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ABSTRACT

The distribution of lanthanum and barium between the,immiscibie
solvents magnesium and the,uranium-chromium eutectic has been studied

at temperatures from 900 to 1100°C. The partitioning of lanthanum
' ' 1L0

was determined by direct measurement of the activity of La .

distribution was inferred from the time dependence of thelLalyo_activity

Barium

after equilibration. The méasured distribution coefficients were CONe

pared to the vélués-calculated from reéular solution’theony.
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INTRODUCTION

' Reprocessing bf spent reactor fuel is conventionally acéomplished
by aquebus_chémical techniques involving dissolution, ektractioh, and
calcinatién of the fuel maﬁerial; During the past fifteen years, a
number of laboratories have investigated feprécéSSing fechniques in
whichrthé fuel is treated as’a liquid metal rather than in'aéueous

solﬁtion.ﬂhese processes utilize the chemical and physical properties

]
of fuel at.elevated‘temperaturés.to achieve decontamination from fission
products.. vAmong these "pyrochemical processes" is liquid“metal exX=
traction, which is the subject of the work reported here..

‘THE IMMISCIBLE SOLVENT PHASES: U=Cr Butectic and Mg

A1l pyrochemical processes applied to nuclear fuels involve treating

- wranium eiiher as a pure liquid or as a solute in other liquid metals.

Aside from the practical interesﬁ,'the extraction kinetics may exhibit

“umisual features because of the»high viscosity and surface tension of*

liduid uranium; Howaver,‘pure urahium'meits at 1132°C, and 6peration
at these élevéted temperatﬁres is difficult becéuse of the attack of
most container materials by the liguid metals. - In ofder‘tb retain the
features characteristic of a uranium-rich liquid yet reducé the experi- .

mental temperature, the:eutectic allbv of uranium and chromium was

employéd, ‘This binary contains 95 w/o uranium (80 a/o), yet melts at

859%¢. (12)

Magnesium and silver are two solvents immiscible wiﬁh uraniun for
whigh some.equilibrium infbrmation is‘available._-Howcvar, ;ilVer'was
not used}because of the rathervlargé.amounts requireq for extractioﬁ
kinetic.;fudies; .Magnesium‘is é satisfaétory‘solvent except foriits

high vapor pressure. At»lOOOOC,-the'vapor pressure is 300 wmn 1z, If
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o,

e . . . o .
pure uranium at its melting point oi-llBQ C had been used, the mapncsium.

vapor pressure would have been about 3 alm., and a pressurized system

o e,

would have been requlred.

.The phasovdlagram for.the magneslum-uranlum system at 3 atmospheres
has been established by Chlottl, Tracy, and Wilhelm.' (3) They found
i.llm;ted mutual solubility at temperatures up to 1255_C. At 1155°C, the
| magnesiumkrich phase containsxo.lhzt0.05 w-% uranium and the uraniume
rlch phase contalns O. OOM w-% magnesrum

The magnes1um -————U-Cr eutectlc system has not been as thoroughly
studled as-has the Mg-U system. Some measurements have been reported
by the Argonne-Natlonal Laboratory. (16) When the uranium-chromium
eutectie‘uas equilibrated-with magnesium at 940°C, the magnesium phase
contalned 0.05 WA% U and 0.06 wA% Cr. |

Flgure 1 is a section show1ng the 1nterface between the U—Cr phase
(bottom) and ‘the magne31um phase (top) obtalned in Lhe present study .
The sample illustrated_was‘heated to 1000°C under argon in a graphite
eruciple. Magnesiuﬁ has a.silver color; the U-Cr surface has a slight
Zyellowvtint due to oridatioh during'sewing. | |

'THE”TRANSFERRING'SOLUTES' a0 ang Bal“o

The solute dlrectly measured in uvhe experlments was the rare earth,

lanthanum - 1ho. Thls nucllde is not produced dlrectly by uranium
fission, but is the daughter of barlum-luo which is produced with a
direct fission yield‘of 6.4%. The decay scheme is:

_ k0 - C 1o 8- . 1o |
_‘B? . 12 E-d? ™" o m Ce ’ _ (1)

The fission .of uranium produces & wide range of radioactive fission
products. Those nuclides which emit,high energy gamma rays tend to have
short half-lives. Because of the long half-life of its parent, however,

\

-9
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the 1.6 MeV.ﬁhoton from Lalho decay daminates the gamma ray épeCtrum of
uranium which has béen cooled for sé&eral days.: Figure é.showé the
gamma, ray spectrum ofva sample of thg U-Cr eufectic'whiéh was irradiated -
for two da&s ahd_allbwed tb cool for 24 days. Even though the ufanium
was.depletéd'(O.E% U255); the peak Aue to the 1.6 MeV photon from Lalho
is uﬁmistakable. | | |

Since theklanthanu@_activity depends updn the 12.8 day half-life

Dz, Thno emount of Dariuvm extracied can pe determined

]
b
ct
w
3!
H
(19
)
%
2
43
QO
2

o

by following the decay of the lanthanum after an experiment. This can

"be_quaiitatively illustrated by considering the two extreme cases. If

only lanthanum were.extracted, its activity would decay with a half-life

of 40.2 hours. However, if only barium were extracted, the lanthanum

activity would initially increase from zero to some maximum and then

decreaSe,lasymptbtically approaching the 12.8 day half-life of the

barium precursor; In geﬁeral the decay of theilanthanum ié‘governed

by the weil-knoﬁn relation for batch decay of a two member chain (2):
a I N TP _ o S .

Ta _ & ‘Bab + (1 - %) o kLat : | : (2)

o ¥
La

a

where the parameter F depends upon the initial ratio of the two nuclides:

o) o : ‘ .
i Moo . v - ‘
Ba - g

If the initial ratio is such that F is unity, the lanthanum
activity deéays with the half-life of the barium precursor. This
situation.is Known as secular equilibrium and for the chain of Eq. (1)

is attained after about 12 days in uranium irradiated for two days (I1).
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In the ekperiments reported here, the lanthanum activity.ef the.

U~Cr sample before extraction and the activity of the.two phasesb
(separately)'as a funcﬁibn of time after extraction were’measured. The
uactiﬁities‘before and immediately after the_experiment are related ﬁo
the amount of ianfhanm extracted, According to Eq. (2),: a plof of
‘a a/aga) exp KBét versus egp.[-(xLa-XB#>t] éﬁould yield a etraight
line‘with an intercept of 1/r. The parameter F is related to the amount
of barium‘extracted-in‘the proees%l and its interpretation will be con-
.sidered in detail later. The unique feature of this approach is that
‘thevtime'dependenee of the activit&bef one.member of a twe member decay
chain &ields information on the ekfractibn behavior of both species.

| The distribution eXperiments repdrted‘here were undertaken pri=-

marily to-resolve a two oracr of magnitude discrepancy in the literaturc.

The Ames laboratory has reported valucs of the dietribution coefficients

of cerium and barium between magnes;um and the uraﬁium;chromium eutectic
of mCe 500 and My =5 (17) The temperature was not reported but was
rprobably near the melting p01nt of the eutectlc (860 C)e |

Barney and Keneshea (L) have measured the dlsurlbutron coefflc1ento
of var1ous flsSlon products between pure uranium and magnes1um at 11)0 Q.
~ Based uﬁon two experiments, the‘vaiues'are: |

K?; = 1.9z Q.u, K = :1;0 + 0.6, and K5 = 0.031 ¢ 0.008.

- In terms of concentration distribution coefficients, these values are

ZCe = 1.5 @RE = 0.0, and = = _0.0a/.

It is unlikely that these large differences could be a real effect

due to the change from pure uranium to the uranium-chromium eutectic

and to the difference in temperature. Haefling and Daane (7) found the
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soiubiiit& of cerium in uranium to be 1.16% w/o at 1150°C, which is in
good agréeﬁent-with fhe measured solubility of 1.2 w/o reported by

Voigt (14) for the éame system. Voigt also measured the éolubility of
cerium in the uranium;chrbmium eutectic as.l.5% at §7OSC, not very
diffefent fram the value in pure uranium‘at llSQOC. ‘Since the solubility
of cerium is aboﬁt the same in the uranium=-chromium eﬁteétic'aﬁ 970°C,

as in pure uranium at 1150°C, one would expect its distribution between

magnesium and the U=Cr eutectic to be about the same as between magnesium

and uranium.

EXPERIMENTAL PROCEDURE

The equilibrium experiments were ﬁerforméd with 5 gm samples of
lightly irradiated (11 hours in a flux of 2 X 107 n/cm2~sec) aranivm-
chromium eutectic, which was contacfed with an equal volume (0.6 gm).
of magnesium, |

The U~Cr eutectic alloy was purchased from the(National Lead Company

S ! : : :
in the form of cylindrical pellets 1/4 in. in diameter and about 3/8 in.

long. The alloy was made of depleted uranium containing about 0.2 w=h

¥, (Natural uranium contains 0.7 w-% U2§5.) The supplier reported

the melting'point as 860°C. Analysis of alloy samples showed the

“chromium content to be 4.28 w-% (the eutectic alloy éontains 5-w%”Cr). .

Spectrographic analysis showed no constituents other than Cr and.U

present in the samples. Magnesium was obtained from the United Mineral

" and Chemical Corporation.

Small graphite crucibles 3/4 in. 0.D. with a 1-1/2 in. deep i/h in.

_hole were used, FEach crucible was baked out at 1000°C for L5 minutes

under argon to remove traces of oxygen and water. The Weighed irradiated

U=Cr slug was placed in the crucible with an equal volume of mw.znesium
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on top of it;_ The crucible was then clOsedbwith a tightly fitting
graéhite‘plug. The'eharging operation was done under'an argon stream.
The crucible was'thenvplaced in a tantalum basked and suepended inside
a Stainlesé.sfeel’shedth.in a resistence furnace by means of a steel
chain. By jerkiﬁg the chain at intervals during the heating period,
_ thebmblten metal phaees were agitated. A stream of argonvwas kept
fiowing in.the sheath. The duration of the experiments was Bo.hinutes.
The tempefaﬁure inside the crucible was caliBrated against the redding
of ﬁhe'furnace thermocouple at thevpositien where the tantalum basked
wés suspended by a'probe.thermocouble. Agitation was stopped dbout 5
minutes before_the_end of the heafing peried to preveht inelusion of
uranium in magnesium,~ At the end of the heating,period, the tantalum
basket was pulled up oﬁt of the furnace and into a stainless steel
_”eqoling'can”; The purpose of the cooling device-wés fo freeze the two
r-metal pheses:es quickly as bossible eo that the measured equilibrium.
distribution wpuld.be characteristic of the elevated temperature of
the_heating period. ‘A slow eoeling peried might have permitted the
equilibrium distribution to shift to that existing at 860°C,,the-
meiting point.of the eutectic.v Ah ergonistream'wae.kept flowing
vigofouskyvthrouéh'fhe cooiing device to preveﬁt oxidation ef the:tan-
talumeor'entry‘of oxygen info the crucible while fhe'metals cooled.
After a 10-15 minute cooling period, the grephite'crucible was
Smashed.(inside a polyethylene bagito trap radioactive particles) and
tﬁe metal ingot recevered_and welghed. Megnesium loss duringvheating
wa's aboutih%. The iﬁgot was placed inside a glove bbx.where the two
phases»Were saﬁed apart. The cut was made in the magnesium phase about

1/16 in. from the interface. The 1/16 in. of Mg remaining on the ULr
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: elug was dissolved in HCl. Some of the U-Cr nearest the interface was

also.dissolQed. In order ﬁo;remove‘any rare earth carbides which might
be present en ﬁhe‘surfaee, tﬂe reéOQefed magneeium wae placed in dilute
HC1 for a few seconds untii the surface was bright. This procedure‘was
designed toAavoid'measurements of radieacfivity present at the metal-
crﬁcible andumetal-metal interfaces. Chiotti and Voiét (h), in a study
of cerium extraction from uranium by silVer; reported accumilation of
cerium rad10act1v1ty at the U=Ag 1nterface and at the metal~tantalum

cruc1ble 1nterface. Voigt (14), in his equlllbrlum studies, also avoided

measureménts of radioacﬁivity at the interface. Therefore, in determining

the distribution coefficients, only the radioactivity in the bulk metal
phases. was counted.
After washing_in HCl, the U-Cr and Mg phases were weighed and the

activity of Laluo in'each.phase was then measured by gamma counting of
' | 140

activity in'each phase was followed in order to determine the La to Ba

ratio immediately after extraction.'
RESULTS

The'distribution coefficient of lanthanum on a concentration basis

1s related to ‘the measured activities in each phase by

(,La>Mg U—Cr zN@fA ‘.' B f..i ‘,.-' 7(4)
< )U i.Ufc%i, ' - .

~ For dilue solutlons, dlstributiOn coefficients on an atom fraction

basis are:.i ‘ o o |

W M
( La)U -Cr Mg U-Cr
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The barium distribution coefficient can also'be represented by an
expréssion similar to Eq. (k). For barium,_however,‘the activities in
the  two phasesvhave not been‘directly measured. The'disfribution co=

k efficients of the tWofspeQies are related by: - ‘ : ¥V

B A T . S ©

' ;.0 o o) o
.@Ba dLa/aBa>U-Crv NLa/NBa>U—Cr

' The second equality of Eq. (6) results from the préportionality of the

" activities and the number of atoms. The initial atom ratios are related
1 s ' v ' o

to the F parameters, which have been obtained from the time dependence

of the‘La;uO decay in each phase. Using Bq. (3) in Eq. (6):

e

3 Figufe 3 shéﬁs a plot of Eq. (Q) after an experiment at 1000°C,
The intercept.Of the iine for the uranium phasé indicates that the
lanthanum to bérium ratio wa's approxiﬁatély 1/2 of that before extrac-
tidn, whenvfhe spécies'wére in secular'equilibrium (F = l). The magne-
sium phase line of Fig. 3 is simply a.piot'of the pure exponential decay ‘
of hé;é ﬁr hélfflife.Lath andbindicatesJimmeasﬁrably small Quantities
“of bg?ium in thelmagnesium-(FMgbﬁ w). »Iﬁevbehévior shown in Fig..ﬁ
was typicél ofbali four equiiibration experimehtS'performed, except for
the one at the highest temperature (11.00°C) in which barium was Tound . .
. in the magnesiﬁm ph@ss. The results are shown in Table 1. (
Material bélances on each phasefwere performed, counting only the
activity‘in the fecoveréd bulk phases,' Betwéen'25land 66 percent.of
-the initial“actiVi%y was‘récovered, shich suggests that lanthanum or.

barium pickup at the walls or accuriulation at the interface-was‘
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Table 1 .

- Lanthanum and Barium Distribution Between MdgnesiUm and the
JUranium~Chromium Eutectic

900 - 0.08 0
iboo 0.09 0
1000 0.19 0
1100 0.k0 0.007

1significant. Deépite the loss of activity from the bulk phases, it

was assumed that the rate of interphase transfer (aided by manual agi-
tatiqn) was sufficiently iarge to maintain equilibrium. After the
containér wés;removed from fhe furnace into the cooling can, the temperé-
fure rapidly dropped to ﬁhe freezing'point of the uranium-phase (~900°C).
However, the magnesium phase remained liquid dﬁring‘the time required to
cool from 900°C to 650‘0. vIn this interval, losses of barium or lan-
thanum from the magnesium could no léﬁger be replenished by transfer
from the ﬁranium phaée. However, t%e éool-down.time‘wdé a émall frac-
tion (10-15%) of the equilibraﬁion time, and the major loésés of ac-
tivity to the'wall‘and interfaéé probably occurredvﬁhile both phases.
were ligquid.. | | | |

- s - ‘ ' *
Estimation of Lanthanum Partitioning Jrom Regular Solution Theory

| If the pure liquid standard state is chosen for the solute in

both phases; the thermodynamic activities in the two solvents must be

5 v : ‘
In the previous discussion, the term "activity" was used to denote
radicactivity. In the following discussion, activity is to be inter- -
preted in the thermodynamic sense. '
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equal. Hence the measured ratio of the atom fractions is equal to the

>fatiofofvthé activity coefficients:

'KX=‘XMg =“/U_Cr' | | (8)
| U0 e o .

)
_Since the SQlutiOnS;éré suffidientl& dilute to be in the Henry's

law region in.eacn ?hé;e, the activity coefficients erevconcentration
independent. | |

. Pitzer end Brewer (9) have shown how regular solution theory can'
be applied‘to liquia-metals to predicyg mutual solubilities. For the
syetems-eensidered.here, the eolute;concentfation is quite small, and
_the regnlar solution theory for the actinity'eeefficient takee the

form: I (ﬁ 5
| . LT8R
. ln"yg = : = ! (9)

: _ RT v

The'moleeular volume parameter b? isg usually'taken to be the solute
'mplar volume, although for ligquid metals; it should be adjusted to fit
the available data for the particular system (9); The solubility para-
‘meter is: _ v

| V. 1/2 . | -
/AH - RT .
=) - 0)
Both © and b2 are assumed to be independent of temperature.
Fornthe_rare eartne in magnesium; there are no data from which
the parameter b2 can be estimated. In applying Eq. (9) to magnesium

2

the densities reported in Ref. 15. The solubility parameters at 1000°C

'solvent,'b .has_been taken as the solute molar volume, obtained from

have been-calculated from &g, (10) uéing the heat of vaporization data
from Ref. 13. The computed'solubility'parameters‘are 42.0, 58.5,vand '

Viay
N

g
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1/2 _ : e ‘ - : .
63.3 (cals/cc) for magnesium, cerium, and lanthanum, respectively.

- The activity co&fficients are shown in Table 2.

. S - Table 2

Activity Coefficients of Cerium and Lanthanum in Magresium

ELig Cerium , Tanthanum
90 - 11.8 | ol
1000 ' 9.7 L 67
1100 - 8.2 50

1150 - T1.6 - L

Activity coefficients-in the uranium-chromium phese can also be
estimated from‘regﬁler solution ﬁheory;_but'in this'oase; there are data
on closely relatea‘systems which permit an estimate of some of the
paremeters in Eq. (9). Haeflieg and Daane (7) have:meaeﬁred the solu-
bility of ceriﬁm‘and lahthanum in pure uranium and‘Voight (14) nas
-reported the'soiubility of cerium.in the'U—Cr eutectic. These solo-
bility measurements can be converted into solute act1v1ty coeff1c1entu.v
It two essentlally immiscible liquids are equlllbrateq; the activity
';of each‘eomponent in.its'rich phase is c¢lose to unity.' The activity
coefficient in the lean phese is"simply the reoiprocal:of the solubility,
With the additional 1nformat1on prov1ded by these measuremcnto,b
the paraTeter b2 need notvbe applo(Lmated by the solute molar vo]ume,
;. :?‘ ‘f ‘as was necessary for magnesium solutions. Instead, Eq. (9) can be
solved for the raﬁio_of the solute.molar volume to the parameter'be.

for pure uranium solvent:

A 1/2 : ‘ RT Zn Y

(e

-1/2

7w

o>
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From the data of Ref 7, the rfroup (RTzhvg/V )l/ for solute cerium
is 22.95 (cal/cc) /2 at 1150°C and 2).00 (cal/cc 1/2 at 1250 C. The
conétanéy éf this grogp 'is in accord with regular solution theory. The - [
séiubility.pdrameter for urénium has been estimated from heat of vapori-

: : R . : _ : : ¥
zation and liquid density data as 93 (cal/cc)l/e. Usrng thes {c! ilgurco ’

in Eq. (11) yle]ds (v /b *1/2 = 1,50.

2 5 o
For lanthanum solate, the group \RTlnyz/V )l/, is 22.80 at 1150°C

1/2

and 2%.20 at 1225°C. Using Bq. (11), (v, /or,) = 1.29.

For the U-Cr eutectic, Zg. (9) can be solved for the solubility

+

parameter of the mixed solvent:

RT fn vy "

Byecr = 2 +-< Vé ) < > B (12)
From Vblght s (lh) determination of the so]ublllty of cerium in the

U-Cr eutectic at 970 C (RT In yg CI‘/VCe 1/2

= 21 20 (cal/cc) /2

The solublllty parameter of the mixed solvent can be calculated
from the volume fraction average of the two pure solvent éonstituents.
waeVer, becaﬁsewof the cerium solubility measﬁrement in U-Cr, this
apprqximationvis nét neceésary; The soiubiliﬁy pérameter for the mixed.
. solvent cén be deterﬁined from Eg. (12) by'uéihg the solubiliﬁy parameﬁer
for pure ¢erium, the measured activity.céefficiént of:cerium_in the
eutectic, and fhe ratio (V’Ce/bCe)l/2 deterﬁined preViously from the
soluﬁility of cerium in pure uranium,. Equation (12) yields )
'§U-Cr.= 90.3 (cal/CC)l/2.- The valiue computed from-ﬁhe volume fraction | | ~

average oOf SU = 95vand 66

. 3_06 13'795,5, _ | ‘ .
U31ng ‘the former value of 8oy’ and (V /b

1/2 = 1.29, the

activity coefficient of lanthanum in the uranium—chromium eutectic 1is;

U-cr 10,200 ' -
= il Riahldt . . -
In ﬁYLa RT . (JJ)
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.Table 3. vActivity Coefficients of Cerium.and Lanthanum
~in Uranium and the Uranium~Chromium Futectic

T,'OC cerium in» ianthanum in lanthanum in the
uranium .. uranium U-Cr .Butectic +i (BEq.13)
900 o 112% . o 80
1000 .i\; 81*v_ o9k | o | 57
1100 | 59% S 81x - | L3
a0 st T o Y
1205 - R B
1250 oo — -

JExtrapolated from the data at higher temperatures.

:The exberimental results.of this study and the data of Barney and
Kenesheav(l)‘are'pompafed_with.the theoretical predictions in Fig. L,
Theory.and experiment agfée'to within an order of maghitude; which is all
fhat.can be-expegted‘from the approximations involved in the theory and
the precision of the experimeﬁts'(the reproducibility of thevexperimgnﬁs;
shown by the two points at lOOOOC,Fis about a factor of tWé). The agree-
ment is quite acceptable ét high teﬁperétures,'buf becomes poorer at
lowef temberatures.: A falue of Aﬁ _ 26 kcal/mole is obtaiﬁed for the
experiméntal lanthanﬁm distribution'cogfficient between magresium and
the U-Cr eutectic, while the values computed frbm reguldf solution theofy
are ﬁrééticaliy.tempefature-independent;‘ If the ratio <V£a/bLa)l/2  hﬁq
been takeﬁ as ~l.3 in the magngsium éolvent_as it was‘fouﬁd.to be in ﬁhc
U-Cr phaSe; fhe agfeemént between.the rggular solution and1experimental

distribution coefficients would have been considerably improved, both in
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magnitude and.in temperature depéndence.' The only other liguid metal
distribution study in whicﬁlthe_effect of témperature was investigated
is that of McKenZiev(lo). He found the AH for the distribution of - J

plutonium between uranium and silver to be 12.5'kcai/mole.

Distribution of Barium between Magnesium and U-Cr

The single value of thé distributién coefficientvof barium betweenv
magnesiﬁm and U-Cf at 1100°C can b¢ comﬁared with fhe measurement of
bériﬁﬁ distribution between uranium andrmagnesium at 1150°C. To;correcf
Barney and Kenéshea's datum for the presence of_chromium in the'urqnium‘
phase, the factor Of52 dbtained earlier for solute cefium is-employod.

In addition the tempefature coefficieﬁt_for barium is assumed to be thé
same.as fhat measured for lanthanum, 50 fhat the distribution coefficient
at 1100°C should be smaller than that at 1150°c by a factor of 0.7.
Applying these twp corrections to the mBévvaiue of 0.025 reported by
Bgrney and Keneshea, ﬁhé di3trjbution coefficient éfbllOOOC between
magnesium and the U-Cr eutectic should be 0.009. The measured value

from féblell is 0.007..

The general agreement bétwgen the measurémenfs'of‘Baghej and Keneshea -
énd those repbfted here is gqod for both lanthanum and barium solutes.
Both sets of experiments are well within an order of magnitude of the

'predictidns based upon the solubiiiﬁy data and regular solution theory.

Reaction of Barium with the Graphite Crucible : ' e

One aspect of thejdata'which deserves closer.scrutiny is the_abséhce'
of barium in the magnesium bhaée»hfter equilibration at 900 and'lOOOQC,
TFrom the single measurement at 1100°C and assuming a temperature de~

pendence equal to that of'l&nthanUm, the barium concentration cocfficient
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at lOOOod éhould be ~0.004%. In the 1000°C experiment for which the T

‘plot is shown in Fig. 3, FU-Cr = 0.52 and"mLa ='Q.O9.' Inserting these

figures in_Eq.»(?) a vé}ue of FMg of 11 is obtained. This represents

an intercépt of ~0.09 for the lower line of Fig} 3, which should have

been observed.
The loss of barium from 'the uranium phase is not catastrophic,
of 0.52 implies thet the barium=to-lanthanum ratio is

s1n§e an FU-Cr

 twice as large as in the original irradiated pellet.. As mentioned

earlier, the preferential loss ol barium from the magnesium
probably occurs during the cooling period from the freezing point of
the eutectic to that of magnesium.

The removal of barium might be attributable to reaction with graphite,

especially in view of Culpin's observation that pure -liguid barium attacked

graphite vigorously abdve the melting point (5).' If barium is to react

with graphite, tﬁe equilibrium thermodynamic activity determined by
reaction (9) must»be exceeded:

_Ba(soivn)'+2c<s) - BavCe(s) | - '_ . (9)
Hoch (8) ahd Flowers énd Rauh (6) have inyestigated the thefﬁoqhemiéai‘-
properﬁiéé of the reaction: |

'Ba('g‘)_ + 20(s) = 'Bacgl(ss)_ | - | : (10)
From the resulté of‘referenée 6, AH = -5&;7 kcal/molé and A3 =.—13.7>cu.
Using thervapor pféSsureetemperature curve ofvliquid'bariﬁm, the feactiqn:

Ba( 1) +'EC__(S).'=. Bacg(s)_ ' - - {11)
is characterized by AH‘:-”lS'é kcal/molevand.AS = 5.5 eu. Neglecting

solid solution of barium carbide in gréphite, the equilibrium activity
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of‘barium‘in reaction (9) increases from'Q;B X 1077 at 900°C to 7.5 x 107
at 1100°C. The activity coefficient.of barium in magnesium has beéen
es@imatéd'by regular SQlutibn theory to decrease from 48 at 900°C to
.27 at 1100°C. The equilibrium atom fractionvof_barium in mégnesium
solutions in contact:with graphite and pure barium éarbide is 0.5 X 10—6.
st 900°C and 2.8 x 107 at 1300°C. If Hoch's (8) AH and AS for reaction
_(ld) are used, the equilibrium atom‘fractidﬁs are larger by a factor of
. . : : :

Using the neutrdn reaction anuiradioactive-decay equations appro=
priate to barium produce&.from U255>fission in a flux bf 2 % 10%° (2),
fhe atom fraction of barium in the irradiated ﬁ;Cr pellet is estimated .
to be 2.5 X lOf8. Because the partitionihg of bariuﬁ between the two
sqlvehts favors the urénium:phaéé, the atom fraction in the magnesium
phase is ~lO-9. This is at least threé orders of magnitude smaller
than the-bariumiconcentrationé required to form bariﬁm:carbide by reacfion
with graphite. 1Unless the thermodyﬁamic activity of barium in the
graphite is decreasediby an equi&alent amount-due to solid solution,

graphite should not remove appreciable amounts of barium from magnesium

solutions at temperatures around 1000°C. The decrease in barium activity

due to solid solution does not appear to be significant, however. Trom
the data of reference 6, the barium pressure over BaC5 o5 is approximately

30% less than the pressure over BaC,.
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. NOTATTOW

activity, counts/min

' - ooy : N 2
_solute molar volume parameter :in regular solution»theory,'(cal/cc)l/a

factor defined by Eq. (3) -
ehthalpy change, kcal/mole

atom fraétion distribution coefficient (magnesiﬁm to uranium)

molar concentration distribution coeffi¢ient (magnesium to uranium)

afomic weight

number of.étoms

gas constant, cal/mole- K

entropy change, eu

tiﬁe after extraction, sec

atomjc volume, cc/gm atdm

sample yeight, gms -

deééy constant,vsec—;

deﬁsity; gms/cc
actiVit& coefficient'(puré.liquid solute‘sténdard.state) of solute 2
in solVeﬁf i | | |

Hildebrand solubility parameter

Subscripts

-2

v

1l . solvent
solute

“RE  rare earths

Superseripts -

o immediately after extraction
vaporization
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FIGURE CAPTTIONS

‘The immiscible magnesium-uranium-chromium system.

Gamma ray spectrum of irradiated U-Cr.

Decay of the Lalio activity in the magnesium and U-Cr phases

vaffer,equilibracion at 1OOO°C.V

Experimental and calculated distribution coefficients.
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