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Abstract: Normal spectral radiance of molybdenum was evaluated according to
published emissivity data. From the spectral radiance the reduced curve was
obtained and the total radiance, total emissivity, maximum-spectral-radiance
wavelength, and maximum-spectral radiance. An empirical formula was
found for the wavelength of the maximum spectral radiance.

1. Introduction

An analysis of the emissive properties of molybdenum described here was
made analogously to the analysis of tungsten emissive properties). Normal
spectral radiance in the wavelength range from 0.4 to 5 um and for tempe-
ratures from 1000 to 2000 K was tabulated (Table 1) using the spectral emis-
sivities measured by Dmitriev and Kholopov? who applied two methods for
measuring the spectral emissivity. For wavelengths from 0.4 to 1.5 pm they
used basically the same design of the source as was used by de Vos¥; for
wavelengths from 0.9 to 5 pm they used a relative method comparing the
emissivities with the emissivity which exists for the wavelength of 0.91 pm.
(At 0.91 pm molybdenum has what is called an X-point, where the spectral
emissivity does not depend on temperature. In this case it was equal to 0.33.)

2. Results

The curves of the spectral radiance were plotted using Table 1, and total
radiance L (T), total emissivity ¢ (T), maximume-spectral radiance wavelength
L. and maximum-spectral radiance L ()\,,, T) were evaluated (Table 2). Radi-
ance was found to be negligible for wavelengths below 0.4 pm; however, it
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Table 1
Normal spectral radiance of molybdenum.
LA T)=px10 (W-cm-3.sr1)

Wave-

length 1000 K 1200K 1400K 1600 K 1800 K 2000 K
pm p T pr pr pr p r p r
0.4 1.30—6 5.06—4 3.60—2 8.77—1 1.05 1 7.62 1
0.5 5.38—4 6.39—2 192 0 247 1 179 2 8.80 2
0.6 2,492 133 0 227 1 190 2 991 2 370 3
0.7 3.35—1 101 1 1.15 2 710 2 293 3 882 3
0.8 2.08 1 414 1 348 2 172 3 592 3 1.55 4
0.9 772 0 11 2 743 2 309 3 940 3 228 4
10 205 1 228 2 128 3 465 3 127 4 285 4
1.1 419 1 381 2 186 3 6.08 3 1.54 4 321 4
12 7.15 1 554 2 241 3 724 3 171 4 341 4
1.3 1.07 2 728 2 289 3 804 3 180 4 344 4
14 144 2 884 2 324 3 852 3 181 4 334 4
1.5 181 2 1.02 3 349 3 875 3 177 4 3.17 4
1.6 213 2 111 3 361 3 8.61 3 1.70 4 294 4
1.7 242 2 118 3 364 3 8.31 3 159 4 272 4
1.8 2.68 2 122 3 359 3 791 .3 147 4 246 4
1.9 285 2 122 3 347 3 745 3 1.36 4 223 4
2.0 298 2 1.21 3 332 3 6.95 3 124 4 200 4
2.2 309 2 115 3 296 3 589 3 1.02 4 1.61 4
24 307 2 104 3 254 3 492 3 828 3 127 4
2.6 295 2 949 2 220 3 408 3 673 3 1.02 4
238 279 2 846 2 1.86 3 338 3 546 3 8.10 3
3.0 258 2 745 2 158 3 279 3 444 3 653 3
3.2 237 2 6.53 2 134 3 232 3 364 3 525 3
34 213 2 5.65 2 1.14 3 195 3 298 3 428 3
3.6 183 2 490 2 980 2 1.63 3 245 3 346 3
3.8 1.71 2 429 2 832 2 137 3 203 3 286 3
4.0 1.51 2 373 2 7.05 2 116 3 170 3 236 3
42 135 2 324 2 597 2 964 2 1.41 3 196 3
44 1.18 2 279 2 512 2 8.21 2 1.19 3 1.63 3
4.6 1.03 2 244 2 444 2 697 2 1.02 3 136 3
438 9.10 1 214 2 3.80 2 6.03 2 8.62 2 1.16 3
50 798 1 187 2 330 2 515 2 745 2 100 3

was not negligible for wavelengths cxcceding 5 pm. The lincar extrapolation
made for thc spectral radiance curves above 5 pm may partly account for
the differcncc between our total emissivities and those shown in Ref.?
(T =1000 and 1200 K). With lincar extrapolation, radiation above 5 pm
amounted to 10 % of the total radiance at 1000 K and 2 % at 2000 K.

The total emissivitics are shown in Fig. 1 in comparison with those from
different sources. In addition, total cmissivity was evaluated according to

the Hagen-Rubens relation (g (T) = 0.574 Vp T, where p (©2-cm) is the resisti-
vity), and a linear dependence on temperaturc was found. The resistivity
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Table 2

Integral radiance L (T), total emissivity & (T), wavelength of maximum spectral
radiance A», and maximum spectral radiance L (A», T) of molybdenum.

L) = e(T) =

1T< L, ;) dx 'n:(L )(T)ﬁ ;*;1 w Lc g;zfgr_,
W-.cm~2-sr-1 oT*

1000 0.085 0,047 228 0.031x 104
1200 0288 0.073 1.90 0.122x 104
1400 0753 0.108 1.69 0.364x 104
1600 1.615 0.137 1.51 0.875x 10¢
1800 3.089 0.163 137 1.815x 10¢
2000 5.437 0.188 128 3450 10°

was taken from Ref.¥ (The resistivity also rises proportionally to tempera-
ture.) From this we can also evaluate the Wiedeman-Franz constant L using
the thermal conductivity? which was found constant in the temperature
range from 2 200 to 2900 K and equal to 1.4 (W-cm™ -K™!). Assuming that
the thermal conductivity is of the same value at T = 1723 K (maximum tem-
perature for the published values of the resistivity"), we obtain: L = 3.7 - 1078
(W--K™).
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Fig. 1 Comparison of total emissivities from different references: O from Ref.9,

+ from Ref.9, A from this work, ——— from the Hagen-Rubens equation
(resistivity taken from Ref.¥), and ® from Ref. 6.

In the log-log scale we found the following lincar relation for the maxi-
mum-spectral-radiance wavelength:

A - T = 8.4- 102 (ym - K97) s 1000 K < T < 2000 K.
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This empirical expression departs from data in Table 2 by not more than

—19% to +1.2 %.
The normalized curves are shown in Fig. 2. Agreement between the nor-

malized curves for different temperatures is not so good as it was in the
case of tungsten radiance? and therefore a single generalized black-body

equation was not sought. The integral of the normalized curves, evaluated
with plausibly extrapolated curves, appeared to be also slightly temperature
dependent, being larger for lower temperatures. For T = 1000 K, the integral
is equal to 1.32, for T = 1200 K to 1.29, and for the other temperatures to
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Fig. 2 Normalized curves for different temperatures, On the ordinate the reduced

spectral radiance
L (M, T)/L (\a, T) is plotted, and on the abscisae the reduced wavelength

O 1000 K, ® 1200 K, A 1400 K, 4 1600 K
v 1800 K + 2000 K — —— the normalized black- body curve.
1.23. In the case of Planck’s radiation the integral is equal to 1.49 while for

tungsten it was 1.29.

Comparing the emissive properties of molybdenum with those of tungsten
no linear relation between the total normal emissivity and temperature was
found, the total radiance was not proportional to a particular power of tem-
perature, and single normalized curve could not be drawn. A similar set of
data describing emissive properties of other metals, should be very inte-

resting.
Acknowledgement

We are thankful to Mrs V. Vujnovi¢ for her participation in the calcu-

lations.



AN ANALYSIS ... 177

References

1) V. Vujnovié, J. Opt. Soc. Am. 60 (1970) 177;

2) V. D. Dmitriev and G. K. Kholopov, High Temp. (USSR) 7 (1969) 438;

3) J. C. de Vos, Physica 20 (1954) 690;

4) Landoelt-Bernstein, IV Band, 2. Teil, Bandteil b, p. 184 and 186, Springer Verlag, Berlin,
5) R. D. Allen, L. F. Glasier, Jr. and P. L. Jordan, J. Appl. Phys. 31 (1960) 1382;

6) A. G. Worthing, Phys. Rev. 28 (1926) 190.

ANALIZA EMISIJSKIH SVOJSTAVA MOLIBDENA U INTERVALU
TEMPERATURA OD 1000 DO 2000 K

V. VUINOVIC i B. GR2ETA,

Institut za fiziku Sveuéilista, Zagreb
Sadrzaj

Koristeé¢i podatke o normalnoj emisiji usijane povrsine molibdena?, izra-
dena je tablica normalnog spektralnog energetskog sjaja (spektralne radija-
cije) u intervalu temperatura od 1000 do 2000 K i u intervalu valnih duljina
od 0,4 do 5,0 um. Time je omoguceno koriS¢enje usijane trake molibdena kao
standarda zracenja.

Na osnovu krivulje spektralnog energetskog sjaja pokazano je kako se s
temperaturom vlada integralno zradenje, totalna emisija, maksimalni spek-
tralni sjaj i valna duljina tog maksimuma.

Utvrdeno je da se samo valna duljina maksimuma zracenja vlada linearno
u log-log predodivanju, pa je za nju odredena empirijska relacija. Totalna
emisija usporedena je s podacima iz literature u Sirem intervalu tempera-
tura (sl. 1). Reducirane krivulje spektralnog sjaja (sl. 2) pokazuju izvjesno
razilazenje i ne mogu se opisatli zajednickom formulom oblika poopcenog
Planckovog zakona.





