Journal of Mechanical Strength *HJ 1%; % g 2024, 46(4):959-968

DOI: 10. 16579/j. issn. 1001. 9669. 2024. 04. 027

mE-NAHEE TR Z G EHREETIT A KA
CREEP BEHAVIOR AND CONSTITUTIVE DESCRIPTION OF
POLYTETRAFLUOROETHYLENE UNDER TEMPERATURE-STRESS
COUPLING

EREC OSEET u 77 Ko
(1. REXF KI5, R#Z300354)
(2. REFTHLELEREHRATEREE, KF 300354)
(3. RAFKRF LA, T 315000)
WANG JingHui'? Ll Jikang'? LIU Zheng'? CHEN Xu'?*?
(1. School of Chemical Engineering and Technology , Tianjin University , Tianjin 300354, China)
(2. Tianjin Key Laboratory of Chemical Process Safety and Equipment Technology , Tianjin 300354, China)
(3. Zhejiang Institute of Tianjin University , Ningbo 315000, China)

BE R H( Polytetrafluoroethylene , PTFE ) ELAG T AR T 2 S b R R M A AT, A Tl s
RN BB Y A B B, R4 PR RE X 5 B 5 Y e R IRAR 2R G E 2 a3 X PTFE JT i T 4 12X 46 711 s 4 055 42 1206, A
FE PTRE AEA [FIRLEE T 0 AA PERE , PR FEI ) il BE XTG4 7 A AR5 S MU . DFFE 4 SRR W], PTRE A 46 Jit A 56 B2
RS A8k L8 9% i T AR AT o TR 47 U5 2 P A2 308 B 0N, g B 5 20, ZE AR W) IELRE T, Bt N2 4884 I, PTFE
W Fof IO A2 LTS A SRS RN o AR AR RIS R, B T BE R B, PR A A R AR, 407 B R A pl MR BRLHE K, ITTT PTFE fr 1%
I 7 A PG AR B, SN S BHE fJ5 L R Burgers 1581 Findley f5EAS R ) i (LB X PTRE 75 A [A] 4% T8 T
MG AL AT A HEAT T O30T, & I Burgers #5811 Findley #5184 T] DU H i i4 PTFE 7ES [F]R S T 162217 o AWTSEAT A
9 PTFE F 44 5 A RE RO B BT A5 A BT X TR AR LB 4 5 A SCi

Xgin ROUSZH ERETRE EBEE-NAOBE KRR

FESHES TQ325.4

Abstract  Polytetrafluoroethylene (PTFE) has the advantages of high and low temperature resistance , chemical corrosion
resistance and high thermal stability, and has become an indispensable sealing material in the industrial field. Its compression
performance is crucial to the safe service of the sealing structure. By carrying out the compression experiments and compression
creep experiments on PTFE, the compression properties of PTFE at different temperatures were studied , and the coupling effect of
stress and temperature on creep behavior was explored. The results show that the compressive yield strength and compressive
modulus of PTFE decrease with the increase of temperature. The compression creep performance is influenced by the coupling of
temperature and stress. At the same temperature, the instantaneous strain and creep rate of PTFE increase with the increase of
stress. Under the same stress, as the temperature increases, the compressive modulus decreases, the molecular energy and free
volume increase, resulting in an increase in the instantaneous strain and creep of PTFE, and an increase in the total strain.
Finally, the Burgers model, Findley model, and Time-Hardening model were used to analyze the creep behavior of PTFE under
different loading conditions. It was found that the Burgers model and Findley model can better describe the creep behavior of
PTFE at different temperatures. This study can provide theoretical guidance and data support for the design and engineering
application of sealing structures that consider the compressive creep performance of PTFE.
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Tab. 1 Physical property parameters of G-90

YIEPE T4 Physical property parameter

VRN s HE R LI RO b A
Molecular Density p / Melting Relative Particle

formula (kg/m*) point T /°C molecular mass  size a /um

(C,F,), 2200 327 100.01 60~100

1.2 RiEE kTR

405 R 45 A 3 06 2 B A 1M GBY/T 1041—
2008 24T, R 45 A R S 10 mmXx 10 mmXx4 mm,
FE 2 BE 60 RS 9 6 mmx6 mmx6 mm., 45 A I
JE 4 1% A8 32 56 7E MTS370. 02 78 B 3% £a] i 52 55 18 56
HLCE 2) BT RE



5 46 B 4 1] T AT RN SRS O A AL AT g B A Kt ik 961

&1 PTFE #1k
Fig. 1 Raw material of PTFE

T

Heating furnace

FEk
Indenter
AR

Specimen

B2 R A
Fig. 2 Experiment instruments and equipment

1.2.1 E%HiXE

AR E JE I AN [ R R 48K . 2 )
PEHL 25 “C(ZE ) .50 °C. 100 °C . 150 ‘CH: 4 IR FEK
L BB R 3 UGAE . RE IR I3 K e 2
i (8 P S4B 2 0 -1 78 i 2k
1.2.2 JRZ%E %K

s 47 5 A8 a9 R AN () P I B e, T B R I A
TR Y B SR, oo TR R s S B R S AL AR
fbo B sh S AAUBIR K AT PTRE 03 58 1L 5% AR TR
157 °C, i R e T B A A U R MDRHE B Sy 2
AR TR IEEE . Ik # 25 C(=
) .50 “C .75 °C.100 °C 125 °C.150 ‘CH: 6 MR JE K
-, 4% 10 MPa .20 MPa .30 MPa 3L 3 /N3 /1K R
AEE AR AT R 1 he
1.3 EHRETERSW
1.3.1 REXPTFE M AR % AL 69 %o

AN TR I R AR R 45 7 ) - Io7 AR il 2 an 1] 3 it
Ao AR H R R 0 2 Wn R A 4 s o AR IR
I 2k A BN [ER R PTFE BY 15 46 A5 52 0 45 J IR
SR ANZR 2 IR o

3T LAE H, EAR i S0 3B BE . FETESR
HI e L B, N7 g B AR S AR P . BT AT TR
ZMEE  HERN AR IR B 3% JEATHEAGS 11 B B B 55 4 1 ik
B B, 3X A B Be R AE /N 8 10 7 1G4 3 R P 1 A2 2
BRI, LI R I AR B E R, BRI 4 8 M S

RS A ARG AN RIS o RS, T B BT SR
I 5B B e 5 A B BE 10 7 2Rt TG < i iz A2 A8 A 7
RS/ H R 28 5, B 236 B ) 211K 200 MPa &
FahF b, WE 4T LA R4 s i 5
PIIULAR , JF ELIR S A 7, PTRE AP0 BE R, He 6 1o AR
N, iR 52 AR, 2 W R

200

—_ —_
[ NS o))
S (=] o

FE4E I 71 Compressive stress 0/MPa

IS
(=]

1 1
0 20 40 60 80 100
JE4E N AE Compressive strain € /%
813 PTFE AR i a4 17 g - 722 h 2k

Fig. 3 Compressive stress-strain curves of PTFE at different temperatures
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Fig. 4  Macroscopic morphology of compressed specimen
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Tab.2 Compressive elastic modulus and ultimate strength of

specimens at different temperatures

i 2 I 45 o i i JEE

Temperature

IR Ny

Compressive ultimate Compressive elastic

TI°C strength o /MPa modulus £ /MPa
25 10.67 473.96

50 7.47 387.67

100 5.12 291.56

150 4.46 203.75

200 2.98 98.10

MR 2 AT LLA 1, BE 25 6 T+, PTFE 19 1R 46
Jet Al 5 B R 4 B AR I R . 25 CRY, R 4
JIi 55 2 A 10. 67 MPa, Hs 4 152 15 24 473. 96 MPa;200 C
b, 45 i IR 55 B2 AR A 2. 98 MPa, J 46 455 1t [ A%l
98. 10 MPa, #H Lt 25 “CHF 43 5IBEAR T 72. 1% .79. 3%

F£ 25~150 “CYE FE N B, 350 5 /N1 98 35 Ak i AR
MR R R B R R AW T K A s
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Fig. 5 Creep curves under different stresses and temperatures
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Tab.3 Burgers creep model parameters of PTFE
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Tab.4 Correlation coefficients of the three models
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Fig. 11 Burgers model parameter-temperature curve
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