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Lee, Jin Hee

Department of Materials Engineering
Graduate School of

Korea Maritime and Ocean University

Abstract

This study prepared electromagnetic shield sheet by applying
Electroless nickel plating on flexible silicon rubber. Existing materials for
electromagnetic shield preparation are mostly metals. However, metal has
various demerits and development of new material became necessary.
Some new electromagnetic shield materials are made by plating metals
such as nickel, silver or copper on silicon rubber or other complex
material. Among the various manufacturing methods, this study used
Electroless plating method. Various reaction conditions such as
temperature and pH were controlled to make uniform quality Electroless
nickel plating film. 8cm x 8cm silicon rubber test pieces were used for

this study. Since the specimen is nonconductor, it required pre-treatment.
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This study used mixed solution of sulfuric acid and nitric acid, mixed
solution of tin(Il) chloride and hydrochloric acid and mixed solution of
palladium(Il) chloride and hydrochloric acid in sequence. In each
process, distilled water was used for washing. Regarding the plating
solution, nickel chloride solution was used. For reducing agent, sodium
phosphinate was used; while ammonium chloride was wused as
complexing agent. 0.5M potassium hydroxide solution was used for pH
control. Then, temperature and pH were controlled to find optimum
Electroless plating conditions. First, test pieces were prepared while pH
was increased from 5 to 8 with interval of 1. Second, test pieces were
prepared while temperature was increased from 60C to 90T with
interval of 10C. The prepared test pieces were analyzed for their
characteristics by XRD, SEM, adhesive power test and 4-point-probe sheet
resistance test. It was possible to prepare uniform quality nickel plating

film sheet at pH 7 and 70C.
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Oxidation : M — M?*" + 2e” R+ H)0 —» Ox + 2H" + 2e”
Reduction : M?" + 2¢- > M M?" + 2¢” > M
(a) Electro plating (b) Electroless plating

Fig. 1 Scheme of two types of plating
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Substrate

(a) Electro plating (b) Electroless plating
Fig. 2 Two models of electro plating and Electroless plating
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Table 1 Classification of Electroless nickel solution

Classification Structure Hardness (Hv) Corrosivity
Alkaline Ni—-P Amoroh 500450 Good
Acidic Ni-P OrpHous - 00
Alkaline Ni-B

Acidic Ni-B Polycrystal 700~800 Lower
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Fig. 4 Flow chart of Electroless plating process
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31 A&

2 AFdA AR #fdAd AYEaFEes E98 9439
SHO010U(KCCCo)E AAAT 712, A2 2 F7E 80x80x1 mmel
ANEE AFstd ASSEAT Ao 2E F4HSulfuric Acid, HaSOy),
A 4F(Nitric  Acid, HNO;), ¥3}=4(I)(Tin(I) Chloride Anhydrous,
SnCl), ¥3}s4(Hydrochloric Acid, HCl), ¢3}Z2E (1) (Palladium(1I)
Chloride, PdCl), %34 #(Nickel Chloride,6-Hydrate, NiCl,-6H,0),
ztopl4t Y EF(Sodium  phosphinate  monohydrate, NaH,PO,-H,0),
=24I(Glycine, H,NCH,COOH), 93}¢EHF(Ammonium  Chloride,
NH(Cl), 43k & (Potassium hydroxide, KOH)E AR&3tdth =g
Z 4~ (distilled water)7} AF-8-%] AT}

3.21 33t oA

PRNET FANA =F 2534 JdgA4 Ed 7H ZggHES 713
T AJAEF 333 o FH(Chemical etching)= AAISFATE 3}3H4 of A o]
IL
=

g O SFTE °l8sty Al
Aol AHEE BtehA oA Qe 242 Table29} 2T

Table 2 Compositions and concentration of chemical etching solution

Compositions Concentration Time
H.S0O, 10% 30min
HNO3 30%
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3.22 #1713 A

oj-g3std MAHE AT,
AgolA AHEd W3EA g e 242 Table3d 2t

Table 3 Compositions and concentration of sensitization solution

Compositions Concentration Time
SnCls 0.1 M 20mi
HCI 0.1 M i

=FF%e 4% do| Hu, =3
SEFA EHe] DAAPOERH ABHOET EFUNEE Uo7,

we T

A-w79 Fua£esE 3y ALHY Jde Ty F(Pd)Ss AHEstY
‘d3l(activation) = A ZstATE. BASAE Aol EH e

F5E olgstel AT

[o

of\

AdolA AHEE B43A ] Ao =42 Tabledo} 2t}

Table 4 Compositions and concentration of activation solution

Compositions Concentration Time
PdCl, 0.01 M 20mi
HCI 0.2 M min
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33 E5&9 Ax

= SHTA EsidA, Hopjldk UEEF, =94,
JURFS 7|Ro2 o AAAHSE APt §
%] KOH §9¢ H7lstel pHE =Fagth o|F F7}

APoA A =5 &9 AL Table59t ZTH

Table 5 Compositions and concentration of Electroless nickel plating

solution
Compositions Concentration
N1C126Hgo 35g/2
NaH2P02'H20 25g/18
H>NCH,COOH Tg/l
NH,C1 30g/4
KOH 0.8M
=2 49

2 AFoA= =< pH A W

T

meterE ©]-&3%te KOH=E pH

=9 7t971E olgstel emel WHE MAsel AYsiUth =l
Y AR ZREE o183l AH F AT 4D AxE LA

AYAM AHgE =5 8999 742 ta Table.o3} 2o

Table 6 Condition of Electroless nickel plating solution

Condition
%7] pH 3.9
Temperature 60~90TC
W3}t pH 5~8
Time 20~30min
A HxE 24H
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Fig. 5 XRD patterns of Electroless nickel plated silicone rubbers

obtained different pH conditions at 70C
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Fig. 6 XRD patterns of Electroless nickel plated silicone rubbers
obtained different temperature at pH 7
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SEM HV: 200 kv WD: 30,85 mm L SEM HV: 20,0 KV WO 30.95
SEM MAG: 80 Cot: 50 SEM MAG: 25 x Dot 38 1 um
Wi flalad; 4.33 mim  Catafmidyyf: 09041104 Wiew finbd! 433 mm  Datofmidty): 002414

SEM HV: 200 KV L i 200 kY WD 30.8% mm MIAA TESCAN|

SEM MAG: 50 x 1 SE 1 15w -2 1 mim
Wiww fioid: 4.33 mm  Dadegmidiy}: 0044 ¥ t KMU

Fig. 7 SEM surface mophologies of Electroless nickel plated silicone
rubbers prepared under different pH condition at 70C (scale : X50)

(@ pH S5, (b) pH 6, (c) pH 7, (d) pH 8
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1 SEM HV: 20.0 bV wo:anssmm | MIRAL TESCAN
500 SEM WA Det: 38 500 jurms
View fald: 2.97 mm  Date{muidy): 082414 LT)

SEM WY 200 kY WO 3088 mm { MIFAY TESCAM| SHEM HV: 200 kV WO 085 mm |
BEM MAC: 100 % Do1: 88 S e FEM MA Dt $E 500y
Viaw Bald: 2.97 mim Date[midyy): 02414 KMU Wiaw finlcl: 207 mim | Diate(midly): 0902418

Fig. 8 SEM surface mophologies of Electroless nickel plated silicone
rubbers prepared under different pH condition at 70C (scale : X100)
(@) pH 5 (b) pH 6, (c) pH 7, (d) pH 8
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SEM HV: 0.0 kY W 30.95 i SEM HV: 00KV WO 3088 mm |
SEM MAS: 180 2 Bt 200 SEM MAD; 160 = Dat: 88 200
Wigw fold; 135 mm | Datagmidty): 002414 { Wiew Natd! 1,25 mam Date{midy): O

¥ - 4
SEM HV: 0.0 kY WO 3085 mm il SEM HV: 0.0 kY WO: L89S mm Eid 1
SEM MAG 180 x Oet: 50 o) sim 5 Bat: 58 200
Wi Pald; 1,35 i Dabe(eidty): OREA14 d Visw Nald: 1,35 mm Dabe|Faly): 002414

Fig. 9 SEM surface mophologies of Electroless nickel plated silicone
rubbers prepared under different pH condition at 70C (scale : X150)
(@) pH 5, (b) pH 6, (c) pH 7, (d) pH 8
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Ol F ey e
HV: 200 KV § MIRAZ TESCAN| SEM HYV: 200 BV WO: HLES mm MIRAY TESCAN|
SEM MA ] 20 1 BEM MAG: 200 5 Det: SE IO
Wiaw Tiofd: { 13 KMU Vi Mokl 1.08 mm Dabe|rady): 002414 KMU

WO 3055 mm oy MIRAL TESCAN) SEM HV: 100 kY WO: 3055 mm |_
i O#t: 30 T SEM MAG: 300 Det: 88 200
Wisw finla; 1.08 mm  Date|rid'y ) 0024014 KMu Vi fiald: 1.08 mm  Date|Frly]: 0R4L14

Fig. 10 SEM surface mophologies of Electroless nickel plated silicone
rubbers prepared under different pH condition at 70C (scale : X200)
(@) pH 5 (b) pH 6, (c) pH 7, (d) pH 8
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SEM HV: " W 30,05 mem | 1 MIRAZ THECAN) SEM HY: 20.0 kY WD 3-;1.*9 mm i MIRAL TRECAN
SEM MAG: 300 % Bet: S 200 i SEM MAG: 100 x Ool: SE 200 jirm
View Tl T22 pm  Dategmiely ) 09724104 View Madd: T22 pm  Data(midly): DAL KMU

o

e

SEM HV: 20.0 kY WD 30,05 mm i i MIRAT TESCAN

SEM MAG: 300 X [ 200 yens
Aiew field: T22 m  Datafmily}: 0824114 kMU

Fig. 11 SEM surface mophologies of Electroless nickel plated silicone
rubbers prepared under different pH condition at 70°C (scale : X300)
(@) pH 5, (b) pH 6, (c) pH 7, (d) pH 8
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ey - = B g
SEM HV: 200k WD 30,05 mm MIRAD TRECAN SEM HV: 200 kY WD 3L8E mm
Dot: 51 100 pm 3 Det: 58
- 4¥3 m  Datepmidly): 094N KMU

o ' e

i MIRAD TESCAN) 5 / WD: 3. ihlmm | MIRAT TESCAN
100 ¢ Dot 88 108 g
KMU Vhew Mo 433 m  Date{midiy): ORTA14 KMU

Fig. 12 SEM surface mophologies of Electroless nickel plated silicone
rubbers prepared under different pH condition at 70C (scale : X500)
(@) pH 5, (b) pH 6, () pH 7, (d) pH 8
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SEM WV 20.0 kv wos 3085mm |, MIRAS THSCAN| SHE WV 2000 WV W 30,85 mm
SHM MAG: 100 ke ol 50 S0 pm SEM MAG: 1.00 kx Gl SE
Viow fheded= 217 pm Datngmidiy): 0924104 MU View Mddl: 217 pm | Datmmidly |- 0944

BEM V20,0 kY W 30,55 it MR ! SHEM HV: 2000 WY W 30,05 ram

SOM MAG: 100k Dat: 50 50 pm SEM MAG: 1,00 kx Qar: $E e
Wi fladddz 217 pm Date(midly): 082414 1 Viaw fadd: 217 jim Date(midly ) 09244

Fig. 13 SEM surface mophologies of Electroless nickel plated silicone
rubbers prepared under different pH condition at 70°C (scale : X1k)

(@ pH 5, (b) pH 6, (c) pH 7, (d) pH 8



SEM HV: 300 kY WO 1388 mm 1 | ' WO 2.87 mm
HIM MAG: 500 by Dut: 54 18 pm £ x Diet: 38
Wi ek 433 jan  Date(mudiy): 1001114 ¢ 2 T Date{midy): 100114

- .
BN HV: 300 Y WD B85 mm -1 MRAL TESCAN
£ SEM MAG: 550 kx Det: S8
View fiaid: £33 g Date(ridty): 1001114 View fiabd) 433 g Datelmicy): 100114 KU

Fig. 14 SEM surface mophologies of Electroless nickel plated silicone
rubbers prepared under different pH condition at 70°C (scale : X5k)

(@ pH S5, (b) pH 6, (c) pH 7, (d) pH 8
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SEM HV: 300 kY WD 13,68 men | W0: 9.67 mm
SHM MAG: 100 b BDel: 34 £ Dat: S8
Wiew Nakd: 31.7 g Date(rmudly): 100114 ¢ P Date{midty): 100114

-
-

R
SEM HV: 200 kW WO 9.77 mim i I MIRAY TESCAN SEM MV 200 KV WO 8Td e i MIRAT TESCAN
SEM MAG: 10.0 kn Dotz S8 5 SEM MAG:E 1000 kx Dotz 98 5
Visw fiahd: 717 o Dats{midy]: 100194 KMU Vi Nald: 1.7 i Dabelmit'y): 1001/14 L

Fig. 15 SEM surface mophologies of Electroless nickel plated silicone
rubbers prepared under different pH condition at 70C (scale : X10k)
(@) pH 5 (b) pH 6, (c) pH 7, (d) pH 8
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Wo: st |, 3 WO: 39,08 men MIRAS TESCAN

Ot 58 1 s 3 Det: SE 1 mm

3 Date(ridiy) BR24N4 Vi 14,33 mm Dade(midy): 002414 kMU

WD: 31,08 mm = s 200 by MIRAS TESCAN|
3 Oel: S8 1 mm Dat: 98 1 mm
m Date(midy) OW28M4 e b ™ Cabs(midl D244 kMU

Fig. 16 SEM surface mophologies of Electroless nickel plated silicone
rubbers prepared under different temperature at pH 7 (scale : X50)

(@) 60, (b) 70T, (c) 80C, (d) 90C
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SEM HV; 200 kY WD: 31.85 men | | MIRAS TESCAH| L 3.0 ) WD: 31.08 mm
SEM MAG: 100 & Dtz 54 0 Dat: SE 200 jen
Vimar Mol 207 mams Date|mity): DR2414 KMy

WD 3108 men | MIBAT TESCAN SEM HV: 0.0 BV WO 30,95 M MIBAZ TESCAN|
Dwi: S8 500 prm Drei: 38 500 pm
e Dans| ity ) DI KMU ¥ | AT e Date{ridy]: DRRL T4 MU

Fig. 17 SEM surface mophologies of Electroless nickel plated silicone
rubbers prepared under different temperature at pH 7 (scale : X100)

(@) 60C, (b) 70C, (c) 80C, (d) 90°C
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WD: 31.05 mm il MIRAT TEECAK) ' E MIBAY TESSANR|
x Dat: SE 200 pn
mm Date{eisy]: 0M2414 KMU ¥ KU

WO: 3.4 men | MIRAT TESCAN| 2 WD: 3085mm | |
Det: 58 700 Dat: S8 700
Visw flold; 1,95 mm  Date{ridiy): OMZ414 KMU i ;1,35 mm  Date{midiy): 0R2414

Fig. 18 SEM surface mophologies of Electroless nickel plated silicone
rubbers prepared under different temperature at pH 7 (scale : X150)

(@) 60, (b) 70T, (c) 80C, (d) 90C
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SEM HV: 2000 kY WD 31,85 men MIBAL TESCAN) SEM HV 300 RV WD ¥1.08 mim MIRAS TRECAN
SEM M x Dei: 38 09 SEM WA a Det: 58 T jpen
Visw Nald: 108 mm  Date(midly): DR2LN4 Ky Wit filed: 1,08 mm  Dabe{mid'y)s 02414

WO 31,08 men I MIRATY TESCANH SEM HV: 200 KV WD 30,95 men Mimad TESCAN|
Datl: 58 060 pm SEM MAG: 100 x Ot 38 160
Winw flold: 1,08 mm Datsimisy): 00414 KMU Wiww finkd; 1,00 mm Datelriy): 0N 14 KMU

Fig. 19 SEM surface mophologies of Electroless nickel plated silicone
rubbers prepared under different temperature at pH 7 (scale : X200)

(@) 60, (b) 70T, (c) 80C, (d) 90C
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SEM WV 300 kY WD 31.05 mem MIRAD TESCAN 200 k) WD 21.08 mm [ | MIRAY TRECAN)
SEM MAG: ® Det: 54 G E Det: SE 3
View Nadd: 722 pen  Date(rmudty): 0D2L14 | KMU

SEM WV 3 i WD: 3768 fmmn i MIFAT TESCAN| SEM WV 300 Y WO 30,85 mm | i MIRAY TESCAN
SEM MAGH x Dt SE 03 SEM MAG: 300 x Dat: 38 T00 pe
Wi edd: TX2 g Date{miy): 00E14 KMU VoW Nz T2 e Date{ iy ]z 0BT KMU

Fig. 20 SEM surface mophologies of Electroless nickel plated silicone
rubbers prepared under different temperature at pH 7 (scale : X300)

(@) 60C, (b) 70C, (c) 80°C, (d) 90°C
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J = Fida
SEM HV: 300 kY WD: 3107 men i | S WV 200 kY WD 31.08 mem
SEM MAG: ® Det: 54 180 SEM MAG: 500 & Dai: SE 160
Vimw fladd: 433 g Date{mitkiy): 0B2414 3 View Mabd: 423 e Dade{midty): D244

Worsreaem | MIRAS TESCAN SEMHV: 00KV | WD: 3085 mm MIRAS TESSAN
Dat: 58 160 pm SEM MAG: 500 x Det: 38 160 pm
View fadd: £33 Date|midly): DWIET4 MU View el 433 e Datelrmiody): 0WEL 14 KMu

Fig. 21 SEM surface mophologies of Electroless nickel plated silicone
rubbers prepared under different temperature at pH 7 (scale : X500)

(@) 60C, (b) 70C, (c) 80°C, (d) 90°C
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SEM HV: 3000 kY WD 31.07 men i | SR WA 208 MV WO 39,08 mm MIRAT TRSSAN
SEM MAG: = Beto S0 1880 SEM MAGC: 500 8 Det: 8E 168 o
Vimw fladd: 433 g Datejmitiy): OB244 i Wiearw Madd: 4335 pm  Dabe{mitdy) OR24T4 KM

SEM WV: 200 kY WOz 31,68 men i MIBAT TEEC AN SEM HV; 200 kY WDz 30,95 mm MIBAY TESCAN|
SEM MA Dot: SE 1100 SEM MAG: 500 x Dut: S8 180 pen
View fiedd: £33 . Dabe|midfy): OWI4T4 KMU hew Nlasd; 433 e Date{mIty); ORI KMU

Fig. 22 SEM surface mophologies of Electroless nickel plated silicone
rubbers prepared under different temperature at pH 7 (scale : X1k)

(@) 60, (b) 70T, (c) 80C, (d) 90C
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BEM HV: 20.0 KV
SEM MAS: 500 &
View Tiokd: 433 o Dotufmidly): 10MH4

.
SEM HY: 200k WD: 14,18 mm | MIRAT TESCAN SEM WV 0.0 kY WD 9,74 mmy

SEM MAG Ded: SE 0 SEL MAG: 5 00 kx Dat: SE

Wiow Thalel; 433 e Dutefmidiy): 114 KMY Visw ikl 433 e Datofmiciy): 10MAH4

Fig. 23 SEM surface mophologies of Electroless nickel plated silicone
rubbers prepared under different temperature at pH 7 (scale : X5k)

(@) 60, (b) 70T, (c) 80C, (d) 90C
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L ’ - I~ .
WD: 5,86 mm i MIRAT TESCANK) BEM HV: 20.0 by Wo:hdsmm | MIRAS TESCAN)

SHU MAG LE Cut SE SEM MAG: 100 kx SE §jm
Wiw Nabd: 31,7 i Dabe(mudly): 1000114 Vidw Nald, 21.7 @m | Dete(midly): 10004 HMU

SEM HV: 2000 Y L-ERER LT T L W 2 3 N 0.7 e
SEM MAG: 10.0 kx Det: SE 5 pm | Dat: SE 5y
Viow fald: 21.7 g Datefmidiy]: 100114 Viow field: 21.7 pom | Datojmidy}: 1004144

Fig. 24 SEM surface mophologies of Electroless nickel plated silicone
rubbers prepared under different temperature at pH 7 (scale : X10k)
(@) 60C, (b) 70C, (c) 80T, (d) 90C
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W ik 3 SEMMV=ZO0KY | WD: 10,00 mm MIRAS TESCAN|

SEM MAG: 7.27 k. Dut: SE [ S MAG: 10.0 k5 Qet: SH
View Tl 308 pn  Date(midy}: 10501114 Wiew Nedd: 217 e Date{miy): 1001114 Knu

SEM HY: 2000 WD 10,00 mm
SHM MAG: 110 ki Sl S8
Wiarw Tiodd: 185 pn | Datojmidiy ) 1001714

Fig. 25 SEM cross-sectional mophologies of Electroless nickel plated
silicone rubbers prepared at pH 6 and 70T

(@) X7270, (b),(c) X10k, (d) X11.1k
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SEM WV TOOKV  WD: 116 mm I I G T MIRA3 TESCAN
SEM MAG: 180 Dat: 38 ; M MAG: 15.0 ka Det: 38 2pm
Wiew Diakd: 21,7 ) Dabefmitiy]: 100114 Viwws fiasd: 14,4 g Datofmidy}; 10THI14 Ky

&
SEM WYz P04 Y WDt 17,18 mem |
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Wi Ml 0.8 e Date{midiy): 1000014

Fig. 26 SEM cross-sectional mophologies of Electroless nickel plated
silicone rubbers prepared at pH 7 and 70C

(@) X10k, (b) X15k, (c) X20k
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- s - J = 3 3
SEM HV: J08 RV WD 17,34 mm | | BEM HV: 20.0 kY WO 17,34 mm k 1l ..

SEM MAD: 189 kx Dut: 58 SEM MAG: 150 ki ot 38 2pm
Wiew Nakd: 317 pm_ Dabefmidiy]: 1001/44 View fodd: 144 pen Datu{midly}: 10014

SEM HV:Z0OKY WO 1M mm
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View fiald: 108 pon  Datefmidiy): 1000/14

Fig. 27 SEM cross-sectional mophologies of Electroless nickel plated
silicone rubbers prepared at pH 8 and 70T

(a) X10k, (b) X15k, (c) X20k
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SEM HV: 20.0 &V
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Viwwe Mk 14,4 e | Dtofmicly): 100HME
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Dat: S8 Tpm
Viow fid; 8.81 g Date(midiy]: 10114 KMU

Fig. 28 SEM cross-sectional mophologies of Electroless nickel plated
silicone rubbers prepared at 70C and pH 7

(a) X10k, (b) X15k, (c) X20k
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SEM HV: 0.0 MY WO: 1083 mm | | BEM HV: 200 kY W 1681 mm
SEM MAG: 10,0k Out: SE Sen SEM MAG: 100k Dot S8
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Fig. 29 SEM cross-sectional mophologies of Electroless nickel plated
silicone rubbers prepared at 80C and pH 7 (a),(b) X10k, (c),(d) X15k
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Fig. 30 SEM cross-sectional mophologies of Electroless nickel plated
silicone rubbers prepared at 90C and pH 7 (a),(b) X10k, (c),(d) X15k
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' pH 5, 70°C 6, 70° pH 7,70°C  pH 8, 70°C

Fig. 31 Scotch-tape peeling test samples from Electroless nickel plated

silicone rubbers prepared at different pH conditions

(before 150% tensile strain)
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60°C,pH7  70°C, pH 7 80°C,pH7  90°C, pH 7

Fig. 32 Scotch-tape peeling test samples from Electroless nickel plated

silicone rubbers prepared at different temperature

(before 150% tensile strain)
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PH 5, 70°C  pH 6,70°C — pH 7, 70°

Fig. 33 Scotch-tape peeling test samples from Electroless nickel plated

silicone rubbers prepared at different pH conditions

(after 150% tensile strain)
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80°C, pH 7 90°C, pH 7

Fig. 34 Scotch-tape peeling test samples from Electroless nickel plated

silicone rubbers prepared at different temperature

(after 150% tensile strain)
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Table 7 Sheet resistivity values of Electroless nickel plated silicone

rubbers prepared under different pH conditions at 70C

pH Sheet resistivity
pH5 1.5Q/sq

ph6 3Q/sq

ph7 11Q/sq

ph8 30Q/sq

Table 8 Sheet resistivity values of Electroless nickel plated silicone

rubbers prepared under different temperature at pH 7

pH Sheet resistivity
60T X
70C 3Q/sq
80T 12Q/sq
90C 28Q/sq
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