LA-UR -7:3'-1231

los

scientilic iaboratory
of the University of California

ot

CeNF-ye e f--6

TITLE: USE OF BINARY ALLOYS OF THE LANTHANIDES FOX TRITIUM
RECOVERY FROM CTR BLANKETS

AUTHOR(S): D. H. W. Carsteas

SUBMITTED TO: American Nuclear Society Meeting,
Santa Fe, New Mexico, ilay 9-11, 1978

By acceptance of this article, the publisher re-
cognizes that the U.S. Government retains a non-
exclusive, royalty-free license to publish or repro-
duce the published form of this contribution, or to
allow others to do so, for U.S. Governm=nt
purposes.

The Los Alamos Scientifie Laboratory requests that
the publisher identify this article as work performed
under the auspices of the Department of Energy.

The reporl wmr prepared 23 an sccount of wink
sponsored hy the United States Govunment Neither the
United States nor the United Stales Depatiment of
bnergy, nov any ol their employees, nyy any of they
CONNECHAL, Whvonitg tore, of therr employees, makes

ahy wateanty, expiess or impheid, or gmurnes any legal
Tahility ot sesponubility for the accuiacy, cmpletenes

= NOTICE l

alamos

o usefulner of sny injurmation, apparnius, poduct w
process disclowed, w1 1eprwents that iy uwe would no
inlr.nge puvately swned righis.

LOS ALAMOS, NEW MEX!CO 37345

An Affirmative Actian/Equal Qppactunity Emplayer Jriinent L

Form No, 336 R2
St No. 2629
1/78

DEPARTMENT OF ENERGY
CONTRACT W-7405-ENG. 36"


About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.



For additional information or comments, contact: 



Library Without Walls Project 

Los Alamos National Laboratory Research Library

Los Alamos, NM 87544 

Phone: (505)667-4448 

E-mail: lwwp@lanl.gov


- USE OF BINARY ALLOYS OF THE IANTHANIDES TOR
*
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

tricium from breedor blankets of controlled thermonuclear reactors.
high stability of the lanthanide hydrides at reactor temperatures (500-1000°c). these
al)_vs should prove highly efficient in this application and a series of experiments

dasigned to teat this applicability are summarized hera.

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

Because of the

2ieverts' experiments using

Fer eutectics of che’

approximate composition Ln5H where Ln is La or Ce and M 1s an iron-group metal, it wis

' found that the deute£iding capacities and the equilibrium pressuies were close to those

of the parent metal.

from helium streams us‘ag La5_25

|rnTRODUCTION

i-- —Low.melting eutectic allays of the laathanide

:me:als could prove ugseful as extractors of tritium
‘from breeder blankets of controlled thermonuclear

reaccors (CTRs). Their prime application seems to

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

id lithium blankets where they serva to acrub the
tritium from the eirculating helium stresms. How-

:ever. if the mutual solubilities of the alloys and

{1ithium are not too great, they could also be used

!
iin liquid lichium-blanket applicationa as liquid-

fliquld extractors. Numerous axamples of autectic

(1)

;alloys have been reported in the literature' ’'con-

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

.als such as Au, Ag, Cuv, Fa, Co, or Ni.
+ting pointa are 400-800°¢C, Undcubtedly many other
combi{nations produce eutectics with appropriate”

. characteristics. Because of tha potentially large
inumbar of alloys it should be possible to choose un

a9 mutual solubilities, aquilibrium pressures,mel-
‘:1ng points, and chemical propartiaes.

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

Ni were carried out.

. done with D2 and several alloys of Ce

Experiments measuring the extraccion rate of low-level tritium

The tricium was rapidly gettered

down to abuout 10 ppa and more slowly over periods of L-2 h to below 0.1 ppm.

Experiments designed to evaluate prcomising

eutectic allovs are summarized here. Inicial ex-

. periments on the hydriding characteristics vere

(2) 3)

and La.

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

(%) 5.23
and tritiwn have heen performed.

. SIFVERTS' EXPERIMENTS WITH DELTERILUM

Typical mel-

! appropirate getter based on duch physical propertias

One of the first objectives of thils study was
to establish the gencral hvdriding characterf{stics
of the alloys. To this end Sievercy' experiments.
(measurements of aequilibrium préssure Versus.com-
position at constant temperature) were Joune on 4
number of alloys of Ce and La.

Results for Ca metal and several of its eu:e%;ii

,0

Lanthanide netalsy

alloys are shown {n Figure 1.
vpically display a regfon of constant pressure (n
Lhe pressure versus composition Jdlagram. This pla-
teau yenerally begins at H/Ln < 0.2 and crosses to
H/Ln <2 at which point che presauze rises sharply.
The constant pressure plateau {s a4 rasult of the

cosxistance of the two phases Ln and LnH, As can
be seen in the tfigure, si{milsr redults w;re observ~

ed for Ce and all the alloys asrudied, althourh the
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.FIGURE 1. Absorptinn isotHerms of Ce and its alloys L
at 400 and 5C0°C. +
'plateau is not evident in the figure because of its =
[low value. The only significant difference between =i L03Ni b
|the metal and the various alloys is the change in e Lan .
J ) —_—— LDNIZ g
.absorption capacity, defined by the rise in pressura, y
:qhighuis_decrensad by 10-20% in the alloys. This de- \ |
i
crease can be explained by the formation of stabla [s] ! 2 3

;1n:ermediace compounds (CeM, CeMj, ete.) which are O/Lo

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

: -7009
:ditions.(z) leys at 600-700°cC,
Similar Lesults were observed for a serius of reaction, calculated Er?m)these congtants, and the
1
iLa=N{ alloys, shown in Figrre 2. In this case a reportad melting points are also given.

?mora detailed study of cthe pressure versus composi-

-0H (kcal =AS (eu M.P,
tlon diagram was made. The important results found -]
i Speciex Axl0 _B __mole Dz) mole Dz) (°C)

:ar- as f llows. (1) Equllibrium pressures {ncrease

‘as the Ni content increases In the alloys. (2) Ad- Ca 23.0 22.5 46 i 320
!sorption capacity decreases in the same direction. Ce3Co 28-1 29.3 36 43 470
(3) New platesus, apparently coming from the separa- c°5.3Co 26.1 26.7 32 40 435
i:J.on of other La-Ni-D phases, are seen. For this ceh.SNi 32.3 34.3 64 33 470
‘gyatem the unreacting stable conupound appears to be CBS.SFe 27.) 27.3 b 4l 680
Lm‘us.(” Ta 25.5 26 51 8 812
! For all the Ce and La species studied the vari- L'S..‘!SNi &7 27 34 40 495
Iation of pressure with temrerature in the center of LaJNi 26 30 3 46 313
the plateau region (D/Ln = 1) was studied and in LaNi i1 25 42 16 483
all cases linear ln P versus 1/T dependence was ob= Data from this table can be used as a neans ot
Faetvad. Theuss ragults are tabulated helow giving avaluating various allovs ae gettuers. Note that

valuuz ~f A and B for tha relatlonship ln P (rorr) = the plateau pressure as calculated from the above

I-ﬁfT + B for all. Heats (AH) and entroples (35) of equaction i3 an upper bound for the pressure {n CTR



operation, since in this application they will be
loperated at low concentrations. In addition to a
!lou equilibrium pressure, another desirable quality
;in a getter is 2 high cH. This arises from the ne-
Iceauity of regenerating the loaded gecter, done by

ihen:ing the alloy and driving off the tzitium. The

-~
N
furnzce. The concentration of tritiua in the gas
was continuousgly monitored with a mass spectrometer
which was periodically calibracted with prepared gasl
mixas ’see reference 4 for details).
The general experimental technique was as fol-

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

!ﬂDtﬂ negative AH, the greater the change inprassure and placed in the furnace, which was then sealed.

'Hith temperature and the easier it would be to re-

!generate.

|
TRITIIM GETTERING

i A series of experiments measuring the abgorption

‘of tritium from a helium gtream using tie eutectic
'Las.zsNi was done. The apparatus, constructad of

300-series stainless steel (except for Teflon seals
éin the valves and a copp~r gasket in the furnace),

ita shown in Figure 3, “he molten s.mple was held

;ln a tungsten or stainless steel crucible placed in
|the externally heated, internally gold-plated, fur-
nace. The heilum gas was circulated around the ap-
'paratus with a metal bellows pump at rates of 120-
140 cc/sac.
U,

capacity of the system and during absorption runas

Tritium was stored on a uranium bed as
“he standard volume was used to increase the

.the valves were adjusted such that roughly half the
flov passed through the voluma, half through the

—

Q-1000 torr
TRANSOUCER

VOLLME —
© METAL T
! PUMP COMPOUND

! GAUGE

MASS SPECTROMETER
LZAK

Exparimental cbsorption spparatus.

|
!FIGURE 3.
]

Ipressure of tritium wich :ime.

"product of each addition.

After the furnace was connected to the circulation
manifold, the entire system was f£illad to roughly
600 torr with helium gas. The furnace was then heat-
ed, and simultaneously, the uranfua bed was brought
uﬁ-to the desired temperature. With the sample fur-
nace valved off from the gystem, tritium was added
to the circulating gas uatil tha required pressure
had been achiaved, usually abour 10 torr. After tle
gignal became constant, the bed was valved off and
the valves to the furrace opened, and, the drop in
tritium pressure was then monitcred with the :pec-
trometer. Every third or fourth additirn was for
mcre highly concentrated mixas (20%), which were
carefully prepared and measured with the pregsu.e
transducer. These mixes were used to recalibrate
the specirometer rasponse as well as to check out
the kiaetics of abgorption of large amounts of tri-
tium.

In these measurements two main runyg were made,
@ich consisting of several successive additions of
tricium to the melt. In the first run eight tritium
additions wera ralde,including six low-level addli-
tions (10 torr tritium) and two high (100 torr cri-
tium), all acr 600YC.

log scale in Figure 4, which shows the decrease in

The results are plocced on a

In che flgure n re-
fers to the tritium-to-lanchanum ratlo in the final
Several geuneral results
can be deduced from tha figura: (l) At low concen-
trutions and for low-level addicions, the alloyv Ls
capable of getter :g to the ppo range over short
periods. (i) For low concentrations of tritium the
half-life oY aosorption {s on the order of about
20 a.
yieldad a similar rate, suggescing this i deter-

Experimeants with the urunium bed as getter

minad primarily by the aixing rate. (3) For high
level additions, the absorpticn rate decreasay by a

factor of abouc 2. (3) Altar large additions, Lt
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"FIGURE 4. Absorption of tricium hy Lag ,5Ni at 4.

600°c.
takes a while for the alloy to recover 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 low
concentrations and counting techniques. For rhese,

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

‘circulated over the alloy at 600°C. Over periods
of about one h the tritium was gettered to a third
| or legs of this value. Additions of larger amounts
]of tritium (1%Z) were ~.pidly absorbed but the tri-
tium was only gettered down to the 10- to L00-ppm

;range, Thess cxpesiments suggested that at low

llevels. apparent gettering rates are determined by

faces ~f the apparatus.

|
i
1
!
I
iadsorp:ion on, and releage from, the internal sur~
!
| CONCLUS LONS
. Theye cxperiments indicate that liquid eutectic
[

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

Lus 25NL At temperatures near 600 rapidly, and

The abgorption experimeats indicate that

egsencially quantitatively, getfers tritium from
; helium streans to levels on the order of 10 ppm,
cand "over periodg of 1/2 h, to levels helow 0.1 ppm.

‘Thus this alloy, or others gimi'ar, should prove

usable as getters in CTRs.

4

Twa major questions re-

main to be examined; what conditions are needed to
reverse the cycle (drive off the gas) and what are’

the effects of fmpurities on the getter?

Tritium

- experiments along these lines are continuing.
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