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Preparation and Performance Regulation of Perlite and Fumed Silica Composited Silicone
Rubber for Thermal Insulation Materials
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Abstract: Developing some thermal insulating composite materials based on perlite is a subject to expand the application of mineral
materials. In this paper, the vinyl silicone oil or room-temperature vulcanized silicone rubber was mixed with two kinds of perlite with
different sizes and fumed silica as fillers through a kneading process and a direct mixing process, respectively. Some composite
silicone rubber insulation boards were prepared and evaluated by the thermal conductivity and insulation performance. The results
show that the product prepared by the kneading process has resulted in a reduced heat preservation ability of perlite, probably due to
the broken hollow particles. The insulation board prepared with fumed silica as a main filler is difficult to form their shape, and the
minimum thermal conductivity is 0.1728 W-m ™K™' for the formed sample. When a mass ratio of perlite and fumed silica in silicone
rubber is 37.5% and the product thickness is 2.5 cm, the minimum thermal conductivity is 0.0349 W-m "K', and the back-side
temperature is 67 ‘C after heating at 250 ‘C for 4 min, which basically meets the application requirements of thermal insulation
materials for tobacco facility.
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Table 1 Typical physic-chemical parameters of two kinds of perlite samples and fumed silica resources

Average diameter Cumulative Rate of spherical AlLO3 Na,0O+K,0  Whiteness/ Thermal conductivity/
Sample . 5 SiO; content/% A
Dso/pum density/(kg'm ) shape/% content/% content/% % (Wm K")
1# perlite 30 85 80-90 64.6 12.2 15.3 90 <0.048
2# perlite 812 102 60-70 53.7 10.9 19.2 92 <0.079
Fused SiO, 0.02 50 =99.8 98 <0.020
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(a) 1# perlite 1 000 times

(d) 2# perlite 500 times

(g) Fumed SiO, powders 5 000 times

(b) 1# perlite 2 000 times

(e) 2# perlite 1 000 times

(h) Fumed SiO, powders 100 000 times

(c) 1# perlite 10 000 times

(f) 2# perlite 5 000 times

(i) XRD patterns of the above samples

BT (a~e) IM2ERA: (d~D) 2#BERAE: (g~h) UM SiO, KR ) SEM T () LA EAF A HY XRD 1%
Fig. 1 SEM images of (a—c) 1# perlite; (d—f) 2# perlite; (g—h) Fumed SiO, powders; (i) XRD patterns of the above samples
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Table 2 Compositions and properties of perlite filled silicone rubber thermal insulation boards

Mass fraction/% (Extra 1.5% sulfidizing agent was added before molding)

Back side temperature after

S;If)l'ple 1# perlite 2# perlite Fused SiO, Silicon rubber T?:;kneSS/ T?\;I?E?l 'Clg?gumwty/ Zitiinn/%cat 230 Cor

1 20.0 0 10.0 70.0 0.59 0.2142 147.20

2 50.0 0 10.0 40.0 0.51 0.2859 149.23

3 45.0 15.0 10.0 30.0 0.56 0.172 8 132.28

4 15.0 35.0 10.0 40.0 0.55 0.308 2 141.56

5 15.0 35.0 20.0 30.0 0.52 0.1116 144.63

6 0 50.0 20.0 30.0 0.55 0.292 4 137.99
I 107 IS8Rl 6.5 /5 LA E(FESL 9), A REIE
HIRA, HUE RS SR AECN 00745 Wom K
1E 250 ‘CH#A 4 min 2 J5 IR R 76 'C. 1 .40
DL I#E R G AE BN (FE L 10~FF 5 12), 107 Y
RHEMH 1.6 LA ERRIFT R A, SR ENE
w T Al EL, 8 0.0839 Wem K,

B2 BERaASAE SO, AR R ORIEA BHA IR

Fig. 2 Photographs of the perlite and fumed SiO, filled
silicone rubber thermal insulating materials
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Table 3 Properties of Thermal Insulation Board Prepared by Perlite Composite Fumed Silica

Back side
Purpose of .- . . Thermal ¢ " fi
Sample experimental Mass_of 1# Fu_sed 107 silicon TEOS/mL  Ethanal/mL Shaping - Thickness/ conductivity/ emperatute ater
No. . perlite/g SiOy/g rubber/mL or not cm F— heating at 250 'C
design (W-m-K™) .
for 4 min /°C
7 Contrasting 0 4.0 20 0 0 No 2.56
3 contents of
fused Si0, 35 19 36 24 No 2.53
9 0 3.0 20 12 0 Yes 2.15 0.074 5 76
10 Contrasting 4.0 0 5 0 4 No 251
11 contents of 35 0 5 4 4 No 2.56
perlite
12 3.0 0 5 4 4 Yes 2.54 0.0839 78
13 Contrasting 2.0 2.0 5 0 4 Yes 2.55 0.0427 67
14 contentsof 15 15 5 0 4 Yes 2.54 0.0349 66
silicon rubber
15 1.0 1.0 10 0 4 Yes 2.57 0.048 6 68

TEOS is ethyl orthosilicate.
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(a) 5# sample 200 times

(c) 13# sample 500 times
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(b) 5# sample 1 000 times

(d) 13# sample 1 000 times
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Fig. 3 SEM images of prepared 5# sample and stirring prepared 13# sample
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