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A Study on Thermal Insulation Property and Thermal Crack Protection
for Expanded Pedite Inorganic Composites
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Abstract A study on the crack protection and thermal insulation properties of the expanded perlite inorganic
composites was performed. Mixed expanded perlite with a water glass was stabilized for 24 hrs at room temperature
in the mold and, thereafter, converted into a massive foamed body through complete drying process at 150C.
Aluminum phosphate and micron size mica powder were used as a reaction accelerator and a stabilizer for thermal
crack, respectively. Especially, use of mica exhibited a remarkable effect on the protection of thermal crack at higher
temperature over 500C, and thermal conductivity of the composites was enhanced with higher perlite contents,
showing ca. 0.09 W/mK for the sample of 100/200/10/1.5 water glass/perlite/mica/Al phosphate by weight. A severe
dimensional deformation of the composite materials was observed over 600C, however, showing a temperature
limitation for a practical application. The facts were considered as the results from the glass transition temperature
of the water glass, of which main component is sodium silicate.
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[Table 1] Typical classification of thermal insulation
materials

Class Typical Examples
~ Mineral Wool

- Glass Wool

- Ceramic Wool

- Fumed Silica

- Aerogel,

- Ceramic Fiber

- Perlite, Vermiculite, etc.
- Polyurethane Foam
- Polystyrene Foam
- PE, PP Foam, etc.
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Organic
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[Table 2] Physical properties of expanded perlite
powder, MSD-601[10]

Average
I89EEE Value
Bulk Density [g/cm’] 015
Effective Density [g/cm] 025
Particle Size [uml] 55
Water Content [1hr/105C%] 0.35
Thermal Conductivity [W/m.°K] 0.041
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[Table 3] Physical properties of mica powder, SM-10
and SM-40[10]

Property Average Value

Bulk Density [g/cm’] 0.32
True Density [g/cm’] 28

. . SM-10 864
Particle Size [um] SN0 107
Water Content [1hr/105C%] 0.35
Thermal Weight Decrease [Thr/100 45
0C%] B

3Fe] MSD-601 perlite %28 100, 200, % 300 phr
3 Aluminum Phosphatet= 1.5 phr2 12438kt
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[Table 4] Sample formulation for Exp-1

Exp-1 #1-1 #1-2 #1-3
YGS-40 100 100 100
MSD-601 100 y
Al Phosphate 15 15 15
T WA AF oA EXP-19 du|dddaE uere
2 320 A9 XIS AR 95k 34
(wallastone), FE=A2]7}, @ nlo]7} E2-& AlL5lo] &
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[Table 5] Sample formulation for Exp-2

Exp-2 #2-1 #2-2 #2-3
YGS-40 100 100 100
MSD-601 0 0 90
Al - -
Phosphate 15 15 15
10 10 10
(Walla— Fumed (Mica)
stone) Silica)

[Table 6] Stabilization time effect on crack
formation of samples in Exp-1

Temperature Stabilization Time [day]
[°C] 1 3 5
150 X X [
500 X X X
700 X X X
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[Fig. 1] Effect of mica on crack formation in Exp-2
after drying for 10hr at 1500C.
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[Fig. 2] Effect of high temperature on the dimensional

stability of sample #2-3
exposure for 3hr at 5000C.

in Exp-2 after
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[Fig. 3] Effect of high temperature on dimensional

stability of sample #2-3
exposure for 3hr at 7000C.

in Exp-2 after

A A5 bl H A% B8-S AvET] 95t
Exp-2041 2] #2-39] mica B7 MZol thgt AT A
AE Ak FA 25eme] 12cmx12emx AAME Al
Apg-ahe] £E7} Z45+= hot plateo] i?4—'?-7—
YA AE A-ahte] 2RSS &4 3}"4
e F9E ol i} 9 Fg. 4o &
o2 SM-10 2 SM-40 micaZ B3+ 4
AA%E YehdArh 1%101]*1 @lﬂicl'
mica 27 W& ¥4

E

=3 n:°
A TR OREN) r}o

HU ru

EME
= ”"501] e i—J A

A9 FsA s;%
qo 7

oo meg > rlo

o Ml mx

Upper Temperature [C]

50 100 150 200 250 300 350
Bottom Temperature [C]

[Fig. 4] Temperature difference between upper- and
bottom-side of #2-3 samples as function of

temperature.
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[Fig. 5] k-factor of samples with perlite 100 and 200
phr, respectively, as function of temperature.
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[Fig. 6] DTA thermogram of samples with perlite 100
and 200 phr, respectively, as function of
temperature.
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[Fig. 7] TGA thermogram of samples with perlite 100
and 200 phr, respectively, as function of
temperature.
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