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Synthesis and properties of poly(methyltrifluoropropylsiloxane)-modified PET copolyester
GUO Longlong', MAO Aimin’, LI Dexing’, MA Jun’, WANG Gongying', WANG Ziqing"’
(1. School of Chemistry and Chemical Engineering, Shihezi University, Shihezi 832061, China; 2. Xinjiang Lanshantun Polyester Co., Ltd., Changji
831100, China; 3. School of Fashion and Textiles, Xinjiang Polytechnic Vocational University, Kashi 844000, China)

Abstract : To address the functional deficiencies and limited application scope of poly(ethylene terephthalate)(PET), a poly-
methyltrifluoropropylsiloxane (PMTFPS) -modified PET copolyester (FPET) via a one-pot melt polycondensation process was
synthesized. The influences of PMTFPS content on the structure and properties of the copolyesters were systematically investigated.
The structure and properties of FPET were characterized by nuclear magnetic resonance hydrogen spectrum, intrinsic viscosity
measurement, differential scanning calorimetry, thermogravimetric analysis, etc. The results demonstrated that PMTFPS could be
successfully copolymerized into PET backbone via a one-pot process to synthesize FPET, and the intrinsic viscosities of FPET is
ranged from 0.52 dL/g to 0.71 dL/g. PMTFPS promoted PET crystallization because of heterogeneous nucleation effects, thereby
increasing the melting point. Owing to the significant difference in surface energy between PMTFPS and PET, PMTFPS migrated to
FPET surface under thermodynamic driving, forming a surface layer rich in F and Si elements ,which effectively reduced oxygen
diffusion, significantly enhancing the thermo-oxidative stability of FPET. Furthermore, the surface hydrophobicity of FPET could be
effectively tuned by adjusting PMTFPS content. When PMTFPS quality accounts for 15% of terephthalic acid, FPET-15% exhibited
markedly low dielectric properties at high frequencies, with a dielectric constant of 3.21 and a dielectric loss factor of 0.025 at 10

MHz which reduced by 1.83% and 21.88% compared to PET, respectively. These improvements are attributed to the low polarizabili-
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ty of —CF, groups and the increased free volume from the flexible siloxane backbone, which collectively reduced dipole density and

relaxation loss.

Keywords : polyethylene terephthalate ; fluorosiloxane ; copolymer modification ; surface property ; dielectric constant
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Tab.1 Polymer data and elemental data for PET and FPET

PMTFPS/PTA/ )/ Actual component ("H-NMR data)/mol% Surface content (XPS data)/mol%
Samples - Ponirrps/MOL% dL-o"!
mol% (dL-g™) N¢ Ny Ny Ne Ne Ny Ng; Ny
PET 0.73

FPET-3% 3.1 1.6 0.69 70.94 28.59 0.12 0.36 57.31 29.08 9.75 3.86
FPET-5% 52 32 0.71 70.57 28.48 0.24 0.71 57.86 21.97 9.58 10.59
FPET-10% 10.4 5.5 0.67 70.28 28.06 0.41 1.24 44.78 22.96 14.47 17.78
FPET-15% 15.6 8.3 0.63 69.85 27.71 0.61 1.83 50.22 17.07 10.88 21.83
FPET-20% 20.8 10.7 0.52 69.60 27.23 0.79 2.38 54.27 17.87 12.23 15.64

Notes: [n] is intrinsic viscosity; N, N, N, and N, represent the elemental percentages of C, O, Si, and F, respectively.
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Fig. 3 DSC curves of PET and FPET copolyesters
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Tab. 2 Basic thermodynamic properties and thermal

decomposition temperatures of FPET

AH,/

Samples  7,/°C T/°C T /°C g-gh

X/% T,/°C T,/°C

max

PET 76.5 183.8 2447 34.6 25 4115 4459
FPET-3% 793 182.0 2459 31.1 22 409.8 4474
FPET-5% 804 1912 248.6 334 24 409.0 4453
FPET-10% 78.5 193.0 2488 32.6 23 4062 4444
FPET-15% 79.3 198.6 2504 343 24 4055 4448
FPET-20% 783 200.7 250.1 312 22 4033 4443

Notes: 7, is glass transition temperature; T is crystallization temper-
ature; 7 is melting temperature; AH, is enthalpy of melting; X, is crys-

tallinity; 7, is temperature at 5% mass loss; 7,

max

is temperature at the

maximum decomposition rate.
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Fig. 6 Stress-strain curves of PET and FPET
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Tab.3 Mechanical properties of PET and FPET copolymers

Tensile Elongation Tensile
Samples
strength/MPa at break/% modulus/MPa
PET 50.4+0.7 351.6+6 1 778.6+£36
FPET-3% 53.2+1.3 358.1+7 1 614.6+£27
FPET-5% 51.2+0.6 290.6+20 1 645.4+17
FPET-10% 50.4+0.9 158.6+11 1 581.7+22
FPET-15% 46.5+£0.3 142.4+5 1 441.6£19
FPET-20% 31.8+2.0 3.7+1 1 562.6+22
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