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ture toughness test neering drawing
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Fig. 1 Specimens for quasi-static tensile test and fracture

toughness test
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Fig.3 Schematic diagram of measurement of final crack propagation length: (a)-(f) crack growth process, (g) crack growth tra-

jectory, (h) data processed by DIC
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Fig.4 Normalized load-displacement curve and normaliza-
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1 ORFEEREET AI-PTRE U MR SR 122 M se 28K
Table 1

of AI-PTFE specimens at different temperatures

Quasi-static tensile mechanical property parameters

temperature elastic yield strength ultimate tensile failure

/°C modulus/GPa /MPa strength/MPa strain
=15 1.78 16.2 16.6 0.07
10 1.57 13.8 14.0 0.21
25 1.38 12.3 13.7 0.43
35 1.23 9.4 9.5 0.52
50 0.91 8.1 8.9 0.55
18
16+
14+ r—\
o ——
02“-’ 10[ |
= Em
g O = —15C
e 6l —10°C
24l —25C
—35°C
2f O
ol . . . . . .
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strain
Bl 5 NIRRT Al-PTFE IR i f 25 i N 7 -7 22 it 26
Fig.5 Quasi-static tensile stress-strain curves of AI-PTFE

specimens at different temperatures
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Fig. 6 Load-displacement curves of AI-PTFE specimens in
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Fig.7 Load-displacement curves of Al-PTFE specimens at dif-

ferent temperatures
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Table 2 Parameters and results of fracture toughness experi-

ments
T/°C w/mm  b/mm a,/mm  Aa/mm he 2 s o
/k)+m™  /k]-m
=15 25.46 12.62 16.58 3.09 7.9 -
10 25.53 12.68 16.53 1.81 9.5 =
25 25.56 12.60 16.60 1.64 12.1 =
35 15.53 12.70 16.75 0.90 - 17.8
50 25.50 12.60 16.88 0.77 - 17.1

I 8m W,—15,10,25 CIRJE T Y =5k 550
R3S S AE N S, 23R 7.9 ,9.5 kJ-m 2 F112.1 kJ-m™2,
T4 -RARZE S E B MDR, YR R PR
ZEPERE MM S . T 35 CHI50 Cilt BT 4%
fif -5 B i 2 A6 W 98 1 2L S0 e i [ P A R B B
A feAor
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Fig.9 Effect of temperature on J. and yield strength of
Al-PTFE specimens
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Fig.10 Microstructures of fracture surfaces of AI-PTFE specimens with PTFE in phase Il
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Fig.11 Microstructures of fracture surfaces of AI-PTFE specimens with PTFE in phase IV and [
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Effect of Temperature on the Fracture Toughness of AI-PTFE Reactive Material by J-integral Method

WU Jia-xiang', LI Yu-chun', LIU Qiang', HUANG Jun-yi', ZHANG Jun’, FENG Bin*
(1. College of Field Engineering , Army Engineering University of PLA, Nanjing 210007, China; 2. 78102 troop of PLA, Chengdu 610031, China:
3. 63870 troop of PLA, Huayin 714200, China)

Abstract: To investigate the influence of temperature-induced phase transition of polytetrafluoroethylene (PTFE) on the fracture
toughness of AI-PTFE reactive material, the quasi-static tensile test and fracture toughness test were performed, and the normal-
ization data reduction technique with single specimen in ASTM E1820 was applied for analyzing the elastic-plastic fracture tough-
ness of AI-PTFE by J-integral method. Combined with the microstructures analysis of the fracture surface, the effect of tempera-
ture on the fracture toughness of AI-PTFE was revealed. The results show that the strength of AI-PTFE reactive material decreases
with the increase of temperature, while the fracture toughness increases. Moreover, the yield strength and fracture toughness of
this material change obviously after crossing the phase transition temperature. The crack propagation pattern changes from brittle
fracture to ductile fracture. Furthermore, when PTFE is in phase Il , less PTFE fibrils can be formed by stretching. However, in-
creasing temperature can lead to the transform of the crystal phase for PTFE to phase IV and [ . Besides, the stable formed PTFE
fibrils can effectively dissipate the external energy in the form of local plastic deformation. The crack tip is passivated by winding
bridging, so as to prevent the crack propagation and improve the fracture toughness of this material.

Key words: AI-PTFE; J-integral;fracture toughness;phase transition; PTFE fibrils
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