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Copolymerization of Sodium p-Styrenesulfonate with

Water-soluble Monomers

Takao HAYASHI
Yasuhiro ODA
Noriaki EMURA

Copolymerization of sodium p-styrenesulfonate (M;) with several water-soluble monomers (M,) has been

investigated in 10-20 wt% aqueous solutions at 60°C. The monomer reactivity ratios (ry and r,) determined

by the usual procedure are as follows; acrylic acid 0.8 and 0, 05; methacrylic acid 0.75 and 0,62; acry-
lamide 0.7 and 0,05; methacrylamide 0.9 and 0,21; maleic acid 6,0 and 0.05.
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Table{ Monomer composition
\ normall’ purified?®
NaSS¥ wt% 81.2 88.4
NaBr ” 2.84 0.02
NaOH ” 0.48 0.04
Na,SO, ” 0.6 0.00
H.O p 14.88 11.54

1) Commercial Grade “Spinomer”
2) Recrystallization from H,O
3) Na p-Styrenesulfonate
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Table2 Copolymerization of NaSS and

methacrylic acid (MAA)V

MAA in copolymerization MAA in
monomer time  conv, pH copolymer
(mol%) fmin) (%) (mol%;)
15 25 12.7 4.5 12.4
30 60 13.5 3.7 23.6
50 120 17.6 3.3 41.4
70 - 160 14.8 3.0 62.7
15 120  54.0 4.5 20.0
30 180 ° 53.1 3.7 37.2
50 285  52.9 3.3 53.3
50 360 45.0 7.0 61.9
C 50 300 49.7 12.1 66.5
> 70 320 50.0 3.0 70.4
20% 10 10.6 3.7 16.6
50% 30 13.4 3.2 38.3
80% 35 13.2 2.8 65.9

1) condition: 20 wt% monomer, 0.1 phm APS as

initiator at 60°C.
2) Purified NaSS was used.

lm T I T I T I I

MAA mol % in Copolymer

1
0 50

100
MAA mol % in Monomer
Fig.1 Copolymer composition curve for

Na p-styrenesulofonate (NaSS) and

methacrylic acid (MAA)
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Fig.2 Effect of pH on the copolymer compo-

sition in the copolymerization of Na
p-styrenesulfonate and methacrylic acid
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Table3 Copolymerization of NaSS and
acrylic acid (AA)Y

AA in copolymerization AA in

monomer time conv pH copolymer

(mol%) (min) (%) (mol%)
15 10 9.8 4.1 18.6
30 15 14.5 3.3 25.6
50 20 15.0 3.0 33.9
70 20 5.4 2.7 39.7
15 60 53.1 4.1 17.1
30 60 47.4 3.3 30.8
50 120 55.0 3.0 41.2
70 120 48.4 2.7 63.4

1) .condition: 20 wt% monomer, 0.1 phm APS as
initiator at 60°C,
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Fig.3 Copolymer composition curve for
Na p-styrenesulfonate and acrylic
acid (AA)
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Table4 Copolymerization of NaSS and
maleic acid (MA) or Na fumarate
(FA)
in copolymerization in
monomer time conv. pH copolymer
(mol%) (min) (%) (mol%)
MAl)
30 10 9.1 1.6 9.3
70 45 11.2 1.4 21.7
90 120 8.9 1.3 33.0
FAZ)
15 20 6.7 12.2 13.8
20 30 12.8 12.6 16.4
50 40 15.0 12.2 23.2
80 50 8.9 12.4 29.5
90 120 6.3 12.6 35.3

1) condition: 20 wt% monomer, 0.1 phm APS as
initiator at 60°C.
2) ibid.: 10 wt% monomer, 0.2 phm APS as
initiator at 60°C,
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Fig.4 Copolymer composition curves for Na
p-styrenesulfonate and maleic acid
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Table5 Copolymerization? of NaSS and
acrylamide (AM) or methacrylamide

(MAM)
in copolymerization in
monomer time conv. pH copolymer
(mol%) (min) (%) (mol%)
AM
15 40 20.5 12.0 22.8
105 53.7 19.7
30 45 18.5 11.9 30.4
102 50.2 26.2
50 45 17.6 11.7 35.7
180 50.0 40.0
70 45 12.7 11.7 41.7
255 51.0 50.2
MAM
15 30 10.9 12.0 16.7
73 45.7 16.0
30 30 9.0 11.8 23.9
140 48.1 26.2
50 45 11.9 10.7 39.1
240  48.8 42.3
70 60 11.0 9.7 56.1
300 48.3 54.9

1) condition: 10 wt% monomer, 0,2phm APS as
initiator at 60°C,
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Fig.5 Copolymer composition curves for Na
p-styrenesulfonate and acrylamide
(AM} or methacrylamide (MAM)
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conversion (ca 50%)
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Table § Copolymer zation Parameters (M;: NaSS)
M, ry Iy Qi €1
acrylic acid 0.8 £0.2 0.05+0.04 2.24 —0.89
Q:=1.15 €,=0.77 (1.0 £0.2)? (0.1 £0.02) (2.0) (—0.4)
methacryic acid 0.751+0.01 0.62+0.08 1.44 -0.11
Q:=2.34 e,=0.65 :
acrylamide 0.7 0.2 0.05£0.04 1.45 —0.64
Q2:1,12 62:1.19
methacrylamide 0.9 £0.53 0.21+0.17 1.16 ~0.05
Q;=1.46 e;=1.24
maleic acid 6.0 £1.0 0.0540.04 0.75 1.50

Q;=0.45 e,=2.6

1) Results of Grabiel et al.
Q, and e, from Polymer Handbook (1966)
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