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ABSTRACT 
 

The most common way to create an abrasive layer 
on a plastic surface is adhesive bonding of abrasive 
powders. This method is complicated and quite 
expensive and can be applied to selective materials 
only. A new process of abrasive coatings on plastics 
was developed at the Centre for Advanced 
Manufacturing Research (CAMR), the University of 
South Australia. This technique is based on gas-
dynamic deposition also known as cold spray. In 
contrast to other methods, the process can be used to 
create various abrasive coatings on practically any 
plastic materials, including polyethylene and 
polypropylene, which cannot be used in adhesive 
technologies. A comparative study of the spraying 
and adhesive methods showed both technical and 
economic advantages of the developed technique. 
The technique is a one-stage process which does not 
require any surface preparation, drying or 
solidification processes, and post-processing 
operations. Therefore, minimisation of technological 
stages in manufacturing leads to significant economic 
savings. Additional benefits may be achieved by 
widening a plastic materials spectrum and taking 
some design opportunities. This paper describes the 
new process of applying abrasive coatings on plastics 
by gas-dynamic spraying and discusses the technical 
and economic benefits of its implementation. 

 
 

INTRODUCTION 
 

Abrasive products are widely used in industry, 
small workshops and housework [1-3]. Plastic 
products with abrasive layers are becoming popular 

in a variety of applications such as abrasive articles, 
anti-slippery and anti-sliding inserts and gripping 
tools. These products are an important part of 
manufacturing processes. The development of a cost-
effective process of their production would benefit 
the manufacturing companies.  

 
One of the common methods of creating abrasive 

layers on plastic surface is adhesive bonding of 
abrasive materials. The most usable types of 
adhesives used in this method are cyanoacrylates 
(superglues), epoxies, UV adhesives, urethanes and 
phenolic adhesives [4-8]. As a polymeric binder some 
other materials solutions or melts can be used e.g. 
nitrile rubber, vinyl acetate, acrylates, silicates [9-10]. 
An adhesive bonding of abrasive powder on the 
surfaces of plastic parts includes several basic 
processes. The first step is the application of an 
adhesive layer on the plastic surfaces; the second step 
is spraying abrasive sand over adhesive layers; the 
third step is curing of an adhesive (e.g. irradiating 
UV light on the coated surface). A number of 
operations and special dispensing equipment make 
this method complicated and quite expensive. It has 
also some technical restrictions; for example, it can 
be applied to selective materials only.  

 
A new process of abrasive coatings on plastics was 

developed at the Centre for Advanced Manufacturing 
Research (CAMR), University of South Australia. 
This technique is based on gas-dynamic deposition 
also known as Gas Dynamic Metal Deposition or 
Cold Gas Dynamic Spraying. In contrast to other 
methods, the process can be used to create various 
abrasive coatings on most plastic materials, including 
polyethylene and polypropylene, which cannot be 
used in adhesive technologies.  

 
Traditionally the gas-dynamic method is used to 

deposit metal coatings on the surfaces of ceramic, 
glass or metal products [11-12]. The core idea behind 
this method is that fine metal particles in solid state 
are accelerated by a supersonic gas stream to a 
supersonic velocity of several hundreds meters per 
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second. The accelerated metal particles impact a 
substrate at high-velocity, adhere to it and form a 
continuous coating. Although the air is preheated in 
the spraying gun to 300 - 400oC (See Figure 1) the 
working temperature on the treated surface does not 
exceed 100 - 200oC. In case of plastic substrates such 

temperature allows to soften or melt the surface layer 
of the plastic. The sprayed abrasive particles 
penetrate and stick in the melted layer. After cooling 
and solidification of the plastic the fixed particles 
create an abrasive coating on the plastic surface. 

A comparative study of the spraying and 
adhesive methods described below shows both 
technical and economic advantages of the proposed 
technique. 

 
 

EXPERIMENTAL 
 

Materials 
 
Adhesive materials 
2 types of adhesives were used in the test: epoxy 

and urethane adhesives.  
 
Epoxies are two-component adhesives. They are 

cured at room temperature, but curing time is 
normally quite long though modified adhesive can set 
in a few minutes. Three types of epoxies have been 
tested for this study. Epoxies normally bond well 
with ABS but poorly with acetal or nylon unless the 
surfaces of both materials are activated. The high 
viscosity of the adhesive causes difficulties during its 
application on the surface. 

 
Urethane adhesive is a single component adhesive. 

The adhesive used for this bonding test is medium 
viscosity product and worked reasonably well with 
the plastic surface. It requires several hours for to set 
and 48 hours to reach full curing. 

 
 

Abrasive materials 
2 types of abrasive powders were used in both 

adhesive bonding and spraying processes: silicone 
carbide (SiC) and aluminium oxide (Al2O3). The 
powders are characterised by the grit size. In the tests 
the powders with the grit varying from #60 to #90 
mesh were used.  

Figure 1 Scheme of the gas-dynamic deposition 
process  

 
Plastic materials 
3 plastic materials – Polypropylene, Acetal and 

Nylon 6 - were used to mould pipe clamps for pull 
tests. 

 
Bonding techniques 

 
Adhesive bonding 
The surface of the plastic pipe clamps was cleaned 

with a solvent. An adhesive was evenly applied on 
the surface with a wooden spatula. The thickness of 
the adhesive layer was about 0.5 mm.  

 
Spraying process 
The spraying process of abrasive powders was 

realised with Dymet equipment which is designed to 
coat a variety of surfaces with aluminium, zinc, 
copper and other metals. The major applications of 
those coatings are repair and restoration works and 
corrosion protection [11 - 12]. The equipment is 
made as a portable rack (Figure 2) where a manual 
spray gun, powder feeders, air preparation elements 
and electric controllers are mounted. Compressed air, 
electric power and metal powders are required for the 
equipment to work. 

 

Figure 2 Dymet equipment model 403 
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RESULTS AND DISCUSSIONS 
 

Powders and coatings morphology 
 
During the spraying process it was found that the 

particles fixed on the plastic surface look smaller than 
the original ones. To investigate the difference 
between the samples some of them were scanned in 
the electronic microscope (Fig. 3). The scale and 
scattering energy are given on the images. 

It can be seen that the particles size distribution is 
practically identical on the original and glued 
samples. The particle size varies in average from 150 
to 350 microns which corresponds with the particles 
characteristics of the grit #60 [13]. The particles size 
distribution is very narrow. This fact confirms that 
there are no changes of the abrasive powders in the 
gluing process. 

 
On the contrary, during the spraying process the 

abrasive particles undergo significant changes. Fig.3c 
demonstrates a typical image of the sprayed abrasive 
powders on the plastic surface. There are just few 
particles that are close to the original size of 100-250 
microns. There are many particles ranging between 
50 and 100 microns. However, the majority of the 
particles do not exceed 50 microns. Therefore, the 
spraying causes a significant reduction of particles 
sizes and an increase in the particles size distribution. 
The reason for such changes is that the ceramic 
particles are brittle and during the supersonic impact 
on the surface or against each other they break. At the 
same time, the results of further investigations show 
that the change of the particle size does not lead to 
the deterioration of the abrasive coatings properties. 

 

a) 

 
b) 

 
c) 

Figure 3. SEM images of original (a), adhesively 
bonded (b) and sprayed (c) powders of silicon 

carbide (SiC #60) 

 
Pull test results 
 

To estimate the reliability and quality of the 
obtained abrasive coatings an objective criterion was 
needed. One of such criteria is the gripping force 
applied on the interface of the abrasive and a contact 
surface. The gripping force was measured in the pull 
tests which were conducted in the following manner. 
Two pieces of iron pipes (1 inch in diameter) were 
squeezed between two plastic saddles as shown on 
Fig. 4. The working surface of the saddle was coated 
with abrasive powders according to pp. 2.2.1 and 
2.2.2. The saddles were fixed together with steel bolts 
at the same torque. The pipes were then pulled off the 
saddles in a vertical tensile machine. The gripping 
force is considered equal to the maximum pull force. 

Figure 4 Scheme of the pull test 
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The test results are presented in Tables 1 and 2.  
 
The pull test results show that the adhesively 

bonded samples had higher gripping force on average 
than the sprayed samples. The best results were 
achieved with silicone carbide (SiC#60) and 
aluminium oxide (Al2O3#90) powders bonded with 
epoxy adhesive to nylon saddles. Good results were 
also achieved with silicone carbide (SiC46 and #80) 
powders sprayed over the acetal saddles.  

 
Table 1. Pull test results of the adhesively bonded 
samples 
 Acetal Nylon 6 

Epoxy Urethane Epoxy Urethane Abrasive Maximum force, kN 
SiC #46 3,06 4,81 4,69 4,99 
SiC #60  3,90 5,25  
Al2O3 
#90 

 4,74 6,62  

 
Table 2. Pull test results of the sprayed abrasive 
samples 
 Polypropylene Acetal Nylon 6 
Abrasive Maximum force, kN 
SiC #46 2.05 4,19 4,02 
SiC #60 1,23/1,81 2,34 2,54 
SiC #80 2,07 4,74 3,69 

 
The supersonic spraying enabled creation of the 

abrasive layer on polypropylene samples, which was 
impossible to do with any adhesive. The lower 
gripping forces of the sprayed polypropylene saddles 
were due to the softness of this material which didn’t 
allow to obtain an effective squeezing of the pipes. 
The usage of another type of saddles or gripping ring 
might enable to achieve higher gripping forces with 
polypropylene too. 

 

An interesting observation was made during the 
tests. In most cases the adhesively bonded abrasive 
layers were peeled off the plastic surface. The 
sprayed abrasives kept staying on the surface with 
minor losses of particles. The typical examples of 
such changes are given on Fig. 5. Such a different 
behaviour of glued and sprayed samples can be 
explained by the way they are made and the 
morphology of the obtained coatings. Thus, in the 
adhesive bonding the abrasive powder is applied on 
to the adhesive layer and the particles practically do 
not contact with the plastic surface. When the pulling 
force is applied, it causes a shear deformation of the 
glue and ultimately leads to its peeling off the plastic.  

 
During the spraying process the hot air pre-heats 

and softens the plastic surface. The abrasive particles 
hit the surface at supersonic velocity and penetrate 
into the superficial layer. Fig. 3c shows the 
incorporation of the particles into the plastic surface. 
Therefore, during the pull test the abrasive particles 
contact both the plastic saddles and pipes surfaces. 
Such structure of the coating makes the gripping 
more reliable. 

 
The above result would indicate that the sprayed 

abrasives can be re-used several times during the 
assembly- disassembly procedures, while the 
adhesively bonded samples cannot be reused. 
However, more reliable data should be obtained 
during the additional re-use test. 

 
Comparison of methods 

 
The comparison of the adhesive bonding and 

spraying process (Tables 3 and 4) shows that 
adhesive bonding is likely to be a more expensive 
method. It consists of at least three operations, 
namely, adhesive dispensing, applying of abrasive 
powder and drying (curing) stage. Each operation 

 
a) 

 
b) 

 
c) 

 
d) 

Figure 5. Adhesively bonded abrasive (Al2O3 #90) layer (a-b) and sprayed (SiC #80) samples (c-d) before (a 
and c) and after (b and d) the pull test 
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Table 3. Processes and operations required for each method 

Method Consequent operations 

adhesive 
bonding  

adhesive 
dispensing 

applying of 
abrasive drying / curing 

supersonic 
spraying – abrasive 

spraying – 

 
Table 4. Required equipment and consumables 

Method Equipment Consumables 

adhesive 
bonding  

adhesive 
dispenser 

abrasive spraying 
device 

UV source / 
heat tunnel/ 
conveyor 

adhesives, abrasives, 
compressed air 

supersonic 
spraying – abrasive spraying 

device (Dymet) – abrasives, 
compressed air 

requires special equipment. Although abrasive 
spraying device can be cheaper than Dymet 
equipment, the adhesive dispenser, high intensity UV-
source and other accessories may double the cost of 
the equipment compared to the spraying process.  

 
Supersonic spraying is a comparably inexpensive 

and convenient method. It consists of only one 
process and requires only one tool – Dymet machine. 
The sprayed components can be used in further 
manufacture or assembly straight away, which saves 
a lot of production time.  

 
In addition the spraying process eliminates the 

usage of adhesives and solvents, which makes it 
simpler and more environmentally friendly. The lack 
of drying stage leads to a significant reduction of 
energy consumption in comparison to the gluing 
process. 

 
 

CONCLUSIONS 
 
The results of the present comparative study of the 

spraying and adhesive methods of creating abrasive 
coatings on plastics show both the technical and 
economic advantages of the gas dynamic spraying. 
Despite the lower results of the pull tests, there is a 
room for significant improvements due to the process 
optimisation. Thus, the preliminary experiments with 
the nozzle shape and design and the process 
parameters variations showed the possibility to 
significantly increase the gripping force. However, 
further investigation and the process optimisation are 
required. 

 
The major advantage of the gas dynamic spraying 

is that it is a one-stage process which does not require 

surface preparation, drying or solidification processes, 
post-processing operations. Therefore, minimisation 
of technological stages in manufacturing leads to 
significant economic savings. Additional benefits 
may be achieved by widening a plastic materials 
spectrum and taking some design opportunities. Thus, 
the supersonic spraying can be used to apply abrasive 
coatings on polyethylene and polypropylene which is 
impossible to do with any other methods. 

 
In conclusion, the supersonic spraying with Dymet 

equipment is a simpler and lower cost method to 
create abrasive coatings on any plastic materials. The 
usage of this technique eliminates some technological 
operations and materials that are required in other 
methods. Furthermore, it can be easily integrated in 
an automated pneumatic and electrical control system 
that makes its application in the manufacturing even 
more economically effective. 

 
 

REFERENCES 
 
[1] Milton Shaw 1996, Principles Of Abrasive 

Processing Oxford University Press 
[2] Francis T. Farago 1980, Abrasive methods 

engineering New York: Industrial Press 
[3] Robert I King and Robert S. Hahn. 1986, 

Handbook of Modern Grinding Technology 
[4] Marcelo Redondo 2001, Anti-skid abrasive 

plastic laminate, Brazil Patent 2099005011   
[5] Steven J. Keipert 1999, Abrasive article 

backside pad with foam layer, US Patent 5962120  
[6] Bau-Chin Lin 2000, The manufacture method 

of the plastic floor tile and the product therefrom, 
Taiwan Patent 402562 B 20000821 

[7] Chun-Shien Ko 2004, Process of coating 
aluminium oxide on the surface of plastic floor tiles, 

 5



Taiwan Patent 224162 B1  20041121 
[8] Hisatomo Ta and Toshihiro Izumi 2002, 

Abrasive films for finishing fine instruments and 
their manufacture, Japan Patent 2002224967 

[9] Hisaya Kai 1994, Double-stick abrasive-
bonding adhesive tapes, Japan Patent 06073350 

[10] Hans Zeiringer and Thomas Wurzer 2004, 
Resin-bonded abrasive with improved abrasive 
properties, German Patent WO  2004053013 

[11] Spiridonov PN, Kashirin AI, Klyuyev OF, 
Shkodkin AV and Buzdygar TV 2004, Usage of Gas 
Dynamic Metal Deposition in Restoration of Worn, 
Damaged or Defective Metal Parts, WTIA 
Technology Week2004 52nd WTIA Annual 
Conference “Operating Plant, Resources & 
Equipment” – (OPRE) 2nd International Conference, 
Brisbane, Queensland, Australia 

[12] Spiridonov PN, Kashirin AI, Klyuyev OF, 
Shkodkin AV and Buzdygar TV 2004, Anti-corrosive 
Coatings by Gas Dynamic Metal Deposition, 
Technology Week2004 52nd WTIA Annual 
Conference “Operating Plant, Resources & 
Equipment” – (OPRE) 2nd International Conference, 
Brisbane, Queensland, Australia 

[10] Australian/New Zealand Standard AS/NZS 
4518.1:1997 (ISO 8486-1:1996) Bonded abrasives—
Determination and designation of grain size 
distribution Part 1: Macrogrits F4 to F220 

 

 6


	Abrasive
	 
	REFERENCES 

