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Abstract

In this study, electroless Ni-plating on both the EPDM (ethylene
propylene diene monomer) rubber and silicone rubber sheets for
shielding electromagnetic interference of multi cable transit (MCT)
systems was investigated. pH and temperature which have an effect on
bath in electroless Ni-plating had set for processing parameters. The
Ni-films obtained this study were analyzed by XRD, SEM, adhesion test
and 4-point probe (sheet resistance) test.

The experimental results for the plating showed that there was no
significant differences of the properties between the plated EPDM and
silicone rubbers except the electric conductivity. It was shown that
Ni-coatings having higher crystallinities were obtained on both the EPDM
and silicone rubber sheets under pH 7 and 8 at 60~70°C. The Ni-plated

rubber sheets prepared at pH 7 at 70°C had an enhanced adhesion and
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optimum surface mophologies having a small number of cracks and
pit/pinholes. But the sheets showed the slightly different electric
conductivity results. For the Ni-plated silicone rubber, the highest electric
conductivity value was achieved under pH 5, 70°C, while, for the EPDM
rubber, the highest electric conductivity value was obtained under pH 7, 7
0°C. The highest electromagnetic interference shielding was achieved for
the Ni-plated rubber sheets prepared at pH 7 at 70°C in both cases EPDM

and silicone rubbers.
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Electrolytic plating Electroless plating
+
N12++2e(rectifier) N12 +2e(reducing agent)

Fig. 1 Schematic of difference of electroplating and electroless plating.

Ni
Fe

Fe —» Fe2+ + 2e

Fig. 2 Corrosion mechanism with pin holes in
plated Ni on Fe.
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Table 1 Characteristics of electroless Ni plating and electroplating of

Ni
A = A7l YA =3
Ni 90-92%
B ? Ni 99.5% oAt
P 8-10%
ERS NEEE SRR
g A 890°C 1.450°C
u] = 7.9 7.7
YWETI : 10-30%
Al S 3-6%
= ? ST 5-15%
LE EEE Q452
- 6 -
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Table 2 Comparison of electroplating and electroless plating

ANEF
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Table 3 Composition and operating conditions of a typical borohydride
reduced electoless nickel solution

Nickel chloride 20 gll
Sodium borohydride 0.4 gl
Sodium hydroxide 90 g/l
Ethylenediamine, 98% 90 g/l
Thallium sulfate 40 mg/1
pH 14
Temperature 95C
Plating rate 15-20 pum/h
53] NaBH,& 4Fsl& 57} Aol T A1 A &R oAs vhg&27t A
A AQRNE Yosly] AR ST FEth BrhE SA Yok
¥ 1SS o @) ~ (16) 23 2t
BH, - BH; +H 4

BH; +OH - BH,0H +e (5)

BH,0H - BH,0H™ + H (6)

BH,0H +OH - BH,(OH), +e (7)

BH(OH),~ BH(OH), + H 8)

BH(OH), - BH(OH); +e 9)

BH(OH); -~ B(OH); + H (10)
_9 -
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B(OH), + OH - B(OH), +

B(OH); - BO, + 21,0

T o] HhgoA Faoleo] HE AFNA FatEE FA

oozt AFANN B AR AAE FHE

uebA, kAl o5 wkg-2 ok (15), (16) 43 #Zo] £ AT

BH, +40H ™ - BO, + 2H,0 + 2H,1 + 4e
BH, +80H - BO, +6H,0 + 8¢

o2 wge 0o (7~ (25) A3t 2k

Aoy 53 22 A= AAA] ol o8 H=d

T +e- TI
YAo] Hded s dANSS

2Ni** + BH, + 40H ™ - 2Ni + BO, + 2H,0 + 2Hy

4TI" + BH, +40H™ - 4Tl + BO, 2H,0 + 2H

8TI" + BH, +80H - 8Tl + BO, + 6H,0

Bol A &% Hl%3tH BO, o]2¢] & o3 v B/ M=
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BO, +2H,0 +3e~ B +40H " (22)

A QS

rlo

2BH, +2H,0- 2B +20H "~ + 5H, (23)

i

FEEHA B BUL kY B7INA Lo & glrk

2H,0 + 2e- Hyt +20H™ (24)
= A 2D 9 AdE=

BH, +2H,0~ BO, +2H,1 (25)

Aol HkgeAd A" YA =FF2 Ni—Be ojdgzon nAANHE
A BT 400C A dAgstH AA %] NigB7F A Eo] A 2 yrt=

o}
7F 100]8tol A= ﬁ%fﬂ F douA gt dss =g
SHAREg-2 ol 2 (26), 27 2T

N,H,- 2HCI- NHZ"+2CI” (26)
2Ni** +N,H, +40H - 2Ni + N, +4H,0 27
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BoAE dxelel O3] WEt A fl 400CE Hom FAsA A,
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2.1.2 A& IdFE HRA= A

2.1.2.1 pH
H,PO, o £9] 4ks}E pHel =7 9&< Witk H,P0, o]&& pH7t 3 o4

U ) Akskeo] doluywA YAL HUAT E HPO, o &= U

Aol ZYdETE 489 Ae gdo EAsry dojd w7x] pH7E
Z7VsHo wel Srbskt) oldl 9] Fig. 32 4AHd 894 =z7] pHE WHIAI A S o
AEHFe] HeE Yed o2 pHYE F7H5tel wel &3S SIS & &
Ut dHtx oz BH3 YATFS £ FH o wal pH7F 3 ~ 42] HL oA
dojyr] Azl HZA pHe £ o] A8t Sol23 HUMAlo o &3H
o}
N"""\
e Na(H,P0.). H,0 = 0.283M
-~ Nickel Ion = 0.094N
g NacOC (CH,), COONa.6H,0 = 0.055%
) v/A = 100/5
[
D&
A <70
g
ggm—
£ 350
>R
Fguor
= 30k
] | | i 1
4.0 4.5 5.0 5.5 5.0

Fig. 3 Rate of deposition from acid bath under
different pH.
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A3F A3 W9

31 A=

2 AT AHE 1= 298 27439 SHO010UKCCCo) A8 &, W
std S Fostr] 98 Al(OH), ¥ Mg(OH), & Alzte &2o] H7td MCT&
EPDM(ethylene prophlene diene monomer)E A A3, 1F= 712, A2 2
FA= 100x100x1 mm<Ql AEE AZste] A3ttt Ao 2= 34Hsulfuric
acid, H,SO %), A4Hnitric acid, HNO,), 3}<=2A(hydrochloric acid, HCI), <=4t
s E F(sodium hydroxide, NaOH), @3A(tin(1l) chloride , SnCl,), 3}
2t (chloride palladium, PdCl,), sk (nickel chloride, NiCl,- 6H,0), Z}o}
¢14}E F(sodium hypophosphite —~monohydrate, NaH,PO,- H,0), Zd4
(glycine, H,NCH,COOH), E3}+=F(ammonium chloride, NH,CDE AF&3tA
o =3 BE AFde SFSdistiled water)7F AFE-F AT

3.2 AA

B Ao AE Si, EPDM F n% mwe] FAHIE st 593 1A
APt 70C NaOH &H(16g/L)oll 4135k G7F Algstden, 71 %
Faz AAsgth 21 F SnCLEg/LY10% HCl 480 3087 =2
2 AASAT o] F PdCL0.4gL)/10% HCl F&o] 087 B2 & ZF

2 AHetd 248 AdS duatgd. olF 128} sko] Tabled] LFERAATH
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Table 4 Pretreatment process for electroless Ni Plating

NaOH &9(16g/L)ol 70C, 4413k

ol\
i
by

2 AF

SnCl, (8g/L/10% HCl =& <Hol 30

2 AA

E
iy

PdCl, (0.4g/1)10% HCl $=&<Hol 30%&

olN
i
b

2 AA
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2 AP 7 =5s S8, kA Ni(P) - &(bath)& A=xsteq ALS

5 6, 7,8, 9 % 10, =& 50T Al 90C7}A|

34 B €4

2 A A Fd4E =5 T 2RSS 48] Aste X-4d 3HE #47)
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Fig. 5 XRD patterns of Ni-plated Si rubbers obtained from pH 5 to 8 at
70C.
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Fig. 6 XRD patterns of Ni-plated Si rubbers obtained from 60C to 90C at

pH 7.
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70°C Ni (111)
oH 10
— pH 9
w
g
> pH 8
=
.E pH 7
pH 6
S pH 5
20 40 60 80
20, deg
Fig. 7 XRD patterns of Ni-plated EPDM rubbers obtained from pH 5 to 10
at 70C.
- 22 -



pH 7 Nj, (111
90°C
"y 80°C
o
L
= WMMMM\MMW °
= 70°C
c
[
=
60°C
mwMWWMWM 50°C
L | L | L
20 40 60 80
20, deg
Fig. 8 XRD patterns of Ni-plated EPDM rubbers obtained from 50°C to 90C
at pH 7.
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20 40 60 80
20, deg
Fig. 9 XRD patterns of Ni-plated EPDM rubbers obtained from 50C to 90C
at pH 8.
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Fig. 10 SEM surface mophologies of Ni-plated Si rubbers prepared at
different temperatures under pH 7 (Mag. : X150) : (a) 60C, (b) 70C, (©
80°C, and (d) 90C.

_26_

Collection @ kmou



Fig. 11 SEM surface mophologies of Ni-plated Si rubbers prepared at
different temperatures under pH 7 (Mag. : X300) : (a) 60C, (b) 70C, (©
80°C, and (d) 90C.
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Fig. 12 SEM surface mophologies of Ni-plated Si rubbers prepared at
different temperatures under pH 7 (Mag. : X5k) : (a) 60C, (b) 70C, (0
80°C, and (d) 90C.
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Fig. 13 SEM surface mophologies of Ni-plated Si rubbers prepared at
different temperatures under pH 7 (Mag. : X10k) : (a) 60C, (b) 70C, (c)
80°C, and (d) 90C.
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Fig. 14 Optical microscope surface morphologies of Ni-plated EPDM rubbers

prepared at different processing temperatures under pH 7 : (a) 60C, (b)
70C, (©) 80C, and (d) 90C.
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I
400 pm

Fig. 15 SEM surface mophologies of Ni-plated EPDM rubbers prepared at
different temperatures under pH 7 (Mag. : X150) : (a) 60C, (b) 70C, (©
80°C, and (d) 90C.
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Fig. 16 SEM surface mophologies of Ni-plated EPDM rubbers prepared at
different temperatures under pH 7 (Mag. : X300) : (a) 60C, (b) 70C, (©
80°C, and (d) 90C.
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Fig. 17 SEM surface mophologies of Ni-plated EPDM rubbers prepared at
different temperatures under pH 7 (Mag. : X5k) : (@) 60C, (b) 70C, (0
80°C, and (d) 90C.
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Fig. 18 SEM surface mophologies of Ni-plated EPDM rubbers prepared at
different temperatures under pH 7 (Mag. : X10k) : (a) 60C, (b) 70C, (c)
80°C, and (d) 90C.
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Fig. 19 SEM surface mophologies of Ni-plated EPDM rubbers prepared at
different temperatures under pH 7 (Mag. : 15k) : (@) 60C, (b) 70C, (c) 80C,
and (d) 90C.
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Fig. 20 SEM surface mophologies of Ni-plated EPDM rubbers prepared at
different temperatures under pH 7 (Mag. : X20k) : (a) 60C, (b) 70C, ()
80°C, and (d) 90C.
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. pH 5, 70°C BH 6, 70°C pH 7, 70°C pH 8, 70°C

Fig. 21 Scotch-tape peeling test results from Ni-plated Si rubbers prepared
at different pH values at same reaction temparature of 70C
(before 150% tensile strain).
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60°C, pH 7 70°C, pH 7 80°C, pH 7  90°C, pH 7

Fig. 22 Scotch-tape peeling test results from Ni-plated Si rubbers prepared
at different temperatures under same pH of 7
(before 150% tensile starin).
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pH 5 7O0°C pH 6, 70°C pH 7, 70°C pH 8, 70°C

Fig. 23 Scotch-tape peeling test results from Ni-plated Si rubbers prepared
at different pH values at same reaction temparature of 70C
(after 150% tensile strain).

_40_

Collection @ kmou



60°C, pH 7 70°C, pH 7 80°C, pH 7 90°C, pH 7

Fig. 24 Scotch-tape peeling test results from Ni-plated Si rubbers prepared
at different temperatures under same pH of 7
(after 150% tensile starin).
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Fig. 25 Scotch-tape peeling test results from Ni-plated EPDM rubbers
prepared at different pH values at same reaction temparature of 70C.
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50°C, 70°C,
pH7 pH7

Fig. 26 Scotch-tape peeling test results from Ni-plated EPDM rubbers
prepared at different temperatures under same pH of 7.
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Table 5 sheet resistivity values of electroless
nickel plated Si rubbers prepared under different
pH conditions at 70C

pH Sheet resistivity
pH 5 1.5 Q/sq
pH 6 3 Q/sq
pH 7 11 Q/sq
pH 8 30 Q/sq

Table 6 sheet resistivity values of electroless

nickel plated Si rubbers prepared under different

temperature at pH 7

temperature Sheet resistivity
60°C X
70°C 3 Q/sq
80°C 12 Q/sq
90°C 28 Q/sq
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Table 7 sheet resistivity values of electroless
nickel plated EPDM rubbers prepared under
different pH conditions at 70C

pH Sheet resistivity
pH 5 X

pH 6 210.3 Q/sq
pH 7 1.3 Q/sq
pH 8 2.3 Q/sq

Table 8 sheet resistivity values of electroless
nickel plated EPDM rubbers prepared under
different temperature at pH 7

temperature Sheet resistivity
60°C 5.1 Q/sq
70°C 1.3 Q/sq
80°C 3.5 Q/sq
90°C 45 Q/sq
- 46 -
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Table 9 The comparison of electromagnetic interference shield effectiveness
(dB) values between different MCT systems adopting the Ni-plated EPDM and
Si rubber sheet prepared at 70C under pH 7 and a commercial conductive
rubber sheet

Test samples Frequency(MHz) S\}]Zr'(tisél;ile Id Effectlvel_rlloe;z,o 3331
Commercial(metal 400 82.26 75.27
sheet (Ag/Cu
powders - 70 800 52.48 48.22
vol%) 1000 58.43 56.06
400 83.98 80.48
Ni-plated Si 600 83.59 69.32
sheet (prepared
at pH 7, 70°C) 800 63.35 51.38
1000 57.51 49.40
400 88.12 76.43
Ni-plated EPDM 600 81.58 66.65
sheet (prepared
at pH 7, 70°C) 800 59.48 46.01
1000 65.30 66.58
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