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T.P—Temperature and pressure specified in the article

Kl 1 ISB. BPEF {2 Wik 5 DPC H:E A Al PFIC
Fig. 1 Polymerization of PFIC with diols of ISB, BPEF and DPC
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Fig.2 FT-IR spectra of BPEF, PIC and PFIC (a); Structure of PFIC with different carbonyl carbons (b)
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Table 1  Structure of copolymer with different copolymerization molar ratio of ISB and BPEF
Carbonyl stucture ratio®
Sample" My P/(kg-mol™) n(BPEF)/n(1SB) Ty/C L.isB L. BpEF B
I-I I-P P-P

PIC 36.6 Without BPEF 175 - - - - - -
PF5lg5C 30.1 15/85 164 0.68 0.28 0.02 5.74 1.19 1.01
PF3417(C 36.5 30/70 166 0.48 0.42 0.08 3.30 1.40 1.02
PF4l0C 37.2 40/60 165 0.35 0.47 0.17 2.46 1.69 1.00
PF5l50C 40.0 50/50 161 0.42 0.47 0.09 2.79 1.40 1.07
PF0l40C 34.6 60/40 160 0.39 0.46 0.12 2.69 1.52 1.03
PFgsl55C 30.8 65/35 159 0.34 0.45 0.15 2.51 1.66 1.00
PF,I,5C 32.7 72/28 159 0.14 0.41 0.28 1.68 2.36 1.02
PF51,5C 28.4 75/25 158 0.05 0.37 0.56 1.30 4.00 1.02
PFgl,oC 30.5 80/20 158 0.05 0.34 0.62 1.28 4.64 0.99

PFC 32.6 Without ISB 157 - - - - - -

1) n(DPC)/n(Diols) = 1.005, n(Catalyst): n(NaHCO3)= 4x107% 2) Measured by viscosimeter; 3) Determined by 'H-NMR; 4) Mass fraction of the correspond-

ing carbonyl carbon relative to the total carbon-based groups, determined by *C-NMR
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# 2 PFIC ML =Rk
Table 2  Optical characteristics of PFIC films

Sample Thickness/um ng" 2% Transmittance®/% Haze® An(550)9/10°
PIC 50 1.508 59.1 90.1 0.98 8.19
PF5lg5C 51 1.545 39.0 90.2 1.13 4.92
PF3017(C 50 1.571 33.1 90.0 1.23 3.57
PF 40l60C 51 1.590 29.5 90.4 0.95 2.48
PF50l50C 51 1.604 26.8 90.2 1.13 1.96
PF0l49C 49 1.615 259 90.3 0.98 0.43
PF5155C 50 1.620 25.5 90.2 1.01 0.07
PF;,1,4C 53 1.623 25.0 90.0 1.05 —-0.24
PF51,5C 51 1.624 24.8 90.1 1.16 —-0.50
PFgoloC 50 1.630 24.4 90.1 1.09 -0.91
PFC 51 1.640 234 90.0 1.14 —1.43

1) Measured by Abbe refractometer; 2) Measured at 550 nm by UV; 3) Measured by Haze meter; 4) Measured by phase analysis difference tester
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-“-h-‘-\.\ 410
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¢ o ¢
S N «“ x@ @ PSR IR
SUSTETETREEES Q“”‘c“’

(a) (d)
[l 4 PFsls,C WAL SR IR F (a); PFIC WIEAE 589 nm AL 5T R AN 550 nm 40 BT HHE Y ZE1L (b)
Fig. 4 Photograph of PFl;,C film (a); Variation of n,; at 589 nm and An at 550 nm for PFIC films (b)
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5 IR BPEF B /R 735 PFIC HUA H 1) RO S - K M2k (a); 2805 — Pk Ak RS B9 AN 7] BPEF 8 /K 43 %4 PFIC B ji
BT 5 I (2R R 2K (b)
Fig. 5 Birefringence-wavelength curves of different BPEF molar fractions of PFIC films with uniaxial orientation (a); Normalized
birefringence dispersion of the PFIC oriented films with different molar fractions of BPEF (b)
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My < 0.875 BF, AT LAt /& An > 0. dAn/dA > 0 B 45 1F,
WM Fof SR R R P S B B0 B Rt . R 6(a) it T
2 A — AL AL HS () PFIC #ERE XU S (B S My 1956
Z I, M AT DLW B, 2 P S R
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Table 4 Sample code, stretch ratio, thickness, infrared dichroism ratio, orientation factor and An(550) of PFIC ((n(BPEF)/n(ISB) = 50/50)

oriented films

Sample 7/°C Stretch ratio” Draw speed/(mm-min") D f An(550)/107° Thickness”/um
1 Tyts 2.0 50 0.771 0.165 2.3 45
2 Ty +10 2.0 50 0.799 0.143 2.0 32
3 Ty+15 2.0 50 0.828 0.120 1.6 50
4 Ty +20 2.0 50 0.891 0.075 1.0 44
5 Ty+25 2.0 50 0.934 0.045 0.6 50
6 Ty +10 1.4 50 0.880 0.083 1.1 50
7 Ty +10 1.6 50 0.843 0.110 1.5 41
8 Ty +10 1.8 50 0.815 0.131 1.8 36
9 Ty +10 2.0 10 0.899 0.069 1.0 43
10 Ty +10 2.0 30 0.856 0.101 1.4 53
11 Ty+10 2.0 40 0.827 0.122 1.7 42
1) Change of gridlines before and after stretching; 2) Thickness of the film after stretching
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Synthesis and Optical Regulation of Bio-Based Polycarbonates

ZHOU Qian, LU Tao, LIU Mengjuan, FANG Wei, WU Guozhang
(Shanghai Key Laboratory of Advanced Polymeric Materials, School of Materials Science and Engineering,
East China University of Science and Technology, Shanghai 200237, China)

Abstract: Bio-based polycarbonate (PIC) is limited by the rigid alicyclic skeleton and ether bond in the molecular
chain, which leads to a low refractive index, high birefringence value and high water absorption. In this study, the high
molecular weight and random distribution of bio-based copolycarbonate (PFIC) were synthesized from diphenyl
carbonate (DPC), 9, 9-bis [(4-(2-hydroxyethoxy) phenyl] fluorene (BPEF) and isosorbide (ISB) by melt
transesterification. The addition of Cardo monomer BPEF gives PFIC better optical properties, mechanical properties,
thermal stability and hydrophobicity than PIC, thereby broadening the application of bio-based polycarbonate in the
field of optical films. When the molar fraction of BPEF ranges from 22% to 70%, the PFIC films exhibit negative
dispersion characteristics. Specifically, when the molar fraction of BPEF is 65%, this PFIC film demonstrates high
refractive index (ny = 1.620) and low birefringence (An = 0.00007). Furthermore, the orientation and birefringence
value of PFIC films increase with the decrease of draw temperature, the increase of draw ratio and draw speed, but the
birefringence wavelength dispersion is not affected.The result lays an experimental foundation for regulating the optical
properties of polycarbonate films.

Key words: polycarbonate; birefringence; isosorbide; copolymerization modification; optical film
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