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ABSTRACT : Solution polymerization was conducted with water-soluble acrylic acid (AA) as a monomer and potassium
persulfate (KPS) as an initiator at a selected temperature between 60°C and 90°C with water as a reaction medium. When
the ratio between AA and water was reduced or initiator concentration increased, molecular weights decreased. An increase
in the reaction temperature produced lower molecular weights. The polydispersity index was close to 1.5 in most of the
reactions. An increase in the stirring speed up to 400 rpm led to a progressive increase in molecular weights. When the
stirring speed reached 800 rpm, however, we found that both the number and weight average molecular weights decreased.
The glass transition temperature was nearly independent of moelcular weights and determined to be between 113C and
116C.
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Figure 1. Optical microscopic image of the surface of PAA14 pre-
pared by solution polymerization with 1.33 mol/l acrylic acid with
0.34 mmol/l potassium persulfate at 80C.
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Table 1. Variation of Molecular Weights of Poly(acrylic acid) as
a Function of Reaction Time in a Solution Polymerization of 40
ml (1.33 mol/l) Acrylic Acid with 0.34 mmol/l Potassium Persulfate
at 80C

1D time Mn (g/mol) Mw (g/mol)

PAAI1 lh 272,700 377,800

PAAI2 2h 245,600 366,500

PAAI13 3h 285,800 385,200

PAAl4 4 h 272,700 393,600
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Figure 2. Reaction conversion against time for PAAs prepared by
solution polymerization with 1.33 mol/l acrylic acid and 0.67 mmol/l
inititator at different reaction temperatures : ll 60C, @ 70C, 4
80T, A 90T.
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Table 2. Variation of Molecular Weights of Poly(acrylic acid)
Prepared by Solution Polymerization with 1.33 mol/l Acrylic Acid
and 0.67 mmol/l Potassium Persulfate as a Function of Reaction
Temperature

D Temperature Mn Mw conversion
(0 (g/mol) (g/mol)
PAA21 60 170,000 252,500 76 %
PAA22 70 165,200 254,400 84 %
PAA23 80 185,900 290,200 100 %
PAA24 90 143,600 237,400 100 %
1000000
.\I
_ é‘>=
£ 100000- \
X2 1 *
C
=
10000 ——
0.0 0.5 1.0 15 20 25 3.0

Initiator concentration (mmol/liter)

Figure 3. Variation of number average molecular weights of PAAs
prepared by solution polymerization with 1.33 mol/l acrylic acid
as a function of the initiator concentration and reaction temperature:

H 70C, @30T, ¢ 90°T.
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Table 3. Variation of Molecular Weights of Poly(acrylic acid)
Prepared by Solution Polymerization with 0.67 mmol/l Potassium
Persulfate as a Function of Monomer Concentration at 80C

D Ratio Caa Mn Mw
Monomer| Water | wi% | mol/l | (&/mol) | (g/mol)
PAA31| 20 ml |420 ml| 4.77 | 0.66 | 143,600 | 237,300
PAA23 | 40 ml |400 ml| 9.51 | 1.33 | 185,900 | 290,200
PAA32 | 80 ml |360 ml| 189 | 2.65 | 225,000 | 338,600

Table 4. Variation of Molecular Weights of Poly(acrylic acid) pre-
pared by Solution Polymerization with 1.33 mol/l Acrylic Acid and
0.67 mmol/l Potassium Persulfate as a Function of Stiming Speed
at 80C

D e ey | @D Fol
PAA41 100 162,800 263,300 1.62
PAA23 200 185,900 290,200 1.56
PAA42 400 492,500 519,800 1.06
PAA43 800 160,800 257,800 1.60

250l wpeh oFke] Apol & YERIGITE s R, FUst 7|
AA] SOl A PAAS] 3R A 70, 80 2 90°CE] WS
el X s 2571 F7Febe 1448 o) Minari 52 60°Ce]]
Al AAS] FEE 20 wi%E LY stal Z|AIAIR] KPSS] SEE
=k the] 0.75 wt%ol A 6.0 wi%eZHA S7sh SEhike-S
et A} B JNAALY FE7F F7FsH 166,000
g/mol°f|A] 56,000 g/mol = FrAdh= AES Yepdl= o=
Huska gk

o) Ao w2rt Srkehd EAigo] &
7}tk Table 3= @A) Fieiste]l whe EApge] WslE
HolFa1 Qlrk o] 3EelA Hi= ko)l o] dFA e st
0.66 mol/1°l1A] 2.65 moll & F7}ep5 F-xjake Zrlstar 9
ok olelst A2 EE|weta Al (PMAA)S] A4 PeA =
frAkeHAl B2 AT Buback §1E& AAE TEAR Ho]
pulsed laser polymerization (PLP)= Z13J3t A3} 20°C o]42]
2L o A= 1,5-hydrogen transferg 53+ ]&7] (backbiting)
Ao thtidA7E S7kshs Aew Hiaskal qlrh
Lacik 57 pulsed laser %3 © & 2.6 ColA 28.5C7H] 2]
2= Q)M DA Y] FEE 2.0 w%eollA] 40 wi%eZHA] W3}
SHAA EAS S Ay} GegAQl AAS] st ST
of wg} PAAS] AT T7bshe S EEsith
Table 4= A (1.33 mol/l)2} 7HAIA (0.67 mmol)2] =%
13kl 80°ColA WHEFSEE 100 rpmellA] 800 rpm7HA]
skabe] Ul F572] wiSEelA Mash whg-o] AdE HolF



236 Moonsoo Park et al. / Elastomers and Composites Vol. 49, No. 3, pp. 232~238 (September 2014)

80

704

60

50

% transmittance

40

30 r T T T v T T T T T T T T
4000 3500 3000 2500 2000 1500 1000 500

Wavenumber(cm)

Figure 4. FT-IR spectrum of PAA23 prepared by solution polymer-
ization with 1.33 mol/l acrylic acid with 0.67 mmol/l potassium
persulfate at 80°C.

Mass(%)

100 200 300 400 500 600 700 800
Temperature(°C)

Figure 5. TGA thermogram of PAA23 prepared by solution poly-
merization with 1.33 mol/l acrylic acid with 0.67 mmol/l potassium
persulfate at 80°C under atmospheric condition at a heating rate
of 10°C/min.
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Figure 6. DSC diagrams of PAAs prepared by solution polymer-
ization with 1.33 mol/l acrylic acid with 0.67 mmol/l potassium
persulfate at 80°C at differing stirring rates: (a) 200 rpm (PAA23),
(b) 400 rpm (PAA42).
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