Polymer (Korea), Vol. 34, No. 1, pp 25—31, 2010

rE B
=

i

N
ﬂl

p

€3

SHs LR S3E SAAEY S8 GR HE ¥ £2 520 o

02

A - wHE - 0|4’
6_}

PP i

=&
ok
i
=

o

(2009 7€ 31¢ A, 20099 10€ 2249 57, 2009 10€ 254 A=)

Preparation of Composite Particles via Electroless Nickel Plating on
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Abstract: Polymer core and metal shell composite particles have been prepared by the electroless nickel
plating on the surface of monodisperse polystyrene microspheres. Various sizes of polystyrene particles
with highly monodisperse state could be synthesized by controlling the dispersion medium in dispersion
polymerization. Electroless nickel plating was performed on the polystyrene particle with diameter of
3.4 um. The morphology of polystyrene/nickel composite particles was investigated to see the effect
of the plating conditions, such as the PdCl; and glycine concentrations and the dropping rate of nickel
plating solution, on nickel deposition. With PdCl; and glycine concentrations at more than 0.4 g/L and 1
M, respectively, more uniform nickel layer and less precipitated nickel aggregates were formed. At the
given plating time of 2 h, the same amount of plating solution was introduced by varying the dropping
rate. Though the effect of dropping rate on particle morphology was not noticeable, the dropping rate
of 0.15 mL/min for 60 min showed rather uniform plating.

Keywords: monodisperse polystyrene particle, electroless nickel plating, pre—treatment condition.
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ductive films(ACF) o]t} ACF+= Figure 1°] 22l vfe} o] =4
A, ARG, BRI Al 7Tsg BT AUok ks AlEE tAEH 0]
e} S=F- 25 Alole]] Zhgsh Akl <&l F o7k &
Ho] AP ko 2= 717 Ago], WRke 2= 1] Aol o]
Folzjok sith Al 7S BAlel L8] HlBiME Hdde] o
sk 32 AZ7F ARE ook ah, X7)AR] &S o7 S8t o
st 9719 TA QAP 1A Barsjolok gk’ A QAk=
TA F FRE U B 5 e shvis A AR AT 255
O Holgls Zfolal v shhs ubirE A 2HR Holgle
ZAgolnt. AAPE AR 55 YRR HolSle A9 ATt =ot §f
2] 37 o] AAeHA VoL 18 AF 2319] Rt of
b, A A} Q) ol A 255 = Ag, Ni, Aus 7
71 E3dRe] A= WL ol kg gl felsle] ACF
J228lo]) 2 A gElo] gk’
Al AAR= F2 WA 7R} QIRjel| YASS T
| 2 27 B AIPI7] 2E YA 2

WS ARSEAL Qlek whebA, aAk §if flell YT
Zlzo] TV dAF Axe] #Alole} & 4 Qlrk AL AY
a A7 1= RS 285 2~HE R (sputtering)
55 59 o] ARE = AL T FeME FAE &
AL Rk} o) mjAlst Ak B2de] 71 el gk
TEA G = Qlo] def ARSE AL itk
YA =5 IEAF AR Ay W B 27e] A
- FQatt HAaE ATE AU R, Hagiwara 5 E2|~Ed
QA= FE24F polyethylene glycol, SnCls, PACLE 2#2] Axjg]
e A Bzl FAR F YA SANISO;, - 6H:0) 3 3
YA (NaHPO; - H:0) £F NaOHE 831171 £33 8915 77t Fof
3lo] sl Ts At olw 3l (complexing agent) &
glycines AR89 e AEi7t 7P feebetal Barsislth
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Figure 1. Schematic of TCP/LCD assembly and conductive particle
for ACF.
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Motizuki G- E2AE QIAFE AAEst & 2o o® 73|
g Ak &4d3) g9l (activation solution), =7%2] pH,
25 S= WX A¥ st AelM= SnCl$t PdCl2] %

2 H4s] fXskal TExS pHE 4-6°= § 3971 HZl
o= RIS Chun 52 A8 o] A2 A
SnClyE AFESH= sensitization Y& kst YA Tdsh= W
of thal] = IEA; YR} ) AN Aol e S5
o] gk wm=tly ¥ sk Kim 5& polymethyl meth—
acrylate/hexanediol diacrylate 7} 2152} QAE thakeo s 3]
g 27, Tax 259 pH 52 Wl mE B &% a4
BS 18Ik A Lim 58 ZaE 9 353 = o
A polymethyl methacrylate YA S (silver) 33HE B34
£ olgsto] AR el el theksh vhex W FRols
QFAIL] A7} T ] Rl Geke 2RI
Lee 5 P2 YRl YR/ 55 T8 Tadhd 1At 4=t
39 ket A el W EaFe] 3 REEXe| ojs| B
ks o= A

2 ATelxE ARl al T ZEIAER YRS Al
sk oS FAE] YR S50 ZEAER/UA J3F 9JREE Alxst
o] AAe 2 9 B Z7o] Y =g v|R= ks st
Sk 58], Eow Hae vk Qold @S]l PdCLe] &
5 ZAgARl glycine?] $%, Ea 9] Fof Skof mE YA &
Tl T W B Rk FAdel dial] stk

4

Z2|AE[R ThEAE X} ®IE. oheFst 27]9] ik EE R
ARE A7) Slete] ik Sule] visle] whE Eakeehs AAlsk
St} % Y=l AR vkl AeTsle] ARSI JIAIA|
F+= 2,2'—azobisisobutyronitrile (AIBN, Aldrich) & AFESISITE &
A ePgA| 2= polyvinyl pyrrolidone (PVP, A4,=40000 g/mol,
Aldrich) &, ¥ RE S35 THT5 ARSSISIih WAL o
A} AFE Y3 55 73271 Table 13 o] AAsle] AHES
500 mLE] o523 T3 W7ol BFdarlE Faska da
BA715 A5 70 Colld 24417t <t SgsI9t) ahiz o)
4L YA} 2719 WSk BRlo] Qlem R qdxpel AU)E 2ds)
7] 2J8le] butanol 2]oll% ethanol, isopropanols- ARgso] Sgla}
Ack BEgh S5 A7 el mE kel 271% sRlsisinh Al
H eHRAE ZEAER IRk g8tV (RM—TH-10, Meiji), +
A} R0 (SEM: JSM 5200, Jeol) W 113-&lls FAF ZAfedn]

Table 1. Standard Composition for the Preparation of Mono-
disperse Polystyrene Particles by Dispersion Polymerization

Chemical Amount (g)
Styrene 20
AIBN 0.2
PVP 0.8
Butanol 100
Water 5




FAH U =ud EYAEA 53 A3 Al D B 2o 4 27
7.0 4G
Cleaning Conditioning\ Sensitization\ Activation \ Acceleration
NaOH PEG-1000 SnCl, PdCl, 10% HCl
at 70 °C for4 h for 3 min for 3 min for 30 min for 30 min 6.5+
Figure 2. Pre—treatment procedure of polystyrene seed particle 6.0
for electroless nickel plating.
L 55
Table 2. Bath and Dropping Solution Composition for Electroless
Nickel Plating 5.0-
Bath composition

Dodecyltrimethyl ammonium bromide 0.015¢g 4.5-]

Lead () nitrate 0.00015 g

H2O 1275¢ c

40000 g/mol PVP 0015 g L S S S S A P

Ni plating solution Time(min)
glwk.el(l(li i/lf)l fate (1 M) (2)26752 & Figure 3. Controlled profile of pH value during the initial stage of
yeme Reduci * soluti : & electroless nickel plating process.
educing agent solution
Sodium hypophosphite (3 M) 2375 ¢g

74 (FE—SEM: JSM 6700F, Jeol) & ARg-sto] st

Ee|AER AR MAa| At AR B2 dAY g
A FH ANF ARE 712 AP0 2 Qe
AR FAE] T 2 AR Figure 200 014 Qlek WA &
ARS8l Al wHEA Z2~E) )IAF 1 g2 NaOH 4-4(1.6
g/100 mL)°ll 70 C, 4A1XF h02 AP S AR F A
gale] 7hekS: YAkE SR ARSIk Tt WA polyethyl—
ene glycol PEG—1000, M4=950—1050 g/mol, Aldrich) & %5
ol 841(0.08 /100 mL)AIA AlFE RS YWar 377t WRHA
7 conditioning & AX & A FRTE AHICE
A& WS SnClE AR8-(0.8 g/100 mL) 3t sensitization 3}
A2 357k PAClE AR(0.04 /100 mL) 3t activation 332 30
B2 AF o]F- 10% HCl €912 0]8-3}F acceleration #7984
204 302Xt AR T SRR AT WA S AR 9
A= SMex Ao 7 W= Bhe Ko T

Bl LA =232, AX2E AR ZE2ER- YRk 259} pH7}
ZAYE 257 Eaxel & 2R & 4 vE s VR &
= 2 (nickel sulfate, glycine) Z} A 8-l (sodium hypopho—
sphite) & 27} 0.15 mL/min®] £ 603§ F 9 mL Fo] &
60% FF F7F HESAT = WO R & 24 B9t B B
AAEISITE = 8, YA Sl W 3hdA| oo 24JE Table
20 FoIA ek WESFAL 50 Cold 2guh Ak} ofed] 4-
blade pitched turbine® & WHFEEEZS 120 rpm O 481311,
pH<= Figure 3¢l 0|1 ug} o] 27] 583t 6.5014 5% 342} s)
SAA WS FE7HA pH 55 481t oW, pH 2488 $3iA
1.5 M¢] NaOHE AH&3isith YA = g7} gl gdo] &
ol=]H Aol YRt Ao ® Wahe To] = B
= 1ol =Rtk VA SaE 53 YAk S ARsvE o w %
Zeglon Ead U 55359 4% 7= X—A 3EXRD: D8
Advance, Bruker) ¥4 §3l €18tk VA mue E9 Qb

9] tu% BN Y S ERle] flste] 58 YIRS toluene©l]
B 1A E1E 2531 AEsto] dAre] wafie} o] Ee
AAE galrH L) Lale Z2)~E)A AR5} toluene acetoned}
SiE ol8ste] AATE the, AR Bl EDX (energy —dis—
persive X—ray spectroscopy) w32 53l T2 dA(shel) ] &
A A H ERel] Y AAE RIS

2 A EE

Ee|AE[R AR A BAEES| sk kgl ot =t
WIS FERES 27100 Eake] Aol whet & ke W
vk A QIek oY F=3t 2] whsEe] SAdo] Sk et
&P gfr]doe] ke gt Salert 7haete] Hd |
Aol dojuA Hr FAAE= aiAl= S0l A5k BAt oF
Ao} F2 W TP ZES] jEgel| oJal HYslEEl, S92 Sk
FHRTel B 0] o] APEo] HFA 0= §1Fo] 2R At
AAECE B Aol thekst Balnjdg Algate] Ak
&P 11 FAa o] whE Z el k] AxEn A 1 st
g A APFE Figure 401 YERASITE @l ARzloA] #A1E
AAte] AL FHax 207) o) de] iAol tigh Batgks F gt Slo]tt.
Figure 4(c) | & 4= 9J59] butanolS FAMIA R ALgE - &
Shx7] BAahfae] =4o] Figure 4 (a) 2 ethanol, Figure 4 (b) 2]
isopropanol 2t} wtoba] Addia ow Aggsis S8jam ] fall=rt
S7¥siE o|Z Qlste] kel HHEE Al #AlES 2 1
AL 7 haste] A e do] AMHER A gl S8t
Al Bk 523t SRl 29 vslME R e AP
Figure 4(d)lMAH 47801 % S7kskaL qiek ol 573 8ulid
TR O] AR A Ule] S/d0] wolR] Al EAFEo]
7V Elar A gl =2l Fsle] e o] s Al
INA A= o] STk Alolth sAIRE YA ARSE A
Aow whtal gAdle Efsixich

0|

Polymer (Korea), Vol. 34, No. 1, 2010



28 SRR

Figure 4. SEM and OM photographs of polystyrene particles prepared by dispersion polymerization with different dispersion media: (a)
ethanol 100 g(diameter: 2.0 um); (b) isopropanol 100 g (diameter: 3.0 pm); (¢) butanol 100 g(diameter: 4.2 um); (d) butanol 105
g, water O g(diameter: 5.4 um). All other chemical compositions are shown in Table 1. Scale bars are 10 um in (a) and 5 pm in (b) —(d).

Hx2| PdCl, 52| P&k 1A}t YA} flofl a50] E5¥ 1
< & Y| SEe Diks ARIeIA Ao & At ¢
A7} frelsk2 2 butanol¥ S5 HAMIARE ARSSIITE B3k
A B8 As AT AR AR Slalie St ko) v
A QA o7 PR Table 104 AXE =k wlak Alg-s10]
@ TAle] ks 2= vl 9k ThEAS RAI8HAA B
WA Z77FF A7 3.4 ume EAERI QI AIFSISi, ol
S A AlxE SIS Ak A E AR ARSIt s =
e 3P| SsliME EAF Rk A #go] AR, 1 F

7 2ol kA sensitization &EE k= SnClo$} activation &
g Sk SRl PACLE] % WP} 438 Egel nixle 9%
ol thial ZAkelck Hagiwara S01” A8s 95 Awjolx] SnClys}
PdCL9] vI&E 20:12 AABIR o 3R} YIR1e] @RS EAIEHA]
ool A=A PdClel 48 558 & 5 gtk &2 3= &
YAEN GApe] kS 1 go = Agslet & dxe] el dast
PdCLe] FEE Lok 918ke] Figure 58} o] =RslE 520
sl T dHE dEeith 1 A3 PACLE ARSSHA] 5 7%
olli= Figure 5 () ol VERA Z2]AE- A= QIRe} 22 F7]2] =
o] A=A ¢k QIR ol YS-& ERIsla, PACL w57 A
2} ol Figure 50), (©), @), (@AH 74 Txo] 2 %1
LS RIS PACLe 557} SEskA] 48k 735 Figure 5(b)
A9 Esgo] A9 EH] = 739-9} Figure 5(0) A9 B30 Evtd
Al dofuis A5 ERIEE = ASIek 55 e o] vt ¥
RS 735 Figure 5(e) A ool ¢ olde] 2ol7t vehtA] ¢

)
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e & T S AN =3 A9 B 212 Figure
5@l 2 PACl, 5% 0.4 g/, SnCly &% 8 g/ LZ YERJTh
T9 B3 9lA1e] =17)E Figure 5() o ZEAEA A 7]}
el B 250 FA7F 135 nm AEYS 758 = =, &
5 TS ARAnH oz s Figure 5(0) oM % dfghd] e
E ZRIE ol A A7AEe] ATl AAERe YA &
=] T 36~175 nm M9, 148 nm,"® 100 nme® A-$-okw
FARSE Ao},

D6l =2Al 2SI Glycine =2 gk Ze|AElH 7} ¥
Slol] T YASe] oPgA Wl e Bl 98 7Y B
2710 & JFS v "ok oA JEsk A7RES] e B
dl—malic acid, sodium tartrate, ammonium acetate, glycineS
ZSAR AME-SE - glycineo] 7F wlzIHal #U3 THS5S F
Aap= Aow Baskar ekt ol B Agtelas Balggte] <
3f FFEo)7 A ZE) 4 Eldll AFE PACL 0.4 g/LL9) SnCle 8 g/L
9] 27ellM AT & FHs)] =54 glycine?] 57 YA &=
of| Xz e Gohil] 13l Figure 63 o] 55E vHo] 7}
] A3 Figure 6914 & 5 9150 glycineo] H71=A] ¢k
7ol o] B A8 ERIE 4= 9o glycine ] %7t
SolAeE QIxte] Bre]| B0 Q= 22 LA qirje} HRiH o A
=% YA aggregates®] o] Wo| EABIL s & 7 Utk 5
glycine?] F57t 9 Fieel o]24] shd FRo|uAke] 2k YAl
ArFE0] A} QIR 3l FatA 0% FAkEo] st LASS o
71 oE 9] BRItk Glycine?] %7t 71l w2k U2 aggre—
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NCIRF SEI 5.0kvV  X10,000 1um WD 6.0mm

(d) (e) (U]
Figure 5. SEM micrographs of nickel—coated polystyrene particles showing the effect of PdCl; concentration, where SnCl; concentration
is kept to 20 times of PdCl; concentration used: (a) polystyrene seed particles (diameter: 3.4 pm); (b) PdCl, 0.1 g/L (diameter: 3.4 ym);
(c) PdCl; 0.2 g/L (diameter: 3.63 pm); (d) PdCl; 0.4 g/L(diameter: 3.67 um); (e) PdCly 1 g/L(diameter: 3.69 pum); (f) Ni shell extracted
from sample (d).

Figure 6. SEM micrographs of nickel—coated polystyrene particles showing the effect of complex agent concentration: (a) no agent:
(b) glycine 0.1 M; (¢) glycine 0.5 M; (d) glycine 1 M; (e) glycine 2 M.

Polymer (Korea), Vol. 34, No. 1, 2010
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(d)

Figure 7. SEM micrographs of nickel—coated polystyrene particles showing the effect of dropping rates of nickel plating solution: (a)
dropping rate of 0.3 mL/min for 30 min; (b) dropping rate of 0.15 mL/min for 60 min; (c) dropping rate of 0.1 mL/min for 90 min; (d)

dropping rate of 0.082 mL/min for 110 min.

gates @} IFAF YA} B o] EAlshs 22 YA gxpe] A
= Aojx|1 Qi) AAA O R glycine?] 3571 M ofitel 7
o= U aggregates”} AR L 7St =555 sk A
ke
| E2A| =20Ho| E0f AjZI0| 248k obx] TSt XY
) AE]A A PACly 0.4 g/L9} SnCle 8 g/Le] Z7iollA
J2]8t 5 glycine?] F55 1 MR w7 vk B8 L
AN 74, FAUYY =FAS 304, 604, 90%, 110% <t
o] &% (dropping rate) & EEIE 71 =59 Fo &
2ol n|RE S pFBISITE olu, Fof ARks xEsl 2
AR 2AREo & 317519 o Fof A7E 2] Al7tel| =
3l Alg WkS-S AJAFCE wESATE 2A7S 83 5 7
of| w2 =we] Adelel il st ARt Figure 791 014
o} Fof Sioof mE =550 FElsh Mshs kx| oARE oiA
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Polystyrene particles

Intensity(a.u.)

Ni-coated particles

10 20 30 40 50 60 70 80 90
20 (degree)

Figure 8. XRD patterns for polystyrene seed particles and nickel—
coated particles. The reflection at 19° is assigned to amorphous
polystyrene and the reflection near 44° observed in nickel—coated
particles is attributed to the (111) plane of nickel.
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Table 3. EDX Analysis of the Metallic Layer Mounted on Carbon
Tape

Elements Weight (%) Atomic (%)
C 17.71 39.69
0O 15.92 26.79
P 7.51 6.53
Ni 58.86 26.99
Total 100.00 100.00

F=S PO o] =2 120 wit%Ql AS B TS AU 3
o wysky Yk B 7] 739 Table 304 Bio] 71 €]
o]szo] oJgk AH-& A2)F Ni—-P T Esolx] P7} axeh= g
F2 11.3%% o) # Ayl Axs YA s35E 98 1%

= AL 5E Gulehs Zlolv

g2 =B

B oot BAERHOR T Sl il QR Alxet

51 01 sl U S e Fel ARSI PACLe) 5
£ 53 el AR glycined] S, w9 ol 417t U]
2 35 v g o) R

AR g Batnfde] S48 Hetale) ule} whtabgdo] -
Sk TRkt 979) ERAEl YR AT Sl AlEs &
Ak QIS AR XS A4S PdCLY) S50t moHda S
Q8 T EAS Wol Itk U4 w5 olsle] PACLE ARE-EH
Bfolls =252 AV okl Eddt TS YeERISIAN s
0.4g/L oPdolMs 7d3 TH35S 48 4 90k y2 =3 31
oM 23Rl glycine®] 571 oS A1EE= YA aggre—
gates 9} A} Fo] 2w ZRo|mAake] 2o 1A Qxpt #A
3] Zo]=8 FABII)E 7S EL glycinel] 5711 M ©]
A1 734 gk = Qe vk UA wFly) sklA gole) &=

& zjolof wE P2 A Qs o=
H oL}t Fof Alzto] 141711 47t e oz dls w2
IS Hoj Tk 2 el A3t UA S XRDE EDX
2 BEX3 A9 B4Y FxE o|Folxl Aow dlFE)

o ¢t

A ©=I1=0
= 1-1 o
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