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ABSTRACT 
A satellite with a passive thermal control system uses various thermal control materials to 
maintain temperatures during operation limits. Black paint is one of the thermal control 
materials which is used in geostationary satellites. The purpose of this paper is to study the 
applications of black paint used in geostationary satellites. 
 

INTRODUCTION 

The main aim of thermal control is to make sure that all the components are within their 
allowable temperature limits within  a lifetime of the geostationary (GEO) satellite. All the 
equipments on the GEO satellite have to work from the beginning to end of the lifetime with 
the required performances. Depending on the design approach, passive and active methods 
are used for termal control of satellites. A passive thermal control system uses coatings and 
paints (black&white), multilayer insulation (MLI) and radiators to achieve the required thermal 
control [Anvari, et al. 2009]. Most of the GEO satellites use the passive thermal control because 
of the simplicity, cost, reliability, the limited mass, and power. In order to maintain the 
temperature of the equipments within the allowable temperature range, minimize the mass and 
power requirements, the thermal design is a key step to taken at the beginning of the program. 
Selection of surface properties and insulation are key design parameters at the beginning of 
the design phase of the GEO satellite. Therefore, the thermal design engineers select the 
passive and active thermal hardwares at the beginning of the program.  

This study is intended to be broad review of black paint used in GEO satellites.  

 

BLACK PAINTS 

Materials for use in satellite design shall be a subject to a rigourous qualification and selection 
process [Hoły ́nska, et.al, 2018]. The black coatings are one of materials used in the satellite and 
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are applied on most of the internal surfaces of the satellite to improve their heat radiation 
chracteristics [Sharma, et.al, 1996]. Recently, the black coatings were studied in a heavy 
charging environment [Green, et. al, 2019]. A black coating with high solar absorptance and 
high thermal emittance is the best choice is such areas to avoid this large temperature gradient 
and maintain uniform on-orbit temperatures all the packages [Sharma, et. al, 1992]. Black 
paints used as passive thermal control elements in aerospace and aviation fields are 
polyurethane coatings that exhibit low outgassing characteristics, high thermal absortivity 
properties on surfaces they are used. Black coatings include in low outgassing, durable, and 
high thermal absorptivity. Although absorbtance and emittance values of black paints vary 
depending on the manufacturer, they generally have values between 0,85 < ε- emittance < 
0,90 and  0,92 < α- solar absorbtance < 0,94. With advancing technology together, these 
values come to even better points. Black paint mainly used in satellites such as communication 
module (CM) panels, service module (SM) panels, batteries panels, waiveguide (WV), 
telecommand and receive equipments (TCR), etc.  Aeroglaze A276, Aeroglaze Z306, 
Aeroglaze Z307 type are widely used in all satellites. Aeroglaze A276 and Aeroglaze Z306 are 
polyurethane-based paints that used in a variety of space applications for a variety of reasons. 
Aeroglaze Z306 is a flat black absorptive paint and Aeroglaze A276 is a white reflective paint 
. White paints, such as S 13GLO, are affected most strongly by UV radiation and charged 
particles, and their absorptance may rise from around 0.20 to 0.70 in just a few years [Gilmore, 
2002].  Table 1 and Table 2 show white paints and black paints thermo-optical values. White 
paints have low absorbtance property and black paints have high absorptance property. 
Aeroglaze Z306 is previously known as Chemglaze Z306, the paint has been used for many 
years for painting the exterior of aircraft, as well as for space applications and thermal vacuum 
test chambers [Ash, 2008]. Black paint and other high-absorptance surfaces generally do not 
degrade much from space-environment exposure. Any change in black paint is more likely to 
be a slight reduction in absorptivity of a few percentage points from UV bleaching over time 
[Gilmore, 2002]. Black paint manufacturers are listed in Table 3.  

Table 1: Properties of Common Black Paints [Gilmore, 2002] 

Black Paints α- Absorbtance 

(BOL) 

ε- Emittance 

Chemglaze Z306 0.92 to 0.98 0.89 

3M Black Velvet 0.97 0.84 

 

Table 2: Properties of Common White Paints [Gilmore, 2002] 

White Paints α- Absorbtance 

(BOL) 

ε- Emittance 

S13G-LO 0.20 to 0.25 0.85 

Chemglaze A276 0.22 to 0.28 0.88 

 
 

Table 3: Black Paint Manufacturers 

Black Paints Supplier/Manufacturers 

Z306 Lord Corporation/Socomore 
 

Z307 Lord Corporation/Socomore 
 

 
Figure 1 shows a heat exchange. It can be seen from Figure 1 that emissivity value is 
generally stable. On the other hand, solar absorbtance value is sensitive to aging due to the 
UV-degrading effect of coating. 
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Figure 1: Heat exchange: absorptance  
 

ANALYTICAL SOLUTIONS 
The thermal control is to balance the thermal energy of the satellite to ensure all the 
equipments remain within their acceptable temperature limits during the worst hot and cold 
cases. External heat fluxes incident on each element of the satellite depend on position of 
satellite in orbit, satellite attitude in its current position, relative positions of the sun and earth 
(equinox(EQ), winter solstice(WS), summer solstice(SS)), eclipse time, and satellite geometry 
[Gilmore, 2002]. External and internal heat generation must be properly balanced with the 
excess heat radiated to space. An energy balance analysis between the space environment 
and the satellite can be used to determine whether or not the satellite has enough radiative 
area to maintain its temperature within acceptable limits for the hot case. In addition, it can be 
used to size survival heat power to maintain the temperature within acceptable limits for the 
cold case [Williams, et.al, 2006]. 
 
The steady-state temperatures uses a basic energy balance. The equilibrium temperature is 
obtained from condition Qin=Qout. The effects includes in the calculation are internal dissipation 
(Qid), Solar radiation (QSun), Albedo (Qalbedo), Earth radiation (QEarthIR) and radiation from the 
body to space. 
 
The heat balance equation for node i coupled with nodes j though n is [Cherznik, 2004] 
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BLACK PAINT APPLICATION 

Several types of paints were used in GEO satellites, depending on the desired thermal and 
optical requirements. In this study, the Aeroglaze Z306 application will be studied. During the 
black paint application, the following four steps are applied. 

• Mixing 

• Application 

• Curing 

• Cleanup 

Before starting the black paint application,the surface (aluminum substrates) thoroughly is 
cleaned. After making sure that there is no dust, oil or grease, a primer is applied to increase 
the proper adhesion and performance of the coating. 

Mixing 

Before opening the lid, the black paint is mixed thoroughly for 5 minutes using a shaker. It is 
shaken until no settled material a is seen. After opening carefully, it is mixed the help of a clean 
black paint stick until a homogeneous mixture is obtained. The coating is diluted by volume to 
Zahn Cup #2 viscosity of 18-22 seconds using 15-20% Aeroglaze 9958 thinner. A Zahn cup is 
a viscosity measurement device widely used in the paint industry. Aeroglaze® 9958 thinner is 
used to reduce viscosities of Aeroglaze wash primers and Aeroglaze polyurethane coatings 
for spray applications [Socomore]. 

Application 

Aeroglaze Z306 coating is best applied at 13-35°C (55-95°F) ambient conditions and with the 
aid of  High Volume Low Pressure (HVLP) equipment or airless spray equipment, with 
substrate temperatures at least 2.8°C (5°F) above dew point. Aeroglaze Z306 is applied with 
a maximum of 25 dry micron or 100 wet micron (1 dry mil or 4 wet mil) per coat. Typical dry 
film thickness should be 38.1-50.8 micron (1.5-2.0 mil). When applying aeroglaze Z306, apply 
the gun right angles to surface, approximately 20.3-30.5 cm (8-12 in) with 50% overlap.  

Curing  

Aeroglaze Z306 coating, which is reacted with moisture in the air, cures. The curing rate 
depends on the relative humidity, the amount of air circulation required to remove solvent and 
the temperature.The coating will develop its ultimate properties within 7 days under the 
acceptable curing conditions. Lower temperature and humidity delay curing, while higher 
temperature ¾ and humidity causes bubbles. The coating is applied to a tack-free surface 
within 2-3 hours at 25°C (77°F) and 50% relative humidity. After the first application, Aeroglaze 
Z306 can be recoated within a minumum of 3 hours and 24 hours maximum. Recoating time 
depends on temperature and humidity. High temperature and humidity provide fast curing 
while low temperature and humidity slow curing. In high temperature and high humidity 
environment, it is recoat within 8 hours to prevent intercoat adhesion failure. In case the 
maximum recoating time is exceeded, the surface is roughened by sanding with fine 
sandpaper before recoating. 

Cleanup 

Aeroglaze 9958 thinner is used to clean the equipment. Lacquer thinners, water or solvents 
containing alcohols are not used. Figure 2-5 show an example of black painted surface. A 
lacquer thinner is a chemical solution that breaks or dissolves the chemical properties of 
varnishes and paints, lacquer, oils, grease, and other strong adhesive material. 
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Figure 2: An example of black painted surface [ APCO Technologies] 

 

Figure 3: Picture of waiveguide components [ C Tech] 

 

Figure 4: Picture of GEO PCU[ Iwasa, et.al, 2013] 

 

Figure 5: Picture of Solar array drive assembly SEPTA®31[ RUAG Space] 
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CONCLUSION 
The black paint is applied on most of the internal surfaces of satellite to improve their heat 
radiation characteristics. In this study, information about the application of black paint has 
been given by examining the literature written on satellites. In addition, the application of 
black paint have been explained. 

 

References 

Anvari, A., Farhani, F., and Niaki, K.S., (2009) Comparative Study on Space Qualified Paints Used for 
Thermal Control of a Small Satellite, Iranian Journal of Chemical Engineering, Vol.6, No.2 (spring), 
pp.50-62, IAChE. 

APCO Technologies https://www.apco-technologies.eu/ 

Ash, G.S., (2008) Manufacturing of cryoshroud surfaces for space simulation chambers, Proc. 25th 
Space Simulation Conf., October 20–23, Annapolis, MD, p. 31. 

Czernik, S., (2004) Design of the Thermal Control System for Compass-1, University of Applied 
Sciences Aachen Germany. 

C Tech Information Technologies Industry and Trade Inc. https://ctech.com.tr/en/products/defence-
and-aerospace/space-systems/waveguide-components 

Gilmore, D.G., Spacecraft Thermal Control Handbook, Vol. I: Fundamental Technologies, The 
Aerospace Corporation Press, 2002. 

Green, N.V., Kim, W., Low, N., Zhou, C., Andersen, A., Linton, T., Martin, E., and  
Chinn, J., (2019) Electrostatic Discharges from Conductive Thermal Coatings, 
IEEE Trans. Plasma Sci., Vol. 47, No. 8, pp. 3759–3765, Aug. 2019. 

Hoły ́nska, M., Tighe, A., and Semprimoschnig, C., (2018) Coatings and Thin Films for Spacecraft 
Thermo-Optical and Related Functional Applications. Advanced Materials Interfaces, Vol. 5, 1701644 

Iwasa, M., Kusawake, H., Shimada, S., Ishii, A., Kikuch, Y., Aoki, K., Shiöizu, J., and Ito, T., (2013) 
Lightweight Power Control Units and Power Distribution Control Unit for Satellites, The Journal of Space 
Tecnology and Science, Vol. 28, No.1, pp.30-36 

RUAG Space https://www.ruag.com/system/files/2016-12/2012_Septa31.pdf 

Sharma, A.K., Uma, R., Malek, A.., Acharya, K.., Muddu M.and Kumar, S., (1996) Black Anodizing of a 
Magnesium-Lithium Alloy, Metal Finishing, Vol. 94, No.16. 

Sharma, A.K., Bhojaraj, H., Narayanamurthy, H., Mohideen, J.Md., (1992) Integral Black Anodizing on 
Aluminum Alloys, Journal of Spacecraft Technology, Vol. 2, No.2, July 1992. pp.35-42. 

Socomore https://www.socomore.com/documents/aeroglaze_9958_tds_english/ 

Williams, A. D., Palo. S. E., and Korpela, S. A., (2006)   Issues and Implications of the Thermal Control 
Systems on the ‘Six Day Spacecraft’, 4th responsive Space Conference RS4-2006-6001. 

 

 

 
 
 
 
 
 
 
 
 
 
 

 


