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Si—0 —C Table 1 Recipes of rubber vulcanizate
Silicone Fumed Aramid
DCP POSS
rubber N silica fibre L
phr * P phr phr P
100 2 40 5~15 5~15
* phr parts per hundred parts rubber
S10, 510, 30°C
Si0, Y Sio, 12 h TEOS
Si0, 6~24h. 50°C
3 24 ~72 h. 50°C
° POSS’®
Si0,
2
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Si0, Si0,
Si0, My— M, /M, x100% M,
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M, M, Table 3  Properties of vulcanizate with or without in situ silica
M 1 5102 . - Fumed i;b;itu Tensile Ablation
X] 0. 1lica stren; rate
GB/T528-1992 PN ia phr treveth
content phr MPa mm 57!
GIB323A-1996 = 1 40 0 4.82 0.086
- / 2 53.7 0 3.85 0.087
SEM . 3 40 13.7 5.82 0.071
3 Silicone rubber 100 phr
5 Sio,
TEOS Si0,
TEOS | SEM
Si0,
TEOS . 2a 2 b
2 Si0,
TEOS SEM . 1 2 :
TEOS Si0,
40 ~ 60 nm a b
Sio,
TE . TE
0S 0S TEOS
TEOS
Si0, .
50C
Table 2 Selection of pre-swelling solvent
Methyl-
Solvent TEOS Ethanol Acetone THF
benzene
Swelling ratio % 100 120 150 200 250 '
Fig. 1 SEM photograph of pure vulcanizate
Swelling temperature 30°C Time 12 h
4 SiO,
TEOS /H, 0
TEOS
Si0, . TEOS
2% h H,0 3 %)
TEOS 48 h. 3 ; B S00 im
3 Si0,
40 53.7
50
Si0,

Fig. 2 SEM photographs of in situ silica

a Surface vulcanizate b Inside vulcanizate
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6 SiO, 510,
21%. Si0, 0
Si0, 7.6%
510,
Si0, Si0,
510,
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Si0, 7.6% 13.7%
13.7% Si0, Si0,
. e
e =& "|ensile strength 0.087
6.0 DO —0- Ablation rate
= 10084 ~
z a
= N6 2 -
S 1078 & .
g 5 4 10.07 = SlOz
7 =
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Z 52 40075 Z Si0, Si0,
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i situ Silica conlent (%) Si0,
- - . TEOS
> 3 Relationship among in situ silica content tensile strength and
ablation rate
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in situ SILICA PREPARATION IN SILICON-BASED ABLATION-
RESISTANT MATERIAL BY SOL-GEL METHOD

Yao Ruliang Zhang Wei Zhou Da
College of Areospace and Materials Engineering  National University of Defense Technology ~Changsha 410073

Abstract A technique of in situ SiO, preparation in silicon-based ablation-resistant material by sol-gel method was
established. The preparing processes were as follows first vulcanizates were prepared by mechanical mixing of
silicone rubber fumed silica and other fillers. Secondly the vulcanizates were swelled in tetrahydrofuran THF at
30°C for 12 h and subsequently subjected to soaking in the tetraethylorthosilicate TEOS for 24 h. Thirdly the
swollen vulcanizates were put into the aqueous solution of n-butylamine at 50°C for 48 h in order to conduct the
hydrolysis and condensation reactions of TEOS. Finally the resultant vulcanizates were dried for several days at 50°C
under a reduced pressure. SEM photographs indicated that silicon dioxide particles prepared by sol-gel method were
spherical and the particle size distribution was in the range of 40 ~ 60 nm but the in situ SiO, was dispersed
differently in the vulcanizates which was enriched in the surface than the inside. So the content of in situ SiO, was
the average of the materials. Compared to the conventional silica-filled vulcanizates which were prepared by
mechanical mixing of the silica particles the new vulcanizates with the in situ SiO, showed better properties. The
results showed that the tensile strength and the ablation rate were improved apparently when the average amount of
in situ Si0, increased . The tensile strength of the silicon-based ablation-resistant material containsing 13.7% in siiu
SiO, was about 5.82 MPa and the ablation rate was 0.071 mm/s.

Keywords Sol-gel method Silicone rubber in situ Silica Ablative property





