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DEVELOPMENT OF CHROME-FREE ETCHING FOR THE
ELECTROLESS COATING OF POLIMERIC MATERIALS

SUMMARY

Coating process is a metallurgical surface development process that is used to improve
the mechanical, physical and chemical properties of the materials, and shows the ne-
cessity for decorative or non-decorative (functional) reasons for every produced mate-
rial. There are many types of coating available, and among all, electroless coating plays
a key role especially in automative industry which is a remarkable sector.

In history, only metallic surfaces could have been coating, thereafter non-metalic sur-
faces such as ceramic and polymeric ones wanted to be coated. However, in order to
apply electroplating on these surfaces, it is neccesary for substrate materials to have
conductivity. This situation has led to development of electroless coating method to
give non-conductive surfaces an opportunity for coating. In electroless coating, it is
subjected to modify the ceramic or polimeric surfaces with metallic coating without
using electical current. Depending on the application area, the materials whose surface
are gained conductivity are exposed to electroplating to increase the thickness of the
metallic film on them and take the final product shape.

In the content of this thesis, polymeric materias were selected as the substrate material
and during the period, different polymer types such as ABS, PA and PC were studied.
Electroless coating requires precision in pre-treatments before immersing the substrate
materials into the coating bath. Non-conductive surfaces are required to etch, namely,
it is necessary to distort the material surface in order to create reactive micro sites for
further steps. The polymeric substrates were initially applied concentrated chromic
acid solution using in industry very commonly for that purpose. Chromic acid is a
chemical having extremely harmful nature for both environment and human health.
Beside its carcinogenic effects, it can be only used for ABS type polymeric materials.
For this reason, in theory electroless coating is solely applied for ABS type polymer.

This thesis involves the use of various organic chemicals as an alternative to chromic
acid and the new compositions to be developed. After optimizing all the parameters in
traditional method, new researches were conducted. The alternative method was stud-
ied and several organic solutions were tried. Each solution was used to etch the surface
of the ABS type polymer and both as-etched and etched surfaces were characterized.
After etching step, sensitization and activation were followed. In sensitization, SnCl,
was used and Sn ions were adsorbed to holes that were created during etching. By
using PdCl; solutions, the activation step was conducted and Pd ions give reaction with
Sn ions. After this reaction, Pd was adsorbed into created holes and catalaytic sites
were formed as places where the coating reaction takes place.

XiX



During and after experimental studies the necessary characterization methods were
applied to check the physical and the mechanical poperties of the final product. At the
end of the thesis, metal coated polymeric materials having the same physical properties
with the materials prepared by traditional method in industy, were obtained without
being exposed to the hazards of the chromic acid.
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POLIMERIK MALZEMELERIN AKIMSIZ KAPLANMASINDA KROMIK
ASITE ALTERNADIF DAGLAYIILARIN GELISTIRILMESI

OZET

Kaplama prosesi; her liretilen malzeme icin dekoratif veya dekoratif olmayan se-
beplerle gereklilik gosteren metalurjik bir yiizey gelistirme islemidir. Birgok uygulama
alaninda kaplama uygulamasi ile servis dmrii uzatilmis malzemeler kullanilmaktadir.
Bu baglamda kaplama uygulamasiyla, malzemelerin mekanik, fiziksel ve kimyasal
ozellikleri iyilestirilmektedir. Giiniimiizde bircok kaplama yontemi kullaniimakta olup
aralarindan akimsiz kaplama endiistrideki dnemini katlayarak arttirmaktadir.

Kaplama tarihine bakilacak olunursa baslangicta sadece metalik yiizeyler elektrolitik
kaplama ile kaplaniyorken, akabinde seramik ve polimer gibi yiizeylere de kaplama
prosesi uygulanmak istenmistir. Fakat elektrolitik kaplama yapilabilmesi i¢in altlik
olarak kullanilacak malzemenin iletken olmasi sarttir. Bu durum elektrolitik kapla-
maya uygun polimer ve seramik yiizeylerin hazirlanmasi i¢in akimsiz kaplama
yonteminin gelismesine 6n ayak olmustur. Akimsiz kaplamada ¢dzelti icine ilave
edilmis rediiktan katkisi ile aktive edilmis polimer ve seramik yiizeylerin metalik
kaplanmasi amaglanmaktadir. Akimsiz kaplama ile yiizeyleri iletken hale getirilen
malzemeler, uygulama alanina bagli olarak elektrolitik kaplama islemiyle tizerlerin-
deki kaplama kalinlig1 arttirilarak nihai halini alirlar.

Bu tez kapsaminda endiistriyel olarak en yaygin kullanim alanina sahip polimerik
malzemeler altlik malzeme olarak se¢ilmis ve siire¢ boyunca basta ABS olmak iizere
PA ve PC gibi farkli polimer gesitleri ile calisilmistir. Malzemelere ilk olarak sanayide
yaygin olarak kullanilan konsantre kromik asit ¢ozeltisi kullanilarak 6n islem uygu-
lanmistir. Sonrasinda ise daglanmis yiizey ilk olarak asidik kalay kloriir ¢ozeltisi
kullanilarak sensitizasyon uygulanmis, akabinde asidik paladyum kloriir ¢ozeltisine
maruz birakilmistir. Bu islem sonrasinda ytizeyde ki hatali noktalarda adsorbe olan Pd
atomlar1 sayesinde iletken olmayan polimer yiizey katalitik hale donustiirtilmiistiir.
Sonrasinda yiizey on islemi bitmis malzemeler akimsiz Ni kaplama islemine tabi tu-
tulmustur.

Yiizey oOn islemleri sirasinda, kromik asitin kullanim amaci, polimer ylizeyinde
bosluklar ve hatalar olusturup uygulanacak kaplama prosesi i¢in aktif bolgeler yarat-
maktir. Ancak kromik asitle yapilan bu isleme ¢ogunlukla dogasi geregi ABS tipi po-
limerin yeterli cevap verdigi bilinmektedir. ABS tipi polimer yapisinda bulundurdugu
aktif butadiyen grubu sayesinde kromik asitle tepkime vermektedir. Sonug¢ olarak
biitadiyen grubu reaksiyon sonrasi yapiyi terk eder ve geride yiizeyde mkroskobik
bosluklar birakir. Bu bosluklara daha sonrasinda Pd atomlar1 adsorbe olup yiizeyi oto-
katalitik bir tepkime i¢in yiizey hazir hale getiriler. Bilindigi iizere Cr (VI) kanserojen
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olup, insan sagligina ve ¢evreye son derece zararli ve giinimiizde kesinlikle alter-
natifine ihtiya¢ duyulan bir kimyasaldir.

Tez kapsaminda yapilmis olan deneylerin ikinci béliimiinde, kromik aside alternatif
bir kimyasal arama yoluna gidilmis ve buna bagl olarak, 6ncelikle ABS ile etkilesimi
olan inorganik ve organik kimyasallar belirlenmistir. Se¢im asamasinda, ¢alisiimak
istenilen kimyasallarin kanserojen olmamasi, insan saghgini ve cevreyi tehdit et-
memesi temel kriter olarak kullanilmistir. Malzeme se¢im islemi tamamlandiktan
sonra, kullanilacak polimerik numunenin, her bir kimyasal icerisinde ylizey daglama
deneyleri yapilmistir. On deneysel calismalarda belirlenmis ¢ok sayida kimyasal iger-
isinden sedilen amonyum karbonat, metil asetat ve hidrojen peroksit ¢ozeltileri tez
kapsaminda kullanilmistir. Segilen organik ve inorganik reaktifler oncelikle ABS
tizerinde denenmis olup sonrasinda PC ve PA iizerinde de calisilmistir.

Daglama islemi sonrasinda yiizey karakterizasyonu optik mikroskop ve 3D optik pro-
filometre, SEM kullanilarak yiizey purtrtizliligi hakkinda hem niteliksel hem de
niceliksel olarak veri elde edilmistir.

Daglanmis yani bosluk veya hata olusturulmus yiizeyleri, aktif hale gegirmek
amaciyla, kalay kloriir ve paladyum kloriir ¢ozeltileri kullanilip, akimsiz kaplama igin
uygun yiizeyler elde edilmistir. Sensitizasyon ve aktivasyon islemleri iki kademede
yapilmis olup numuneler ¢ozeltilere ayr1 ayri daldirilmistir. Endiistride ise bu islem
yaygin olarak tek basamak halinde uygulaniyor olup, numunelerin kalay kloriir ve pal-
adyum kloriirtin kolloidal partikiillerinden olusan ¢ozeltisine daldirilmasi seklinde
yapilmaktadir. Bu tez ¢alismasinda, biitiin bu yiizey hazirlama 6n iglemlerinden sonra,
akimsiz kaplama banyosu olarak AutoTech adli firmadan alinan ticari bir banyo
kullanilmis ve akimsiz nikel kaplama islemi uygulanmistir. Bu islem ile birlikte
malzeme yiizeyinde ince metalik bir film olusturulmustur. Elde edilmis olan metallik
film sayesinde bazi uygulamalarda direct kullanima uygun iken, ihtiyag duyulan
endiistriyel uygulamalar i¢in de malzeme yiizeyi elektrik akimini iletebilecegi igin
akimli kaplama i¢in hazir hale getirilmistir.

Elde edilen nikel kaplamalarin renk ve parlaklik ol¢timleri gerceklestirilmistir.
Parlaklik seviyesinin belirlenmesinde kaplanms yiizey Oniine sabit mesafe ve acida
maket bir ugak yerlestirilerek fotograf ¢ekimi ve elde edilen goriintii derinligine
bakilarak kaplamalarin parlakligi kendi iginde karsilastirmali olarak siniflandirilmistir.
Tezin ilerleyen siireglerinde optimize edilmis daglayict kullanarak mat ve saydam
kaplama elde etmek i¢in deneyler siirdiiriilmiistiir. Bu baglamda mat kaplama yapila-
bilmesi icin numune ytizeyinde mekanik islemlerle yiizey modifikasyonu saglanmistir,
yiizey piiriizlendirmede kumlama islemi tercih edilmistir. Yiizeyn kontrolsiiz aginma-
mast ve elde edilen kadife goriiniim i¢in kumlama malzemesi olarak sertlik degeri
diisiik ve kiiresel tanecik yapisina sahip malzme kullaniimistir. Kumlama isleminden
sonra deneysel prosediir ayni sekilde uygulanmig ve sonug¢ olarak numune
yiizeylerinde mat, kadife goriinimlii 6zel kaplamalar elde edilmistir.

Saydam kaplamalar; mevcut olan numunelerin yiizey 6zellikleri geregi sadece PC nu-
munelere uygulanmistir. Deneysel ¢alismalarda notralizasyon islemi yapilmaksizin
uygulamada basar1 saglamistir. Bu kosullarda gerceklestirilen kaplamalar hem parlak
olup hem de saydam olma 6zelligi gostermektedir. Tez calismasinin yiizey parlakligi
belirleme asamasinda yine maket bir ucak kullanilmistir. Yiizeyde goriintiisii elde
edilen maket ucagin goriintu derinliginden yola ¢ikilarak kaplama parlaklig
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siniflandirilmistir. [sik gegirgenligine sahip bu kaplamalar maket ugak model numune
arkasinda kalacak sekilde yerlestirilmis saydam olan yiizeyden arkadaki ugak
gozlemlenmistir.

Bu tez kapsaminda kromik asit kullanilmadan yapilmis olan kaplamalarin sadece
fiziksel oOzellikleri lizerinde deneysel galismalar gerceklestirildiginden kaplamalarin
mekanik ozellikleri tizerinde ¢alisma yapilmamistir. Uygulanan deneysel asamalar,
akimsiz kaplama uygulamalarinda kromik asitin zararlarina maruz kalinmadan hazir-
lanmis, fiziksel 6zellik anlaminda pazarda standart metotlarla elde edilmis kaplama-
lardan farki olmayan tirtinler elde edilmistir.

Tez kapsaminda kromik asit ile kaplamaya uygun hale getirilemedigi icin endustriyel
uygulamalarda kullanilamayan PA ve PC gibi farkli polimer ¢esitlerinin de akimsiz
kaplanabilecegi ortaya konmustur. Tez ¢alismalari sonucu PA ve PC {izerinde akimsiz
nikel kaplama uygulamalar1 bu alanda 6ncii ¢alisma niteligindedir.
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1. ELECTROLESS COATING

If an aqueous solution has enough electrons and belongs to a metal salt, the metal
deposition can be obtained from that solution. Inside the solutions, the metal ions can
be reduced to its metallic state. In practice, there are two main sources of electrons;
each forms the basis of technologically important processes. The first of these
technologies is the electrolytic deposition, where electrons are supplied externally The
second is the electroless or chemical deposition, which does not include external power
source [1]. Electroless coating involves autocatalytic' reactions, the metal ions from
the solutions are reduced with the existence of the nuclei [2]. The anodic and cathodic
reactions take place at the surface of one electrode and at the same interface [3]. The

principles of eletroless coating is shown in Figure 1.1.

Electroless coating gives advantages to the user to plate all kinds of shapes and parts
homogeneously [4, 5]. On the other hand, there exist limitations in substrate geometry.
The limitations of electroplating in size and shapes are given in Figure 1.2. There is no

limitation with those shapes in electroless coating.

» Deposit thickness

» Tin

a b c
Figure 1.1: Principle of electroless deposition: a) oxidation b) reduction of the metal

ion, ¢) rate of deposition vs. time [1].

!Deposition in autocatalytic way is described as forming a metallic film by controlled reactions cata-
lysed by the metals which is wanted to be formed on the substrate surface. The reaction is given as
following if the metal ions are reduced by reductant [19].

M?* + R"™ (catalyst) = M + R*" (1)
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Figure 1.2: The limited geometries for the electroplating process [1].

Electroless coating was firsly tried by Brenner and Riddell in 1946 for electroless

nickel plating. In order to proceed the electroless coating system, the coating bath

consists of at least a metal salt and a reductant. In this type of coating, the reaction is

autocatalytic and when thermodynamically stable catalytic surface is obtained, plating

starts under optimal conditions and there is no external source needed to make the

coating solution charged. [6].

Electroless coatingis a process in which the metallic or non metallic surfaces are plated

either with the direct chemical reduction method or the reactions accelerated by

catalytic surfaces [7]. The place of the electroless coating amoung the thin film

deposition techniques is shown in Figure 1.3.
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Figure 1.3: Surface coating methods [16].




Coating of nonmetallic surfaces with metals has been commonly used for years in
several sectors to combine the properties of metals with substrate materials [8 -10]
Especially, plating of polymeric materials takes part in many usage areas such as
automotive industry and electrical industry [8]. The weight of the pieces and the
production cost become lower by metalizing the non-conductive surfaces, while it
gives an advantage to work with various parts to design [11]. Metalized plastics are
gained properties in optical, electrical, mechanical and decorative aspects which make
the final product better than the substrate material [12,13]. Electroless coating is the
most commonly used method to metallize the nonconductive surfaces. Despite the fact
that electroless coating is quite common, there is no huge number of polymer types
coatable. Among the coatable polymers, ABS (acrylonitrile butadiene styrene) is the

most commonly used one due to its features make it available for coating [12,14,15].

Metals that have been deposited by true electroless processes are shown in Figure 1.4. The
metalloids, such as boron and phosphorus, have no technological importance as deposits

in their pure form. However, they are significant just as parts of electroless deposited

alloys [1].
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Figure 1.4: Metals and metalloids which can be deposited by electroless coating

method [1].

1.1 Types of Electroless Coating

There exist several types of metals plated on metallic or non-metallic surfaces.These

are nickel, copper, silver, chrome, tin and palladium. Among them, nickel, copper and



gold are used in industrial scale. Ni-P plating is used to improve mainly the
mechanical, electrical and physical properites and also for the decorative purposes. Ni-
B alloy coating is also utilized to avoid oxidation films may be formed on the surfaces.
gold and silver coating are mainly applied in electrical industry. In the case of copper
electroless coating, the main purpose is to form the circuit in PCBs. Besides the
electroless metal coating, there exist other options like alloy and composite coating

[17]. The types of electroless coating is shown in Figure 1.5.
e Electroless Metal Coatings

In order to improve some mechanical properties and corrosion resistance of the
materials, electroless metal coating is preferred as another option to electroplating.
Several metals such as Ni, Cu, Au et. can be coated on the surfaces for these purposes

[18].
e Electroless Alloy Coating

This type of electroless coating contains plating of the surfaces with alloys. There
exists a relationship between the used reducent agent and the formed alloy. Based on
the metal addition to the bath, the ternary and the quaternary alloys can be formed

[18].
e Electroless Composite Coating

Composite coating comprises of codeposition ofsolid particles such as SiO2, Al2O3,
TiC, SiO; etc. inside of the electroless coated metal matrix. This metal matrix is
usually NiP and NiB. This kind of coating is utilized to enhance the properties like

wear and corrosion resistance [19].

Electroless Coating

Electroless Composite
Coatings
Electroless Metal Coating Electroless Alloy Coatings Ni-P-X Composites
Ni Ao, Ag Cuetc Ni-P, Ni-B, poly alloys etc. Ni-B-X Composites
( X= Alumma,. zircoma,
silica, C PTFE etc))

Figure 1.5: Types of Electroless Coating [19].



2. ELECTROLESS NICKEL COATING

Electroless Ni plating involves the reduction of Ni2+ ions from aqueous solutions by
direct chemical reduction method and the most widely used reductant for this process
is sodium hypophosphite [6,20]. Electroless nickel plating is the most frequently
applied electroless coating type in the industry. In this type, pure nickel or Ni-P alloy
is deposited on the substrate which can be either conductive or non-conductive
(polymers) [19]. The aim of the electroless Ni plating is to enhance the mechanical
properties and resistance to corrosion with forming a thin film which is compact and
covering the surface of the substrate material uniformly. When it is compared with the
electroplating, it allows to coat difficult to reach places and be able to cover the
complex shapes and sizes [21,19]. Since there is no electricity usage in electroless
coating, in all regions of the substrate the deposition rate is the same, thus the coating
on the surface is uniform [20]. The surfaces coated with eletroplating and electroless
plating are shown in Figure 2.1. Electroless nickel baths consist of nickel salts (nickel

sulfate, nickel chloride), reducing agent (sodium hypophosphite), and additives [22].

Figure 2.1: The comparison of a) electroplated surface and b) electroless plated

surface [23].

Electroless nickel coating have sevaral advantages and disadvantages given in Table

2.1.



Table 2.1: The adventageous and disadventageous of electroless coating [24].

Advantages Disadvantages
Homogeneity High cost of chemicals
Corrosion Resistance Brittleness,
Wear Resistance Low speed of the reactions

compared to electroplating

Solderability
High Hardness,

Resistivity,
Magnetic properties

2.1 The Usage Areas of Electroless Ni Coating

The application areas of electroless Ni coating is classified according to industrial sectors
where it is used. Also, this classification can be done with the substrate material used in
electroless Ni coating such as plastic, steel, stainless steel, aluminum copper, etc. Electro-
less nickel coating is mainly used in automotive, electric-electronic, chemical and white-
good industries. Among all, automotive industry and electrical and electronical industry
are the remarkable sectors which utilize from electroless coating. Especially plating of
plastics is essential for automotive industry [25]. In Figure 2.2, the application areas of

plated plastics is shown.

3.9%

Figure 2.2: The dominant application areas of plated plastics [26].



2.2 Plating on Plastics

Polymeric materials provide advantages in the case of lightweight, easy manufacturing
and handling with no design restriction. Due to these advantages, polymeric materials
have been using as alternative to metals [12]. The sector which motivates plating of
plastics is automotive sector. Usage of the plated plastics contributes decreasing fuel
consumption by the help of low-density features of polymeric materials [28,29].
Besides it, if the properties of polymers can be combined with the properties of metals,
the overall features of the final product become better. These features could be
mechanical such as high hardness and abrasion resistance, electrical like electrical
conductivity or decorative namely shiny appearance [30 - 32]. Polymers which can be
plated are polypropylene, polysulfone, polyethersulfone, teflon and acrylonitrile-
butadiene-styrene (ABS), etc. [32]. Among them ABS is considered as the best choice
for coating since the dispersion of the butadiene group in acrylonitrile-styrene is
homogeneous and it gives reaction and dissolves with the presence of concentrated

oxidative solutions such as chromic acid [33].

Plating of polymers differ from plating of metals in the case of bonding between the
deposited metal and the substrate material. During metal deposition on metal substrate
there exist chemical bonding. However, when the topic is metal deposition on a
polymer substrate , the bonding would be only mechanical [34]. As the polymeric
materials have the inert surface, in order to get the adhesion® between coating and

polymers, the substrate surface is treated by chemical or mechanical ways [35].
2.2.1 Pre-treatment Methods in Plating of Plastics

Most of the time, the non-conductive surfaces firstly treated by etching solution
[19,36, 37, 38]. The purpose is here to turn the surface into a hydrophilic form [2].
After making the surface hydrophilic, the etched surfaces are exposed to sensitization

and activation steps. In these steps, the surfaces are exerted to SnClz and PdCl»

2 Adhesion is a term describes the bonding between the materials that are contiguous, and it is about
the force needed to disconnect them from each other [44]. In the case of ABS polymer, the butadien
group is selectively attacted by chemicals and as a consequence of this, pits are remained on the struc-
ture. These pits become the anchoring points between coating and the substrate material [45]. There
exist several theories which claimed that adhesion depend on the chemical attraction of the coating and
the substrate material, mechanical bondings, and the layer formation especially on the substrate [46]
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solutions containing HCI. During these steps, adsorption of ions takes place

[2,37,39,40]. The following equation expresses the activation process:

Sn* + Pd** — Sn* +Pd’  (2)

The pre-treatment part involves degreasing, etching, sensitization and activation [12].
The pretreatment process begin with cleaning the surface, after forming holes for
nucleation by etching, the surface is made catalytic with SnCl, and PdCl» treatments

[12, 39, 40, 41].

2.2.1.1 Degreasing

This step is required to get rid of oil, grease, dirt, fingerprint on the surface of the
material [32,43]. The degreasing solution is typically alkaline solutions such as NaOH.
The time, temperature and agitation are important factors affecting the cleaning
properties [32]. The significance of the cleaning process cannot be underestimated.
Many failures are considered to come from not well-cleaned surfaces [21, 25].
Inadequate cleaning of the surfaces leads to bad adhesion and flake and blister
formation on coating [21]. Cleaning the surface is the main step to obtain proper

coating on the surface [42, 47].

2.2.1.2 Etching

Etching process is the must step in electroless plating (ELP), to attain strong adhesion
and obtain nucleation sides [4]. The goal of the etching process is to turn the
hydrophobic flat surface into the hydrophilic form [48, 49]. The connection between
coating and substrate surface is increased due to rising in surface area of substrate
material by etching [32]. The successful etching procedure of polymeric surface has a
great effect on forming strong bonding between the substrate and the coating metal
and it provides even deposition of the coating on substrate [49]. Chromic acid is the
most commonly used etchant in this field. It is used as a mixture of sulfuric acid and
chromic acid [50, 51]. This mixture contains about 40% chromic acid, 40% sulfuric
acid and distilled water. The optimum concentration of each component is determined

by the solubility diagram of CrOs, H>SO4 and water shown in Figure 2.3.
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Figure 2.3: Solubility of CrOs3, H2SO4 and water [32].

The operation temperature and time are nearly 65-75 °C and 3- 10 minutes [52,6]. In
etching step, a redox reaction between hexavalent chrome and the active part
(butadiene) of the ABS realizes. As a result of this process, micro-holes are left on the
substrate surface [33]. The surface structure of ABS after etching is given in Figure

24.

Active group in Hole formation
the polymer /

/
IR TR
Figure 2.4: The schematic view of hole formation after etching [43].

The reaction taking place during etching process as in following :
2C1sHi7N + 81H2S04 + 54CrO3; — 30CO; + 2NO2 + 98H20+ 27Cr2(SO4) 3)

From equation 3, it is seen that Cr®" is reduced to Cr’* [52]. Cr®" is defined as
carcinogenic and toxic. It may cause respiratory irritation asthma and has a bad effect
on livers and other organs [33,53]. Also, controlling hot chromic acid is difficult and

dangerous. Since the neutralization of chromic acid is a problematic process, chrome



can remain on the substrate surface and may cause problems in further processes [33].
There are several other trials in industry for ething, they will be examined in Chrome-

free Etching Section.

2.2.1.3 Sensitization and activation

Before electroless coating, the nonconductive surfaces should be activated [3,34]. The
activation is proceeded by forming catalytic nuclei on the surface of the substrate either

by electrochemical or photochemical ways [3].

In the electrochemical method, the surface wanted to be coated is made catalytic by

redox reaction shown in Equation 4.

Me*" + Red » M + Ox 4)
Since the the standart electrode potential of Sn**/ Sn"is lower than Pd**/ Pd, palladium
ions can be reduced by Sn*"ions. In Table 2.2, it is seen that Pd**/ Pd =0.951 V while
Sn*/ Sn*=0.15 V [3].

Table 2.2: Stadart electrode potentials [3].

Metal/Metal Ion Couple Electrode Reaction Standart Value (V)
Au/Au? Au” +e = Aug) 1.692
Au/Au?t Au*' + 3e = Aug) 1.498

| Pd/Pd** Pd*" + 2e = Pdys | 0.951
Cu/Cu* Cu'+e = Cu) 0.521
Cu/Cu** Cu®*+ 2e = Cugy 0.3419

| Sn/Sn** Sn*" +2e = Sn*"(ag) [ 0.15
Fe/Fe** Fe** + 3e = Fe(y) -0.037
Pb/Pb** Pb?* + 2e = Pbys) -0.1262
Ni/Ni?* Ni**+ 2e = Ni) -0.257
Co/Co** Co**+2e =Co -0.28
Fe/Fe?* Fe?" + 2e = Fe(y) -0.447
Zn/Zn** Zn*" +2e = Zng -0.7618
AVAP* AP +3e = Al -1.662
Na/Na* Na' + e = Na) -2.71

Accomplishing the catalyzation is a crucial step to obtain a homogeneous plating. Va-
riety of metals such as Cu, Ni, Au, Ag and group 8B metals can be used as catalyst
theoretically [6]. In practice, the most widely used solutions are acidic stannous chlo-
ride and palladium chloride solutions. When the substrate is immersed in SnCl» solu-

tion Sn** ions are adsorbed on the surface and by this method the surface is sensitized.
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After sensitization, the substrate surface is exposed to a palladium chloride solution

and the following redox reaction takes place.

Sn** + Pd** —Sn** + Pd° (5)

Figure 2.5: The surrounded Pd atoms with Sn ions [54].

During the activation step, Sn ions meet with Pd ions, and all the divalent Sn is
removed and the palladium atoms are gathered on the substrate surface. The palladium

atoms surrounded by Sn?* is shown in Figure 2.5.

After deposition of palladium atoms on the surface holes, reduction of the ions of the

metal that will be deposited becomes possible [28].

This route of sensitization activation is known as two-step immersion and the tradi-
tional one in the industry [37]. In first immersion Sn >* is adsorbed on the holes created
by etching step and in second immersion, as a result of redox reaction, Pd atoms are
replaced by Sn ions and the surface becomes catalytic [54]. The schematic

demonstration of sensitization and activation step by two-step electrochemical method is

Pd '__
- i

Figure 2.6: The adsorption Pd atoms on the holes [12].

shown in Figure 2.6.
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Another type of sensitization and activation process is done in one step by using a

palladium-tin colloid. The tin and palladium chlorides are mixed with an acidic solu-

tion. The colloidal particle consists of rich in palladium core and Sn*" cover. Extra tin

(IT) makes the solution sensitized.

As an alternative to palladium, copper is also used as catalytic metal because of the

high cost of palladium. Another way to activate to surface of the substrate is photo-

chemical way® [6].

2.3 Studies on Chrome-Free Etching

There many studies conducting in the world about chrome-free etching.

Han et al. use HNO3, H2SO4 and NiSO4 for 20 minutes, at 50, 60, 70 °C re-
spectively for etching and after etching, they applied NaOH 1-methyl-2 pyr-
roline and 2-Butoxy ethanol to make the surface rough [48].

Gan et all. use KMnO4 and H2SO4 mixture in the etching step and coates the
PET fabrics electroless method [55].

Wang et all. use the mixture of MnOs and H2SO4 solutions at 70 °C for 20
minutes to etch the ABS surface and than he neutralizes the surface by using
H>C204-H>0 and sulfuric acid at 50°C for 3 minutes [31].

Gui et all. apply acetic acid solution at 90 °C for 30 minutes to etch the surface
of PA12 [35].

Hiroshi et all. use sputtering method and the Pt/Pd catalyst is sputtred on the
surface of the honeycomb structured PS film after that the electroless coating
is applied [56].

Lijeri et all. have a new environmentally friendly solution to take the place of
the chromic acid and they can coat ABS surfaces without using chromic acid
[28].

Bruce P. has a patent of etching the polyarylene polyethers, polycarbonate or
polyhydroxyethers with N, N dimethylformamide, pyridine, and its compounds
[57].

3 Photochemical reactions are initiated by the absorbsion of light [62]. In this type activation, the
process is started with photochemical reactions to get electrons neccessary to obtain a required reduct-
ant. And than in sequent electrochemical reactions the reductant is used to reduce palladium ions [3].
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e Teixeira et al. uses the mixture of H2SO4 and H>O» in different concentrations
to etch ABS [58].

e Zhang et al. use molecular grafting method to coat ABS with electroless coat-
ing [59].

e Zarnoch et all. have a patent on etching of aromatic polymers by using nitriding
solution (the mixture of HNO3; AND H>SOy) firstly and than applying hydrox-
lating solution like ammonium hydroxide [60].

e Pearson at all. have a patent on etching the plastic surfaces by applying the
method in which the bath contains Mn(II) solution with 9 M of HoSO4 and 15
M of H3POj4 .After applying current Mn(Il) ions turn into Mn(III) ions. These
ions form a a sulfate complex. By using this complex the surface of the

polymers is etched [61].

The reason for the limited number of studies about the metallization of polymeric ma-
terials is that while in the literature it is claimed that the surface of all polymeric ma-
terials can be metalized with electroless coating, in industry only ABS type of poly-
mers is commercially available. The only company applying electroless coating in dif-
ferent types of polymers is located in the USA.

The limited number of studies about the chrome-free etching and electroless coating
of different types of polymeric materials including ABS is the main motivation of this

study.
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3. EXPERIMENTAL PROCEDURE

3.1 Experimental Set-up

The set- up consists of a container that is filled with water, a heater that is placed into
the container so that the water can be controlled heated to set temperature, a mechan-
sim (to move the sample), a beaker, electroless nickel coating bath and an ABS speci-

men. The front and top views of the experimental set-up are shown in Figure 3.1.

linear bearing / toothed rack

'

water pool container

Al

fixture of specimen

_— Specimen

specimen

A-Across section

Heater

T Water pool at constant

temperature
electroless Ni coating bath /

Figure 3.1: Front view and top view of experimental set-up.

A mechansim was assembled on the top of the container. There exist one toothed rack
and one steel rod. These two were connected to each other and the toothed rack is
assembled with a DC motor. The aim of this designed mechanism is to make the ABS
specimen move forward and backward during coating. This was achieved by using an
Arduino and L298N DC motor driver (2cm/sec). After finishing all the necessary con-
nections between Arduino and motor driver, the code providing the forward and back-

ward movement was written and the final connection with the DC motor was realized.

While the DC motor is making the toothed rack rotate, the rotating rack will move the

steel road where the specimen is connected.
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All the electronic devices (Ardunio, DC power supply, and power source) were placed

into a box so that they can be protected from any external demages.

3.2 Electroless Coating with Chromic Acid Etching

The first experiments were conducted by using chromic acid in order to be sure
whether the coating bath is working and to check if polymeric samples are suitable for
electroless coating since most plastics are not suitable for electroless coating. In this
chromic acid etching, the surface of the specimen was rinsed with distilled water. The
rinsed surface was exposed to chromic acid solution for etching at 60°C for 5 minutes.
After etching, the substrate surface is applied SnCl, solution at 40-45°C for 10 minutes
and the same time and temperature were applied in PdCl, treatment. After each step,

the specimen surface was rinsed with distilled water.

The pre-treated specimen was plugged into electroless nickel coating bath for 10
minutes and the coating was obtained on the surface of the specimen. After this trial,
some areas on the sample were observed as non-coated. In order to solve this problem,
ABS polymers were exposed to alkali cleaning with 1 M of NaOH solution in an
ultrasonic cleaner for 15 minutes, and the operating time and temperature of the

coating bath are optimized to 28 °C and 5 minutes.

3.3 Selection of Alternative Chemicals to Chromic Acid

At the end of the literature searches, 9 different types of etching reactives (dimethyl
acetate, methyl acetate, ethyl acetate, acetone, chloroform, hydrogen peroxide,
ammonium carbonate, and toluene) which are not carcinogenic and/or harmful to

environment but be able to solve the specimens (ABS, PC, MA) were studied.

The ABS specimens were treated with these 9 different chemicals. Before using all
chemicals, the MSDS’ were checked to be sure that they are not carcinogenic and
environmentaly hazardous. Each one was selected by looking at if they give a reaction

with ABS or not.

At first, one rectangular specimen is marked to obtain for 4 regions on it and dimethyl
acetate, methyl acetate, ethyl acetate, and acetone were applied for 30 seconds. After
etching the specimen was exposed to sensitization and activation steps and plugged

into the coating bath for 10 minutes. The same procedure was applied to another
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rectangular specimen, this time, chloroform, hydrogen peroxide, ammonium

carbonate, and toluene were applied. The obtained coating is shown in Figure 3.2.

Figure 3.2: Electroless coating of ABS with al)dimethyl oxalate, a2) methyl acetate,
a3) ethyl acetate, a4) acetone, b1) chloroform, b2)hydrogen peroxide,b3) ammonium

carbonate, b4) toluen etching. [28 °C, 250g/l Ni, pH 9-10, 3 min, movement 2 cm/sec]

As can be seen in Figure 3.2, the first region of the specimen one could not be coated,
dimethyl oxalate did not work and it was eliminated. In both specimen, it is seen that
second and third regions show proper coating. In forth regions, it is observed that there

exist aggresive etching.

From these observations, it is selected to go beyond with methyl acetate, ethyl acetate,
ammonium carbonate and hydrogen peroxide. Since acetone and toluene show more
aggressive behavior compared to others, it was necessary to dilute them with proper

agents if they are wanted to use in further experiments.

After making pre-experiments with four in one specimen, each solution was tried
individually. Also, xylene was tried as a new etching solution excluding the 8 etchants

tried before. Figure 3.3 shows the specimen surfaces after coating experiments.
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Ethyl Xylene Ammonium Hydrogen Methyl
Acetate Carbonate Peroxide Acetate

Figure 3.3: Ni coated ABS pieces exposed to different etchants, [28 °C, 250g/] Ni,

pH 9-10, 3 min, movement 2 cm/sec].

As it is seen in Figure 3.3:

e Since the coating obtained with ethyl acetate etching is both uncontrolled and
almost non-adherent, it cannot be used as a potential etchant.

e Inxylene etching, some coated areas are seen and those areas are bright enough
so it is worth studying with, however, xylene has a strong odor and it irritates
the throat. In this work, xylene was not selected as the potential alternative
etchant, by considering problems going to be faced with because of the
excessive usage of the xylene in industrial applications.

e In the third picture, it is seen that there exists a bright, homogenous, smooth
coating achieved via ammonium carbonate which was used as 0.1 M. Besides
the successful coating, the concentration of ammonium carbonate can be
diluted up to 0.1 M with distilled water. It means there is no need for high
concentrations to etch the substrate surfaces when ammonium carboate is used
as an etchant.

e In hydrogen peroxide etching, the coating is not as satisfactory as the coating
obtained after ammonium carbonate etching. However, when it is compared to
ethyl acetate and xylene, it was selected as the potential etchant to study.

e Lastly, the methyl acetate effect on coating is shown, the coating covers all the
surface of the specimen. Although it does not show bright coating, this
chemical was selected as a potential etchant for further studies to the
observation of even coating on the surface.

e As a result of this study, methyl acetate, ammonium carbonate and hydrogen

peroxide were selected as the potential etchant candidates to chromic acid.
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3.4 Electroless Coating with Chrome-free Etching

Electroless coating with chrome-free etching trials firstly conducted on ABS poly-
mers. The process steps consist of degreasing, neutralizing, etching (chrome-free),

sensitization and activation.

3.4.1 Degreasing

Specimens were cleaned with 0.1 M of NaOH solution in an ultrasonic cleaner for 15
minutes. The cleaned surface were rinsed and neutralized into 0.1 M HCI solution

and the specimen was rinsed with distilled water.

3.4.2 Chrome-free etching

After taking all the surface dirt, oils and fingerprints from the specimen surface with
degreasing, the etching step proceeded. Three solutions including hydrogen peroxide,
0.1 M ammonium carbonate and 2% methyl acetate with 5% ethanol and 93% distilled
water were prepared. After 10 minutes etching of each specimen, the surfaces were

rinsed with distilled water.

3.4.3 Sensitization and activation

In sensitization and activation step, the conventioanal two-step immersing method was
utilized. During acidic SnCl; solution preparation, 10g/L SnCl, was used with 3.5%
HCl in distilled water . The operation temperature was arranged to 45°C. The etched
specimens were immersed into the solution and waited for 10 minutes. During this
process, Sn (II) ions were adsorbed on the holes formed during the etching step. After
sensitization, the specimens were immersed into an acidic palladium solution
consisting of 1g/L PdCl, with 1% HCI in distilled water. The process was conducted

at 45 °C for 10 minutes. No rinsing was applied in this section.

The reduction of Pd ions are clearly seen in this step. Obtained surface, after all, is
catalytic and ready to be coated by autocatalytic way.

3.4.4 Electroless Ni coating

In the coating step, a commercial electroless nickel was supplied from AutoTech
company and the bath was prepared in given ratios. The pH of the bath kept between

9-10 by using an ammoniac solution. The activated catalytic surfaces were immersed
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into coating bath after seconds chemical reduction of Ni ions was started. The bath
temperature was fixed at 28°C and coating was conducted about 5 minutes. The coating

of ABS specimen is shown in Figure 3.4.
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Figure 3.4: Electroless Ni coating of ABS.
The flow chart of ethe xperimental procedure is given in Figure 3.5.

3.4.5 Aging of ammonium carbonate and methyl acetate solutions

In this section of the experimental studies, the effect of the freshness of the etching
solutions was investigated. Ammonium carbonate and methyl acetate solutions have
first waited for 15 days and the experimental procedure was conducted to ABS, PA
and PC specimens. The same solutions then waited for 30 days and the coating was
applied to substrates. In this way, if the quality of the etchants changes with respect to
passing time was controlled. At the end of this study, it was determined that there is
no effect of passing time on the etchants. Therefore the freshness of the etching

solution does not affect the coating quality.
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4. RESULTS AND DISCUSSION

4.1 Electroless Ni Coating of ABS Specimens

The ABS specimens whose etching step was proceeded by methyl acetate, ammonium
carbonate and hydrogen peroxide etching instead of chromic acid were coated by
nickel by electroless coating with following the described experimental procedure. The
brightness and colour features of the typical coatings obtained after experiments with

constant and repeated conditions are given in Figure 4.1.

Figure 4.1: Visuals of brightness and colour properties of electroless Ni plated ABS
specimens followed by standard a) methyl acetate etching, b) ammonium carbonate

etching and ¢) H»O; etching, [28 °C, 250g/I Ni, pH 9-10, 3 min, movement 2 cm/sec].

After coating of ABS samples, the topic investigated was if the ammonium carbonate
and the methyl acetate solutions detorioate or not by time. Consequently, the time
experiments were conducted. The prepared solutions were waited for 15 days. In 15

day, the experiment was repeated. In Figure 4.2, the coated samples are shown.
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Figure 4.2: The coated ABS with a) fresh methyl acetate, b) altered methyl acetate
(15™ day), c) altered methyl acetate (30" day)
[28 °C, 250¢g/l Ni, pH 9-10, 3 min, movement 2 cm/sec]

In 15" day experiments, it is obviously seen that there is no change in coating
appearance and the etchants are still working.

After this experiment, the etchants were altered 15 more days, and the same procedure

was conducted again. The coated ABS samples are shown in Figure 4.3.

Figure 4.3: The coated ABS with a) fresh ammonium carbonate, b) altered
ammonium carbonate (15 day), c) altered ammonium carbonate (30" day)

[28 °C, 250¢g/l Ni, pH 9-10, 3 min, movement 2 cm/sec]

After 30" day experiment, it was understood that there is no effect on time in etchant
life they can be used repeatedly like chromic acid. Hence the nature of the H,O> is not

suitable to use more than one time, these experiments were only made by ammonium
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carbonate and methyl acetate. H>O: loss its active oxygen during time and it turns into

a diluted solution with passing time.

4.2 Electroless Coating of PA and PC

After obtaining continuity in the electroless coating of ABS, it was decided to coat
other types of polymer such as PA and PC. The same procedure conducted to ABS
was also applied to these polymer types. Their surface were degreased with 1 M of
NaOH in an ultrasonic bath and neutralized with 0.1 M of HCI for 30 seconds.After
that, 3 samples were plugged into methyl acetate, ammonium carbonate and H>O>
solutions respectively. After 10 minutes of etching. the specimens exposed to
sensitization and activation to make them catalytic. Lastly, each surface was applied
electroless coating. After all electroless coating treatment, the coated surfaces were
rinsed with distilled water and dried. The coated surfaces of PA and PC is are shown

in Figure 4.4 and 4.5 respectively.
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Figure 4.4 Electroless Ni coated PA specimens a) H>O> etching, b) Ammonium
carbonate etching ¢) Methyl acetate etching, [28 “C, 250g/I Ni, pH 9-10, 3 min,

movement 2 cm/sec].

Since the surface of the substrates was not smooth the coating obtained here is dull. If
the surface of the specimens had been smooth enough, it would have been a bright

coating on the surface and the plane could have seen on the mirror-like surface.
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Figure 4.5: Electroless Ni coated PA specimens a) ammonium carbonate etching, b)
H>0; etching, ¢) Methyl acetate etching. [28 °C, 250g/[ Ni, pH 9-10, 3 min,

movement 2 cm/sec].

At the end of the experimental studies, it was observed that the surface roughness is
so important for the coating brightness. Also, in the application of electroless coating
on PC materials, it is inevitable to use mechanical pretreatments to obtain the ideal

surface roughness on the substrates.

4.3 Sateen-Mat Plating

By using chrome-free etching pre-treatment ABS, PA and PC surfaces can be coated

by electroless coating. There were mirror-like, bright coating formed on the surface of

the ABS and PC.

In this experiment, it was tried to achieve a velvety surface by forming mechanical
distortion with sand-blasting on the surface of the specimens. After this mechanical
treatment, the smooth surface turns into a blurred rough form. The specimens were
subsequently exposed to the same experimental procedure as in previous sections. The
coated surfaces of ABS and PC polymer are shown in Figure 4.6 and Figure 4.7

respectively.
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Figure 4.6: The sateen-mat plating on PC polymers with a) H,O> etching, b)
ammonium carbonate etching, ¢) Methyl acetate etching. [28 °C, 250¢/] Ni, pH 9-10),

3 min, movement 2 cm/sec].

Figure 4.7: The sateen-mat plating on PC polymers with a) H>O» etching

b) ammonium carbonate etching, ¢) Methyl acetate etching. [28 °C, 250g/[ Ni, pH 9-

10, 3 min, movement 2 cm/sec].

4.4 Transparent Plating of PC

The PC specimens were exposed to the same experimental procedure. This time,

before pre-treatment, the surface is not applied a mechanical treatment and directly
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coated. After coating, it is observed that the coating formed on the surface is very thin
and the surface is both bright and transparent. In Figure 4.8, the plane was placed in
front of the sample and it can be seen on the mirror-like surface, when the plane was
placed behind the sample like in Figure 4.9, it could be also seen, since the sample

surface was transparent.

Figure 4.8: a) Ammonium carbonate etching, b) H2O: etching ¢) Methyl acetate
etching [28 °C, 250g/I Ni, pH 9-10, 3 min, movement 2 cm/sec].

Figure 4.9: a) Ammonium carbonate etching, b) H>O; etching ¢) Methyl acetate
etching, [28 °C, 250¢/] Ni, pH 9-10, 3 min, movement 2 cm/sec].

The usage of this kind of coatings could be beneficial in areas where the light
transmittance is important to control. These areas are especially skyscraper windows,

inner side of the office windows and greenhouse etc.
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4.5 Optic Microscope Investigation

After etching ABS, PA and PC the distortion of the surface was investigated under an
optical microscope. In Table 4.1, the micrographs belong to reference, chromic acid,

ammonium carbonate, H,O» and, methyl acetate etched ABS are shown respectively.

Table 4.1: The micrograhps belog to a) Reference, b) Chromic acid etched, ¢)
Ammonium carbonate etched, d) H>O; etched and e) Methyl acetate etched ABS.

Specimen Optic Microscope HDR Image
Type Image

Reference

Chromic-
Acid Etching

Ammonium
Carbonate
Etching

Methyl
Acetate
Etching

29



H20: Etching

As it can be seen in these micrographs when the surfaces etched with methyl acetate,
ammonium carbonate H»>O; are compared with the surface of the reference specimen,
it is clearly seen that the etchants interact with butadiene group of ABS and it results

in hole formation.

The same optic microsope investigation was done for PA, the results are given in Table
4.2. As it can be seen in the table, chromic acid attack inhomogeneously, on the other
hand, ammonium carbonate, methyl acetate and, hydrogen peroxide create

homogeneously distributed holes and/or distortions on the surface of the PA samples.

Table 4.2: The micrographs of PA.

Specimen Optic Microscope HDR Image
Type Image

Reference

Chromic-
Acid
Etching
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Ammonium
Carbonate
Etching

Methyl
Acetate
Etching

H20:
Etching

The formation of holes and/or chemical distortion on the surface of the substrate
material plays a key role in the electroless coating process since the holes and distorted
areas are the active sides for the adsorption of palladium atoms in activation step and

reduction of nickel ions in coating step.

If there is no hole and distortion created on the surface of the substrate material, it
means that there is no active side for the further steps namely, the process cannot be
finalized. A successful etching step is inevitable for electroless coating of polymeric
materials. In this thesis, the results show that hole and/or distortion formation on the
surface can be achieved by methyl acetate, ammonium carbonate and hydrogen
peroxide etching. This means that the most important step for electroless coating of

polymeric materials is successfully conducted by the developed chrome-free etchants.

4.6 Surface Topography Investigation

The surface topography of ABS, PA was investigated by profilometry and the results
are given in Table 4.4, 4.5.
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Table 4.3: Surface topography of ABS.

Specimen Surface Topography
Type

7.8
m

Chromic-Acid 173.54
Etching 15000

130.15
100,00

Ammonium
Carbonate
Etching

Methyl
Acetate
Etching

H20: Etching

100.00

130.1%

32



As can be seen in the Table 4.3, in chromic acid etching wide holes are created on the
surface of the substrate. It is expected behavior, hence chromic acid attacks the
butadiene group of ABS. On the other hand, ammonium carbonate and methyl acetate
have totally different etching mechanisms when they are compared to chromic acid. In
ammonium carbonate etching, instead of creating big and wide holes, small pits are
formed. However, the depth of the created holes and pits is the same. In methyl acetate
etching, the mechanism is solving the hills on the surface of the substrate material,
because methyl acetate is an organic solution like polymeric substrate. Since they have
both organic structures, the attraction between them based on solving. While solving
the hills, methyl acetate creates new active areas where the adsortion and reduction
take place for further steps. In H2O, there is no difference in etching mechanism when

it is compared to chromic acid etching.

In Table 4.4, the surface topography results for PA (polyamide) are shown. It is
obviously seen that the etching mechanism of chrome-free etchants are quite similar
to each other and chromic acid. Every etchant attacks the surface of the polyamide and

creates chemical distortion on it. This chemical distortion is seen as big and wide holes.

Table 4.4: Surface topography results for PA.

Specimen Surface Topography
Type

Chromic-
Acid
Etching

Ammonium
Carbonate 50.00
Etching

“\-
0.00um 50.00 100.00 150.00173.54

0.00pm

o
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Methyl
Acetate
Etching
—
i
H:0:2
Etching o8
0.00um 50.00 100.00 150.00173.54 i

4.7 Coating Thickness Measurement

The thickness of the coatings are measured by means of chemical analyzing methods.
The nickel amount was measured by AAS (atomic absorption spectroscopy) machine.
After that by looking at the nickel amount in the known areas, the height of the coating
was calculated. The nickel amounts and coating thicknesses of the substrate materials

(ABS, PA, and PC) are given in Table 4.5.

Table 4.5: The coating thickness of the substrate materials.

Substrate Nickel Area (cm?) Coating
Material Amount(g/L) Thickness (um)
ABS 5.3 x107 1.5 4
PA 1.63x1073 1 2
PC 1.2x1073 0.8 1.7
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5. CONCLUSION

In the content of this thesis ABS, PA and PC types of polymers were used for the
development of chrome-free etching for polymeric materials. For the alternative
chemicals to chromic acid ethyl acetate, methyl acetate, ammonium carbonate,
hydrogen peroxide, toluene, acetone, chloroform, dimethyl oxalate, and xylene were
studied. Among all, ammonium carbonate, methyl acetate, and hydrogen peroxide
were selected to conduct the experiments. The criteria of this selection was the quality
of the coating formed on the substrate surface. the experiments were started with
chromic acid etching to check whether the coating bath and the substrate materials are
working or not. After achieving the continues results of repeated experiments, the
experiments were continued with new etchants; methyl acetate, ammonium carbonate

and hydrogen peroxide. After all experiments:

e ABS, PA, and PC were coated with electroless Ni coating by methyl acetate,
ammonium carbonate and hydrogen peroxide etching.

o The effect of the etcant freshness was controlled 15 and 30 days periods for
methyl acetate and ammonium carbonate and it was observed that there is no
change in coating quality with changing in freshness of the ethants.

e Sateen-mat coating was obtained on PC, ABS and PA surfaces.

e Transparent coating was observed on the surface of PC specimens.

The brightness of the coating was investigated and the mechanical properties of the
coating were examined. In the light of observations and obtained results, it can be said
the coating quality in the physical manner is the same with the coatings obtained by
chromic acid etching. However, in the case of mechanical properties such as adhesion

behaviour, further studies should be applied.

As a result, ABS, PA, and PC can be coated with bright and mat nickel by using

chrome-free etchant with electroless coating.
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APPENDICES

Appendix A: 3D Optic Profilometer Images

Reference
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Figure A1: The surface topography results of PC substrate
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