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ABSTRACT

Purpose: The purpose of this article was to review selected issues related to the electroless 
metallization of polymeric materials.

Design/methodology/approach: The presented issues concerned classic electroless 
metallization, laser-assisted electroless metallization and electroless metallization of biodegradable 
polymers.

Findings: The electroless metallization is most commonly used process of polymer metallization. 
It is possible only when the surface of a polymer product is seeded with metallic catalyst. Due to 
its good properties of catalysing the oxidation reaction of most reducing agents used in electroless 
metallization, palladium is the most commonly used catalyst in this process. Lasers can be effective 
tools for the preparation of polymer surface to be coated with metal layer, especially to clean, 
roughen, and/or induce chemical reactions on polymer surface prior to or along with metallization 
process. In recent years, new polymeric materials, produced from renewable resources are 
intensively studied and polylactide is one of such materials. An increasing interest in application of 
polylactide to manufacture electronic printed circuit boards and carriers was recently noticed.

Research limitations/implications: A number of various metallization methods are widely 
reported in literature. In this article a review of only few methods is presented, which are in line with 
the newest trends in polymer industry and science.

Practical implications: There are a number of methods of electroless metallization of polymer 
materials, which need to be improved to satisfy specific application conditions. For that reasons 
researches are leading to find better and universal metallization methods to improve overall 
properties of deposited metal layer.

Originality/value: This article presents results of some researches related to the electroless 
metallization of polymeric materials.

Keywords: Electroless metallization; Polymer materials; Laser-assisted metallization; 
Biodegradable polymers, Scanning electron microscopy
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MATERIALS

1. Introduction 

Polymers, complementary to metals and ceramics, 

constitute one of the most important groups of engineering 

materials. Rapid utilization of polymers in industrial 

applications results from their many advantages, such as 

ease of shaping, low density, relatively good mechanical 

strength, and low cost of processing. Since the beginning of 
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their usage, covering the surface of polymers with metallic 

layers has attracted considerable interest both in research 

and industry.  

Initially, metallization of polymers was used only for 

decorative purpose, however, with the progress in 

metallization methods metallized polymers became 

frequently used in automotive, airplane and ship parts,  

in electronic circuit boards, as a casing for electric  

field shielding, and in many other appliances. Metallized 

polymer materials are commonly applied in many  

different branches of industry. Polymer films, covered  

with a thin aluminium layer, are commonly used in the 

foodstuffs industry as packaging. The electronic equipment 

is screened from electromagnetic irradiation using the 

material slabs covered with copper [1,2]. 

A dynamic development of manufacturing technologies 

and miniaturization of electronic systems, automation and 

robotics, material requirements as well as the requirements 

from many other areas of today’s technology essentially 

trigger the development of basic and experimental studies 

on metallization of polymer materials. 

The main advantage of polymer products covered with 

metallic layer is reduction of mass, energy and production 

time, as compared with metals or ceramics. Another 

significant advantage is that even after the failure of 

metallic coating, high corrosion resistance of polymers 

prevents formation of electrochemical cells between the 

substrate and the metallic coating, that normally in the case 

of metal substrate accelerates corrosion process [2,3]. 

The paper presents a review of issues related to the 

electroless metallization of polymeric materials. Classic 

method of electroless metallization is presented as well as 

research on laser-assisted metallization and metallization of 

biodegradable polymer materials. These issues are following 

in a perspective direction of research on metallization of 

polymeric materials. 

2. Necessary conditions for electroless 

metallization of polymers 

The method of electroless metallization process does not 

use an external power source. The process involves the flow of 

electric charges (electrons) from the less electronegative metal 

or a reducing substance, contained in a plating bath, to metal 

ions being deposited [4]. The beginnings of this method dates 

back to the 40 s of the last century. Initially ineffective, mainly 

because of low yields and insufficient quality of obtained 

metallic layers. Over time this method was improved by an 

appropriate choice of plating bath composition and process 

conditions. This allowed the widespread use in the industry. 

Electroless metallization scheme showing the overall 

principles of the process is shown in Fig. 1. 

Electroless deposition of a metal layer can be done 

through a chemical exchange, chemical reduction or auto 

catalytically [6,7]. The most common method of electroless 

metallization of polymeric materials is the autocatalytic 

method [3,8,9]. 

Fig. 1. Electroless metallization scheme using a reducing 

agent (R) as the source of electrons [5] 

The autocatalytic deposition of the metal layer is 

a particular variant of the process of depositing a metal by 

chemical reduction. In this method, the metal ions contained 

in the metal plating bath are reduced in the presence of 

a catalyst deposited on the surface of a metallized product. 

The reduction reaction begins when the bath is in direct 

contact with the catalyst, wherein it occurs only on the 

surface of the catalyst. The catalyst is a metal deposited on 

the surface of a metallized product. A necessary condition is 

that the reduction reaction is catalyzed by deposited metal. 

Thanks to that after the complete covering of the surface of 

the catalyst the reaction proceeds further. This process is 

called autocatalytic metallization [4].  

Prior to electroless metallization of polymeric material 

the proper preparation of its surface is necessary. This is 

done by appropriate physical and chemical modification of 

the surface layer of metallic material, and its activation. 

In the case of plastics electroless metallization little 

adhesive strength of formed joints is caused by the large 

differences in the chemical and physical properties of 
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plastic and metal [10-12]. Thus, the properties of surface 

layer material on which a metal layer is deposited, 

significantly affect the adhesive strength of those joints. 

Thus the modification process of polymers surface layer is 

one of the most important processes related to the 

electroless metallization of polymeric materials. An 

increase in adhesive strength of the metal layer and 

modified surface layer of polymeric material is due to [13]: 

 removal of surface contaminations as well as additives 

and low molecular weight macromolecules that migrated 

to the surface layer; 

 change in the geometrical structure of the material 

surface, especially increase in the roughness, which 

creates additional anchoring areas for a metal being 

deposited on this surface; 

 change in the surface layer chemical composition by 

implementing new surface functional groups, which may 

lead to formation of chemical bonds between molecules 

of the surface and atoms of metal being deposited. 

The most commonly used methods of modification are: 

chemicals, plasma and laser surface treatments.  

The chemical methods for modification of the surface 

layer of polymeric materials consist in the use of strong 

oxidizing agents, acids, or solvents. The most commonly 

used chemicals include solutions of sodium dichromate 

(VI), potassium dichromate (VI), and potassium manganite 

(VII) in diluted sulfuric (VI) acid [14,15]. Phenol sodium 

hydroxide, sodium hypochlorite, and metallic sodium are 

being used as well [16]. 

The plasma modification methods consist in treatment 

of the SL with the low-temperature plasma, being 

a partially ionized gas (or a mixture of gases) composed 

of electrons, ions, atoms, neutral molecules, and 

electromagnetic radiation. Such plasma is created upon 

partial discharges occurring in the air (so called corona 

discharges) or in a vacuum chamber, generated by a high-

frequency electromagnetic field in a gaseous medium, 

usually oxygen, nitrogen, helium, or air [17,18]. 

The laser techniques of the surface layer modification 

of polymeric materials are also used. The methods consist 

in treatment of a material with a monochromatic beam of 

high-power laser radiation [19,20]. This radiation is able to 

change both the geometrical structure of the surface layer 

of plastic and the chemical composition of that layer. The 

laser treatment has many advantages compared to the 

chemical and plasma methods. It enables to modify  

the surface layer precisely, with no changes in the 

properties of the material situated underneath. Auto-

catalytic metallization of polymer materials is possible only 

if the catalyst atoms are embedded on metallized surface. 

This process, called activation, has a considerable effect on 

the quality of the deposited metal layer. Metallization 

catalysts are usually metals from groups 8 and 11 of 

periodic table. The choice of a suitable catalyst depends on 

the type of reducing agent since the catalytic activity of 

metals is different to the various reducing agents [21] 

(Fig. 2). 

The most commonly used catalyst in metallization 

process is palladium, due to its good properties of 

catalyzing the oxidation reaction of most reducing agents 

used in electroless metallization [4]. Less frequently used 

are copper, gold, silver and aluminum (Fig. 2) [9,22]. 

Fig. 2. The catalytic activity of metals with respect to the oxidation of various reducing agents 

Au    Ni   Pd Co  H2 Pt

E        H2 Cu         Au  Ag    Pt   Pd Ni     Co
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Highly synergetic effect between CuO and Cu(acac)2 was 

found and believed to be due to the heat induced during the 

material processing as well as energy delivered by laser 

irradiation and exothermic decomposition of Cu(acac)2. It 

was found that CuO was reduced to Cu(0). The proposed 

model of the CuO reduction consists in thermal dissociation 

of Cu(acac)2 into a copper hydrate complex and pentane-2,4-

dione and, in the next step, in reactions between pentane-2,4-

dione and CuO, leading to formation of Cu(0) and water as 

well as carbon dioxide as by-products [40]. 

4. Electroless metallization of 

biodegradable polymers 

In recent years, new polymeric materials, produced from 

renewable resources are intensively studied. Polylactide is 

one of such materials and it is now a subject of many 

research works and applications [42]. This polymer is 

regarded as one of the most promising materials that could 

be an alternative to traditional polymers. Two main branches 

of polylactide application can be mentioned. One of them 

includes specialized materials used in medicine, such as 

surgical threads, implants, and drug carriers. The other one 

includes common-use products, like packaging materials and 

various disposable items [43]. An increasing interest in 

application of polylactide to manufacture electronic printed 

circuit boards and carriers was recently noticed [44].  

Development of new autocatalytic metallization techno-

logies for polylactide would broaden the applicability of this 

polymer. It would also reduce consumption of petroleum and 

the burden on the natural environment. It is expected that an 

increase in production of polylactide would also lower the 

price of this polymer, thus making it competitive with regard 

to the polymers derived from petroleum. 

Some results of our researches on polylactide metalliza-

tion are presented in [45-47]. The modification of polylactide 

prior to electroless metallization was carried out with three 

methods. In the chemical method, a 0.25 M solution of 

sodium hydroxide in water and ethanol was utilized. In the 

plasma method, a 50 W generator was used, which produced 

plasma in the air atmosphere under reduced pressure. In the 

laser method, a pulsed excimer laser (ArF) with fluence of 

60 mJ/cm2 was applied [46]. The atomic force microscope 

images of modified surface are presented in Fig. 7. 

The most profound changes in the examined properties 

of the polylactide surface layer appear when the chemical 

modification is applied. For example, the chemical treatment 

causes a significant increase in the surface roughness of the 

polymer, which occurs probably due to hydrolytic 

degradation. As a result, numerous cracks and cavities are 

formed on the polylactide surface. The chemical 

modification leads also to an increase in the degree of 

oxidation of the polymer SL, which occurs because of 

growth of the number of oxygen atoms contained in the 

polar functional groups. However, that growth is not 

accompanied by a significant increase in both the surface 

wettability and the surface free energy. It resulted probably 

from the growth of the surface roughness, which may 

compensate a positive effect resulting from the increase in 

the extent of oxidation of the surface layer [45,46]. 

The plasma modification gives the most beneficial results 

when the duration of the treatment exceeds 10 min. The 

obtained surface roughness of the samples modified this way 

is relatively large. The extent of oxidation of the surface 

layer increases considerably as well. Contrary to the effects 

of the chemical modification, the increase in degree of 

oxidation in the case of the plasma treatment is accompanied 

by both the improvement in the surface wettability and the 

enhancement in the surface energy [45,46]. 

The laser modification results in the effects different in 

relation to those due to chemical and plasma methods. It was 

found that the more intense treatment (higher number of laser 

pulses), the less surface roughness. The increase in the extent 

of oxidation of the surface layer is distinctly smaller than that 

in the case of the chemical and plasma methods [46]. 

Performed electroless metallization process has shown 

that from the methods used to modify the surface only 

for chemical modification the deposited coating was 

characterized by good quality (Fig. 8). The deposited 

copper layer had high adhesion strength and good electrical 

properties, enabling wide industrial applications of 

metallized polylactide. Coatings deposited on plasma 

modified samples had very poor adhesive strength. This 

excludes their further use. For samples modified with laser 

coating was not deposited at all [47]. 

5. Conclusions 

Development of methods for metallization materials has 

enabled a large extension of the possibility of industrial 

applications. The main advantages of plastic materials and 

metallized products are significant time savings for their 

production and lower density than metal products. The 

hardness and abrasion resistance of metallized polymers is 

greater than the same products made from materials without a 

coating. The electroless metallization is most commonly used 

process of polymer metallization. It is possible only when the 

surface of a polymer product is seeded with metallic catalyst. 

4.  Electroless metallization of 

biodegradable polymers

5.  Conclusions
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