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Abstract — Environmentally-friendly acrylic resin particles having the diameter between 0.1 and 1 um were
prepared using non-aqueous dispersion (NAD) polymerization technique. The first step is to prepare the
stabilizer and the next step is the NAD polymerization by dropping an acrylic monomer to stabilizer dispersed in
organic media. To obtain a NAD resin with proper level of viscosity, it turned out that stabilizers having
sufficient viscosity such as 1000 cP need to be used, for which the stepwise feeding of monomer and initiator was
necessary. It was necessary to put proper amount of stabilizer, but no more increase in viscosity was observed
when more than that amount of stabilizer was added. Choice of proper monomers considering solubility
parameter was essential to avoid the bimodal particle size distribution in the NAD resin product.
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iso-butyl methacrylate (Iso-BMA : Wako Chemical), butyl
methacrylate (BMA : Junsei Chemical), methyl metharcylate
(MMA : Acros Chemical), ethyl-acrylate (EAM : Junsei),
2-hydroxyethyl methacrylate(2-HEMA : Junsei), 2-ethylhexy-
lacrylate (2-EHA : Junsei), acrylic acid (AA : Junsei) 52
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Table 1. Polymerization condition for stabilizers and the
viscosities of synthesized stabilizers

sb-1 | sb-2 | sb-3 | sb-4 | sb-5 | sb-6
2nd 0.3 0.3 0.3 {045 | 0.15
, BPO | 3rd 1.0 | 1.0 | 1.0 [ 1.5 | 053
Initiator 23
(8 | 4th 1.0 | 1.0 | 1.0 | 15 | 053
5th - - 0.5 - -
Ist Heating
2nd 1/2 1/2 1/2 1/2 1/2
Reaction time
4 2
(hr) 3rd 13 2 3 3
4th 3 5 4 3 4
5th 5 1 5 5 3
Stabilizer viscosity (cP){ 190 | 954 |1,500(6,250| 550 |1,660
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Figure 1. Conversion as a function of reaction time (sh-1).
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Figure 2. Conversion as a function of reaction time
(sb-2).
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Figure 4. FTIR spectra of monomer mixture for Nb-3 resin.

Clean Tech., Vol. 13, No. 3, September 2007 211

BLHYT o) AKE AN ANAY F7} Seine By
& FAN BRG] a8 RO Mozt

3.2. SPEHZEEH NADTXIY B

3.2.1. &EM BRY

e

ol e LA FRE WEA7|H T8t NAD
FAE e APE ST HAE TS GFA)
EFEN FEFY NADSA 9] FTIR AHERS 717} Figure
49} 5o JERYQIT). Figure 49 ©ekd] AFEHA B
o3l QAo ojEAsto ZRE] 1637, 985, 909 cm™'<]
Aol w727+ Yehga gleH16]. 22t Figure 59 423] 2]
2HER 6= olF 937t A3 Yehta QIR dobx Fol
S8 g Ag A 5 At

Z3a3}E J%7} 190 cPQ) P A sb-18 o] &3ty A
3§ NAD 2] Nb-1& Table 2¢] v}e}dl nls} zo] Ax7}
350 cP2 Usgkm A%} 1500 cP¢l QHA A sb-3& o]&3t
Nb-2+&= AE7} 1290 P2 Ve 34 Z 718 52 3
591 6250 cPE 7} sb-2& o) g3to] FAS 7921 Nb-3&
HE7} 8250 cPE YeRIA AL Aert HF e
NAD?S Aol wl¢ & &S F= & ¢ 5 Usid
(Figure 6).

ol A7t ¥ AAQ sb-1e AR A Y gL 7
23} o]& o]4% Nb-1 3| zp=7]7} Table 28} o]
1.24 ymz 34 Yehd 208 B W sb-3& A3
Nb-3-2 912}=17|7} 0.4 ym o & o}l =] o]= Figure 79]
UERTA B F 950l B £ Y7t A=Y =
Fo2 ok =3 NADSA| 4 Al 4 A8 8
A7} Lufole] 5o oo @ o] AT} BR}EFo)
g A 49 o7 WA AXAM HAAAA AEE Y ¢
Qe AE E OB 990% APHAT

A7y 53 Axe ARE AR sb-1& ARE-E Nb-1 423
o] B¢ 3.9% vehdn o A= 40132 Yepth AR
5 sb-19) -4 EAkgo] wobx QlA)] el &3 Fol iAo

o
i

Absorbance(relative intensity)

994cm'1 T
.
i . C1602eml 849w
4000 3000 2000 1000

Wave numbers(cm'l)
Figure 5. FTIR spectra of Nb-3 NAD resin.
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Table 2. Synthesis result of NAD resin as a function of
types and amonut of stabilizer

Nb-1 | Nb-2 | Nb-3 | Nb-4 | Nb-5
Type sb-1 | sb-3 | sb-4 | sb-3 | sb-3

Amount
Stabilizer | (wt %)

20 20 20 10 30

Viscosity
(cP)

Initiato | BPO 2nd 3.85 3.85 3.85 3.85 3.85
r ® | 4h | 330 | 330 | 330 | 330 | 3.30

190 | 1500 | 6250 | 1500 | 1500

Ist Heating
Reaction time 2nd 2 2 2 2 2
(hr) 3ed | 12 | 12 | 12 | 12 | 12
4th 3 3 3 3 3
Solid
content(%) 66 58 65 62 60
Viscosity | 350 | 1200 | 8250 | 150 | 1180
P . (cP)
T
OPETUES! acid value| 3.9 | 4.6 | 415 | 415 | 46
Average
particle | 1.24 | 043 | 04 | 078 | 043
size (um)
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Figure 6. Viscosity of NAD resin as a function
of stabilizer viscosity.
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Table 3. Synthesis result of NAD resin for various
monomer composition

Nb-5 Nb-6 Nb-7

Type sb-3 sb-3 sb-3
ie Amount
Stabilizer (wt %) 30 20 20
Viscosity (cP) 1500 1500 1500
HEMA 14.4 - 144
MMA 24.1 24 24.1
Monomer
(We%) EAM 44.6 59 22.3
L n-BMA - - 22.3
SM 16.9 17 16.9
"BpO | 2nd 3.85 3.85 3.85
Initiator
® 4th 3.30 3.30 3.30
1st Heating
2nd 2 2 2
Reaction time (hr)
3ed 1/2 1/2 1/2
4th 3 3 3
Solid content (%) 60 59 58
Viscosity (cP) 1180 2500 784
Properties|  Acid value 4.6 4.26 437
Average particle | 43 | 0435826 | 1.04
size (um)
bimodal
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Table 4. Solubility parameters of polymers made from
various monomers

Monomers 84 6y & 6
n-BMA 17.2 3.8 8.8 19.7
iso-BMA 16.8 4.3 9.3 19.7
sM 206 13 0 20.6
EA 17.3 5.9 11 21.3
MMA 17.5 6.0 11 21.5
HEMA 16.1 6.4 16.6 24.0
AA 20.2 9.6 15.1 27.0

84 : Dispersion parameter
8, : Polar parameter
&n : Hydrogen bonding parameter
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Figure 9. Particle size distribution for various monomer
composition.
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