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ABSTRACT Boron carbide (B4C) was selected as the additive for the modification of the phenol
formaldehyde resin, and the micro—structural evolution of modified resin at high—temperature was investi-
gated. Results showed that the distribution of B4C particles became uniform at elevated temperatures. The
primary oxidation of B4C was shown from 450 ‘C and lots of BoO3 was formed above 650 ‘C. By the mod-
ification reactions of B4C, the volatiles including CO were converted into amorphous carbon and remained
in the resin matrix, which was responsible for the maintaining of stability of resin at high—temperatures.
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Table 1 Adhesive strength of the bonded graphite joints treated at different temperaturesm]

Room-temperature shear strength of bonded samples after heat—treatment/MPa

Adhesives 200 C 400 C 600 C 800 T 1000 T 1200 C 1500 C
PF resin Failure of graphite 7.7 1.6 1.6 — e
PF+B4C Failure of graphite 8.6 13.2 15.8 13.2 9.3

1 300 CHALFESE BiC BEMmMERRE SEM B4
Fig.1 SEM morphology of B4C modified PF resin treated at 300 C (a) the enrichment of B4C in the
resin matrix, (b) the enlarged SEM morphology of additives in the congeries of B4C
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Fig.2 SEM morphology and EDAX spectrum of B4C
modified PF resin treated at 450 C (a) SEM
morphology, (b) EDAX spectrum
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Table 2 EDAX analysis results of B4C particles
treated at 450 C '

Relative content of different elements
Element

Wt/% At/%
B 64.82 67.89
C 30.71 28.95
o) 4.46 3.16

Note: Wt mass fraction, At atomic fraction
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Fig.3 SEM morphology of B4C modified PF resin
treated at 650 C
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Fig.4 SEM morphology and EDAX spectrum of B4C
modified PF resin treated at 700 C (a) SEM
morphology, (b) EDAX spectrum

&3 700 CRAEEUHIRESHITRNTE
Table 3 Element contents on the surface of additive
treated at 700 'C

Relative content of different elements

Element Wt/% At/%
B 33.19 38.09
C 39.14 40.44
(6] 27.67 21.47

Note: Wt mass fraction, At atomic fraction
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Fig.5 SEM morphology and EDAX spectrum of
amorphous carbon produced from the modifi-
cation reaction treated at 700 *C (a) Morphol-
ogy of SEM, (b) EDAX spectrum

&4 700 CRALEEBHERFH EDAX 4R
Table 4 EDAX analysis results of modification
particles treated at 700 ‘C

Relative content of different elements

Element Wt/ % At/%
B 14.85 16.46
C 80.01 79.72
(0] 5.14 3.84

Note: Wt mass fraction, At atomic fraction



2% EE TS RSB R R Y B iR S A SR 207

100

# 9ot

g | B,C Moditied PF
B

€ 80}

4

=

ey

o 70

2

60 1 1 1 1 1 | 1 1
0 200 400 600 800 1000

Temperature / °C

6 BaC Bt RAMBER AR R EMZ
Fig.6 TG curves of pure PF resin and B4C modified

PF resin in nitrogen atmosphere
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