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The effect of the thermal protection by varying

the composition of coating system

Bong-Chan, Kim

Department of Industrial Chemistry, Graduate School

Pukyong National University

Abstract

Our house contains many problems due to energy conservation and saving aithough
thermal protective materials have been developed. Therefore the thermal protection
paint was becoming the important part of domestic architecture instead of various
thermal protective materials. Thermal protection paint prevents not only thermal
conduction through organic coating but also thermal radiation. The object in this work
develop the novel paint by adding the materials of low thermal conductivity and
investigate the mechanism for the thermal protective properties of organic coating
film. 1t could be evaluated the thermal protective property by measuring temperature
difference between outer and inner surface during heating and cooling, It was found
that the major effect for thermal insulation was the decrease of rate of thermal
transport within organic coating orn the metal surface, because thermal transport
through the water borne paint was inhibited by hollow structure of inorganic silicate

void, such as cell 701, 3M cell.
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Table 1. Test methods for the thermal transport properties of insulator
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HOT PLATE

Figure 1. Thermal transfer of the convection on the hot plate.
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Qemit = € 0 AT, (W) (3)
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Table 2. The Emissivity of various materials

Material Emissivity(g )
Aluminum foil 0.014
Aluminum oxide 0.41~0.69
Anodized aluminum 0.82
Polished cooper 0.03
Polished gold 0.03
Polished silver 0.02
Polished stainless steel 0.114
black paint 0.98
paint(Aluminum) 0.40~0.50
white paint 0.90
white paper 0.92—-0914
Asphalt pavement 0.85~0.93
Red brick 0.93~0.96
Human skin 0.95
Wood 0.82~-0.92
Soil 0.82~0.96
Water 0.93
Vegetation 0.92~0.96
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Figure 2. Thermal transfer by the radiation between the internal surface of material.
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Figure 3. Experimental apparatus for measuring the water absorption rate.
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(Otsuka Chemical, (Japan)), Aluminum Oxide(AlQOs)(Junsei Chemical, (Japan),
Mica((5)4] 7, Korea), Aluminum(Al powder(Japan)E A}&-Sal, T2+
A AE FEZAGBMS cell 701(micro sphere, ()47, Korea)= A}&-3}
Rk ® 37 Be F2HOE cell 01 FEAE ETH dE=5(HHA
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(f) 712 aAE cell 701 3M cells} &¢] ATE 713 A2 o] FoJ#{ 3]

o}

Table 3. Recipe of the adiabatic paints)

Composition ratio

Material
(unit:weight%)
Emulsion resin 35
Pigment 5
Leveling agent 0.3
Defoamer 0.3
Dispersing agent 05
Thickening agent 2
Inorganic silicate void 10
Mica 30
Antifreezing agent 15
Antiseptic 0.2
pH control agent 0.2
Sclvent 5
Water 10
A Total _ 100
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Sample coating

PCM

Pre-coating

Figure 5. The sample sheet for measuring temperature.
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Figure 6. C8600 multithermometer.
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Figure 7. Experimental apparatus of the heating system.
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4.1 Heating systemol A ¢ dda# 4

411 ¥4 =89 GAEse] GdAas}

14 ]
13 4 %
12
114 ® —=— WB paint
10 # AD paint
O e
8 81 .,
§ 7 = E
;g Gj \- *
O 54 .
G a4l \. LI T,
QE, 3] \-;,_,,,_’
[ 2] g8 — 8 s—n
1]
04
-1
T T T T 1 F
0 10 20 30 40 50 860
Time (min)

Figure 9. Time dependence of the temperature difference between surface temperature

and inner temperature during heating.
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Figure 11. Time dependence of the temperature difference between surface temperature

and inner temperature during heating for the water borne coating
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Figure 12. Time dependence of the relative ratio of surface temperature for the water

borne paint; (a) none, (b) K:TisO17(3%), (c) ALOs(3%), (d) Mica(3%), (e)

Al powder (3%), (f) 3M cell(3%), (g) cell 701(3%).
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(c)

Figure 13. SEM micrography of the water borne paint including various additives:
(a)none, (b) K:TisO#(3%). (c) ALO;(3%). (d) Mica(3%), (e) Al powder

(3%), (f) 3IM cell(3%), (2) cell 701(3%).
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Figure 14. Time dependence of the temperature difference between surface temperature

and inner temperature during heating for the adiabatic paint.
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Figure 15. Time dependence of the relative ratio of surface temperature for the
adiabatic paint; (a) none, (b) K:TisO#(3%), (c) ALO;(3%), (d) Al

powder(3%).
_l_:li__
7] EEAeWE Jebd gstolnt o r)x] 2ute] e Tel Ui
Asu)e] el 22 0.23, 023, 023, 0222 A9 vlsd, wabd YrrEe &

3¢ & + Ak

...30_



(c) (d)

Figure 16. SEM micrography of the adiabatic paint including various additives; (a)

none, (b) K,Tig(0,7(3%), (c) Al:0:(3%), (d) Al powder(3%).
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Figure 17. Time dependence of the temperature difference between surface temperature
and inner temperature during heating by changing cell 701 concentration

(3%, 5%, 10%, 15%) for the water borne paint.
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(c)

{d)

Figure 19. SEM micrography by charging cell 701 concentration; (a) 3%, (b) 5%, (c)

10%, (d) 15%.
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Figure 20. Time dependence of the temperature difference between surface temperature
and inner temperature during heating by changing K:Tis(Oy7 concentration

(3%, 5%, 10%) for the water borne paint.
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Figure 21. Time dependence of the relative ratio of surface temperature during
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Figure 22. SEM micrography by changing K;TisO; concentration; (a) 3%, (b) 5%, (c)
10%.
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Figure 23. Time dependence of the temperature difference during heating between

surface temperature and inner temperature by changing Mica concentration

(3%, 5%, 10%, 20%) for the water borne paint.
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Figure 24. Time dependence of the relative ratio of surface temperature during

heating by changing Mica concentration for the water borne paint; (a) 3%,

(b) 5%. (¢)
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Figure 25. SEM micrography by changing Mica concentration; (a) 3%, (b) 5%, (c)
10%, (d) 20%.
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Figure 26. Time dependence of the temperature difference between surface temperature

and inner temperature during cooling for the water borne coating.
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Figure 27. Time dependence of the relative ratio of surface temperature during
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Figure 28. Time dependence of the temperature difference between surface temperature

and inner temperature during cooling for the water borne coating.
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Figure 29. Time dependence of the relative ratio of surface temperature during
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Figure 30. Time dependence of the temperature difference between surface temperature

and inner temperature during cooling for the adiabatic paint.
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Figure 31. Time dependence of the relative ratio of surface temperature during
cooling for the adiabatic paint; (a)none, (b) K:TisO1#(3%), (c) ALO3(3%),

(d) Al powder(3%).
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Figure 32. DSC curves for various coatings used in the work (16 C/min).
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Derivative Heat Flow (mW)
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44 RUEAEY (&4, 558, 8448)

Table 4. The contact angle, absorptivity and moisture content for various coatings

including additives

moisture content

species of paint contact angle( °)  absorptivity(%) %)% 107
WB paint 67 0.204 0.378
WB paint+K,Tizs0:7(3%) 60 0.282 0.133
WB paint+ALO3(3%) 72 0.209 0.378
WB paint+Mica(3%) 71 0.266 0.400
WB paint+Al powder(3%) 70 0.241 0.138
WB paint+3M celi 65 0.287 0.882
WB paint+cell 701 62 0.322 0.692
AD paint 76 0.264 102.6
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Table 5. Variation of the contact angle, absorptivity and moisture content by

changing the concentration of additive

moisture content

species of paint contact angle( “) absorptivity(%) %)% 10°
WB paint+Mica(3%) 71 0.265 0.400
WB paint+Mica(5%) 73 0.279 0.511
WB paint+Mica(10%) 64 0.296 0.404
WB paint+Mica(20%) 4] 0337 0.413
WB paint+K-TigO7(3%) 60 0.287 0.133
WB paint+K:TigO17/{5%) 45 0.392 0.162
WB paint+K,TisO(10%) 40 0.605 78.49
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