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RADIATIVE PROPERTIES OF THERMALLY PROTECTIVE MATERIALS
BASED ON PHENOLIC ASBESTOS~PLASTICS

L., 8. Slobodkin and M. Ya, Flyaks UDC 535.231.4:535.243.2

A study was made of the radiative characteristics of composites based on asbestos-
capron and asbestos-polyformaldehyde as a function of wavelength, temperature, and
heating regimes.

It is necessary to study the radiative properties of thermally protective materials (IPM)
and their dependence on wavelength, temperature, and heating parameters in order to develop
formulas for thermally protective coatings for use under given conditions.

One of the most promising groups of TPM's contains materials based on composites of as-
bestos-bearing fillers and phenolformaldehyde resin. The available literature data on the
radiative characteristics of phenolic plastics is very limited and applies mainly to coke
residues of phenolic carbon and phenolic nylon at T > 2500°K [1]. At the same time, study
of the radiative properties of phenolic asbestos-plastics in the temperature range 1100-2000°K
is of considerable interest. Here, it should be noted that the radiative properties of the
composite in this temperature range are determined not only by the characteristics of the coke
residue of the binder, but alsc to a significant extent by the filler. Depending on the temp-
erature and the heating parameters in the surface layer, it is possible to have different re-
lationships between the filler. and coke residue and, thus, a significant difference in the
optical properties of composites.

Here we report results of measurements of the normal hemispherical reflectivity O)n, a2y of
a TPM at the wavelength 0.58 um and of spectral normal emissivity e,, in the range 1-9. 5’ um.
The TPM was a composite based on asbestos-capron, asbestos~polyformaldehyde, and phenolform-
aldehyde resin. The TPM was tested in the working-temperature range. The relative error of
€in in the range 1-9.5 um and of g5 = 1 —~ Pan,z2m at 0.58 um was no greater than 4%, with a
confidence level no lower than 0.95. The measurements were made with a negative pressure of
13-1.3 Pa (107'-10"% mm Hg).

Normal hemispherical reflectivity was determined by comparing reflected radiation from
the specimen and a standard — magnesium oxide — by means of the relation

B, 7 SR
Oan,2a = (’Tnt—“ “‘A"sl—t) p;zz,?m (1)
An J?L

where JA , JA , and JAn are the spectral luminance of the total (charactersitics and reflected)
radiation, the characteristic radiation of the specimen, and the luminance of the standard;
Pxn,2m is the normal hemispherical reflectivity of the standard. The specimen and standard
were placed at the center of an integrating sphere. The radiation sources used were high-
pressure quartz mercury lamps with a linear spectrum. The sources were located in the rear

of the sphere relative to the direction of sighting of the half behind the specimen. Repeated
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reflection ensured diffuse hemispherical illumination of the test material. The specimen was
heated by beams from continuous CO; lasers with a working wavelength of 10.6 ym. The lumin-
ance of the total (characteristic and reflected) radiation of the specimen Ji and the lumin-
ance of the standard Jf were measured at a wavelength Ay = 0.58 um (in the radiation lines of
mercury vapors A = 0.577 um, 0.579 pym), while the intensity of the characteristic radiation
was designated as J,SPat the wavelength Ay = 0.60 um. Here, reflected radiation could be ig-
nored due to the linear character of the radiation spectrum of the sources. The segup of the
measuring instrument allowed us to directly determine the ratios an[th and JfEVJf and then
to compute py, sy Here, we assumed that due to the closeness og Ai and X., the equality
Exn(Ay) = € n?x.) was valid. The reflectivity of the standard p); ,n was measured beforehand.
A detailed esciiption of the measurement method and unit was given in [2, 3].

Figure 1 presents representative results of determination of PAn, 2w for the investigated
materials after they were subjected to a plasma flow. It follows from Fig. la that PAn, am of
both composites based on asbestos—capron and asbestos-polyformaldehyde is nearly independent
of temperature in the ranges 1100-1500 and 1750-1950°K, while the difference in reflectivity
for both materials is small. Curves 1 and 2 in Fig. 1b show results of measurements of Phg,am
of composites exposed to a plasma flow for 60 sec, where the heat flux on the specimen surface
was 30 W/em®., It is evident from a comparison of Fig. 1, a and b, that at T < 1500°K, the re-
flectivity of specimens subjected to heating for 60 sec is considerably lower than the values
of PAn, 27 for a material exposed to the treatment for 120 sec. The change in the reflectivity
of the composite with an increase in the duration of thermal loading can be explained as fol-
lows. When a gas-plasma flow acts on a composite, the organic components of the latter decom-
pose, and carbon in the surface layer undergoes partial combustion. As a result, there is a
change in the relationship between the filler and binder on the surface. An increase in the
contribution of the filler to the optical properties of the surface layer leads to higher val-
ues of reflectivity, since the asbestos-bearing filler has a lower emissivity than the coke
residue of the phenolformaldehyde resin in the visible region of the spectrum. An increase in
thermal loading time leads to more substantial carbon combustion in the surface layer and,
thus, to a further increase in the role of the characteristics of the filler in determining
the optical propertiea of the composite. This in turn results in higher values of reflectiv-
ity. Similarly, an increase in heat flux to the specimen surface leads to an increase in
PAn,ar in the temperature range 1350-1900°K (see curves 3 and 4 in Fig. 1b). Here, in the
temperature range 1400-1600°K° the values of Pin,a2n for the investigated composites are near-
ly the same at different heat fluxes.

The data obtained on normal hemispherical reflectivity can be used to calculate normal
spectral emissivity at the wavelength 0.58 um and to subsequently pyrometrically determine
the temperature of the thermally protective coatings. The data also makes it possible to
evaluate the behavior of the optical characteristics of composites in the visible region with
a change in temperature. Since the emissivities of the structural components of TPM's (the
coke residue of the organic components — carbon and asbestos) do not significantly change
with wavelength in the visible part of the spectrum, it is natural to suggest that composites
based on these components are also nearly gray in the visible region.

Most of the characteristic thermal radiation of the coating occurs in the interval 0,6-
9.5 ym at temperatures of 1100-2000°K. 1In connection with .this, data on €yq in this spectral
range can be used to calculate the characteristic radiation associated with thermal protec-
tion. This radiation plays an important role in balancing heat flows on working surfaces in
a number of cases, Such information is also of interest for calculating convective—radiative
heating of thermally stressed elements of hot equipment.

Normal spectral emissivity was determined by comparing the radiation from a specimen of
the test material and a blackbody at the same temperature in accordance with the relation
S
. — v (2
AR T T R R
SV

b

where Jfﬁ and JE; are the normal spectral luminances of the specimen and blackbody, respec-

tively.
We measured the true temperature of the test surface of the specimen by using values of
€y, 2t 0.58 ym calculated in accordance with Kirchhoff's law from the formula

(3

Epn = 11— Oanyen
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Fig. 1. Normal hemispherical reflectivity Pin,ar 8t the wave
length 0.58 um for a TPM based on asbestos-capron (AKP) and
asbestos-polyformaldehyde (APF): a) t = 120 sec, q = 30 W/cm®:
1) AKP; 2) APF; b) 1 = 60 sec: 1) AKP, q = 30 W/ em®; 2) APF,
q = 30 W/em?; 3) AKP, q = 210 W/cm®; 4) APF, q = 210 W/cm?. T,
OK.

on the basis of data on pjy, ,7- The blackbody was in the form of a graphite tube heated by
an electric current and having a rectangular slit on its lateral surface. A description of
the equipment and method used to measure €y Was given in [4],

Figure 2 shows results of determination of ¢, for a TPM based on asbestos-capron with
different heating regimes. In each case there is & monotonic increase in spectral emissivity
with an increase in wavelength in the region 1-6 um. Here, the values of €), vary within a
very broad range, from 0.47 at A = 1 um, q = 210 W/em®, T = 60 sec, and T = 1700°K (curve 4
in Fig. 2¢) to 0.91 at q = 30 W/em®, XA = 6 um, T = 60 sec, and T = 1700°K (curve 4 in Fig. 2a).
The value of €Ay generally decreases with an increase in wavelength in the region 6-9.5 um.
The same tendencies are exhibited by the emissivity of the TPM based on asbestos-polyformalde-
hyde (Fig. 3). With an increase in heating time (r = 120 sec) or in the case of high heat
fluxes (210 W/cm?), the curves &, (A) of this composite have a "plateau" in the region ) =
2-4,5 um on which €A changes litfle.

The above features of change in €, with an increase in wavelength can be explained as
follows. The optical properties of the composite are determined both by the characteristics
of the binder and by the properties of the filler. The contribution of different structural
components to the properties of the surface layer of the composite is dissimilar due to de-
composition of organic components and partial combustion of carbon after exposure to the plas-
ma flow and, in several cases, due to melting of the asbestos. The radiative characteristics
of the components of the investigated materials change differently with a change in wavelength.
Asbestos has low values of emissivity in the visible region, and its emissivity increases with
an increase in wavelength in the infrared region. Conversely, the coke residues of phenol-
formaldehyde resin have a high emissivity in the visible region but decrease with an increase
in wavelength — particularly on the section from 2 to 4 um [5, 6]. With asbestos having a
significant effect on the properties of the surface layer of the composite, there is a charac-
teristic (for ashestos) increase in emissivity with an increase in wavelength in the region
1-6 ym. This increase is manifest to the grestest extent in a TPM based on asbestos-capron
(see Fig. 2), With a reduction in the amount of asbestos in the composite, as in a TPM based
on asbestos-polyformaldehyde, and with more intensive thermal loads (Fig. 3b and c), the in-
teraction of the opposing tendencies of the change in €lq of the structural components of the
composite (an increase in ) for asbestos and a decrease in ehn for coke residues of phenol-
formaldehyde resin) leads to their compensation, and a ''plateau’ characterized by a slight
change in g) with wavelength is formed. The reduction in € with an increase in wavelength
noted for most curves €;,(1) in Figs. 2 and 3 on the section %—10 um may also be due to the
effect of the optical properties of the coke residue of the resin, particularly with the re-
duction in its emissivity with an increase in ) in this spectral range. The combination of
this factor and the increase in €y of the filler in the region 1-6 pm can probably explain
the presence of the maximum of e, “on the section 6~7 pm for many curves e),(A) in Figs. 2
and 3.

Figure 4 shows data on the partial normal integral emissivity of the materials ey,.
These values were calculated from measurements of ej, in the range 1-9.5 um, with the use of
data on €, at 0.58 ym and approximation of the values of g), on the section 0.58-1 um. From
927 (at T = 1100°K) to 98% (at T = 2000°K) of the blackbody radiation is concentrated in the
spectral range 0.58-9.5 um. Here, from 0.1% (at T = 1100°K) to 6% (at T = 2000°K) of its
radiant flux is found on the section 0.58-1 um. Thus, the corrected values of ey give a good

. . . fous n

representation of the total normal integral emissivity.
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Fig. 2. Normal spectral emissivity of a TPM based on asbestos-—
capron: a) T = 60 sec, q = 30 W/em®; 1) 1130, 2) 1300, 3) 1410,
4) 1700, 5) 1830 K; b) 1 = 120 sec, q = 30 W/em?; 1) 1230, 2)
1470, 3) 1650, 4) 1720, 5) 1890 K; ¢) T = 60 sec, q = 210 W/
cm®; 1) 1200, 2) 1420, 3) 1590, 4) 1700, 5) 1790, 6) 1900 K.

Ay um,

Fig. 3. Normal spectral emissivity of a TPM based on asbes-
tos-polyformaldehyde: a) t = 60 sec, q = 30 W/em?®; 1) 1160,
2) 1300, 3) 1440, &) 1580, 5) 1740, 6) 1920 K; b) T = 120 sec,
q = 30 W/em®; 1) 1200, 2) 1320, 3) 1470, 4) 1740, 5) 1970 K;
c) v = 60 sec, q = 210 W/em*; 1) 1230, 2) 1340, 3) 1450, 4)
1720, 5) 1940 K.
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Fig. 4. Normal integral emissivity of a TPM based on APF and
AKP: a) APF: 1) q=30W/cm?, 1 = 60 sec; 2) 30 and 120; 3) 210
and 60; b) AKP: 1) q = 30 W/em?, 7 = 60 sec; 2) 30 and 120; 3)
210 and 60,



It can be seen from Fig. 4 that at T > 1400°K, the integral emissivity of both materials
decreases with an increase in temperature. An increase in €Iy with an increase in temperature
is seen for the composite based on asbestos-polyformaldehyde in the range 1100-1400°K. The
heating regimes also have a significant effect on ey,. Here, the partial normal integral
emissivity of the investigated TPM's is concentrated mainly in the range 0.6-0.8.

The emissivity of a material, € = 0.8, without consideration of the wavelength and temp-
erature dependence of emissivity (see [7], for example), is often important in problems of
convective—radiative heat transfer when calculating the heating of thermally protective coat-
ings based on asbestos cloth and phenolformaldehyde resin, As follows from the above results,
such an approach is excessively simplified. The emissivity of a TPM based on phenolic asbes-
tos~-plastics in the temperature range 1100-2000°K depends heavily on wavelength and, to a
somewhat lesser extent, on temperature and heating regime. This fact must be taken into ac-
count when calculating thermal protection.

NOTATION

q, heat flux; T, heating time; X, wavelength; T, absolute temperature; pjp, 2y, normal
hemispherical reflectivity; e,,, normal spectral emissivity; €5, partial normal integral
emissivity; J),, normal spectral luminance; Ay, radiation line of mercury vapors; A; = 0.60
um. Indices: s, total characteristic and reflected radiation; sp, specimen; st, standard;
b.b, blackbody; TPM, thermally protective materials.

LITERATURE CITED

1. N. A. Rubtsov and E. I. Averkov, Prom. Teplotekh., 5, No. 5, 75-87 (1983).

2. L. S. Slobodkin, M. Ya. Flyaks, and B. V. Andreev, Inzh.~Fiz. Zh., 42, No. 3, 442-448
(1982). ;

3. L. S. Slobodkin and M. Ya. Flyaks, Heat and Mass Transfer: Discoveries and Prospects
[in Russgian]), Minsk (1985), pp. 115-118.

4, L. S. Slobodkin and M., Ya. Flyaks: Heat and Mags Transfer: Physical Principles and Meth-
ods of Investigation [in Russian], Minsk (1980), pp. 106-108.

5. Wilson and Spitzer, ATAA J., 7, No. 11, 117-119 (1969).

6. Chang and Sutton, AIAA J., 7, No. 6, 147~153 (1969).

7. N. A. Anfimov and A, N. Rumynskii, Problems of Mechanics and Heat Transfer in Space
Technology [in Russian], Moscow (1982), pp. 54-81.

795



