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Abstract— This paper aims to study and analyze the subject of optimal pretreatment processes for metal plating on en-
gineering plastics, especially on ABS-PC blend resin. For ABS-PC blend resin, preetching process is employed to swell and
soften the surface of plastics by immersing in the organic solvent mixtures, just before etching process. Sensitizing process
is also employed 1o increase wettability and adsorption of catalyst, just before activating process. If sensitizing treatment pro-
cess is not carried out, adhesion strength is very poor. In the result of SEM and surface roughness measurement preetching
treatment enable the surface condition to be very rough and adhesion strength to be good. It shows that the relation between
surface condition of plated article and adhesion strength depends markedly upon molding condition of ABS-PC biend resin.
It, by means of ESCA, aims to what kinds of and how much quantity of the metal elements remain on the resin surface af-
ter pretreatment processes. Ct residue does not affect adsorption of Sn and Pd remarkably but adhesion strength is reduced,
owing to obstruction between resin surface and Pd.
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Table 1. Molding condition of CYCOLAC

Molding Cylinder temperature(°C) Injection prcssure(Kg/cmz)
condition 1 2 3 1 2
C1 220 210 160 50 40
Cc2 230 230 160 60} 50
C 3 190 200 160 60 50

Table 2. Molding condition of IUPILON

Molding Cylinder temperature(°C) Injection pressure(Kg/cm’)
condition 1 2 3 1 2
Ui 285 280 270 120 120
U2 275 280 285 110 110
U3 265 260 25§ 100 100

Table 3. Condition of solution

Resin ]
Process CYCOLAC IUPILON
Preetching AJP-1 AJP-2
AJP-3
Etching Hi-Cr Hi-H,;SO,
Hi-Cr
Sensitizing - AJS-1
Activating AJC-1 AJC-1
Accelerating Solvent Solvent
Electroless Alkali nickel Alkali nickel
Cu-plating Acid copper Acid copper
Ni-plating Watts bath Watts bath
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Table 4. Composition and operating conditions of electroless nickel

bath

. . Type of bath
Composition(g/L) Acidic Neutral Alkaline
Nickel sulfate 28 30 20
Sodium hypophosphite 24 30 20
Sodium citrate - 20 20
Sodium acetate 17 - -
Ammonium chloride - B S
Cilycine - 20 -
Lead acetate 0.0015 - -
pH 4.5 6 9.5
Temperature('C) 70 70 30

Table 5. Composition and operating conditions of electro Cu, Ni
bath

Cu bath
Copper sulfate: 180-240(g/L)
Sulfuric acid: 45-60(g/L) Nickel sulfate: 300(g/L)
Tem.: 25-35(°C) Boric acid: 30(g/L)
Current density: 3-6(A/dm’) Tem.: 55(°C)

- Current density: 5.4(A/dm’)

Ni bath
Nickel chloride: 60(g/L)

HWAHAK KONGHAK Vol. 34, No. 6, December, 1996



686 AR

2y

d, preetching] & 3ol $4-2 F¢2 IUPILON-S- preetching3}

etchmg AZbg W3kA1A etchingo] Al gl e 2% WsLE AM3
Z7A 2 EAsladct.

2-5-3. 4 Aol g B3 UAHE Ay

TR e GAH AL 20 27 FE5EL YA Agvl ateu

Z 3E(110°CellA 3217, Aol 4] 308, A2(-30°C)NA 1417E
o] dA AL TA HE A9 BTk DAte] vhmA of
@ o B2 ute|dakS oA ®ck
gtaE T g
o]t}

2 A#el4= CYCOLAC} IUPILONS} 7+ AbE2 ol ished
g #olZ AFE 103] ubEsle] AP FoEE HHE HAA, =
FHE AAstE oy AHEET Aleld] =3 AE vl B4

EUNey| ]’
et

2, o Wl 2 AP B

T8 7P e AME e AES gdele ARy

2-5-4. Peeling tests 5-3F "4 2 A]g
Fr)2} G4 Afole] gt YA ofF 3] deiA sl
9201} peelingoll 8 Q¥ ¥]2 F poreo| =7, wof, ¥ 53 I

29 71H" B4, F7 Soll 2]&slA] €ln porei= sub-surfacee}
Ak 233he ghol F Kol Age) ypr de] AlMgwve A
A&l o] A5t peeling testi= % 28 Hekslslo] 71582 A4
& 5 ek

® o3 Foj 4= TUPILON 4:x]of] tls}e] A®) T2FAellA] etch-
ing A)7}ell whe- U2 wWisle} oA etching 2o =577 st
9} preetching -2 &}l ul2 YAt W3S v|w B Egc)

2-5-5. A&7t 374

= Kruss G1& A[-4-3l5ith. Etching 334 &

Felase 29 F4E HAst] audel Y HRE
2} sledvt. Zebad goie) A5Alr]e] Eadet FHEE gl £
AR Ale] & Jojups A Erto) ZhaslA =v Zele) qkabg A
# == 247} Hch CYCOLAC, IUPILONS] At&z7AW g vl
2] =29} etching® ]98] HE2+e =3 vlw Bzl on wyt

A3 574717

et

A
é;f

TUPILONZ®] sensitiaing Z4oll A%k AIS-19] =& 3] ¢35t
AJS-1 gole] Fg s A HEAE FH Y vEE FHs
e,

2-5-6. ESCA(electron spectroscopy for chemical analysisys %3}
FH A
%"4 A S A2 A El‘ﬂ FEell EZA5HA] e ¥

£ 945 ESCAE 53l ¥4

e 4 ot 91 BheHgol ol £3 F 1A
- ogg dau st ABES TEEY 2 SAE Al ¥

LI A
Lz
EN
J\l

3. 3@ » uE

3-1. DSC

CYCOLAC, IUPILON =219} T 742t 105-110°C, 145-150°CE
4%+ ABS, PC2| 747}2] T, 104-105°C, 150°C2l= of7ke] Aol &
viehdich ¢]71-8 CYCOLAC, IUPILON®] ABS-PC Hal= 43)o]
7] dog gre o olejg Ak 7] 71ge 7| E AlvE $8
skt

3.2. Capillary Rheometer

,}zu Wi dusEel weh kg v B ohie} &%,
glze) gaoll web E o3 g B et
Flg 12 o] 5ol CYCOLACS AxE Utk w3}

228 M3 dex 1996 123

2. .
=

o]

g g
6
10°% ¢ N
F ° ]
8 ® 200C |]
i v 210°C |1
®~— v 220°C |]
v
N [ J
R 105 e 'sv\ E
2 3 vy e E
N SV ]
= \V\. E
% I 'sio\
o v
210" | v ﬂ
i v ]
[i 4
103 b v ol et syl RN
109 10 102 107
Share rate, y(sec™)
Fig. 1. Share rate dependency of viscosity of CYCOLAC.
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Fig. 2. Scanning electron micrographs illustrating the effect of preetching on the CYCOLAC (Pre solution: AJP-1, Molding condition: C1).
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Fig. 3. Scanning electron micrographs illustrating the effect of etch-
ing time and preetching solution on the IUPILON(Pre solu-
tion: AJP-Z, Molding condition: U2).
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(a- |) Preetchmg 70T, 3min + Hi-HzSOs 70’C émin (4-2) F’reetchlng 70T, Smm + Hn-HzSO4 70'c 6min
+ Hi-Cr 70T, 4min + Hi-Cr 70'C Smm

(4- 3) Preetchmg 70’C 7min + Hi- HzSO. 70T, 6min (4-4) Preelchlng 70’C 9m|n + HI‘H2304 70C, 6min
+ Hi-Cr 70T, 8min + Hi-Cr 70'C 10min

e 5 7 € W

\’

At <,
.(‘« \-y- -t N
{4-5) Preetching 70C, 11min + H| -HS0¢ 70°C, 6min
+ Hi-Cr 70°C, 12min

Fig. 4. Scanning electron micrographs illustrating the effect of etching time and preetching solution on the IUPILON(Pre solution: AJP-3, Mold-
ing condition: U2).

:wyﬁvv .;,(

(5-1) Electro!ess piating zmin (5-2) Electroless plaling 20min
Fig. 5. Scanning electron micrographs illustrating the effect of pH 9 electroless plating solution.
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Fig. 6. Scanning electron micrographs illustrating the effect of pH 6
electroless plating solution.

ATRE Y
TR v e AN
(7-2) Electroless plating 20min

Fig. 7. Scanning electron micrographs illustrating the effect of pH
4.5 electroless plating solution.
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Table 6. Roughness measurement for CYCOLAC

Etching U - . AJP-1 5min,
Resin ntreatment(lim) -Cr S min(ium) Hi-Cr 5 min(um)
C1 0.156 0.301 0.221
Cc2 0.117 0.318 0.343
C3 0.145 0.231 0.295

Table 7. Roughness measurement for IUPILON

AJP-3, 11 min
Etchi .3 i
hINg s reatment AJP-3, 11min ‘oF > 1M b S0, Smin
(um) (umy  TPHSOL M e mi
Resin H (um) 6 emin
) (im)
U1 0.200 0.290 0.203 0.575
U2 217 0.653 0.527 1.474
U3 0.238 0.216 0.226 0.543
0.1 1 m
024 m
0344 m
0485um “/\ — 1254mm >|
0238 um
VX em

{8-3) AUP~1 70T, Smin + Hi-Cr 70T, 5min

Fig. 8. Pretreatment effects on the surface roughness of CYCOLAC
(Molding condition: C1).
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{9-4) AJP-3 70T, Smin + Hi-H;SO. 70, Smin
+ Hi-Cr 70T, 12min

Fig. 9. Pretreatment effects on the surface roughness of IUPILON
(Molding condition: U1).

T T T T T T
21 ]
- [ e T b T VE
17F | \
< S ] Moiding condition [
E 13 | Moiding conditon % u3 §
e i
N
g °f Moldi 7
3 L ing ]
a condition
51 2 .
1 ]
A NS NN NN NN GV N SRS U

0 2 4 6 8 10 12 14 16 18 20
Hi-Cr eiching(min)

Fig. 10. Favorable preetching and Hi-Cr etching ranges for elec-
troplating on JUPILON at Hi-H,SO, etching 6 min.
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3.8. ESCA
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Fig. 11. Adhesion and plating thickness relation.
@ : TUPILON(AJP-3 70°C, 11 min + Hi-H,SO, 70°C, 6 min + Hi-
Cr 70°C, 12 min, Molding condition U2), w: CYCOLAC(AJP-
1 70°C, S min + Hi-Cr 70°C, 5 min, Molding condition C1).
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Fig. 12. Adhesion and etching time relation on the IUPILON(Mold-
ing condition U2, Plating thickness 30 jtm).

Table 8. Contact angle measurement for CYCOLAC

Etching KOH 10%,

. Untreatment L Hi-Cr, 7 min
Resin S min rinsing
C1 63° 61° 38°
C2 67° 45° 17°
C3 67° 53° 24°
Table 9. Contact angle measurement for [IUPILON
Etching AJP-2, 9min
) , Cr. 7mi
Resin Untreatment Hi-Cr, 10 min Hi-Cr, 7min
Ul 75° 77° 87°
U2 75° 89° 77°
U3 72° 76° 80°
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Etching time(min)
Fig. 13. Contact angle measurement on the etched TUPILON(mold-
ing condition U1).
®: AJS-1 OmM, m: AJS-1 1 mM, A: AJS-1 25 mM

Table 10. Rinsing effects on the residual chrome by ESCA

Process Rinsing Cr/1.7

Etching Untreatment 0
AJP-2 118.8
Hi-H,80,, 15 min
Hi-Cr, 15 min

Rinsing NaHSO; 10%, 1min 529
NaHSO; 10%, 3 min 48.2
HCI 20%, 1min 30.6
HCI 20%, 3 min 259
NaHSO; 10%, 1min+HCI 20%, 1min 58.8
NaHSO, 10%, 3min+ HCl 20%, 3 min 68.2
NaHSO; 10%, 1min+HCl 20%, 3 min 48.8
NaHSO, 10%, 3 min+HCl 20%, 1 min 453

Table 11. ESCA measurement for CYCOLAC

Process Cr/1.7 Sn/3.2 Pd/2.0

Untreatment 0 0 0

AJP-1 238.2 0 0
Hi-Cr, 5 min

HCl 20%, 3 min 164.1 0 0

Sn treatment, 5 min 107.7 2184 0

Pd treatment, 5 min 102.9 191.3 57

Table 10e] A% ol w}a Crol2) atshAlal ok S5l

S0,¢] ﬂaﬁ AAE Cr ol e zﬂﬂ-&}lltﬂ 28] ZpHelx] Er}
22{u} Table 112] CYCOLACS] 7% HCl A4 ol 213} Cref A
= FAHe)x| Eshed o} e ZA oA Sn3} Pde] Fzte] 2} o
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glc}. gk IUPILONo ?g AbF Croll Oigt A3 Aaprt 34 34
ol 2] od&kol| &t FA#}-E Table 12¢] +E3}gIr}. Table 1204 B
1= ble} 7o) AHE Crd- Sn} PA9] Fibel] e Fx] obs A 3
o B9 2z A6 A vlele Aeg wol 522k Pd A}

S5RE H|34H MieE 199644 128

R

Table 12. ESCA measurement for TUPILON

Cr/1.7 Sn/3.2 Pdf2.0
Process Resin Resin Resin
U1 vz Ul uz2 Ul u2
(Process 1) 127.1 1324 0O 0o 0 0

Solvent, 9 min
Hi-H,SO,, 6 min
Hi-Cr, 10 min

(Process 2)
Process 1+ Sn treatment,
5 min

(Process 3)
Process 1+ Pd treatment,
5 min
Process 3 + Washing(H,0) 150.0 941 1225 1444 0 0
Process 3+ Washing(Alcohol) 1229 1188 1147 1044 0 O
Process 3 + Heat treatment 84.1 94.7 99.1 83.1 69.5 65

163.5 103.5 3899 2481 0 0

7.18 959 176.3 135.6 64.5 41.0
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