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Abstract : Polytetrafluoroethylene (PTFE) has attracted significant attention due to its excellent dielectric properties, ultra-low
friction coefficient, superior chemical stability and broad operating temperature range. However, PTFE will undergo creep under
continuous load, a kind of strain that develops over time, which limits its application. In this study, 1H, 1H, 2H, 2H-perfluorodecyl-
triethoxysilane was used to modify mica and AL,O, to improve their compatibility with PTFE matrix. Mica/Al,0,/PTFE composites
with various ratios were fabricated via a cold-press sintering method. The surface energies of the fillers and the matrix were analyzed
using an automatic contact angle meter. The tensile properties, crystallinity, thermal conductivity, and creep behavior of PTFE
composites were investigated. Additionally, the Burgers model was employed to fit the creep curves. Fourier transform infrared spec-
troscopy and X-ray photoelectron spectroscopy analyses indicate that the fluorosilane is successfully grafted onto the filler surfaces.

The total surface energies of modified mica(F-Mica) and modified Al,O,(F-Al,0;) decrease to 19.34 mJ/m? and 18.44 mJ/m?, respec-
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tively, exhibiting excellent compatibility with PTFE matrix (18.84 mJ/m?). The experimental results show that the creep resistance of
the composites is significantly enhanced with the increase of F-Mica proportion. Under room temperature conditions, the creep strain
of pure F-Mica filled composites is reduced by approximately 65.5% compared to that of pure F-Al,O; filled composites, which demon-
strates a stronger molecular chain confinement effect. In high-temperature tests, although the creep deformation of the composites
increases at 120 °C, the incorporation of F-Mica still maintains excellent dimensional stability. Furthermore, the tensile strength and
elongation at break of the composites decrease as F-Mica content increases, whereas the thermal conductivity reaches a peak value of
0.92 W/(m+K) at F-Mica/F-ALQO, ratio of 3 to 7. The fitting results of Burgers model are in high agreement with the experimental
curves (R*>0.98). Specifically, the significant improvement in £, and 7,, , which represent the material's resistance to deformation at
the moment of loading and its internal friction resistance, theoretically confirms the effective retardation of the modified lamellar fill-
ers on the slipping of PTFE molecular chains. This study provides experimental evidence and theoretical support for the develop-
ment of PTFE sealing materials with high temperature resistance and superior dimensional stability.

Keywords : polytetrafluoroethylene ; mica ; alumina ; surface modification ; creep ; burgers model ; molecular chain mobility
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Tab.1 Formulations for PTFE and its composites (mass fraction)
%

Samples PTFE F-Mica F-AlL,O,

OM/10A/PTFE 80 0 20
IM/9A/PTFE 80 2 18
3M/7A/PTFE 80 6 14
SM/S5A/PTFE 80 10 10
TM/3A/PTFE 80 14 6
9M/1A/PTFE 80 18 2
10M/0A/PTFE 80 20 0
PTFE 100 - -
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Tab. 2 surface energy of testing liquids

Samples yi/(mI-m™) Y/ (mI-m™) v,/(m]- m?)
H,0 52.2 19.9 72.1
Diiodomethane 2.6 49.5 52.1

Notes: y{ is dispersion component of the test liquid; v} is polar
component of the test liquid; y, is total surface energy of the test liquid.
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Fig.2 Schematic diagram of four-component Burgers model
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Fig. 4 XPS spectra of mica and Al-Os before and after modification
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Tab.3 Polar component,dispersion component and surface energy
of PTFE and different fillers

Samples ¥?/(mJ-m?) y%/(mJ-m?) y,/(mJ-m™)
PTFE 0.08 18.77 18.84
Mica 34.82 32.81 67.62
ALO, 1091 29.55 40.46

F-Mica 0.35 18.98 19.34

F-AlLO, 0.35 18.09 18.44

Notes: ¥ is polar component; y* is dispersion component; v, is

surface area energy.
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Fig. 7 DSC curves of PTFE and its composites
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Tab.4 DSC data of PTFE and its composites

T/ T ../ T/ AH /
S 1 c—p c—onset P m /9
amples o o oc G-z X /%
PTFE 312.4 317.5 331.3 33.65 41.04

OM/10A/PTFE 312.2 317.9 331 30.68 46.77
IM/9A/PTFE 313.8 318.0 329.7 31.94 48.69
3M/7A/PTFE 312.7 318.2 330.8 27.84 42.44
SM/5A/PTFE 312.9 318.2 330.3 25.58 38.99
TM/3A/PTFE 313.6 3183 330.4 24.61 37.52
OM/1A/PTFE 314.0 318.5 329.8 25.67 39.13
10M/0A/PTFE 313.5 318.8 330.1 27.80 42.38

Notes: 7,_ is the peak temperature of crystallization; T, is the

c—onset

onset temperature of crystallization; T, is the peak temperature of melt-

ing; AH_ is the enthalpy of melting; X is the degree of crystallinity.
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R, BRI 1 8l 35 4 A 52 65 61
X TR . R ST LI B 25 20 T PTFE
(45 AT o 1 F-Mica/F-ALO, Jii &t h 1: 91, X,
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18.6% , R = BE 1) S AHBUZ BE JT 58 T° ALO, , =Bk
HET I E AR, AN 0: 10484 129,
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Vi FIE 52 45 4B X35 46.77%, . 2 7 T 4l PTFE
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Fig. 8 Mechanical properties of PTFE composites

RO



182 AR

2026 4E, 45 54 4 55 4 1)

(m-K). 4 F-Mica &% S 4R224E T, T o B A EL
WPHR ) DA R 5] 28 B, S PG B B IR, R 38
42 N &, 9M/1A/PTFE 5 10M/0A/PTFE #4532z
I, 53514 0.56 W/(m-K)F10.55 W/(m-K).,

] 1.0~
' 0.92
* 0.81 085 [
B 08 0.74
z = 0.68
2 0.6 0.56 .55
=
3
5 0.4+
S
E L
g 0.2
2
E_‘
Pﬁ@@ <S© « « «@ R <S©

WYt
@wa &
Samples

[¥19 PTFE& SR TR
Fig. 9 Thermal conductivity of PTFE composites
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Fig. 10 Creep curves of PTFE composites at 9 MPa
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Fig. 11  Burgers model fitting creep curves of PTFE composites
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PEBHIEHUAS AT 396 48 T2 fig 7 1 Maxwell 5 B2 (n,) #2 T
g #3104 2 AN 0: 10 (F-Mica/F-ALO,) #f & Y
4.59x10° MPa-s /N3 10: 0 K511 5.17x10° MPa-s.,
5 [E s, 5 P EE SR A Y Kelvin 5 (n) th 2
LA AL P S R R o SR PR S A R 20 AR Ak
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P B 300 S RGN T 43T RS 1 PR EEHEERE T, DA
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# F-Mica 25 538, A st i 1] 7 B ele A8 Sz e 1 380K}
X IEAR ST 55 B iz sh 2 L AR . = AR L
BRI SR VR T, S B B 1 A i
FRARAS TR G202, I A st ) [B) #F — 2 SEORHC L
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Tab.S Parametric results of Burgers model fitting for PTFE

composites
E/ EJ  a/x  m/x ,
1 M K M K R
Samples  \ipa MPa  10°MPa+s) 10°MPa-s)

OM/10A/

prpp | 9747 12644 459 391 3093 0992

IM/9A/PTFE  96.83 163.58  7.02 562 3433 0.995

3M/7A/PTFE 103.00 187.54  7.54 647 3449 0.993

SM/SA/PTFE 10895 206.04  9.23 698 3386 0992

IM/3A/PTFE 10828 33582 1606 1059 3151 0.993

OM/IA/PTFE 122.80 575.82 2872 1690 293.6 0.990
10M/0A/

prpp 13882 99779 5173 3695 3703 0.9%

Notes: E,, is elastic modulus of spring component in Maxwell
model; £} is elastic modulus of spring component in Kelvin model; 7,
is viscosity of tviscous component in Maxwell model; 7, is viscosity of
viscous component in Kelvin model; 7 is relaxation time; R? is coeffi-

cient of determination.
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Fig. 12 Creep curves of PTFE composites at 9 MPa and 120 °C
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