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Abstract: The soap-free emulsion polymerization was carried out for Styrene/Butadiene system with Acrylonitrile as
hydrophilic comonomer and KPS as initiator. Under the condition of below 50% conversion, the dependence of Rp on
[AN]" and [KPS]" was found to be n=1.617—1.050 and n=0.83—0.96 for [AN] and [KPS], respectively. The effect
of [AN]" and [KPS]" on particle number density (Np) was determined to be n=1.533 and n=0.733, respectively. The
highest conversion was obtained under the conditions of pH=5 and ratio of total monomer (g) to water (g)=0.5. The
mechanical properties of SBR obtained in this experiment were shown to be inferior to commercial SBR in terms of ten-
sile strength, 300% modulus and elongation. It was found that cure rate of SBR prepared in this experiment was faster
than that of commercial SBR.
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Table 1. Recipes of Soap—Free St/BD Emulsion
Polymeri-zation with Variation of Como-
nomer{AN) Content

Run Number Al A2 A3 A4
St, g 24.2 23.0 220 200
BD, g 75 75 75 75

KPS, x10~2mol/¢ H,0 333 333 333 333
SBS, x10~%mol/¢ H,0 3.33 333 333 333

Water, nf 200 200 200 200
AN, g 08 20 30 50
100
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Fig. 1. Effect of AN contents on time—conversion
relationship for soap—free emulsion poly-
merization of SBR : Al(%), A2(0), A3
(A), A4(D).
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Fig. 2. Polymerizaton(R;) vs. AN comonomer con-

tent at different conversion level : conv. 10%

(®), conv. 20%(0), conv. 30% (o), conv.

40%(A), conv. 50% ().
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Fig. 3. Logarithmic plot of particle number density
(Np)vs. AN concentration for A series.

Ewart7} A|AJgF case29] -3l MR 3t
A8 A% n=063ch WA 2 ¢ hebhsick
ol olAlY f3tFdel w3A7E gl= AN comon-
omergte]] 2J3F ¢lake] Homogeneous Nucleationol]
o Aoz gz

3.2. JHAIH| sZ2f HEt
Si/BDS] 43t 4aFHAA e FHUSE
Table 29} 7+o] TAA|F| MAAY Hxute W3

100

.j;-E;A/‘/A
80} j;‘:/‘" */*/t———*
b 7 *
60 /./D/:/ */
o////
40t J¢ B4
i

20 -/‘/*/

Conversion( %)

o

0 10 20 30 40 50 60
Polymerization time(hr)

Fig. 4. Effect of initiator concentration on time—con-
version relation-ship for soap—free emulsion
polymerization of SBR : Bl1(%), B2(A), B3
(o),B4(e),B5(0).
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Fig. 5. Polymerization rate(Rp) vs. KPS concentra-
tion at different conversion level : conv. 10%
(@), conv. 20%(0), conv. 30%(a), conv.
40% (A), conv. 50% (k).
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Fig. 6. Logarithmic plot of particle number density
(Np) vs. initiator concentration for B series.

Table 2. Recipes of Soap-Free St/BD Emulsion Polymer-
ization with Variation of Initiator Concentration

Run Number B1 B2 B3 B4 B5
St, g 20 20 20 20 20
BD, g 75 75 75 75 75
KPS, x102mol/f H0 0.89 155 222 289 355
SBS, x10~“mol/¢ HO 0.89 155 222 2.89 3.55
Water, mf 300 300 300 300 300
AN, g 5 5 5 5 5
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Fig. 7. Time—conversion curve with variation of pH
for soap—free emulsion polymerization of
SBR : pH 1(%), pH 3(m), pH 5(e), pH 7
(o),pH9(A), pH11(0).

3. 4. Monomer 2| gk

T3 A 3ol kA SR dFE 24}
8 2312} Table 39 A1 02 Al7be] w2 AL
ZAsE A3} Fig. 83 7Fo] viebdth. o714 C19]
2o R FHYE A AdE 456% AN vl
coagulum o2 uh3-& FeAZed, ol Eof
gk Edekd o] 57t YF 74 particle nuclea-
tiond| A48 Sizke] AREE7E vy w2y 1y
Byxrrl ol 4 BhAHE Aojztu Az,
o]& A& Le d% 5‘} FTEATE v o 2
°ﬂ g dA s=ot $U1ErE SErEol AR

& o4 g 9th °19} 2e AAde EddA 43
Xil TeEReAME FAA F3Fe dubAql
Table 3. Recipes of Soap-Free St/BD Emulsion
Polymerization with Variatidon of Water Con-

tent

Run Number C1 C2 C3 C4 C5
St, g 20 20 20 20 20
BD, g 75 75 75 75 75
KPS, x10”mol/¢ H,0 4.44 333 222 166 1.33
SBS, x107mol/¢ HO 4.44 333 222 1.66 1.33
Water, n¢ 150 200 300 400 500
AN, ¢ 5 5 5 5 5
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Fig. 8. Time—curve with variation of water content
for soap—free emulsion polyzation for SBR :
Cl(o), C2(e), C3(A), C4(0), C5(x).
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Table 4. Comparison of Soap—Free SBR with Com-

mercial SBR for Mechanical Properties

cure time(min) 15 25 35 B0
tensile SBR-A4 177 179 189
strength(kg/cm® SBR-1502 266 273 270
elongation(%) SBR-A4 440 390 390
SBR-1502 563 476 332
300% modulus SBR-A4 120 134 138
(kg/cm?) SBR-1502 131 166 180
hardness SBR-A4 68 69 71
(shore-A) SBR-1502 0 72 72
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Fig. 9. Variation of gel content and swelling index with

conversion rate . gel content( ® ), swelling index
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Table 5. Comparison of Soap—Free SBR with Com-
mercial SBR for Rheometric Properties

SBR-A4 SBR-1502

Mooney Viscosity raw MV(ML,;,100) 66 52
compound MV(ML;100) 90 73

Rheometer ~ MH(1b/in) 36 49

(1607C) ML(1b/in) 12.2 11.7
Tsl (min) 3.7 4;§
Tel0(min) 4.3 7.7
Tc50(min) 5.6 11.7
Tc90(min) 10.1 19.2
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