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ABSTRACT

The true heat capaéi.ty of liquid bismuth was measuréd from within |
B three tenths of a degree of the melting point’(544. $°K) to 801. 8°K

- by a me'.thodvo‘f miﬁctures using a liquid bismuth calorim_‘ete'ro The
reSults show_ a decrease in heat capacity with incr'easingv temperature.
This is in agreement with'a trend which }}as béen observgd for the

heat capacities of other liquid metals.



INTRODUCTION -

A detailed knoWledge of the heat capacity of liquid ]oismuth is of
interest from an engineering. as w—ellb as a scientific point.'of' view_.
Lidu.id bismutn has ’oeen suggested as a possib.lle”r.eactor co_olant_.‘
either in elementail form or 1na eutectic witn 1ead(1); it: also hasv
been suggefsted as an alloy With uranium_to, produce a-liquid |
metal fue1(2>.. Scientifically, .heat c‘apacity offers a.sens‘iti.‘ve ’
'measure of change of.liguid metal s.tru'ctures; bi‘smuth is of pax‘*{i;
cular interest because of its no}n.ciose-packed structur'e»in the solid -
‘state and its decrease of volume on melting. |

Previousmeasurements of ;the; heat ca'paCity'of 1iquid bis’muth‘.
differ cons1derab1y (see Fig. 1) Carpenter and Harle 3)(1932)
found the Cp decreased steadlly to 644 K Forster and Tsohentke“*)
(1940) obtained results about 8% higher with Ckp decreasing to |
690°K, then increasing abovevthattemperaturet ‘Pers'on(s)'__(l 8485
Very early found ‘an 1ntermed1ate Value Cp =17.59, constant Wlth T '1
Enthalpy measurements of Umlno(G) (1926) led to a constant Cp = 1. 80;
Wh11e those of W'ust Meuthen and Durrer (7)(1 918) 1nd1cated Cp
1ncreased with T, from 71 to 8 76 at 1273 K.

For most 11qu1d metals Cp is tabulated asi const‘ant with
temperature(a)° vThe reason forthis 1s tnat -most measurements are
of e_nthalpy contents and are not accurate enough to show -a‘ trevnd.of.

Cp with temperature. In the relat‘ive;ly_ few cases where precise ‘



measure"roe'nte ) e?cis’tf Cp l.qas been» found to deore_ase With temperature.
For bmercury, ootaesium,. end sodium, the decre.ase continues t.o‘a
-miriindum Valtli_eA'at a..‘tempe'r;atur"e sorhewhat hig-her than»twi‘ce.th_e‘ ;'
meli’t;ing’.‘_t;‘)oidt; _al;ov_'e ;cflis {empereture, the Eeaf oapacifcies‘inc‘reaseo
For mos% ‘r‘netalls tﬁe :rvneavsur'em.en.ts .have nof be.en madev at :suf.f‘iﬂe;ently
’high tvefr‘lperatores to mdlcete if thlve behav1or is generally found

EXPERIMENTAL

vvl.\dete“ria‘l‘e’ |
The blsmuth was obtamed from Consohdated Mining and Smelting” .
Company and was reported to be 99 9999% or:e, ' épeotrograppio
‘_showed only a smgle 1mpur1ty, a trace of iron. | o V'
Methods o ” | - o - - .
The liquid tin sol‘ution-c'alorimeter descfibed elsewhere( q) :as‘ '
modified by Heffan(lo , was used for the ndeasur*ements Into a
1arge quentlty of 11qu1d blsmuth is dr;opped. a emali amount of solid
blsmqth; the tem'peretlure drop 1-s‘>m‘easured, Efom the hea’o fequlred
to rrlelt,the .soyli.d,‘ end: ra1se1t to tlde temperetu're of the 1iqdid,.
the Cp of bismuth and the container is qeierfﬁined.,

The cru:cib._le’lwevs madeof 36 éG.g of sdl"iee't. moiybdenum, and
cootained ta‘ntalur.n ‘bafflevs“ vs‘/ei‘ghiv.ng 7. 0.7 g (and‘ a cop.'per;c'onstantan
'ther;ooeoubleod Tﬁe baffles Wer;e zs_trraog:ed; to pfot«ec’f the thermooouple

Lot .
R

from stray currents of liquid metal which had been cooled by the



.
_ p_ellets. About_GQO g Qf bismu_th: were meltgd,int’o the _jcruc,ib_lg_ {und{er
an.inert argon atmosp.helfe' f}I‘he»crucible v»and contents were sqppgrted
- on three shgrp rejfrac_tq;‘y poin’_cs ‘in th_e_ (»:_alvorimetelr, ysgr“rogn.’g‘_[_eﬁg .
by a 1grge co‘pperv‘bllovck.? _The‘-atmos’phere ‘wa‘ls e_vgcua,te,d a.nd_thg-._‘,
crucible _and block were ra‘i_vsed‘ to the m_easurement, tempe}_'ra’_‘cilre., T.
The temperature of the block was maintained c'ons_'ta%lt close;r,ﬁhgn |
0. 001°K by a resistance thgzrmomeiterv-Wheatstone bridge. ar;rarigement.‘
After 24 _hgurs, when tc.emp,e_‘rat:}lqr}g::sltab_ilif;yﬂ__‘vvas achie;v_e»d‘, é pve.llﬂ'et.r
- of solid 'bismuth‘ weighing abOut"B'OO'mg"Wgs 'c&iropped.”‘f_rom' room
e tefnper:;‘;ture iﬁto:tlr'le 1iciuid. ‘Té:rﬁ'f)‘év'fétur’é;":dif.fverenc“e’ b’etw,_ef,'e}r.-l
éruéible and block v_Vere read.‘"t;o 0. 001°i{ .ét intérvals véfv'l.ﬁ"secor.idsvi
to 1 minuté, and a temperature-time curve cons'tru;:téd;-
In 1éss than a minute the sample ;éaéhed a minirﬁufn tem_éératﬁre,
a fraction of a "vd'evgr"eve lower than T.. Aftér v-this',l thé éampie. -'returned‘ | o
tojv tl“ieb orig_ina{l ‘t_e'mp‘era“curé, féllowing‘NeWton'5 é'law bfor‘tk.;e, raté |
of‘eXchange of lér'ie‘rgy betvx}een'l two ravaiétving su_r_fac;e.s"at :ne_a_-rly thevﬁ
sarﬂé températqv‘r‘é. | From th'ez_heat exchange éohsfa~ht, det‘erminevd o
fro'rfl this sta.ge,i“lthe- temﬁéra%cgre drop méy be corrected fof’ héat |
fec'e‘ived ‘fromi the copper bloc;k drﬁinéthé fall in ter.npe’.ratur.e.
The"heét cﬁapééi;ﬁy'of_ cryuc‘i’tv)le'énd conté['nts is, of coﬁvr‘ée’, -the »héat' '
r.é'qﬁir"edv to heat the pellet di\;i‘ld_e'd by the '.c'O"‘rrecte"d'v d'rolp' of témﬁ_eféturé.
From the heét capéci-ty ;o determined were subtracted the heat

capacitiés of the molybdenum, tantalum, and the thermocduple
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‘materials, (about 10% of the total m‘eas‘ured‘) to give the heat capacity

of the 1iquid bismuth sample. The results are shown in Table 1.
From ‘smoothing these: values, the values of Table 2 were calculated.

The. enthalpy content of bismuth at .the' melting point (4200. cél/g-a.tom)

‘and the heat capacities of the crucible materials were taken from

the 1iter‘a’cure;(1,1) -
" TABLE 1

N Experimentally Determined Heat Capacity Data for Liquid Bismuth

- T . Ccp T ' Cp
un_NQt TJ:?K.H | c‘al/'d_e___g.. g.—atolmw Run No. T, °K ‘cgl/deg;..g-a_tom
21 801.7 - 6.69 ' B ] 3714 7.13 ¢

20 801.8 6. 72 |7 577. 4 7.13
1o V"755°2 | 6.83 2 558.5 | 7.22
18 755.3" | _. 6.76 o 1| sses .21
17 | e98.1 6.79 11 545.9 | 7.32
16 | 6981 | 686 || 10 | se6.6 | 7.29
| 12 | 545.4 7.23
6 |e6s3.4 | 602 13 | 545.4 | 7.33
5 .| 653.4 6;92 | 9 546,6 ~17.30
_4;'-. 606. 3 703 -I; 15 544.8 |  7.34
3 | 606.8 v 1 ‘6;92, - 14 545.2 | 7.27



TABLE 2

.. - Selected Data for. Liquid Bismuth

cp | Hr o Hygg

LK . cal/deg. goatom | cal/g-atom
544;5“(M.P.) e 4200
oss0 | T2T 4240

600 | 7.04 | 4597
es0 [ 83 | 4946
750 _;»6.7'3 ] _.5_:631
800 , . ‘6.72' i 5969

Results from this and previous measurements are shown in Figure-1.

'DISCUSSION OF RESULTS

The data show a smooth decrga.sle in _t‘he.'vaof liquid Bi, agreéing

fairly well with those of Cérpenter and Har'le( 3 ) and ‘e‘_x.teriding theﬁ

to higher temperatures. Other qu-};er_s .found-muph higher values.
According to a popula’pjr ";héofy ofthe liquid stéte (12’ 1-3) , fhe. liquid

near the melting point consists of aggregates of atoms which are jbined

together in each aggregate to form a lattice similar to that in.the ‘.

solid. - As the te‘mperaturé_ is increased, these aggregates are gradually
broken up, absorbing heat and;_‘,l_e_ad:i_ng‘: to anomalously high Cp valués.

This anomaly should grow less important as the tefnpe‘rature- rises,

finally disappearing altogether so the Cp should first decrease, then



resume a né_rmally-increaSing value with temperature.

- Numerous X-ray and electrbn diffraétion patterns have been
uirflterpref_edion'th‘is basis, however, the Nresu_lts are hot 'cori‘vin'c”ing( 14) .
It would seem; also, thét if the’ée aggregates exist, ‘they- should
break up only'é few degrees above 't.he m'ellting ,:poi'nt; givihg'a
much larger aﬁOmaly spreadingov‘er a limited nu;nber of d’e'g'rees;
not the gradtllél effect found.

Moré»in aé‘corld With the Cp curve-is the theory of Kin‘caid and
Eyring(m), v{rh’o'consider the cherﬁical bondihg gradually changes
to that iﬁ a monatomic gas; Cp trénding towai;d 5R/2 at highf |
tehmperatures, - More recen.tly‘Chapman (‘16 ) set forth a stati‘étical"
mechanical theory leading v’vco a éimilar reSult; |

- A few mevtals., ric;‘tably: Na, K,. and Hg, reach a minirhum Cp
cat abou:c"2.‘° 3‘T‘m;v t'hev presént measuréménts on Bi -have' ribt been
carried high enough to test this.

SUMMARY AND CONCLUSIONS -

(1) The Cp of liquid Bi steadily decreases for more than 250 °K
above the'mei_tihg point.
\

@) The-theofy'thé% liquids consist of fragments of the solid crystal

which br.e.ak'u'pw'i'th Vin‘creaéir\ig tém‘pe'r'atur'e does not expl:aih this,
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