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£E: 2gaAFNoR Az Za(ME WEFEHHeE) (PMMA) A= a#at vRiaje] 7hud@l’l HDDA
(1,6—hexanediol diacrylate), triEGDMA [tri(ethylene glycol) dimethacrylate] == triEGDMA £} EGDMA
(ethylene glycol dimethacrylate) 9] Egelg E5A713, 018 FEdte] il Zhwuis vlixe Az
A D) 259 tagEAg A 18 et S5 (F8) Al 2)rtugEAe) Wl 3)FAs YAk
o 4) BAE /D) S| w9l b nEat vl A 249 dRdE, AEEEE,

T 0 s W MCT (micro compression test) & AMg-sle] S7385ich o A7-E Sl 7k
A9 F2g Z/b= FtanEal vjPate] sagwdur £ g8 vjgod, sk akA) njgate] FAs) =
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Abstract : Monodisperse polymer particles were prepared via one—step seeded polymerization using
PMMA as seed particles, and HDDA, triEGDMA or EGDMA as crosslinking monomer. For the study, the
effects of 1) the ratio of the absorbed monomer to the seed polymer particles (swelling ratio), 2) the
characteristics of crosslinking monomer, 3) electroless Ni plating, and 4) electroless Au plating on the
variation of mechanical properties of polymer particles, such as recovery rate, K—values, breaking
strength and breaking displacement were investigated by using MCT (micro compression test). It was
observed that swelling ratio of polymer particles influenced only on breaking strength of polymer
particles, while electroless plating did on recovery rate, K—values (Ko and Ko) and breaking strength of
electroless plated polymer particles. However, breaking displacement and A—values (Ko~ Kso) were
more or less insensitive to electroless plating.

Keywords : monodisperse polymer particle, swelling ratio, seeded polymerization, electroless plating,
mechanical property.
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Table 1. Physical Properties of PMMA Seed Particle

Diameter (pm) G My
0.86 5.6 19500

Co(%) =06/D,x 100(c : standard deviation of diameter, D,: number
average diameter).

24 A7 411

Table 2. Compositions of Electroless Au Plating Bath

Chemicals Amounts{g/L)
EDTA—-4Na 30
Ammonium citrate 10
Citric acid 5
L—~ascorbic acid 0.1
Potassium cyanide 0.5
Potassium gold cyanide 2.5

HAE FEEzo AL Table 29} 2k
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Figure 1. Plots of load versus displacement for (a) recovery
rate measurement and for (b) A—values, breaking strength
and breaking displacement of poly (MMA—HDDA) particle with
different swelling ratio.

Table 3. Variation of Mechanical Properties of Poly(MMA-
HDDA) Particles with Swelling Ratio

SR Dpm) R(%) KioMPa) Kyp(MPa) S (MPa) 5 (%)

50 32 63 1430 1098 670 54
75 37 63 1518 1271 743 51
100 40 64 1554 1257 804 54
125 42 61 1531 1228 881 53
150 43 56 1436 1206 1002 60
AR BRES A 9L A A5 & 5 T ol Ak

opxie] Aapdztele!’ # UXSh= Zlo|r). L Tables 3 L 4°]
Uehd AE v)wshd, 94 ZhnEst vj3ae] A5E Uehys
Kio @ K= tiEGDMA 2] 7397} HDDAS] 7-9-9} vlwste] SR
10091 22} 29%, 12% %2 k& BoiFQlck J1efv} Table 591
A Jehd KRl 3l 27)7F GAEAT, Kool ol28A e
HDDAS} 7497} triEGDMA®] ¥lwal 37% A= %2 2k et

E2lH, A314d A5%, 2007d

tr

44 - 249
6
(@)
. SIR:50
- ——— SIR75 13
- —— SIR:100 ,‘|’il I'E
— e SIR:125 it i
4 === S/R:150 ;,h ,l
s mif |
]
% f il
5 3F 4ih !
g §4i: |
,ﬂﬂl
2r a1l ]
V4 [I'iill
1k __lf,’
o
1 1 [ 1
0.0 0.5 1.0 15 2.0 2.5
Displacement (pm)
25
(b)
SIR:50
oo ——=— SRi5
> 15
E
el
s
i} 10
5k
0
0 1 2 3 4

Displacement (um)

Figure 2. Plots of load versus displacement for (a) recovery
rate measurement and for (b) A—values, breaking strength
and breaking displacement of poly (MMA—triEGDMA) particle
with different swelling ratio.

Table 4. Variation of Mechanical Properties of Poly(MMA-
triEGDMA) Particles with Swelling Ratio

SR Dium) R (%) Kio(MPa) Apo(MPa) S,(MPa) F(%)

50 3.1 34 2185 1421 856 62
75 3.4 35 2066 1428 825 59
100 3.9 35 2012 1406 874 60
125 4.1 34 2182 1493 1002 64
150 4.4 33 2445 1603 - -

Table 5. Variation of K-values of Poly(MMA-HDDA) and
Poly(MMA-triEGDMA) Particles

SR Crosslinking ~ Kio Ko Kao Ko Ko
monomer (MPa) (MPa) (MPa) (MPa) (MPa)

100 HDDA 1554 1257 1544 2832 5397

100 triEGDMA 2012 1406 1412 2254 3936
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Figure 3. The SEM photographs of the electroless plated
poly (MMA—HDDA) particles: {(a) Ni and (b)Ni/Au (50000
magnification).
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Figure 4. The cross sectional SEM photographs of the elec—
troless Ni/Au plated poly (MMA—HDDA) particles : (a) 50000
X magnification and (b) 100000 X magnification.
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Figure 5. The SEM photographs of the electroless plated
poly (MMA—triEGDMA) particles : (a) Ni and (b) Ni/Au (50000 %
magnification).
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Table 6. The Characteristics of Each Plated Layer of Poly(MMA-
HDDA) and Poly(MMA-triEGDMA) Particles (S/R: 100)

Crosslinking  Ni Ni Au Au
monomer  (wt%) thickness(nm) (wt%) thickness(nm)
HDDA 35.8 100 21.6 20
triEGDMA  36.5 100 19.1 17
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Figure 6. Plots of load versus displacement for (a) recovery
rate measurement and for (b) K—values, breaking strength and
breaking displacement of electroless plated poly (MMA—HDDA)
particle.
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Table 7. Variation of Mechanical Properties of Poly(MMA-HDDA)
Particles with Electroless Plating (S/R : 100)

Particle RA®) KioMPa) Kp(MPa) S, (MPa) £ (%)
Polymer bead 64 1554 1257 800 54
Ni plated bead 48 2855 1756 660 51
Ni/Au plated bead 50 3189 1966 760 54
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Figure 7. Plots of A—values for electroless plated poly (MMA-
HDDA) particle.
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Figure 8. Plots of load versus displacement for (a) recovery
rate measurement and for (b) A—values, breaking strength
and breaking displacement of electroless plated poly (MMA—
triEGDMA) particle.

Table 8. Variation of Mechanical Properties of Poly(MMA-
triEGDMA) Particles with Electroless Plating (S/R : 100)

Particle & o a0 S &

(%) (MPa) (MPa) MPa) (%)

Polymer bead 35 2012 1406 874 60
Ni plated bead 26 3540 2321 530 54
Ni/Au plated bead 29 3515 1976 510 53
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Figure 9. Plots of A—values for electroless plated poly (MMA—
triEGDMA) particle.
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Figure 10. Plots of load versus displacement for (a) recovery
rate measurement and for (b) A—values, breaking strength
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Table 9. Variation of Mechanical Properties of Poly(MMA-
triEGDMA/EGDMA) Particles with Electroless Plating (S/R : 100)

Particle & Ko oo S r

(%) (MPa) MPa) (MPa) (%)

Polymer bead 39 1845 1261 759 57
Ni plated bead 23 3701 2724 42 53

Ni/Au plated bead 28 3840 2845 503 54

6000
=0~ polymer
=L}~ Ni plated
5000k —A— Ni/Au plated
g 4000 -
o
=
£ 3000
X
2000 |-
1000 L 1 1 1 1
0 10 20 30 40 50 60
K

Figure 11. Plots of A—values for electroless plated poly (MMA-
triEGDMA/EGDMA) particle.
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