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Abstract: The rheological properties of polycarbonate (PC), poly(styrene-co-acrylonitrile) (SAN), and polystyrene (PS)
were investigated by introducing sulfur during the sonication of polymer solutions. It was found that the ring of sulfur
was opened by the cavitation of ultrasound, producing the sulfur diradicals. These radicals were coupled with the mac-
roradicals, which led to the remarkable changes in the rheological properties of the polymer. Although the melt viscosities
of each polymer were increased or decreased depending on the sonication times, the shear sensitivities of PC, SAN, and
PS were consistently increased and the Cole-Cole plot of the modified polymer showed higher elastic moduli at the same
loss moduli of the pure resin. In the stress relaxation behavior, the relaxation time of each polymer was increased after
the modification. The observed rheological properties were explained in relation to the structural variation of polymer
chain and a plausible mechanism for the branched structure was proposed along with the FTIR analysis.
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Figure 1. UV spectra for sonicated mixtures of DPPH and sulfur:
(a) effect of sonication time on the absorption spectra; (b) absor-
bance at 520 nm vs molar concentration of DPPH.
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Figure 2. Effect of sonication time on the concentrations of DPPH
(left axis) and sulfur radicals (right axis).
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Figure 3. Effect of sonication time on the rheological properties of
PC/Sulfur at 230 °C: (a) complex viscosity; (b) Cole-Cole plot.
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Figure 4. Stress relaxation behavior of pure PC and PC/Sulfur (10
min sonication) at 230 °C (strain = 5%).
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Figure 5. Effect of sonication time on the rheological properties of
SAN/Sulfur at 230 °C: (a) complex viscosity; (b) Cole-Cole plot.
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Figure 6. Stress relaxation behavior of pure SAN and SAN/Sulfur
(10 min sonication) at 230 °C (strain = 5%).
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Figure 7. Effect of sonication time on the rheological properties of
PS/Sulfur at 230 °C: (a) complex viscosity; (b) Cole-Cole plot.
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Figure 8. Stress relaxation behavior of pure PS and PS/Sulfur (10
min sonication) at 230 °C (strain = 5%).
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Table 1. Power Law Indices Estimated in the Range of 0.1-1rad/s and Terminal Zone Slopes of G' vs G"

Power law index (n) Slope

PC SAN PC SAN PS

Pure 0.979 0.979 0.962 1.46 1.22 1.22
Sulfur 5 min 0.977 0.858 0.957 1.38 0.57 0.85
Sulfur 10 min 0.967 0.886 0.930 1.35 0.67 0.71
Sulfur 15 min 0.952 0.899 0.939 1.17 0.49 0.73
Sulfur 20 min 0.973 0.926 0.906 1.46 0.57 0.73

Ultrasound e

Se >
Terminal radical

i

/m

Intemal radical

W Internal radicals

()

Figure 9. Mechanisms of chain branching (a); crosslinking (b) pro-
moted by reactions between sulfur diradicals and macroradicals.
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Figure 10. FTIR spectra of sonicated (10 min sonication) polymers
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