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Surface Metallization of ABS Without Palladium and Corrosion Resistance of Ni-SiC
Coating Deposited by Electroplating
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Abstract: To achieve the surface metallization of ABS plastics by an environmentally friendly method, the complex processes
of colloidal palladium activation were replaced by molecular grafting and chemical spray silver processes, and an uniform
silver coatings were prepared in the surface of ABS plastics. Whereafter, the Ni-SiC composite coating was prepared followed
by DC electroplating in order to improve the corrosion resistance of the coatings. Microstructure and intermolecular chemical
bonding mechanism of the coating were analyzed by SEM, EDS and XPS, respectively. Corrosion properties of the coatings
were investigated by electrochemical workstation. The results show that the maximum adhesive strength of conventional
etching-sensitizing-activating processes is merely 4.9 N/cm, while the adhesive strength in present works can reach 8 N/cm.
The corrosion current density of the Ni-SiC composite coating is 0.860 pA /cm?, the corrosion resistance of Ni-SiC coatings is
better than that of nickel films.
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Table 1 Deposition parameters of the Cu coatings

Solution components  Concentration / (g'L™") Conditions
Copper sulfate 220 i=0.5-1.5 A/dm’
Sulfuric acid 60 =30 C
Polyethylene glycol 0.020 =20 min
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Table 2 Deposition parameters of the Ni coatings

Solution components  Concentration / (g'L™) Conditions
Nickel sulfate 240 i=2-4 A/dm’
Nickel chloride 30 =30 C
Boric acid 40 =10 min
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Fig.2 XPS and FI-TR characterization of molecular grafting on ABS
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Table 3 Electrochemical parameters of different coatings

Coatings Ecorr/ V fcorr / (MA-cm™?)
Cu —0.189 341
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Ni-SiC —-0.570 0.86
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Sample Ecorr /' V icorr / (A -cm™?)
2 g/L Ni-SiC —0.618 1.32
4 g/L Ni-SiC —0.570 0.860
6 g/L Ni-SiC —0.487 0.994
8 g/L Ni-SiC —0.366 1.13
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Fig.15 Nyquist plots of Ni-SiC coatings with different SiC adding
concentration in 3.5%NaCl solution



%14 ik, A ABS RGNS L BT Ni-SiC 3% 2 iy i ik i 121

R IENE)ZAEBT AL B, R oy BUAL 18 HLRH.,
4 g/L I HL A I K. CPEa J& # AL A TTE, H
RAT DU JZ /IG5 T PR SRS R 2 o, FRIR R AL
FATCAF CPEee Rod S fi Ui HLRH, SR FIBT TR
ANBYELEARIE s LURLIA 17 Rec (B, 15
36t L BHL S A S BRA V2 5L 1K, Red SS9
/N, AR S Nyquist 52 30 A B8 J2 s T ol v
REASAE AL — i, MBIk AL L dcore AT B A%
B LR Ree SRMREGTI IEPERERE , BEEE SR
HhSIC SR, T E R RE T AN RS 2 IEA
Ko BEEWORLAEPE A 3R =, DIBUE R 5 K
AVIRBLGE, R Z S5 R BB, 51k
(ZIE 2 G Ao i D e s N A L A i 11 [ B el i
PRI R E ok, BT 55 1 4 Jom o 14 T el
TRORL TR FB0 73 A1 71 SR IR AR DL 2 W) A7, Tl
PR LRI T R AR A i JEg i e g, — % L [m e
SE T HEZ R T RE .

P 16 Ni-SiC #8)2 Bl i s 22 ]
Fig.16 Schematic diagram of fitting circuit for Ni-SiC coatings

140

120

=
S

80

60

R,/ (kQ-cm?)

40

20 +

SiC adding concentration / (g-L ")

17 RIF SiC ¥R Ni-SiC #5)2 R {H
Fig.17 Rct value of Ni-SiC coatings with different SiC adding

concentration
:‘: N
3 él:l 'l:e

(1) SRINI FHR A 2L T 200 4 735
HUEMBIRZ, R T 2N =S ABS JEiA

R B R E(UN 4.9 N/em, iR T 288 2 1F
PR Bam Bk R T 8 N/em, RIH M1 T 2%
RAZGRTAE I, T AT A F SR,
HAWEE T2 T 24Nk T2 0,
TE T, B

(2) S HTARTE SiC I &2 A 882 M R4
ZURIL: 4 g/L B} SiC UREUM ORI AE, J i
TN 0.860 pA/em?, it JEPEREIL THEELZ ,
FHHLIA Re iKEN T 137 kQ-em?, EH] T AR E
EIZRIER

(3) WAk il £ K A Ak 2= BT 3% e A e 7n T
SiC & & R L AT 2 MR g i, &
A 2 0 T T8 ol 1 B 2 2 B SR OV FH R P SR A
M= FALRER, AR, SR &
PEZ T ERE, MHIREN SiC My A K 23 n
BEIZBREE, JRRE TnEE

SR

[1] SUZN, WANG X. Environment-friendly Pd free surface ac-
tivation technics for ABS surface[J]. Applied Surface Sci-
ence, 2012, 258(14): 5328-5331.

[2] XU W, ZHUANG M, CHENG Z, Environmentally friendly
copper metallization of ABS by Cu-catalysed electroless pro-
cess[J]. Environmentally friendly copper metallization of
ABS by Cu-catalysed electroless process[J]. Rare Metal Ma-
terials & Engineering, 2016, 45(7): 1709-1713.

[3] HARRIS B D, NILSSON S, POOLE C M. A feasibility
study for using ABS plastic and a low-cost 3D printer for pa-
tient-specific brachytherapy mould design[J]. Australasian
Physical & Engineering Sciences in Medicine, 2015, 38(3):
399-412.

[4] MINH, LEE B, JEONG S, et al. Laser-direct process of Cu
nano-ink to coat highly conductive and adhesive metalliza-
tion patterns on plastic substrate[J]. Optics & Lasers in En-
gineering, 2016, 80: 12-16.

[5] VIDAL R, ALBEROLA-BORRAS J A, GOMEZ-CORDON
J, et al. LCA to evaluate the environmental impact for chem-
ical pre-treatment in plastics metallization[J]. Journal of
Polymers & the Environment, 2016: 1-12.

[6] CHEND X,ZHANG Y, KANG Z X, et al. Ag films with en-
hanced adhesion fabricated by solution process for solar re-
flector applications[J]. Solar Energy Materials & Solar Cells,
2016, 151: 154-161.

[7] KIMG G, KANGIJ A, JI HK, et al. Metallization of poly-
mer through a novel surface modification applying a pho-

tocatalytic reaction[J]. Surface & Coatings Technology,



122

b @3 x T T

= 2018 4

[10]

[11]

[12]

[13]

2006, 201(6): 3761-3766.

SIAU S, VERVAET A, SCHACHT E, et al. Epoxy polymer
surface modification through wet-chemical organic surface
synthesis for adhesion improvement in microelectronics[J].
Thin Solid Films, 2006, 495(1): 348-356.

LANGLEY L A, FAIRBROTHER D H. Effect of wet chem-
ical treatments on the distribution of surface oxides on car-
bonaceous materials[J]. Carbon, 2007, 45(1): 47-54.

A, T2, X, 55 ABS W F TR W i A3 L 22 %
A BE R RSE R D). DURERTEL, 2013, 44(S2): 350-354.
XUIJS, YUR, LIU D, et al. Effect of different pretreatment
of ABS resin surface on electroless copperplating[J]. Journal
of Functional Materials, 2013, 44(S2): 350-354 (in Chinese).
CHIU Y, CHI M, LIU Y, et al. Fabrication, morphology con-
trol, and electroless metal deposition of electrospun ABS
fibers[J]. Macromolecular Materials & Engineering, 2016,
301(8): 895-901.

5, KT, EH, S AP LSS A 2R A AR
ABS RIIER P HI[T]. ARl 2E 5 TR 224, 2012, 30(5):
698-701.

WANG F, ZHANG H N, WANG J, et al. Electroless copper-
plating on ABS resin modified by heterocyclic organosilane
self-assembled film[J]. Journal of Materials Science and En-
gineering, 2012, 30(5): 698-701 (in Chinese).

JUNG K W, KAWAHITO Y, TAKAHASHI M, et al. Laser

direct joining of carbon fiber reinforced plastic to zinc-

[14]

[15]

[16]

[17]

(18]

[19]

coated steel[J]. Materials & Design, 2013, 47(9): 179-188.
HUANG Z, SUGIYAMA S, YANAGIMOTO J. Hybrid
joining process for carbon fiber reinforced thermosetting
plastic and metallic thin sheets by chemical bonding and
plastic deformation[J]. Journal of Materials Processing Tech-
nology, 2013, 213(11): 1864-1874.

WANG X, MIAO Z, ZHANG Z. Environmentally friendly
copper metallization of ABS by Cu-catalysed electroless pro-
cess[J]. Rare Metal Materials & Engineering, 2016, 45(7):
1709-1713.

TANG X, BI C, HAN C, et al. A new palladium-free surface
activation process for Ni electroless plating on ABS
plastic[J]. Materials Letters, 2009, 63(11): 840-842.

CHEN D X, ZHANG Y, BESSHO T, et al. Formation of re-
flective and conductive silver film on ABS surface via cova-
lent grafting and solution spray[J]. Applied Surface Science,
2015, 349: 503-509.

ZHANG Y, KANG Z X, BESSHO T. Two-component spin-
coated Ag/CNT composite films based on a silver heterogen-
eous nucleation mechanism adhesion-enhanced by mechanic-
al interlocking and chemical grafting[J]. Nanotechnology,
2017, 28(10): 105607.

GAN Y W, CHEN D X, KANG Z X. A highly anticorrosive
chromium-free conversion coating prepared on electroless
Ni-P coating[J]. Surface & Coatings Technology, 2016, 287:
25-32.

(e TG HHAE)



