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8 ¢ EXx&(Mn)e] 13,000¢] methacrylate-terminated polystyrene (PS) macromonomer
$} n-butyl acrylateg ©143led gz FEIY o2 Fe|AEjdo] 2R 2 TAFR 18}
E FSEAE S 28] PS macromonomer §8F(5, 15, 25, 35 wt.%)o] wg 18}
TE FEFEAY EF, 7AA 4R E AN £A5T)] dajA 2R E FEEAE 44
FHE 4 Aol GPCAIo) o) A + AUTH. LAZFol|A gui2 HsAIFH on, MEK
Brt Bz/DMSO(1:1 FAB)E AHEE F$o] Ie82E FEH 9 EA%e 3~8TALE =9}
o 28t2E FZPA poly(n-butyl acrylate)Ale] §e]Zo) 25 (7Tg)= PS macromonomer®)
o] gl wt SR AW, PSAY T.x FaishA 2R @ych. oA 1T E
FEUAY FRAT 3l F o] A84go) F7HENSE TEMARI 2Ry 81g & QU

2|3 2t E FERAE t7)stelA EaiAl FEEAC B2HY oH, JAH 4Ee guin o
2 9I% 5492] PS macromonomer g1} 12t T E FEA 2] Bx15gol] 299 & elsigict.

Abstract : Graft copolymers having polystyrene side chains were prepared by free radical
copolymerization of methacrylate-terminated polystyrene macromonomer of 13,000 molecu-
lar weight with n-butyl acrylate and their thermal, mechanical properties with different PS
macromonomer contents (5, 15, 25 and 35wt.% ) were investigated. Graft copolymers with-
out side reaction were prepared by solution polymerization. It was found that molecular
weight of graft copolymers polymerized in Bz/DMSO(1:1 wt.%) solvent was 30,000-80,000
higher than that of graft copolymers polymerized in MEK solvent. The glass transition tem-
perature(7,) of poly(n-butyl acrylate) phase in graft copolymer increased with PS macromo-
nomer content in graft copolymer, but 7y of PS phase in graft copolymer was not detected
clearly by DSC. This behavior showed that the miscibility between PS phase and P(n-BA)
phase in graft copolymer was increased by covalent bonding between two phases, which was
confirmed by TEM. The endothermic thermal degradation characteristic of graft copolymer
was measured by DSC. It was observed that the mechanical properties of graft copolymers
usually depended on the PS macromonomer contents acted as hard segments and the molecu-
lar weight of the graft copolymer.

Keywords : polystyrene macromononer, graft copolymer solution, polymerization, thermal
property.
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Fig. 1. Reaction scheme of P(n-BA)-g-PS copolymer polymerized by solution polymerization.
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Polystyrene Macromonomer2} N-butyl AcrylateE o] &3} Graft Copolymer el 33 37 (1)
Table 1. Results of P(n-BA)-g-PS Copolymer Polymerized by Different Solvents
Polym. Macromer content(wt. %) Graft

Method Added  Measured® Vo M. M/M, " fficiency (%)°

5.0 6.4 97,000 121,800 2.52 0.48 84.3

Solution 15.0 17.8 75,000 117,200 3.08 1.03 93.0

(MEK) 25.0 25.9 97,000 129,900 3.26 1.93 38.7

35.0 35.5 97,000 123,300 3.07 2.65 91.9

5.0 7.3 165,600 207,900 2.84 0.64 37.6

Solution 15.0 16.5 126,300 207,800 3.50 1.46 87.4

(Bz/DMSO) 25.0 26.9 126,300 185,400 3.78 2.43 39.4

35.0 36.1 126,300 157,100 3.74 3.40 89.9

8 measured by !H-NMR.

Graft level;calculated number of branches per copolymer molecule (M ,gaf: copolymer/ MppPs macromonomer) X WpS macromonomer -

¢ measured by GPC.
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Fig. 2. 'H-NMR spectra of P(n-PS)-g-PS copolymers with different PS macromonomer contents : (a! 5 wt.%

and (b) 35 wt.%
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Fig. 3. GPC diagrams of P(n-BA)-g-PS copoly-
mers prepared by solution polymerization (a)in
MEK and (b} in Bz/DMSO (----: PS macromono-
mer, — : 5wt. % Mac.,----1 16wt. % Mac,,;--!
25wt.% Mac., and -—-. 35wt.% Mac.).

L — WMac. WBA

Tg - TgovMaC, + Tgo,BA (1)
— Tgu’ Mac. ( Tgo9 BA— Txr BA )
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Ylal, 2 A3E Table 26 @31t}
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Fig. 4. DSC thermograms of P(ri-BA)-g-PS copol-
ymers with different PS macromonmer contents po-
lymerized in MEK solvent : (a} PS macromonomer,
(b) Mac. 35wt.%, {c) Mac. 25wt.% (d) Mac. 15wt.%,
(e) Mac. 5wt.%, and (f) P(n-BA).

Table 2. Mutal Miscibility of P(n-BA) and PS
Macromonomer Dissolved in Other Rich Phases in
the P(n-PA)-g-PS Copolymers Polymerized in Dif-
ferent Solvents

P(n-BA)

Polym. Tesa Temac
/Mac. o o Wtac
Method (Wt.%) ) c)
100/0» -44.9 -— 0
95/5 -44.9 -— 0
Solution  85/15 -41.7 -— 0.036
(MEK) 75/25 -36.9 -— 0.089
65/35 -33.5 -— 0.125
0/100% -— 94.7 -—
100/0® -44.9 -—- 0
Solution 95/5 -43.7 —-— 0.014
(Bz / 85/15 -39.9 -— 0.057
DMSO0) 75/25 -38.1 --= 0.076
65/35 -31.3 -— 0.148
0/100® -— 947 = -

8) P(n—BA); Mn=89,500, Mw =164,400, PDI=1.84.
b) ps macromonomer; Mn=13,000, PDI=1.31.

Fig. 40 o3t 248A 1=t E FZHA A
7} DSColl4= P(n-BA)Y¥¥ 9] faj Aol % (Ty)
Tho] WAEHRNL, PSAGY T @ £330 3
NI E G FYolA els] B el &
a7l oYt 28lu FHE Tepak IZTE

FZ%H)%2] PS macromonomer o] Z7135k
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Fig. 5. TEM photographs of P(n-BA)-g-PS coplymers :
(a) P(n-BA)-g-PS(25wt.%) copolymer, MEK (x 72,000)
b) P(n-BA)-g-PS(25wt.%) copolymer, MEK (x 200,000)

{b)
(c) P(n-BA)-g-PS(25wt.%) copolymer, Bz/DMSO (x 72,000)
(d) P(n-BA)-g-PS(25wt.%) copolymer, Bz/DMSO (x 72,000).
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Fig. 6. Thermal degradadation behavior of P(n-
BA)-g-PS copolymers in (a) air and (b) Ar gas.
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Fig. 7. G’, G” and tan & of P(n-BA)-g-PS copoly-
mers prepared by solution polymerization in MEK
solvent : (a) P(n-BA)-g-PS(25wt.%) copolymer
and (b) P(n-BA)-g-PS-(35wt.%) copolymer.
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Polystyrene Macromonomer$} N-butyl AcrylateS o] 3} Graft Copolymer =3}l #g Q97 (D
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Fig. 8. Complex viscosity of P(n-BA)-g-PS copoly-
mers with different PS macromonomer contents
polymerized in different solvents.

Table 3. Tensile Properties of P(n-BA)-g-PS Co-
polymers by Instron

Stress % Strain

Polym. Macromer  at at I\?Enig s
Method  Cont. Break Break odulus
(Kg/mm?)

(%) (Kg/mm?) (%)

Solution 25.0 0.02 532.9 0.05
(MEK) 35.0 0.14 512.0 2.00
Solution 25.0 0.06 1117.0 0.10
(Bz/DMSO) 35.0 0.26 525.9 3.03
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Fig. 9. TMA results of P(n-BA)-g-PS(25, 35wt.
%) copolymers polymerized by solution polymeriza-
tion (a) in MEK and (b) in Bz/DMSO solvent.

Table 4. TMA for Thermal Expansion Ratio and
Glass Transition Temperature of P(n-BA)-g-PS
Copolymers

Polym. Macromer Expansion T.0C)
Method - Cont. (%) (%) f
Solution 25.0 102,4 -30.4
(MEK) 35.0 101.4 -15.3
Solution 25.0 101.8 ~-26.8
(Bz/DMSO) 35.0 101.2 ~-14.9
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