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' HIGH-TEMPERATURE HEAT CONTENT OF HAFNIUM
DONALD T. HAWKINS MARC ONILLON, AND RAYMOND L. ORR
Lawrence Radiation Laboratory and Department of Mlneral Technology,
Umvers1ty of California, Berkeley
The difficulty of obtaining hafnium of sufficient purity has contri- -

' bnted to a relative lack of reported thermod’ynamric data for this elernenf.
E}dsting low tempefature heat cap acify ’datab do not extend above 200°K,
‘making necess{ary a consioeraolevexfrapoletion lin order to obtain values
- of the stanc'lardv thermodynamic properties at 298, 15°K (5) . The only
repor’%ed high-ternperature thermal value is the single heat.conten't‘
: rneasurément of Adensteat_ (1) at 373°K.
Interest in hafnium as a high-temperature refr.actory metal naving fva.

| large neutron absorption cross section, rplus the availability of a sample
o of ‘sa‘tisfactorily pure mraterial, rnade it desirable to determine the high
{emperature thermal properties.of hafnium by means of heat content
meaeurements ‘This paper reports the reSults of such measurements in

. the range between 208° and 1346°K.

EXPERIMENTAL

The hafnium used was obtained from the Lawrence Radiation
Laboratory, LiVermore, which also supplied the results of chemical
. and spectrogrephic anei'ysese The sample containe'd 2.8 wt. % (5.3 at. %)
Zr. and iess than a total of 0. 055 wi. % of remaining 1mpur1t1es princi-
pa.lly 0. 3.&0% Fe 0.010% Ni, and 0. 008%

Heat content rneasurement_s were rnade using a diphenyl ether
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Bunsen-type.drop ‘calorimeter, The‘appara'tus and experimental pro-

' ced_ur.es have been described in detail previously (4, 8) and will be mentioned

only briefly here. The specimen, consisting of 1. 3703 grams of hafnium -

' .e'nclosed in 0.6245 .grams"of platinum foil, was heated in an argon atmos-

) p.here"in'a verticél tube furnace to a measured temperature, then dropped

into the calorimeter. Heat from the specimen éntered a surrounding chamber

containing liquid and solid diphenyl ether at its melting point, 300.0°K,

melting some of the solid isothermally. The resulting increase in volume"

wés._m_e,aSured by displacement of mercury from the bottom of the calori- -

" meter chamber into a horizontal calibrated capillary tube. The heat effect |

was obtained from the measured volume change using the calibration factor

determined by,/'Jessupv(G) and routinely check'ed _throx‘ighout the measureme-dts

" by dropping a solid platinum specimen in the calorimeter (8). Cofrectioris

were made for the heat contént of the platinum capsuie, the heat lost during

i

~ the 'drop, and the émail difference between the calorimeter terhperatdre,

. 300°K_,_and the standard reference temperature, 298. 15°K.

The results were corrected for the Zr content of the sample by
assuming the Kopp-Neumarin rule of additive .héat' cépac;ities to apply

*E’erbqghp‘it the measured rahg_e. Heat;contentvs of Zr tabulated by Kelley (7)

"W.efe used-to 1-135°K, _th‘e"’ a(hcp)-F(bee) transformation temperature, above

Which \_}aldés for a-Zr-’we_re“extrapblated. Hafnium itself does not uﬁdergo
the a-B transition until it reaches 2023 + 20°K (3). Starting with the runs

at 884°K and continuing at higher temperatures, ~ the spec’irhen gained

" small amounts of weigh‘t, presumably because of dxygen absorptibn. The
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Itotal ,inéréagse in vx)eight,‘ lreached at the hiéhest tefnperafure runs (1346°K),‘
was 0, 0036 grams, amounting to 0. 26% by weight. The relative amounts
" of the absorbed oxygen in‘the surface oxide layer and in soiu‘cion wefe not |
known; neither w‘ere the partial molar properties of oxygen dissolved in
‘hafnium. Correction for fheabsorbed oxygen was .thus based on known'
E heat c‘on-tent values (7) for HfOz, the only stoichiometric oxide known to be
formed by hafnium. Af’cer.completion- of the high tem_perature runs, two
finai r‘vuns {marked with'ésterisks in Table I) wefe repeated at a lower
: temperat'ure, 837? K, 'in order to chec‘k .the method of correction. The

- results, after correction, were in excellent agreement with the values found

‘before oxidation had occurred,

- RESULTS

The experimental results are listed in Table I and are shown plotted
in terms of the function (H?I. - H%gg. 15) / (T - 298.15) in Figure 1 along
“with the single result of Adenstedt (1). The measurements are fitted within-

an average deviation of 0.4% by the'analytical expression

32

H? = 5.607 T+ 0,911 x 107°T° - 1753 ,

T H298.15
which résults irom the straight 1iﬁe showh in Figure 1. The se.lected curve
joins smoothly in both Cp and (c‘:Cp/d'i‘) with the low température Cp data of
Burk, Estermann, and Friedb‘erg‘ (2) as extrapolatec-i to 298. ISL’K by
Hultgren, Orr, ‘Andersoﬁ,’ and Kelley (5). |

 Smoothed values of the thermal pfoperties of hafnium corresponding
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to the selected curve are tabulated in Table II. Values of the free energy

" function are based on S°_. =10.50£ 0.5 as given by Hultgren et al. .(5).

298.15
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o T 298,15 B H3es. 15
T, °K cal. /g. atom T,°K  cal./g.atom
-1 338.86 241 837.15% 3604
341,72 274 8317. 25% 3589
341./86 286 841,35 . 3572
342, 15 279 841,75 . 3605
. 389.96 562 842,25 3595
. 392,53 597 842, 45 3587
392,90 582 920,05 4188
1 398. 28 612 920. 15 14140
1388, 40 617 920. 95 4125
486. 65 1193 983.51 4637
© 486.65 1205 983.178 4645
486,78 1166 - 983.87 4639
492,71+ 1238 1109.70 5593
492.171 1234 1109. 179 - 5585
576. 55 1801 . ~ 1109. 88 5505
576. 65 1781 1182, 82 6164
576. 75 1795 -1187.07 - 6141
589, 05 - 1873 - 1187.07 8170
687, 82" 2557 1187.61 6173
687,93 2524 1271, 23 6827
697. 26 2623 1272.07 6846
697. 71 2610 1306, 48 7138
697. 71 2596 1306.98 7136
790. 95 3257 1346.23 7448
791. 65 3262 1346, 48 7493

% Runs made to confirm method of correcting for oxygen absorption
(see text).
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Table II. Thermal Properties of Hafnium .

cal. /deg. g. atom

- HpoHogg 15 o _go | _FI*H298.15'
" T,°K cal. /g.atom Cp T 7298.15 T
298. 15 . 0 6.15 0. 00 10. 50
300 ‘ 11 6.15 0.04 10.50
400 640 6.34 1.83 ©10.74
500 : 1280 - 6.52 . 3.26 - 11.21
600 . 1940 6. 70 4.47 11,74
700 2620 6.88 5.52 12.28
800 3320 7.06 6. 45 12. 80
900 4030 7.25 7. 29 13,31
11000 4770 7.43 8.06 13. 80
1100 5520 7.61 . 8.78 14. 26
1200 6290 7.79  9.45 14,171
1300 7080 7.98. 10. 08 15,14
11350 7480 - 8.07 10.38 15. 34
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