 1 392 
23 3 2 1 3 2 402 
24 3 2 1 3 3 454 
25 3 3 2 1 1 146 
26 3 3 2 1 2 128 
27 3 3 2 1 3 148 

 
III. RESULTS AND DISCUSSIONS 
 

F. Adhesion test 
     Adhesion test is required to study the strength of 

the bond between coating and substrate. The 
Standard tape test was conducted on the copper 
coated ABS plastic samples. ASTM test method 
(ASTM D 3359-02) with minor modifications was 
performed. A 25 kg weight was placed onto the test 
surface and was kept for 5 min. After that the tape 

was removed. It was observed that no coating came 
out. 

 

 
Fig.4. SEM micrograph of copper-coated ABS plastic specimen 
 

 
Fig. 5 Optical micrograph displaying the cross-sectional view 

of copper coating on ABS plastic specimen 
   

 
Fig. 6 SEM Micrograph of cross-sectional area of the coated 

sample displaying thickness 
 

Fig. 3 shows the result after the tape test, displaying 
a very strong bonding of copper coating with the 
substrate. 
G. SEM and Energy Dispersive X-Ray Analysis 

     A JEOL JSM-6480LV scanning electron 
microscope (SEM) coupled with an energy dispersive 
X-ray spectrometer (EDS) was used for 
microstructural characterization of the samples and to 
obtain the micrographs. Fig. 4 exhibits the typical 
microstructure of copper coating on ABS plastic done 
by electric arc thermal spray method. 
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Fig. 7 EDX Analysis Of Copper Coated Specimens. 

 
The Fig. 5 and Fig. 6 clearly show the layer of Zn and 
Cu on the ABS plastic. Almost uniform coating of 
copper of around 100 µm is present. EDS result (Fig. 
7) confirms the coating to be 100% copper.  

H. Sliding wear test 
    Degradation of coating by wear and tear has been a 
big problem when the coating is being talked about.  
Wear test has been performed by pin-on-disk method 
where samples were rugged against the EN-32 
hardened steel (disc) at a speed of 200 rpm for 5 min. 
A load of 10 N was applied during the testing. ASTM 
G9904 test method was used to measure the wear 
resistance of the copper coated samples. Due to the 
presence of foreign particle and roughness of the 
surface itself, initial the rate of wear is not stable. It is 
called as transient wear data and is sometimes 
neglected. Beyond this region, a complete contact 
between the coated surface and the disc takes place. 
Therefore after certain sliding distance, the surface 
asperities are removed. Hence, the variation in the 
co-efficient of friction becomes stable as can be seen 
from the Fig. 8.  Wear rate has been calculated by 
dividing the wear volume by the sliding distance. In 
Table III, we have calculated the wear rate of one of 
the coated samples.  Thus the wear results too show 
that the coating is stable enough and improves wear 
resistance to some extent [12]. Fig. 9 shows the SEM 
Micrograph of worn surface. 
 

Table III: Wear rate for a coated sample 
Track 

diameter 
(mm) 

Sliding distance 
(m) 

Wear rate 
(mm3/m) 

60 189 0.00344 

 
Fig. 8 Variation of friction coefficient with time 

 
Fig. 9 SEM Micrograph of worn surface of Copper coated ABS 

specimen 
 

I. Determining the influencing factors in coating of 
copper on ABS Plastic 
Experimentation was performed using Taguchi L27 

orthogonal array design as shown in the Table II. 
Analysis of the experimental data obtained from 
Taguchi L27 orthogonal array has been carried out 
using Minitab R16. As can be seen form the ANOVA 
result (Table IV), small (<0.05) p value indicates that 
voltage, power and layer thickness have statistically 
significant effect on response value, followed by 
current and raster angle. With respect to main effect 
plot for thickness as shown in the Fig. 10, thickness 
value is directly proportional to voltage and pressure 
applied during the thermal spraying.  In case of layer 
thickness, the thickness value increases up to certain 
point after which it starts decreasing. 
 

Table IV:  Results of the ANNOVA for thickness 

 
DOF-degree of freedom, SS-sum of square, MS-mean sum 
of square 
 

 
Fig. 10 Main effect plot for thickness 
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Fig. 11 Probability plot for residue at 91% confidence 

 
Probability plot has been shown in the Fig. 11. 

Relationship of output response with input parameters 
is given by (1).  

 

PV
IRALT

125604.0
2.4069.0397358


  thickness  Total

     (1) 

 
CONCLUSION 
 

Copper can be deposited on ABS Plastic by spraying 
the copper by wire arc spray method. The method 
involves no interaction with toxic agents. In 
improving thickness, voltage, pressure and layer 
thickness have played vital role. This work may find 
application in making lighter and cost effective 
electrode for electric discharge machining (EDM) 
applications. 
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