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SUMMARY

Thermal emissivities of some metallic surfaces, of various metallic

surface treatments and of non-metallic (paint) finishes have been measured

over the temperature range 700C to 2500C. The emissivities of polished and

vapour-blasted metallic surfaces were found to be low, whilst anodised

aluminium gave high values. All the paint finishes tested had high emissivities

except those containing a metal pigment.
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I IN7ODUCTION

The heat absorbed by aircraft as a result of high speed flight is
dissipated in part by radiation. Likewise, in the case of a satellite, the
heat absorbed from the sun, from other reflecting bodies and from sources
within the vehicle is re-emitted, in the absence of atmosphere, by radiation
only.

The rate of heat loss by radiation in all directions from a surface at a
given temperature is defined as the total hemispherical emissivity of that
surface, at that temperature. In this report it is expressed as the ratio of
the actual rate of heat loss of the surface to the theoretical rate of heat
loss of a black body, under identical conditions.

The emissivities of a number of metallic surfaces with various treatments
and with non-metallic coatings (paints) have been measured between 70 °C and
2500C.

2 METHOD OF TEST

There are a number of established methods for measuring the total
hemispherical emissivity of a surface. Reference I describes some of these
briefly. Details of the method used in obtoining the results given in this
report are the subject of a previous report2. The principle of the apparatus
is to compare the rate of cooling of a surface with that of a theoretical black
body under identical conditions. Results to an accuracy of ±3,. may be achieved.

3 THERMAL EISSIVITIES OF METALLIC SURFACES

3.1 Polished surfaces

The metals under examination were copper, aluminium, magnesium and
stainless steel (British Standard Specification S.110). Cubes of these
materials were fitted with heater coils, as described in a previous report2 ,
and polished carefully by hand.

The thermal emissivity of a metallic surface depends on the nature of the
metal and on its degree of polish. Absolute emissivity values for these
surfaces are therefore somewhat arbitrary unless the surfaces can be made as
smooth as are theoretically possible. As this is impracticable, results quoted
in this report should be taken as a guide to the emissivity achieved when a
"normal" polish is attained. The metals described as "polished", with the
exception of the stainless steel, were finished by hand using fine abrasive
papers, followed by application of a metal polish. The stainless steel was in
a good state of finish, as received, and was too hard for further improvement
by hand polishing techniques.

3.2 Treated surfaces

Various metal treatments, apart from polishing, have been studied to
assess their influence on emissivity values, and details of these are described
in the following paragraphs.
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Gold, because of its stability under adverse environmental conditions,
would appear to be a useful material for certain satellite applications.
old leaf (6 microns thick) was examined as a coating on a copper cube, being

attached to the copper by means of a resin coating of known high emissivity.
Any effect of such a substrate on a thin surface of low emissivit, such as
gold, would thus be made apparent.

Vapour-blasting is a process similar to sand-blasting in effect but of
a less vigorous character. In the former process, particles of alumina are
suspended in water whilst being directed under pressure to the metal surface.
Aluminium and magnesium (after being hand polished as described in 3.1) and
stainless steel cubes, were subjected to vapour-blasting treatment to obtain
surfaces which would simulate the accumulated effect of continual bombardment
by space particles, such as cosmic dust, of a satellite surface. Emissivity
values were measured on several aluminium specimens which had been vapour-
blasted over differing intervals of time.

To examine the possibility of emissivity control by 3pray coating,
measurements were made of an aluminium cube covered with a deposit of aluminium
by means of a wire pistol as described in Specification DTD.906. The thickness
of this deposit was nominally 0"005 to 0.008 in.

Another coating thought to be of special value for emissivity control of
a satellite surface was an anodic finish. An aluminium cube was, therefore,
treated by the sulphuric acid anodising process as described in Specification
DTD.910 and its emissivity compared with that of the polished metal. Vapour
blasting of an anodised surface was also examined to observe any likely change
in the emissivity of the oxide coating.

4 THWAL EMISSIVITIES OF NON-METALLIC SURFACES

Paints are coatings consisting of pigments suspended in resins or other
clear media. Among the paints seleoted for the series of emissivity measure-
ments were proprietary materials which contained titanium dioxide or aluminium
pigments in epoxide or nitrocellulose media. Experimental paints contained
titanium pyrophosphate or zirconium dioxide in a nitrocellulose medium.
These paints were applied directly onto copper cubes.

A special proprietary titanium dioxide/acrylic paint was also included.
This was applied over a special primer which was coated on to an aluminium
cube. The emissivity of this paint was measured soon after application, and
also after exposing it to a temperature of 1500 C for 2000 hours. This simu-
lated the effect of aging on the emissivity of a painted surface of a proposed
supersonic airliner.

All paint films were approximately 0"003 in. thick.

In addition to the paints, the emissivities of the separate clear media
were measured so that the effect of pigment inclusions could be ascertained.
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5 DISCUSSION OF RESULTS

Results are illustrated in Figs.i-8.

All the polished metals had low emissivities, which did not vary
appreciably over the range of temperature examined (Fig3.1,2,3 and 4). A vapour-
blasted aluminium, magnesium or stainless steel surface always had a higher
emissivity than that of the corresponding polished metal (Figs.2,3 and 4);
this is to be expected, as the surface area is effectively increased by the
blasting. An aluminium surface had a higher emissivity after vapour-blasting
for 2 minutes than it did after vapour-blasting for only 20 seconds (Fig.2).
However, a similar surface which had been vapour-blasted for 10 minutes had a
lower emissivity than one after 2 minutes treatment. The emissivity achieved
by vapour-blasting is dependent on the state of the surface at completion of
the blasting and control by the process does not appear practical.

The emissivity of a sprayed aluminium surface was similar to that obtained
by vapour-blasting the polished metal (Fig.2).

Gold leaf had a higher emissivity than was expected from published data
on the emissivity of massive gold (Fig.1). The loaf was thin enough to transmit
visible wavelengths, particularly green light; also a nunber of pin holes were
present. The influence of the adhesive resin must therefore have contributed
to this increased value. The crinkly nature of the leaf also increased its
superficial area, and thus again increased the apparent emissivity.

Anodic films on aluminium surfaces had high emissivities (Fig.5) but
unlike the effect on polished metallic surfaces, vapour-blasting decreased the
emissivity somewhat by apparently smoothing the hard surface rather than by
indenting it.

All the paint films tested (Figs.6, 7 and 8) apart from the aluminium
paint finish, had high emissivities at the temperatures of measurement, the
emissivity falling as the temperature was increased. The unpigmented clear
media (Figs.7 and 8) also gave fairly high values. Thus, the presence of non-
metallic pigment makes little contribution to the emissivity of the paint.
An aluminium paint (Fig.6), on the other hand, gave results approximately half
way between that of polished aluminium and that of the paint medium. The
proprietary titanium dioxide/acrylic paint showed little change in emissivity
after heating for 2000 hours at 1500 C compared with the value obtained for the
freshly prepared coating.

6 CONCLUSIONS

Polished metals have low emissivities, but when roughening occurs as in
the case of vapour-blasting, emissivities increase. This may be mainly
attributed to the increase in superficial area. Anodic treatment of an
aluminium alloy surface results in a marked increase in emissivity from below
0.2 for the polished metal to between 0-75 and 0"9, with the anodic coating,
over the range of temperatures concerned.

All paint media and paint finishes examined gave high emissivities within
the experimental temperature range, the values usually decreasing with increase
in temperature. The exception to this general rule of high emissivity for
paints was where a metallic pigment was incorporated; an aluminium-pigmented

-5-



Report No. Chem 538

nitrocellulose paint, for example, gave a value of approximately 0"5.
A non-metallic coating having a low emissivity has not yet been found. It
would appear that, for the temperature control of a given body such as a
space vehicle, any emissivity could be provided by careful control of the
type of finish and of the extent to which the area of the surface of the
item is coated. For example, in those applications where the use of a paint
coating is impractical or undesirable, an aluminium surface, part anodised
and part polished, would give a controlled emissivity value between, say,
0.2 and 0"75.
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