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ABSTRACT: This is a report for the preparation of the “sponge-like” clusters in 3 to 10 zm
using 3-staged non-aqueous dispersion (NAD) polymerization. Clusters are made by the aggre-
gation of the submicron sized core-shell type-particles through the third-stage polymerization
process using appropriate recipes. It was found that the third polymerization conditions such
as the amount of monomer mixture, component of monomer mixture, polymerization process,
polymerization temperature, and agitation speed, etc have great influence on the formation of
micron-sized clusters. The clusters formed in this study were easily redispersed after settling
under the influence of the gravity. The freeze-dried clusters containing HEA/AA were easily

redispersed in water containing an amine base.

Keywords: non-aqueous dispersion polymerization, comb-type steric stabilizer, latex particle,
cluster or aggregates, water redispersity.
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Figure 1. SEM micrographs of the PMMA seed(A)
and EGDMA-crosslinked PMMA seed-core(B) parti-
cles.
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Figure 2. SEM micrographs of the latexes prepared according to Table 1. (A) 2.03g, (B) 2.28g. (C) 2.55¢g, (D)

3.8lg and (E) 506 g.
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Table 1. Effect of Amount of the Monomer Mix-
ture in the Third-Stage Polymerization, Including
HEA and AA

monomer mixture(g) A B C D E .
MMA 043 048 053 080 106

BA 078 089 098 1.47 196

HEA 034 038 043 064 085

AA 007 008 0.0 013 017

AIBN 0.07 008 009 013 017

PHS stabilizer 034 038 043 064 085

total 203 228 255 381 506
cluster formation™ X % o o) o

O: formed, x: not formed.
Polymerization condition: 110 °C, 200rpm, 2.5 hr-addition of
monomer mixture by semi-continuous process.
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Figure 3. SEM micrographs of the latexes prepared by batch process(A) and semi-continuous process with 4
different feeding time of monomer mixture: (B) 25, (C) 50, (D) 90, and (E) 150 in minutes.
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Figure 4. SEM micrographs of the latexes prepared with 3 different reaction temperatures. (A) 80 'C, (B) 100 C,

and (C) 110 C.

B ake] B el 23 clustere] AAJo] glo] A Hujo]
ag 2719 €49 dxprt A 2y, 6
3184 293 A% (Fig. 3-B, C, D, E) 2%
U Ake] Fge] o] R G EFEL) R
of wel FYEH Azl FIHEZI gdEL B
%, 9 EFE ATl 90# oldd o <
Ao BT o] Fo AN F/UE clusters A
a3 el £§ dxEY 2Um 94 FL 7

o2 woth wHe| BRA BB HrAZ|
15089 W &0 2UY AYNE 23 Eelw 3~

5 9} cluster7} AT Ao g oy &
e FrpIzte] S me} MEele]lag 77
Q] =}e} clustermgol folaiF L B

ool A% e Fgol daphes
wel, WERAFUE HERFA 3—2}01 72
Uolth 448 AL ARE A 92 BTk

3| B2 Z=glo] clusteringsl &) %t

el AR 4" DAL dEEFd $3]8H,
o] BRAFE dAEAZ AAJUD AARMEAZ

Ae ool A

& 9goed YRS FRo= IPYE AT
olsh e Wi tiel YREAFe) FHxAe
Aololl 7]elsted Qlabe] 5go] Doluke ROz 4
g,

E82To &3 Fig. 4+ 259 275 24}
3l7] $13te Table 1% Cof $=7A5 3711 v

178

3253l A] (80, 100, 110 °C) AXE ghe)xq)
zpe] FAMAzIEW A Aldelt). 80 CollAe] BatE
e AREY] B e o|FoiHA YN AL} Fu
S™-E clustere YA Rt FFHLE
100 C ool ME F9 283 AANE 23 B
H 3~5 mm9] cluster7t AU Aoz &
=7t Z7H) wWal &, 100 T o] golA Axe}
olZE A7 YA clusteringo] &old|e BHAE
. olAL olulE YAFHE YA she TER
EHAET #Fgo] FF2x) 100 T o)l E
BAEEo] o sy, &3 2=} F1%
of we} bgAle] fo] ZagezMB®P Qaige
Bl 2% clusteringo] gl cta A zhgict.
weks Tl §o Fig. 5+ avtEre] gug FA}
&t7] 9lte] Table 1% Co| @27 3711 &
WG E B} A] (100, 200, 300 rpm) A|Z3F alelA
Akl FAAzRAE] ApRlelt). 100~200 rpm I
HhEatel Aol EAEEe 5HE 3~5 mm9 clus
ter7} BA4= St whE] 300 rpm3fel A A He}
olAE 7]9] Uk 3ol 2% clustere] 4ol
o] AHulelag z7|e) Erle] PRzt BAEHA
ot dwidozm wykEwryl Zhagll wep ¢ixle]
clusteringo] &olside HAFoh F, mub]
HE AGSEE B P & YT vFe ¢ 5

sieh.

Polymer(Korea) Vol. 21, No. 2, March 1997



v A 2

ol 2@ otzdA YA Fojele FA

Figure 5. SEM micrographs of the latexes prepared with 3 different agitation speeds. (A) 100 rpm, (B) 200 rpm,

and (C) 300 rpm.

Table 2. Effect of BA/MMA Ratio of the Mono-
mer Mixture Used in the Third-Stage Polymeri-
zation, Including HEA and AA

monomer mixture(g) A B C D E F

MMA 1.0 0.76 053 0.31 0.09 0.04
BA 0.5 076 0.98 1.20 1.43 147
HEA 043 0.43 043 043 043 043
AA 0.09 0.09 0.09 0.09 0.09 0.09
AIBN 0.09 0.08 0.09 0.09 0.09 0.09

PHS stabilizer 043 043 0.43 043 043 043
BA/MMA ratio 05 1 18 39 159 3638
cluster formation* X x o o o A
* O: formed, x: not formed, A : incomplete.
Polymerization condition: 110 °C, 200 rpm, 2.5 hr-addition of
monomer mixture by semi-continuous process.
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=719 e dA AdHATY. £§ BA/MMA
¥ 7} 36.8 o] FRilAE YRHE] 3 o]
Fo AT YD clustere= BA3HA Xsta dA
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Table 3. Effect of BA/MMA Ratio of the
Nonomer Mixture Used in the Third-Stage
Polymerization, Excluding HEA and AA

monomer mixture(g) A B C D E F

MMA 4 364 308 267 235 1.82
BA 0 036 092 133 1.65 2.18
AIBN 0.17 017 017 0.17 0.17 017
CA/MMA ratio - 01 03 05 07 12

cluster formation* 4~ © o o A X
* O: formed, x: not formed, 4. incomplete.
Polymerization condition: 110 °C, 100 rpm, 2.5 hr-addition of
monomer mixture by semi-continuous process.
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Figure 6. SEM micrographs of the latexes prepared with 6 different BA/MMA ratios in the third-stage monomer
composition. (A) 0.5, (B) 1.0, (C) 1.8, (D) 3.9, (E) 15.9, and (F) 36.8.
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Figure 7. SEM micrographs of the latexes prepared according to Table. 3. (A) MMA 100%, (B) 0.1, (C) 0.3, (D) 0.5,

(E) 0.7, and (F) 1.2 in BA/MMA ratio.
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Figure 8. SEM micrographs of the latexes prepared according to Table 4. (A) 2g, (B) 3g, and (C) 4.17 g.

Table 4. Effect of Amount of the Monomer Mix-
ture in the Third-Stage Polymerization, Excluding
HEA and AA

monomer mixture (g) A B T Cc
MMA 1.47 2.21 308

BA 0.45 0.67 0.92

AIBN 0.08 0.12 0.17

total 2 3 417

cluster formation™® x o o

* O: formed, *: not formed.
Polymerization condition: 110 C, 100 rpm, 2.5 hr-addition of
monomer mixture by semi-continuous process.
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Figure 9. Instantaneous conversion vs. time curve for
the seeded semi-continuous polymerization (Table
4-B).
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Figure 10. SEM micrographs of the latexes sampled according to the reaction time. (A) 160, (B) 170, (C) 175, (D)
180, (E) 190, (F) 200, (G) 210, (H) 250, and (I} 340 in minutes.
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Figure 11. Redispersion test in water for the freeze-
dried latex and cluster particles (0.11 g freeze-dried par-
ticles in 10 mL H,0 including 1~2 drops of N, N'-di-
methyl ethanol amine, sonification for 5 minutes). (A)
PMMA seed particles, (B) crosslinked PMMA seed-core
particles, (Cl) cluster particles including HEA and AA,
(C2) submicron sized core-shell particles including HEA
and AA, (C3) cluster particles excluding HEA and AA,
and (C4) submicron sized core-shell particles excluding
HEA and AA.
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