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This paper gives the results of measurements of the spectral emissiv-
ity of concretes, soil concretes, gypsum, and plaster in the wave-

holder [9].
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or for the screening effect of the radiation detector

length region 2.5-25.0 ;. These measurements are used to calculate
the integral emissivities of these materials.

The progressive radiative method of heating is
being more and more widely adopted in the heat-treat-
ment plants of the building materials industry. Thede-
sign of such plants necessitates a knowledge of the op-
tical properties (primarily the emissivitye) of the ma-
terials to be treated.

Most authors who have carried out investigations of
the emissivity of building materials [1—3] have pro-
ceeded from the assumption that these materials emit
and absorb radiation like gray bodies. However, the
change in the integral reflecting power in relation to
the temperature of the radiation source [4, 9, 10] indi-
cates that most materials have selective optical pro-
perties.

The shortcomings of methods of determining the in~
tegral optical characteristics of materials have already
been mentioned in several papers [5, 6]. Another point
that should be noted is that the direct measurement of
integral characteristics does not reveal the wavelength
range in which the material absorbs best and, hence,
the best temperature of the infrared radiator fortreat-
ment of the particular material.

In {13] data relating to the spectral distribution of
the emissivity of building materials were obtained by
measuring their reflection coefficients R;. Sincethese
materials are practically opaque,

g =1— R;\, (1)

A fault of this method is that the radiation detector
receives not only the reflected energy, but also the
characteristic emission of the investigated specimen,
and this must lead to some error in the measurements.
Since building materials contain a large amount of 810,
or SO, groups, which possess the property that the re-
flection and absorption coefficients vary sinusoidally
with the orientation of the plate relative to the incident
radiation (the variations reach 40% [7]), the results of
the measurements vary very considerably with change
in the angle of inclination of the specimen. Moreover,
in [13] the spectral range of the measurements was very
smali (0.5-9.0 p). Hence, interpolation of the obtained
data to a radiation source with a temperature of 300°K
is not valid, since at 700° K more than 40% of the emit-
ted energy is outside this range. These difficulties can
be overcome by using an integrating reflecting hemi-
sphere, but in the case of diffuse or mixed reflection
it is impossible to make an accurate allowance for loss
of reflected radiationthrough the hole in the hemisphere

Fig. 1. Holder and specimen :

1) specimen; 2} screens;

3) heater; 4) heat insula-

tion; 5) chromel~copel
thermocouple.

The above considerations induced us to investigate
the measurement of the spectral emissivity of building
materials by comparing the intensity of the emission
of the investigated material (I} and that of an ideal
black body {I,):

&) = 1)\/];‘0. (2)

This method has been successfully used for measure-
ments of the emissivity of metals [15].

The measurements were made on an IKS-12 infrared
spectrograph. The sensitivity and resolution of the in-
strument were greatly increased by using a bolometer
as the radiation detector and a special amplifier [11].
The output signal of the amplifier was recorded on
the graph paper of an EPP-09 potentiometer. Rock
salt lenses were used in the wavelength range 2.5—
15 u and potassium bromide lenses in the 15-25
range.
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The materials selected for investigation were ordi~
nary heavy concrete, keramzit concrete, soil concrete,
gypsum, and lime plaster:

Specimen Composition of specimen
Concrete Cement + sand + rubble + water

1:1.9:3.9:0.48
Slag + sand + 20% soda potash solution
1:1:0.4.
Slag + sand 4 20% caustic soda | solution :
1:1:0.36
Building gypsum
Cement 4+ sand + keramzit + water
1:2:1:0.4
Milk of lime + sand -

Soil concrete
Soil concrete

Gypsum -
Keramzit concrete .

Plaster

Specimens of dimensions 45 x 50 x 12 mm were pre-
pared from these materials. In the preparation of the
specimens chromel-copel thermocouples of 0.5-mm
wire were attached to the surface of the specimens.
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Fig. 2. Spectral distribution of emissivity:
1) for concrete and keramzit concrete;
2) soil concretes; 3) gypsum; 4) plaster.

The specimens were placed in a special holder with
a heater (Fig. 1). The temperature of the specimens
during the experiments was monitored by a KP-59 po-
tentiometer. The temperature was regulated by chang-
ing the voltage on the heater. The emission of the spec-
imen was diaphragmed by a three-layer screen of an-
odized aluminum. The diameter of the aperture (8 mm)
in the screen was equal to that of the ideal black body.

In the experiments we used an ideal black body with
a diaphragm cooled with flowing water. The design of
the model was similar to that described in [8].

The results of the experiments (Fig. 2) showed that
all the investigated materials emit selectively. The se-
lective nature of the emission spectrum of building ma~
terials can be attributed to the presence of silicates con-
taining the 8iO4 group. The authors of [9, 10] came to a
similar conclusion.

The concrete and keramzit concrete specimens had
the same spectral characteristic. This can be attributed
to the fact that the emission of the bulk of the material
is absorbed in the very thin outer layer and in both
specimens the thin outer layer consists of cement so-
lution. A spécimen of pure cement solution will obvi-
ously have the same spectral characteristic. A similar
effect was observed in the specimens of different soil
concretes.

The first experiments showed that changes in the
temperature of the specimens in the range 50-100° C
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did not produce any appreciable change in their/spec-
tral characteristics. Hence, further experiments were
conducted at the maximum possible temperatures for
the particular specimens (mainly at 100° C), since
this enabled us to reduce the amplification factor and
thus reduce the effect of extraneous radiation sources.

From the obtained spectral emissivities we could
calculate the integral emissivities for different tem-
peratures of an ideal black radiation source.

The amount of energy emitted by the specimen is

o
g0 Tt = ‘S'a,vlmd A
d

(3)

From formula (3) we find

a=jos,~( ;}”70‘5 )d(kT).

)

AT
The value of the integral j .L’%‘EB_ d(AT) from 0 to
. g

0
AT is shown in the graph in Fig. 3, plotted from the
data of [14]. These values represent the part of the en-
ergy of an ideal emitter between 0 and A, u, for temper-
ature T, °K.

Since the values of e) cannot be determined in the
whole range of integration, we haveto evaluate the error
in the calculations. For instance, for a temperature of
800° K, less than 1.5% of the total radiation energy lies

"below 2.5 . (AT = 2000). Approximately 4% of the ener-

gy lies above 25 u (AT = 20 000). The total error does
not exceéed 5.5%.

To reduce this error we assume that the emissivity
of the specimen from 2,5 ¢ to 0 is equal to the emissiv-
ity in the region 2.5~3.0 u, and from 25 p to infinity is
equal to the emissivity in the region 24—25 u, However,
since the specimens cannot be absolutely white at the
ends of the interval, the actual error of the calculations
will be well below the cited figure.

Similarly, for 400° K the error will be less than 17%,
for 600° K less than 6,5%, for 1000° K less than 9%,
and for 1200° K less than 12%.

The results of calculations of the integral emissivity
of the investigated materials for temperatures of the
ideal 'black radiation source from 400° to 1200° K are
shown in Fig. 4. This is the temperature range of op-
eration of the common industrial infrared radiation
sources (for instance, TEN and gas radiators have a
temperature of about 450~950° C).

An analysis of the results of the investigation of the
optical properties of several building materials showed
that~

1. Building materials—concretes, soil concretes,
gypsum, and plaster—have distinctly selective opti~
cal properties in the wavelength range 2.5—25.0 .

2. The optical properties of these materials do not
depend on the temperature of the material itself in the
range 50—100° C, but depend on the temperature of the
radiation source.
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Fig, 3, Graph of function | —&-d(A7) =/ (A7).
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Fig, 4, Integral emissivity as a func-

tion of temperature of ideal black ra-

diation source: 1) for concrete and

keramzit concrete; 2) soil concrete;
3) gypsum; 4) plaster,
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3. The maximum values of the integral emissivity
of building materials are attained at a source tempera-
ture of 900-1100° K and, hence, infrared radiators op-
erating at such temperatures are best for heat treat~
ment of these materials.

NOTATION

¢ is the integral emissivity; £, is the monochroma-
tic emissivity at wavelength A; R, is the monochroma-
tic reflecting power at wavelength A; I, is the intensity
of emission of investigated material at wavelength A;
I), is the intensity of emission of ideal black body; o is
the Stefan-Boltzmann constant; T is the temperature in
o K.
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