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Abstract | Emulsifier-free emulsion polymerization of styrene were carried out with a small amount
of sodium itaconate(NalA) as ionic comonomer. Employing seeded emulsion polymerization techni-
que in this emulsifier-free emulsion polymerization, it was possible to increase total solid content of
upto 30% with good stability of resulting latices. It was found that factors affecting the stability of
this emulsifier-free emulsion polymerization method were NalA/styrene weight ratio in the seed
stage, proportions of solid contents in the seed and second stage reaction, and conversion of seed
stage to initiate feeding of second stage monomers feed point. The optimum conditions for these fac-
tors were NalA/styrene wt. ratio of 0.004, 5% /25% allocation of solid content, and feed point conver-
ston of 95%.
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Table 1. Effect of Sodium Itaconate(NalA) Comonomer Content on the Batch Process Emulsifier-free

Emulsion Polymerization of Styrene

Ingredient/Reaction No. K1 K2 K3 K4
Styrene, ml 80 80 80 80
NalA aq.sol'n?, ml 8 14 23 32
KPS aq.sol'n.”, ml 50 50 50 50
NaOH ag.sol'n., ml 30 30 30 30
DI  water, ml 632 626 617 608
[NalA], 10°mol/H,0 0.802 1,404 2,242 3.210
D z-ave., A 6167 6548 6845 7466
N,, 10*/mH,0 9.37 7.91 7.03 5.51
* 70C, 380 rpm
® NalA aqueous solution : 0.01253 g/ml H,O
Y potassium persulfate aqueous solution : 0.04 g/m! H,0
< sodium hydroxide aqueous solution : 0.0002 g/ml H,O
280¢
0.3
V\V\V\v 2 215t o
2 02F N =
E H\A\A ~
S\j O*‘O\O z 270k
[~4
0.1+
265C . R A
-70 —65 —6.0 —55
0 . ‘ . Ln [Na; IA] (molt H,0)
0 0.001 0.002 0.003 Fig. 2. Logarithmic plot of particle number density

[Na,IA] (mol/1 H,0)
Fig. 1. Polymerization rate(Rp) vs. NalA comonomer
content in the emulsifier-free emulsion polymerization
at different conversion level : () conv. 10%, (&)
conv. 20%, ([]) conv. 30%, (¥) conv. 40%
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(Np) versus NalA comonomer content in the emulsi-

fier-free emulsion polymerization.
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Table 2. Effect of Initiator(KPS) Content on the Emulsifier-free Emulsion Polymerization of Styrene/NalA

System
Ingredient/Reaction No. N1 N2 N3 N4 N5
Styrene, ml 80 80 80 80 80
NalA aq.sol'n?, ml 20 20 20 20 20
KPS aq.sol'n.”’, ml 20 35 50 65 80
NaOH ag.sol'n.”, ml 30 30 30 30 30
DI  water, ml 650 635 620 605 590
LKPS], 10*mol/H.O 4,12 7.22 10,31 13.40 16.50
D z-ave, A 7415 7163 6782 6380 5957
N, 10"/mH.0 5.50 6.24 7.53 9.27 11.68
* 70T, 380 rpm
“ NalA aqueous solution : 0.01253 g/ml H,O
" potassium persulfate aqueous solution : 0.04 g/ml H,0
© sodium hydroxide aqueous solution : 0.0002 g/ml H,O
03k 2] Interval 9] 3¢ Y&z, N w9 iy
' R, oc [KPS]" (ecm®) & 2elx ?:17‘]"1‘5?:}"1 2 (4)9} go) & £ 2l
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Fig. 3. Polymerization rate(Rp) versus initiator (KPS)
concentration at different conversion level : {(@®))

conv. 10%, (A) conv. 20%, ([1) conv. 30%, (V)
conv. 40%.
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Table 3. Effect of Feed Point Conversion(% ) on the Two-Stage Emulsifier-free Emulsion Polymerization

1st Stage
Styrene NalA KPS  Conv.(%) TSC(%) D,(A) N,(X10™) TSA(cm? X10%)
45 0.225 0.12 25.7 2.57 4102 0.75 3.96
45 0.225 0.12 335 3.35 4621 0.69 463
45 0.225 0.12 72.0 7.20 5382 0.93 8.46
45 0.225 0.12 84.1 841 5493 1.03 9.76
2nd Stage
Styrene NalA Dz(A) Final Conv.(%) Final TSC(%) Coagulum( %)
170 2.25 5859 96.4 29.0 340
170 225 6409 96.5 29.1 2.96
170 2.25 6719 974 29.3 2.40
170 2.25 7164 98.3 29.6 1.50

* 70C, 380 rpm
* Weight of water : 4085¢g

% Monomer weight ratio in the first stage(NalA/St=0.005)

Eelof #1538 A6x 1991 12¢
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H-&& 0.0509041 0.0037}2) W3A71AA 267 A go] 0,052 Y 2 79 NalA Fohaka)7) 2
534 #8158 vhe-& 3% A#r) Table 590 Bl A QAES 23] coverdlil excess] Tk

vEl dth, Table 5904 NalA/styrene ©HeFa] K- 7} electrolyte?] 9&-8 3o 2 coagulumE Z7}A)

Table 4. Effect of First Stage Solid Content(TSC, %) on the Two-Stage Emulsifier-free Emulsion Polymeri-
zation

1st Stage
Styrene NalA KPS  Conv.(%) TSC(%) D,(A) N(x10"2) TSA(cm? X10%)
35.0 0.14 0.12 97.0 9.7 3823 3.51 16.12
225 0.09 0.08 95.8 48 3678 1.85 7.86
17.5 0.07 0.06 93.0 38 3516 1.66 6.45
15.0 0.06 0.05 91.6 3.2 3527 1.37 5.35
10.0 0.04 0.03 95.2 2.2 3123 1.34 411
2nd Stage
Styrene NalA Dz(A) Final Conv.(%) Final TSC(%) Coagulum( %)
181.0 212 6516 97.3 29.2 15
1925 2.35 6321 99.3 29.8 0.4
1979 2.31 6165 95.5 28.7 0.7
200.0 2.34 5672 93.0 279 0.8
205.0 240 5362 95.7 28.7 0.98

% 70T, 380 rpm
* Target TSC : 30%
% Monomer weight ratio in the first stage(NalA/St=0.004)

Table 5. Effect of First Stage Monomer Weight Ratio(NalA/styrene) on the Two-Stage Emulsifier-free
Emulsion Polymerization

638

1st Stage
Styrene NalA KPS Conv.(%) TSC(%) DA N(X10'2) TSA(cm? X10°)
255 1.125 0.050 92.6 4.63 4783 0.81 5.82
225 0.788 0.035 92.0 4.60 4548 094 6.11
225 0.225 0.010 90.0 450 4126 1.22 6.52
22.5 0.090 0.004 95.8 4.80 3678 1.85 7.86
225 0.068 0.003 93.5 4.68 3558 1.99 791
2nd Stage
Styrene NalA Dz(A) Final Conv.(%) Final TSC(%) Coagulum( %)
192.5 2.25 7025 89.8 26.9 95
1925 2.25 6773 93.8 28.1 53
1925 225 6432 98.0 294 1.2
1925 225 6321 99.3 29.8 04
192.5 2.25 gel

* 70C, 380 rpm
* Target TSC : 30%
% KPS : 2g in the first stage(c=0.04 g/1 ml H.D)

Polymer (Korea) Vol. 15, No. 6, December 1991
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Fig. 4. Particle number density(A), diameter(])
and conversion((Q) versus reaction time for styrene
/NalA emulsifier-free emulsion polymerization.

7174 ®t}, ¥hA NalA/styrene F-Alu]7} 0,003 o]
3tz Aoz NalA a7 oA ghe s
FEUAG coverd o] HA EH3tnz EH Aol
zY o] gelal7t JehHA sl Hoz AzhE
}.

297 F-5-3H4 fr3ladte] A5 2del 4
Hoz HE 204 FH/3A faked v FH3H
ZA detA gl 20 182 5%, shot pointE:
95% 1e]al AdeAe] whekd|(NalA/styrene) 39
¥ &S 0.0042 slo) FR3A FEFE WSS 5
FEpAA ghgAThel| et el A8 E AFH it
87 D Ix5 4] HEE XA 7o) Fig, 49|
YRt it} Fig. 42 FE 2% 80| 7189
upe} FHYAL Frkeshd YAt dxs dgsH
FRAEHE 349 7328 AR A #
FH A E 5734 F358E FEE7149 A
A FEAS 294Eo wstE B Fig, 59 Zol
80| 2% 6%l o5 w ¥r3-E-o] milky colorZ
oA Ha dA v F=(CMC) S A =4 o]
Das] gt ol 2 B E sodium itaconate(NalA) &
ek = allylic hydrogene] x| 2 <13 chain tra-
nsfer BHE-& F28}e] g 2719 surface active}
oligoradical & o} B Astd FH3h4 F-3z o
& EHF o2 TN SUHAHE AFEA

E2|0 A153 A6z 1991d 12€

FEFH) BT A3

Surface tension (dyne/cm)
[3,] [=r]
o o

8

o
—

0 10 20 30 40 60
Conversion( % )
Fig. 5. Surface tension-conversion curve of styrene/

NalA emulsifier-free emulsion polymerization system.
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