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lLanthanus luoride as normally prsolpitt*ed is e finely divided, asmorphous,
parstad, flopeulent mess which evem undivr the electron m..cro‘coprs shows no defin-
ﬂ:a ceyehe . line struotare, but rether o small, illedefined wmsss oss then 0.01
trpr An size. In thls fom, the lanthrnum fluoride iz exgeslingly diffioult to
ramove eantitatively from plant solutiozs in the volumes in whick it is formed.
Filhre ldns are imprentical, end aontimucus cemirifugel separstions are seldom
hag s eompiete oven at high angular velocities and low farough~put rates.
Thesa ntove charsoteristics of floecculent lanthenum fluorids necessitate repeated
venur.lupatione, inoressed opersting camplexity axd undesirsbly lorp time oycles

£8. 4 T smtbmm flwr!da product precipitation step of the orogecyer a:)mlc (224
Sullddre) .

wmare

“na process sdvaptages inherent in a orystalline lanthawm flusride of finite
mr!.w.!e. sisze have long been recognized snd oonsidersble axperimeniul work hes
bson anrried ovt previocusly in vurious attempts to precmit;te lafy upder conditions
xhi@h would inld & waterial more easily separated fraw process sﬂ!u\*ions by sentrd:

f Akt sa. ‘i‘:ls report oovers the initisl phases of the developuent of a crystallin
laniheicis Yluoride and the application of this material to the orzbles of reducing

naste l>esos and decremsing time sycles inm the plant comoentration apsrations (224
i uﬁing, . . i - N .

sm

X 1vozy lurgo partiol-; qizc. '&‘hi& g &;ﬁq'mp;iehéd: by edding

3o, orystsiline: legthammm sals (amu ﬁhutham aul!‘atza) %o -
Miu “wlwe&on. : D :

v : The amu lanthasum sulfate wes pumd by u&dh.g 'Y ccx.oqn*.mtﬂd aquaoua
F salubis of lenthapus dsuconium pitrate to w conosntrated solutich of wlkéeli sulf
' at elevate %mpouwro followed by & siort eging pefiod. Conversion of this or
Leiifus 8lkels lamtheaowe sulfate to 1aFz, #hich rotained the esxe ‘erystalline
strueTurs sa the paremt compound, was oifectad by sdding the lanthunum doudle #alt
it & elurry of «l¥ali eulfste to « preoses solution al lsset 2.00 in B, Analyses
119 .«& "Asy ko resulting LaFy orystels wure esseutinlly free i =lkall metal lon

ot s ltnie. Thore appoars to be same udvantege in starting vith the sodium insvead

af the, munim it in that the eryotallm IA!‘3 dori'md therafran Appenre to be .
less ‘Fa*iza. ‘ )

2 .
o b
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ate sarvying of Pu(IV) Bis Deer odta 2
lzbaveisry By addition of sodivm lamthasum sulfete to pm&uct conteiud

tolutl e Laldve béimal process omﬁttiom. &at ic. ‘with lmns I& por 26&; %
° &°lzifam 1Y ia 1NO3 and 0.55 1= HP. pest oo .
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Issse3 ia the prodoct presipitation wastes im plant rums mmploying crystalline
LaFg heza been consistwtly lower thas those rums with gelakinous laFy. Such losses
as occur bava probably been occssicmod by "finee® which ars fomed during comversiom.
of the sudiwm or potassive lantharum suliute to lafy, and not to insamplete ocarrying.

3. co the tesls of data precanted  herein, the recoarmsndad pro:odun for the

syskheais of crystalline sodive lamthesam sulfate imvolves ediiiion, over & 3O
nlmuve pericd of a 40K lunthazum »itrate sodution (sp-gr. 1.272) to an excess of
0.550 scdimm sulfate solutiom at T5°C followed by digestiom for en hour at 75°C.
Geod meohanival agitation is edvantageous but dods not appaar to be oritical. Exe

sodius sulfute is esmploved to irsure complets imsolubility of the erystalliine sod .
Isnkhawmwm sulfatas. R

Fnrchar work is in progress om & study of varisbles imvolved in the preparation
af the louhle 221t and pracent dets isdiecats that a salt of a somashat larger and
more wnifom crystal size can bde obtalned from a different precipitation proocedure.
Tais work »ill be covered in ¢ separate report.

&. [ecoxtsaination equal to ~ or betber than - that obtained with pelatinous
Tuntzemse flucride has reaulted from the use of orystaulline iaFg in the cross-over
by-product precipitation step.

5. in far as car be ascertained, orystalline laFy is az esslly metathesized as ii
The melstincus laFy. Lanthamm hydroxide from crystalline LaFs is ales crystalline

Experimental Details

1. Preparation of Crystalline Lanthemm Fluoride

An sttept was made to synthesize potassium lanthanum fluoride with the expes-
tatlon that this compound would te more orystalline in neture than ordinary lantha-
ma flucride. For this purposs, the aparimgly soluble orystalline double sulfate
of potassiuk &nd lapthonum, (1ap(SOq)s4k K5804.ZE2C)* was sdded to an mguecus
saluticn 3f zydrofluoric ecid. The resulting insoluble compovaxl was fer supsrcior
Lo ardiniry lanthexum fluoride with respect to sedimentation velocity. Licroscopioal
axurination showed it to be arystalline in nsture snd indicetlsed tlwt ite crystal
habit was ldantieal to that of the irzittal double sulfate.

The initial cssuaptions were that the cmpound wes either the potessium lardha-
rua fiucrics as snticipated or the origical dcuble sulfate covered with um impreg-
nadla {ilm of lenthemum fluoride. Subsequent investigutions, however, bave shown - -
that the oampound: (1) consists primarily of lanthemm end flucrina, (Z) is ssswm~
tlally frse of potassiuz {or godium), and (3) exhidits all the well ixiown reeactions
of lanthartm {luoride such es solubility in sirconium nitrate sclution, imsolubility
in élilvte wizersl acids, and eonversion to the hydroxide upom treatment with strong
elxali. The wbovs experimonts have adecustely esieblished the aampound as & here-
towfcre unknown cryatalline modification of lanthanue flucride.

Trhe meshaniam of the reactiom:

Muble sulfate®® _HF ., 1aFy (erystalline) is unusual in that 1t represects & :
rapil rciideeclid setethesis which preserves the crystallimity of the ariginal systemc

Soasmeant ryaes:

* Seidell -~ "Solubilities of Inorganie and Metal Orgsnic Compounde®

*s Hithar sodhmm lanthamum sulfate or potassium lanthenum sulfate
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Ramoval of 4lknl! nolfate snd vater fram the erystal lettice of tho doubls sulfats
doos mat alter the cutwerd appesarsnse of the crystal. Exsatastiam of the doudle
scliatas erystels under polarized light has showm: them ts de sisctrople, probadly
hexegonal, tub vpom comvarsiom to IaFg Uy treatmemt with BF, the arystals becams

isotropic. Samples of alkall lantheame sulfate, the laFy étriws there-from, and
the La{{F); forred Yy alimlime motatheais of the crystalline Lady were examined at
Sive ¢ Ty X-ray spectrogrash. All thyee were reportad to de srystaliine. R

Tao orystailine laFy osr be forsed direatly im the provess stludimm comtsinis
BF Yy sdditlicn o the slimll lanthepsm sulfxte, or the crystslline LaFy can de
formed sxtormally either by sdding the double sulfata to a fluoride~contaiving
solutica or by edding flvoride to the slurry of the couble salt s as &l
sclution. This LaPfy oen tham de added to the process golutiem. % procedur
is xore cevenimmt process-wise, the resultlisg iaPy carries product sanewhat better
tisx extsrnally formed laly, so comseguantly the tirst rrocedurs hat received most
stisntica 2im <he devalopment study.

2. Preperation of Alkali-lamthensm Doudle Sulfate

Tultial Izvestigstions designed %o sstablish the applicedbility of orystalline
ianthanue flucride to the pressnt process were confined to the dovble sulfate of
potsseiun wad lunthanez. This compoumd varies in molar composition depoeding on tha
mode of preparatiocn,l* Wt in eerly caperiments the oompound employed was belisved
to be Lag(SOg}z-43 XaS04-IM2C. This was prepared by adding an aqueous 40€ solutiom -
(ap.rv. 1.272) ol lmﬁ\n::i amoniue nitrets to a 0.7€ soluGion of potassium -
sulfate (ot 5% over a pariod of 0.5 hour followed by a digeadion pesicd of ope
hour at 78°C. the fimal lamthapun cocsniration was 0.1068k. ¥ho resulting well-
deiiswt squilateril hexmgonal crystals wsre approximately O.Olm. in diameter. ‘
el ¥he arystals im smmspensiom settled througk i2 inches of slurry liquid iu 6 mimv

To Insuvs guantitative pres:iritation of lentharmum in this preparstion, it is
Iaportant Ihat ressomebls precsutioms be obierved to pravent sceldenial dilutions
By waier or seids. Double sulfates sre Inacluble omly in ihe prasecce of exceds
revtrel aliali milfate, amd it is eccordingly necessary that the lanthanue salt ,
scivtick comtain no added nitric acid, ap additiasn that is now pode to plant solu-
tlens of the seee 3alt. Amy lanthemm that may resain dissclved in the. supernatant
of tke wlxii lenthemux sulfate will precipitate se gelatincme lantnssum fluorid®
o L sluiry of the doudls salt ir sdded to FP-comtsining process sclutiem. - The

praceace 37 relatinoas laPFy offgeats to same extest the sdveatages of using srystal
w~3. i S .

“e€ivm janthawam sulfute orystallizes ac s singls definits easpswnd, l.e. Laaf
EagSls-2%23,  regardless of the m thod seployed. The prosamt method of lts prepa
tloam 24 dcamticel with that of the potassium salt. Good meehamics: apitatian during
the 3irike airesrs to be advantegeous. Crystals prepared by this metrod are slongat
hazgpoaz (-~ 0«01-0.Clam im lemgth) snd occasionaliy extensive tuinning of cryetals
rasuliis in dendrite formation.

bron acnversion of the sodium double sulfate to lanthems fluoride, ane mole of
sadiam »2late 38 relecesd froc the cryetal lattice per mole of ianthemen solfabe,-
Meraid 1.5 xoloa of potessium sulfate are relssged in the sace resotice involving
TRtesslum lerthimm suilste. This sugpcsts thet lanthsnum flucride srestals pre-
SaTel » e the socium sait may be more oompact, i.s. lees "apomey” than lanthenum
fluoriie dorived fron the potessium salt, end thereforv less sudject to disinvegretion

ty viclamt wpact suck cs wmechaniocal sgitution, and oatitation during jettirg.

Jotdsll -~ "Sclubilities of Imorgsnic sad Yetal Organlc Sumpousds.”
N ecsrenticlly free of other ruare surth sivments not

19 4o
. e

The lembtamas salt sust be
proeipitedle by alkali sulfatsee.
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In ladorstory tests, orystalline lanthamm fluorides were subjested to moderste
mechanical pressures. Upom microscopic examination, it was found that the lenthamm
fluoride orystals fron polassimm lanthenum sulfste wers readily crushed, whereas ‘
the lunthmum flucride dendrites frop the sodium double salt, althouth disintegrated
somewhst by the mechanical astian, retained their initia) elopgated o
appearsnse. Altkough there is no comolusive evidemve on whieh to state thet oce
aliali leanthasum sulfate yields superior laP3 to that obtsimed from e other allkx
double sulfate, zosl rosserch has beem coaflaed to scdiwm lepthanm salfsies and
1aFg darived therofrom.

Focent laborutory teosts strobgly imdicate that the laFy "lloss" are produced
Quring the metathosie of the sodium lepthesm sulfate, and are not present in the
parent salt. A dssoription of these tests will be ziven im a subsequest report.

Since the zite of the alkkli double sulfate crystal deternines largely the
orystal aize of the resulting laFy, appreoiable reaearch was centored om the deter-
aination of cptimum conditions necessary for the produwctica of a more uniform particl}
slzed double sulfiate. A wide variety of methods has been tested to schieve this
goal. Procedurss tried to date and results therefrox are presented im Table I.

S.  Cerrying of Plutonium by Crystalline Lanthemm Fluoride

Imerons oxperimental results obtained in the laborstory upd semi-works indicste:
that osrystallice lanthapum flaoride 13 as efficient a oarrier for Pu{I¥) as the o
cohventiomel type of lantheamm fluoride. In the experimerts ocutlined below (Tadle IX)
the orystalline lamthsnum fluoride was prepared by repidly addiffy an alkali sulfate

slurry of the dcubls ealt to a process solution containing Pu(IV), hydrefluorio
acid (C.57) and nitric woid (1M).

Tadle IX
Carrying of c;!mllino LaF
Tata Yo. ol n%po ° N WHgestion
Obtained | Scale sxperiments |Doudble |Prodmot | La'® Come. | Pertod % Pu :
In Sullate | Level* | mr/liter |At 35°C. |Carried
Laborstory }1 liter| s X 1 228 1} houre 99+ |
labvoratory | 12 pl. 1 K 250 lc0 4 bours 98.9
Semi-Rorks i?o 8 4 Traser {e 4] 2 hoars 98.3
ters
Iaboretory | 10 ml. 1 s 250 100 1 hour 99.2
laboratory 110 ml- 1 ¥a 6.6 100 'l hour 92.3
laboratory | Y0 al. 1 = 87s 300 i bhour 81
Laboratory | 10 ml. 1 ¥a 15380 100 1 hour 68
Seml-¥orks | 600 -1. 1 ta Tracer 200 2 hoeurs 29.3
Semi-Torks i 6C0 -1. 10 Ye Tracer N 2 hours 98.7
i?i-x‘:orts goo ~-1. 6 Ea Trecer, ‘ 50 2 hours 98.9
: ‘85t <

ant °?‘1’m| 1 Ta 65t < i 100 2 hours o9+

* Crens of product per process B = 10II provess volimos of Botober ¥ Plomibest —

ssnmcd (ﬂ. 10,500 1iters).

Externally prepared crystalline lanthanum fluoride hag desn foumd to oArry trace
product quentitstively, but the degree of carrying for a given digestion poriod falls
off to some extant as "W" conceatrations of product are approsched. :
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4. Effect of HF rnd INOx Comoentrations during Convarsion of the Double Sulfate to
T Tryatalline [anthemum Fluoride

The seme welght of sodium lanthamm asulfate was added to esch of the following
solutions with good agltation.

(1) 1N - ENOy - No HF £
(2,\ b1 =8§03=0.m iz AF

4
(3) N - moa - 0.2% in BF
(4) 1N - FNOy - 0.8 in RF
{s) 1IN - ENOy - 3.0M in BF

Aftar a thirty minute digestien, it was found that ousplete dissolution of the
doubla sulfatc vas effected in (1), end hydrofluoric acid added thereto precipitated
sxorphous lanthenmax fluoride: (2) consisted primarily of the amorphous type of lan-
tharuy fluoride; in (3) oa. 75% of the precipitate wes crystalline and 25% amorphous.
{4) and (B) were essentially free of the amorphous variety. The oxperiments wers

repesxted, again varying the hydrofluoric acid -oncentration fras 0.1¥ to l.0M with
ainilar results. '

19 determine the effect of nitrie acid concentrations, equal quantities of
sodium lanthenus sulphate were edded to sach of the following sclutione with good
agitation.

(1) 1 HNOS - Q.1 HF
{2) wo nitrle~0.1 HF
(3) 1M HNOy = 2.7M HF
(4) no nitric-2.mM! HF

(1) comezisted chiefly of the amorphous form wheroas essentially all of the
precipitate in {2) was crystalline im nature. The precipitates in (3) snd (4) were-

both crystalline,but (4) was siightly superior with respect to sedimentation velocity

Two opposing mechanisms ars evident. Nitric s0id has an sdverse effeot in that
1t ceusea dirsolution of the Joudble sulphate, and in the abasnde of aufficlent hydro-
fluo. 15 anid, the lanthemum {ons o lberated precipitate ss smorphous lanthenum
flucride. At highor hydrofluoric woild comsentrations, however, ihe resction; double
sulphate HP ecrystalline WFx predominates, i.0., the rate of this reastion exceeds
the rate of double sulphate dissolution in nitric seid. Optimm conditions for
cerystallinc lanthanmm fluoride formation are therefore a low nitriec asid consentra-
tion erd e high hydrofluoric scid oomcentration during conversion. It is soccordingly
u:dontial that the 1K nitric acid p-ooess solution be at lesst 0.3 4im hydrofluorie
” -

Following a lsnthamm fluoride by-product precipitation, the effluent therefrom
becomon less than 0.5M in hydrofluorie acid due to dilution by cake wasghes, and

stemm jottinc-. It appears desiredle and even essantial that this golution be
readjusted to 0.5M in hydrofluoric soid.

Crystalline lanthenue fluoride omce formed from a sclution at least O.5M in
hydrofluoric acid doss not revert to the emorphous wmodification when pleced in & ,
hydrof luoric acid-free systan. Other than the possibility of 4lzsolving crystalline
antherrm fluorile in strong ecid und represipitating by addipp flusride ions, no

method of canvorting crystalline lasthamm fluoride to the amorphous modification
hias bren obgerved. All laboratory tests have failed.
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§. Effoct of Agitatiom Rate an the Couversion of the Alksli Lanthamams Sulfete to
= Urystalllne lanthamm Fluoride

A unumber of laboratory exporiments have indioated that the rate of agitationm
of the process solution during addition of double sulfate slurry is not critioal.
o measuresble difference in sadimentation velosity of resulting orystelline LaPg
precipitates wus lctectable uhen thay were preparsd using feebls, moderate, or
violent mechanical agitation. Some agitation is dezirsble, howersr, %o svoid local
exhaustion of hydrofiuoric acid.

sct of Double Sulphats Addition Rete on the Formation of Crystalline lanthamem

isborstory rosuits have indicated that ths rate of dcudlo sulphatas addisics to
the process solution is not oriticsl, provided reasonsble mochaniecal agitatiom is
exployod to suspend the solid. The sedimentation velocity of precipitates prepared
bty rapid snd slow strikes was idemticals

7. Motethesis of Cryetallins lanthamm Fluoride

The behavior of crystalline lenthamum {'luoride during KOH metethesis is iden-
ticel to the mmorphous form. Laboratéry, semi-works, and plant results indicate
that no diffieulties are likely to arise at tris roint in the process. lanthanum
hydroxlde derived from the erystalliue fluo-icde is more granular in nature and X-ray
analyses of the mutericl have revoaled a defirite crystalline structure, heretofore

undetectable in lenthanun hydroxide dorived fram amorphous LaFyz or by precipitation
from besis solution.
-

8. Somi-ijorks Eveluation of Crystallive lenthenum Fluoride

Data obtained from seml-works rune employing plutonium trscer cammot be inter-
preted directly in torms of plant performance at higher levels of product. However,
the seml-works teets have shown that mo major mechanical diffioulties cam be antisi-
pated either in the preparation of double sulfetes or in subsequent processing.

The followirg general conclusions and obeervations have been sxtracied fram
the semi-works oxperimental dats:

¢} The uso of orystalline LaF3(ome precipitation at 10Gmg La/liter, one cen=
trifugation) reduced product losses by e factor of 2 to 3 over use of
smorphous laF3 under identical conditions. Iun one plemt trisl, the loss
was decreased by a factor of 3.

b) Separstion of crystalline fluoride from process solutions by centrifugation
is more camplete than for the smorphous modification. In 18 single centri~
fugetions, the recovery of crystalline fluaride aversged 96X, wherees
undor similar conditions, the recovery of amorphous IaPy averaged 85%.

¢) Preduct losses are due primarily to small amounts of finely divided partioles
of lanthanum fluoride which escupe removal by osutrifugation. In runs in
whish a dy-product precipitation was made, the product losses in the semi-
works averaged 33X in contrast to am average loss of 14X when the by-produst
step wms amitted. This incressed loss is undoubtedly due to the lanthenm
fluoride "fines” which were not removed during the by~-product ceatrifugstion,
end which picked up product immediatsly upon reducticm of the solution prior
to the preduct precipitstiom. A4ll centrifugations were at 10006 with a
through-put rate equivalemt to 110 1bs./mimute in the plant.
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4) Similar product losses are susteinod using elther elutriated or nom-elut-
riated doudble sulphates.

o) Pas.age of the crystalline fluoride through steam jets spparently has omly.
& mizor effect on yield losses during a subsequent centrifugstion. 1In one
experiment, the orystalline fluoride slurry was passed through a stesm jet
10 tixes with po appreciable effect on ocentrifugation losses. Also, trans-
fer of the slurry frum precipitator to the centrifuge by means of a rubbe
tube pump did not dacrease produst losses.

f) Fxperiments in whioh plutonium tracer was employed were not comperable to
results obtainabfh et hizher levels of product. Upon reducing the by-
product offluent with oxalic soid in the semi-worka, 987 of the prodwt
was carried by fincs, in both srystalline and smorphous LaFg runs, whioch
ascaped the dy-product ceatrifugation ster. In ome plant rum, employing
eryatailine laPy in both ths by-pruduct and produot steps, at 65GT level
omly 20% of the product wes sarrisd by thase "fines". In the sami-works,
the ratio of lanthanwm loss to product loss averaged 1 to 7, whereas in
oné plant run undsr comparedie conditiona, this ratio ves 1 to 1.

£} Dus to differences in product cemtrifugation, in equipment, angular velooiti:
ssploysd during centrifugation, and through-put rate, semi-works product
lesses wore much grsater than plamt effluent losses. Vsing the same

4oudle sulfute, the plant loss,after one shot, was 4.6% campared to a 82.4{'
loss obtalnod by ths Somi-iorks.

S g? of Cryttalline Lanthamm FPluoride in the Cross-over By~Product [Freoipitation
2=

laboratory experiments "wing various fission element trecers end simulated proc-
ess solutioms have showm thut & single precipitation (225mg la/liter) amd a single
centrifugation o«f crystalline fluoride was escantially as affective im removing the
tracer slmnemt a3 two precipititions totalimg 225mg La/llter (two centrifugations)
of the amorphous lanthanum fluoride. Pertiment data are tabulated below.

Gemma Decoatemination Fectors®

Traser | (ne Precipitation of Crystalline | Two Preclipltatlons of Amorphous
Element laPs(226ng 1a/2) 1aP3(total 228mg La/l) - two
, - Centrifupstions
La~Ba b4 48
Ze-Cb 2.2 2.8
¢ Experimental work by ﬁm notebook 186-Y

In ome plant run, = aingle precipitation of erystalline lanthamum fluoride re-
s.lted in decontarination comparsble to that obtained in runs in which either one or

two precipitaticns of ssorphous lanthamm fluoride of the same total smount of Ia
were made.

10. Other c_rptallino Rare Earth Fluorides

The process deseribod horein for the preperation of crystallime lanthanum
fluoride osn be expanded to the synthesis of cryatalline fluerides of sther rare
earth slements, particularly those of the cerium group in the rare earth ssparation

soheane . Qb\o}:(-)oryntsllim T'luorides can be prepared through the use of their corres-
pouding alkall double sulfstes. Individual erystals of cerous fluoride, for example,

have boen propared with crystal sises as large as 0.26-0.6mm. in disacter.

0T I —
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