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ABSTRACT

A material which has metallic like surface but ight weight is selected for different
industrials, such as headlamp, crumple zone asasdibod in motor industry and rear
mirror in optical application. Plastics are commmaterials for those applications
because of their advantages, including light weiddw cost, ease of forming and
corrosion resistance. Plastics are metallized eptésence of a functionalized surface
(with carboxylate, —COOD group) and a certain degree of roughness. Differe
approaches, such as chemical and physical, havesbedied to obtain these features.
For industrial production, chemical approaches hbgen preferable used without
limitation of size and shape. Chromium trioxidegduwiric acid, HCr.O;, Iis
traditionally used as etching bath for acryloratfiutadiene styrene (ABS). Due to the
environmental concern and the increase demandastigd other than ABS, other
chemical approaches (e.g. alkali etching) instdfad€r,O; etching bath have been
studied to modify a variety of engineering plasticxluding polypropylene (PP),
polycarbonate (PC) and 38% mineral filled poly(lbere) terephthalate-poly(ethylene)

terephthalate (38% mineral filled PBT/PET) blenst@ad of ABS.
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Surface modification of the plastics was carriedl Iy using varies solvents, such as
sodium hydroxide, chloroform and polyethylene glydde surface modified plastics
were activated by using Pd/molloidal activating bath and subsequent elecsoldi
plating, and then followed by Cu-deposition throadgctroplating technique. By alkali
etching, rough surfaces with carboxylate functiommbup were obtained. The
correlation between the etching rate and the seirfaorphologies was investigated.
Surface composition after etching, Ni coating amdcGating were analyzed by Fourier
transform infrared spectroscopy and X-ray diffracti The roughness and the
cross-section morphologies of the samples befomgedisas after etching, Ni coating
and Cu coating were characterized by surface prafiblysis, atomic force microscopy
and scanning electron microscopy respectively. ¢Jsontact angle measurements, the
effects of the etching time on the hydrophilic @wer of the plastics surface were
assessed. Adhesion of the Cu layer, evaluatedeb$tbtch tape test, was found to be
depended on the surface roughness and the pallacbaoentration of the activating

bath.

On the basis of our experimental results, we detratesl that engineering plastics

with ester functional groups can be etched by usilkgli. As a result, carboxylate

NG Ching Shan Il



ABSTRACT

Q’b THE HONG KONG POLYTECHNIC UNIVERSITY

groups are procured to facilitate the formatiorafplex with Pd/STi colloidal in the

activating bath. Besides a functional surface, aghosurface (10-20 um) is also
obtained by filling some insoluble salts into tHaspics blends, so that the insoluble
salts can react with alkali to produce pitting sitk is important to control the surface
roughness, because it directly affects the appeara finished product and the
adhesion between Cu coatings and the substrateer&lg, a plastic surface with

optimal roughness and carboxylate groups promogétalimation.
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Chapter 1 Introduction

1.1 General introduction

In the past forty years, the demand of metallizedireeering plastics has been
increased. Plated plastics have been replaced snatahany applications, such as
motor industry, household fittings and anti-infezershielding in electronics (Muller,
Baudrand et al. 1970). The major reason for tleisdris high cost of metals (Simpson
1993; Garbassi, Morra et al. 1998; Ehrenstein 2001h)er reasons are that plastics are
lighter in weight, better resistance to corroseasy formability and low cost. However,
metals have their specific characteristics, whidh superior to plastics. For instance,
many metals have characteristic bright and reftecgurfaces that may be enhanced by
polishing or surface treatments such as electroglaflthough the original appearance
of plastics is quite acceptable for many applicajosometimes it is required to make
components with reflective surfaces similar to theppeared in metal (e.g. optical
mirror). Therefore, metallized engineering plastiesy combine the properties of the
constituents to broaden their use of range. Fomplg it is easy to make a more

successfully and less expensively decorative ptoduem plastics and then
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electroplated with coatings of nickel, chromiumads, copper, silver or even gold.
Besides decorative interest, the plated plastiedaarored to be applied in quite large
components of motor cars. Interior and exterion,tikven bumpers and radiator grilles
are being made in plastics for convenience andéon@my. The nickel-chromium

plated surface gives them both the appearanceharfdel of metal.

Furthermore, the mechanical properties and thealattfects of aging of plastics (e.g.
ABS) can be improved by electroplating with metahtings. The heat resistance of
plastics can also be enhanced through electroglatirdemonstrates that the plated
plastics can frequently be employed at temperatwhésh the unplated materials could
be stand. In addition, plastics which tend to asttior distort under the influence of

heat are rendered more stable dimensionally byrefdating.

Although the electroplating of plastics has beevettged for commercial uses since
1960s, the techniques have been limited for meiadi ABS polymer. For other
plastics, an ABS interface layer must be requifeda result, a chromic acid bath has
been involved in etching step. This provokes sariovater pollution problem.

Therefore, it is necessary to develop other mettmdase these problems.
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1.2 Development of ABS and other engineering plastics

In 1960s, ABS was the first engineering plastic aihiwas ready to undergo
metallization. Metallized ABS plastic products wenelely used in different industries,
such as household fittings and toys (Goldie 1968ypSon 1993; Suchentrunk 1993;
Garbassi, Morra et al. 1998). The demand of megalliengineering plastics has been
increasing with various purposes, such as headlampple zone as well as hood in
motor industry and rear mirror in optical applicati Traditional metallized ABS
plastic was not sufficient to suit the customee®ds because of its characteristics. In
fact, ABS is a copolymer that is made of butadiea@ylonitrile and styrene. This
copolymer combines the strength and rigidity of éleeylonitrile and styrene polymers
with the toughness of the polybutadiene rubber. éie@s the operation temperature of
ABS is between -25 and 60°C. This restricts thdiegon of ABS. Thus, ABS plastic
has been modified. Different types of ABS blendypmrs have then been developed,
such as ABS/PC blend, ABS/PBT blend, ABS/PMMA bleA8S/nylon 6 blend and
ABS/vinyl-ester blend (Hale, Keskkula et al. 1999u and Siow 2000; Pressly,

Keskkula et al. 2001; Stevanovic, Lowe et al. 2002)
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Meanwhile, other engineering plastics have beerldped, in order to diversify the
application of metallized engineering plastics @@®|1969; Margolis 2006). Besides
ABS, polycarbonates (PC), poly(butylene) tereplatieal(PBT) and poly(ethylene)
terephthalate (PET) plastics are several most camgngineering plastics. The use of
these engineering plastics has been increasingthedelore researchers are interested
in studying PET and PC because of their advantagelsding good mechanical and
electrical properties, together with reasonablentiaé characteristics (heat-resistant up
to 150°C), so that they are applicable to enginggparts of car (Charbonnier, Alami et
al. 1997; Bruyn, Stappen et al. 2003; Domenecletdl. 2003; Charbonnier, Romand
et al. 2007). As a result, PP, PC, PET and itsthizare selected to be studied in this

project.

1.3 Surface modification of plastics

Before metallization, plastics have to undergoaaeftreatment to produce functional
groups (carboxylate groups) and pitting sites. énagal, these functional groups and
pitting sites are obtained either by chemical apphoor physical approach. Many
researches have been conducted in these areasvétowmst of the researches have

focused on modifying the plastics surfaces usingsishl means, such as plasma, laser
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and UV treatment (Frerichs, Stricker et al. 1998&i,BHorn et al. 1999; Lin, Liu et al.
2006). These methods are not limited by the plEst@mpositions, but they are only
suitable for flatten surface and small plastice.sizherefore, these physical approaches

are not flexible and applicable for industrial puotion.

In fact, plastics surface can be also modified bgnaical reactions (oxidation and
hydrolysis). Chromium trioxide in concentrated $wlpc acid, HCr,O;, is a well
known acid etching bath for modifying ABS surfa@xidation occurs in the reaction
bath. Although this type of bath performs well inface etching, the presence ofCr
ions causes serious pollution problem and hazbar@an (Suchentrunk 1993; Teixeira

and Santini 2005). €fions are recognized as a human carcinogen vidaiida

Traditional acid etching bath not only causes ssrienvironmental problems, but also
is limited to ABS polymer. Besides oxidation, plestsurfaces can be modified by
hydrolysis, where electron-deficient carbon atomplastics surface are attacked by a
nucleophilic agent, such as base. Hydrolysis alveegsirs at ester and amide group of
the plastics. Both PC and PET have ester grouneir plastics structure, so their

surfaces were modified by hydrolysis (alkali etgf)im this project.
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1.4 Metallization of plastics

After surface modification, the treated plastios still not ready for metallization. Thus,
a continuous conductive layer must be depositetherireated plastics surface before
metallization. Electroless Cu and/or Ni platinge aormally applied for this purpose.
In this project, the latter plating bath was seddcbecause of its stability and ease
pollution problems (Domenech, Jr. et al. 2003; Gbanier, Romand et al. 2006;
Charbonnier, Romand et al. 2007). A series of mayairs are chosen for electroplating
once the conductive Ni layer is formed. Cu layecdated on top of the Ni layer here.
This is because the expansion coefficient of Gainslar to that of plastics. Cu acts as
a buffer layer between the plastics substrate laadiop metal layer. In addition, Cu is a
ductile metal with excellent electrical conductyiso adhesion test is easily executed

on it. Details will be shown in Chapter 2.3.4 artthfiter 3.

1.5 Purpose of the research

The objective of this thesis is to better undedtdre mechanism of metallization of
engineering plastics using chemical method. In himddon process, the most

important step is etching that modifies the plassiarface with formation of functional
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group and optimum degree of roughness. Over twgehrs of research, a rich
literature has been developed in the area of miodifylastics surfaces. However, these
technologies have not been widely applied in ingaisproduction. This may be
attributed to the limitation of plastics’ shape aizke, and the continuous development

of plastics.

Due to the wide range of uses of metallized plaghi@ducts, metallic surface is not
only for decorative purpose, but also acts as ptiote layer or severs as other
particular functions (Goldie 1969; Muller, Baudraet al. 1970; Jacobasch 1997;
Garbassi, Morra et al. 1998; Ehrenstein 2001).lth there are many exiting studies
on this area, most of them focus on the small sapjdications and physical aspect.
Therefore, this thesis addresses gaps in therexidterature in two areas:

It studies the mechanism for surface modificatibmasious engineering plastics.

It studies the techniques for metallization of vas engineering plastics other than

acrylonitrile butadiene styrene, ABS plastics.
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1.6 Contribution of the research

This project is to gain new knowledge to metallastics other than ABS. This can
expand the usefulness of the products and allote develop new niche applications.
The potential value of this project may attribute riew and efficient metallizing
technique that applies to other engineering pksii®ie technique will be compatible
with the existing technique, so that it can belgasiplemented in the production line

in the related industry.
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Chapter 2 Literature review

2.1 Introduction

Metallization of engineering plastics has been afiethe most widely studied
technologies in industrial production, with manydemic articles have been published
since the 1960s (Goldie 1969; Simpson 1993; Sudn@nt1993; Jacobasch 1997;
Ehrenstein 2001). The important step of metallratis etching. This step directly
affects the properties of metal coated plasticsdr@adetermined by the characteristics
of the adhesion between the components. The favmati an adherent metal layer on
plastics depends on the boundary interaction (foomeof bond) between the two

components (Garbassi, Morra et al. 1998).

This thesis mainly focuses on the modification ddspics surfaces. This chapter
presents a review of research and literature oralndetposition of plastics surfaces.
There are two major sections in this chapter. Tisé frovides the basic knowledge of
plastics, including basic definitions of plasticslassification of plastics and

introduction of engineering plastics. The secomkres the process of metallization of
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plastics, covering physical and chemical etchingd asequences process of

metallization.

2.2 Plastics
2.2.1 Basic definitions of plastic

A plastic (polymer) is a substance composed of autds which have long sequences
of one or more species of atoms or groups of atiimked to each other by usually
covalent bonds. Polymers built up from small moleswcalled monomers through
chemical reaction, the process by which this isiexeld being known as
polymerization. For example, polymerization of étme yields polyethylene, a typical
sample of which may contain molecules with 50,08Man atoms linked together in a
chain. This long chain nature sets polymers apan bther materials and gives rise to

their characteristic properties.

2.2.2 Classification of plastics

Commonly, plastics can be classified into 3 groupgmely, thermoplastics,

thermosetting plastics and elastomers. Thermoptasire further separated into
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crystalline and amorphous (Young and Lovell 199hrestein 2001). Figure 2.1

summarizes the classification of polymers.

Polymers
Thermoplastics Thermosetting Elastomers
| plastics

Crystalline Amorphous

Fig. 2.1: Classification of plastics (Young and e4\1991).

Thermoplastics are made up of long chain polymerts ahemically bonded but

attracted together by weak intermolecular forcégylwill be softened on heating and

hardened to take up a fixed shape on cooling. Tdfeersng and hardening of

thermoplastics can be done repeatedly. Howeves, type of plastics does not

crystallize easily upon cooling to the solid stafdis is because considerable high

molecular weight molecules present in the liquatestlt is difficult for them to form a

polymer in high order. Therefore, crystalline pogmn do not invariably form perfect

crystalline materials but instead are semi-crys@llwith both crystalline and

amorphous regions.

Thermosetting plastics (thermosets) are made lgngfchain polymers with chemical

bonds (cross links) between chains. Due to a hegree of crosslinking, thermosets
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are normally rigid materials and are network polggria which chain motion is greatly
restricted. Thermosets are different from thermgtpda. They will not be softened on
heating and take up a definite shape forever. Thosetting plastics will decompose

when they are heated strongly.

Elastomers (rubbery polymers) are formed from lohgin polymers with some cross
links (i.e. rubbery networks). Unlike thermosetwihg high crosslink density, the

network of elastomers is in low crosslink densityus, elastomers can be easily
stretched in high extension and rapidly recoveled toriginal dimensions when the
applied stress is released. The rubbery networklee nedastomers intractable once
formed and degrade rather than melt upon apply&ag. iFigure 2.2 shows the structure
of thermoplastics, thermosetting plastics and elasts.

S T

g
o ey %ﬁ“ e ?

i

i _— - \ b P a. unstressed ;

o = N % L _ g Z 2 - E " o' er

-1 , ..M‘K : SO E | polym b. stressed
, e # :

% P polymer

Thermoplastics Thermosetting Elastomers
plastics

#=cross link

Fig. 2.2: The structures of thermoplastics, theetiosy plastics and elastomers.
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2.2.3 Engineering plastics

Engineering plastics (thermoplastics) are definedtre group of plastic materials
exhibit superior mechanical and thermal propeiities wide range of conditions over
and above more commonly used commodity plasticsh Bagineering plastics and

commodity plastics refer to thermoplastics (Marg@006).

Polystyrene (PS), polyvinyl chloride (PVC), polypytene (PP) and polyethylene (PE)
are examples of commodity plastics. They are contynased in convenient and
disposal products, such as ‘polythene’ bags (maxa polyethylene), vacuum-formed
food packaging (low density polyethylene), dispdsadirinking cups (high-impact

polystyrene) and window frames/wire insulation (BVC

Nowadays, the demand of engineering plastics has inereased due to their range of
enhanced physical properties, including high hesistance, mechanical strength,
rigidity, chemical stability and flame retardan€&pr example, polycarbonate is highly
impact resistant and polyamides are highly redistan abrasion. In addition,
engineering thermoplastics are ready for manufactudlthough engineering

thermoplastics are expensive per unit weight, tieywidely used in daily products.
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For instance, ABS is used to manufacture car buspnpshboard trim and Lego bricks,
polycarbonate is used in motorcycle helmets angaooides (nylons) are used for skis

and ski boots.

2.3 Metallization of plastics
2.3.1 Introduction

The demand of metallized engineering plastics heenbncreased in the past forty
years. They have been replaced metals in manycapiphs, such as household fittings,
anti-inference shielding in electronics, decoratieating in general manufacturing etc.
Many researches have been worked in this areagMif93; Niece and Craddock
1993; Simpson 1993; Jacobasch 1997; Garbassi, Mzrra. 1998; Mittal 1998;
Ehrenstein 2001). For such applications, plastitstsates are commonly metallized
by electroless deposition process which involvetasa treatment to improve adhesion
(etching), surface seeding with an electrolesdysit@generally a palladium containing
compound), and immersion in an electroless batmef@dly a Ni or Cu solution)

(Goldie 1969; Garbassi, Morra et al. 1998; Charleyrend Romand 2003).
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However, this traditional electroless plating meth®only suitable for etching of ABS
plastics. Due to the development and the demanengineering plastics, physical
etching approach (direct metallization) has beareld@ed, such as plasma treatments
and laser treatments (Charbonnier, Alami et al.719%arbassi, Morra et al. 1998;
Guzman, Miotello et al. 2000; Wang, Eberhardt e@06). Although physical method
is applicable to a wide range of plastics, it mitled by plastics’ size and shape. In

addition, these techniques involve a large amotimstallation cost and running cost.

Etching can be carried out by either physical apgincor chemical approach. The main
objective of these two approaches is to obtaimational surface with carbonyl and/or

hydroxyl group on plastics surface. For polyestastics, carbonyl group is preferable.

2.3.2 Physical etching

Plastics surfaces which are modified by physicalgans can be divided into two main
categories. One aims at chemically altering théasarlayer. Another one deposits an

extraneous layer on top of the existing materedreby generating a sharp interface.
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For the non-reactive character of plastics surfages difficult to carry out any

reaction on the plastics surfaces under room testye. The former reaction

undergoes at the presence of high energy specsyaglicals, ions, molecules in
excited states, etc. These energetic species gammbeced by high temperature as well
as high voltage. A number of methods, includingmita corona, plasma, laser,
evaporation treatments, can be used to provide siedirable species (Frerichs,
Stricker et al. 1995; Charbonnier, Alami et al. Z9Bruyn, Stappen et al. 2003; Lin,
Liu et al. 2006; Wang, Eberhardt et al. 2006). Eigloccurs on the plastics surface at

the same time during the physical approach.

2.3.3 Chemical etching

Garbassi et al. (1998) stated that chemical etclangsed to modify the chemical
composition of plastics surfaces either by chemieattion with a given solution (wet
treatments) or by the covalent bonding of suitateromolecular chains to the sample
surface (grafting). Only wet treatments were emgdbin this thesis, because they can

be scaled up for industrial production and areresirricted in products’ shape and size.
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Wet treatments were a class of traditional surfacdification techniques to improve
surface properties of plastics. These treatmentasf@n modifying the structure of
plastics. Plastics with functional groups (e.g. beubond, C=C and ester group,
RCOOCR) facilitate the surface modification (BrigiMalpass et al. 1969; Kreitz,
Penache et al. 2000; Kisin, Scaltro et al. 200/@né&gally, it undergoes either by
oxidation at the presence of chromic acid@HO;) or by hydrolysis at the presence of
sodium hydroxide (Simpson 1993; Garbassi, Morral.eii998; Domenech, Jr. et al.

2003).

In the electroplating industry, concentrategCHO; at ~80°C is the best condition for
ABS etching. Generally, a good metal-to-plastickesibn will be resulted. ABS is a
copolymer made by polymerizing styrene and acriidai in the presence of
polybutadiene. The proportions can vary from 159%586 of acrylonitrile, 5% to 30%
of butadiene and 40% to 60% of styrene (Garbassird/et al. 1998). The mechanism
of ABS etching is carried by heating ABS plastiosH,Cr,O; solution. Oxidation
mainly undergoes at 1,3-butadiene in ABS. 1,3-betelis oxidized to butan-1,4-diol
(1° alcohol), and then further oxidized to butanedacid (Solomons and Fryhle 2000;

Teixeira and Santini 2005). The proposed oxidatibABS mechanism is shown in Fig.
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2.3. Oxidation of ABS yields carboxylate group whiacilitates the formation of seed.
Meantime, the treated surface becomes very rougitaiming a lot of cracks and

crevices that work as mechanical anchoring sites.

H H2 H2
C /CHZ H2804(| HO\ /C\ C
Hzc/ N S e C o
H H,0, A H, H,
1,3-butadiene Butan-1,4-diol
o) /
H, l | HZC r207(aq)
HO C C
\C/ \C/ \OH

| "
O Butanedioic acid

Fig. 2.3: Oxidation of ABS plastics in,Br,O7 solution.

On the other hand, plastics surface can be modiedhydrolysis. For instance, PET
has electron-deficient carbon atom which is eaaitpcked by a nucleophilic agent,
such as base. Hydrolysis always occurs at the pres# ester and amide group in the
plastics (Garbassi, Morra et al. 1998). Figureshdws that some of the plastics with
special functional groups can undergo hydrolysisimiprove their surface-related
properties. Among them, hydrolysis of PET by halison hydroxide attack is shown
in Fig 2.5. This reaction significantly increaske humber of hydrophilic (carboxylate)

groups, which facilitate subsequent electrolesesiapn.
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Fig. 2.4: Three different plastics surfaces moditiyy hydrolysis (Garbassi, Morra et al.

1998) Circles indicate the site of reaction: (a)J/RlB) polyimide, (c) Kevlar.
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Fig. 2.5: NaOH attacks on PET (Garbassi, Morrd. et9%8).
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2.3.4 Process of metallization of plastics

The established process consists of the followiagr fstages: etching (surface
modification), activation, autocatalytic metal depion and building up deposition.

The schematic diagram of the plastics metallizapiacess is shown in Fig. 2.6.

Chemical Etching

Pd H,SO
SR+ 2 4
— > A — > bbbt

Removal of SA"

Activation )
from Pd/SRA* colloidal

Electroless Ni plating Electroplating of Cu

Pds 2, PdIS#* colloidal

Fig. 2.6: Schematic diagram of the plastics mettibn process using chemical
etching pretreatment, activation procedures leatinthe surface attachment of the

catalyst and subsequent electroless Ni platindofoning a conductive layer.

Surface modification is a pre-treatment step t@terdunctional groups (active sties)
for carrying out reaction and mechanical anchosigs on the substrate surfaces for
enhancing the adhesion between the substrate esirfand the deposited layer

(Suchentrunk 1993; Garbassi, Morra et al. 1998)stiel surfaces can directly be
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etched by immersing in an etching bath, and a tieefalyer can be deposited by a
plating bath. After that, the coating would be progld by connecting to a d.c. supply
(Simpson 1993). However, it is difficult to undergkectroplating on plastics. This is
due to the non-conductive electricity properties piistics. In this situation, a
conductive film should be provided on the surfaseaabasis for electro-deposition.
Obviously, this conductive film must have good asibe to the substrate, because this

directly affects the quality of the finished work.

In order to obtain a conductive film, various mettipincluding physical and chemical
means have been mentioned in Chapter 2.3.2 andt€€haB.3. Kisin et al. (2007)

stated that the adhesion strength of plastics t@alsnes enhanced by creating oxygen
containing moieties (hydroxyl or carbonyl) on piestsubstrates surfaces, followed by

activation.

2.3.4.1 Activation

Activation is used to sensitize plastics surfageaied plastics substrates with active
sites are introduced into activation bath contgrpalladium/tin (1), Pd/ST, colloidal

(Simpson 1993; Suchentrunk 1993)?Sions in Pd/Sfi colloidal form complex bond
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with carboxylate salt at active sites. In fact, iPdurrounded by $hions. The part

which exposes to the air is removed by dilute@® solution. The implanted Pd acts
as a catalyst for the electroless plating. Pd gishetal ion adsorption ability, so that
metal ions are easily adsorbed on the Pd surfateealuction will be undergone. As a

result, Pd must be employed in the electrolessglgtrocess.

2.3.4.2 Electroless plating (autocatalytic metal deposition)

After activation, an initial conductive metalliclffi is accumulated by electroless
plating (chemical or auto-catalytic plating). Itaisnon-galvanic type of plating method
that involves several simultaneous reactions (dxkidaand reduction) in an agueous
solution. No external electrical power is needed.electroless plating process, the
oxidation of a soluble reducing agent R occursamessites on the substrate surface
R— 3 ne+0 (1)

where reduction of metal ion'Moccurs simultaneously.

M"™+ng —» M (2)
The overall process is:
seed (Pd)
M+ R———» M+ O 3)

The deposition of metal is autocatalytic. Once eatbn has occurred, further
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deposition is a very favorable process which ocaira fast rate on the growing

deposit (Pletcher and Walsh 1990; Suchentrunk 1993)

Generally, electroless Ni plating and electroless glating are used for forming a

conductive layer on plastics substrate surface.béth is selected for electroless
because of its stability, excellent corrosion arehmresistance. Besides Ni bath, Cu
bath has also preferable to industrial electrolglssing process. It is because the
expansion coefficient of Cu is similar to that d¢dgtics. Cu layer acts as a buffer layer
between the plastics substrate and the top meyak. ld&or the formation of a

continuous metal layer, thick deposited layers possible in a short time using

electroless Ni. It is easy to obtain 0.25 pum ofldyer in about 5 minutes inside an
electroless Ni solution. Laboratory tests have alsown that for depositing layers of
thickness of ~0.25-1.25um, electroless Ni is mordactive than electroless copper of

the same thickness (Muller, Baudrand et al. 1970).
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Table 2.1: Composition and properties of electsolkaline nickel bath.

Formulation Function

Alkaline nickel Nickel chloride

Sodium hypophosphite Reducing agent

Ammonium citrate Buffer
Ammonium chloride Complexing agent and brightener
pH 8-10

Temperature: 35°C

Table 2.2: Composition and properties of electsotagpper bath.

Formulation Function

Copper bath Copper sulphate
Formaldehyde Reducing agent
Sodium hydroxide Buffer
Rochelle salt _
EDTA Complexing agents
pH 11

Temperature: 25°C

In addition, Electroless Cu plating potentiallyses environmental problems. In Cu
bath, EDTA and formaldehyde are commonly used@syalexing agent and reducing
agent respectively (shown in Table 2.2). EDTA isduto improve the throwing power
of the bath, assists the dissolution of anode aedepts passivation. Unfortunately, it
has a serious environmental issue and affects rthetly of the marine organisms. It

has a high stability and thus is difficult to bemmved from wastewater using
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traditional treatment. Besides EDTA, formaldehydecarcinogenic. For industrial
interest, electroless Ni plating is more preferahken Cu plating. This is because the
electroless Ni plating bath is more stable andtese#ess environmental problems.
However, nickel is an important cause of contdetrgy. The amount of nickel which
is allowed in products that come into contact wiatman skin is regulated by the

European Union.

Reduction of Ni* ions (shown in equation (4)) and oxidation of seahypophosphite,
NaHPQ;, (shown in equation (5)) carry out at the preseridedoin the basic solution.
Equation (6) shows the overall equation between remection of Ni* ions and
NaH.PO, (Suchentrunk 1993; Charbonnier, Romand et al. 2006)

Cathode: Ni?* + 26 ———» Ni (4)

Catalyst (Pd)
—>

Anode: H,PO, + 20H Heat

HPO; + H,0 + 2¢ (5)

Catalyst (Pd)
—>» N

Overall:  Ni?*+ H,PO, + 20H
2PC, Heat

i + HPOy + H,0 (6)

Similarly, reduction of C# ions (shown in equation (7)) and oxidation of
formaldehyde, HCHO, (shown in equation (8)) takacelon the catalyst (Pd) in the

basic solution and Equation (9) shows the ovemgllation between the reaction of

NG Ching Shan 25



METALLIZATION OF ENGINEERING PLASTICS
Q CHAPTER 2

q THE HONG KONG POLYTECHNIC UNIVERSITY

Cu?* ions and HCHO (Suchentrunk 1993; Charbonnier, Ruohed al. 20086).

Cathode: Cw@*+26 —» Cu (7)
Catalyst (Pd)
Anode: HCHO + 30H W HCOO + 2H,0 + 2e (8)

Catalyst (Pd)

Overall: Cuw* + HCHO + 30H W Cu+HCOO+ 2H,0  (9)

2.3.4.3 Electroplating

Once the initial conductive metallic film is prepdr the plastics substrate is ready for
electroplating. For metallization of plastics, @&eplating of Cu is preferential carried
out. Cu layer acts as an expansion buffer layewdmst the plastics substrate and the
top metal layer. Afterwards, other desirable mitgdr is further deposited on this Cu
layer by electroplating. Different plating bath& @hosen according to the application
purposes. Table 2.3 is a summary of the most comtyjees of plating and their

functions.
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Table 2.3: The summary of the most common typeglating and their functions

(Maroney 1991).
The most common _
_ Functions

types of plating

Copper For conductivity and rust-proofing; ofterpper is “flashed”
onto a part for a minimum time period to form a doctive
plate and additional rust-proofing prior to the thebate, which
may be nickel, sliver, or gold.

Nickel For strength, corrosion resistance, decomnatioften alloyed
with another metal for both strength and hardness.

Chrome For corrosion resistance, wear, decoration.

Hard chrome For hardness and wear resistance bfiams as crankshatfts,
drill bits, and dies.

Brass Primarily for decoration.

Gold Conductivity, decoration; used on electroniartg, electric
contacts, solid-state circuits, jewelry, decoratieens.

Cadmium Corrosion resistance.

Tin As a rust-proofing on steel, as an alloy, asddiecoration.

Rhodium On industrial machinery and automobilesy fmrrosion
resistance, and for decoration.

Platinum On industrial machinery and automobilesy fcorrosion

resistance, and for decoration.

NG Ching Shan 27



METALLIZATION OF ENGINEERING PLASTICS
Q CHAPTER 3

q THE HONG KONG POLYTECHNIC UNIVERSITY

Chapter 3 Preparation and

Characterization methods

3.1 Sample preparation

The present study focuses on three types of mastemely, PP, PC and PBT/PET
blend (38% mineral filled PBT/PET, Model 7062, GEgtics). Before any treatments,
the samples were cleaned in an ultrasonic batthahel. The metallization process of
the plastics consisted of the following steps: &lirface treatment; (2) surface

activation; (3) electroless Ni plating; and (4)ottedeposition of Cu.

For different kinds of plastics, different surfaceatments were employed in this thesis.
The details will be introduced in the following ghars. Then, the samples were dipped
into 1% HCI for 30 s to get rid of dirty, greasedamater. The chemisorption of the Pd
on the functionalized surfaces was performed bpidg the samples in a MACuPlex
activator D-34C concentrate bath, consisting of B,D, 32% HCI, sensitizer 78 and
MACuPlex activator D-34C concentrate, for 3 min.eTiath must be free from air,
light and water which accelerate oxidation as w&slhydrolysis of St into Sri*in the

bath.
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The samples were then dipped in 50 gASE, at 50°C for 1 min to remove Srfrom
Pd/SA* colloidal, so that Pd in Pd/Snhexploded to the electroless Ni plating bath.
Oxidation of reducing agent and reduction of ‘Niere taken place on the Pd seeds

simultaneously.

Electroless Ni plating was carried out by slightlgating the samples in a MACuPlex
J-64 Ni bath at 35°C for 6.5 min. The MACuPlex JM#bath comprised D.I. $O,
28% NH,OH, MACuPlex J-60 and MACuPlex J-61. Finally, the plated samples
were electrodeposited with Cu. Before electrodejoosof Cu, the Ni plated samples
were cleaned in an electrolytic cleaning bath fonifh at 50°C using 3 ASD (ASD =
Total surface area of sample x number of samplepl&ting), in order to remove any
grease on the samples. The cleaned samples warsitdepa thin Cu layer, which was
a protective layer for further plating, via Cu Itriplating for 5 min at 50°C using 2
ASD. (The purpose of strike is used to improvedtbesion and activation of passive
substrates.) Eventually, Cu-plated samples wengedipn acid Cu bath for 25 min at
50°C using 2.5 ASD. The samples were thoroughlyednby D.l. HO for 30 s after

each step to remove residues on the surfaces.
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3.2 Fourier transform infrared spectroscopy (FTIR)

Fourier transform infrared spectroscopy (FTIR) wesployed to determine the

chemical bonding of the samples after surface mreat. Surfaces of samples were
collected by using sand paper. The powder obtdirted the surfaces of the samples
were mixed with KBr and pressed into pellet. Thesffectra were collected by a FTIR

spectrometer (Nicolet MAGNA-IR760 spectrometer E.S.P) using transmission mode.

3.3 Optical microscopy

Optical microscopy was used to observe the maratife of the samples before and
after the NaOH etching. Optical micrographs werdected by using a polarizing

optical microscopy (Nikon Microphot-FXA) equippedtiwa digital camera (Pixar).
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3.4 Scanning electron microscopy (SEM) with Energy

dispersive X-ray analysis (EDX)

Scanning electron microscope (SEM) was used tamete the surface and the cross
section morphologies of the samples. Energy digmens-ray spectroscopy (EDX)
was used to determine the surface chemistry o$éneples. SEM data were collected

by a Leica Stereoscan 440 and EDX data were odlatean EDX detector.

3.5 Atomic force microscopy (AFM)

The root-mean-square surface roughnessgsofRhe samples after alkali etching and
electroplating of Cu were investigated by usingatmmic force microscope (AFM,
Digital Instruments, Nano Scope V). All AFM imagesere collected in a tapping

mode.

3.6 Surface profile analysis

For macro-surface roughness, the root-mean-squaface roughnesses {Rof the
samples after alkali etching and electroplatingCaf were investigated by using a

surface profiler (KLA-TENCOR P-10). All data were collected in a contact mode.
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3.7 Contact angle measurements

The influence of the alkali etching on the surfagdrophilicity was investigated by a
contact angle measurement (Ram’e-hart) based osetisde drop experiment which
was carrying out by dropping @ of D.l H,O on the plastics surfaces. The contact

angle was measured until the probing liquid atthiae equilibrium state.

3.8 Adhesion test

Adhesion of the electroplating Cu films on substras evaluated using the standard
Scotch tape test (cross-cut tape test, ASTM D 3B59performed with 3M Scotch
tape. A lattice pattern with eleven cuts in eadleaion was made in the film to the
substrate, pressure-sensitive tape was appliedtbgdattice and then removed. The
adhesion of the film was classified in the follogiacale ranges. The adhesion scale
ranges from 5B (The edges of the cuts are completaboth; none of the squares of
the lattice is detached) to OB (The coating haseffaalong the edges of cuts in large
ribbons and whole squares have detached; the Hieeded is more than 65% of the
lattice). This test shows a comparison of the adhegvels of films obtained under

various preparation conditions.
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Chapter 4 Surface modification of
Polypropylene and subsequent

metallization by electroplating

4.1 Introduction

Polypropylene (PP) is a thermoplastic. It is systted from the addition
polymerization of propene. This plastic has longlrbgencarbon chain with methyl
group. The structure of PP is shown in Fig. 4.bnfrthe figure, no active site can be
found in the PP structure. This makes PP very iteethemicals, including organic
solvents, acids and bases. Besides excellent cabrasgistivity, PP is cheap and is easy
for production, including extrusion and molding (@oinghaus 1993). PP plastics is
used in a wide variety of applications, includingckaging, textiles (e.g., ropes,
thermal underwear and carpets), stationery, plasiits and reusable containers of
various types, laboratory equipment, loudspeakaisaaitomotive components (Karian
2003; Krupa, Boudenne et al. 2007; Krupa, Mikowaale2007). Surface modification

of PP can promote it to become a metallizable nadt@nd diversify its application.
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CHj

Fig. 4.1: The structure of polypropylene (PP).

Theoretically, PP surface can be modified by aeithlsimilar to ABS (Goldie 1969;
Garbassi, Morra et al. 1998; Bruyn, Stappen e2@03). PP can be roughened by
H,Cr,O; acid, but the effect is not significant. Physioaans, such as laser treatment,
ion beam treatment and plasma treatment, have ibgeduced to treat this type of
plastics. They, not only roughen the PP surface,atso activate the PP surface by
introducing active species (free radicals, ionshofig varies physical etching methods,
sandblasting is the simplest method that mechayicaéates pitting sites on the

plastics surface without introducing any new fuoieéil groups to the plastics.

After roughening the plastics surface, a polyethglglycol thin coating layer was
introduced onto the surface. Poly(ethylene gly¢®lEG) and poly(ethylene oxide)
(PEO) refer to an oligomer and polymer of ethylem&le respectively. PEG refers to
oligomers and polymers with a molecular mass be2000 g/mol, PEO refers to

polymers with a molecular mass above 20,000 g/@oé function of PEG is to couple
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with hydrophobic molecules to produce non-ionicfattants. This increases the
surface’s wettability, two hydroxyl groups appeathe structure of PEG (shown in Fig.
4.2). These hydroxyl tails are water-loving, sot tthe hydrophilicity of the coated
surface is enhanced. According to literatures, lgnpex possessing certain roughness
with functional groups (e.g. hydroxyl and carbonpijomotes electroless plating
process (Bright, Malpass et al. 1969; Goldie 196&bassi, Morra et al. 1998; Kreitz,
Penache et al. 2000; Kisin, Scaltro et al. 200énde, the purpose of adding PEG is to
functionalize the polymer surfaces.
HO OH

n

Fig. 4.2: The structure of polyethylene glycol (BEG

In this chapter, sandblasting was selected to mdti# PP surface. The roughened
surfaces were then coated with PEG layer. Theioakttip between the adhesion and

the roughness of the functionalized surface wassitigated.
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4.2 Methodology
4.2.1 Sample preparation

Polypropylene from polystofiewas employed in our studies. The dimension of the
samples was 35x45 minmand the thickness was fixed at 3 mm .Before esstiments,
the samples were cleaned in an ultrasonic bathhahel. The cleaned samples were
followed by surface treatments, surface activation electroless Ni plating and

electrodeposition of Cu.

For surface treatment, the cleaned samples weghemed by 80 grit SiC in either
pulsed sandblasting mode or continuous sandblastodg. In the pulsed mode, each
pulse was held for 6 s, while for the continuousdmothe sandblasting times were
adjusted between 15 s and 60 s. The etched samplesthen rinsed by D. |. B9
thoroughly, in order to wash away any sand remgiman the sample surface. The
etched samples were rinsed by ethanol to get rgtedse and were dried in an oven at
70°C. Afterward, the etched samples were coatetl REG of different molecular
number (M, n: 1100 — 8400). The as-coated PEG samples w&e id the oven at

50°C for 2 days.
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After coating PEG, the treated samples were rifge@% HCI for 2 min. Then, the
treated samples were activated in a MACuPlex dciiv®-34C concentrate bath
containing D.l. HO, 32% HCI, sensitizer 78 and MACuPlex activator348C

concentrate (2.5 min and 5 min for coated PEG mswluand without coated PEG
solution respectively). Sequentially, the activateamples were carried out the
electroless Ni plating and the Cu electrodepositibhe detailed procedures of

electroless Ni plating and Cu plating were mentibimeChapter 3.

4.2.2 Characterization

Fourier transform infrared spectroscopy (FTIR) wersployed to determine the
chemical bonding of the samples after sandblaslihg.IR spectra were collected by a

FTIR spectrometer (Nicolet MAGNA-IR760) using transmission mode.

Optical microscopy was used to observe the surfamghology of the samples before
and after the roughening process. Optical micrdigawere taken by a polarizing
optical microscope (Nikon Microphot-FXA) equippedthwa digital camera (Pixar).

The root-mean-square surface roughnessgsdfRthe samples after roughening and

electroplating of Cu were investigated by usingugfase profiler (KLA-TENCOR
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P-10). For each sample, 10 different locationgnfth 1000 pm were selected. The R
of each sample was obtained by taking the averbtied 0 scans. The influence of the
roughening on the surface hydrophilicity was iniggged by a contact angle
measurement (Ram’e-hart, Model 200) based on @&les@rop experiment which
was carrying out by dropping | of D.l H,O on the plastics surfaces. The contact

angle was measured until the probing liquid atthiae equilibrium state.

Finally, adhesion of the electroplating Cu coatingsthe plastics was evaluated using
the standard Scotch tape test (cross-cut tapeA83tM D 3359-02) performed with

3M Scotch tape.

4.3 Results and discussion

4.3.1 Characterization of plastics substrates

Figure 4.3 shows the FTIR spectra of PP before ahel sandblasting. General
speaking, saturated compounds have their charstatetiH stretching frequencies. For
example, CH groups have characteristic peaks at 2960 and 2870 cm, the CH

bands are at 2930 ¢hand 2850 ci. All of them are due to the CH asymmetric and
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symmetric stretching of GHand CH in aliphatic compounds. As the carbon chain
becomes longer, the GHjroup bands increase in intensity relative to @& group
absorptions. The doublet at 2960 tia due to the asymmetric Gldtretching mode.
Asymmetric deformation of the HCH angles of a{Cifoup gives rise to very strong
IR absorption in the 1470-1440 ¢megion. The symmetric GHleformation gives a

strong, sharp IR band between 1380'and 1360 cih.

As compared Fig. 4.3b to Fig. 4.3a, no new chanatitepeaks were discovered after
sandblasting. This implies that the surface contjpssiwas not changed under
sandblasting. It only changed the surface roughoese samples. The details will be

shown in contact angle measurements and surfatie @oalysis.

NG Ching Shan 39



METALLIZATION OF ENGINEERING PLASTICS

Qb CHAPTER 4

qv THE HONG KONG POLYTECHNIC UNIVERSITY

(a). before
sandblasting

g
<
g
©
E (b). after ﬁ“ﬁﬁ/ﬁwﬂ“{ﬁwﬂ w\ﬁf\ [
E sandblasting { ‘
= e

Wal

i

' T T T T T ' | '
3500 3000 2500 2000 1500 1000
Wavenumber (cm™)

Fig. 4.3: FTIR spectra of PP samples (a) before(Bpdfter sandblasting.

Figure 4.4 shows the optical micrographs of PPreefmd after sandblasting. Before
sandblasting, the sample surface was featurelessirgl the sample surfaces, were
very smooth, flat with no observable pitches. Atandblasting, a nest like surface was
obtained. Even though different processing parameit sandblasting (pulsed mode
and continuous mode, different sandblasting tinets,) had been applied, all the
results display similar optical micrographs. Theaalon of sand was randomly applied
on the surface. Some parts might be etched fired, then resulted some tracks.
Shadow effect might occur. The tracks were contislyetched layer-by-layer, so the

nest structure was obtained.
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The nest feature was further enhanced after couatithgthe PEG solution, as shown in
Fig. 4.5. From the figure, the holes of size 40-u® and 80-160 pm were obtained
when pulsed sandblasting mode (5 pulses) and cantgrsandblasting mode (15 s)

were used respectively. In general, if the santibtpgime and the number of pulse

increased, the size of hole would be further eeldrg

Fig. 4.4: Optical micrographs of PP samples (a)otgefand after (b) pulsed
sandblasting (1: 5 pulses and 2: 10 pulses, edsh [asted for 6 s) and (c) continuous

sandblasting (1: 15 s; 2: 30 s and 3: 60 s).
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Fig. 4.5: Optical micrographs of PP samples at¢mpilsed sandblasting (1: 5 pulses
and 2: 10 pulses) and (b) continuous sandblasting5s; 2: 30 s and 3: 60 s) and then

coated with 30% v/v PE{gys

Obviously, sandblasting increased the surface nmoegfh of the samples. Before
sandblasting, the sample surface was quite smowothia. Its R was ~10 nm (shown

in Fig. 4.4a). After sandblasting, the value gfdRamatically raised up to 1700-2300
nm. Our results also indicate that thg flm the pulsed sandblasting mode was less
than that from the continuously sandblasting made R, of samples after coating
with PEG has not carried out surface profile anglyas the PEG would contaminate
the needle of surface profiler easily. We expedt tthe roughness was slightly
improved by soaking the samples with PEG. Vas kal.e{2004) reported that the

surface roughness was leveled up after adding PEG.
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Types of Sandblasting modesR, after roughening (nm)
0 13
5 pulses 1706
10 pulses 2071
15s 1936
30s 2070
60 s 2272

Table 4.1: Values of root mean square surface megsh (R) for PP samples after

sandblasting.

The surface roughness affects the hydrophilicityhef samples, and thus changes the
contact angle values. Indeed, a rough surface igasrhhydrophobicity than a smooth
surface because of the increase of the surface Aireaolecules can be trapped in the
voids, so that water droplet partially sits on diherefore, the surface roughness

increases with contact angle value.

Hydrophobicity also relates to the surface freergyneof the material, which is
governed by the existence of functional groupsn§het al. (2005) reported that the
surface free energy increases in the order 04<CGFCRH < —CF~ < —CH; < —CH—.
The lower surface free energy gives higher hydrbmity. PP is a long

hydrogencarbon chain polymer (Fig. 4.1). Excepthylegroup, there is no other
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functional group in PP. This makes PP to be a Ipltibic plastic. Without applying
any treatments, its surface showed ~105° in condagfle measurements. After
applying sandblasting on the PP surface, the cbatagle values slightly increased to
~120° (shown in Table 4.2). Our results indicat gandblasting enhanced the surface
roughness as well as increase the hydrophobiciBFofAs expected, the contact angle
values in continuous sandblasting mode were sjigiteater than those in pulsed
sandblasting mode. The extended roughness wasdhe tontinuous impact on the

samples.

When PP substrates were coated by different dfl PEG, the contact angles
dramatically dropped from ~120° to ~50°. This iraplthat the surface of PP substrates
became more hydrophilic after adding a PEG layecofding to the structure of PEG,
hydroxyl group exits in its molecular structureintreases the surface free energy of
the material, thereby enhancing its hydrophilicifyheoretically, PEG acts as a
surfactant to hydrophobic species, so that reactieagent can spread on the
water-hating substance surface and undergo rea¢lianaka, Doi et al. 2007).
Normally, the increase of hydrophilicity of the fae facilitated the process of

nucleation. Here, PEG effectively acted as a stafa¢o improve the hydrophilicity of

NG Ching Shan 44



METALLIZATION OF ENGINEERING PLASTICS
Q CHAPTER 4

q THE HONG KONG POLYTECHNIC UNIVERSITY

surface. In addition, it can be found from the ¢athat the contact angles further
decreased from ~50° to ~20° as the increase offthef PEG. The hydrophilicity of
the surface relates to the,Mf PEG. Higher M of PEG used can enhance the

hydrophilicity of the surface.

M, of PEG

) w/o PEG PEGioo PEGoow PEGsw PEGaoo
sandblasting mo
5 pulses 113° 58° 51° 46° 16°
10 pulses 119° 36° 30° 30° 33°
15s 112° 37° 13° 33° 30°
30s 124° 42° 20° 23° 20°
60 s 122° 58° 28° 19° 21°

The sample before sandblasting: 104°

* concentration of PEG 30% v/v in chloroform

Table 4.2: Measured values of contact angle fors&Bples after applying different

sandblasting modes with coating different & PEG.

4.3.2 Characterization of plastics substrates

The treated samples were then carried out activatiod electroless Ni plating. The
results showed that a continuous Ni film was olaéirwhen higher M of PEG

(PEGssoo and PEGyo9 and longer sandblasting time were applied. Fer ghmples
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coated with lower Mof PEG (PEG oo and PEGoog and shorter sandblasting time, the
Ni randomly appeared on the samples’ surface, atitig that the reduction of Ni did
not occur uniformly on the plastics surface. AdaPEG is water soluble. The
solubility of PEG decreases as its molecular smzeases, i.e. PEG of lower,M
dissolves easier than the high, bhe in the water. For samples coated with PEG of
lower M, a large part of PEG coating dissolved in thevatibn bath. The dissolved
PEG contaminated the activation bath and lowered#th activity. The bath could not
be used after carrying out several activationsthieamore, the dissolved PEG might
lead to the oxidation of $hforming Sri* in the SA*/Pd colloidal. Once the oxidation
has occurred, the oxidized ‘tPd colloidal preferable accumulated together amtk s
down to the bottom of the container. Black preaigs were formed under such
situation. Also, the presence of “S8Rd colloidal accelerated the oxidation of the
remaining unoxidized species. Then, the conceatrabf activated ingredients

dramatically fell and affected the activation prexe

On the other hand, samples without PEG coating @bsained a continuous Ni film.
All of them were treated with longer sandblastinget (60 s and 10 pulses).

Furthermore, these samples also required longer ¢Bnmin) for activation process.
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The required time for uncoated PEG samples wast @btimnes longer than that for the
coated PEG samples. The results illustrate that PfGently improves the surface
energy of sample and facilitates the formation eédswith SA'/Pd colloidal in the

activation bath. These results are in good agreewitimthose obtained by the contact

angle measurements.

Electroplating of Cu was carried out after the fation of the electroless Ni layers.
The results were displayed in Fig. 4.6. If a candins Ni layer formed, Cu could grow
on it. The surface roughness was slightly decreaaldough the surface was still
roughness. According to Fig. 4.6, the Cu grew ist retructure. The growth of Cu
followed the nest structure of the treated plasiite R, was 820-860 nm and 520-560
nm when the samples were only applied roughenidgngare further treated with PEG
respectively. The surface was too rough under dasiitlg. Even though a ~30 um Cu
layer was deposited, the roughness of surface waatidoe improved. This seriously

affected the appearance of the samples.

Figure 4.7 shows the XRD pattern of the top Curlagnly Cu(111), Cu(200) and

Cu(220) peaks are observed indicating that thea@erlis in single phase only. The
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XRD results indicate that continuous Cu layers werened when longer roughening

time (~60 s) was applied.

Fig. 4.6: Optical micrographs of PP samples afiecteoplating of Cu by applying (a)
10 pulses sandblasting and (b) 60 s sandblastihg@ating with different Mof PEG

(i. without coating with PEG,; ii. PESgy iil. PEGsaog).

M, of PEG
_ w/o PEG PEGsoo PEGuoo
Sandblasting mo
10 pulses 821 nm 522 nm 547 nm
60 s 861 nm 562 nm 563 nm

Table 4.3: Values of root mean square surface megsh (R) for PP samples after

electroplating of Cu.
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Fig. 4.7: XRD analysis of Cu film on the samplegbaned for 60 s.

Adhesion test was carried out after electroplatih@u layer in order to investigate the
influence of PEG on the adhesion of the Cu layghésamples. Although the surface
roughness was improved and a continuous Cu filmfamsed, the adhesion between
the Cu layer and the substrate was poor (showrab¥eT4.4). For all succeeded Cu
coating samples, the coating flaked along the edfjests in large ribbons and the Cu
layer peeled off easily. Cu coating was only phgihycformed on the PP plastics. This

mechanical surface modification of PP simply predigitting sites for implantation of
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seed in the activation. Although the metal ionsagos the seed to form a continuous
metal layer, chemical bond didn’t exist betweenghbstrates and the metal coating.
As a result, the metal coating flaked easily aldhg edges of cuts. To sum up,

sandblasting was not an effective method to mdéifysurface.

M, of PEG
) w/o PEG PEGsoo PEGaoo
Sandblasting mo
10 pulses 0B 0B 0B
60 s 0B 0B 0B

Table 4.4: Results of adhesion test of he Cu ftiothe PP samples.

4.4 Conclusion

According to the experimental results, sandblastag be used to roughen the PP
plastics surface. Pitting sites are obtained dutimg process. Hydroxyl group is
introduced to the PP plastics by adding PEG. Tl&tence of PEG is important in the
electroless Ni plating. Hydroxyl group in PEG canrease the surface free energy of
PP, so that its surface become more hydrophilic facditated the reaction with
Srf*/Pd colloidal. PEG of higher M(PEGsgoo and PEGuog should be used, because

they are relatively difficult to be dissolved irethctivation bath.
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Electroplating is only taken place when the sampdge treated with longer
sandblasting time (10 pulses sandblasting andreamtis 60 s sandblasting). However,
for samples having too long sandblasting time,rtherfaces become too rough. It is
difficult to smooth out the roughness in the subset| steps. The fanges from 520

nm to 560 nm, after Cu coating.

Adhesion test was carried out to investigate thength of the adhesive layer.
Unfortunately, the test was failed in all the sasplThe coating is easily detached
along the cuts. Although PEG efficiently providedie sites for the formation of
seeds, it just physically adsorbs on the plastickase. Therefore, the adhesion of the
metal layer is very poor. The results show thatlblasting is not an efficient method
for the modification of plastics surface. Our résuuggest that pitting sites with

functionalized surface can produce a better adhdtin to substrate.
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Chapter 5 Surface modification of
polycarbonate and subsequent

metallization by electroplating

5.1 Introduction

Polycarbonate (PC) is manufactured by transestatiin of bisphenol A with diphenyl
carbonate at elevated temperature or by dissobisghenol A in pyridine and reacting
with phosgene. Here, bisphenol A is obtained frdrarl and acetone (hence the A).

The structure of PC is showed in Fig. 5.1.

c
ch/ \CH3

Fig. 5.1: The structure of polycarbonate.

PC is a thermoplastic plastic. It is easily moldew thermoformed. Because of its
excellent properties, PC is a well-known enginggpiastic in the market. It has high

mechanical strength, stiffness, hardness and t@sghover the range from -150°C to
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+135°C when unreinforced and from -150°C to +148&A@&n reinforced. It possesses
large resistance to high energy radiation and gdectrical insulation properties which
are not impaired by moisture (Goldie 1969; Domihiags 1993). To suit the
customers’ need, PC can be colored in all imporsda@des, including transparent,
translucent or opaque with great depth of coloer&éfore, PC has widely been used in
various areas, such as moulding covers, housingsoimputers and other electronic
equipment. This means that it is essential to dgvehtisfactory methods of plating
this material (Tanaka, Doi et al. 2007). Traditibnd®C has been mixed into ABS to
enhance the mechanical properties of ABS and texsiify its applications. For some
applications, such as bumper and hood in car ingust order to have high enough
mechanical strength, the percentage of PC in th&/RB blend increases. However,
the maximum percentage of PC is limited to 50%sisibecause the traditional acid
etching cannot properly function at high contentP@ (Bruyn, Stappen et al. 2003).
The adhesion between the metal layer and the sidsbecomes poor as the PC
content in the polymer blend increases. In factj9P@ore resistant to etching solution
than ABS. Therefore, before etching, PC is preferaliacked by organic solvents, in
order to create swelling and cracking at the serfadterwards, etching is applied on it

(Simpson 1993).
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General speaking, PC is resistance to many chenisaich as alcohols (except
methanol), oils, glycol, dilute acids and alkaliselutions. However, it reacts with
some solvents, such as benzene, toluene, chlatirgtérocarbons like chloroform
(CHC), strong acids and bases. In this chapter, @MGlId be used to modify the
PC surface. PC is dissolved in CH@hd is being reformed as CH®hporized. Once

the PC starts to reform, a rough surface with sanwhoring sites are obtained.

In addition, PC belongs to polyester. The chemizaperties of PC can be deduced
from its ester group. The electron-deficient carlaboms on the plastics surface are
attacked by nucleophilic species (sodium hydroxiaDH) which are present in the
reaction solution (Tanaka, Doi et al. 2007). Hygsd of PC yields carboxylate salt
(carboxylate group) and alcohol. Then, the plasdizgace with carboxylate group is
feasible to form metal complex with PdfScolloidal in activation bath. Since PC is a
polar plastics, the hydrolysis process further eases the number of hydrophilic
groups, which then facilitate the subsequent eléets deposition (Simpson 1993;
Garbassi, Morra et al. 1998; Margolis 2006). Thiteat$ of different processing
parameters, such as etching time and alkali corat@n, on the morphology and

hydrophilicity of the plastics surfaces were inigated in this project.
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5.2 Methodology
5.2.1 Sample preparation

Polycarbonate (Calibre 1080DVD) was manufactured standard CD disc size (120
mm in diameter and 1.5 mm in thickness). The dias aut evenly into 4 pieces for the
experiments. Before any treatments, the samples @leaned in an ultrasonic bath of
ethanol. The cleaned samples were soaked into {ktCereate swelling and cracking
at the surface), and then followed surface treatrfierintroduce carbonyl group) and

surface activation for electroless Ni plating afett&odeposition of Cu.

To create swelling and cracking at the surfaces#mples were dipped in CHCThe
soaking time was varied from 5 to 15 s. This stegs wepeated 2-3 times, in order to
compare the degree of cracking. The samples were étched by NaOH solution at
80°C (aiming at functionalization and formationpitting sites). The etching time was
varied from 0.5 to 5 hr and the alkali concentratreas adjusted from 2 to 10 M, in
order to observe their influences on the surfaadrdphilicity and surface roughness.
The functionalized surfaces were then rinsed by R@ for 2 min. The treated

samples were then activated in a MACuPlex activatdh D-34C concentrate bath
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containing D.l. HO, 32% HCI, sensitizer 78 and MACuPlex activator348C
concentrate, for 3 min. (Precaution: The bath nlesfree from air, light and water
which would accelerate oxidation and hydrolysisPdiSA* into Pd/SA" in the bath.)
Sequentially, the activated samples were carrietl edectroless Ni plating and
electrodeposition of Cu. The procedures of elees®INi plating and Cu plating have
been mentioned in Chapter 3. The effects of GH@I the surface morphology were
investigated. Part of samples were attacked by gl followed by alkali etching.

Only alkali etching was carried out for anothengrof samples.

5.2.2 Characterization

Fourier transform infrared spectroscopy (FTIR) wersployed to determine the
chemical bonding of the samples after roughenirge R spectra were collected by a

FTIR spectrometer (Nicolet MAGNA-IR760) using transmission mode.

Optical microscopy was used to observe the surfamghology of the samples before
and after all the surface treatments. Optical ngcaphs were collected by using a
polarizing optical microscope (Nikon Microphot-FXA&juipped with a digital camera

(Pixar). The root-mean-square surface roughnessgy ¢f the samples after
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roughening and electroplating of Cu were investigaby using a surface profiler
(KLA-TENCOR® P-10). For each sample, 10 different locationseafith 1000 pm
were selected. They®f each sample was obtained by taking averag® stans. The
influence of the roughening on the surface hydragty was investigated by a contact
angle measurement (Ram’e-hart, Model 200) baseth@rsessile drop experiment
which was carrying out by dropping (B of D.I HO on the plastics surfaces. The

contact angle was measured until the probing ligitidined an equilibrium state.

Finally, adhesion of the electroplating Cu coatingsthe plastics was evaluated using
the standard Scotch tape test (cross-cut tapeA83tM D 3359-02) performed with

3M Scotch tape.

5.3 Results & Discussion

5.3.1 Alkali etching of PC without swelling in CHClI;

For industrial production, ABS is etched byCG#O; to obtain —COOgroups on its
surface. The detailed mechanism of the reactiowdst ABS and acitias been

mentioned in Chapter 2.3.3. It is noticed that étehant reacts with the active site in
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the plastics to form new functional groups. For AB%® active site is the —C=C—-in the
1,3-butadiene. It is oxidized to butanedioic adieé.(—COO group) using the acid

etching bath.

Besides oxidation, the —COQ@roup can be obtained by hydrolysis of ester at th
presence of alkali. In fact, PC is a polyestertmaontaining ester groups in its chain.
Thus, it is ready to undergo hydrolysis in the klkath. The mechanism of reaction

between ester and NaOH is shown in Fig. 5.2.

O O

Hydrolysis //
R + NaOH » R + HO—FR
O—FR' O'Na* alcohol
ester sodium carboxylate

Fig. 5.2: Hydrolysis of ester in NaOH solution.

FTIR was used to identify the composition of PCspis before and after etching.
FTIR spectra of PC plastics before and after etchire shown in Fig. 5.3. According
to the structure of PC, the FTIR spectrum shows@k® stretching band at about
1770 crit. The symmetric C-O-C stretch also gives a bandowaer frequencies

between 1160 cirand 1000 cmin aromaticity esters. Aromaticity is also confimine
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in the FTIR spectrum by the sharp ring stretchiagds near 1600 ¢ 1500 crit and

1450 cnit.

For samples etched at high alkali concentratiod (%) and long etching period (> 5
hr), the intensities of the characteristic peak4680-1550 cim and 1440-1350 c
are enhanced. These two broad bands are attributtb@ asymmetric and symmetric
stretching of —COQgroup in carboxylates salts. This enhancemertiedd two peaks’
intensities indicates that large numbers of carladgysalts are formed due to the
hydrolysis of the substrate at the presence of.b@se results are consistent with
Garbassi's (1998) and Margolis’s (2006) resultgirggathat the plastics with ester

group (RCOOR’) undergo hydrolysis at the preseridmse.

Here, OHions react with the C atom in the RCOOR’ chairg #ren yield alcohol and
carboxylate salts. The formation of carboxylatéssahs confirmed in the FTIR spectra.
Indeed, these carboxylate ions facilitate the faioneof complex with S in Pd/SA*

colloidal solution (Garbassi, Morra et al. 1998siKj Scaltro et al. 2007).
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Fig. 5.3: FTIR spectra of PC samples (a) beforalia#ktching and after alkali etching

for 5 hr at (b) 10 M NaOH.

Figure 5.4 displays the optical micrographs of Rhgles before and after NaOH
etching. Before alkali etching, the sample surfa@es quite smooth and flat withyR

~10 nm (shown in Table 5.1). When the lowest Na@Hcentration (4 M) was used,
some scratches appeared on the samples. These buighte to the friction between
the samples and the magnetic stirrer. By increasiagetching time, some small pitting
sites of 10-20 pm were obtained. The Readily raised to ~200 nm. If the
concentration of etchant and reaction time weréh&rrincreased to 5 M and 5 hr

respectively, the top layer of the PC samples watddit to detach from the surface.
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Some large cavities (150-300um) were formed. Theheing parts looked like islands
on the sample surfaces (shown in Fig. 5.4c). Thisemely affected the surface
roughness. It dramatically jumped from ~160 nm 1260 nm (underlined in Table
5.1). If the etching concentration and time wemthier enhanced, some pores could be
randomly observed on PC surface. By lasting longahe etching bath, a uniform
rough surface was formed. Figure 5.4d2 shows tlepore size is of 40-60 um. The
results imply that high K> 1100 nm) represents the initiation of detachnoéithe top
layer. R, ranged 600-900 nm is suitable for the subsequetdli@ation process. From
Table 5.1, the optimum roughness is obtained whersamples were etched by high

NaOH bath (> 7 M) and were lasted longer time {¥)3n the alkali bath.
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Fig. 5.4: Optical micrographs of PC samples befajeand after etching in different
NaOH concentrations and times (b) 4 M (1: 1 hi32wr and 3: 5 hr), (c) 5 M at 5 hr

and (d) 7 M (1: 4 hr and 2: 5 hr).
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etchingtime
hr
conc. of " ! 2 3 4 >
NaOH (M)
4 38 nm 37 nm 120 nm 93 nm 198 nm
5 73 nm 126 nm 163 nm 133 nm 1146 nm
6 62 nm 161 nm 215 nm 1324 nm 2358 nm
7 45 nm 50 nm 582 nm 317 nm 835 nm
8 58 nm 577 nm | 1344 nm 401 nm 451 nm
9 83 nm 1235 nm 424 nm 487 nm 648 nmn
10 436 nm 1690 nm{ 568 nm 687 nm 646 nm

The roughness of PC before etching: 12 nm

Table 5.1: Values of root mean square surface megsh (R) for PC samples under

different concentrations of alkali etching withfdrent etching times.
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Fig. 5.5: The graphs of root mean square surfaoghmess (f against time under

different NaOH concentrations from 4 M to 10 M.

In Chapter 4, we have been mentioned that the pyiroty of the samples is
governed by the existence of functional groups el as the surface roughness. PC
possesses ester group in its structure. This mBKego be a hydrophilic plastic.
Without applying any treatments, its surface dipth ~80° in our contact angle
measurements (shown in Table 5.2). In generalcoimeact angle values significantly
dropped to ~50° when 4-9 M NaOH was used. Carbtexgeoup (COQ was formed
once the alkali etching had occurred. The existerficeCOO can effectively enhance

the hydrophilicity of the samples. Thus, the valwdscontact angle measurement
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decreased in the beginning of alkali etching. Asotldeterminant factor of
hydrophilicity is surface roughness. When 10 M Naand longer etching time were
applied, sample surfaces were full of crests, thsugnd even cracks. All of them
affected the surface roughness as well as the pldicty of the samples. From Fig.

5.6, it is found that the values of contact angienluctuated.

etching time (hr
conc. of NaOH (M) ! 2 3 4 >
4 66° 75° 79° 72° 52°
5 77° 67° 85° 70° 52°
6 70° 61° 88° 80° 85°
7 75° 69° 89° 88° 70°
8 61° 73° 86° 64° 54°
9 50° 81° 71° 82° 75°
10 94° 109° 113° 112° 90°

The sample before etching: 80°

Table 5.2: Measured values of contact angle for &fnples after different

concentrations of NaOH etching with different emchtimes.
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Fig. 5.6: The graphs of contact angle against timger different NaOH concentrations

from4 Mto 10 M.

5.3.2 Alkali etching of PC with swelling in CHCI;

In previous section 5.3.1, our results showed @habptimum roughness was obtained
when high NaOH concentration (> 7 M) and long etghime (> 3 hr) were applied.
This highly lowered the efficiency of etching prese Simpson (1993) suggested that
the PC samples were attacked by CHs&fore NaOH etching. The function of CHCI
is to create swelling and cracking on the PC sarfédter dipping in CHG| the R,

significantly increased to 100-200 nm with respextswelling time. It is clearly
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noticed in Fig. 5.7 that some pores of size 40-60 were formed on the sample

surfaces. The values of contact angle also raisthdte increase of surface roughness.

Fig. 5.7: Optical micrographs of PC samples afigeling in CHC} for different

dipping times of (a) 5 s, (b) 10 sand (c) 15 s.

Swelling time (s) root mean square surface roughriggnm)
5 95
10 198
15 214

Table 5.3: Values of root mean square surface megfh(R) for PC samples dipped in

CHCL with different swelling times.

Swelling time (s) Contact angle (°)
5 96
10 106
15 112

Table 5.4: Measured values of contact angle forsB@ples dipped in CHEWwith

different swelling times.
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The swollen samples were then etched in 2-6 M Nd@th and were collected at
different times (0.5-2 hr). The number of cracksrfed on the surface increased with
respect to the concentration of etchant (showngn 3=8). By comparing the swelling
time, cracks were early formed as the longest swelime (15 s) was used. Generally,
the R, increased with respect to the etchant concentratitd the etching time. The
degree of increment also depended on the sweilingl tShortest swelling time (5 s)
was used, the increment was relatively small. Kinall of them reached theqRit
~1300 nm at the end of etching. The details pfdR each sample are shown in Table

5.5. For the contact angle measurements, the valiesntact angle ranged 50°-70°

were obtained after NaOH etching for all samples.

Fig. 5.8: Optical micrographs of swollen PC samitisping for 15 s) after etching in
different NaOH concentrations and times (a) 2 MZdw; (b) 4 M for 2 hr and (c) 6 M

for 2 hr.
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@
etching time (hr
0.5 1 2
conc. of NaOH (M)
2 208 nm 328 nm 689 nm
4 538 nm 681 nm 860 nm
6 752 nm 1078 nm 1232 nm
(b)
etching time (hr
0.5 1 2
conc. of NaOH (M)
2 430 nm 527 nm 806 nm
4 684 nm 775 nm 962 nm
6 804 nm 1025 nm 1280 nm
()
etching time (hr
0.5 1 2
conc. of NaOH (M)
2 606 nm 672 nm 898 nm
4 746 nm 862 nm 1046 nm
6 864 nm 1147 nm 1366 nm

Table 5.5: Values of root mean square surface megfh(R) for PC samples dipped in

CHC with different swelling times (a) 5 s; (b) 10 d&(e) 15 s, followed by different

concentrations of NaOH etching with different etchtimes.

5.3.3 Characterization of the metallized plastics substrates

Adhesion test was carried out to study the effe€tprocessing parameters (swollen

time, concentration of NaOH and etching time) oa #uhesion strength of the Cu
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layer to the PC plastics. The results of the adnesasts are shown in Tables 5.6 and
5.7. The results indicate that Cu layer of pooreasttin would be obtained, if the PC
plastics was etched only by NaOH without Ckifle-treatment. From Table 5.6, the
best result in adhesion test was 2B only. This me¢hat 15 to 35% of the lattice was
detached along edges and at intersections of Al#gs, a continuous Ni layer could

only form on the samples treated in NaOH with cotregion higher than 7 M.

As compared to samples treated with CHggfore etching, they obtained better results
in the adhesion test. Some of the samples could KBvin the adhesion test. In the
electroless plating, almost all the samples forngectontinuous Ni layer. This
fundamental conductive metal layer was importantGa plating. For short etching
time, longer swelling time and higher NaOH concatidn (4-6 M) produced better
adhesion results. However, longer swelling time alsriously affected the structure of
the samples. The samples’ thickness dropped frénmin to 0.5-0.8 mm after high
NaOH (4-6 M) etching. The sharp decrease of thiskmeade the samples to be brittle
and fatigue. This strongly destroyed the structafesamples. Generally, better
adhesion results were obtained when the etching was increase up to 1 hr. If the

etching time was further increased, the adhesisulteewould be in bad performance.
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NaOH was used to react with the surface of thetiptaand create surface roughness.
This means that NaOH deteriorates the plasticstsireliin some degree. Although Cu
layer could be formed on the samples, it detaclasdyedue to the destruction of

structure.

Our results illustrate that swelling in CHG4$ necessary to be carried out before alkali
treatment for successful surface modification of p&stics. Since long swelling and
etching time deteriorated the structure of samples,swelling time and etching time
were suggested to be about 5-10 s and 0.5-1 heaeggly when 4-6 M NaOH was

used.

etching time (hr
1 2 3 4 5
conc. of NaOH (M)
8 -- -- 0B 0B 0B
9 0B 0B 0B 1B 2B
10 -- 0B 1B 2B 2B

Table 5.6: Results of adhesion test of the Cu filmmshe PC samples after different

concentrations of NaOH etching with different emchtimes.
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(a)
etching time (hr
0.5 1 2
conc. of NaOH (M)
2 2B 3B 3B
4 2B 3B 1B
6 4B 1B 0B
(b)
etching time (hr
0.5 1 2
conc. of NaOH (M)
2 2B 3B 1B
4 3B 4B 1B
6 1B 1B 0B
(c)
etching time (hr
0.5 1 2
conc. of NaOH (M)
2 2B 3B 1B
4 4B 3B 1B
6 1B 0B 0B

Table 5.7: Results adhesion test of the Cu filmgheo PC samples dipped in CHCI
with different swelling times (a) 5 s; (b) 10 s a@ 15 s, followed by different

concentrations of NaOH etching with different emchtimes.

Figure 5.9 exhibits the optical micrographs of &yer grown on PC samples with the
optimal processing results of the adhesion tegurés 5.9a and 5.9b show that the ~40

pm of Cu layers were quite smooth with R70-80 nm. Compared withyRbtained
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before the deposition of Cu layers, the values-&f@0-800 nm. Even though the
surface roughness improved around one order of moaignby the deposition of Cu,

the surface still had a few defects. This couldrbproved by adjusting the duration
and the current of electroplating. If the samples waollen in CHGlfor 15 s and was

etched by 4 M NaOH for 0.5 hr, obvious cracks waeerved on the Cu layer. This
implies that a long swelling time was not suitalole producing a smooth Cu coating.
In general, the PC sample should be lasted a feands (5-10 s) and followed by
NaOH etching to obtain a successful Cu coatinguriei®.10 shows the XRD pattern of
the top Cu layer. Only Cu(111), Cu(200) and Cu(22€aks are observed indicating
that the Cu layer is in single phase only. The XiBults indicate that continuous Cu

layers were formed under all conditions.

Fig. 5.9: Optical micrographs of Cu layer on thega@ples swollen in CHEgfor (a) 5

s and etched in 6 M NaOH bath for 0.5 hr; (b) sswih CHC} for 10 s and etched in
4 M NaOH bath for 1 hr and (c) swollen in CH@r 15 s and etched in 4 M NaOH

bath for 0.5 hr.
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Fig. 5.10: XRD analysis of Cu film on the PC samplellen in CHJ for 15 s and

then etched in 4 M of NaOH for 0.5 hr.

5.4 Conclusion

To sum up, PC plastics should be attacked by GH€bre the alkali etching. It is an
important step to create swelling and cracking astgs surface, so that the plastics
surface can be etched by NaOH easily. In compliamte the results, CHGlis an
efficient solvent to achieve the swelling and cmagkpurpose. Without CHgI
treatment, 8-10 M NaOH is required to be used @ngmleting the etching process.

With assistance of CHg lthe concentration of NaOH can be reduced to 4-6 M

NG Ching Shan 74



METALLIZATION OF ENGINEERING PLASTICS
Q CHAPTER 5

q THE HONG KONG POLYTECHNIC UNIVERSITY

The swelling time should be governed carefully.od swelling time (~15 s) and
subsequent in alkali bath is etched too much tesémaeples. Their structure is seriously
destroyed, so that the samples become brittle raigdle. This would directly affect the
mechanical properties of the samples. Therefoeeswrelling time should be controlled

within 5t0 10 s.

Generally speaking, swelling in CHGAnd subsequent NaOH etching is an effective
method in modifying the PC plastics surface. Thisdified plastics surface can

successfully be carried out metallization process.
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Chapter 6 Alkali pre-treatment of
poly(butylene) terephthalate -
poly(ethylene) terephthalate
blend and subsequent

metallization by electroplating

6.1 Introduction

Different kinds of engineering plastics and théamls have been rapidly developing to
diversify their applications. Among them, poly(bletye) terephthalate-poly(ethylene)
terephthalate blend, PBT/PET, is introduced for ingalamp screen, optics mirror and
etc. PBT and PET have high thermal performance t¢ud80°C), good chemical
resistance, good mechanical properties and higliacgurquality (Goldie 1969;
Suchentrunk 1993; Margolis 2006). The plastics dlbatween PBT and PET further
enhance thermal performance (up to 250°C), so timy can be used for high
temperature applications. Indeed, PBT and PET Hagk melting point and low
crystallization rate; they are not suitable for mfaeturing process such as injection

molding. These restrict the production of PBT/PREcently, many researches have
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been focused on studying the effect on physicghgntaes of PET by the additional of
polymeric nucleating agents such as thermotropgigidi crystalline plastics (Ou and
Huang 2000; Ou, Li et al. 2002) and inorganic mat€éKe, Long et al. 1999; Zhu and
Ma 2000; Ke, Yang et al. 2002; Saujanya, Imai et2802). They found that the
crystallization rate of PET can be increased eitbweradding thermotropic liquid
crystalline polymer or inorganic fillers (e.g. Ca£énhd BaSG@). The incorporation of
inorganic materials results in plastics posseskigh degree of stiffness, strength and

gas barrier properties.

Therefore, 38% mineral filed PBT/PET blend (Modéd62, GE plastics) was
suggested by Jing Mei Industrial Limited, a welbkm company to produce
metallized plastics for household uses to be thstiol material for our studies. The

mineral reinforces the dimensional stability of gedymer blend.

Both PBT and PET plastics belong to polyester. Stnectures of PBT and PET are
shown in Fig. 6.2. There are electron-deficientoocaratoms on the polymer blend
surface, so they can be attacked by nucleophikciep which present in the reaction

solution (Garbassi, Morra et al. 1998; Margolis @0Mere, sodium hydroxide, NaOH,
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is a good nucleophilic agent carries out hydrolysisPBT/PET blend and yields
carboxylate salt (carboxylate group) and alcohble Blend surface with carboxylate
group is feasible to form metal complex with Pd/Solloidal in activation bath. The
hydrolysis process significantly increases the rermtf hydrophilic groups, which
then facilitate the subsequent electroless depadiBright, Malpass et al. 1969; Kreitz,
Penache et al. 2000; Kisin, Scaltro et al. 200he €ffects of different processing
parameters, such as etching time and alkali corat@m, on the morphology and

hydrophilicity of the plastics surfaces were inigsted.

O—0

R/ \OR'

Fig. 6.1: The structure of ester group.

(@)

(b)
O\c c//o (H,C) O\c c// g H,C
o// \o—(c/; )2 o// \o—cﬁz

Fig. 6.2: The structures of (a) PBT and (b) PET.

In this chapter, this commercial engineering ptastas used as the plastics substrate

for the metallization. Firstly, this commercial @mgering plastic was etched by alkali.
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The treated plastic was then carried out the stdnddectroless plating and

electroplating.

6.2 Methodology
6.2.1 Sample preparation

Before any treatments, the samples were cut ink¥3l@nnf area with thickness of
about 2 mm. They were then cleaned in an ultrasbatth of ethanol. Afterward,
surface treatment and surface activation for elets Ni plating and electrodeposition

of Cu were performed.

For surface treatment, the cleaned samples wehedtn NaOH solution at 80°C
(aiming at functionalization and formation of pitji sites). The etching time was varied
from 10 to 300 min and the concentration of thalallkas adjusted from 2.5to0 7 M, in
order to observe their influences on the surfacgrdphilicity and roughness. The
functionalized surfaces were then rinsed by 2% MCI2 min. The treated samples
were then activated in a MACuPlex activator batB403: concentrate bath containing

D.I. H,0O, 32% HCI, sensitizer 78 and MACuPlex activatoB4E concentrate, for 3
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min. The concentration of MACuPlex activator D-3d@ncentrate was adjusted from
28.5 ppm to 57 ppm. (Precaution: The bath mustdeeffom air, light and water which
accelerate oxidation and hydrolysis of Pd/Snto Pd/Sfi* in the bath.) Sequentially,
the activated samples were carried out electrd\egdating and electrodeposition of

Cu. The procedures of electroless Ni plating anglating were mentioned in Chapter

6.2.2 Characterization

Fourier transform infrared spectroscopy (FTIR) wemsployed to determine the
chemical bonding of the samples after NaOH etchiing. IR spectra were collected by

a FTIR spectrometer (Nicolet MAGNA-fR760) using transmission mode.

Optical microscopy was used to observe the maratife of the samples before and
after pre-treating in NaOH. Optical micrographs eveollected by using a polarizing
optical microscope (Nikon Microphot-FXA) equippedtiwa digital camera (Pixar).

Scanning electron microscope (SEM, Leica Stereo4d@hwas used to determine the
surface and the cross section morphologies of éneples. Energy dispersive X-ray

spectroscopy (EDX) was used to determine the seirédemical composition of the
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samples. The root-mean-square surface roughneRgesf(the samples after alkali
etching and electroplating of Cu were investigated using an atomic force
microscope (AFM, Digital Instruments, NanoScope. X}l AFM images of 40x40

unt scan area were collected in a tapping mode. Theeirce of the alkali etching on
the surface hydrophilicity was investigated by antaot angle measurement
(Ram’e-hart, Model 200) based on the sessile dxppranent which was carried out
by dropping 5ul of D.I H>O on the plastics surfaces. The contact angle vessuned

until the probing liquid attained an equilibriunat.

Finally, adhesion of the electroplating Cu coatingsthe plastics was evaluated using
the standard Scotch tape test (cross-cut tapeA83tM D 3359-02) performed with
3M Scotch tape.

6.3 Results and discussion

6.3.1 Characterization of plastics substrates

In Chapter 5, we have mentioned that carboxylalteasa alcohol were obtained by

alkali etching the polyester (PC plastics). FTIRswaed to identify the composition of
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PBT/PET blend before and after etching. The coaegjmg spectra are shown in Fig.
6.3. In accord with the structures of PBT and RE&,FTIR spectrum showsuwC=0
band at ~1725 cfy and vC-O bands at ~1250 ¢mand ~1100 crh that are
characteristic of an aromatic ester. Aromaticitgl& confirmed in the FTIR spectra by

the sharp ring stretching bands near 1608, 800 crit and 1450 cim

For samples etched at high alkali concentration\>%nd long etching period (>5 hr),
the intensities of the characteristic peaks at 1B#D cm and 1440-1350 crare
enhanced. These two broad bands are attributedsymmaetric and symmetric
stretching of the —COOgroup of carboxylates salt. This enhancement aidg
that —-COO group is obtained due to the hydrolysis of thestabe at the presence of
base. Garbassi et al. (1998) and Margolis (20C&edtthat the plastics with ester

group (RCOOR’) undergo hydrolysis at the preseridmse.

Here, OHons acts as a nucleophile and attacks the C mtdme RCOOR'’ chain. As a
result, this reaction yields alcohol and carboxylsalt. The formation of carboxylate
salt was confirmed in our FTIR spectra. These —CiOG% can facilitate the formation

of complex with Sfi" in the Pd/SH colloidal solution.
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(a). before NaOH etching

(b). after NaQH etching

Hﬁwhﬂ’%\

Transmittance (Arb. unit)

T I T I T I T I T I T I T I T
2500 2250 2000 1750 1500 1250 1000 750 500
Wavenumber (cm™)

Fig. 6.3: FTIR spectra of PBT/PET samples (a) leefalkali etching and after alkal

etching for 5 hr at (b) 5 M NaOH.

Figure 6.4 displays the SEM micrograph and EDX speton the surface of fractured
PBT/PET blend before etching. According to our EDsgectrum, the major
components in PBT/PET blend are Ba (~9%), S (~8f0) @ (~37%). The filled
mineral in the sample was suggested to be barilphate (BaSG), commonly known
as barite. BaS©has been widely used as a filler which is addepldstics to enhance
its physical properties (Qi, Ma et al. 1996; Qu,nyeet al. 2005; Chen, Bao et al.
2008). From the SEM micrograph, the size of minéllal is range from 5 um to 20

pm.
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Fig. 6.4: The SEM micrograph and EDX spectrum oa #urface of fractured

PBT/PET sample before etching. (selected pointkethas a cross)

Pores were observed after NaOH etching. FiguredBglays the SEM micrographs
and EDX spectrum (in selected area, 30x25)marformed on the surface of fractured
PBT/PET samples after 7 M NaOH etching for 30 mAacording to our EDX
spectrum, both Ba and S atoms were not found etftéing. This indicates that BagO
dissolved in NaOH during etching process. The gos&e depended on the etching

time and the concentration of alkali.
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Spectrum 1

Topm Electron Image 1
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Fig. 6.5: The SEM micrograph and EDX spectrum endiwface (selected area, 30x25

unt) of fractured PBT/PET blend after 7 M NaOH etchiog30 min.

Besides forming carboxylate salt on plastics sea;famother function of using NaOH
is to create anchorage sites on the sample surfsioesn in Fig. 6.5). In the PBT/PET
blend, BaSQ@patrticles were added in order to reinforce theedisional stability of the
polymer blend. As BaS{dissolved in NaOH during etching, the occupiedcspaf
BaSQ in the polymer blend became pores, which actegitiimg sites and thus

enhanced the anchoring effect between the sampfacsuand Pd/Sh colloidal.
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Optical micrographs of the plastics before andradtehing for different time periods
are shown in Fig. 6.6. From the figure, differeegckes of roughness (depending on
the size and density of the anchorage site) welara@d using different concentrations
of alkali as well as different etching times. As amples treated in 2.5 M NaOH
solution, surface’s pore size increased from nff®0to ~50um as the etching time
increased from 1 hr to 5 hr. On the other hanfl,M NaOH solution was used instead
of 2.5 M, the corresponding pore size would inceefism ~20um to ~50um when
the samples were etched for 3 hr. If the etchimgg twas further increased to 4 or 5 hr,
the pore size would also be remained at x80 This suggests that pore sizes with
upper limit of ~50um are obtained, despite further increasing of Nat©kcentration
as well as etching time. This was because high esgration of NaOH and long
etching time corroded the structure of sample amdsed the upper layers of the
samples peeling off layer-by-layer. Our resultsvshihat NaOH was an efficient
etching agent to generate carboxylate salt andecpatiing sites for the 38% mineral

filled PBT/PET polymer blend.

As indicated by the pore size and density of pibrs, believed that plastics surfaces

with more functionalized groups would be obtaineg bsing higher NaOH
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concentration or longer etching period. Howevedarthese extreme conditions, the
structure of the plastics surface was seriously adggl. For example, the surface
became brittle after etching the sample using 5&0N for 5 hr. During electroless Ni
plating, this plastics surface peeled off layerldoyer easily. Hence, this would inhibit
the electroless Ni plating and contaminate the dtihblt was noticed that for samples
treated by high alkali concentration (> 5 M) anddcetching time (> 5 hr), Ni did not
continuously form on the plastics surfaces. Assaltethe etching time was reduced to
10-30 min for further study. Under this conditigrlastics surface with carboxylate
group and certain degree of roughness could beinebtavithout destroying the

plastics structure.
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control

Fig. 6.6: The optical micrographs of PBT/PET sampefore and after etching for

different time periods using (a) 2.5 M NaOH and 3yl NaOH ((1) 1 hr; (2) 2 hr; (3)

3 hr; (4) 4 hr; and (5) 5 hr.

Figure 6.7 shows the SEM micrographs of the plasticface before and after etching
using 5 M and different etching times. For shochitg time (~10 min), pore size ~1-5
um was observed on the sample surfaces. As expdtid@mount of pores on the

sample surfaces increased with etching time. Besitie pore size slightly increased to
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~6-12 um at etching time of ~20 min. After 30 min of alkatching, some

micro-cracks appeared on the sample surfaces.

Fig. 6.7: Plane-view SEM micrographs of PBT/PETiaes subjected to 5 M NaOH

etching for: (a) 0 min; (b) 10 min; (c) 15 min; @) min; (e) 25 min; and (f) 30 min.

The surface roughness affected the samples’ hydioph In additional, Garbassi et al.
(1998) mentioned that a hydrophilic surface is liene the formation of nucleation.
Thus during the activation process, with a hydrtiptsurface, Pd/SHi colloidal
solution uniformly spread and adsorbed on the esarfso that it could undergo
chemical reaction with the carboxylate group ongample surface easily. In order to
show that the use of NaOH increases the hydropbii@racter as well as surface

roughness of the samples and thus promotes anehofalge Ni coating, contact angle
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measurements were performed to investigate thecteffef etching time on the

hydrophilicity of the plastics surfaces. The resalte presented in Table 6.1.

etching time (min
10 15 20 25 30
conc. of NaOH (M
3 72° 60° 54° 47° 52°
4 74° 58° 52° 47° 43°
5 62° 53° 62° 47° 39°
6 89° 71° 102° 96° 66°
7 95° 89° 87° 78° 62°

The sample before alkali etching: 74°

Table 6.1: Measured values of contact angle for/PBT samples after alkali etching.

The sample without etching had a contact angl&4t,+.e. preferentially hydrophobic.
According to Table 6.1, contact angle significardcreased from ~74° to ~40° after
etching in alkali with concentration < 5 M for 30mThe results show that alkali
etching promoted the formation of active sites andhorage points at the plastics
surfaces. These modified surfaces increased tbkeagiton between water molecules
and plastics chains at the surface. As a resutetéctroless Ni plating was readily

carried out.
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When higher alkali concentrations (6 M and 7 M) evapplied, the contact angles
increased to ~100° and then slightly decreased .~6Afs might be due to the
decomposition of plastics, which affected the stgfaoughness and impaired the
surface hydrophilicity. From these results, the bgdrophilic character of the plastics

surface was obtained by using 5 M of NaOH with ietghime of 30 min (shown in Fig.

6.8).

(a) (i) (c)

{d} {e} if}

|

Fig. 6.8: Profiles of a water drop (8 on the PBT/PET surfaces subjected to alkali

etching for: (a) 0 min; (b) 10 min; (c) 15 min; (@) min; (e) 25 min; and (f) 30 min.

The concentration of NaOH used was 5 M.
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6.3.2 Characterization of the metallized plastics substrates

Figure 6.9 presents the cross-section and plane-8iEM micrographs of the plastics
surfaces after electroplating of Cu correspondmdlifferent etching times in 5 M

NaOH. Compared the plane-view SEM micrographs gn 6i9 to that in Fig. 6.7, the
surface roughness apparently deceased after rpatiali. Figure 6.9 depicts a metallic
film homogenously distributed onto the plastics sttdie covering the superficial
defects. This suggests a leveling action promoteddating Cu layer on the plastics

surfaces.

&)

Cu

PBT/PET

PBT/PET

Fig. 6.9: Cross-section SEM micrographs of PBT/REBjected to 5 M NaOH etching
of etching time of (a) 10 min; (b) 20 min; and 8) min followed by electroplating of

Cu. Inserts are their corresponding plane-view S&ibtographs.
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Figure 6.10 shows the XRD pattern of the top Ceda@nly Cu(111), Cu(200) and
Cu(220) peaks are observed indicating that thea@erlis in single phase only. The
XRD results confirm that continuous Cu layers wlerened under all conditions.
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Fig. 6.10: XRD analysis of Cu film on the sampleheid in 5 M of NaOH for 30 min.

AFM was used to investigate changes in the surfacghness before and after
electrodeposition of Cu. According to Fig. 6.7,&illpretreatment indeed induced the
change of substrates’ topography. After electramabf Cu, the surface roughness was
significantly impaired (shown in Fig. 6.9). In Talb.2, the Rof PBT/PET samples

after alkali etching and electroplating of Cu asted for composition. Obviously, the
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Ry rapidly increased from ~80 nm to ~450 nm afterallletching. The surface
roughness was increased with the etching time fiflegunt rough surface was obtained
from 5 M NaOH etching. The surface roughness dfsatad the appearance of the Cu

layer and the adhesion between the Cu film andubstrates.

After electroplating of Cu layer, the surface rongbs was significantly improved by
an order of magnitude (~9-50 nm). Although the aef roughness was indeed
improved, the surface was quite rough (shown in &i§c) as 30 min etching time was
applied. With this roughness, the inset of Cu safooked a little bit rough. This

implies that the appearance of the metal coating staightly related to the etching
time. In general, a smooth Cu coating can be odtlalyy using shorter etching time;

however, this would affect the adhesive strengtinefCu films to the substrate.

Alkali etching time (min) | R after alkali etching Ry after electroplating of
(nm) Cu (nm)

0 87

10 106 9

20 235 14

30 449 53

Table 6.2: Values of root mean square surface mesgfh (R) for PBT/PET samples

after alkali etching using 5 M NaOH and electroplgof Cu.
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Adhesion test was carried out to study the coicgidbetween the adhesive strength of
the Cu layer to the PBT/PET blend and the concemtrapf alkali used as well as

etching time. The results of adhesion test are showable 6.3. It is found that the Cu
films formed on plastics surfaces with etching tiofel0 and 20 min present lower
adhesive strength as compared to those of 30 maplea. In Figures 6.9b and 6.9c,
more anchorage sites (marked in white circles)f@uad in samples of longer etching
time. Therefore, the optimal conditions of surfdoeatment for obtaining adhesive

metallic films should be treated with 4-5 M NaOH 80 min.

Besides etching time, the adhesive strength wasdalpended on the concentration of
Pd/S* colloidal used in the activation process. Highet3pf* colloidal concentration
(57 ppm) can obtain higher adhesive strength ofindilms to the substrates. Pd?Sn
colloidal acted as a seed for initiating the foromtof conductive Ni layer on the
plastics blend. Higher Pd/Sncolloidal concentration was used to ensure that th
substrates were entirely covered with Pd/Stolloidal. Pd/Sfi" colloidal not only
physical embedded into the anchorage sites onl#stigs surfaces, but also formed
chemical bonds with the carbonyl group on the masturface (Kisin, Scaltro et al.

2007). Once the Pd/Srcolloidal chemically bonded to carbonyl group oa fHastics
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blend surface, electroless metallization that inedIredox reaction betweenNand a
strong reducer started. Reduction of 'Nibns started in the presence of a catalyst,
which is usually palladium (Pd). The overall reantiequation between Niand the
reducing agent is shown in equation (3).

Cathode: Ni?* + 26 ——» Ni (1)

Catalyst (Pd)
—>

Anode: H,PO, + 20H Heat

HPO,™ + H,0 + 26 )

Catalyst (Pd) N

i+ HPO; + H,O 3
Heat s 2 (3)

Overall:  Ni?* + H,PO, + 20H

Palladium, in its zero oxidation state, is a ursatrcatalyst used to initiate most
electroless reactions (Touchais-Papet, Charbongieal. 1999; Charbonnier and
Romand 2003). To metallize an insulating substbgtehis technique, depositing Pd
seeds on its surface was good enough to initised¢tdox reaction in the electroless
plating bath, and then followed by electroplatiAgcording to the experimental results,
a good adhesion between the Cu layer and the atdsstvas obtained when 57 ppm of

Pd/SA" colloidal was used.

Visual inspection of the Cu coatings showed thatshmples activated in low PdfSn

colloidal concentration presented better metalliines Lower metallic shine was
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observed in samples activated in high P&@/®olloidal concentration. This might be
related to the formation of too much active sitestbe plastics surface. It led to
increase the reduction rate of Ni. Even though p#0of Cu layer was deposited, the
roughness of surface would not be improved as cosdpto the sample in shorter
etching time (shown in Fig. 6.9c). The Pd/Swolloidal concentration was also
determined by the sample’s size. For sample’swittetotal surface area ~40-100 tm
coating with strong adhesive strength as well aslgoetallic shine can be obtained by
etching the samples with 5 M NaOH for 30 min anihgi28.5 ppm of Pd/Sh
colloidal in the activation bath. If the total sacé area increased to ~150-35F ¢size

of industrial product), high Pd/Shcolloidal concentration would be used to achieve a
better metallic shine with excellent adhesion @f mhetal layer to the substrate. Figure
6.11 shows the photo of a Sn/Co coated 38% mifideal PBT/PET blend. From Fig.
6.11, we observe that the metallized sample peda@mood metallic shine indicating by
the fact that the surroundings are clearly refléctyy the sample surface. The
appearance and the results of adhesion test demaendtat alkali etching is suitable

for modifying this polymer blend to achieve an dbeze metallized product.
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Fig. 6.11: The photo of 38% mineral filled PBT/PEI€nd after Sn/Co plating.

etching time (min
10 20 30
conc. of NaOH(M)
3 0B (0B) OB (0B) 2B (4B)
4 0B (0B) 0B (2B) 4B (5B)
5 0B (0B) 1B (5B) 5B (4B)

Table 6.3: Results of adhesion test of the Cu filmshe PBT/PET samples as using
28.5 ppm of Pd/Sti colloidal in the activation bath (ASTM D 3359-0ZBrackets
representing the samples activated with 57 ppmdéSi* colloidal in the activation

bath)
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6.4 The enhancement of surface roughness of 38% mineral

filled PBT/PET polymer blend by introducing PEGsggo

In Chapter 4, PEG was introduced onto the PP sitiaanake the surface become
hydrophilic, so that activation could easily takage. Although metallization was not
successfully performed on PP, the results demdadtREG was an effective surfactant
to improve the hydrophilicity of the coated surfadas ko et al. (2004) stated that PEG
is useful in leveling up roughness and improvingase hydrophilicity in the plastics

metallization process.

In fact, activation could directly carry out on tB8% mineral filled PBT/PET blend
surface. For industrial production, the processtshould be as short as possible.
Furthermore, the adhesion between the metal coatidgthe plastics structure can be
improved by enhancing the wettability of the plestsurface (Li, Charters et al. 2004).
Among different M of PEG, PEGgyo was chosen to be coated on the etched samples.
PEGsoo did not easily dissolve in the activation bath.wewer, it is ready dissolved
into the CHCGJ. By using PEGgog our results showed that the activation time could
reduce from 3 min to 1.5 min. For the sample soaké&dM NaOH etching bath for 30

min, further with PEGgoo treatment, the surface roughness of the final IBting was
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35 nm, compared to those without Rifstreatment, the surface roughness of the final
Cu plating was 53 nm. The metal layer was claskiie 5B in the adhesion test. This
means that the edges of the cuts were completaptdnand none of the squares of the
lattice was detached under removing the tape. &beltrrevealed that PEG enhanced
the appearance of the metal coating. Also, PEG &ahle chemical. It can be
decomposed by strong oxidizing agent. Generally; lB&n be introduced in the plastic

metallization industry.

6.5 Conclusion

On the basis of our results, NaOH effectively medifsurfaces of 38% mineral filled
PBT/PET blend to provide —COQ@roup and pitting sites. Higher alkali concentmati
and longer etching period result in a much funetlmed surface. However, the alkali
concentration should not be higher than 5 M ancethbing time should not be lasted
too long. Otherwise, the structure of the plassiedace would be damaged. Thus, the
etching time and concentration of NaOH are maxichize 30 min and 5 M
respectively, in order to achieve a surface wittinopm degree of roughness and

carbonyl groups.
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Contact angle measurement is used to study thegehaihhydrophilicity of plastics
surface by varying the alkali concentrations ané #tching periods. A more
hydrophilic surface facilitates the electrolesgiptaprocess. The hydrophilicity of the
plastics surface increases with etching time upamin by using 5 M NaOH, and

decreases with higher alkali concentration.

After alkali etching, the samples are introducetb ithe activation bath containing
Pd/SA* colloidal. The Pd/SH colloidal concentration is determined by the sarspl
size. 57 ppm of Pd/8hcolloidal is suggested to be used. It is guarahteeprovide

good adhesion strength. To sum up, the results Eimade that NaOH is an effective

etching chemical for the metallization of 38% maddilled PBT/PET polymer blend.

For industrial production, PEG is suggested totasshorten the activation time and

enhance the appearance of the metal coating.
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CHAPTER 7 CONCLUSION

7.1 Conclusion

The main objective of this study is to investigtdte possibility of using other etching
methods instead of the traditional chromic acichietg in the plastics metallization.
After etching, surface of the engineering plast&ce modified and metallized in
feasible way and industrial production scale. Thditional chromic acid etching bath
is only suitable for modification of the surface ABS plastics which composes of
acrylonitrile, 1.3-butadiene and styrene. In tha&l atching process, the strong acid
oxidizes the 1.3-butadiene into butanedioic acidusl a functional group (carbonyl
group) is formed. Pitting sites are created atsdmme time. These functional groups

and pitting sites are essential in metallizatioABS plastics.

In this project, apart from ABS plastics, other iaegring plastics, including PP, PC
and PBT/PET blend were used. PP is a long hydr@gban chain plastic without any
functional groups in its structure. The study oftaflzation of PP indicates that only

the existence of pitting sites is not sufficient @btaining metal coating with good
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adhesion. By cooperating with PEG, the activationcess could run smoothly.
However, no functional groups exist on the PP serfa form bonding with the coated
PEG. Even though PEG could form complex with P&/Solloidal and metal could

grow on it, the metal layer detaches easily froeRR surface.

For the most common engineering plastic, PC, egtaips exist in its structure. This
ester group allows PC to react with NaOH to yiedadbonyl group and alcohol. The
reaction rate is quite slow. We demonstrated that mecessary for PC plastics to be
attacked by CHGlfirst, in order to create swelling and crackingitipy sites). The
increase of surface area can facilitate the afdahing process, so 4-6 M NaOH bath
can be used effectively to etch the PC samplesiméliely, metallization can

successfully apply on the PC surface.

The commercial plastics, 38% mineral filled PBT-Riolymer blend, was also studied.
Similarly to PC, both PET and PBT are polyestensTineans that they could also
undergo hydrolysis at the presence of NaOH and #mmdar products would be
resulted. In this polymer blend, the filled mineimBaSQ, which dissolves in NaOH

during the etching process. For this commerciakta alkali etching is used to
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produce both functional groups and pitting sitethatsame time. By cooperating with
PEG, the surface smoothness is further improveed.athivation time is also shortened.

These two improvements are preferable for the imdiproduction.

To summarize the results of Chapter 4 and Chapt&oth functional group (either

hydroxyl or carbonyl group) and pitting sites arally important in the metallization

of plastics. Based on the studied plastics, ounr#jective is to generate carbonyl
group on the plastics surface. Functional groupiges place for undergoing reaction
to facilitate the formation of chemical bonds betwehe plastics and the metal layer.
For pitting sites, the metal grows on the plassagace and strongly anchors to the
plastics surface. From the results of Chapter 4 Ginalpter 6, PEG is able to shorten
the activation time and improve the appearancé@fcbated metal layer. Our results
showed that the adhesion between PEG and PBT/Phgtitey than that between PEG
and PP. This is because the polar molecular PE€&ady to have intermolecular force
with polar polymer PBT/PET but not the non-polarlypter PP. As a result, a

successful metal layer with good adhesion is forowe&BT/PET.
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In conclusion, for chemical surface modification méstics, both pitting sites and
functional groups (either hydroxyl or carbonyl gpdexist on the plastics surface. To
sum up, alkali etching is effective on surface rficdiion of polyester plastics. For
environmental concern, although alkali is corrosivés more environmental friendly
than the tradition acid etching bath, which cossisif chromium trioxide in

concentrated sulphuric acid. Both of them are giigooorrosive and induce serious

environmental toxin, which may cause substantidllang-term damage to human.
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APPENDIX

Standard Test Methods for Measuring Adhesion byeTegst, Designation: D 3359-02,
American Society for Testing and Materials, ASTM,edV Conshoboken, PA,

19428-2959.
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