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HIGH-TEMPERATURE HEAT CONTE\IT OF NIOBIUM R

'DONALD T. HAWKINS AND RAYMOND L. ORR T B T
Lawrence Radiation Laboratory and Department of Mmeral Technolo&b_
;) Umversxty of Cahforma Berkeley SRR '

(Abstract)

| smsg

High-temperature heat contents of niobium were measured'bv‘e'r T

the temperature range 298 to 1415° K using a d1phenyl ether calorxmeter. .

-

The results are well represented by the analytlcal expressions
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Smoothed values of the thermal properttes of moblum H° - He . CP .
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'Growing interest in niobium as a high-temperature refractory metal

' _’ plus the availability of a sample of high purity material have made it

- ' desirable to determine the high-temperature thermal properties of niobium .-
by means of heat content measurements. The only previously reported

. measurements of thevhigh-temperat.ure thermal properties Q_f niobium are - S

295'

. those by Jaeger and Veenstra (3), 1034, (Hg, . 8700 1628°K), and' '
by Lowenthal (8) 1963 (Cp, 1471° - 2259° K) Thls paper reports the '. v ' ‘

.’ .
Ve



to 1415°K... .«

|+ - .Corporation was used in the study. The stated maximum impurity levels

T type drop calorimeter, The apparatus and eXpenmental procedures have '

-2- . UCRL-11190 : .~ . ."
' results of heat content measere‘mehts in the temperature range.2'98°"f FENR A

[

. EXPERIMENTAL

. Electron-beam melted niobium supplied by the Temescal Metallurgical ™,

“indi‘eate the sample to have a purity of 99. 99+ percent Nb,

Heat content measurements were made using a dibhenyl étherBuﬂseﬂ-‘-f

been described in detailv previously (1, 6) and will be men‘uoned only brleﬂy

here, The specimen, consisting of 1.2795 grams of mobmm enclosed in ll U
Lo 'r"“‘»‘,
\

L 0. 5'0l6 grams of platinum foil, was heated in an argon atmosphere in a ol BT

vertical tube furnace to a measured temperature, then dropped into. the"
. calorimeter. Heat from the specimen entered a surrounding chamber .

L containing liquid and solid diphenyl ether at its melting point, 300, 0° K,

lmelting some 'of the solid isothermally. Thel resulting increase in volume :
~ 'was measured by displacement of.mercury4from~the bottom ofit‘he'calorimet‘eri S
‘chamber into a horizontal calibrated capillary tube, The heat effect"‘:wasl' N

o ~obtaine'd from the measured volume change using the calibration 'faetor .
determined by Jessup (4) arld routinely checked throughout the 'measur_emervxts.‘;fm
by drOpping a solid platin‘um specimen in the c'alorimeter (6). ‘ 'Correeliorxs

‘were made for the heat content of the platmurn capsule and the heat lost

| .’durmg the drop usmg.data prevxously reported (6) and for the small

dszerence between the calommeter temperature 300° K and the standard
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.f reference temperature 298 15°K, using the Cp at 298, 15°K selected by

Hultgren et al. (2) from 1ow -temperature data.

Starting with the runs at 995°K and continuing at higher tempera-.-;"';";. S

'tures the specimen gained small amounts of weight due to oxygen L

absorptxon. The total increase in weight, reached after the h1ghest

 temperature runs (1415° K) was 0. 0021 grams, amounting to 0. 16 percent - .
'by. weight,  Correction was made for oxidation using the apparent heat
- content of oxygen in niobium, calculated from heat-content data for

L _NbO (7) and Nb,O ‘(5). “After completion of the high-temperature runs, T

two final runs (mdlcated in TableI ) were repeated at.a lower temperature -
“. R
1

in order to check the method of correction. The results after correctlon, b s
were in good agreement with the values found before extensive oxidatiqnj" SN

' had occurred.

" RESULTS " | :

The eXperlmental results after correctlon for oxycren absorptlon

~are listed in Table I and are shown plotted in terms of the function

L (B, - HO )/(T 298, 15) in Figure 1. The smooth curve drawn through , .

T 298,15

the. measured values is well represented by the analytical expressxons. .

-4 2 4 -1

‘HT‘_ H°298 15 = 6-564T - 1.81x 107 T * 5.» 12 x 10 T -‘2'113'(29‘3?,'5,0071{) o
© He -He. ' =5.672T+5.06 x 10" FT% - 1736 (500° - 1400° KV) "
T 29815'_' ot -

L The selected curve joins smoothly in both Cp and (dCp/dT) with the low- S

: ‘temperature Cp values selected by' Hul_tgren et al. (2). ‘The heat eontent o

<.




values of Jaeger and Veenstra (3), also showh plotted in Figure 1, are'

L measurements on electrically heated filaments in the range 1471° - 2259°K

' vfunction are based on S°

s s
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" on the average about 0.5 percent lower than those found here. Heat '

capacity values of Lowenthal (8), determined from optical emission |

appear to be about 3 percent high

Smoothed values of the thermal properties of niobiumvcorrespondingf' f L ;
to the selected curve are tabulated in Table II. Values of the free energy. .

598,15 = 8- 70 % 0.1 as given by Hultgren et al. (2)."

" NOMENCLATURE -

e (P,

. T B '. . .' Temperature, °K . ' o ll
Cp o ., :_ " Heat capa01ty at constant pressure, cal. /deg. g. atOm‘
" 08,15 I Standard entropy at 298 15°K, cal. /deg. g. atom -
: ;: HT H°298 15 :’_: = Heat content (enthalpy) mcrement ‘between 298 15°K |
‘ and temperature T
T~ 9598, 15 . ‘Entropy mcrement between 298. 15°K and temperature ‘T
298 15)/T Free energy function W1th respect to 298 15°K e
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" Table I. Experimental Results

H%'H§98 15 - BptHogg 150

“T,°K - cal./Gatom T, °K  .Cal./G.atom:

358,30 350 s13.2. . 7 3226
358,3 - .. 357 - - 813.3 .~ 3216
397.6 .7 594 892.2"{+'T~ 3703
3977 597 .892.5 -+ . 3729
440.2 -~ .- 859 . . 892,5 . .. 3731
- 440.9 840 - 995,3 T 44160
502,20 1251 . 1002,5° 70 Tivic 4454
502.4 - -0 1239 . - © 1002.8 | 71 44727
502.4 - . 1244 1006, 0% ;. 4500
© 585.7 . .- 1758 .. . 1006, 2% PR .
./ 586.0." " 1751 . - 1102.9
- 611,4 . 1919 . 7 1103.0
611.4 . 7 1933 - 1 1203.2
703.3 -~ 2515 . 1203.2
'703.4 -° - 2500 -~ - 1302.9 -
-703.4- 2502 - 1303.1 .
715.0 .. 2578 . . 1414,5.
788.4 3039 . o 1414.7
788 5 f‘- 3039 )
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:' " " Table II. Thermél Properties'of Niobium )

. o HpoHeg 15

© Cal./G.atom  Cp

0 ' 5.88
Loo611 N 6.09
1226 7 6.18
<1849 - 6.28
... 2482. . " 6.38
3126 - 6.48
3778 ., . 6.58
4442 6.68

. 6.79
6.88
6.99
7.09

P ) .
T : : ‘ .
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o THIS INVESTIGATION . |-
A JAEGER AND VEENSTRA (1934)
-— SELECTED VALUES .
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Figure‘ 1. Heat content of niobium expressed in telms of the functlon

| (H° -H§98 15)/(’1‘ 298, 15)
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