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CRYSTALLINE LANTHAUUY FLUORIOR

1 Istrodustion

During & study devoted to the improvement of the inherently poor gentrifuga-
tion charesteristics of gelatinous lanthanum fluoride, crystalline laFs was des
velspsd. Mmndemental data regarding its propoerties, proparation, and usefulnass

° a8 & plutonimn carrier were reported in SE-FC-£24, File Wo. S-2507, The work .
detoribad herain is a continnation of the dovelopment angd sxploitation of orystal:
Mane lanthamm fluoride, the use of whioh offers & possible method of shortening
spd simplifying the plant process oycles at the crosse-over with improved Yields
of product.

Detailod studies have been made as to notaods of alkall lanthanun sulfate -
preparation, the evaluation therecf bty meens of sedimentation analyses, ana the -
formatioe of fines durirg the motathesis of the double sulfate to the orystalline
IaF3. Resulis of plent tesbs ars slse roported. v

1l Sumary snd Conclusions

A Product losses in the plant E-3-77S éffluents have been ocnsistently lower
T whem orystalline lanthemm fluoride was employed in the cross-over oyols. the
improvesent, howsvaer, was not sufficient to reduce the produst precipitation
atep to a sinrle precipitation-single centrifugation operatiom. Consisteut
waste locses well within specification limits ars assured using a double pre-
oipitation-double centrifugation technique with crystallime IaFg in the fipst

shot and gelatinous LaFy in the eecond shots (See Table 1).

B edimentation analyses indicato that the fraction of small partioles
= pressut in the allcali lanthamwm sulfate is negligidle compared to the fracticn
of finoly divided fluoride produced during conversion. The presence of hydro-
g ion is responsible for tho obsarved dimination in average partiols sice _
during the motathesis of the double sulfats to orystalline lanthanum fluorides
(See Pigures 1, 11, amd 111).

c Carrying of Pu(IV) by oxternally prepared orystalline lsnthanum fluoride

~ s iaterior to that propared directly in process solutiom. This +1iminates
considoration of a process based on the use of externally prepared, uniformly
slsed lanthamm fluoride crystals.

b A superior type of sodium lanthenum sulfate has been developed, the prep~ .
aration detaila of which are zivem in another roport (SE-FO-§73). 1% possesss
& uniformly large particle sire and upon conversion to the fluoride axhidits
loss toundency toward the formatiom of "fines" (See Pigure IV). Semi-Works

testa indicate it to be bettor than the double sulfate acployed in earlier
plant trialas.

B Crystalline lanthanug fluoride has been identified as the dihydrate of
th. fomm !APs'aﬁzOo

111 Expertmental Details

A Plant Evalustion of Crystalline lanthanum !luodﬁ'rBEEiféssg
,M‘N),; [ ol e -

Shen the plant was operating at full volume (Ootober G6th, 1044 Plowsheet)
in the cross-over, 1t was neoessary to precipitate gelatinous lanthanum fluworide
in three soparate portions with a total of at least three aemtrifugations in
the product precipitation step to insure sdequate
Plant runs, a 403 decrease in solution volune was® achieved by process modifiee~
tions prior to the oross-over step: This afforded an opportunity of insreasing
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the lanthamm fluoride concemtration of the slurry without nscessitating the
uso of edditional lanthemm. Under these conditions m significent improvemant
was achisved in the separation of gelatinous leathanum fluoride, but occasion~

ally three centrifugations are still required to keep the produst losases -
within specificationsa

Cryatalline lanthanum fluoride wes svaluated in the pimui in a totel of
8ix runs, three at full volume snd three at the 60X volume, and employed both
in the byr-product and product cycles. Although this eff'ected a marked decrease
in centrifugation lossez, it wus not successful in sohieving the desired goal,
that of reducing the oyale to a sinzle precipitation-aingle centrifugstion
operation. The lowest product loss after the first cemtrifugation {2.5%) wae
obtained by procipitating 507 of the total lanthanum as orystalline laFsg (to
oarry product) and the remaining 60% as relatincus fluoride to aid in the re-
woval of crystalline "fines". Botk forms were separated by s single centri-
fugation. The data in Tadle I shov that the use of & crystallina LaF by=-
produst, s orystailine LaFy first preoipitation in the produst sycle ?onmwd by
centrifugation and s subsequent gecond shot of gelatinous 1aFg decrsased B-3-N8

lesses from approximately 1.6% to about 0.5% and only two oentrifugations are
required in the product oycle.

Unexpacted difficulty wes encountered in removing the orystalline fluorides
from the centrifuge bowl. This problam wns not observed in semi-works runs.
Since the orystals do not possess adhesive properties, it is belioved that the
difficulty was due to inadequate suspemsion of the golid during the removal of
slurry from the bowl. Herder peoking of the precipitates in the plant then
in tho Semi-VWorks may also have Decn & faotor in that oentrifugationa in the
plant were at higher gravity {18CC G in the plant va. 2000 G in the Seml-Works.)

86 apparsnt difficulties wore reported during the subsequent XGIl metathesis
stop.

The sodium lanthenum sulfate zubtmitted for plent triel was propared in
the Semi-Torks (321 Building) by adding & 40% aqueous solubion of lanthemum
somonium nitrate to a 0.65 molar solution of sodium sulfate at 78°¢C over s
portod of 0.6 hour; followed by a digestion for 1 hour at 75°C. The final
lanthanum aconoentration of the slurry was 156 grams per liter. ’

Sedimentation Anslyses of Nouble Sulfates and Crystalline Fluorides Derived
Therel rom

In SE-FO-§44, File No. 3-2597, 1t was suggested that finely divided par-
ticles of double sulphate are responsidle for the formation of a sorrespouding
fine fraction of crystalline lanthanum fluoride, and that the "fines" so pro=
duced escape removai by centrifugation, resulting in excessive product losses.

It was therefore deemed of interest to determine the actual percentage om
of fivo particles in a given double sulphate hefors and after conversion to
orystalline lantbanunm {luoride. A simple experimental teohnique was devised
to detemine partisls size distributiom. The prinoiple involved was simiiar
to the well-imown sedimertation balance mothod save that tha pereentege of g
particles of s given size, settling over an interval of time was detormined ty
measuring the relative volume of sedimented solids rather thap the welght thereof,
Sedimentaticn of s diluts slurry of the orystals was allowad to teke plece in a
stoppered 2.80om 1.D. glase tube, 18 inches in longth and the volume of settled
particles measured at regular intervals by means of a millimeter scale placed
sdjecent £o the tube. The slurry beinp tested was suffioiently dilute to pro-

duse free settling of individual particles. Sedimentation wes allowed to con-
tinue until measuraments showed no increase in volum

and individual val b
tsined during the sedimentation poriod were cmandot‘:o thia uxim‘: v:lnzz' °
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The slope at any point on & given curve is a measure of the actual size

of an individual particle or &ggregate whersas the rate of ohange of the slope
is & measure of partisle size distribution. .

Sedimentatimn analyses of & double sulphate similar +o material autmitted
for plant evaluation, hereinafter referred to s "plant type doubls sulphate”,
wore mele before and after oonversion to the crystalline fluoride. The ourves
preseuted in Graph I indicate that & marked production of fines occurs during
Qopversion in 1¥ HNOy~0.5M HF, that 50% of the double sulphate is converted
%0 #walier particles apd thet the initial double sulphate ta quite uniform in
sises Thege da%s indicate that the fraction of amail particles present ini-
tiallr 4n the Gouble sulphata ia naplisihls oompared to the frasbion of finsly
divi>« N fluoride procduced during sonversion.

In order to determine the factor responsible f'or this dogradation in par-
tlc™e sise, portions of « plaut type double sulphat: were canverted to the fluor-
%de 3w the followlag aystems: (1) v HNO3~0.5¢ HF3 (2) 0.5 EF snd (3) 0.8 NaF;
*he madis beiur progressively lower in total scldity. Conversion to the fluoride
%48 easily followaed by mesnas of the polarising mioroscops. The data plotted
A Graph II show a definite improvement in sodimentstion velcoity and particle
*ise distribution ag the total a0idity is decrossed. This sugzests that the
aydroren ton present during cooversion ia responsible for the diminution in
partials size. The deletcrious affect of acid atill obtains when orystalline
~AFs i- mede in & neutral g-lution apd then evantually added to an acid medium,
for whisp orystalline lanthamwh flugride preparsd by sodiwm £liiride conversion

is introduced into a 1N HKNOs-5.3R! HF medium, a marked ohsnge iz particle size
diat ribution results (See Grepgh II1).

-
As improvement in particle eize distribution, as determined by the smaller

Quantity of fines produced, was achieved by adding sodium fluori’e converted

fluoride to a simuleied pracess solution in which tha “otsl acidity
wis reduced by adding sodium krdroxice equivelent to the nitrie uoid therein.
“rie progedurs was found to be impreetical, beosuse upon neutralizing the process
ndlution containing product sculvalent to 250 grams per tom of metal, an insolu-
ble gelatinous product campound, preswredly sodium plutonous rluorido.prooipitatod.g

Another procedure designed to eiiminate the adverse effact of "fincs" was
imvestigatod. A plant typa double sulphate was converted to erys: lline lan-
thamws fluoride in 1IN HNO3-0.5 HF ani its sadimentation curve determined. The
£lworide was resuspendsd amd allewwd to sottle for the interval of time raquired
for sedimentation of the first 5¢°« The solids rueaining in suspsision (fines)
wore decanted and a sedimentatien curve redoevermined on the cosrse fraotion ra-
maining. Although this frectiomation produced a auperior settling Tluoride, the
effeotive surface area available for product sdsorption aud/or doubls fluoride

formation was probably reduced, beemage the carrying of produsi from solutions
sontaining the equivalent of 250 ~rsme per ton of metal was only i7f cter 2
hours of digestion. :

A dried orystalline flusride was found to be su
atsenee of fin 8 to that produced directly in solution but Oarrying again was
found to be poor. Using trecer quantities of product, carrying by dried oryats
alline lanthanum fluoride was 0.0, 2.2, $8.7 and 51.7% after 1/2, 1, 1-1/2 and

2 hours of digestion. Further work on the application of externally preparad
orystalline lanthsnuw {luoride was therefore discontinued.

=
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Alhouph sedimentation exporiments indicated theg the plaat type double
sulrhabs 2 gutts uniform i Faxticlds size, =icroscapical ssaninaticns have o
» These irreg-

stion may b

revoaled that the orystals are vory irregular in hebit and

wlarisisz Tincipally thase of twinrine snd asore mey Seepcumsitis for

the m-u;igomiv o? the orystalline lanthanmm fluoride derived therefrom, 4
in extensive stedy of doudble aulphate Precipitmtion variables was made

by O.U:Seers {See SE-PC-§73) end methods acucht whereby a unifo

mly large
Jarticls sized double sulphats could be produced.

Throuchous this study,
sodimentation curves ware obtairod for Preparations of partisulam dmbancst,
ad 18 most cases it was foupd that precipitatos Posesssing a unifomity in
orystal sizs and hahit worv superior _to the plant type doudle sulphate, A
typical comperisom ic shown in Graph Iv. .

Sevoral ssmples of o uwnifomly large particio ix
pbate wore sulmitted to the 321 Semi-"orks, to determine their officacy in the

sulfates were pre-
Pared Yy a preferred method descrtbed 13 spothor report (SE-pc-;73).

The reculte in Tobls I indicate that the improved doudle
sapabdle of redusing product losess By & factor of

additional plant testg exploying erystalline lanth

sulphate ig
2~3 and op this Sasnisy

tmum fluoride may be Justi~
fied,
Tab.e IT
Semi-Yorka (321 Mld!_n.g) Evaluation of Crystalline laFy
Com OR of loases in Runs 1 Difforent & of Sodium lentiamm Sulfate
Ron Double

~ASa00la~ a0
tod with inzoludble Rffluent Bfyr)
Noe Sulfate Prosedure matter prios to Produst
addition of Ia ealt loas (X)

LF-20 Plame 2-60ng/1 Pptins. of 1a*S ag Cryst. Lo
LA-2)

's 10.¢6 18.4
Plant 2-80mz/1 Pptina, of 14°3 o9 Ciyst.laF 0.0 15.6 8.9
u-’zs PM 2"3& ns. of h’s an c"m- 19’? a"‘ 18‘1
LF-27 pPlans Sup/or 1a%S o4 ¢

Tysts LaPg ¢ 5aag of
1a'S a5 gelatinous Lap oent'.l. together 62.2 4.8
)

8,8
LF-4) Improved 2-50mg/1 Ppt'ns. of 1a¥8 eg Iryst.leFy 5.8 4.8 2.8
LF-44 Impreved 2-802/1 Brting. of La*S a8 rrvet. s 23.8 7.8 6.7
IF-45 Impreved § 1a*S a5 cmt.m‘s * 50ng/1 1a¥S

A8 palatinous IaFy Cemt'd. cinultmoously 4.4 12.4

Ia the above tests, trecor quertities of product were empls
gations made at 20000 with a throucSput rate equivalent ¢o 701ba. /o in.

_0__._ Elsoellaneous Data of Theoretical Intarest

—

1) Speaifio Gravitios of Solid Salts - The speoific grarities of sodium 1
mua “sulphate, potaaslum Yenthama: sulphate and orystelline lan
{des derived therefran were dete uined

&8 the immersion liquid. Fop Scoparative purposes the specifis gruvities
of aodiwm, potassiug and lanthaam sulphatos are included in the following
‘“l’-

JEEHASo
L
LAa L
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1a~(S04)s -¥apSQ4 - 2Ep0 3.17-3.24
Laz(S0g)5 -4 EpSO4+2820 3.09-5.18
1aFx+ZHoO from Lap(SOg)s -¥aaSOa«2Hp0 3.10
1aFy «2Hz0 frem Lap(SOg)s.4} XpS804.2820 4.02-4.07
Gelatinous IaFs 4.7
BapSO, 2.80
X250, 2.68
112(80‘)3 . S.60
2} Specific Cravity &f Acuscus lamthanas icmonium Nitrate Solutions at 25%
%
Ia(KC5)y. 28 BoNO34E0 Specific Grawity
3%.4 1.268
32.0 1.208
28.4 1.174
2%.3 1.144
8.2 1.302
15.4 1.083
11.8 1.059
9.5 1.046
6.5 1.029

S)

4

ABA:3d

Other Ciystalline Rars Earth Fluorides

{rystalline nsodyxime fluorides were prepared by treating rubldiwe-neodgmivm
potaseium-neodyxim and sedium-pecdyzim double phesphates with hydrofluoric

aside In esach case a pseudmorphio change similar to that occouring during
lanthenun fluoride conversionm was obsarved,i.s., a change in crystel
structure from anizotropic %o isotropic, acoompanied by mo chancs in the
sutward appearsace of the orystal. COrystailine lantharm fluoride was
proparzd from rublidium lanthacua sulphate in ¢ similar mammer.

Farmule ef Crystalline lLanthamm Flasride

Two 6.63 grem samples of Las(50¢)s.Na2S04.2020 wera treated with hydrofluorie
eold wnd the result orystelline lanthamum fluorides filtered, washed with
acetons, dried at 1009 for I heur, cosled axd weighed. 4.08 end 4.05 grems

respectively of lanthanum flueride were sbtained, repressnting sn aversage
welght retio of 1.83,

Tha theorstical weight ratio: thS%Hmﬂ‘.aHao
is 1.90 anl that for 1‘253323%.3?50‘:?_&0 4% 1.80. 3
2
Since the exparimentally determined ratio, censidered scourste within ¢ 27,

d42fors from the ratie required jy the formula IaFs by 14X and deviates

2% Irom the rstie required by the femuis IaF3.2H,0, it appoars that the
latter structure is cerrect.

Upent heating a pertion of a dried flusride in a glass tuds, condensation of

water was obsorved on the upper part of the tubs. The theoratical wmter con~_-

tent of LaFy.ZHpO 458 15.5%; & dried ¢rysfalliine flueride gave a 15X less en
imti“v

Pasuits reportad bhorein are recorded in:
HEG=149-T, pegoes 135-187T

L.SQUIRKS,CHICF SUPERVISCR
HE(~415~-T, pagos 1-6

SEP.ENC.DIV.-200 AREAS TECHt .=
B.F.FARIS, SENIOR SUPERVISOR

DECLASSIE
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