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- USE OF BINARY ALLOYS OF THE LANTHANIDES T'OR
*
TRITIUM RECOVERY FROM CTR BLANKETS

D. H. W. Carstens

10S ALAMOS SCIENTIFIC LABORATORY, UNIVERSITY OF CALIFGRNIA

L0S ALAMOS, NEW MEXICO 87545

Liquid binary alloys of the lanthanide metals have been proposed as getters of

tritium from breeder blankete of controlled thermonuclear reactors.
high stability of the lanthanide hydrides at reactor temperatures (500-1000°C). these
all_vs should prove highly efficient in this application and a series of experiments

designed to test this applicability are summarized here.

deuterium were carried out on a series of alloys of La and Ce.

Because of the

Jieverts’ experiments using

For eutectics of the’

approximate composition LnSH where Ln 18 La or Ce and M i3 an iron-group metal, it wzs
found that the deucefiding capacities and the equilibrium pressuie:c ware close to those
of the parent metal. Experiments measuring the extraction rate of low-level tritium

from helium streams us‘ag Las 25N1 were carried out. The tritium was rapidly gettered

|nTRODUCTION

L-._Lnu.melcing eutectic allays of the lanthanide

'metals could prove ugseful as extractors of tritium
‘from breeder blankets of controlled thermonuclear

reactors (CTRS). Thelir prime application geems to

be in those designs which employ halium-cooled, sol-

id lithium blankets where thay serva to scrub the
tricium from the circulating helium streams. How-

:ever. if the mutual solubilities of the alloys and

jlithium are not too great, they could also be used

|
iin liquid lithium-blanket applicationa as liquid-

fliquid extractors. Numeroua examplus of eutectic

(1)

jalloys have been reported in tha literature "‘con-

sisting primarily of La, Ce, or Pr coupled with met-

.als such as Au, \g, Cuv, Fa, Co, or Ni,
. ting points are 400-800°C. Undcubtedly many other
combinations produce eutectics with appropriate”

. characteristics. Because of the potentially large

. number of alloys it should be possible to choose an

gappropiraca getter based on duch physical propertias

" a9 mutual solubilities, aquilibrium pressures,mel-
‘cing points, and chemical propertiaes.

. "Work completad under the auspicer of the Dapart-
of Energy.

. done with D2 and several alloya of Ce

down to about 10 ppm and more slowly over periods of 1-2 h to below 0.1 ppm.

Experiments designed to evaluate promising

eutectic allovs are summarized here. Initial ex-

, periments on the hydriding characteristics vere

(2) (3

and La.
In addition, experiments using the getter Lua. ,.Ni

(%) 5.25
and triciun have heen performed.

. SIFVERTS' EXPERIMENTS WITH DELTERILM

Typical mel-

One of the first objectives of tnis study was
to establish the gencvral hydriding characteristics
of the alloys. To this end Sievercsy' experimencs.
(measurements of aquilibrium préssure versus com-
position at constant temperature) were Jone on o
number of alloys of Ce and La.

Results for Ce metal and several of its wuctectic
alloys are shown in Figure 1. Lanthanide mecalsﬁ'b)
typlcaily displavy a reglon of constant pressure {(n
This pla-

N
teau penerally begins at H/Ln = 0.2 aand crosses to

the pressure 'rersus composition Jdiagram.

H/Ln <2 at whicl! point the presanrce rises sharply.
The constant pressure plateau is . result of the

coexigstance of the two phases Ln aud Lnil, As can
be seen in the tigure, similsr rcsules w;ru observa-

ed for C¢ and all che allsys scudied, althourh the
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.FIGURE 1. Absorptinn isotiferms of Ce and its alloys J
at 400 and 5C0°C. +
'placeau iz not evident in the figure because orf its 01 =
[low value. The only significant ditference between - Lo,Ni 1
jthe metal and the various alloys is tha change in e Lan 1
: —_—— LONQ .
.absorption capacity, defined by the rise in pressura, d
'whigh is_decreased by 10-20% in the alloys. This de- ' 1
1
crease can be explained by the formation of stable oo [] | 2 3

‘Intarmediate compounds (CeM, CeMy, etc.) which are /Lo

‘unreactive to deuterium under the experimental con- FIGURE 2. Absorptiun isothermn of La and its al-

-7000
:dicions.(z) leys at 600-700°C.
Similar 1esults were observed for a serlus of reaction, calculated Er?m)these constants, and the
1
iLa=Ni alloys, shown in Fig:re 2. In this case a reportsl melting points age also given,

!more detailed study of the pressure versus composi-

-0H (kcal -AS (eu M.P,
tlon di: da. t -

! igram was made. The important results found Species  Ax10 3 8 mole Dz) mols Dz) (o¢
(a7 a8 f llows. (1) Equllibrium pressures increase

‘as the Ni content increases in the alloys. (2) Ad- Ce 23.0 22.5 46 i 820
!sorpcion capscity decreases {a the same direction. CeJCo 28-1 29.3 36 43 470
(3) New platesus, apparently coming from the separa- c°5.3c° 26.1 26.7 52 40 433
icion of othar La-Ni-D phases, are seen. For this ceh.SNi 2.3 34.3 64 33 470
‘gystem the unreacting stable conpound appears to be ceS.SFe 27.) 27.3 34 41 680
LaNiS.(J) Ta 25.5 26 51 38 812
! For all the Ce and L4 species studied the varie Ll5.25N1 27 27 34 40 495
;acion of preassure with temrerature in the center of LaJN1 26 10 53 46 513
the platean region (D/Ln = 1) was studied and in LaNi =1 23 42 36 483
all cases linear In P versus 1/T dependeunce was ob- Data from this table can be used a8 a neans ot
Fsetvad. Theue results are tabulated helow giving avaluating various allovy as getiers. Noce that

)
valuz ~f A and B fot th relationship ln P (forr) = the plateau pressure as calculated from the above

1)
.—ﬁfT + B for all. {eats (AH) and entroples (35) of equativn Ls an upper bound for the pressure in CTR



operation,” since in this application they will be
loperated at low concentrations. In addition to a
!
)

lov equilibrium pressure, another desirable quality

'in a getter is & high cH.

Icennicy of regenerating the loaded getter, done by
ihea:ing the alloy and driving off the tzitium, The

2
N

furnzce. The concentration of tritium in the gas

was continuously monitored with a mass spectrometer

which was periodically calibrated with prepared gas'

This arises from the ne- mixas ‘sce reference 4 for details).

The general experimental technique was as fol-

lowa. A quantityof the alloy was broken up, weighed,

lnore negative AH, the greater the change inpressure and placed in the furnace, which was then sealed.

‘wich temperature and the eagier it would be to re-

!generace.

|
TRITIIM _GETTERING
)

i A series of experiments measuring the absorption

‘of tritium from a helium stream using tie eutectic
'LaslzsNi was done. The apparatus, constructad of

3JO00-series stainless steel (except for Teflon seals
%1n the valves and a copper gasket in the furnace),

iis shown in Figure 3, ™he molten sfumple was held

;1n a tungsten or stainless sceél crucihle placed in
lche externally heatad, internally gold-plated, fur-
nace. The heiium gas was zirculated around the ap-
lparatus with a metal bellows pump at rates of 120-
140 cc/sac.

EUT1. Zhe standard volume wag ugsed to increase the

Tritium was stored on a uranium bed as

capacity of the system and during absorption runas
.the valves were adjusted such that roughly half the
flow passed through the voluma, half through the

—

Q-1000 lorr
TRANSOUCER

T

METAL
aEFUMP
: COMPOUND
d GAUGE
| MASS SPECTROMETER
| FIGURE 3. Exparimental cbsorption spparatus.

'pressure of tritium wich :ime.

"product of each addition.

After the furnace was connected to the circulation
manifold, the entire system was fillad to roughly
600 torr with helium gas. The furnace was then heat-
ed, and simultaneously, the uraniua bed was brought
u; ro the desired temperature. With the sample fur-
nace valved off from the system, tritium was added
to the circulating gas until the required pressure
had been achieved, usually abour 10 torr. After tle
signal became constant, the bed was valved off and
the valves to the furrace opened, and, the drop in
tritium pressure was thun monitcred with the :pec-
trometer. Every third or fourth additirn was for
mcre highly concentrated mixas (20%), which were
carefully prepired and measured with the pressuve
transducer. These mixes were used to recalibrate
the spectrometer response as wall as to check out
tha kinetics of absorption of large amounts of tri-
tium.

In these® measurements two main runs were made,
@uch consisting of several successive additions of
tritium to the melt. In the first run eight tricium
additions wera rale,including six low-level addi-
tions (10 torr tritium) and two high (100 torrc ctri-
tium), all at 6009C.

log scale in Figure 4, which shows the decrease in

The results are plotted on a

In the tignre n re-
fers to the tritium-to-lanthanum ratiov in the final
Several genaral results
<can be deduced from tha figure: (1) At low concen=
trutions and for low-lavel .addlcions, the allov is
capable of gettar g to the ppo range over ahort

periods. (i) For low concentrations of tritium the
half-life o7 aosorption {s on the order of about

20 a.
yieldad g similar rata, suggesciug this i3 deter-

Experiments with the urunium bed as getter

minad primarily by the oixtug rate. (1) For high
level additions, the absorpticn rate decreasoy by 4

factor of about 2. (3) Altar large additions, f(c



|

4

e . usable as getters in GTRs, Two major questions re=
] E .
, 3 : ; what cordicions are needed to
i (La Tnkg;”' 3 main to be examined: what con
I 0060 RUN | h reverse the cycle (drive off the gas) and what are’
[ ¥ E the effects of impuritles on the getter? Tritium
! E - experiments along these lines are continuing.
. | 005
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takes a while for the alloy to racover and ap-
. proaches to equilibrium are slow.
‘ A second run was made under similar conditions
" except the temperature of the sample was varied be- ~°
tween 550 and 650°C.

in absorption rate, although the final equilibrium

There was no detectable change

pressure increased with temperature as expected.

Limited experiments were alsc done using iow
ccncentrations and counting techniques. For rhese,

low concentration gas (1 ppm tritium ‘'n helium) was

‘circulated over the alloy at 600°¢.
{

| or legs of this value,.

Over periods
of about one h the tritium was gettered to a third
Additions of larger amounts
Iof tricium (1%) were *.pidly absorbed but the tri-
S tinm was oniy gettered down to the 10- to (00-ppm
range. Thess axpediments suggested that at low
levels, apparent gettering rates are determined by‘
the internal sur~

faces +f the apparatus.

CONCLUS LONS

|
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;

!

|

) .
Iadsorp:ion on, and release from,
|

4

;

|

. Theye cxperiments indicate that liquid eutectic
!

'

ailoys form stable, low-equilibrium pressure, hy-
drides.

;Lus 25NL At temperatures near 600°C rapidly, and

The abgorption experimeats indicate thac

iessenuially quantitatively, gecters tritium from

! hellum streans to levels on the order of 10 ppm,

I

. and "over pariods of 1/2 h, to levels below 0.1 ppm.

‘Thns this alloy, or ochers glal'ar, should prove
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