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Abstract

A palladium and tin-free process for the Ni electroless plating of acrylonitrile-butadiene-styrene
(ABS) polymer has been developed. The ABS was first etched then activated with Ni (or Co) ions. Ni or Co
adsorbed was quantified by atomic absorption spectroscopy. Sodium borohydride solution was found to be
effective in reduction of Ni (or Co) ions. By immersing in a Ni plating bath the Co (or Ni) can then auto-
catalytically deposit a Ni film on the ABS. The amount and thickness of Ni film determined by SEM-EDX
were the highest when using 3 g/L of nickel acetate solution, 0.5 M sodium borohydride solution at 60 s of
the reduction time. Adhesion of Ni films was evaluated by the Scotch\tape test according to ASTM D3359,
which indicated good adhesion between Ni film and ABS substrate. The adhesion strength of the Ni layer
deposited was successfully compared with the adhesion of similar films deposited by the usual palladium-

based seed process.
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Introduction

Metallization of polymer substrates is an
important technique in the automobile and electronics
industries. It is used for various purposes, such as
electromagnetic shielding, weight reduction, electrical
conductivity, formability enhancements, high impact
resistance and weatherproofing. Chemical® and
physical vapor deposition,® metal-powder coating®
and electroless plating are the technigques available for
the metallization of polymer substrates. Electroless
plating is the most commonly used technique for
metal deposition on polymers due to its advantages,
such as low cost, easy formation of continuous and
uniform coating on the surface of substrate with
complex shape, and capability of depositing on either
conductive or nonconductive parts.*® The electroless
plating consists of many steps; (1) degreasing,
(2) etching, (3) surface seeding with a catalyst,
(4) electroless plating and (5) electroplating.
The degreasing process uses alkaline or acid
solutions containing surfactants to remove oils
and other organic chemicals and cleans the surface of
the polymer. Chemical etching requires a strong
oxidative acid such as chromic acid and/or sulfuric
acid®” or sulfuric acid/hydrogen peroxide to roughen
the substrate for adhesion enhancement.®¥ This

creates surface topography to provide mechanical
adhesion of the plating to the polymer. In surface
seeding step, the polymer substrate is dipped into a
stannous chloride-palladium chloride (SnCl,-PdCl,
colloidal) bath to employ the catalyst palladium
cluster.*? This one-step procedure is preferred to
the two-step process (sensitization by SnCl,
solution, then activation by PdCI, solution) due to
simplicity and shorter reaction time." The
reduction of Pd*" ions to Pd metallic state has
occurred via the reaction in equation (1). Pd® atoms
are then going to act as nucleation sites for
subsequent Ni or other metal deposition.

Pd? + Sn* — Pd’+ Sn** (1)

The sensitizing-activation method using
SnCl,-PdCl, bath involves numerous problems,
such as the use of highly toxic Sn, waste of noble
metal and failure in adhesion of plating player,
which are still major problems in commercialization.
Thus, it is very important to develop a cost
effective activation, Pd-free technique.***® SnCl,
is needed as a sensitizer due to surface inertness of
most polymers. It was reported that this can be
bypassed if the polymer surfaces are subjected to
plasma treatment."” A method on the substrate
surface treatment was also reported which involved
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the spin-coating of metal-organic precursor on
substrate, then irradiated by excimer to decompose
the precursor to metal clusters."® The polymer
films can be modified by plasma treatment and
graft copolymerisation with aniline.“® In a recent
method the substrate surface was coated with a
liquid containing chitosan or a chitosan derivative
before catalyst fixation."” Alternatively the direct
electroless metallization was performed without Pd’
catalytic clusters by sulfonation of the surface,
adsorption of the Cu®* species from a cupric
aqueous solution and reduction to Cu with sodium
borohydride.™® ABS polymer can also be electroless
plating through grafting with poly(acrylic acid).*?

In the electroless plating, the catalyst-
impregnated polymer substrate is immersed in a
solution containing a metal salt, a reducer, a
stabilizer and a buffer system. A redox reaction
occurs between metallic ions (Ni** or Cu?*) and a
strong reducer without the aid of an external
electric potential. Metal forms around the catalyst
in the polymer and grows in the polymer nearby
surface as well as on the surface via an
autocatalytic electroless reaction.®? Almost all the
metals of the Group IB and VIII of the periodic
table (Au, Pt, Ni, Cu, Co, Fe, etc.) can be plated
and exhibit autocatalytic behavior. Electroless
deposited film has two functions: (1) it provides an
electrically conductive substrate that allows further
coating by electroplating and (2) provides a secure
bond between the polymer substrate and the
electroplated layer. Electrolytic plating is the final
step in producing a finished part. This step will
build a Cu or Ni thickness to about 12.7-25.4 or
5.1-10.2 um., respectively and give a bright surface
suitable for exterior automotive part.

ABS (Acrylonitrile-butadiene styrene)
polymer is an important engineering material because
of its excellent toughness, good dimensional stability,
good processability, chemical resistance, and low
cost.?Y) However, its application is limited because it
is non-conducting. It was reported that the ABS
polymer can be surface activated by etching using
H,0,/H,S0O, and a chitosan film was employed to
fix Pd catalyst on the substrate, followed by Ni
deposition in electroless plating bath.®"

In this work Ni film was electrolessly
deposited on the acrylonitrile butadiene styrene
(ABS) surface without using the conventional
SnCl,-PdCl, catalyst to initiate the redox reaction
leading to metallization. A simple method using Ni
or Co catalyst is reported. Seeding the surface to be

metallized with Ni° clusters should be able to
initiate the electroless plating in the same way as
Pd® clusters.®>?Y The parameters affecting the
surface activation: types and concentrations of
catalyst, types and concentrations of reducer (NaBHy,)
and reduction time were studied. Adhesion of the
Ni films was evaluated and compared to the film
using SnCl-PdCl, catalyst to initiate the metallization.

Materials and Experimental Procedures
Materials

The ABS (22% acrylonitrile, 15% butadiene,
63% styrene) samples were fabricated by injection
molding under injection condition: melting temperature
230°C, mold temperature 45°C, injection pressure
85 kg/cm? and injection time 4 s. For cleaning or
degreasing, sodium carbonate (Na,COs;), disodium
metasilicate  (Na,SiO3), sodium  dodecylbenzene
sulfonate (C;gHNaO3S) from United excel chemical
were used. Chemicals used for etching were chromic
acid (CrOs3) and sulfuric acid (H,SQO,), from the East
Asiatic (Thailand) and sodium bisulfite (NaHSO3) from
RCI Labscan. Nickel(ll) acetate ((CH;CO,),Ni-4H,0),
cobalt chloride (CoCl,), sodium borohydride (NaBH,),
stannous chloride (SnCly), from Ajax Finechem were
used for surface activation and reduction. For
electroless Ni plating bath, nickel sulphate
(NiSO47H,0) sodium acetate (CH;CO,Na), sodium
hypophosphite (H,PO,Na), sodium citrate (CsHsO;Nas)
and ammonium hydroxide (NH,OH) were used.
Palladium chloride (PdCl,) from Carlo Erba and
hydrochloric acid (HCI) from RCI Labscan were used
in PACl,-SnCl, process.

Characterization

Atomic absorption spectroscopy was carried
out on a GBC 932/933 AA. The appearances of the
activated surface on ABS and film thickness were
characterized by Scanning Electron Microscopy
(SEM, JSM-6380) equipped with a field-emission
gun (FEG-SEM) and coupled with an energy
dispersive X-ray spectrometer (EDX). The average
content of Ni and its distribution on the surface was
measured by EDX analysis.

Procedures
The process is divided into 4 steps.

1. Degreasing: The specimens were cleaned and
degreased in a mixed solution containing sodium
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carbonate 50 g/L, disodium metasilicate 35 g/L,
sodium dodecylbenzene sulfonate 3 g/L at 40°C for
3 min. then rinsed in deionized water.

2. Etching: The etching step was carried out using
chromic/sulfuric acid (1:1 by weight), 400 g/L
each, at 60°C for 3 min. (following current
industrial practice). The residual amount of Cr°*
that remains in the ABS surface was removed
by putting into a reducing agent (sodium
bisulfite) for 1 min, this can prevent Cr®
inhibition of the catalyst in the subsequent step.

3. Surface Activation and Reduction Step: In
surface activation the etched specimens were
dipped into an aqueous solution containing
nickel acetate, (CHsCO,),Ni or cobalt chloride,
CoCl, in different concentrations (1, 3 and 5
g/L) at 60°C for 3 min.?® The specimens were
then rinsed in deionized water. After activation
the quantity of Ni (or Co) was determined by
AAS. In reduction the specimens were then
immersed in a reducing agent, sodium borohydride
(NaBHy,) in different concentrations (0.1, 0.5 and
1 M) for different time (5-300 s).

4. Metallization or Plating Step: The surface-
activated ABS specimens were finally placed in
the electroless Ni plating bath. The composition
of electroless bath and the operating conditions
were shown in Table 1. Sodium citrate was used
as the complexing agent to control the rate of
release of free metal ions for the reduction
reaction. Plating time and temperature were
fixed at 10 min. and 38°C. After plating, the
specimens were carefully rinsed with deionized
water and dried.

Table 1. Composition of electroless plating bath

Chemicals Concentration
(9/L)

nickel(Il)sulfate heptahydrate 26

sodium acetate trihydrate 16

sodium hypophosphite monohydrate 38

sodium citrate 46

ammonium hydroxide To adjustpH=9

PdCI,-SnCl, Process

The commercial Pd-based process was also
used for comparison. The above steps (1) and (2)
were performed. In step (3) the specimens were
dipped in the mixed PdCI,-SnCl; solution (1.06 g/L
PdCl,, 4.25 g/L SnCl,, 40 mL/L 38% HCI) at 30°C
for 3 min. In step (4) the activated samples were

electroless plated using the same condition as
in the above process.

Mechanical Adhesion Test

The mechanical adhesion between the Ni
layer and the ABS substrate was studied by a
qualitative Scotch tape test by the standard ASTM
D3359 Scotch tape test (cross-cut tape test
performed with a 3 M 250 3710 Scotch\tape). This
method (shown in Figure 1) consists of applying
and removing pressure-sensitive adhesive tape
suddenly over 16 cross-hatched squares of 1x1
mm?. This standard test allows a direct comparison
of the adhesion of films obtained under various
conditions on similar substrates. The adhesion scale
ranges are shown in Table 2.

(A)

(B)

ASTM D 33589

NF ENISO 2409

©
Figure 1. Adhesion strength measurement (A) cut
(B) apply tape and (C) remove tape at 60°
and 180°.
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Table 2.Adhesion scale according to standard ASTM D3359

Surface of cross-cut area from which flaking occurred

Classification %Area removed
5 0%
4 <5%
3 5-15 %
2 15-35 %
1 35-65 %
0 >65 %
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Results and Discussion

Many steps were conducted in order to
obtain a good adhesion of Ni film on the ABS
substrate. The first step was to make the surface
rough so that enough Ni or Co ions can be
strongly adsorbed on the surface to initiate the
autocatalytic reaction. NaBH, was used as a
reducing agent to obtain Ni or Co metal seeds
which then followed by Ni electroless plating.
Figure 2 summarizes the succession of the
different steps of the process studied.

Ni or Co ions

Etched surface adsorbed seeds

4 ! il !
Hro_@_ﬁ_%_q]ﬁ °os »e o —»ﬁw

Figure 2. Step To obtain Ni film on the ABS
surface

Ni or Cometal Ni film

The characteristic of ABS surface after etching

As ABS does not possess any polar
groups which can form a complex with metal ions
so it was first etched with chromic/sulfuric acid.
The surface characterized by scanning electron
microscopy (SEM) is shown in Figure 3. By this
treatment, the surface of the ABS is strongly
oxidized and forms polar radical which has
hydrophilicity. The butadiene oxidizes faster than
the acrylonitrile-styrene copolymer, so the surface
becomes porous because of the removal of
butadiene spheres. Many possible polar groups
were produced such as -COOH, -SO;H or -
CONH, on the surface of the substrate. It can be
seen that the polymer surface is rough. The holes

in the surface of the polymer provide the bonding
sites for the deposited metal. These sites are
needed for adhesion between the polymer and the
metal.

N

S 5 micrometres o

(B)
Figure 3. SEM micrographs of the ABS surfaces (A)

before and (B) after etching with chromic/
sulfuric acid.
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Activation

The etched ABS specimens were
dipped into different activators (catalysts):
(CH3CO,).Ni or CoCl, in different concentrations
(1, 3 and 5 g/L) at 60°C for 3 min. The amount
of Ni (or Co) species adsorbed on the ABS
substrate determined by AAS was shown in
Table 3. It can be seen that when using
(CH3CO,):Ni as catalyst, the amount of metal
ions was higher than that using CoCl, at the same
concentration. The amount of Ni (or Co) was
increased with the increasing concentration of the
catalyst solution.

Table 3. The amount of metal ions on the ABS

substrate
(CH3CO,):Ni CoCl,
Activator or
catalyst
gL gL UL |lob g
Metal ions 130 250 3.90 055 150 240
(ppm)

The distribution of the metal ions
chemisorbed on the ABS surface was also analyzed
by SEM-EDX. A representative EDX mapping
of Ni on the surface (the sample using 5 g/L
(CH3CO,),Ni) was shown in Figure 4. At different
points of the surface the Ni concentrations were
found to be close. It could be conjectured that
each Ni atom is homogeneously chemisorbed
on the polymer surface, which would make the
surface very reactive towards the autocatalytic
reaction.®?

B <0 micrometres [RITICEEN.

Figure 4. EDX mapping of Ni on the ABS surface.

Reduction

Using NaBH,4 as a reducing agent can
reduce adsorbed Ni** (or Co®") on the ABS
surface to Ni® (or Co°). The decomposition of
NaBH4 in basic solution is shown in equation
2).2

BH; +80H ———» B(OH), + 4H,0 + 8¢ (2)

The redox potential Ey (B(OH)4/ BHy ) is
equal to -1.24 V at pH = 14. Under these
conditions, the overall redox reaction is as in
equation (3):

4Ni* (or Co?) + BH; + 80H —®B(OH),” + 4Ni° (or Co°) + 4H,0 (3)

This operation maintains enough  Ni°
(or Ca°) on the substrate surface to allow immediate
Ni deposition in the next electroless plating step.
It was reported that NaBH, was an efficient
reducer in Ni plating bath® and it can also
reduce Cu®".®® Ni film thickness and Ni amount
obtained from different concentrations of NaBH,
and reduction time will be discussed after
electroless plating step.

Electroless Plating

In electroless plating, metal ions are reduced
to metal by the action of chemical reducing agents
which are simply electron donors. In this work an
electroless plating bath containing hypophosphite
ions (H,PO;) as reducing agent (used in industry)
was used. The reaction could be expressed as
shown in equation (4). During electroless nickel
deposition, byproducts of the reduction,
orthophosphite and hydrogen ions accumulate in
the solution. These can affect the performance of
the plating bath. As the concentration of
orthophosphite increases, there is usually a small
decrease in the deposition rate and a small
increase in the phosphorus content of the deposit.
Phosphorus in the Ni deposit results from a secondary
reaction due to hypophosphite disproportionation
in acidic medium, as shown in equation (5).°® As
the electroless plating deposition rate is controlled
by temperature, pH and metal ion/reducer
concentration, these parameters were fixed using
optimum values used in industry (see Table 1).

Ni* +2HPO; +2H,0  —  Ni’+2H,PO; + Hp + 2H(4)

3H,PO; +2H" —»  +H,POy +3H,0 ()
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After plating the ABS surface was grayish
which demonstrated the deposition of Ni on the
surface. A representative SEM photograph of Ni
plating layer on ABS surface (when using 1 g/L
(CH3CO,),Ni solution, 0.5 M. NaBH,4 for 300 s
reduction time) was shown in Figure 5. The cross
sectional image was shown in Figure 6. A very
thin layer of Ni can be observed near the
interface.The thickness of the Ni plating was
measured. Ni amount from SEM-EDX of Ni
plating layer on ABS surface was shown in
Figure 7.

Figure 5. SEM photograph of Ni plating layer on
ABS surface.

'

2 micrometres
et

Figure 6. Cross sectional SEM image of Ni plating
layer on ABS surface.
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Figure 7. SEM-EDX of Ni plating layer on ABS
surface.

The specimens which were performed activation
(using different (CH5CO,),Ni concentrations), reduction
(using different NaBH, concentrations) for

different periods of time (5-300 s) were then
undergone electroless plating. Effects of these
reaction parameters as well as reduction time on
Ni film thickness and Ni amount were
investigated. Results are given in Tables 4-6.

Table 4. Ni film thickness and Ni amount obtained

from different concentrations of Na

BH,

and reduction time at 1g/L (CHsCO,) ; Ni
solution.
NaBH
concentra:ion 01M 05M M
reduction Ni film Ni Ni film Ni Ni film Ni
time (s) thickness amoung thickness amoung thickness amoung
(Hm) (mg/dm®) (Hm) (mg/dm®) (Hm) (mg/dm®)
5 * 20 * 24 * 25
30 * 28 1.6 39 15 39
60 1.6 37 2.0 42 2.0 42
180 1.4 35 1.8 41 1.7 40
300 13 34 14 39 14 39

*cannot be measured

Table 5. Ni film thickness and Ni amount obtained
from different concentrations of NaBH,

and reduction time at 3 g/L (CHsCO,),Ni
solution.
NaBH,4
concentra 0.1M 05M 1M
tion
Ni Ni Ni Ni Ni Ni
reduction film amoun film amoun film amoun
time (s) thickn t thickn t thickn t
ess (mg/d ess (mg/d ess (mg/d
(Hm) m?) (Hm) m?) (Hm) m’)
5 1.3 30 1.9 39 1.8 38
30 15 33 2.0 40 2.0 39
60 2.0 39 2.2 43 2.2 42
180 1.8 36 2.1 41 2.0 40
300 1.6 34 1.7 38 1.7 38

Table 6. Ni film thickness and Ni amount obtained
from different concentrations of NaBH, and
reduction time at 5 g/L (CH3CO,),Ni solution.

NaBH, 01M 05M M
concentration

. Ni film Ni Ni film Ni Ni film Ni
rg?;’gt(':)n thickness amount thickness amount thickness amount
(Um)  (mgdm?) | (um)  (mg/dmd) | (um)  (mgidm?)

5 15 35 17 38 18 38

30 1.6 37 1.8 39 19 39

60 1.9 39 2.0 40 2.0 40

180 14 37 17 39 17 39

300 14 35 14 37 1.5 37
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The results show that the Ni° surface
seeding depends on the reduction time. When
using 1 g/L (CH3CO_);Ni solution, and 0.1 M
NaBH;, solution, at a very short reduction time of
5-30 s, the Ni film was not fully plated on over
the surface. This also occurred for 0.5 and 1 M
NaBH, solutions at 5 s. This observation
demonstrated that adequate reduction time is
necessary to obtain good entire film formation.
The film thickness as well as the Ni amount in
the plated ABS was found to increase with
increasing reduction time in range of 5-60 s.
The measured thickness of the film is in the
range of 1.3-2.2 um. The highest Ni amount
(43 mg/dm?) and thickness of the Ni film (2.2
pm) were obtained when 3 g/L (CH3CO,);Ni
solution was used. As for the concentration of the
NaBH.,, the results show that both 0.5 M and 1 M
gave similar film thickness. When the reduction
time was prolonged beyond 60 s , it was found
that the Ni amount and thickness of Ni film were
decreased. This might be due to formation of Ni-
B species from reaction of Ni ions and NaBH,
which was reported to show higher resistant to Ni
film formation than the Ni nuclei.®” Therefore
the optimum condition for good film formation is
3 g/L (CH3CO,),Ni solution, 0.5 M NaBH, and 60
s reduction time. For comparison, the film
thickness and Ni amount of the specimen
prepared by the Pd-based process are 2.4 um and
48 mg/dm?, respectively.

To compare efficiency of different type of
catalyst, CoCl, (1, 3 and 5 g/L solutions) was
used. It was found that only in cases of using 3
and 5 g/L CoCl,, 0.5 M NaBH, that the Ni film
can be fully plated over the ABS surface Results
are given in Table 7. Similar to the case using
(CH3CO,),Ni catalyst, the film thickness as well
as the Ni amount in the plated ABS was found to
increase with increasing reduction time. These
were decreased at reduction time longer than 60 s
due to a re-oxidation of metal. The CoCl, is a less
efficient catalyst than the (CH3CO,),Ni as the
plated-Ni thickness was lower, due to lower metal
catalyst formed on the ABS (see Table 3).

Table 7. Ni film thickness and Ni amount obtained
from different concentrations of CoCl, and
reduction time at 0.5 M NaBH, solution

COCIQ
concentration 3g/L 5g/L
eduction Ni film Ni Ni film Ni
time (s) thickness amount thickness amount
(um) (mg/dm?) (um) (mg/dm?)

30 14 35 1.6 37
60 1.8 39 2.0 40
180 1.7 37 1.8 39
300 14 34 1.6 36

Evaluation of the Adhesion of Ni Films on ABS

In this study, after the electroless nickel
plating, the ABS surface was grayish, which
indicated the adsorption of Ni film on the surface.
The adhesion of the coated ABS was checked by
the tape test according to ASTM D3359. Results
from the evaluation of the adhesion strength show
that none of the 16 cross-hatched squares was
removed from the tested specimens (classified as
no. 5 in the standard method), shown in Figure 8.
This demonstrated well adherent Ni film similar
to that produced by the conventional Pd-based
process.

Figure 8. Surfaces of cross-cut area of the plated
ABS.
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Conclusion

This work has shown how to obtain an
autocatalytic Ni film on an ABS surface without
using the Pd conventional catalyst. Use of
(CH3CO,):Ni or CoCl, is more cost-effective.
When increasing the concentration of the NaBH,
reducing agent solution, the reduction of metal ion
to metal was higher. These metal sites on the ABS
surface act as the catalyst for electroless nickel
plating. The ABS was metallized easily. At 60 s
reduction time, the Ni amount and thickness were
the highest. This process showed a good adhesion
between the final Ni layer and the ABS substrates.

Acknowledgements

Financial support from Graduate School,
Chulalongkorn University is fully appreciated.

References

1. Long, D. P., Blackburn, J. M. and Watkins, J. J.
(2000). Chemical fluid deposition: A
hybrid technique for low temperature
metallization. Adv. Mater. 12: 913-915.

2. De Bruyn, K.,Van Stappen, M., De Deurwaerder,
H., Rouxhet, L. and Celis, J. P. (2003). Study
of pretreatment methods for vacuum
metallization of plastics. Surf. Coat.
Technol. 163: 710-715.

3. Warshawsky, A., Upson, D. A., Ferrar, W. T.
and Monnier, J. R.(1989). Zerovalent metal
polymer composites. Ill.  Metallization
of metal oxide surfaces with the aid of
metalized functional polymer microdispersions.
J. Polym. Sci. Polym. Chem. 27 :  3015.

4. Bruyn, K.D., Stappen, M.V., Deurwaerder,
H.D., Rouxhet, L. Celis, J.P.(2003).
Study of pretreatment methods for
vacuum metallization of  plastics.
Surf. Coat.Tech. 163-164: 710-715.

5. Oh, K. W,, Kim, D.J. Kim, S.H. (2002).
Improved adhesion property
and electromagnetic interference
shielding effectiveness of electroless
Cu - plated layer on poly (ethylene
terephthalate) by plasma  treatment.
J. Appl. Polym. Sci. 84 :1369 -1379.

6. Wang, G. X., Li, N. Hu, H. L. and Yu, Y. C.
(2006). Process of direct copper plating
on ABS plastics. Appl.Surf. Sci. 253:480-
484,

7. Wang, G. X,, Li, N. And Li, D. Y. (2007).
Effect of Pd ions in the chemical
etching solution. J. Univ. Sci. Technol.
Beijing 14: 286-289.

8. Jiang, B. Q., Xiao, L., Hu, S. F., Peng, J.,
Zhang, H. and Wang, M. W.(2009).
Optimization and kinetics of electroless
Ni-P-B plating of quartz optical fiber.
Opt. Mater. 31 : 1532-1539.

9. Nicolas-Debarnot, D., Pascu, M., Vasile, C.
and Poncin-Epaillard, F.(2006). Influence
of the polymer pre-treatment before its
electroless metallization. Surf. Coating
Tech. 200: 4257-4265.

10. Eom, K., Cho, K.. and Kwon, H.(2008). Effects
of electroless deposition conditions on
microstructures  of  cobalt-phosphorous
catalysts and their hydrogen generation
properties in alkaline sodium borohydride
solution. J. Power Sources 180(1): 484-
490.

11. Meek, R. L.(1975). Rutherford scattering study
of catalyst systems for electroless Cu
plating-2. SnCl, sensitization and PdCl,
activation. J. Electrochem. Soc. 122(11):
1478-1481.

12. Hsiao, Y. S., Whang, W. T., Wu, S. C.
and Chuang,K.R. (2008). Chemical
formation of palladium-free surface-
nickelized polyimide film for flexible
electronics. Thin Solid Films 516: 4258-
4266.

13. Matsumura, Y., Enomoto, Y., Sugiyama, M.,
Akamatsu, K.and Nawafune,  H.(2008).
Direct metallization of nickel on
polymeric template patterns  for
fabrication of copper circuits
on glass substrates. J. Mater. Chem. 18:
5078-5082.


http://www.scopus.com.scopeesprx.elsevier.com/record/display.url?eid=2-s2.0-0033701031&origin=resultslist&sort=plf-f&src=s&st1=Long%2cD.+P&sid=0VH1c1XDQVwRHy98zk5ylrm%3a120&sot=b&sdt=b&sl=41&s=AUTHOR-NAME%28Long%2cD.+P%29+AND+PUBYEAR+%3d+2000&relpos=5&relpos=5&searchTerm=AUTHOR-NAME(Long,D.%20P)%20AND%20PUBYEAR%20=%202000
http://www.scopus.com.scopeesprx.elsevier.com/record/display.url?eid=2-s2.0-0033701031&origin=resultslist&sort=plf-f&src=s&st1=Long%2cD.+P&sid=0VH1c1XDQVwRHy98zk5ylrm%3a120&sot=b&sdt=b&sl=41&s=AUTHOR-NAME%28Long%2cD.+P%29+AND+PUBYEAR+%3d+2000&relpos=5&relpos=5&searchTerm=AUTHOR-NAME(Long,D.%20P)%20AND%20PUBYEAR%20=%202000
http://www.scopus.com.scopeesprx.elsevier.com/record/display.url?eid=2-s2.0-0033701031&origin=resultslist&sort=plf-f&src=s&st1=Long%2cD.+P&sid=0VH1c1XDQVwRHy98zk5ylrm%3a120&sot=b&sdt=b&sl=41&s=AUTHOR-NAME%28Long%2cD.+P%29+AND+PUBYEAR+%3d+2000&relpos=5&relpos=5&searchTerm=AUTHOR-NAME(Long,D.%20P)%20AND%20PUBYEAR%20=%202000
http://www.scopus.com.scopeesprx.elsevier.com/record/display.url?eid=2-s2.0-0037472664&origin=resultslist&sort=plf-f&src=s&st1=De+Bruyn%2cK&sid=0VH1c1XDQVwRHy98zk5ylrm%3a150&sot=b&sdt=b&sl=42&s=AUTHOR-NAME%28De+Bruyn%2cK%29+AND+PUBYEAR+%3d+2003&relpos=2&relpos=2&searchTerm=AUTHOR-NAME(De%20Bruyn,K)%20AND%20PUBYEAR%20=%202003
http://www.scopus.com.scopeesprx.elsevier.com/record/display.url?eid=2-s2.0-0037472664&origin=resultslist&sort=plf-f&src=s&st1=De+Bruyn%2cK&sid=0VH1c1XDQVwRHy98zk5ylrm%3a150&sot=b&sdt=b&sl=42&s=AUTHOR-NAME%28De+Bruyn%2cK%29+AND+PUBYEAR+%3d+2003&relpos=2&relpos=2&searchTerm=AUTHOR-NAME(De%20Bruyn,K)%20AND%20PUBYEAR%20=%202003
http://www.scopus.com.scopeesprx.elsevier.com/record/display.url?eid=2-s2.0-0037472664&origin=resultslist&sort=plf-f&src=s&st1=De+Bruyn%2cK&sid=0VH1c1XDQVwRHy98zk5ylrm%3a150&sot=b&sdt=b&sl=42&s=AUTHOR-NAME%28De+Bruyn%2cK%29+AND+PUBYEAR+%3d+2003&relpos=2&relpos=2&searchTerm=AUTHOR-NAME(De%20Bruyn,K)%20AND%20PUBYEAR%20=%202003
http://www.scopus.com/record/display.url?eid=2-s2.0-0037472664&origin=resultslist&sort=plf-f&src=s&st1=Celis%2cJ.P.&nlo=&nlr=&nls=&sid=K3rcebSC-Iond8yzNPS_WPt%3a140&sot=b&sdt=cl&cluster=scopubyr%2c%222003%22%2ct&sl=23&s=AUTHOR-NAME%28Celis%2cJ.P.%29&relpos=15&relpos=15&searchTerm=AUTHOR-NAME(Celis,J.P.)%20AND%20(%20LIMIT-TO(PUBYEAR,2003)%20)%20
http://www.scopus.com/record/display.url?eid=2-s2.0-0037472664&origin=resultslist&sort=plf-f&src=s&st1=Celis%2cJ.P.&nlo=&nlr=&nls=&sid=K3rcebSC-Iond8yzNPS_WPt%3a140&sot=b&sdt=cl&cluster=scopubyr%2c%222003%22%2ct&sl=23&s=AUTHOR-NAME%28Celis%2cJ.P.%29&relpos=15&relpos=15&searchTerm=AUTHOR-NAME(Celis,J.P.)%20AND%20(%20LIMIT-TO(PUBYEAR,2003)%20)%20
http://www.sciencedirect.com/science/article/pii/S0169433205017526?_rdoc=14&_fmt=high&_origin=browse&_srch=doc-info(%23toc%235295%232006%23997469997%23636564%23FLA%23display%23Volume)&_docanchor=&_ct=101&_refLink=Y&_zone=rslt_list_item&md5=b1a0cbb7a657b349f893e1e1c5e84ff4
http://www.sciencedirect.com/science/article/pii/S0169433205017526?_rdoc=14&_fmt=high&_origin=browse&_srch=doc-info(%23toc%235295%232006%23997469997%23636564%23FLA%23display%23Volume)&_docanchor=&_ct=101&_refLink=Y&_zone=rslt_list_item&md5=b1a0cbb7a657b349f893e1e1c5e84ff4
http://www.scopus.com/record/display.url?eid=2-s2.0-33644752848&origin=resultslist&sort=plf-f&src=s&st1=Nicolas-Debarnot%2cD.&sid=K3rcebSC-Iond8yzNPS_WPt%3a960&sot=b&sdt=b&sl=32&s=AUTHOR-NAME%28Nicolas-Debarnot%2cD.%29&relpos=1&relpos=1&searchTerm=AUTHOR-NAME(Nicolas-Debarnot,D.)
http://www.scopus.com/record/display.url?eid=2-s2.0-33644752848&origin=resultslist&sort=plf-f&src=s&st1=Nicolas-Debarnot%2cD.&sid=K3rcebSC-Iond8yzNPS_WPt%3a960&sot=b&sdt=b&sl=32&s=AUTHOR-NAME%28Nicolas-Debarnot%2cD.%29&relpos=1&relpos=1&searchTerm=AUTHOR-NAME(Nicolas-Debarnot,D.)
http://www.scopus.com/record/display.url?eid=2-s2.0-33644752848&origin=resultslist&sort=plf-f&src=s&st1=Nicolas-Debarnot%2cD.&sid=K3rcebSC-Iond8yzNPS_WPt%3a960&sot=b&sdt=b&sl=32&s=AUTHOR-NAME%28Nicolas-Debarnot%2cD.%29&relpos=1&relpos=1&searchTerm=AUTHOR-NAME(Nicolas-Debarnot,D.)
http://www.scopus.com.scopeesprx.elsevier.com/authid/detail.url?origin=resultslist&authorId=23984433100&zone=
http://www.scopus.com.scopeesprx.elsevier.com/authid/detail.url?origin=resultslist&authorId=12805083000&zone=
http://www.scopus.com.scopeesprx.elsevier.com/authid/detail.url?origin=resultslist&authorId=35119239800&zone=
http://www.scopus.com.scopeesprx.elsevier.com/record/display.url?eid=2-s2.0-42049115437&origin=resultslist&sort=plf-f&src=s&st1=sodium+borohydride+in+electroless&nlo=&nlr=&nls=&sid=0VH1c1XDQVwRHy98zk5ylrm%3a680&sot=q&sdt=b&sl=53&s=TITLE-ABS-KEY-AUTH%28sodium+borohydride+in+electroless%29&relpos=29&relpos=9&searchTerm=TITLE-ABS-KEY-AUTH(sodium%20borohydride%20in%20electroless)
http://www.scopus.com.scopeesprx.elsevier.com/record/display.url?eid=2-s2.0-42049115437&origin=resultslist&sort=plf-f&src=s&st1=sodium+borohydride+in+electroless&nlo=&nlr=&nls=&sid=0VH1c1XDQVwRHy98zk5ylrm%3a680&sot=q&sdt=b&sl=53&s=TITLE-ABS-KEY-AUTH%28sodium+borohydride+in+electroless%29&relpos=29&relpos=9&searchTerm=TITLE-ABS-KEY-AUTH(sodium%20borohydride%20in%20electroless)
http://www.scopus.com.scopeesprx.elsevier.com/record/display.url?eid=2-s2.0-42049115437&origin=resultslist&sort=plf-f&src=s&st1=sodium+borohydride+in+electroless&nlo=&nlr=&nls=&sid=0VH1c1XDQVwRHy98zk5ylrm%3a680&sot=q&sdt=b&sl=53&s=TITLE-ABS-KEY-AUTH%28sodium+borohydride+in+electroless%29&relpos=29&relpos=9&searchTerm=TITLE-ABS-KEY-AUTH(sodium%20borohydride%20in%20electroless)
http://www.scopus.com.scopeesprx.elsevier.com/record/display.url?eid=2-s2.0-42049115437&origin=resultslist&sort=plf-f&src=s&st1=sodium+borohydride+in+electroless&nlo=&nlr=&nls=&sid=0VH1c1XDQVwRHy98zk5ylrm%3a680&sot=q&sdt=b&sl=53&s=TITLE-ABS-KEY-AUTH%28sodium+borohydride+in+electroless%29&relpos=29&relpos=9&searchTerm=TITLE-ABS-KEY-AUTH(sodium%20borohydride%20in%20electroless)
http://www.scopus.com.scopeesprx.elsevier.com/record/display.url?eid=2-s2.0-42049115437&origin=resultslist&sort=plf-f&src=s&st1=sodium+borohydride+in+electroless&nlo=&nlr=&nls=&sid=0VH1c1XDQVwRHy98zk5ylrm%3a680&sot=q&sdt=b&sl=53&s=TITLE-ABS-KEY-AUTH%28sodium+borohydride+in+electroless%29&relpos=29&relpos=9&searchTerm=TITLE-ABS-KEY-AUTH(sodium%20borohydride%20in%20electroless)
http://www.scopus.com.scopeesprx.elsevier.com/record/display.url?eid=2-s2.0-42049115437&origin=resultslist&sort=plf-f&src=s&st1=sodium+borohydride+in+electroless&nlo=&nlr=&nls=&sid=0VH1c1XDQVwRHy98zk5ylrm%3a680&sot=q&sdt=b&sl=53&s=TITLE-ABS-KEY-AUTH%28sodium+borohydride+in+electroless%29&relpos=29&relpos=9&searchTerm=TITLE-ABS-KEY-AUTH(sodium%20borohydride%20in%20electroless)
http://www.scopus.com.scopeesprx.elsevier.com/source/sourceInfo.url?sourceId=18063&origin=resultslist
http://pubs.rsc.org/en/content/articlelanding/2008/jm/b808267g
http://pubs.rsc.org/en/content/articlelanding/2008/jm/b808267g
http://pubs.rsc.org/en/content/articlelanding/2008/jm/b808267g
http://pubs.rsc.org/en/content/articlelanding/2008/jm/b808267g

14.Charbonnier, M. and

15

16.

17.

18.

19.

20

. Zhang, M.C., Kang, E.T.,

27

Ni Electroless Plating of ABS Polymer by Palladium and Tin-free Process

Romand, M.
(2003).Polymer  pretreatments for
enhanced adhesion of metals
deposited by the electroless process.
Int. J. Adhes. Adhes. 23:277-285.

Neoh,K.G. and
Tan, K.L. (2001). Electroless plating
of copper and  nickel on surface -
modified poly (tetrafluoroethylene)
films. J. Electrochem. Soc. 148 : C71-
C8o0.

Zhang, J.Y., Esrom, H. And Boyd, ILW.
(1996). Decomposition mechanisms of
thin  palladium acetate film with
excimer UV radiation. Appl. Surf. Sci.
96 : 399-404.

Omura,Y., Renbutsu, E., Morimoto, M.,
Saimoto, H. and Shigemasa, Y. (2003).
Synthesis of new chitosan derivatives
and combination with biodegradable
polymer. Polym. Adv. Technol. 14 : 35-
39.

Seita ,M., Kusaka, M., Nawafune, H.
And  Mizumoto, S.(1996). Direct
metallization on surface - modified
polyimide resin. Plating Surf. Finish.
83 :57-62.

Garcia, A., Berthelot, T., Viel, P., Mesnhage,
A., Jgou, P., Nekelson, F.,Roussel, S.and
Palacin, S. (2010). ABS Polymer
electroless plating through a one-step
poly (acrylic acid) covalent grafting. ACS
Appl. Mater. Interfaces 2 (4):1177-1183.

. Harper, C. A. and Petrie, E. M.(2009). Plastics

Materials and Processes: A Concise
Encyclopedia. Wiley: Berlin : 200.

21. Tang, X., Cao, M., Bi, C,, Yan, L. and Zhang,
B.(2008). Research on a new surface
activation process s for electroless pl on

ABS plastic. Mater. Lett. 62: 1089 -1091.

22. Charbonnier, M., Romand, M., Kogelschatz,
U., Esrom, H. and Seebock, R.(2001). In:
Mittal, K.L.(ed.), Metallized Plastics 7:
Fundamental and  Applied  Aspects.
VSP, Utrecht, The Netherlands: 3.

23. Zabetakis, D. and Dressick, W. J. (2009).

Selective  electroless ~ metallization  of
patterned polymeric  films  for
lithography  applications. ACS  Appl.

Mater. Interfaces. 1: 4-25.

24. Charbonnier, M., Romand, M. and Goepfert, Y.
(2004). Direct Ni electroless metallization
of poly(etherimide) without using palladium
as a catalyst. Trans. Mater.Heat Treat.
25(5): 1106-1111.

25. Li,J.and Wang, L., Liu, H. (2010). A new
process for preparing conducting wood
veneers by electroless nickel plating. Surf.
Coat.  Technol. 204 : 1200-1205.

26. Mallory, G.O. (1990). Electroless Plating :
Fundamentals and Applications. Orlando,
Fl : The Society.

27. Chou, K-S., Chang, S-C. and Huang, K-C.
(2007).Study on the characteristics of
nanosized nickel particles using
sodium borohydride to promote
conversion. AzoJ. Mat. (online),3:2-14.DOI
10:2240 / azojomo 0232.


http://www.scopus.com/record/display.url?eid=2-s2.0-0002435890&origin=resultslist&sort=plf-f&src=s&st1=Zhang%2cM.C.&nlo=&nlr=&nls=&sid=K3rcebSC-Iond8yzNPS_WPt%3a840&sot=b&sdt=cl&cluster=scopubyr%2c%222001%22%2ct%2bscosubtype%2c%22ar%22%2ct%2bscosubjabbr%2c%22MATE%22%2ct%2c%22MULT%22%2ct&sl=23&s=AUTHOR-NAME%28Zhang%2cM.C.%29&relpos=0&relpos=0&searchTerm=AUTHOR-NAME(Zhang,M.C.)%20AND%20(%20LIMIT-TO(PUBYEAR,2001)%20)%20%20AND%20(%20LIMIT-TO(DOCTYPE,%5C
http://www.scopus.com/record/display.url?eid=2-s2.0-0002435890&origin=resultslist&sort=plf-f&src=s&st1=Zhang%2cM.C.&nlo=&nlr=&nls=&sid=K3rcebSC-Iond8yzNPS_WPt%3a840&sot=b&sdt=cl&cluster=scopubyr%2c%222001%22%2ct%2bscosubtype%2c%22ar%22%2ct%2bscosubjabbr%2c%22MATE%22%2ct%2c%22MULT%22%2ct&sl=23&s=AUTHOR-NAME%28Zhang%2cM.C.%29&relpos=0&relpos=0&searchTerm=AUTHOR-NAME(Zhang,M.C.)%20AND%20(%20LIMIT-TO(PUBYEAR,2001)%20)%20%20AND%20(%20LIMIT-TO(DOCTYPE,%5C
http://www.scopus.com/record/display.url?eid=2-s2.0-0002435890&origin=resultslist&sort=plf-f&src=s&st1=Zhang%2cM.C.&nlo=&nlr=&nls=&sid=K3rcebSC-Iond8yzNPS_WPt%3a840&sot=b&sdt=cl&cluster=scopubyr%2c%222001%22%2ct%2bscosubtype%2c%22ar%22%2ct%2bscosubjabbr%2c%22MATE%22%2ct%2c%22MULT%22%2ct&sl=23&s=AUTHOR-NAME%28Zhang%2cM.C.%29&relpos=0&relpos=0&searchTerm=AUTHOR-NAME(Zhang,M.C.)%20AND%20(%20LIMIT-TO(PUBYEAR,2001)%20)%20%20AND%20(%20LIMIT-TO(DOCTYPE,%5C
http://www.scopus.com/record/display.url?eid=2-s2.0-0002435890&origin=resultslist&sort=plf-f&src=s&st1=Zhang%2cM.C.&nlo=&nlr=&nls=&sid=K3rcebSC-Iond8yzNPS_WPt%3a840&sot=b&sdt=cl&cluster=scopubyr%2c%222001%22%2ct%2bscosubtype%2c%22ar%22%2ct%2bscosubjabbr%2c%22MATE%22%2ct%2c%22MULT%22%2ct&sl=23&s=AUTHOR-NAME%28Zhang%2cM.C.%29&relpos=0&relpos=0&searchTerm=AUTHOR-NAME(Zhang,M.C.)%20AND%20(%20LIMIT-TO(PUBYEAR,2001)%20)%20%20AND%20(%20LIMIT-TO(DOCTYPE,%5C
http://www.sciencedirect.com/science/article/pii/0169433295004939?_rdoc=69&_fmt=high&_origin=browse&_srch=doc-info(%23toc%235295%231996%23999039999%2358490%23FLP%23display%23Volumes)&_docanchor=&_ct=162&_refLink=Y&_zone=rslt_list_item&md5=05dc204331caff1b95425f9b205cbd4d
http://www.sciencedirect.com/science/article/pii/0169433295004939?_rdoc=69&_fmt=high&_origin=browse&_srch=doc-info(%23toc%235295%231996%23999039999%2358490%23FLP%23display%23Volumes)&_docanchor=&_ct=162&_refLink=Y&_zone=rslt_list_item&md5=05dc204331caff1b95425f9b205cbd4d
http://www.sciencedirect.com/science/article/pii/0169433295004939?_rdoc=69&_fmt=high&_origin=browse&_srch=doc-info(%23toc%235295%231996%23999039999%2358490%23FLP%23display%23Volumes)&_docanchor=&_ct=162&_refLink=Y&_zone=rslt_list_item&md5=05dc204331caff1b95425f9b205cbd4d
http://www.scopus.com/record/display.url?eid=2-s2.0-0037283719&origin=resultslist&sort=plf-f&src=s&st1=Omura%2cY&nlo=&nlr=&nls=&sid=K3rcebSC-Iond8yzNPS_WPt%3a740&sot=b&sdt=cl&cluster=scopubyr%2c%222003%22%2ct&sl=20&s=AUTHOR-NAME%28Omura%2cY%29&relpos=19&relpos=19&searchTerm=AUTHOR-NAME(Omura,Y)%20AND%20(%20LIMIT-TO(PUBYEAR,2003)%20)%20
http://www.scopus.com/record/display.url?eid=2-s2.0-0037283719&origin=resultslist&sort=plf-f&src=s&st1=Omura%2cY&nlo=&nlr=&nls=&sid=K3rcebSC-Iond8yzNPS_WPt%3a740&sot=b&sdt=cl&cluster=scopubyr%2c%222003%22%2ct&sl=20&s=AUTHOR-NAME%28Omura%2cY%29&relpos=19&relpos=19&searchTerm=AUTHOR-NAME(Omura,Y)%20AND%20(%20LIMIT-TO(PUBYEAR,2003)%20)%20
http://www.scopus.com/record/display.url?eid=2-s2.0-0037283719&origin=resultslist&sort=plf-f&src=s&st1=Omura%2cY&nlo=&nlr=&nls=&sid=K3rcebSC-Iond8yzNPS_WPt%3a740&sot=b&sdt=cl&cluster=scopubyr%2c%222003%22%2ct&sl=20&s=AUTHOR-NAME%28Omura%2cY%29&relpos=19&relpos=19&searchTerm=AUTHOR-NAME(Omura,Y)%20AND%20(%20LIMIT-TO(PUBYEAR,2003)%20)%20
http://www.scopus.com/record/display.url?eid=2-s2.0-0030391774&origin=resultslist&sort=plf-f&src=s&st1=Seita%2cM&nlo=&nlr=&nls=&sid=DSSHI5BG0v2OyIfVI4yhf7D%3a90&sot=b&sdt=cl&cluster=scopubyr%2c%221996%22%2ct&sl=20&s=AUTHOR-NAME%28Seita%2cM%29&relpos=1&relpos=1&searchTerm=AUTHOR-NAME(Seita,M)%20AND%20(%20LIMIT-TO(PUBYEAR,1996)%20)%20
http://www.scopus.com/record/display.url?eid=2-s2.0-0030391774&origin=resultslist&sort=plf-f&src=s&st1=Seita%2cM&nlo=&nlr=&nls=&sid=DSSHI5BG0v2OyIfVI4yhf7D%3a90&sot=b&sdt=cl&cluster=scopubyr%2c%221996%22%2ct&sl=20&s=AUTHOR-NAME%28Seita%2cM%29&relpos=1&relpos=1&searchTerm=AUTHOR-NAME(Seita,M)%20AND%20(%20LIMIT-TO(PUBYEAR,1996)%20)%20
http://www.scopus.com/record/display.url?eid=2-s2.0-0030391774&origin=resultslist&sort=plf-f&src=s&st1=Seita%2cM&nlo=&nlr=&nls=&sid=DSSHI5BG0v2OyIfVI4yhf7D%3a90&sot=b&sdt=cl&cluster=scopubyr%2c%221996%22%2ct&sl=20&s=AUTHOR-NAME%28Seita%2cM%29&relpos=1&relpos=1&searchTerm=AUTHOR-NAME(Seita,M)%20AND%20(%20LIMIT-TO(PUBYEAR,1996)%20)%20
http://pubs.acs.org/doi/abs/10.1021/am800121d
http://pubs.acs.org/doi/abs/10.1021/am800121d
http://pubs.acs.org/doi/abs/10.1021/am800121d
http://www.scopus.com/record/display.url?eid=2-s2.0-12544258616&origin=resultslist&sort=plf-f&src=s&st1=Goepfert%2cY.&nlo=&nlr=&nls=&sid=K3rcebSC-Iond8yzNPS_WPt%3a550&sot=b&sdt=sisr&sl=24&s=AUTHOR-NAME%28Goepfert%2cY.%29&ref=%28Charbonnier%2c+M.%2c%29&relpos=6&relpos=6&searchTerm=(AUTHOR-NAME(Goepfert,Y.))%20AND%20(Charbonnier,%20M.,)
http://www.scopus.com/record/display.url?eid=2-s2.0-12544258616&origin=resultslist&sort=plf-f&src=s&st1=Goepfert%2cY.&nlo=&nlr=&nls=&sid=K3rcebSC-Iond8yzNPS_WPt%3a550&sot=b&sdt=sisr&sl=24&s=AUTHOR-NAME%28Goepfert%2cY.%29&ref=%28Charbonnier%2c+M.%2c%29&relpos=6&relpos=6&searchTerm=(AUTHOR-NAME(Goepfert,Y.))%20AND%20(Charbonnier,%20M.,)
http://www.scopus.com/record/display.url?eid=2-s2.0-12544258616&origin=resultslist&sort=plf-f&src=s&st1=Goepfert%2cY.&nlo=&nlr=&nls=&sid=K3rcebSC-Iond8yzNPS_WPt%3a550&sot=b&sdt=sisr&sl=24&s=AUTHOR-NAME%28Goepfert%2cY.%29&ref=%28Charbonnier%2c+M.%2c%29&relpos=6&relpos=6&searchTerm=(AUTHOR-NAME(Goepfert,Y.))%20AND%20(Charbonnier,%20M.,)

	27.  Chou,   K-S.,  Chang,  S-C.   and   Huang,    K-C.
	  (2007).Study on the characteristics of  nanosized nickel particles using  sodium  borohydride  to   promote   conversion. AzoJ. Mat. (online),3:2-14.DOI  10:2240 / azojomo 0232.

