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Synthesis and properties of isosorbitol-type polycarbonate copolymers with high molecular weight
YANG Chao', LIU Hongyu',ZHONG Jiachun’, PU Zejun’
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Abstract : To address the shortcomings of isosorbitol-type polycarbonate (PIC), such as poor flexibility, low molecular
weight, firstly , the content of phenol, a by-product generated from the PIC synthesis reaction, was tested by high performance liquid
chromatography (HPLC) to determine the reaction degree, and then the stable and efficient catalyst lithium acetylacetone (LiAcac)
was screened out. Then, the PIC copolymers (PCIC) was prepared by melt transesterification method with diphenyl carbonate (DPC)
using isosorbitol (ISB) and 1, 4-cyclohexanedimethanol (CHDM) as raw materials. The structure of the polymer was proved to be
consistent with the theoretical molecular design by Fourier transform infrared spectrum and nuclear magnetic resonance hydrogen
spectroscopy. Meanwhile, the molecular weight, thermal properties, mechanical properties, optical properties and thermal degrada-
tion process of PCIC with different CHDM contents were tested. The results show that the introduction of CHDM significantly
improves the molecular weight, tensile strength and elongation at break of PIC. As the content of CHDM increases, the light trans-
mittance of the PCIC film increases and the yellow-blue value (b* value) decreases. When the molar fraction of CHDM in diol
(CHDM+ISB) is 70%, the film has the best light transmittance and chromaticity , with a light transmittance reaching 92.58% and the
b* value as low as 2.04 in the wavelength range of visible light. When the content of CHDM increases, the number of flexible
segments in the polymer chain increases, reducing the rigidity of the overall molecular chain, and the glass transition temperature
(T,) of PCIC also decreases accordingly. When the molar fraction of CHDM in diol (CHDM+ISB) reaches 50% or more, the 7, of
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PCIC drops below 100 °C. The initial thermal decomposition temperature of PCIC is comprehensively affected by the molecular

weight and structural rigidity. When the molar fraction of CHDM in diol (CHDM+ISB) reaches 30%, the initial decomposition

temperature is the highest, reaching 353.94 °C. In a word, through introducing bio-based ISB and CHDM, PIC with high molecular

weight, high strength, good flexibility and high transparency can be successfully prepared.

Keywords : polycarbonate ; isosorbide ; melt transesterification ; high molecular weight ; copolymer ; light transmittance
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Fig. 5 DSC heating curves, TG curves and DTG curves of PIC and
PCIC with different CHDM contents

%2 PIC EA[E CHDM &E£H PCIC I DSC #1 TG H# iz
Tab.2 DSC and TG analyzing data of PIC and PCIC with
different CHDM contents

Samples T/°C T,.,/°C T,°C Y. /%
PIC 1463 33721 385.40 3.91
PC,,,IC 140.2 338.93 391.00 3.78
PC,,,IC 123.9 353.94 389.60 2.56
PC,,,IC 99.9 351.41 388.74 2.02
PC_,IC 74.0 335.92 393.10 123

represents

Notes: 7, represents the glass transition temperature; 7,

the temperature at 5% weight loss; 7, is the temperature correspond-

max

ing to the maximum weight loss rate; Y, .. is the residual carbon rate at

600 °C.
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Fig. 6 Mechanical properties of PCIC with different CHDM contents
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Fig. 7 Ultraviolet-visible light transmittance of PCIC films with
different CHDM contents
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Tab.3 Chromaticity values of PCIC with different CHDM contents

Samples L* a* b* Cc*
NMP 100 0 -0.01 0.01
PIC 89.45 0.33 7.89 9.24

pPC,,IC 95.44 0.14 5.72 7.75

PC,, IC 97.76 -0.23 2.42 2.42

PC,,, IC 98.14 —-0.50 223 2.19

pPC,, IC 98.25 -0.61 2.04 2.05
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Fig. 8 FTIR spectra of thermal degradation of PIC and PC,, IC at

different stages of thermal weight loss
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