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CHAPTER I

INTRODUCTION

1.1 Introduction

Acrylonitrile-butadiene-styrene (ABS) plastic is one of the most popular
materials nowadays. It is an important eﬁ?l ering material which has been used in
place of many materials. ABS plastic has H&He al stability, excellent mechanical
strength, and good resistance to chemlcal reageﬁtS‘_'Iherefore it has been widely used
to produce parts in an automotive indu try, such as ear grill, mirror cover, logo and
car architrave. Howeve,XMubgtj-on is limited due to some drawbacks, since it is

9__?nétgrial. In order io enhance the ABS plastic

an easily fretted and

property, metallizations techni

g

.1§ E-_ormally applied for either decorative or

functional purposes. Thr

can help adjusting reflectivity, db@ﬂon reﬁéﬁce electrlcal conduct|V|ty and variety
of decorative effect [1]. Exampteé-af prpdlm*l;?f;rbduced from ABS plastic plated with

: 4
chromium are showtl‘yn Eigure. 1. - -

Figure 1. Examples of products produced from ABS plastic plated with chromium.



Metal-plated technique can be applied to various types of plastics if there is an
appropriate etching system [2,3]. In particular, ABS is usually the plated plastic
because of its excellent toughness, good dimensional stability, good processability,
chemical resistance and cheapness. For many years, activation process for the
metallization of non-conducting substrates has received many attentions.

Activation process employs the catalyst metal sites on the substrate to initiate
oxidation of a reducing agent in an electroless plating solution. It is one of the pivotal
steps because of its direct effect on the quality of the plating layer [4]. In the
conventional activation process, a sensitizing-activating method of dipping the
substrate into a stannous chloride bath employs‘the catalyst palladium cluster. This
process consists of chemisorbing of the catalyst on the polymer surface. Then the Pd
(I1) species on a polymer surface was reduced to Pd (0). In recent years a tin-free
method has been developed to" attach the Pd (I1) species on a polymer surface. This
method has numerous praoblems, such as the high toxie stannous, waste of noble metal
and high cost of palladiumy Thus, it is necessary to develop a cost effective activation
technique employing less expensive metalé_, such as Co and Ni. Performing the direct
electroless metallization of insulating substrgtés without seeding their surface with Pd
(0) catalytic clusters is a chatienge Whlch aims at reducing the cost of the

metallization process [5].

1.2 Objectives of resgarch
1. To study surface treatment (etching, activating, sensitising) of ABS.
2. To study parameters and suitable condition of activating process using Ni
and'Co complexes.

3. To perform electroless metallization (Ni) of ABS.



1.3 Scope of research
1. Literature survey.
2. Etching of ABS surface by dipping in a mixed solution of CrO3/H,SOa.
3. Characterization of ABS surface using scanning electron microscopy
(SEM).
4. Catalyst formation on ABS surface.
4.1 Sensitizing/activating steps.
The following parameters were studied:

Concentration of sensitizing solution (SnCl,) 0.1-1g/L

Type of activating solution CoCl,, [CoCl,(en),]CI
Concentration of activating solution 1-5g/L

Time of activation 5-300 second.

4.2 Oxidizing.and reducing steps.

The following parameters were studied:

Type of oxidizingagent L 4 (CH3COO);Ni,

/) CoCly, [CoCla(en),]Cl
Concentration of ©xidizing agent 1-5 g/L.
Concentration of reducing agent (ﬁéBW) 0.1-1 M.

Time of reduction T 5-300 seconds.

5. Characterizaion of treated ABé "_u;i-n'g atomiC absorption spectroscopy
(AAS) and gnergy-dispersive X-ray spectroscopy, (SEM-EDX).

6. Electroless metallization of ABS in nickel-plating solution.

7. Characterization_of ABS plated. with Ni film by titration method (with
EDTA) and adhésion test using ASTM D3359 (scotch® tape test).

8. Summiary of results and conclusion.



CHAPTER 11

THEORY AND LITERATURE REVIEW

2.1 Polymer [6]

Polymer is a large molecular weight substance which is composed of many
repeating structural units or monomers generally connected by covalent chemical
bonds. Polymer can be categorized into three iypes.

1. Homopolymer is-thepolymer, chaifi-that contains only a single type of
monomer such as polyethylene.
2. Copolymer is_the polymer chain containing at least two types of monomers,
and can be divided into. 4 groups accordihg to the chain rearrangement patterns.
- Random copalymer is the copo‘_lgi.mer consisting of two different monomers
with random length such as ~AABBBAI3:A‘—?~
- Alternating “copelymer is the'_‘?:gpglymer with two different monomers
joining along the chain in‘a manner'such as ;.H;_JABABABABABAB~
- Block copolymer'is the copolymef_-VjVith two different monomers organizing
into distince segments, or blocks such as ~AAABBBAMBBB~
- Graft copelymer is the copolymer comprising-a group of monomers of
which the main backbone chain of atoms has attached“to side chains containing

different atoms or groups from those In main chain such-as

~AA,|°\AAA,T\AAAAA~
7]
B B

3. Terpolymer is the polymer consisting of three distinct monomers such as

acrylonitrile-butadiene-styrene (ABS)



2.2 Properties of ABS plastic [7]

ABS can be fabricated in many grades. Each grade has different properties
depending on the proportions of polybutadiene in relation to styrene and also
acrylonitrile, molecular weight, molecular weight distribution, percentage of polymer
grafting. The grafting can be performed by polymerization of acrylonitrile and styrene
in polybutadiene latex. The structure of grafting and other properties of ABS are

determined by this step. Table 2.1 shows the properties of ABS with various grades.

Table 2.1 Properties of ABS with variousgrades.

Propert ASTM Units Low Medium High Heat
perty method impact impact impact resistant
Iz0d impact P56 Jm 105-215 | 215-375 | 375-440 | 120-320
Tensile strength D 638 MPa— = 41-52 41-47 33-44 41-52
Tensile elongation | D638 %l 530 15-50 15-70 5-20
Tensile modulus D 638 GPa. 2026 2.1-2.4 1721 | 21-26
Flexural yield D 790 MPa 68-87 68-80 55-68 68-90
strength 2 f= g
Flexural modulus D 790 GPa 2.3-2.6 2.2:2/5 1.8-2.2 2.1-2.8
Rockwell hardness | “D 785 R 105-110 | 95105 | 88-100 | 100-112
Heat deflectioniemp | ' /e °G 944100 | 964100 1| 98-104 | 105-121
at 1820 Kpa
Heat deflection temp_| 1 g °C 100-108"| . 102-104.. |.103-108 | 108-127
at 455 Kpa
- - _5
Coefficient of peos | X100 | 7088 | 7888 | 95110 | 64-93
thermal expansion cm/cm °C
Sp.gr. D 792 1.05-1.07 | 1.04-1.05 | 1.02-1.04 | 1.04-1.06




Table 2.1 Properties of ABS with various grades. (cont.)

Property Q;Exj Units reliz!\%naent Plating | Clear | ABS-PC
Izod impact D 256 J/m 185-280 265-375 134 370-560
Tensile strength D 638 MPa 40-50 38-44 43 45-60
Tensile elongation D 638 % 45778 10-30 20-35 25-80
Tensile modulus D 638 GPa 2472 5 2.3-2.6 2.3 2.4-2.6
Flexural yield strength | D 790 MPa 7 69-86 69-80 72 79-90
Flexural modulus D,#90 GPa | 2.3-2.8 2.3-2.7 24 2.2-2.6
Rockwell hardness D 785 B 97-111 103-110 103 111-120
Hea;?ig;‘giﬁg;emp D 648 L. 0107y o5100 | 88 | 114121
Heat deflection temp | g8 e Fesiil | o104 | 92 | 117-124
at 455 Kpa ity
Coefficient of thermal | o <o X 10’5o 2. 6.5-7.0 8.6 6.9-74
expansion cmicm °C
Sp.or. D 792 1.20-1.22 1.04-1.06 | 1.07 1.07-1.12
The chemical resiStance property*-of ABS _is attributed to acrylonitrile

monomer in the palymer chain. The polarity ofnitrile group €an reduce the reaction
between polymer and hydrocarbon solvent. Therefore, ABS plastic;is proofed against
minerals, vegetable' oil, \wax, argani¢ campounds and weakly'basic solvent. The
resistance of ABS to chemical stress is shown in Table 2.2. However, the unsaturated
polybutadiene made ABS quite active to some reactions such as oxidation,

halogenation and sulfonation. [8]



Table 2.2 The resistance of ABS to chemical stress

Medium Rate? Medium Rate®
Acetic acid, 50% 1 Ethyl alcohol, 50% 3
Glycerol 1 2-Propanol, 50% 3
Corn syrup 1 Kerosene 3
Hydrochloric acid, 25% 1 Propylene glycol 3
Potassium chloride, 25% 1 Acetone 4
Sodium hydroxide, 2% 1 Chlorobenzene 4
Camauba wax & Chloroform 4
Hexane 2 Ethyl acetrate 4
Nitric acid, 25% 2 Sulfur dioxide 4
Sulfuric acid, 25% 2 Toluene 4

*The rate of chemical gesistance was obtained by leaving the polymer in the testing
environment for 7 days  contintiguslyat23 °C. These data present the behavior of
general grade ABS. .

Number 1 = exeellent; no reactions or very small reactions observed
Number 2 = good, small reactions observed

Number 3 = fair; medium or high reactions observed

Number 4 = poor, very-high reactions observed

2.3 Properties of ABS-after-plating {7}

Plating ABS with metal can induce the electrical conductive property of the
polymer. Therefore, this technique is recommended for further metal electroplating.
The final productof gplatingcplastic awould thave: five oy ten times lighter weight
comparing withthe same “product’ made of metal. Moreover, it also has better
resistance to. abrasion, heat, light, solvent and Chiemical resistance, including good
appearance and mechanical \properties:

a.) Heat resistance
Generally, plastic can be applied to applications under normal or not quite
high temperature. However, after plating, the heat resistance of the plastic is 10-15 %
increased since the metal coated on the plastic can help preventing the plastic
deformation by heat. Therefore, the applications of plastic with metal-plating are

increased up to 120 °C, while non-plating plastic is deformed under 75 °C. Moreover,



metal-plating can restrain the oxidation reaction between plastic and oxygen in the air,
which is the main cause of plastic degradation.
b.) Mechanical resistance
When the product ABS is coated with an appropriate layer thickness, the
stiffness of the product will increase. Metal-plating layers will improve the strength of
plastic, however, the impact strength is decreased.
c.) Corrosion resistance
Metal-plating plastic has better resistance to corrosion than metallic
materials. The cracks or holes, occurred from eorrosion, in the metallic coating layer
on plastic is not widen as that en metals. Therefore, the appearance of metal-plating

plastic is long-lasting than ordinary metallic materials.

2.4 Procedure of surfaceftreatment of ABS for electroless plating [9,10]

The dielectric materials such as plastic cannot be metal-plated by electricity
directly. Prior to eleetrical plating, the conductivity of the plastic surface must be
prepared. The stepwise of the surface treatment is quite important. The surface

treatment of ABS for electroless plating co_n_siéts of three main steps as follows.

- 44

Pretreatment

l

Catalyst formation process

}

Electroless plating

Pretreatment is to clean the plastic surface by eliminating oil on the surface
with basic solvent. After that, the surface etching by acidic oxidizing agent is obtained
to make holes in order to improve the attachment between plastic and metal layer.
Next step is to treat the surface with the catalyst deformation process in order to
obtain good dispersion of metallic particles on plastic surface. These particles could



catalyze or induce the metallic film formation on ABS surface in electroless plating.
The last step is electroless plating, which is occurred by only the oxidation-reduction
reaction without external energy such as electricity. The metal ions in the solvent are
reduced into metal atoms attached on the plastic surface. Electroless plating provides

more conductive surface than ordinary electroplating in the final product.

2.4.1 Pretreatment [9,10]
A. Cleaning

Cleaners are used for removi"ng! :W ils such as fingerprints, dirt, and other
debris from the parts. They @ggally Til&(éﬂgleaners.

B.Etching . e

Etchants are W -

—
area is greatly increased "é_?pé:t:t':turned from a hydrophobic (water-hating)

g oxidizing solutions that eat away the plastic

re two main purposes of etching. First, the surface

into a hydrophilic (water-loving gla—téri_ . Second, the microscopic holes left in the

L / L
e etchant prgovi@ the bonding sites for the deposited metal.
k) {a e 1 1
These sites are needed fopad sion‘bgtweﬁ'ﬂle plastic and the metal.
el
When ABS is exposed ta.an etchant; the

utadiene is selectively removed, thus
leaving small holes or bondingﬂ_s__iﬁ_i—es_qu shi
b ' )

o;{ax_@ﬁ;mdm—7_ .

aj{fam )

A
1 é @ B ed @ ne
‘29000000000,
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Figure 2.1 The porous surface or structure of the ABS surface after etching with

i

chromic/sulfuric acid solution.
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Commonly used etchants for ABS are Chromic/Sulfuric acid. It is also
desirable to have about 40 g/L trivalent chromium in a new all-chrome bath to avoid
over-etching the ABS surface. Etchants are generally operated at 60 to 71 °C for 4 to
10 minutes on ABS. Other plastics may require higher or lower temperatures and
times. Polycarbonate, for example, uses an etchant at 77 °C for 10 minutes, while
mineral-reinforced nylon (MRN) uses one at 40 °C for 2 minutes.

As the chrome-based etchants are used, the following reduction reaction

occurs as the plastic is attacked as shown in Equation 1.
Cr** +3e w——> ' Ci- 1)

After a certain build=up_of .Cr®" (about 40 g/l in the “chrome-sulfuric’’ type
etchant), the etchant starts todose ifs ability to perform properly. Adding more Cr®* in
the form of chromium exide€xiends the life of the etchant for a while, but it is better
to eliminate the excess Gf*". This can be qdhe in two ways:

e Decant part or all of the etchant and rebuild it. This method may cause a
waste disposal problent'if provisions for the spent material are not made.
e The excess trivalent chrome.can be electrolytically regenerated.

The etchant is the most ¢ritical stebj' in obtaining an acceptable finished part.
An underetched part can result in-poor adhesion and possible skip plate. Over-etching
of a part can degrade the surface and cause poor adhesion.and cosmetics [11].

C. Neutralization

After etching, the parts are thoroughly rinsed in water and then put into a
neutralizer. These ,are, ‘materials , such.as , sodium _bisulfite or any of the
proprietary productstavailable that.are'designed to-eliminate éxcess etchant from the
parts and racks, usually by chemical reductions. Hexavalent ehromium (Cr®") is
harmfuiiin the ensuing, steps. Even.with excellent.rinsing, etchant may be trapped in
blind holes. If this is not rinsed out or reduced to trivalent chromium (Cr®") “skip
plate” can occur as a result of “bleed-out” of etchant in subsequent steps.

Neutralizers are generally cheap to make up and are usually dumped and
remade on a regular basis. They are usually run at 21 to 43 °C for 1 to 3 minutes with

air agitation.
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D. Pre-activator

After neutralization and rinsing, a pre-activator may be employed for certain
resins, such as polypropylene acrylonitrile butadiene styrene or polyphenylene oxide.
These proprietary materials are designed primarily to enhance activator absorption.
Generally they do not reduce hexavalent chromium. Pre-activators help making resins
platable by conditioning the resin surface, such as forming a film or changing the
surface charge. One must be careful in selecting a pre-activator, as excessive
conditioning can lead to resistance overplating and rack plating. Typical parameters
for these baths are 21 to 49 °C for 1 to 3 minutes.

2.4.2 Catalyst formation process [1,9]

A. Sensitizing/catalyzing process

The traditional approaeh of activation Is a two step procedure. The first step is
to adsorb the Sn® onfo sthe /plastic “surface by immersion in a stannous
chloride/hydrochloric-acidssolution. Theﬁ; the part Is rinsed before immersed in the
palladium chloride/hydrochloric acié solulrt_ion. The oxidation-reduction between the
sn®* and Pd®* occurs. The Sn** can be eaS|Iy oxidized to Sn**. The Pd** is reduced
to Pd®as shown in Equation/(2).and Figure 2.2[;7].

sn?™¢ Pd* — sn* + Pd° @)

Palladium chloride, stannous chloride and hydrochloric acid are mixed as one
solution called the palladium-tin hydrosol,,which is a solution of complex ions and
colloidal particles. The-activity and- stability of the-palladium-tin hydrosol depend on

the chloride andistannous ion concentrations.
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B. Oxidizing/reducing process

This method takes advantage of the autocatalytic property of Ni. The first step
uses nickel acetate in ethanol solution to deposit a thin organo-nickel film (Ni**) by its
chemisorption on the substrate surface. Nickel ions adsorbed on the substrate surface
are reduced by dipping in NaBH, solution. BH,4 is a powerful reducing agent whose
decomposition in basic solution yields 8 electrons according to the following
Equation (3).

BH, +80H —» | /B(OH.), + 4H,0 + 8¢ (3)

The redox potentiak-E°(B(OH)s'/BH4 ) is-equal to -1.24 V at pH value of 14
and the redox potential E° (Ni“"#+ 2¢’ > Ni’%) is equal to -0.25 V. Under these

conditions, the overall redox‘reaction is shown in Equation (4).
AN + BH % 80H | ——%  B(OH )i + 4Ni° + 4H,0 (4)

Furthermore, this operation maintains enough Ni (0) species on the substrate
surface to allow immediate Ni deposition when the sample is immersed in Ni

industrial plating baths.
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2.4.3 Electroless plating [9,12]

Preplating consists-of-an-electroless bath; which Is used to deposit a thin
adherent metallic film;usually copper or nickel, on the plastic surface by the chemical
reduction. The electroless solution consists of main four components as follows:

1.) Metal salt

The source,of metallic'ions to be plating such as Cu or Ni salts. The salt can
be prepared..by. dissolution of _copper, sulfate ‘or nickel, sulfate“in the electroless
solution.

2.) Reducing agent

This chemical substance can reduce the metallic ions into metallic atoms
adsorbed on the plastic surface. Each electroless solution needs different reducing
agent, for instance, formaldehyde and sodium hypophosphite for electroless copper

and electroless nickel solutions, respectively.
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3.) Complexing agent

The complexing agent can react or combine with the metallic ions and forms a
complex compound, which can be dissolved in the electroless solution easily. This
agent can prevent the precipitation of the metal salt and the degradation of the
solution. Moreover, it also helps improve the chemical reaction between the metallic
ions and the reducing agent.

4.) Buffer and stabilizer

The buffer and the stabilizer are used to stabilize the pH level of the electroless
solution. They help delay the pH change and maintain the suitable conditions for the
system. The electroless solution remains stablean the bath until a palladium or nickel-
bearing surface is introduced into the solution. A chemical reduction of metal occurs
on the palladium or nickelsites; and through autocatalysis, continues until the part is

removed. The basic reactions fornickel are shown in Equation (5) [1,10].
Ni?* + 2H,P@, +2HsQ" ——>  Ni’ + 2H,PO; + H, + 2H" (5)

Phosphorus incorporation in.the Ni _débosit results from a secondary reaction
due to hypophosphite disproportionation ihj écjl_dic medium as show in Equation (6)
[1,10].

3H,P0, + 2H° —— 2P + H,POg + 3H,0 6)

For the electroless. nickel solution,, pH is adjusted to 9 by ammonium

hydroxide.

2.5 Types'of nickel solution“{9,10, 13]

Different types of plating solution have been developed to provide special
properties, depending on the end-use requirement.

A. Alkaline nickel-phosphorus

These baths plate at a relatively low temperatures, around 24-60 °C, making
them suitable for plating on plastics and other nonconductive materials or for use on

zincated aluminum. In addition, because of the low phosphorus content deposited
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(3-4%), they offer enhanced solderability and bondability, especially in electronic
applications.

B. Acid nickel phosphorus

Deposits from these baths can be identified by phosphorus content, which, in
turn, determines deposit properties. 2-5% = Low phosphorus; 6-9% = Mid
phosphorus; 10-12% = High phosphorus. Low phosphorus deposits offer improved
hardness and wear characteristics, higher temperature resistance, and increased
corrosion resistance in alkaline environments. Mid phosphorus coatings are bright and
aesthetically pleasing and have good hardness and wear resistance, along with
moderate corrosion resistance. High phospherus€oatings provide very high corrosion
resistance and a complete lack of magnetic response.

C. Nickel-boron baths

Low boron, nickel-beron (coatings (less than 1%B), reduced with amine
boranes, are most often tised in ‘electronic applications to provide high electrical
conductivity, good solderability and good ultrasonic bonding characteristics. Deposits
with higher levels of /Mboron (2-3%) ha{/e high hardness values and better wear
resistance than other coatings. In addition,_thé-melting point of nickel-boron alloys is
higher than that of nickel-phosphaorus coat"ii‘rigns., The chemical cost of amine borane
reduced coatings is five to 10 times tha‘t; (_)_f-_nickel-phosphorus deposits. Sodium
borohydride reduced nickel-boron plating soIUtibns, deposit higher levels of boron (3-
5%) than amine borane baths and are usually co-alloyed with thallium. These coatings
provide exceptionally high hardness and wear resistance, usually equal to hard

chromium.

2.6 Properties of electroless nickel [9,10]

A. cerrosion, resistance and,carrosion-protection

QOne of the*most common' reasons for the use'of electroless nickel coatings in
functional applications is its excellent corrosion resistance. In highly corrosive
conditions encountered in drilling and producing oil wells, for example, electroless
nickel has shown its ability to withstand the combination of corrosive chemicals and

abrasion.
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B. Density

The density of electroless nickel coatings declines with increasing phosphorus
content. An electroless nickel deposit containing 3%phosphorus has a density of 8.5
g/cm®, while that of a deposit with 11% phosphorus has a density of 7.75 g/cm?®.
These values are lower than those of pure metallurgical nickel (8.91 g/cm®).

C. Melting temperature

The final melting temperatures of electroless nickel deposits is depending
upon the amount of phosphorus alloyed .in the deposit. The initial melting point is
about 1630 °F (890 °C) for all deposits.

D. Adhesion

Excellent adhesion of eleetroless nickel deposits can be achieved on a wide
range of substrates, including.steel, aluminum, copper and copper alloys. Typical
bond strengths reported for electroless nickel on iron and copper alloys range from 50
to 60,000 psi (340 to 410.MPa). The bond strength on light metals, such as aluminum,
tends to be lower, in the range of 15 to 35,000 psi (100 to 240 MPa). Low
temperature, heat treatment is commenly employed to improve adhesion of electroless
nickel on all metals, partigularly on light m‘e_t'aié such as aluminum or titanium. During
this heat treatment diffusion can occur béi\)\/aen the atoms of the coating and the
substrate. The surface preparation and activati_oh_ is one of the most important factors
for producing excellent adhesion. ”

E. Brightness

The brightness and reflectivity of electroless nickel can vary significantly,
depending on the specifi¢c formulation. The,reflectivity of the deposit is also affected
by the surfacefinish of the substrate.' Thus, a very bright electroless deposit may
appear dull if ‘the substrate is rough. The appearance of most electroless nickel
coatingsis‘similar 10 that of electradeposited nickel.

2.7 Application of electroless nickel

Electroless nickel coatings have many unusual properties, which make them
very useful in a broad range of functional applications. Most applications take
advantage of the hardness, lubricity, corrosion resistance, electrical and magnetic
properties of electroless nickel, as well as its ability to cover complex geometries and

internal as well as external surfaces.
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2.8 Characterization of thin films [14]
2.8.1 Scanning electron microscopy with energy dispersive x-ray analysis
The scanning electron microscope (SEM) uses a focused beam of high-energy
electrons to generate a variety of signals at the surface of solid specimens. The signals
that derive from electron-sample interactions reveal information about the sample
including external morphology (texture), chemical composition, and crystalline

structure and orientation of materials making up the sample.

2.8.2 Atomic absorption Spectroscopy.

Flame atomic absorption spectroscopy«(FAAS) is a very common technique
for detecting metals and metalloids in solid and aqueous samples. It is very reliable
and simple to use. The technique is based on the fact that ground state metals absorb
light at specific wavelengihs. Metal jons'in a solution are converted to atomic state by
means of a flame. During«Combustion, atoms of the element of interest in the sample
are reduced to free, unexcited ground stafg atoms, which absorb light at characteristic

wavelengths.

2.8.3 Titration of nickel quantity [15}

Nickel is titrated with EDTA agai,n;t-_murexide. At the beginning of the
titration, the solution; should have low ammonia concentration, then increasing as
getting to the end point. This procedure enhances color change at the end point. The
reaction between EDTA and Ni*" ions is relatively slow, so titration should be carried
out slightly slower than in_other direct EDTA determinations. The reaction occurred

during the titration is show in Equation (7).
NiZ +“EDTAY | =~ Ni(EDTA)Z (7)

2.8.4 Adhesion test [16]

Measuring adhesion by “Tape Test” (ASTM D 3359) is commonly used
method for determining the adhesion of a coating system on a substrate. The ASTM D
3359 test method is quick, inexpensive, and relatively easy to perform, there are also

several major limitation and potential procedural problem associated with its use.


http://serc.carleton.edu/research_education/geochemsheets/electroninteractions.html
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2.9 Literature Reviews

ABS surface etching

In 2000, Chatchaweewattana [7] studied the effect of the concentration of the
corrosive substance. This substance consists of chromic acid and sulfuric acid at the
concentration of chromic acid 200, 420 and 600 g/L, while the bulk concentration is
800 g/L. The effects of etching time and temperature on the adhesion of metal coated
layer on ABS part by electrical plating were also investigated. The results showed that
the adhesion tended to increase when etching time increased, but the adhesion tended

to drop at further etching. The adhesion wasdnereased with increasing temperature.

In 2006, Wang et al. [17] investigated the plating of ABS with copper. The
etching was done by chremic/suifuric isolution with 10mg/L of Pd solution. After
etching, there were -OH#S0sH, -C=0 and metal Pd left on ABS surface. Then the
part was activated by Pd/SnCl,solution-before dipping In metal copper solution by

electroplating, which e¢ouldform the copper layer on the plastic surface.

In 2007, Wanget al. [11] studied the effect of ABS surface etching by addition
of Pd solution in etching Chromic acid. After the etching by Pd mixed corrosive
solution, it was found that less surface roug.h[\ess was observed compared with the
one using only chromic acid. Moreover, the oxidation was improved when the Pd
concentration in chremic solution increased. This led to miore hydrophilic groups on

the surface, resulting inno effect on the adhesion of the-metal layer in further plating.

ABS surface activation

In 1996, Maassen et al. [2]-investigated_the catalytic activity of palladium
particles prepared, upen thermal” decomposition of Langmuir-Biodgett films of tris
(4,4-diisapropyldibenzylideneacetone)palladium on ABS polymeric supports. It was
found that long annealing time led to larger metallic palladium particles. The suitable
annealing time was 30 minutes. Moreover, the Langmuir-Blodgett layers had no

effect on the quantity of nickel film coated.
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In 2006, Charbonnier et al. [1] investigated the nickel plating on various
plastics by redox reaction between Ni?* and strong reducer. The reduction of Ni** can
be done either by chemical reduction of sodium borohydride or plasma reduction, in
order to reduce Ni**to Ni° deposited on substrate surface. Ni° acts as the autocatalyst
in electroless plating process by different nickel solution, namely high or low
phosphorous nickel solution. The plasma reduction would provide the nickel film
coated on the plastic after dipping in high phosphorous nickel solution only. The
adhesion testing of nickel film defined that the chemical reduction by sodium

borohydride had better adhesion strength than plasma reduction.

In 2007, Tang et al. [18}.investigated the catalytic activity on ABS plastic film
surface after etching with-hydregen peroxide/sulfuric solution. The etched part was
activated by dipping ini@ agetic /acid solution containing chitosan and palladium
chloride solution. The result showed that the palladium was fixed in chitosan film by
chemical-sorption, of‘whigh the ‘adhesive strength was higher than that of physical-
sorption in the conventional® surface ‘activation method. Moreover, the nickel
deposition started immediately after dippi_n_g Nthe activated substrate (ABS-CTR-Pd)
into the electroless solution. =

In 2008 Tangd'et-al. [5] studied the activationof ffie ABS surface for nickel
electroless plating. The etched ABS was activated by acetic acid solution containing
chitosan and nickel sulfate solution. Then the part was reduced in a solution of KBH,.
ABS-CTS-Ni was obtained. The electroless nickel deposition was catalytically
achieved by dipping the activated-substrates (ABS-CTS-Ni)linto electroless nickel

plating solution.

In 2009, Kanta et al. [19] investigated the nickel-boron coating on steel by
electroless nickel plating and reduced by NaBH,. Then the samples were either used
heat treatment or thermochemical treatment at nitrogen atmosphere (TCTN) and
ammonia (TCTA), respectively. The results showed that, after electroless nickel
plating, a columnar structure of Ni-B film was formed on the steel surface. This film
structure presented both nanocrystalline phases and amorphous phases. However,

after heat treatment or thermochemical treatment, the corrosion resistance was
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increased due to changing of the film structure into nanocrystalline phases. The film
structure after thermochemical treatments (TCTA and TCTN) had higher corrosion

resistance than that after heat treatment.

In 2009, Kanta et al. [20] studied two types of plating, Ni-B plating on steel
and Ni-P/Ni-B on alumina, and investigated the wear and corrosion resistance. The
film of Ni-P/Ni-B coated on alumina is more smooth than Ni-B coated on steel.

Therefore, the corrosion resistance of Ni-P/Ni-B is higher.

In 2010, Wang et al. [21] investigated the electroless nickel plating process on
wood veneers. Sodium borohydride was used-as a reducer to create nickel(0) on the
surface of wood veneers by-hydrogen bond between hydroxyl group on wood veneers
and hydrogen of the lberohydride anion. When the concentration of sodium
borohydride and dipping timedn/mickel solution increased, more nickel was formed as

a film on the wood veneers'surface.
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EXPERIMENTAL

3.1. Material
Plastic ABS grade 3001 MB from TOYOTA company

3.2 Chemicals

Chemicals for cleaning

1. Sodium carbonate (Na>COs3), CJnited excel chemical

2. Disodium metasilicaie (Na,S103), United excel chemical

3. Sodium dodecylbenzene sulfoﬂate (C1gH29Na03S), United excel chemical
Chemicals for gtching - %

1. Chromic acid (CrO3), The East Tésiatic (Thailand)

2. Sulfuric acid (H,S0,), S.T. Cherj}ipql_ Business
Chemicals for neutralizqtjon L "

1. Hydrochloric acid (HGI), RCI Labscan
2. Hydroxylammonium hydrogen sulphate (HsNOsS), United excel chemical

Chemicals for catalyst formation

. Cobalt chlofi‘(_?i?eféoiCTzr)?,iéarlb Erba

. Ethylenediamine (C,HgN,), Panreac

. Hydrogen peroxide, (H,0,), Ajax Einechem

. Hydrochloricacid (HCI), RCI Labscan

. Methanol (CH30H), Ajax Finechem

. Nickel(1),acetate ((CHzCOQO),Ni «4H,0), Carlo-Erba
. Sodium borohydride (NaBH,4), Ajax Finechem

. Ethanol (C,HsOH), VWR International

. Stannous Chloride (SnCl,), Ajax Finechem

© 00 ~N O o1 B~ W N P
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Chemicals for electroless plating
1. Nickel chloride (NiCl,.6H,0), United Excel Chemical
2. Nickel sulfate (NiSO4.6H,0), United Excel Chemical
3. Phosphinic acid (HsPOy), United Excel Chemical
4. Citric acid (CgHgO7), United Excel Chemical

Chemicals for tritration of Ni amount

1. Ammonium persulfate ((NH4)2S20s,

2. Ammonium hydroxide (NH4OH),

3. Murexide indicator (CgHgNgOg),

4. Ethylenediamine tetraacetic acid (C1giH1N20s),

3.3 Apparatus
1. Thermostat kit
2.Jig :
3. Injection maching 350 tons (Toshiba, Model EC 160C), Japan
4. Scanning eleciron migroscope (Model JISM-6380 with oxford EDX, JEO)
5. Atomic absorption spectrophotométér, AAS (Model GBC 932/933 AA)
6. Oven: 0-250 °C, (Model DHG-9070A), China
7. FTIR spectrometer (Perkin Eimer FTIR with Microscope Model i-series)

3.4 Experimental procedures

3.4.1 Sample preparation

The ABS samples.were fabricated, by injection molding by TOSHIBA
injection machime. The injection condition is as follows:

Melting Temperature 230 °Cc
Mould Temperature 45 e
Injection Pressure 85 kglem?
Injection Time 4 seconds

3.4.2 Preparation of trans-dichloro bis(ethylenediamine) cobalt (111)
chloride catalyst, [CoCl,(en),]Cl [22,23]
e Preparation of 10% ethylenediamine solution.
50 mL of DI water was added into a 100 mL volumetric flask, followed by

10 mL of ethylenediamine and DI water was added to make up 100 mL solution.
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e Preparation of 10% hydrogen peroxide solution.

50 mL of DI water was added into a 100 mL volumetric flask, followed by

33 mL of hydrogen peroxide and DI water was added to make up 100 mL solution.
e Dichloro bis(ethylenediamine) cobalt (111) chloride solution.

1 g of cobalt(ll) chloride hexahydrate was weighed in an evaporating dish
followed by 2.5 mL of DI water. The dish was swirled until the cobalt compound had
dissolved. Then, 4 mL of 10% ethylenediamine, 1.6 mL of 10% H,0, and 3 mL of
concentrated hydrochloric acid were. added into the solution, respectively, while
swirling. After that, the solution volume was reduced by placing the evaporating dish
on top of the beaker containing boiling water.~The solution was boiled until a thick
layer of dark green crystal .was formed. FEinally, the crystal was dried and

characterized by Infrared Spectioscopy (IR).

3.4.3 Surface cleaning
The ABS samples were immersed inthe cleaning agent. The compositions and
the conditions of the cleaning agent are as follows:
Sodium,€aronate : 50 g/L
Disodium metasiicate 35 gL
Sodium dodecylbenzene sUI_fpﬁ_ate 3 gL
Cleaning solution temperatljre; 40 °C
Dipping time 3. minutes
The surface cleaning step was applied to remove oils and dirts on the ABS
surface. Then the samples were rinsed with DI water for 5 minutes.

3.4.4 Surface etching

Etching wasbe’ conducted, by dipping thejsamples in chromic/sulfuric acid,
400 g/L each, at 68 °C for 10 minutes. Then the samples were rinsed with DI water.
Finally, the ABS surface was characterized by SEM/EDX.
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3.4.5 Neutralization
The neutralization was done by dipping the etched samples in the neutralizing
agent. The compositions and the conditions of the neutralizing agent are as follows:
Hydrochloric acid 30 g/L
Hydroxylammonium hydrogensulphate 20 mL/L
Temperature 25 °C
Time 1 minutes
The surface etching was carried out in order to balance the pH level of the
sample surface by eliminating the trace chremic acid left on the sample. After that,

the samples were rinsed with DI water.

3.4.6 Catalyst formation process

This process was applied.in order to obtain good metallic particles dispersion
on the plastic surface. These particles were meant to accelerate or induce the metallic
film formation on the" ABS /surface in the electroless plating step. The catalyst
formation process was done by two method_s.

A. Sensitizing/Activating method

The neutralized ABS sample was ifﬁﬁeﬂlr_‘sed in the sensitizing solution, which
consisted of tin (Il) chloride (SnCIz-ZHZQ-_Hél). The interesting concentration of
sensitizing solution i5:0.1, 0.5 and 1 g/L, reduétidn time. is/3 minutes at 25 °C.

e Preparation of sensitizing solution

SnCl,, 0.1 g (0.5 or 1 g), were dissolved in DI water at 60 °C and 40 mL/L of
HCI was added into thesSnCl, solution. The flask was swirled until homogeneous
phase appeareds Then, DIl water'was added to make-up 1 L'solution.

After the sensitizing step, the part was immersed in the activator solution,
which «€ansisted of tobalt-solutien: The activator solution is*CoCl, or [CoCl,(en),]ClI
at the concentration of 1, 3, 5 g/L and different activation time of 5, 8 and 10 minutes.

e Preparation of activator solution

CoCl; or [CoCl,(en).]Cl, 1 g (3 or 5 g), were dissolved in DI water. Then 10
mL/L of HCI was added into the solution. The flask was swirled until homogeneous
phase was obtained. Then, water was added to make up 1 L solution.

The samples were dried and characterized by SEM and AAS to analyze the
distribution and the quantity of the catalyst on ABS surface.
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B. Oxidizing/Reducing method

The sample was dipped into the different oxidizing solution namely, nickel
acetate in ethanol, [CoCl,(en),;]CI and CoCl; solution. The concentration of oxidizing
solutionis 1, 3, 5 g/L, for 3 minutes.

The metal(Il) ions were adsorbed on the plastic surface in this step, when the
samples were dried, they were characterized by SEM and AAS. After the oxidizing
step, the sample was immersed into the reducing agent, which consisted of sodium
borohydride (NaBH,). The concentration of reducing solution is 0.1, 0.5 and 1 M at
different reduction time of 5, 30, 60, 180 and‘300 seconds.

3.4.7 The electroless plating

The activated samples.from above siep were electroless plated in nickel
solution, which comprised®©f pickel chloride, nickel sulfate, citric acid and phosphinic
acid at 38 °C for 10 minutes./The metallic ions in the solution were be reduced into
metallic atoms on the"plastic surface. The guantity, thickness and adhesion of the
nickel film on ABS suiface were perforrﬁed by titration method, SEM and tape test
(according to ASTM D3389), respectively.



CHAPTER IV

RESULTS AND DISCUSSION

The ABS surface was cleaned to remove oil. Then the ABS surface was etched
by immersing into an acidic oxidizing agent. The pore structure was formed in this
step, which helped increasing the adhesive strength between the metallic coating layer
and the plastic. After that, the ABS surface was analyzed by scanning electron
microscopy. The etched ABS substrate was aetivated with metal (Co or Ni) solution at
various concentrations and-activation times, in orderto find the optimum condition for
good dispersion of the metallic particles on the plastic surface. These particles played
an important role in accelerating the metallic film formation on the ABS surface in the
electroless plating. The amount of the catalyst (Co or Ni) and the catalyst dispersion
on ABS after immersing in the activating’sglution were also investigated. After that,
the activated samples were electroless p!l_ated in the nickel solution. The amount,
thickness and the adhesion of NI film on‘; ABS substrate were characterized. The

results in each step are reported as fottows: — .

§d

4.1 The characteristic of ABS surface after etching with acidic oxidizing agent

After cleaning the ABS substrate, the surface etching was done by dipping the
parts into 400 g/L of“chromic/sulfuric acid, each, at 68 °C for 10 minutes to form
porous surface«; Then .the-samples ,were -rinsed .with, DI, water. The ABS surface
characterized by scanning eiectron-microscopy (SEM) is'shown in Figure 4.1. It can
be seen that the surface possessed a porous structure.
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Figure 4.1 The porous'surfa ture of the ABS surface after etching with

chromic/s

(trans-[CoCl,(en),]Cl) was syr)thesrzed @9 reaction of the cobalt(Il) chloride,
ethylenediamine, hydrogen peroxide and hmlorlc acid as in equation 1.

1)

HZO H,0,, HCI

ﬂuyawﬂwiwm5

The syncMemzed catalysts were character ged by Fourleuransform infrared

T Ay B2
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Flgyr{4 2 FTIR spi)ctrum of [CaCly(en),]CI.

The spectrum é:hlblted the cqéracterlstlc absorption band of the N-H
stretching vibration at 3290 cm the N-H. _bendmg vibration at 1620 cm™ and the C-N
stretching vibration at 1250-1020'cni™ [25,26]"

F

4.3 The amount and the dispé‘i{éieh of the;:é%glyst on the ABS surface

The etched ABS samples"\;vere dip:ﬁfé'ﬁ‘l"‘l“h‘to different catalyst namely, CoCly,
[CoCly(en),]Cl and ((:I-Iger)gMﬂt—Z&C—fee}mutes—Ihe amount of the catalyst on
the ABS substrate were characterized by the atomic absorptlon spectroscopy (AAS).

Table 4.1 presents the amount of catalysts on the surface of the ABS substrate.
It can be seen thaty thecamount; of the (CHsC@,):Ni onthe*ABS substrate was higher
than CoCl, and , [CoCl;(en),]Cl'at the ‘'same" concentration and he amount of the
catalyst.was.increased with the increasing concentration of the catalyst solution.
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Table 4.1 The amount of the catalyst on the ABS substrate at various

concentrations of the catalyst solution

(CH3C02)2NI CoCl, [COC'z(en)z]Cl

catalyst
1g/L|3g/L|5g/L|1g/L|{3g/L|5g/L|1g/L|30g/L|50/L

catalyst
amount | 1.30 | 250 | 3.90 | 0.25 | 1.30 | 1.70 | 0.30 | 1.30 | 1.70

(ppm)

Table 4.2 display the dispersion of €achSampling spot. The amount of catalyst
at three points (P1, P2 and.P3).0n the ABS suiface are quite close. This indicates good
dispersion on the ABS substrates At 1 g/L. concentration of activating solution, the
amount of (CH3CO,);N1 at” each point was higher than those using CoCl; and
[CoCl(en)s]Cl. ‘

Table 4.2 The dispergion of the catalyé”g_ a{t 1 g/L catalyst solution

Catalyst (CHICOD:NI | 7‘ ‘CoCl, [CoCl,(en),]ClI

P1 P2 PR3 Pl 1P2 P3 P1 P2 P3

Yo MOMIC | 4 43 | 497|414 | 018 | 0.18.| 017 | 0.07 | 007 | 0.09
of catalyst

Table 4.3 displays the dispersion of catalyst on the ABS surface. At3 g/L
concentration of activating solution, the amount of Ni and Co at each point was higher

than those using 1g/L ©f activating'solution.

Table 4.3, The dispersion of the catalyst at,3,0/L catalyst selution

Catalyst (CH3CO,);Ni CoCl, [CoCl(en),]ClI

PL | P2 | P3| PL | P2 | P3| P1L | P2 | P3

% Atomic

13.07| 12.79 | 12.07 | 218 | 210 | 1.97 | 0.34| 0.35 | 0.45
of catalyst
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Table 4.4 display the dispersion of catalyst on the ABS surface. The amount of
Ni at5 g/L concentration of (CH3CO,);Ni was close to that found at 3 g/L
concentration of (CH3CO,),Ni. The amount of Co at each point was higher than those
using 3 g/L concentration of CoCl,and [CoCl,(en).]Cl. The amount of catalyst at

each point was increased with the increasing concentration of the activating solution.

Table 4.4 The dispersion of the catalyst at 5 g/L catalyst solution

Catalyst (CH3CO,),Ni CoCl, [CoCly(en),]ClI

PL | P2 { P3 | P¥ A P2 | P3| PL | P2 | P3

% Atomic

12.69 | 13.02-12.09 2.93 =257+ 293 | 0.67 | 059 | 0.64
of catalyst

The amount of the.eatalyst found on the ABS surface can affect the induction
of the electroless nickel plating, this result shows that (CH;CO,).Ni yields the best

performance in acceleratingthe electroless plating.

4.4 Ni metallization performed-in electroie’sé' nickel bath on ABS substrate

The activated samples were electr'djéss plated in the nickel solution, which
comprised nickel chloride, nickelsuiphate, c'-itring acid and phosphinic acid at 38 °C for
10 minutes. The pH was adjusted to 9.[1] Aﬁér"plating the-sample surface was grayish
which demonstrated tfie-adsorption of Ni on the ABS surface. The Ni amount and
thickness of the plating Ni were determined. The variables that affect the Ni amount

and thickness of Ni film were studied and the results are described in detail below.

4.4.1 Effect of SnCl,/CoCl, and SnCl,/[CoCl,(en),]Cl solution as the
catalyst.in-electroless nickelplating

The etched“ABS substrates were immersed in the-different ‘eoncentrations of
SnCl, solution (0.1, 0.5 and 1 g/L) for 3 minutes at 25°C. It was found that Sn** ions
were adsorbed onto the plastic surface in this step. Then the substrates were dipped in
different concentrations of Co solution (1, 3 and 5 g/L) for 5, 8 and 10 minutes.
Finally, the substrates were plated in the electroless nickel solution. After plating, no

metallization was obtained. This indicated that SnCl, cannot reduce Co ion to Co(0).
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Consequently, a new approach in activation the surface by oxidizing/reducing
technique was investigated. The etched ABS substrate was immersed in the different
oxidizing solution namely, (CH3CO,),Ni, [CoCl,(en),]Cl and CoCl; solution (1, 3 and
5 g/L) for 3 minutes. After the oxidizing step, the sample was reduced by NaBH,
solution (0.1, 0.5 and 1 M) for 5 to 300 seconds. These particles were meant to
accelerate or induce the metallic film formation on the ABS surface in the electroless
plating step. The parameters affecting the activation were studied, and the results are
described in topics 4.4.2 to 4.4.4.

4.4.2 Effect of (CH3CO,):Ni solutien _as the catalyst in the electroless
nickel plating

The ABS substrateswas tmmersed in 1, 3 and 5g/L of (CH3CO,),Ni solution
for 3 minutes and dipped‘in 0:1,0.5 and 1 M of NaBH, solution at room temparature
for 5-300 seconds.

(1) The Ni film thickness and N| amounts when using 1 g/L (CH3CO,);Ni
solution and different.€ongéntrations of NaBH, reducing solution: 0.1, 0.5 and 1 M
for 5-300 seconds are presented in Figures _4,3-.

In Figure 4.3 (a), for 0,1°M NaBI)-’.L;--‘r@ducing solution at 5 and 30 second
reduction time and in Figures 4.3 (b) and__(g)_, for 0.5and 1 M NaBH, reducing
solutionat 5 second reduction time, the Ni film was not fully plated on all over the
part, therefore the Nifilm thickness cannot be measured.

In Figures 4.3 (a), (b) and (c),at 0.1, 0.5 and 1 M NaBHy, reducing solution
and 5-300 second reductien time indicatesthat after immersing the activated ABS
substrate into'the lelectroless nickel solution, the,"Ni amountof the plating Ni was
increased with ‘increasing reduction time. It was observed that at 60 second of
reduction tume the kighest'Ni amount and thickness of the:Ni film-was obtained.

However, Ni amount and thickness of the Ni film started to be decreased at

180 and 300 seconds due to a slight re-oxidation of metal after longer reduction time.
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Figure 4.3 Nifilm thickness and Ni amount when/activated by 1 g/L
(CHs€0,),Ni solution and reduced by (a) 01 M NaBH,4
(b) 0.5 M NaBH, (¢) 1 M"'NaBH,

(2) The'Ni filmr thickness ;and'Ni amounts ‘\when using 3 g/L (CH3COy),Ni
solution and different concentrations of NaBH, reducing solution: 0.1, 0.5 and 1 M
for 5-300 seconds aiepresented in Figure 4.4.

In Figures 4.4 (a), (b) and (c), for 0.1, 0.5 and 1 M NaBHj, reducing solution at
5-300 second reduction time, it was observed that at 60 second reduction time the Ni
film is the thickest and has highest Ni amount. However, the thickness of the Ni film
and Ni amount started to be decreased due to a slight re-oxidation of metal after

longer reduction time.
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Figure 4.4 Ni<ilm thickness and Ni amount when-aetivated by 3 g/L
(CH3CO3),Ni solution and reduced by-(a) 0.1 M NaBH,
(b) 0.5 M NaBH, (c) 1 M NaBH,

(3) The Ni film-thickness "and" Ni ‘amounts-when using 5 g/L (CH3CO;),Ni
solution and different concentrations of NaBHj«educing solutions 0.1, 0.5 and 1 M
for 5-300 seconds are presented in Figures 4.5.

In Figures 4.5 (a), (b) and (c), it can be seen that the amount and thickness of
the Ni film has similar trend to the results presented in Figures 4.4. It was observed
that at 60 second of reduction time the thickest Ni film and highest Ni amount was
obtained.
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Figure 4.5 Nifilm thickﬁess and Ni am_(;unt when/activated by 5 g/L
(CH5CO,),Ni solution and reduced by (a) 0.1 M NaBH,
(b) 05 M NaBH; (¢) 1 M NaBH,

4.4.3 Effect of CoCly solution as the -catalyst in the electroless nickel
plating

When using. (CH3€O02%);Ni solution as'the catalyst, the plating was completed
at the cancentration of 3 g/L of (CH3CO2),Ni solution and 0.5 M NaBH, solution.
Therefore, for the next experiment using CoCl, solution, the conditions of 1 and 3 g/L
of CoCl; solution and 0.1, 0.5 M NaBHy, solution were used. The ABS substrate was
immersed in 1 and 3 g/L of CoCl; solution for 3 minutes and dipped in 0.1 and 0.5 M
of NaBH, solution at room temperature for 5-300 seconds.
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(1) In Figure 4.6 (a), using 1 g/L CoCl; solutionand 0.1 M NaBH, reducing
solution at 5-300 second reduction time, the Ni film thickness cannot be measured.
Figure 4.6 (b), for 0.5 NaBH, reducing solution at 5-300 second reduction time, the Ni
film was thickest at 60 second reduction time.

In Figures 4.6 (a) and (b), at 0.1 and 0.5 NaBH, reducing solution and 5-300
second reduction time. It was observed that at 60 second of reduction time the highest
Ni amount was obtained. After 60 seconds a slight re-oxidation of metal occurred,

resulting in decrease of the Ni amount and thickness.
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Figure 4.6 Ni film thickness and Ni amount when activated by 1 g/L CoCl,
solution and reduced by (a) 0.1 M NaBH, (b) 0.5 M NaBH,
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(2) In Figure 4.7 (a), using 3 g/L CoCl; solution and 0.1 M NaBH, reducing

solution at 5-300 second reduction time, the Ni film thickness cannot be measured.

In Figure 4.7 (b), for 0.5 M NaBH, reducing solution at 5-300 second

reduction time, the Ni film was the thickest at 60 second reduction time.

In Figures 4.7 (a) and (b), at 0.1 and 0.5 M NaBH, reducing solution at 60

second of reduction time the highest Ni amount was obtained.
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Figure 4.7/Ni film thickness and ' Ni'amaunt when activated by 3 g/L CoCl,
solution and reduced by (a) 0.1 M NaBH, (b) 0.5 M NaBH;,
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4.4.4 Effect of [CoCly(en),]Cl solution as the catalyst in the electroless
nickel plating

(1) In Figure 4.8 (a), using 1 g/L [CoCl,(en),]ClI solution and 0.1 M NaBH,4
reducing solution at 5-300 second reduction time, the Ni film thickness cannot be
measured. In Figure 4.8 (b), for 0.5 M NaBH, reducing solution the Ni film was
thickest at 60 second reduction time.

In Figures 4.8 (a) and (b), at 0.1 and 0.5 M NaBH, reducing solution at 60
second of reduction time the highest Ni amount was obtained.
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Figure 4.8 Ni film thickness and Ni amount when activated by 1 g/L

[CoCl,(en),]Cl solution and reduced by (a) 0.1 M NaBH,

(b) 0.5 M NaBH,4
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(2) In Figure 4.9 (a), using 3 g/L [CoCl,(en),]CI solution and 0.1 M NaBH,
reducing solution at 5-300 second reduction time, the Ni film thickness cannot be
measured. In Figure 4.9 (b), for 0.5 M NaBH, reducing solution the Ni film was
thickest at 60 second reduction time.

In Figures 4.9 (a) and (b), the amount and thickness of Ni has similar trend to
those found in Figures 4.7 (a) and (b)
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Figure 4.9 Ni film thickness and Ni amount when activated by 3 g/L
[CoCl,(en),]Cl solution and reduced by (a) 0.1 M NaBH,
(b) 0.5 M NaBH,
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4.4.5 Comparison of the efficiency of Ni and Co catalyst in electroless
nickel plating

For 1 g/L of CoCl;, or [CoCl,(en),]Cl solution and 0.1 M NaBH, reducing
solution at 5-300 second reduction time, the Ni film was not fully plated on all over
the part, therefore the Ni film was thickness cannot be measured.

In Figure 4.10 for 1 g/L of (CH3CO,),Ni and 0.1 M NaBH, reducing solution
at 5-300 second reduction time, the Ni film thickest at 60 second reduction time.

In Figure 4.10 the Ni amount show that (CH3CO2),Ni solution was efficiently
activating the surface of the ABS 'substrate more than CoCl; solution and
[CoCly(en),]ClI solution, respectively.

However, the amount and thickness of Ni started to be decreased due to a

slight re-oxidation of metal.afteilonger reduction time.
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Figure 4.10 Ni film thickness and Ni amount after immersing into the
electroless nickel solution when activated by
(@) (CH3CO,)2Ni 1 g/L (b) CoCl, 1 g/L (c) [CoCly(en),]CI 1 g/L
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For 3 g/L of CoCl, and [CoCl,(en),]ClI solution and 0.1 M NaBH, reducing
solution at 5-300 second reduction time, the Ni film thickness cannot be measured.

In Figure 4.11 for 1 g/L of (CH3CO,),Ni and 0.1 M NaBHj, reducing solution
at 5-300 second reduction time, the Ni film was thickest at 60 second reduction time.

The results showed that (CH3CO,),Ni solution was efficiently activating the
surface of the ABS substrate more than CoCl; solution and [CoCl,(en),]Cl solution,
respectively. After 60 seconds a slight re-oxidation of metal occurred, resulting in
decrease of the Ni amount and thickness.
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Figure 4.11 Ni film thickness and Ni amount after immersing into the
electroless nickel solution when activated by
(@) (CH3CO)2Ni 3 g/L (b) CoCl, 3 g/L (c) [CoCl(en).]CI 3 g/L
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The comparison of Ni film thickness and Ni amount at 1 g/L of (CH3CO,)2Ni,
CoCl;, and [CoCl,(en)2]Cl solution and reduce by 0.5 M NaBH, solution at room
temperature for 5-300 seconds are present in Figure 4.12

For 1 g/L of (CH3CO,),Ni, CoCl; or [CoCly(en);]CI solution and 0.5 M
NaBH, reducing solution at 5-300 second reduction time, the results showed that
(CH3COy),Ni solution as the catalyst, the amount and thickness of Ni was higher

than using CoCl, solution and [CoCl;(en),]Cl solution, respectively.
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Rigure 4.12,'Nivfilm thickness @and Ni amount after immersing_into the
electroless nickel solution when activated by
(@) (CH3CO,)2Ni 1 g/L (b) CoCl; 1 g/L (c) [CoCly(en),]CI 1 g/L
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The comparison of Ni film thickness and Ni amount at 3 g/L of (CH3CO,)2Ni,
CoCl, or [CoCly(en),]ClI solution and reduce by 0.5 M NaBH, solution at room
temperature for 5-300 seconds are present in Figure 4.13

In Figures 4.13 (a), (b) and (c), the amount and thickness of Ni has the same
tendency as those found in Figure 4.12. When increasing the concentration of the
activating solution from 1 to 3 g/L, the result showed higher amount of Ni and thicker

film.
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Figure 4.13 Ni film thickness and Ni amount afterimmersinginto the
electroless nickel solution when activated by
(@) (CH3CO)2Ni 3 g/L (b) CoCl, 3 g/L (c) [CoCl(en).]CI 3 g/L
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4.4.6 Evaluation of the adhesion of nickel films on ABS

The success of metallization depends on the substrate, catalyst formation
process and plating bath nature. In this study, the Ni plating bath was supplied by
Enthone company. After the electroless nickel plating, the sample surface was
grayish, which indicated the adsorption of Ni film on the surface. After that, the
characteristics of the coated ABS was checked by the tape test according to ASTM
D3359. The results when using 1, 3 and 5 g/L (CH3CO,),Ni and reduced by different
concentrations of NaBH, reducing solution at room temperature for 5-300 seconds

were shown in Tables 4.5-4.7.

Table 4.5 Adhesive results of Ni film on ABS substrate at the condition of 1 g/L

(CH3CO,),Ni.
NaBH, : 0.1 NaBH;: 0.5 M NaBH,: 1M
Entry Reduction | Scetch ;o 4 Reduction | Scotch Entry Reduction | Scotch
time(sec) test time(sec) test time(sec) test
1 5 & 6 ) g 11 5 5B
2 30 * 7 30 | 5B | 12 30 5B
3 60 5B 8 60:‘ = n 5B 13 60 5B
4 180 5B S 180 | 5B 14 180 5B
5 300 5B 10 300~ "~ 5B 15 300 5B

* Cannot be evaluated,
** Scotch® testresult : (5B) None removed

Table 4.6 Adhesive results of Ni film on ABS substrate at the condition of 3 g/L

(CH4C03);Ni
NaBH,;: 0.1 M NaBH,: 0.5 M NaBH,;:1 M

Entry Redtiction = Scatch Sy Reduction || “Scotch ilaf Reduction | Scotch
time(sec) test time(sec) test time(sec) test
16 5 5B 21 5 5B 26 5 5B
17 30 5B 22 30 5B 27 30 5B
18 60 5B 23 60 5B 28 60 5B
19 180 5B 24 180 5B 29 180 5B
20 300 5B 25 300 5B 30 300 5B

* Cannot be evaluated.
** Scotch® test result : (5B) None removed
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Table 4.7 Adhesive results of Ni film on ABS substrate at the condition of 5 g/L

(CH3COy),Ni.
NaBH;:0.1 M NaBH;:05M NaBH;: 1M
Entry Reduction | Scotch Entry Reduction | Scotch Entry Reduction | Scotch
time(sec) test time(sec) test time(sec) test
31 5 5B 36 5 5B 41 5 5B
32 30 5B 37 30 5B 42 30 5B
33 60 5B 38 60 5B 43 60 5B
34 180 5B 39 180 5B 44 180 5B
35 300 5B 40 300 5B 45 300 5B

* Cannot be evaluated:
** Scotch® test result (5B) None removed

At 1 g/L of (CH3COg2),Ni solution and reduced by 0.1 M NaBH, solution at 5
and 30 seconds and 05 MfNaBHj solution at 5 seconds, the Ni film was not fully
plated on all over the part, therefore ihe Ni film thickness cannot be measured. On the
other hand, when Ni filmwas fully plated oﬁ the entire part, the Ni film was found to
have good adhesion. '

The results when using 1 -and 3 g/l- €oCl, or [CoCl,(en),]Cl and reduced by
different concentrations of NaBH, reducing} s‘oﬂ‘iution at room temperature for 5-300

seconds were shown.in Tables 4.8-4.11.

Table 4.8 Adhesiveresults of Ni film on ABS substrate at the condition of 1 g/L

CoCl,
NaBH,: 0.4 M NaBH,: 05 M
Entr i Entr i
y Rgductlon Scotch test y R_educt|on Scotch test
time(sec) time(sec)
46 5 * 51 5 *
47 30 * 52 30 5B
48 60 * 53 60 5B
49 180 * 54 180 5B
50 300 * 55 300 5B

* Cannot be evaluated.
** Scotch® test result : (5B) None removed
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Table 4.9 Adhesive results of Ni film on ABS substrate at the condition of 3 g/L

COClz
NaBH;: 0.1 M NaBH,:05M
Entr i Entr i
y R_eductlon Scotch test y R_eductlon Scotch test
time(sec) time(sec)
56 5 * 61 5 *
57 30 * 62 30 5B
58 60 * 63 60 5B
59 180 * 64 180 5B
60 300 * 65 300 5B

* Cannot be evaluated.

** Scotch® test result(5B8) None removed

Table 4.10 Adhesive resultsof-Ni film on ABS substrate at the condition of 1 g/L

[CoCly(en)z]Cl

NaBH, #0414 M NaBH;:05M
=ntry F:ﬁggé teig)n Sgotch test i\ Rt)lerg:(cs t;g)n Scotch test
66 5 * T\ 5 *
67 30 * 72 30 5B
68 60 - 73 60 5B
69 180 * A 180 5B
70 300 x R 300 5B

* Cannot be evaitated.

** Scotch® test result : (5B) None removed

Table 4.11 Adhesive results of Ni film on“ABS substrate at the condition of 3 g/L

[CoCly(en).]ClI
NaBH;: 0.1 M NaBH, : 0.5 M
SN TN Reduiction | g G ey | |1 | IREHuGtON (1o et
time(sec) time(sec)
76 5 * 81 5 *
77 30 * 82 30 5B
78 60 * 83 60 5B
79 180 * 84 180 5B
80 300 * 85 300 5B

* Cannot be evaluated.

** Scotch® test result : (5B) None removed
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At 1 and 3 g/L of CoCl, or [CoCly(en).]Cl solution and reduced by 0.1 M
NaBHj, solution at 5-300 seconds and 0.5 M NaBHy, solution at 5 seconds, the Ni film
was not fully plated on all over the part, therefore the Ni film thickness cannot be
measured. On the other hand, when Ni film was fully plated on the entire part, the Ni

film was found to have good adhesion.

4.4.7 Surface treatment of ABS for electroless plating using Pd

The activation process is to_employ the palladium catalyst sites on the
substrate to initiate an oxidation of a reducing agent in an electroless plating solution.
The activation method consists of a sensitizing-activation method of dipping the
substrate into SnCl,/PdCI; bath o obtain the catalyst palladium cluster.

Table 4.12 compares _.ihe  prices of PdCl,, (CH3CO);Ni, CoCl, and
[CoCl(en),]Cl which are*used as the catalyst for activating the ABS surface in
electroless nickel platings The jeiched ABS substrate was immersed in 1 g/L of
oxidizing solution namely;, (CH3C02)2N|'; CoCl; and [CoCl,(en),]Cl solution for 3
minutes and reduced by 0.5/M NaBH, sdll-ution at room temperature for 60 seconds.
PdCl, solution was obtaified from Marui. 'I:nt'l-ustry Thailand. The surface activation
was performed by dipping the ABS substra;éjiﬂ_to SnCl,/PdClI, solution at 28 °C for 3
minutes. The activated samples were electro,_le_s_s__plated in the nickel solution at 38 °C
for 10 minutes. The pH was adjusted to 9.. After plating, the sample surface was
grayish which demonstrated the adsorption of Ni on the ABS surface. The Ni amount
and thickness of the plating N1 were determined and the results are described in detail

below.



46

Table 4.12 Effect of PdCI,, (CH3CO,),Ni, CoCl, and [CoCl,(en),]Cl solution as the
catalyst in the electroless nickel plating

Metal Catalyst '\.“ film Ni amount | Result of Cost
- thickness 2
catalyst concentration (um) (mg/dm*®) | tape test (baht)
PdCl, 6.5 ml/L 2.4 48 5B 39
(CH3CO,),Ni 1g/L 2.0 42 5B 2.3
CoCl, 1lg/L y! 40 5B 55
[CoCly(en);]ClI 1 g/L 40 5B 5.5

In Table 4.12, t

solutions can be used

i, CoCl, and [CoCly(en),]ClI

\. ace in the electroless nickel

plating as they can p A% \.\ Considering about the cost
of production, it was ¢ d that “ﬁ:- Ice \ r Co catalysts are much lower
than that of PdCl,. \;

ﬂUH’JWHWﬁWﬂ’]ﬂ‘i
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CHAPTER V

CONCLUSION AND SUGGESTIONS

5.1 Conclusion

This work has shown autocatalytically deposit Ni film on ABS surface without
using the Pd conventional catalyst. To obtained thin layer of catalyst site, the catalyst
must be deposited on the surface and reduegd«the corresponding metal(+2) ions to
metal (0) using NaBH.,.

The activation proeess.iS 1o employ the Ni and Co catalyst sites on the
substrate to initiate an oxidatien of a reducing agent in an electroless plating solution.
The parameters affecting the stirfage ‘activation were studied. The results showed good
catalyst property of (CH3CO3),Ni, sinc’é Ni(0) could provide better autocatalytic
plating in the electroless'plating compared"lwith those from CoCl, and [CoCl,(en),]ClI.
When the concentration of the catalyst Was_ 'i;hc'"-reased, the Ni film on the substrate was
thicker, due to increasing plating of Ni . = 7

When increasing the concentration (_)f_thé NaBH, reducing agent solution, the
reduction of metal iento metai(O) was hi‘gﬁ_e-'r-.'These metal(0) sites on the ABS
surface act as the catalyst for electroless nickel plating. VWhen increasing the reduction
time, the effectiveness of the reduction of metal 1onsto metals(0) increased. At 60
seconds of reduction time, the Ni amount and thickness were the highest.

Amongavarigus. catalysts tested 1n this work: © (CH3CO,),Ni, CoCl,and
[CoCl,(en)2]CIin  electroless nickel plating, the results indicated that the
(CH3COy)sNi' solutionigave the highest ameuntiand thicknessofthe plated Ni film.

The results of the adhesion of the nickel films on ABS show that when Ni film

was fully plated on the entire part. The Ni film has good adhesion with the substrate.
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5.2 Suggestion for the future work

Future work should be the study of characteristic of Ni film plating between
using low phosphorous and high phosphorous Ni plating baths because internal
stresses in the Ni film strongly depend on the film composition therefore on the Ni

plating bath used.
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Table A-1 The dispersion of the Ni catalyst on the ABS substrate at various

concentrations of the activating solution.

% Atomic of Ni
Position ] ] i
(CH3COZ)2N| 1 g/L (CH3C02)2NI 3 g/L (CH3C02)2NI 5 g/L
1 443 13.07 12.69
2 497 2479 13.02
3 4,14 - b 12.09

Table A-2 The dispersion of the Co catalyst on the ABS substrate at various

concentrations of the activating soldition..

06 Atomic of Co
Position Y
CoCly1 gl ~'CoCly3 g/L CoCl, 5 g/L
1 0.18 218 2.93
2 0.13 s, 10 257
3 -0-17 1.97 2.93

Table A-3 The dispersion of the Co catalyst on the ABS substrate at various

concentrations-ef the activating solution:

% Atomic of Co

Position
[CoCl,(en).]Cld g/l [{CoCly(en)z]Cl 3 g/L || [CoCly(en),]CI 5 g/L
1 0.07 0.34 0.67
2 0.07 0.35 0.59
3 0.09 0.45 0.64




Appendix B

EDTA - titration of nickel

Procedure.
1. Put the coated ABS into the flask.
2. Add 30 mL DI water to the sample and 2 g of ammonium persulfate.

3. The flask was placed on the heater until grayish color disappear.

murexide i al
7. Titrate with 0. violetcolor as end point.
| - | p
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Table B-1 Ni film thickness and Ni amount obtained from different concentration

of (CH3CO,),Ni solution after immersed into the electroless nickel solution of Ni(+2)

ion at different concentration of NaBH, reducing agent and reduction time

(CH3CO2);Ni NaBH; Reduction time Ni film thickness Ni amount
(/L) (Molar) (second) (um) (mg/dm?)

1 0.1 5 - 23

30 - 30

60 1.7 38

180 1.4 36

300 1.3 34

0.5 5 - 29

30 e 39

60 2.0 42

180 1.8 41

300 1.4 39

1 5 - 28

30 14 39

60 1.8 42

180 15 41

300 £ ) 1.4 38

3 0.1 5 = 1 23

30 1.4 31

60 =2 ] 39

180 1.8 37

300 1.6 35

05 5 19 39

30 2.0 40

60 2.2 43

180 2.1 41

300 1.8 38

1 5 1.8 38

30 1.9 39

60 2.1 42

180 2.0 40

300 1.7 38
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Table B-1 (cont.) Ni film thickness and Ni amount obtained from different
concentration of (CH3CO,),Ni solution after immersed into the electroless nickel
solution of Ni(+2) ion at different concentration of NaBH, reducing agent and

reduction time

(CH3CO,):Ni NaBH; Reduction time Ni film thickness Ni amount
(o/L.) (Molar) (second) (um) (mg/dm?)
5 0.1 5 1.4 37
38
39
37
35
38
39
40
39
37
38
39
39
39
37

el
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Table B-2 Ni film thickness and Ni amount obtained from different concentration
of CoCl; solution after immersed into the electroless nickel solution of Ni(+2) ion at

different concentration of NaBH, reducing agent and reduction time

CoCl, NaBH; Reduction time Ni film thickness Ni amount
(o/L.) (Molar) (second) (um) (mg/dmz)
1 0.1 5 - 17
23
35
32
31
28
38
40
39
35
20
28
34
33
32
29
38
42
39
38
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Table B-3 Ni film thickness and Ni amount obtained from different concentration
of [CoCl,(en),;]CI solution after immersed into the electroless nickel solution of

Ni(+2) ion at different concentration of NaBH, reducing agent and reduction time

[CoCly(en),]CI NaBH,; Reduction time Ni film thickness Ni amount
(o/L.) (Molar) (second) (um) (mg/dm?)
1 0.1 5 - 13
30 - 25
33
28
29
27
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Appendix C

Adhesion test by Scott® tape test (ASTM D3359) [16]

Procedure

1. Place the cutti
towards yourself in

cuts. A sufficient pr

Figure C-2 Apleape

"ms AN T2 LAY e oo

center of the lattice, using finger or a pencil eraser to smoth the tape to the sample, as

shown in Figure C-2.
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Figure C-3 Remove tape at 60°or 180°

' ,’/}}e smooth action at the angle of 60° or

3. Remove the tape by pulli
180° as shown in Figure C-

\

‘ —
Table C-1 Standar \
g £ A/, -Surface of Crg t area from which
Classification #f ] d for 6 parrallel cuts &
f (;-Z ‘ ion range by %
thi- " ’
58 oo A"
n d..ir o -
Jﬁm‘: ;J;
L "?",ﬂﬂ” AS il s I l
4B - ess Zad
g
M
I
A1
1B 35-65% —
1
Greater =
0B than

65 %
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Table C-2 Adhesive results of Ni film on ABS substrate at the condition of 1 g/L
(CH3COy),Ni and 0.1 M NaBH, solution

NaBH;: 0.1 M

Reduction

. Before After
time (sec.)

30

60

A9

180 qJ

N6

———

300

* (cannot be measured)
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Table C-3 Adhesive results of Ni film on ABS substrate at the condition of 1 g/L
(CH3COy),Ni and 0.5 M NaBH, solution

NaBH,: 0.5 M
_Reductlon Before After
time (sec.)
5

30

60

A9

180 q;

R4

300

* (cannot be measured)
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Table C-4 Adhesive results of Ni film on ABS substrate at the condition of 1 g/L
(CH3COy),Ni and 1 M NaBH, solution

NaBH;: 1M
_Reductlon Before After
time (sec.)
5

30

60

Al

180 qJ

AR

300

* (cannot be measured)
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Table C-5 Adhesive results of Ni film on ABS substrate at the condition of 3 g/L
(CH3COy),Ni and 0.1 M NaBH, solution

NaBH;: 0.1 M
_Reductlon Before After
time (sec.)
5
30
60

gk

180 q

AR

300
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Table C-6 Adhesive results of Ni film on ABS substrate at the condition of 3 g/L
(CH3COy),Ni and 0.5 M NaBH, solution

NaBH,: 0.5 M
_Reductlon Before After
time (sec.)
5
30
60

Pl

180 q

AR

300
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Table C-7 Adhesive results of Ni film on ABS substrate at the condition of 3 g/L
(CH3COy),Ni and 1 M NaBH, solution

NaBH;:1 M

Reduction

. Before After
time (sec.)

30

60

Pl Y

180 q

N6

300
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Table C-8 Adhesive results of Ni film on ABS substrate at the condition of 5 g/L
(CH3COy),2Ni and 0.1 M NaBHj, solution

NaBH;: 0.1 M

Reduction

. Before After
time (sec.)

30

60

180 q

A9

300
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Table C-9 Adhesive results of Ni film on ABS substrate at the condition of 5 g/L
(CH3COy),Ni and 0.5 M NaBHj, solution

NaBH;:05M

Reduction

: Before After
time (sec.)

30

60

=

180 q

N6

300
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Table C-10 Adhesive results of Ni film on ABS substrate at the condition of 5 g/L
(CH3COy),Ni and 1 M NaBHj, solution

NaBH;:1 M

Reduction

. Before After
time (sec.)

30

60

180 q

N6

300
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Table C-11 Adhesive results of Ni film on ABS substrate at the condition of 1 g/L
CoCl; and 0.5 M NaBHy, solution

NaBH;:0.5M

Reduction

. Before After
time (sec.)

* (cannot be measured)
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Table C-12 Adhesive results of Ni film on ABS substrate at the condition of 3 g/L
CoCl; and 0.5 M NaBHj, solution

30

60

A9

180 q;

R4

NaBH,: 0.5 M
_Reductlon Before After
time (sec.)
5

300

* (cannot be measured)
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Table C-13 Adhesive results of Ni film on ABS substrate at the condition of 1 g/L
[CoCl(en),]Cl and 0.5 M NaBH, solution

NaBH;:0.5M

Reduction

. Before After
time (sec.)

30

60

A9

180 4

N6

300

* (cannot be measured)
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Table C-14 Adhesive results of Ni film on ABS substrate at the condition of 3 g/L
[CoCl(en),]Cl and 0.5 M NaBHy, solution

30

60

NaBH,: 0.5 M
_Reductlon Before After
time (sec.)
5

A9

180 q;

N6

300

* (cannot be measured)
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