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Effects of Fries Rearrangement on Rheology of Polycarbonates
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East China University of Science and Technology s Shanghai 200237, China)

Abstract: The influences of molecular weight, residual monomer, end-group type and content, Fries rearrange-
ment structure on capillary rheology of bisphenol A polycarbonates (PC) were systematically investigated in this
study. No obvious thermo-oxidative degradation was observed and changes in the end-hydroxyl content, capping
type and residual monomer did not deteriorate the degradation of PC chains, suggesting that rheological tests
carried out near to 270 °‘C are stable and repeatable. A typical shear-thinning effect was found in the viscosity-
shear rate curves without accompanying a Newtonian characteristic in the zero-shear-rate region. At the low
shear-rate region, the viscosity increases with decreasing the shearing rate to different extents for different PCs.
Further studies revealed that the non-Newtonian flow index n in the low shear-rate region remains constant for
PC melts with different molecular weights and different testing temperatures. It decreases linearly with the
increase of the content of Fries rearrangement structure involved in the PC chains. As PCs fabricated by the melt
transesterification have to experience high temperature and high vacuum environment during the long polymeri-
zation process, they involve many Fries rearrangement-derived heterogeneous structure. This should be the rea-
son why the n value is significantly lower than that of the phosgene PC, thus leading to higher melt strength and
flow activation energy.
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Table 1 Characterization of different commercial PC molecular chain structures by ' H-NMR
M, [OPh] or [PTB] [OH] EC R Residual monomer ©
Sample PDI
(X10Y (mol%) (mol %) %) (pumol/mol) BPA DPC PhOH

PC-0* 3.33 1. 80 2.41 0.33 88.0 0 21 / /
PC-1* 3.01 1. 80 2.91 0.14 95.4 0 33 / /
PC-2° 2.94 1. 86 2. 87 0.19 94. 0 0 112 2 2
PC-3* 2.37 1.75 4. 05 0.21 95.1 0 112 5 5
PC-4° 3.31 1.70 2. 45 0. 36 87.2 0 32 / /
PC-5" 3.01 1. 87 2.51 0. 82 75.1 400 31 90 37
PC-6" 2.98 1. 88 1.93 1. 89 50.5 710 22 179 37
PC-7" 3.01 1. 87 2.34 1.62 59.1 1110 83 63 47

“ The end capping group is [PTB]; " The end capping group is LOPh]; ¢ The ratio of terminal phenoxy or terminal p-tert-butylphenol

to total terminal groups; ¢ The Fries rearrangement content; ¢ The unit is mg/kg.
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Figure 1

"H-NMR spectra of various PCs
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Figure 2 Repeatable tests of apparent viscosity versus
shearing rate for PC-0 at 260 C, 270 C, 280 °C and
PC-5 at 270 C
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Figure 3  Viscosity of PCs as a function of time at
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Figure 4 (a) Rheological curves and (b) normalized viscosity-shear rate curves for PCs at 270 C
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Table 2 7 and K of various PCs at low-shear-rate region
260 C 265 C 270 C 275 °C 280 C
Sample
n K n K n K n K n K
PC-1 0.979 2219 0. 980 1834 0. 984 1494 0.979 1281 0.982 1037
PC-2 — — — 0. 964 1651 — — — —
PC-3 — — — 0.998 968 — — — —
PC-4 — — — 0.997 2133 — — — —
PC-5 0.962 2208 0.961 1792 0. 955 1541 0. 959 1240 0.962 1015
PC-6 0.930 2759 0.928 2316 0.929 1897 0.931 1548 0.922 1278
PC-7 0.907 2856 0.912 2266 0.915 1883 0.919 1549 0.919 1274
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Figure 5 Rheology curves of (a) PC-1, (¢) PC-5, (e) PC-6 and (g) PC-7 at different temperatures and
time temperature superposition curves for (b) PC-1, (d) PC-5, (f) PC-6 and (h) PC-7
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