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The Effect of Heat Treatment Temperature on Mechanical Performance of
Anti—ablation Phenolic Resin

ZHANG Ben HU Honglin NIU Guangming ZHANG Boya ZHU Shipeng

(National Key Laboratory of Advanced Functional Composite Materials , Aerospace Research Institute of Materials &

Processing Technology , Beijing  100076)

Abstract In view of the unclear influence law of the curing temperature of phenolic resin on the mechanical
properties of ablation—resistant thermal protection composites and the unclear strength variation law of resin carbon
with temperature, the effects of curing temperature on the tensile modulus and tensile strength of phenolic resin were
studied. The influence law of heat treatment temperature on the mechanical properties of resin carbon was
investigated by Vickers microhardness. The results show that the tensile modulus of phenolic resin increases with the
increase of curing temperature, and the tensile strength tends to increase with the increase of curing temperature. The
maximum tensile modulus is 5.04 GPa, and the maximum tensile strength is 89.8 MPa. The highest curing
temperature of the resin should not be lower than 140 “C. The strength of resin carbon increases with the increase of
heat treatment temperature, and the strength of resin carbon layer is the highest at 1 100 °C. This provides beneficial
guidance and assistance for the design and preparation of phenolic resin—based ablation—resistant composites.
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Tab.1 Effect of curing temperature on tensile modulus of
phenolic resin

1,/ E/GPa S CJ%
100 4.62 0.18 3.97
110 478 0.36 7.46
120 4.95 0.43 8.69
130 4.88 0.28 5.69
140 5.05 0.26 5.08
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Tab. 2 Effect of curing temperature on tensile strength of
phenolic resin

1,./C o/MPa s /%
100 82.66 3.97 4.80
110 79.43 12.76 16.07
120 78.30 16.64 21.25
130 89.80 12.33 13.73
140 75.36 25.53 33.88
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Tab.3 Effect of curing temperature on fracture elongation

of phenolic resin

ld C &l% S C /%
100 2.83 0.19 6.81
110 2.44 0.28 11.45
120 2.24 0.26 11.50
130 1.99 0.25 12.79
140 1.54 0.50 32.57
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Fig. 1 Tensile stress—strain curve of phenolic resin
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Fig. 2 Optical pictures of phenolic resin samples
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Fig.3 SEM images of phenolic resin tensile fracture surface
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Fig. 4 DSC analysis of phenolic resin before curing and after

curing at maximum curing temperature 140 ‘C
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Fig. 5 The variation law of Vickers microhardness with

treatment temperature
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Fig. 6 SEM morphology of resin carbide fracture section after different temperature treatment
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Tab. 4 Analysis of element content of phenolic resin after
different temperature treatment

N SER A REP(E/%
C H (0]
600 91.310 3.570 5.120
800 92.430 3.027 4.543
1100 95.170 1.721 3.110
1300 96.445 1.245 2.310
1500 99.140 0.590 0.270
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