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LANTHANUM'DIFFUSION'IN MOLTEN URANIUM

Fdmond Le Borgne

Inorgenic Materials Research Division, Lawrence Radiation Iaboratory,
' Department O Nuclear Englneerlng, College of Englneerlng,
Unlver31ty of California, Berkeley, California
ABSTRACT
 The purpoee of this study‘was'to measure the diffusion coefficient
~0f lanthanum.igvmolten uranium, at microscopic and macroscopic concen-
trations. |

In order Fo get the diffueing element at microscopic concentratiens,
a uragium'rod was irradiated to generete approximately 10'9 atom fraction
'lanthanum 140. The irradiated rod was placed next to an unirradiated |
rod and the lanthanum ailowed to diffuse into the unirradiateq uraniuﬁ B
rod. . The diffusion of)lanthanum,was.determined by measuring the intensity
of the 1.6 MeV lanthanum 140 photopeak along the rod. However, the
diffusion process at such lew concentrations could not be represented by
a diffusion coefficient and could not be separated from mixing due to
convection and to melting and freezing.

The diffusion coefficient of lanthanum in molten uranium at macro-e
scopic concentrations (~ 0.0l atom fraction lanthanum) was measured byv
putting a small amount of lanthanum on top of a uranium rod, letting it
diffuse, and measuring the penetration of ianthanum along the rod. The
diffusion coefficient obtained by this m.ethod,~4><lo_7 cm? sec—l, Was
much lower than expected. The reason for the low diffusivities was

probably the presence of bubbles or voids'in'the liguid uranium.
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INTRODUCTION
Studies of solute diffusion in liquid metals contribute to'the
understanding of the liquid state. The diffusion of fission products
in molten uranium is also of interest for the pyrometallurgical method
of reprocessing nuclear fuels, since the diffusion of these elements
to a phase boundary'is_thé first step in the extraction mechanism.l

Many diffusion coefficients in liguid metals have already been

5 2 -1

measured, and their order of magnitude is usually 10 ~ cm  sec or

greater.g A study of the diffusion of lanthanum in molten uranium
has not yet been reported, although Smith5 has measured the diffusif
vity of cerium in uranium.

Diffusion coefficients in liquid metals are measured by essen—'
tiélly three techniques.u The capillary reservoir technique is the
most popular. In this method; a small tube containing pure solvent.
metal 1s- inserted in an alloy bath. After having been kept at a
certain temperature for a definite time, ddring which diffusion pré;
ceeds, the small tube is drawn up, quenched and analyzed. In the
second technique, a small tube is filled with pure solvent up to
about half of its height, then filled up compactly with alloy and
suspended in a tube which is kept in an electric furnace. The third
method was used'by'Kitchener and coworkers.5 The pure solvent metal
is fused in vacuum and a small glass tube is filléd up.to about half
of its height with this metal. After a small amount of alioy is

placed on the solvent metal, the tube is sealed off in vacuum, and
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~ the repainiﬁg procedures are the same as in the second method. = The

experimental procedure used here was inspired by the third method.

Fo



_j_

I. = LANTHANUM DIFFUSION IN MOLTEN URANIUM AT TRACER CONCENTRATIONS

R A, Experimental Procedure and Apparatus

A cylindrical piece of depleted urénium_metal (072% uranium 235)

2 in. long and 1/8 in. diameter (weight = 7.5 gms) was irradiatédAinside
an evacuated quartz ampoule for 8 hours and cooled for one week. The
atom fraction of lanthanum 140 produced by fission was then'~lO-9.

| The sample Was remo&ed from its capsule insidé a glove box flushed
;with argoh. iThe irradiated piece and another identicdl unirradiated
piece were inserted in a beryllia crucible, which was in turn inserted
into a molybdenum éontainer. The assembly was then ioaded into a pyrek
container, evacuated by a diffusion pump, and transferred-to the IRL
machine shop for electron beam\welding of the top.lid on the molybdénum'
can. The electron beam welding was done under vacuum so that the metals
were expoéed'to alr only during the time required to load into the welder.
The completed assembly, shown in Fig. 1, was ieak tested,’then_suspended
inside the hot zone of a vacuum resistance furnace as shown in Fig. 2.
The furnace was evacuated to approximately 5><]_O-lF torr. '~ Power was then
applied to the furnace to faise the tem@erature abéve the melting point
of uranium. The temperature was kept constant during the amount of
time desired for the diffusion. At the end of this period, the furnace
was turned off and the sample solidified. When the assembly was coolz 
enough, it was removed from the furnace for counting.

The pehetration of lanthanum into the unirradiafedvuranium-rod -”i;
was determined by measuring the intensity of the 1.6 MeV lanthanum lhbi
rhotopeak along the length of the uranium rod. This nuclide, howeveréf
is not producéd directly by uranium fission but is the daughter of bafium
140 which is produced with a direct yield of 6.4%. The decay chain 1is

'
'
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The radioactive nuclides, produced in the fission of uranium, which emit

high energy gamms rays'téhd to have short half .lives. Because of the long e
‘half life of its pareﬁt, however, the 1.6 MeV photon froﬁ lanthanum lhO_
béecay dominates the gamma-ray spectrum of uranium which has been cooled'
for several days. The intensity of this photopeak served as a'meas@re_'
of the lanthénum—lho concentration in the uranium rod.
The detecting equipment is shown in Fig. 3. The size of. the colli;
mator in_the lead shield is such that the detector views a 3 mm-thick H?
slicé of the uranium rod. The rod is moved up and dowh inside'the léd@-
shield by a screw whose diéplaéement can be-measﬁred with a precisidn:‘

of 0.2 rm.

B. Theoretical Analysis

1. The model of diffusion in a solid bounded by two parallel planes

has been used. With an initial lanthanum concentration (or activity)
aia(x) and both ends x=0 and x=! insulated (zero flux), the concentration

profile aia(x) immediately after a diffusion time © is given by

0

: 1 . 2 2 o
o 1 1, na, . 2 Z : -Dn" 8/ 1 : L
aLa(x) L / aLa(x Yax' + - e S .
v : n=1 B
0 . 0 .
.nﬂx £ i, nmx ' B
—— v ! ! . .
cos = f aLa(X ) cos ;7 dx (2) -
_ 0 s

In terms of the dimensionless parameters
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T == = (5)
2° |
N ‘
n=7 ()
this can be written
] | | [
L 1o e s A
— ‘ 1 1 . t s ' dn?
aLa(n) —/ aLa(n )dn + 2 E E cos nﬂn/ aLa(n ) cos nm ' dn
0 “n=l 0] :

(5)

Calling 1 _ '
- 1 vt
A =2 f aLa(n ) cos nm dn (6)
O .
i

the Fourier coefficients of the initial concentration profile aLa(x),

the profile after diffusion is thus
A 2 0 - y
o ,. 0] -Nn T T
aLa(n) ==+ E A cos,nﬂn e : (7)

This series is répidly converging. However, the first fifty terms wéré
taken into account to determine the curves corresponding to different
values of the diffusion coefficient. The initial activity profile aié(i)
was measured and used to determine the A of Eq. (6). The theoretic@l
curves'were compared to the experimental curves tovdetermine,the diffuéion

coefficient (or value of 1) which best fitted the data.

2. Determinationvof the Ianthanum Concentration Profile Immediately
After Diffusion ’

The decay scheme of Eq. (1) leads to a lanthanum activity at any

position in the uranium rod given as a function of time by the well kndwn
. ) : ¢
‘relation for batch decay of a two-member chain S
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aLa e Ba, . (1 ) j;) e-xLat : (8)
o} F ¥ /
%Ta

where € is the time after the diffusion experiment and the parameter F

depends upon the initial ratio of the two nuclides at £=0

I Y
L L Ba - .
F=——- 2 | (9)
NBa XBa
_ This gives
et el O, =n )t .
aedr 1AL 0 q Dy BB (10)
La =T Ia F . |

The lanthanum concentration profile was measured at different times ﬁ'éfter

. Mgt (xBa-xLa)t
diffusion. apg € was plotted versus e , giving a straight

line whose slope was al (1 - %) and intercept wasvaia/F. This permitted

1
determination of the lanthanum concentration profile immediately after

diffusion, at all positions within the rod.

50

La’
C. Results

1. The pufpose of the first run waé to determine the mixing due to

melting and freezing the two uranium rods (with no diffusion time), and

to represent this mixing by an equivalent value of (D8), or an equivaléﬁt

dimensionless parameter *.

The sample was held at 12007 for approximately 2 minutes and cooléd
down immediately. This operation was repeated three times, and fhe
resulting concentration profiles are shown as curves 2, 3 and 4 in Fig. E,
(fhe points have been corrected for lanthanum decay after the experiment)..

The determinations of 1% for these premelts were made starting with



A
-

91£1-869 14X

$o)wogioq woy pusgag

-10-

Bupjpw ¢ a3)je

m:_u__uE J234P

e
w:;_ui.:« 43)ye

Wm.:w-t:: wWQL

?)1404d.
A140id
U__._ Okm

wniuef)

©)

® 3niny: @
@ WMiny LV
@lul?:.u u'o
@ 2rany i x

9 !
TTex x J
r

-

e}

3 o)

&

, 8

o

° . m

000l M

o]

=

P

G+

]

%)

e

—i

o)

g

o

+0002 &

jol

(0]

[

o

1%}

S w

[

O

O

o]

/5]

: =

“Yooog .

-]

o

=

U M\m&v \Nu‘;..aoﬁ
wnueyiue



il

1]

a curve cgrresponding to uranium rods already'melted, since before the
first melting the uranium rods were not yet in their final position
(some slumpingboccurs during melting of the machined rods, which are
somewhat smaller in dismeter than the inner diameter of the crucible).

The results of the first premelt (concentration profile changing
from curve 2 to curve 3), as shown in Fig. 5, are best fitted by a
theqretical'diffusion curve corresponding to a value of % of 0.015. In
a typical diffusion run of 30 minutes, this would correspond to an equi#a—
lent diffusion coefficient of 7xlo'” cm? sec-l.

The second premelt (concentration profile changing from curve 3
to curve 4), as shown in Fig. 6, was much more difficult to represent by
a'diffusign curve. The equivalent 1% would have been'still larger than

in the first determination, lying between 0.015 and 0.025.

2, Diffusion Experiment

The two uranium rods (one of them irradiated ) were first melted
for 2 minutes and cooléd, so that théy‘wére in their final poéition before
performing the diffusion experiment. The sample was removed from the
furnace and the lanthanum céncentration profile was measured. The sample
was reinserﬁed in the furnace and held at 1240°C for 30 minubtes. The
concentration profile was measured at different times after the diffusion
run, and the lanthanum profile immediately after diffusion was determined
following the method describedvin Section B-?‘

The results of the diffusion experiment are shown in Fig. 7. Here
again, the measured penetration was considerably different from the
cretical penetration due to a pure diffusional process. The value
of T representing the actual data could not be determined with a satisfac-

tory precision, but was probably between 0.02 and 0.0kL.
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6n'£he'ﬁa1ué of 1

fi57 ‘ ‘f_
;-Siﬁéefthe,tdtal T measured-is fhe”sum of T*'due'to melting #nd>
freezingfthgfsample, and T, = Egjidue.to,diffusion,

et @

the mixingﬁaﬁe‘to diffusion'itseifris'iess than the mixihg due to mélting:

énd,freézing»thé sample. Siﬁce the latter could‘not be represenfed with
a good approximation by an équivaleht"diffuéidn_coefficient, the7unceftainty'

a was unacceptable,
'D. Conclusion

 Interdiffusion of fiSéion product lanthanum between an irradiated and

an unirrédiated uranium‘rod did'not?permit detefminationiof'the diffﬁsion'

chfficiéhtaof lanthanum ih-molten;uranium. .Thefmixingjdue to diffusion:

was small compared to external causes of mixing, among which the major

‘one seemed'ﬁo'be cdhveqtion.‘ A study of,the ten@erature;distribUtibn

in the furhéée shbwéd that the top of the hot zone was colder than the

bottom byfmbre~thah'70°cl Furthermore, the expérimeptal'pointsvin the

o determinétion‘of‘thé lanthanum concentration profile wére_far from beihg

on a smooth curve, which suggested that defects like bubbles could be

present in the uranium rods used. Avoiding those two sources of error

- was the'main cbject in thevstudy of 1anthanum.diffusion in molten uranium

at macroscopic concentrationsdiscussed in Part II. Moreover, the very .

small concentration of lanthanum 140 in the uranium (1077 atém-frac%ion)

was very easily scavenged by oxygen impurities in the uranium. Since

Laeojvis:thérmodyhamicélly more stable'thaanO ; even 1 ppm of oxygen

"in the uranium wbuld'have_béen sufficienf to cohvert,allilanthanum metal

. to lanthanum oxide. The use of macroscopic lanthanum concentrations avoids -

this scavéngihg prbblem,
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TT. TANTHANUM DIFFUSION IN MOLTEN URANTUM AT MACROSCOPIC CONCENTRATTONS

A. Experimental Procedure and Apparatus

.The expefimental.methdd and épparatus were basically the same as x
in Part I. Two kinds of crucibles were used to hold the uranium and
lanthanum liguids. The first type was the same as the beryllia crucible

" with molybdenumfholder shown in Fig. 1. In this kind of crucible, one
unirradiated uranium rod was inserted. The secomd crucible was tantalum
in which fwo unirradiated uranium rods could be insgerted. The uranium
rods were the same as those used in the study of lanfhanum diffusion at
tracer concentrations.

After the uranium was inserted in the crucible, the crucible (with
no top lid) was placed in 'the vacuum resistance furnace of Fig. 2. The
furnace was evacuated to approximately 10~ torr. The temperature was |
then kept at 1000°C during 10 hours for outgassing before melting the
uranium. The temperature was then set to 1500°C and kept constant for
% hours. During the melting of the uranium, the pressure while above the
melting point (1152°C) never exceeded hxlo_6 torr. The sample waé then
cooled dowﬁ and kept under vacuum until the lanthanum was ready to be |
inserted inmto the crucible.

The lanthanum used was 99.9% pure metal kept under dry nitrogen
atmosphere. A cylindrical piece of O;l in. diameter and 0.5 in. lorng
(weight = 0.5 gm) was scraped until the metal was shiny (é thin'white-f
oxide layer develops on thé surfacerf the metal after a few mimtes |
exposure to air), wiped off and loaded into a polyethylene snap—tob
irrajiation capsule. These operations were performed in a glove box
flushed with dry nitrogen. The sample was then irradiated for 30 minutes
to generate approximately 20 mCi of lanthanum 140 by :neutron_captufe in

Ia-139 (> 9% natural abundance.) The irradiated lanthanum was placed on
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_top pf the uraniUmﬁin-the_gloVe box and the crucible- capped and-@laced
in a élaés viél. The vial was-rémoved from the glove box ard evacuated,
then transportéd to the LRL machine shop where the crucible was sealed
.by_electron beam welding (also under vécuum) and»leak_tested;
The completed aSéembly, shown in Fig. 8 was thgn ingerted in the
furnaée and mélted. In order to minimize convection, the fufhace was
flushed with helium-hydrogen (4%) at a flow réte of 8.cubic feet per hour
éo that the bottam of the crucible was colder fhan the top by 10°C. The
temperature was kept constant during the time desired for the.diffusioni
experiment. The sample was then cooled down and removed from the furhéce
for counting. As in Part I, the penetratioﬁ of lanthanum,into uraniumﬂi
was determined by measuring the intensity of the 1.6 MeV‘lanthanum—lhoif
photopeak élong the assembly. The counting eqﬁipment was thé same as.f;

in Part I and is shown in Fig. 3.

B. Theoreticai‘Analysis
The model of diffusion in a semi—infinite medium has been ﬁsed, siﬁce”
the lahthanum peﬁetration never reached the end of the uranium rod. Wiﬁh
a lanthanﬁm concentration (or activity) C_ maintained at the equilibri@m
vsolubility at >§.=o (interface) and no lantha.num initially in the fe»giénrf_
x > 0, the lanthanum concentration after a diffusion time @kis given;aé

‘a function of the distance x from the interface by

g = 1 - erf X = erfc —‘—}'(“- v (ll\
o 24NDe 2NDO B

where erfc is the camplementary error function. Plots of the inversef ’
~complemertary error function of C/CO, erfc ™t (C/CO), versus x gives

straight lines passing through the origin with slope

1
2 NDB
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. in the diffusion runs being greater than 1 cm.
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. The ﬁdin pﬁoblem was‘the'locatioh of tﬁe position,bf.the-ihferface-
betWéén ignthéﬁum and uranium in the lanthanum concentrétion_profile
éftér diffusion.‘ The method . chosen was to start from the low ééﬁcentration
" end of the profile, which resembled a diffusion éufve. "The régibh where

the curve departed significantly!from an error function curve wa s taken

. as the interface. This procedure was verified by determining the solubility

of lanthanum in uranium by comparing the lanthanum-luo activity at the
chosen interface position to that in the pure lanthanum rod above the
interface. 'This calculation is discussed in detail in the subsequent

séction devoted to analysis of Run No. 3.
C. Results

1. As in Part I, the purpose of the first run was to determine the
amount.of mixing due to melting and freezing the sample, with no.diffusian
time. The crucible used was a tantalum crucibie. The sample was held &t

1200°C for 2 minutes and cooled down immediately., The Ianthanum cbncen;v

"~ tration profiie,after melting is shown in Fig. 9. Two months after the{

experiment, when lanthanum-140 had almost completely decayed, the crucible

was sawed lengthwise and polisghed, and pictures of the interface were

takenf Figure lO.(%5O magnification) shows that the contact Between'ﬁhe
two metais was -very good, even though a bubble was present in lanthanum»
approximately.lmm‘from the interface; as>can be seen in Fig. ll»(X8.5.mégni_
fication). 'Figure 11 also shows that the mgniscus at the interface wa;:
approx._imateiy > m high. Looking at the profile shown in Fig. 9, it

could bhus be concluded that the penetration of lanthanum into uraniumf;~

was ]ESS'than_2;5 mm and could thus be_negleéted, a typieal penétration 
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Fig. 9 Lanthanum concentration profile - Run no. 1.
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XBB 698-5519

Fig. 10 Lanthanum-uranium interface -
Run no. 1 (X50 - Lanthanum on top).
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Fig. 11 Lanthanum-uranium interface - Run no. 1
(x8.5 - ILanthanum on top).



23

2. Diffusion Experiment in Tantalum Crucible (Run No. 3)

. The first diffusion experiment was performed u&ing a tantalum cruci-
ble.. Thé sample was held. at lEOO?C for 24 hours and cooled down. Thé
lanthanum concentration profile after diffusion is shdwn ih Fig. 12. The-
determination of the interface was made easier when the sample could be
sawed lengthwise.6 Weeks after the exberiment. Figufe 13 givés a picture
of the interfaqe (x50 magnification)_showing that the contact betwéen _
the two metals Qas excellent even after 24 hours diffusion time. A

general picture of the interface is shown in Figs. 14 and 15 (x8.5 magni-

fication): There was a large bubble (3mm long) in the uranium, approxi-

mately 2mm from the intefface, which can be seen on both Figs. lh.andﬁl5.
Comparing Fig. 14 to the lanthanum concenffatioﬁ profile shown in Fig. 12,
the positioﬁ of the lanthanum-uranium interface (bottom of the meniséué)
could be located at position 49.5 in Fig. 12. However, the bubble must

'have'blocked the penetration of lanthanum and kept a constant condentration

" at the extremity of the bubble (position 5kl in Fig., 12). This extremity

was ‘thus acting like a second interface, and the region between x=50 to-

x=54 appeared to be lanthanum~saturated uranium. The maximum measured

activity in the lanthanum part of the rod. was ~80,000 count/.5 min. However,

since the 1anthanum‘occupied only a ~3mm height in the tantalum crucible
(see Fig. 1), and the width of the window in the collimator was also 3mm,

it is probablé that neither of the two measurements around the maximum:g

- of Fig. 12 viéwed'pure lanthanum metal. Had the 3mm segment of lanthaﬁﬁm

filled the entire collimator window, the activity would have been larger

than 80,000, say ~100,000. .The activity at the x=54mm position (which':

represents uranium saturated with lanthanum) was ~1700. The ratioi5f”zw

1700/100,000 = 0.017 atom fraction should be the solubility of lanthanum

- .
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Fig. 12 Ianthanum concentration profile after diffusion -
Run no. 3.
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XBB 698-5521

Fig. 13 Ianthanum-uranium interface - Run no. 3.
(x50 - Lanthanum on top).
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Fig. 14 Ieft side of lanthanum-uranium interface -
Run no. 3 (x8.5 - Lanthanum on top).
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Fig. 15 Right side of lanthanum-uranium interface -
Run no. 3 (x8.5 - Lanthanum on top).
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iﬁ granium. “This vélue is in reasonably good agreement with the solubility
of 0.018 atom fraction meas&red by Haefling and Daa_né.7

Assuming that the activity at x = 5U.k4 represented the saturation
solubility of lanthanum in uranium, the penetration curve was détermined
with the "interface" located at this position. The ratio of the lanthanum
concentration C to the lanthanum concentrotion at the interface Co is

plotted versus the distance x from the "interface" in Fig. 16. In Fig. 17

c .
the inverse complementary error function of'a is plotted versus x. The
v o .

points are located with a very good approximation on a straight line
passing through the origin. The slope of this straight line gave a-
value of L4 X J_O_7 cm2 sec_l for the diffusion coefficient at 1200°C. ~

3. Diffusion Experiment in Beryllia Crucible (Run #5)

Iniorder.to check the reproducibility of the result obtained for'.
the diffusion coefficient in Run #3, a second diffusion experiment Was‘
performed,bthe tantalum crucible being.replaced by a oeryllia crucible;
The sample wao held at 1210°C for 25 hours and cooled down. The lanthénum
concentration profile after diffusion is shown in’Fig. 18. In a pioturo
of the interface (XSO:magnification) shown in Fig. 19, the contact
between the two metals did not look as good as in the tantélum crucible.
But this was probably due to the fact that the beryllia crucible had to
be broken fo take the picture, and it was then much more difficult to got
a veryAsmooth surface by polishing the rod, lanthanum being much softer_f_~
than uranium. A éeneral picture of the interface (x 8.5 magnification)?
shown in Fig. 20, did not‘reveal any large bubble in uranium near the

1

interface, which was assumed to be located at position 67 in Fig. 18." "
A

Note that the_curvature_of the interface is in the opposite sense-as in
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Fig. 16 Penetration curve - Run no. 5. The x = 0 position ’
on this plot is taken as the x = 54.L position on

Fig. 12.
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Fig. 17 Determination of the diffusion coefficient'-i?
Run no. 3 - (Points from curve of Fig. 16).
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XBB 698-5520

Fig. 19 Ianthanum-uranium interface - Run no. 5
(x50 - Lanthanum on top).
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XBB 698-5515

Fig, 20 Lanthanum-uranium interface - Run no. 5
(x8.5 - Lanthanum on top).
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tantalum crucible. The plateau between 72 and 76 mm in Fig. 18 is due
to a bubble in the ianthanuﬁ; which did not melt to form a continuous
liguid. The ratio Of the lanthanum‘concentration C to the lanthanum
concentration CO ét'the interface is plotted versus the distance x frém
the interface in Fig.32l, and the inverse complementary error function

‘ of-% is plotted versus x in Fig. 22. Except for the last points, which
O |

scatter because of poor counting statistics, the experimentalvpoints
were located on a straight line. However, this straight line did not.
pass exactly through the origin. Its sloée gave a diffusion coefficiept
at 1210°C of 5 ><'lO--7 cm2 sec_l, which is very close to the valué
obtained in Run #3 with the tantalum crucible.
D. Conclusion

The‘only conclusion that could be drawn from ﬁhis_study 3; that thé
diffusion coefficient of lanthanum in molten uranium at 1200°C is very
ilow, of the order of L x lQ—7 cm2 sec_l. This is at least two ordefs;of
maghitude lower than most diffusion coefficients in liguid metals.2

This low value of the diffusion coefficient could be explained by
assuming that lanthanum diffuses through molten uranium not as a singlé
atom, but as a complex formed by a lanthanum atom surrounded by a certain
number of uranium atoms.v Such complexes as UCd12 and Uan2 héve.alreédy
been discovered and the large size of therresulting compiex consideraﬁiy
decreases the diffusion coefficient. However, a complex like LanUm haéi
not yet been reported.

The very low diffusion coefficient 6f lanthanum in molten uraniumﬂ,

could also be due to the presence of bubbles in the uranium. Those

bubbles could be detected in all the experiments performed, despite all
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Fig. 21 Penetration curve - Run no. 5. The x = o positidﬁh,
on this plot is taken as the x = 67 position on
Fig. 18. -
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Fig. 22 Determination of the diffusion coefficient -
Run no. 5 - (Points from curve of Fig. 21).
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efforts to avoid them. 1In a test run, four uranium rods weré inserted
each in a beryllia crucible, and the four samples were loaded into the
vacuum resistance furnace shown in Fig. 2. After evacuating the furnace
to 10—6 torr and outgassing at lOOOOC for 15 hours, the temperature
was raised to 1300°C for 3 hours. The pressure during melting time
never exceeded 4 X 10-6 torr. After melting, the four uranium surfaces
were higher than expected by a distance varying from 2.8 to 4.5 cm,
indicating extensive bubble formation during melting. The origin of
these bubbles was probably dissolved gas in the uranium rods, which had
not been prepared under high enough vacuum. The small bubbles formed
anywheré in the uranium rod move upwards and join other bubbles. When
the resulting bubble is large enough to contact the crucible wall, it is
held there by surface tension forces rather than rising to the surface¥
Unfortunately, the bubbles tend to be trapped near the lanthanum-
uranium interface. Furthermore, many small bubbles could be observed
;@ith a microécope in the uranium rod.

| Those bubﬁles pould be prevented by using crucibles with a larger
inner diameter to permit unobstructed rise to the surface by decreasing
_the chance of a bubble coming in contact with the wall. Another method;
which might be used concurrently, would be to vibrate the sample for a
few minutes after melting (using the driving mechanism of an ultrasonic
cleaner for example), so that all the bubbles could be released to tﬁe;
metal surface. However, it would be necessary to correct for the
corresponding mixing which occurred during this period. Obtaining an
exact valué for the diffusion c@efficient of lanthanum in molten uréniuﬁ

would require eliminating bubbles; whose effect on the measured diffusivities
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could not be accuratelyvassessed.

The good contact and general cieanliness of the lanthanum-uranium
interfaces observed in the photomicrographs and the reasonable agreement
of the solubility inferred from the activity measurements at various

'points in the rod of run #3 suggest that the equilibrium solubility is
generated at the interface to drive the diffusion process.

The solubility of lanthanum in uranium (¢ 0.02 atom fraction).is at
least four orders of magnitude larger than*the oxygen content of the
uraniun (Vo5 ppmS) gso that complete conversion of the diffusing lanthanum
to lanthana is unlikely. ©Since the crucibles were sealéd under vacuum

5

(1077 torr) by electron beam welding, little contamination is expected

from the small void volume remaining in the crucibles.
Tantalum and beryllia were satisfactory crucible materials. Both

satisfactorily contained molten uranium at 1300°C for 3 hours and the

lanthanum-uranium combination at 1200°C for 24 hours.
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LIST OF NOMENCLATURE
diffusion coefficient of lanthanum in molten uranium, cmgsec—l
distance along the ﬁranium rod from bottom (part I) or from the
inferface (part II), om
initial lanthanum concentration profile, counts/5 min.
lanthanum concentration profile after diffusion, corrected for
decay, counts/5 min.
length of the total uranium rod (irradiated + unirradiated), cm
diffusion time, sec
time after diffusion experiment, sec
lanthanum activity at time t, counts/5 min.
1énthanum activity immediately after diffusion experiment, counts/
5 min.
decay constant of lanthanum, sec L
decay constant of barium, sec™T
lanthanum concentrafion at position x, counts/S5min.

lanthanum concentration at the interface, counts/S min.
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