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AN ABBTRACT OF THN TENSIS OF
Dalbert Lispd Balzhs for the Muwter's Degree in Inorgantis Chemdstry
Dote Thesis Presented -~ Aprtil 1902
Title -~ The Nectanisn of Carrying Pu (IXD) on Yanthanus Fluoride
ARSTSADT APPMOVRD — e ——— e ———

“‘Wmmd Adse mmnﬁu’:umum
’ »
sapwying. Mm_—

With mmwm
viwm snzrying en 0,35 ng. of Iy in 0.5 ul. of sslotion wes son
S minstes; howwver, as O of Jontiuoun tinwride wai

'M.mmammmumm'

W%k variadles samuts of eturnsd athewm flnowrids and & uimate
osuinsting, trivelent plntoniun eurried as though 4w mosbanisn ws od~
sorptisn. The yesulting cwve sowll B fnterpevied sssnding to the

' omoemtintion S sewths Jor ntawle o 0,5 Wi, The mme
oouls by deseribed Yy Yo Lanpandsr Sy SgWtion

wh e T

Aswwmntmummmm
of? , indioating et stumtion of ¥he surfase of e Janthe-
- Mmtnnm m.nmmmmn

mmm
wmeummmmmmw .
there xight Yo & secondary wechanism of insorporstion inbe the auvnts:s.
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In approximating the amount of surface that would be covered if
carrying was by swfsce sdsorption, for an averuge particle sise of
0,01 micron ss determined by slectron microsuope, apmoximtely OO per

lontheamm fluaride. Mecipitated laptharm flueide, however, sppeare
to have a larger particle size than 0,01 mieron, or else it precipitatec
peosuse the purtisles agglomerate, If the purticles were Jarger than
0.01 mioron, swrinoe adsorption by o singls layer would be unlikely.

Adgorption should be decrecsed by the yrewswe of an excess of cther
high valsnoe positive fops and increused by the presencs of an excess of
negative tons, Av freshly pweciyiVited Janthanum fiuride dissclves in
&idate nitric acid and B0 trivalent poeitiwe ions cen exist in agpewcicdbls
sumts in & flosride solution, it we necesmyy to uwe anthamm fluoride
whish hed been: metathesined fyam Nala(S50))g-520 with o sodium flwride
solntion snd oven«iried to male this test of adsxption. In & solwtion

; e

and plutonium, m'mmabwncm in the me
peoipitate were determined by counting. The walus of D in the following
sgwtion wis found to be rewsonubly comatast and approximately 0.5.

3 o aP
GAY  sperate ® (;-wj-g-) jrecipitute

Constaney in tha walue of D indicates forsation of isomosrphous mized crye-
tals,

From the experimsnts carried out in this work the oomclusion is that
coprwcipitated Jenthamm fivorids carries Pu(IIY) by the formtion of iso-
morphous mined erystals apparestly in all proportions, the inctopmretion
being very rapid just as the pewcipitate i furmed. However, the data
does not exolnde the possidility of somm change in the relative comoen-
trations {n the superoate and pxecipitate se recrystallimtion and per-
fection tale place, With preformed lanthanum fiuvoride s repll adserption
sppears to take place folloved by & slower inomporetion of the plutomium
fnto the crystals. In most cases of scarrying trecer smounts of Pu (I¥I)on
preformed lanthamm fluoride carrying is completed quiskly, probabdly due
t0 murthoe sdsorption, waking any seocndary mechanism wotioed.

Feed Throughaut as & tecinical tern to Gesignate ‘supermtant 1iquid’,
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The suthor wishes to express his thanks to Ceneval Electris Compaxy ‘s
Sehwol of Nuclear Enginsering axnd the Analytienl Unit for making this work
possible, by coardimating with the Graduwste School of the Oregon State
Collegs, supplying the means for doing the laborstory work and lfbrary
vosearch, and for the direction and gutdanse in the resesrch and Jreparae
tion of this theeis,

In particular, the suthor ie gruteful for the directim, sugzewtions,
mmmmammmmmwwa. R, Behaidt,

A. K. Bushey, snd G. B, Bartom, of the Analytical Research groups.

The writer aisc wishes to acknowledgs the help received in the form
of seversl prepured solutions frox the Standsxds Iaboretary, also Tor the
time saved him by laving the cowmnting woom persomel 40 all of the A8.V.P.
mmmmtyarma.a.y.ma.o.a.mmkmmmw\u
plutonium snd Jantharm nimed crystal sxperiments. This balp was vory
inportunt becaves 1% allowsd the author to ourry out the maximun maber
of experimats during the useful period of o short-lived radicaciive iso-
tope .

Thanks must also be given %o the Pile Phyalcs group for their will-
wuwmmaxn‘n&mmwmmmumwu.

The constants in thw two adsorption equations vere dotermined YWy
W. C. Boaly and R, 7. Cell of the Stutistics group.
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OIE MECBANISN OF CATRYING Pu(IIT)

TIRTREBE I & . LI
from the extraction snd cancentration Jlamts utilise the oarrying of
%WWMMMGNWQqu
fanthanus fiueride (17 pp. 58 and pp. 3T7«39). Vost other plutoniumm
mamuumammmmmm
flvoride.

From the similarity of Pu(IIl) and Ye(IXI) loms, isomarphous miwed
m-uhhanmmmhmummummmmm
of Pu{III) on lanthamm flmride (26 p. 10). YNowever, vith s fine
gelatinous wmmuwuammwo.
smamtmumnammmmm,mw
course, similay jons might be attwacted Lilewise. Ianthanvs fivoride
mm(mmuumumnmumwmum
of the plant process (12 P 150 and pp. TO3-TI) and 6 yp. 9-10). The
M»M3Mmawhm¢m:mhMmm
with ineufficlent lanthamm to curry PW(IV) completely (9 p. 31). Tims,
there is o possibility Pu(IV) carries by compownd formaticn. However,
mmwu&mwmmmummwwm. A Yo
port has bosn mde that Pu(IIX) 1 expected to be oxidtsed ruther easily

DECLASSIFic soo

Qo7




DECLASSIFIEL

w%wmmmmwmmﬁmwmmxﬂ
fluoride conplex that ts fowmed (39 p. 1), However, in Commor's repord
thwy wese able to leep Pufy Teduced for over thvee days with the solu-
tion satwrated with sulfur dioxide. w,mm
mmaumwmwmwmm
westmnt (27 . 5+6).
mmm,mmwmmmmw:mm
not coosidered poesidle. This conclusion was aleo eonfirumed by
K.M‘.mumummmmacmg,amm:mm
of oxidation, mz;mwmw&amummwuu,u
the temperature ws below 80°C, Also, he precipitated M) from hydro-
floorte actd solution wiwe tetrovaleat plutonium was (e starting mterial
(3% . 6-8).

ammammmmmmmwmm
Mmmwmmmammmu
be develaped.

Plhtenivm Corrying

The fivet Leodston (23 p. 35T and 22 paper 1.0 pp. Shebh) of mym~
Muwmm&mnrmmwmmwm
patckblend (22 poper 1.3 pp. 9<10) uesd rare sarth fluoriles as cayriers,
Chiefly lsmthamum hos Dees used as the currier for trivalent astinides.

DECLASSIFicu
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Previous to plant operations redused plutonium wes reyorted to sarry
quatitatively on Jenthaum fluoride in both nitric and hydrochloric aeids
of comceptrations frem 0.5 to 6 M and hydrofluoris aedd, whdch wiaz sdded
last in "direct strile”) of 1L to 6 M. A system LN in nitric and 2 }f 4
hydrofluorio acids with 3 mimites digestion and 5 ninutes cetrifugtion
with & Janthecus oonossttion of 0.05 to 0.90 ng. per ml. will give
108008 in the supermate® of less than ome per osnt., In the above report
no mantion wves mde of the reducing agmt. In o subsequent report (17
PPe 19-30) & stuly of reducing agents was deacvibed. Rydroxylamine was
considered thw best. Previously, sulfur dicwide Jad besn weed. The
mwmwmwmuaammm
mwwmmmwwuwamuw
reduced wlanves. Mimed valence sclutions ewsily covur wless conditicns
taram:wmummw!yw,umhmmml.(i
Pe 22)

-J..ah volts

s 1
m L TOATION - ION 1
oF FIIONTI I¥ 1 T, g~ o

mm«u—nmmmmmmm
of the reduced and oxidised form of plutcmium are eqml,

ok Groughout ue o Cotimical Lern 1o Gowignate "eupersatant Sgddc,

antap—
a——
..
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Sheory of Ceryying

Nochanisme of trueer csrrying may in genmevel be divided into two
proosssss (3 Dp. W9+"9 or 3 pp. Wk-h1): (a) incorpuretion of the
tracer into the arystal latties of the mweipitate, axd (b) adserption
of the trager on the owrfaoes of the presipitate during or after ite
formtion. | |

Teamorphous replacement is the mose Iaportant prooess $n the firet
category. Dults whick will erystallise Lsomorphously in macro smowsts
because of similar wvalenve, fonic diue, aad arystal type will curry
by fsomorphous replacemmnt if one coaponent is prwssnt in o tveve amount,

Inomarphous veplscenent follows ome Of two Jawe depending wpon
vhether the precipitete and solution are in squilitrimm, or the solution
and enly the marfuce Jayer of the crystal are in equilibrium.

The homogensous distributson lav of Hendereca and Eyoeek (3 p. 49
or 3 p. 106) is spplicable whan all of the prweipitate 1s 1in sguilibrimm
with the supermte with respect to the micro ocomponent. In sssence, the
homogensous distribution lov is:

eries) sorsa " ” (%) solution

Yor values of D greater than wnity, the jwecipitate is eorished {n truoer.
BEomogeusous distribution is fawred Yy stirring the precipitate and super-
mte for & Jaug enowgh period after Coxwetion. 8Small orystals by apid
forummtion favue & homageneons distribution.

The hetercgensous typo of distribution law applies vhen the solution
fs 1n equilitwius vith esch layer of the crystal as 1t is formed, but #a
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vhich the reerystallisation and solid diffveion effects ave neglicible.
The fons in the interior of the yrooipitate retein thoir relative posie
tions ofter the cyystal growth lues covered them., This dlstridution re-
psults in & conoentration of the truce componant either in the cenmter o
by Dosrner and Hoekins (7 pp. 663-5 or 3s pp. 106-7 and 1127), This
well koown logrithmic distribution lsvw i1
Yor valaes of A greater than wiity, the precipitats is euriched in the
traoer, whish (s conoentrated in the center morw thau the cuter layers
of the crystal. For wvalues of ) less then mnity, the solution is enriched
in the traocer, ond the outer loyers of the orystal wre richer than thw
interior., The heterogensous distribution is wostebls and in time tends
%o changs to a homogmeous state by o reerystallimation proocees.
Sometings a trace amount of an 100 oM enker & pusvier orystal

seeningly isomorphously sven though the orystal charecteristios sre die-
m.mwnmmwmmmwm
presant {n apprecisbls qumntitiss., Radiosutograzhs of both lsomarphous
and ancmlous mized erystals hov o oomtimuwus distridution of the wdle
component (11 pp. 82 and 135). Vith anommlous mized orystals the host
erystal has only 6 limited capacity for inclusion of the miore compoment.
The belief is that the mioro compemont can Wodify its arystal labis to
conform with that of the hoet cxystzl. This 1s & csee of very alight
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soldd phaes solubrilivy.

i chayacteristic of mixed cryotul forsmtion, hoth the lecuprghous
and the snomlous, 1e that thay wre 1iitls affected by exterm) condie
tions, such us the typo of latilee Sfon In ewvees, or tiw pressmwme or
abssnoe of Bighly clurged foreign fons,

Adsarphion ban w0 2lasses, nansly smofuss and tternal. Swtece
adsorption has bestt ctulied more sxtensively and s batter ulerstood.

There are two mtbunstical relaticashipe spplying to surfuce ade
sorptions {a) The classical, spirically derived equation of Freund-
lieh (3 pp. 1196+7)

§-ﬁ ¢
ware ¥ 15 the amount of adscrteto found per Wit WAss ® OF sdsccbent,
k and n are coustants.

(b) The langmair equmtion (10 pp. 1196-1200), derived from & oon-
sidarution of & gurtially comtinuous ssaomolscular £1lm over the surfaos
xmm,mmmgc%,mcumm

of 4w misvo sovwpoment {n the supernate, and x is the smount of fruosr
adagrbad o = meey waite of adeorbent. In thess squations 1t ir nesessary
to aswume the mwfese 0 b properticmal to the mes.

In Dxterwal sdsarption it ip believed that as the host erywial is
foraed, the trscar is tightly adeorbed to osrtain odges and Iottice do-
fectu, Ar the crywtal growth contimws, the traoer $s traposd. Imtermal
adsorption; i swiece sfsorption, 1s unnlly oharscterised by &

DECLASSIFIED = =
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reduction of the amount adsarded in the pressnce of an excess of the
lattice ion wvhose charge is of the same sign as the tracer o by the
presence of other highly charged iloms of the seme sign. The distribu-
tion of the trecer as shown by rediosutogrephs is not orderly like that
ta mized orystals (11 pp. 126-1%0).

Yyequantly Used Eglutions
Nitric Aetid 1.0 ,’.'.' Baker and M'm C.P, nitric acid was

selected vhich was free from any brownish discolorsticn, since the
presence of nitrite ia dilute nitric woid will oxtdise Pu(IXl) to Pu(IV)
in the sbsence of hydroxylamine. This nitric soid was properly diluted
vith distilled water to make one liter of & M nitric soid, whieh was
standardized us 3.92 M. Seversl dilutions were made by taking 100 ml.
of the stook solutien and adding 292 ml. of distilled weter to giwe
final convemtration of emsstly 1.0 X. |

i was Baker and Admmson Resgent
k8%, It was poured from ite Polythene container to a hard rubder bottle
snd vas dispensed with a dropper mmSe from Teflon.

_!.._gnttrxc, 1 K hydrofivoric snd wash solution vas mede by mixing
100 ml. of 3.92 K unitrio acid, 14.5 ml. of conoentrated hydrofluoric
soid snd diluting to %00 al.

Lanthanum cerrier 5 mg./sl. ves prepared by the solutions lsbore-
tory (13 Code 8L-10) by weighing 31.18 grems of Zimer and Amend La(NOg)3®
60,0, dissolving in 200 ml. of 10 K mitric soid, and diluting to 2 liters.

R . TR
— :
e

N
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The carrier concentration was checked by igunitien of the precipitated
lsnthamam oxslate and weighing ss Lag04.

) 1 O JEl, vas prepared by diluting ome ml, of
5 ng./ul. lanthanum osrrier to tea ml. witk 1.0 M nitrio seid,

There was availabls a rather old Bal0.La%0 gotivity that had been ob-
tained from Oak Ridge for use in other experimests. The Lal%0 astivity
was "milked” from the Bel* and the comsidersble barium carrier thet was
present by odding sn 10e-00ld solution of % ml, of Pasker snd Admmson
Resgent C.P. hyérochloric seid snd 25 ml, of Merck Reagent sther to
seversl milltliters of the sotive solution, which caused the precipd-
tation of barium s Ball, K.0 (16 pp. 19-21). After strong centrifuga-
tsmmmxsmuuwmuuxemuéuzw
fn a 50 nl. pyrex tube, the supernate vas removed with a transfer pipet
snd evnporated to dryness. The lanthanum activity along with the small
 smount of barium remaining wes dissolved in sbout § al. of water. A
fov orystals of sodium nitrete were dissolved in the solution te prevent
emuleion forwmation while extracting. The pil was sdjusted to .9 on a
Beckman pil meter equipped with small glass snd oalows)l electrodes. This
solutfon was extrscted with three 1 al, portions of 0.5 X TPA (11 grame
of thenoyltrifluorcecetons, which wvas ovtained from the University of
California, dissolved in 100 ml. of Merck Reagent beuzene). The lsn-
thanum was back extracted from the bensene solutiom of the TTA lanthanum
complex into two 2 ml. portions of 1.0 X mitric acid (18 p, 11). One
ml. of 5 mg./nl. lanthanum carrier wes added to this sotive solution,

DECLASSIFIED =__ =
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and then, thw volume was made up to 10 al. with 1.0 M attric seid.

A solution of 0.86 greme of La(NO5)3*GH.0 in 200 ml. of water with 1 al.
of consentrated nitric was heated nearly to bdoiling, and dilute omslic
aoid solution was slowly sdded, while stivring, until & slight execss
was yresest. The lanthanum oxalate was aged over an hour and filtered
through & poreslaia erusible, dried, and ignited to 600°C. A machined
m«mma.mmwm.u@,mmunm
the X test hole of the 100-F pile for 4% minutes. The irredisted lentha-
mm vas dissolved vith gentle warming in 1.0 M nitric scid and was dfluted
to 100 ml. with more of the acid. This solution, wiwn tested the next
day on the high pressure ionizstion recording instrumant, had s geams
sctivity equivalent to 28,4 miorosuriss of redium per ml, of solutiom.
Periodic checks vith the same instrument over the period of a veek and a
half showed that this active solutiom ochecksd with the expected decey
curve of 1a1%0 (21 pp. 20-6).

was prepared by taking 50 misrcliters of s
Mww-/nmmmmwnmmmmua
had been at the plant for several years aad was knowa &8 the "Buress of
Standards” plutenium. This was diluted to seversl milltliters with 1.0 ¥
nitric acid, and half a milliliter of 5 ¥ hydroxylsaine hydrochleride ves
m,mmmmmramzuumﬂmmm
state. The reduction could be observed immedistely by the sppearsnce of
& blue color. Next, the remainder of 50 ml. of 1.0 N aitric acid was
added. The solution vas thoroughly mized before it wes used. This

satas nsm—————
i Mﬂ
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solution had 2276 o/m/microliter,
tion Ii was made by adding approxiastely 0.1 ml. of

& Joncentrated plant plutonius solution in nitrisc acid So several milli.
1iters of 1.0 M nitric ectd and reducing with 1.5 ml. of 3 ¥ hydroxyl-
snine hydroshloride and dfluting to appreximataly 50 ml. with 1.0 M nitric
asid. By radicesssy this solution was 2.6:10°3 ¥ in plutosium.

£0-32% Zapop ves made by the solutioms lsbovstory by edding 100-12%
nl, of Zapon AQuanite "A" to MO0 ml. of Zspon mumber 5 thinmar; both are
obtainable frow the Zapom Division of Atlas Powder Company., A fevw
crystals of methyl violet or some carbon black sre mimed until it &s
suitably darkened (13 Code Fl-2e). Zapon dsricennd ssch vay was used,
A stock solution was suslyzed for
salids by avaporsting 200 mteroliters on & weighed watoh glass and
weighing. The fimal solutiom wes prepared by diluting s porticn of
nmmmmnthawmaqmma of athar and aleochol to
give a 0.0 mg./nl. solution (13 Code 5C~17s). The finel collodicn was

kept stoppered to prevent evaporstion. This solutiom was supplied by
the solutions leborstory.

motor eQuipped with a 20 mil platinum stirrizng wire vas used for stir-
ring all semples except those oomtaining redicestive lanthanum.

For stirring the sctive samples and in the extrection of lanthamums
activity, a rapid turning, sir-driven wand stirrer with a two foot

DECLASSIFIED
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handle wvas used. The stirring vas done vith a platinum wire.

Besides the oommercially sveile
sble 2 nl. cones snd 50 ml. sentrifugs tubes mede of Pyrex sud the 3 ml.
Lusteroid cones, some spproximstely 2 ul. ocones wers made to arder by the
Amerioan Flatinua Works. These were desigued to fit inside the 3 ul.
Lusterold conss, without toushing the bottom, for support during centri-
fugeation.

Platinus dises of 22 ws, dismeter and 2, 5, snd 10 mil thickaess
vare used for mounting the supernates and precipitetes.

Disg geryierp, Two kinds were used -~ cardbomrd carriers with four
depressions to hold the discs and & flap cowr, For disos omtaining
beta and gamoa radistion, shielded diso sarriers were used. Thees oon-
aisted of round stainlese stesl hollov tops and olrcularly grooved base
to sllow the two parts to £it together. The top has & oireulsr opening
tangent to its circumference. Thus, the top oan Lo turmed so this open~
ing s over ssch disc individwally shielding the hands fres rediatice
from the other discs while the one 18 being removed for placing is the
counting instrument. 7The base of the dise oarrier fits in the shielded
disc dryer. Thers wre ciroular cerdboard disce to it the base of the
carriers with pressed depressions for holding fouxr platinum dises,

The shislded disc dryer commisted of a & inch diemeter stainless
stesl cylinder, 10, inches high, on & square base. Just sbove the base
thexw 1is & shalf that swings out, which supports the base of the shield-
ed disc osrrier while &rying discs. In the top was mounted en infrared

DECLASSIFIED '
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heat lamp in a socket.

For handling ocoes vhich were active with gaams rays, meghanigal
hands with 1.5 foot handles vere used. One had a straight ridged hendle
vhile the other wvas flaxible.

Counters have flowing methene
£111ed chawbers at atmospheric pressures. The Gisc to be counted for
alpha partisles hes to be inserted into the stresm of methane in the
chasber by means of s sliding floor and & sarev up pedestal. The chember
 operates in the proportiomal yegiom from 2200 to 2550 volts; for this
mim%wiﬂtmthmmtm. The A.8.P. hao usually been
used for 50,000 or fewer counts per mimuts. At 100,000 counts per
sinute, scoerding to Simpeon (24 pp. 5-6), the cotacidence loes 1is 0.80%;
however, at the time others ware redeteraining the soincidence correction.
They suspected the valus might be around 3 or 4f; however, their completed
report gives the per cent coineidance correction as ®dw product of count-
ing rste in mimutes and 1.175°10°%. At 100,000 cousts per mimute coin-
cidence is 1.2% and half that &t 70,000 counts (& pp. 1 axd 6).

The gecmetry for & given voltage is determined by counting & standard
dise of about 100,000 disintegrations per minute. The gecmstry is held
between 50.35 and 50.6%%. Because the activity of the standards was
approximately 50,000 counts per minmute, disce were not yrepared st apprece
iably higher ectivity for ecounting on the A.E.P.

The A.B.P., will tolarste cousidersdble bheta without affesting the
alpha count Aif the instrumsnt ie operated et the lower portion of the

voltags renge. o
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to the A.B.P,, sxeept the disos sre st the bottom of an evasunted tube
vhick fits under the chwmmber in place of the aliding floor and pedestsl
(2% p. 7). The valus of the lov gecwetry is determined by the per oent
of the spherieal srea sround the disc, which is in the form of & window
%0 allow & few of the alpha particles to enter the methade chamber. The
window is of mice mounted fn Lrass. It separstes the chmsber proper
containing floving methene at atmospheric pressure fram the vecuum column
containing the dise of aotivity. .

moasures the sctivity vhich
has been placed on s smell watch glass or disc of approxtmmtely 25 milli-
meters. The diss is moumted on either a carddoard ¢r alusinum slide
vhich fites into the grooves of any of the five shelves belov the mnics
vindow Geiger-diller tube with & resmilting geometyry of sbout 1 to 23%
for beta. Oemma activity is counted by shielding the associsted beta
sstivity from the tube by placing an aluninum~leal shield in the upper-
noet ehelf position. Oasmm activity counts approximately 1% of bets
sotivity and does not have auy approach to sbsolute counting.

The tube and ssuple shelves are enclosed in a shislded leed "pig”
to eliminste outside gamms snd cosmic radistions and to protect the
operator. The coumts are recorded on s scalsr aireuit elsotronically.

The iostrument ie checked asgainst a known standayrd and wmust operste
at & eonstant voltage i{n the Ceiger-Miiller region., The dead time of the
slactronic eircuit is appeciadls; hanos, there 1s an incressing positive

soincidence oorrection ss sotivities become grester.
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Strive”

Experimsuts vere coaducted foraing lanthamm flueride from 0.25 wg.
of 1a{I1X), es this is the smount weed in the standard saalytical method
(17 p. 6-8) and becnuse it 1v & conpromise wmount -- emough to cerry of-
ficiantly, yet not enough to caues apprecisble self-adsarption of alpha
ocounts when mounted on 22 mm. pletinum discs (& Figure Ga). The latter
consideration 1s of particulsr importance in deterxining the sseunt of
oarrying. |

The volumes of ligquid thruvugh these sxperiments were 500 microliters,
ss this 1s the smoumt that oan be moumted oo a 20 mm. platinem disc for
sounting

The geoeral procedurs was as follows:

1. Flace 250 misreliters of 1.0 ¥ KNOg in » 2 ml. centrifuge come®,

2. Add 30 mioroliters of 5 mg./ml. standerd lanthanum nitrete selu-
tien., This gave 0.25 mg. Ia(III) e 0.35 ag. lanthamum flucride.

3. Bext, these solutions were mized and two drops of consentrsted
hyirvefivoric aoid wvere added. (ge. %0 micraliters meking the final solu-
tion 2.7 K ia Wpdroflueric ecid.)

&, The slurry was stirred sgain snd sllowved to stand for verying
tines,
¥For shert periocds of aging, ’i-’;mtuhummww For

Pym plutoniom adsorbs e Imumu.
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S. The mcz_)&tm of lanthanum flucride was stirved up briefly
two minutes before the Pu(IIl) was edded. If the slurry ves forwed in
lastereid, it vas transferred to a Pyrex cone by neans of s mioro trans-
fer pipet.

6. After the sging pericd, M9.9% micreliters of Pu(III) solution
(113,800 counts per minute st %0.% geometyy) was added Delov the sur-
face of the liguid snd the pipet washed cnce vith the solution in the
gone. Next, the eontemts of the cone wers briefly stirred and the pipet
veshed tvice more vith 50 mioroliters of 1.0 § ENO3., With these addi-
tions the total volums is bLrought to 500 misroliters. This required
about one minute of the digestion time. The slurry vas stirred at a
moderste rate for the remsinder of P 1/2 minutes end was allowsd to stand
for a second 2 1/2 minutes. Next, the cones were cemtrifuged for 10
Mtuutrultm..

7. The supsrnate was drown off with s miero transfer pipet and
mmamm.pmmuuwwmmamm. The
disos were dried under an infrered lamp. The precipitete was slurried
briefly in a half al, wash solution 1 ¥ in nitric and hydroflveric scidse,
This vas oantrifuged, and the supsrnate vas mounted on & separste plati-

mam disc.

Tt bas been cbserved that the precipitate of stap 3 is ficceulent snd
settles loosely on the bottom of the cone in less than two minutes s»

a flosculent mass, which, after it has been restirred, settles selec-
tively socording to particle size, there being & granular precipitate

on the bottom vhile the saluticn is still milky. The lanthesum fluoride
seoms to lose its flocoulent appesrence with age snd stirring. Lanthanus
fluoride formed in o solution lacking nitric asid remsins flocculsnt
after being stirred.)
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8. The lanthanum fluoride was slurried with three drops of 1.0 M
m3wmtdmtmﬂum¢mﬂ. The cow wvas washed thres or
four times with two or three drops of 1.0 M ENOg by rapidly stirring
with s platimm wire attached to mn electrie motor,

Becasuse, sfter drying, there appeared te de & ring of msterial

pext to the Zapon due prodbably to the partial solutiom of lesnthwmm

fluoride in the acid end redeposition with evaperstion of the liquid, a

4mame1Mcuummumam'.atm

contents stirred with « platimm wive, This was {0 produce an even goat-

ing of the setivity over the dies for counting.

9. After evaporstion the dises were waved through the top of &
Biunsen flame until the Zapon wes gently burned off and the disc heeted
to -ruluu. After the 4iscs were oool, one drop of O.k mg./ml. of
collodion solution wes sdded to sash disc, The disos were them tilted
uatil the collodion spresd over the vhols surfuoe.

Zfaxe Time_ Experimsgts

As a oonperison with the preformed lanthamum fluorlde csrrying ex-
poriments, which of necessity had to be aged at lsast two minutes,
several "serc time" precipitates were formed in vhich the plutonivm wes

#Two Giscs were used inatesd of one vecause the "Alghs Gimpson Proper-
tional” counter geometry is determined with sn alpha soures of sbout
%0,000 o/u. The peir of ¢isce had & count in exvess of 110,000. To
count one disc at this level would i{ntyoduce & coincidenos error thst
could not be corrected for at that time. (Bes discuesiocn of Alpba

Simpeon Proportional Counters pp. 10-11.)

e
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added befare the hydrofluoric acid, Again, the contents wers stirred
for 2 1/2 ninutes and allowed to stenmd for 2 1/2 minutes, then cemtri-
fuged for ten minutes. Thess dats sre lListed in Tudles I, II, wnd III,
along with the results from the relsted experiments.

In thess sxperiments the La(N03)3 was sdded after the hydroflueric
acid. In this mode of sddition the lanthamm flucride wes visidle im-
mediatsly, vhile when hydroflucric acid was added last, the precipitate
414 not sppeer fmesdistely. It has been reported (2 p. 5 and pp. 12-13)
thet lsnthamum fluoride formed by reverse strike is sore transperent and
flocculent, wsettling in & larger volume of gelstinous precipitate than
lanthenum finoride formed by direct strike. Lanthamm fluoride formed by
reverse strike was also reported to centrifuge more resdily in the plant
than the direct strike, but in the laborstery the reverse was found, It
‘1 recognized that the plutenium count {n & Supernate may be due to ions
esrried by very fine lsnthaam fluoride, as well as in trus solutien, &
elthor redused or a treow of oxidized plutenium.

The data for the tvo modes of addition follow:
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Time Aged
Age of 1a¥;  in Pyrex
® 0 min, 0
*0 0

2 1'h0"
2 2
3 2
> 3
3 b
10 ®
10 10
16 2
20 2
0 2
63 2

SCoprecipitated
Thess valuss are graphied ia Figures 2a end b, Similer sxperimests
with Pu(IV) gave very nesrly the ssamw values, except on the reverse striks

mammmm'uummmnﬁmmm*mmm” ox-
muo
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"Bivect Strike” Wish Inoyessed Concentretion of Nydrofiuerie

Seversl experiments are sumerized in Table III for precipitating
solutions with 100 microliters of comcentyated hydrofiucric ascid (gs.
5. N HF). In these experiments 200 sicroliters of 1.0 N KNOg sad 50
alcroliters of La(i0y)y soluticn vere sdded to a cone sad stirred. HNest,
100 micyoliters of conveutrated hydrofiuoris asid was added, snd the
contents ef the tube were stirred and aged. Then, ¥9.9% microliters of
Pu(III) molution and two pipet washes vere added. This wves stirred, and
the pipet veshes added during the first 2 1/2 minutes and vere allowed
to sit for the next 2 1/2 winutes and thea sentrifuged for 10 minutes,
as in the previous sxperiments. The data of Table III are grapiwd on
Figure 20,

Yorisble Stirring Time in Comtecting Pu(IIX) with lsmthapw Fiuoride
Formed in 2.7 ¥ AF Soluticn snd 1z 1.0 ¥ MNO-2.7 M XF Solutien

Lanthanum fluoride wes formed in 2.7 ¥ HF, but with the absence of
nitric acid, by adding 250 aloroliters of H 0 to a 2 ml. Pyrex centrifuge

Bt e b ap Sia b i

lv'
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cons; sdding 2 drops (50 microliters comeentrated EF); stirring, adding
%0 microliters of 9 mg./ul. Ia(III) solution, snd stirring. The lantha-
mun flucride ves centrifuged about 2 mimutes, and the supernate was re-
moved. The hydrefluoric soid ves edded before the La(IIT) because it hed
been cbserved that & precipitate of lasthesum fluoride wes visible lmmed-
1ately by this mode of sdditicm, vhile it was slow to sppear if the hyére-
fluoric was sdded last. At this time it ves expectad that aging was a
large factor in the carrying efficiency, snd {t was desirable to kaap the
precipitate in contect with fons for the shortest time possible to keep
the precipitate “new”. Befors the precipitate vas ocontacted vith Pu(IIX),
300 microliters of 1 pert concentrated hydroflucric in 5 perts of 1.0 M
NO3 were sdded sdove the lasthanum fluoride. Rext, 49.9% microliters of
Pu(IIX) solution and three pipet washes of 1.0 X BNO; vere sdded, making
& 500 mioroliters solution 1 M KNOy-2,7 X ¥, containing 113,800 alphe
counts per minute of Pu, this being the sams ocomponition of & supermate
a8 that used in the varisble aged precipitates. A series of experiments
was also run asscrding to the general procedure on peges 20-22, except
the aglng time vas held to three or four mimutes, and the time of stir-
ring varied from 15 seconds to 9 minutes. The data fyom these two series
are found in Teble IV,
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TARIX IV

VARIABLE TIMRS OF STIRRING IN
CONTACTING Pu(IIl) VITH PREFORMED La¥3

2'30" 963 0.5%
1,108 1.01 1,102 0.97

¥ 52 0.0%
5 516 0.h% 903 0.80

9 293 0.22
10 275 0.tk
15 322 0.28

Except for stirring times of 30 seconds or less, whilch is hamdly
mmtomwnmmwtﬁmn&mmmu
£11m, the lamthemum fluoride forwed in the presence and sbeence of aitric
acid picked up Pu(III) lome from solution et spproximately the ssme rete.
These data are plotted in Figure 3.

Yariable Amguate of Fresh Preforsed Lapthawum Fluerids
From the previous date it appeers that the serption® of Pu(IIX) tous
by Sreshly prepared lanthsnum fluoride {s st eguilibrium after five minutes.
Am&ndcmtmmmummmmwemwm
general procedure described on pages 20-22, except the smount of 1a(I11)

#For dafinition of sorption eee Olasstons (10 p. L19%), -

>y —
N Ry W
. - —~-FR

2

DECLASSIFIEL N




DECLASSIFIED

32

28}

PER CENT OF Pu IN SUPERNATE
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| FIGURE 3
VARIABLE TIMES OF STIRRING
IN CONTAGTING Pulll WITH

PREFORMED LaFy -
O LaF, FORMED IN IM HNO3
2.7 N HF (HF LAST) . |
(O LaF; FORMED IN 2.7 M HF
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ves varied by using s nusber of differsnt sised pipets and a 0.5 mg./ml.
La(III) solution ae well es the % mg./ml. solution used previcusly.
These miztures were each stirred for five minutes; however, siwme were
repeated and stirred 2, 1 1/2, end 1 minutes. The dete sppesr in
Tables V szd VI, and are plotted in Figures &, 5, 6, and Ga.

1 5.83 8,18 3.64 312
LY 1.38
.18 R 3.5 1.90 .93
22 0095
3 3.‘1 1005 .

.-3; : g {?;‘ f§ o.: o.::
* L ] L ) 0‘ 00
.88 043

1.06 1.98 0.17 0.15

1. 1.66 0.20 0.3
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TABIE VI

ADGORPTION DATA AFTER % MIN, STIREING ON VARIABLE
AMOUNTS OF VRESH PREFORIED LeFy

La¥y, "¢" o/m in e/n

? 0.% al.superaste Log "C° 113.&0“03 l)ﬁ.wa log ‘

0.011 39,50 . 600% g,gsa 5.3:@» 6.8967
,018 26,280 b, 0196 2520 A, 6.6656
033 12,200 5, 006h 101,600 2.005 6.4602
07 b ,0bh 3.6068 109,760 1.9 6.1917
31 3,550 3.5%02 110,250 .003 6.0013
b 1,9 3.1970 11,2 0.802 5.9082
. 18 ' 1,0’8 3:@‘ 112. 90697 5 oms
21 1,082 3.0382 132,720 5% %.T292
30 ‘ 516 2.7136 113,280 o322 5.;:3
T 387 2.%877 113,M0 161 5 o206

1.“ 1?2 2.23” m,&” om 500&

An analysis of these dsta according to the Freundlish equstiocn,
x/n-xc“,mnx/auplm‘-mwmrmmm
o/n/ng, X and n sre constents found to be 2665 and 0.Théh, respectivaly,
and "C" is concentration of plutonium in the supernsts in c/m per 0.3 al.

mmmmuumnumamtm«m»m,:ﬁ.

1*:" , $0 4t, k; snd k; vere found to be 294 and 1.93:10 =2, respectively.

mtwwmmmcnmmrums.mmmmm
is shown expsnded on Yigure 6a. The sxperimsntal points are plotted on
esoh figure,

Cayrying ou Oven-Dried lauthanum Flyorids Prepered by Netsthesis of
Hala(50, )80

Experiments vere attempted to study the carrying of Pu(IIl) on Lresh-
ly precipitsted lanthanus fluoride in the presence of an excess of

v s,
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lsnthamm fons by making the precipitstiom, sentrifuging, and resoving

the supernste; then wveshing vith a df{lute acid lanthanus solution, fol~
loved by slurrying up iz & solution ocutaiaing the exoess 1a{II1) teme.
It was observed that 1.5 mg. of laathanuas fluoride dissolved in two 500
sicroliter washes 0.001 X Ia(III) and 0.009 X EWO4.

Proviously for the purposs of x-rey stuly, sows Eala(80y ), 8,0 hed
besn prepared, snd a portion of this hed been metsthesized to Le¥s (21
pp. 87-93). This lmnthemus fluoride mere or less kept its original
lavger particles sise such that it 414 not peptize to & colloid in the
shaence of an appreciable ioaic styength in the surrounding aqueous
solution but had the charasteristic lsnthamum fluaride x-ray diffreetion
pettern (20 pp. 272-291)%. Testing this dried, wetsthesized lanthanum
flueride shoved that it was guite 4ifficultly soluble in dilute nitric
ecid, as ten ml, of 0,01 ¥ HNOy which hed castested the lenthanus fluoride
had to be comosntrated to a fourth of a ml. to give a faintly visidble
precipitate with hydreflueric acid,

The Nala(50,)+Hc0 wee sieved threugh a §60 Tyler squivalent mesh
sieve (250 micron openings), snd the portion thst was retained co a £100
Tyler equivalant mesh sieve (149 micron openings) ves metathesised in
platimm with tvo pettions of 1 N sedium fluoride, then the precipitate
ves wvashed several times with distilled water by decuntation and trens-
mmamu.meﬂm.um“mm

"es Card 3-1001 of the Ameriown Soolety for Testing Materials, Alpha-
beticel snd Grouped Numeriosl Index of X-Ray Diffraction Dats, 193C, v
b1 peges wnd a Card Imdex File. ) ot
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off the precipitate. The lanthanus fluoride vas removed to the platinus
srucible and dried st 103°C. The perticles crusbled very essily snd
passed the #60 sieve practically completely, snd over 005 was retained
on s #1h0 steve (105 mioren openings).

This latter materisl ves veighed into the following desoribed 10 ml.
mwm.w5mamnua,m.mc/namm)
mmwmmmmmxmwurmm.
Theee vere shaken on a veriable speed mechasionl shaker. The shaker was
Wmmmu,mmumum«mmmmm
and mounted on s plstinum disc snd counted on the A.S.P. At the wegin-
mmmmnmmmummmummm
mmm;m,ummummwunm:r-
ratic st the approkimstely 15 hour ssapling, the flasks were lightly
munmummummmmt»dv&m.m
and holders for 50 ml. oentrifuge tubes.

Yrom the dsts in Teble VII cue osu readily see that lunthanum fluoride
will remove Pu(I1I) icus from the solution both vhea theve is en exesse of
fluoride snd vhen thers is sn excess of lanthemum foms to interfere with
the plain sdscrptien of Pu(IlI) by competing stromgly for the potential-
deteraining fon positions. Hovever, the fact that the pwresence of lan-
mmdmnwdmmmuwmwuuuumm
lanthenum fluoride, particularly st the higher conoeutration, doss give
an indicstion thet the initisl step of the expected iscmorphous replace-

ment is surfase sdsorption through a Helmhots double layer (10 pp. 1200-2).
—
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Tue fact that Pu(III) carries well under sll of the conditions stromgly
supports the comtention that it becomes imoorporsted into the arystal,
The more rapid cerrying with the stronger seid iz expected after the
sclution has become saturated with La*3 and F- ioss, because recrystal-
lisetion is taking place faster. Defors the solutics becemes satureted,
there is very little carrying of Pu(IIX) imto the erystal becsuse all
of the surfaces are losing toms to the soluticn. In the presence of ex-
cess fluoride (hpdroflueric aeid) the acidity is incressed but slightly,
but the surface of the lsnthamm fluoride wndoubtedly is negative dwe to
sdsorbed fluoride lons, This negative surface attrascts the Pu(III) iovs,
and the Tlucride forms s precipitant.

Such complete carrying with lasthamum fluoride that hes s relatively
smal) amount of surfece slsc is sn indication that the mechenism is not
sinple adsorption.
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TABLE VII
CARRYING WITK METATHESIZED LeF:

Flask ¥ (wax 1ined), 0.0213 g. LaF3, 0,02 K 4N03-0.25 ¥ &F
0.167 16,600 2.46°10% 2.0
’i's': 1§,m :.1,;. zg.g
2.h mﬁ% 5.33 2.4

A
0 9 10126 99.
Flosk I, 0.020'& Ee la!‘3, 0.03 g uOS p ’
{.38* 7“
1805 4 9.1 By 4
26 75 10.1% 98.3
%0 bé2 10.11 97.9
(] 96 10.79 99.56
Flask II, 0.0066 g. LaFg, 0,001 M Ia(XII), 0.02 X &NO4
002 1 k.n' 58.0
. giaga 3.26 .0
2. 9,418 .68 57.0
18.5 7,287 %49 €6.7
26 5,081 6.22 1.0
%0 b ,699 6. 78.5
™ 1,829 7.68 93.9
Flask m’ 0.0207 g. wa, 0.02 ! u(nl), 0.02 ! ms
ot mm o ooge
2: a%o:m :gg 7:e
18.5 19’3” 1022 u.’
26 18,351 1.n 1.1
50 15,150 3.25 30.8
Th h,706 8.67 8.1
16k $,275 8.02 5.9
Flask IV, 0.0239 g. larg, 1 K <803
9.167 g’% OO%‘W * gog
27 5,003 7.0% 171
2 4 o108 oo
0 % 9.0 9.3 & ===

DECLASSIFIED

V1



DECLASSIFIED

HW.2k115

Cogrecipitation of Puly With Tegged Le¥y

To study the relaticmship of both couponents in nized fluoride crys-
tals, it is Decessary to determine the ’gm relaticaship in the
precipitations. First, the lanthenus trecer-emrrier 0.5 mg./ul. prepered
from Ouk Bidge n.m-um astivity was used.*

The lsathesus end plutonium were coprecipitated in a &ireet striks
of 2.7 X hydrofiveric acid, 0.5 al. volume and 3 minutes stirring.
Tuble YIII ocoutaine the smounts of lanthamus snd plutonium used and the
veta counts of 1a2C and the alpha couits of the plutenium for beth the

precipitate and the supernete.

TABLE VIIT
MIXED CHYSPAL EXPERDGENTS VITE TAGGED La¥y
e/a Pu o/n LaIM0

3
-

Lar Put3 1ar 1a*3

g oo i bm & o
¥ 02 o4& 1
2 " v . :
8 " 6 1,317 10 1.24
2} }1,50 2T 7,150 7.5 1.3
. ﬁ,oeo 1% 765 6.5 1.09
o7 ‘000 1,197 2.h01 3.5 97

Avearege D = 1.1
As the values of D were uncertass due to the wery low bets sctivity in
mmumunmmmutommutumm

#T5s preparetion Das been described oo page 1.

=————'
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relationship with the smount of plutonium of the seme order of magnitude
as the lanthanum, experiments were carried out using the higher sctivity
plutonium and lanthanum solutions.

These experiments were carried out by sdding different amcunts of
the pile~irrefiated lanthamm tracer-carrisr, plutonium sclutica IX, and
1.0 § nitric seid solutions to make 500 micreliters after the 30 miero-
1liters of concentrated hydrofluaric scid, vhich was séded last to make
the precipitation. These tubes of slurry wers stirred wp and resdings
made on them with the high pressure ilonization chamber®,

The supernstes and precipitates vere essh mounted on platinmus disce
and dried for coumting. It was found the gamma count in the supernate
wvas £00 lov for a good count, and the beta activity of the precipitate
wag too high for the B30 to record. Zowever, it wes possible to cownt
the beta sctivity of the supsrnate on the second shelf and count the gamme
ectivity of the precipitate on the second shelf through a lesd sad alu-
minum geome sandwich vhich sdsorbed the beta particles. um
the relationship betveen beta end gmmma counts of Lal'® mounted en plat-
m,.x/hoaummmamammmmmm.udmm
discs vere mounted with 200 micreliters of this diluticn. These &ises

Phase veedings of the.gamma aetivity from he solutien oould uot be
used for comparstive purpoees because similar resdiungs o the supermate
alons were too low to be dstested vwith acoursoy. Howewer, the reedings
414 show that w«txvtty decayed vith a forty-hour half life indica-
ting thet the Ia activity wvas not noticesdly rsdicactively contam-

insted.
W
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were counted 5 minutes eavh for beta sctivity and for two 10 minute pericds
for geama activity, The corrected counts are shown in Table IX. The ratio
was shown to be 1 gomma count eguals 91.9 bete counts.
TABLE IX
COMPABATIVE ma m M CCURTING ACTIVITY

Diss  Bete Counts 1st & oount 204 L count
1 294 3 32
2 2048 30 32
3 2956 30 33
b 2914 33 a3
Avg.  29%0 32

After the lanthamum sotivity on the sample discs had decayed, the
saws discs vere counted for alpha sotivity. The supsrnstes wers counted
for five or more minutes in aa ASP, The precipitates wers counted for
10 minutes on an ASYP. In the lstter cass, the disintegrations per
muzomuemutomuwmomuumwrma
ings by wiltiplying by the aversge gecmetry, 0.505.

Soms of the precipitate discs could not be counted for plutonium
beosuse some of the plutonium was rubbed off by the cardboard carriers.
The aipha count for these wvere calculated by multiplying the voluwe of
plutoaium solution used by 0.%0% x 8.1 x 10% d/mioroliter.

The D for the equation ( L%Z (Nﬂ
1a*3 7 o/m Sg,m g’3d~ 55
wos solved by the equation D "(M fg ‘2 * 91.9tat f: ./ZM
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_ Table I lists thg sexperimsntal values and the calculated values of
D vhich are of the swme range of magnitude as those Gerived with low
concentretion of Pa(III) and low Lal%0 astivi:tes.

R RAARLD CRAIEIAN

ﬁmﬁmwm,a.

0.0% &,141,000 38,253 3030 810 0.2%
0% T,97%,000 k7,267 2016 310 Jh
036 15,636,000 8,375 w 297 37
0% 23,726,000 26,967 860 76
072 4,086,000 12,857 2733 655 A3
.07z 24,381,000 39,947 1913 150 .26
072 8,13%3@0 22,6%0 w1 15 17
.072 80:‘ ‘m 26’351 m 16 029
bk B.1.10%.50% 9,250 2386 886 A9
abk 8.1.10%2000 19,000 2h06 MS .86
Jbk 8.1-10%.100% 8.952 2235 239 48
216 8.1.10%.508 4,100 3378 272 Ak
\216 7,913,004 8,192 3263 384 63
29 8.1. » 0% 39” "390 b7 TT
o7 8.1-10% 3000 kk,273 1068 1 .3
200 8.1.10%. %08 5,813 4248 .80
Meon U w 0.9

*Plutonium valuss ocalsulated from the volume of soluticn used.
#2sperimants vere cerried out in 3 ml. Lusteroid cones.

The action of hydrofluoric acid ou the Pyrex glass is an undesireble
condition. A conocentration of 1 N E BiF¢ has been used ss 2 method of
partial separation of lanthanide from actinide rare earths (22 pp. 134h-6).
The fluceilicic acid produced {n a short period is of 20 significence;
howaver, as the contect with glass in the cese of the dats on Table IV
was about half an hour, two experiments were carried out in Lusteroid to
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slininate the fluosilicate. As the results ave comparable, it is believed
that the effect is smaller than other errors in the series of experiments.

In conducting the experimental vork with this problem, there were
several conditions somewhat peculiar to the elsments involved in the re-
gsoarch which considersbly restricted the course of pursuit, namely,

(1) the cost and contamination harzards of woking with plutonium along
with counting as the most oconvenient msthod of detection limited the
working saounts of this element to the micro soale; (2) the necessity
of maintaining sn scid medis to prevent plutonium from hydrolysing snd
adeordbing to & grest extent on the glsss required an excess of fluoride
ion to be pressnt in all cases, exoapt vhen dried lanthanum fluoride was
used, ae precipitated lanthamuwm fluoride would hawe dissolved or peptized.
The excess of precipitsting egsut made impossible the use of exoess lan-
thanum or other high valeut positive ions towthmoz
(1) on lanthamum filueride Lecsuse they would sither be yrecipiteted
or form complezes with the fluoride. The presence of hydroflucris acid
linited the time that an experiment could be cerried cut in Pyrex glass
vithout depleting the fluoride and forming fluwarceilicic acid.

Within the short time lanthanum flucride wves formed defore osutact-
ing with the Pu{III), there appeared to be littls change in carrying
ability due to aging via reduction of surfece and perfection of crystsls.
Plutonium so contacted with preformed lanthenum fluoride appesred to

. O

=T SR areiaa
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ohperve both eguetions for sdsorption. At the lower limit of adsorbdent
the Langmulr equation appesred to represent the dsta best. EHowever, as
1t is doubtful if the amcunt of aurface remains proportionel to the amount
of precipitste vhen they are formed st consideradbly different lanthamu
conaentrations, thess sdsarption squations sppesr less valld.

An approximation of the surface of lanthamm fluaride, ss cowpared
to the surface vequired for the amount of plutonium carried, if by a
surfsos sdserptica, can be msde by first taking the size of the particles
as 0.01 micron (1 p. 1) and considering them as spheres. The density of
lanthenum fluvoride should de approximately 6.2 oaleculated from the density
of Pufy, vhich is 9.3 (28 p. 11), neglecting the emall differences in
crystal constents. Now, ignoring the actual space relationship of the
fons, and csloulating as though the vhole surface of the lanthsum fluoride
were covered vith potential determining fluoride ions in « heszagosnal close
paok arrangement, snd taking the fluoride ionic redius as 1.33 Angstrom
unite (15 p. 2628), vhich 1s larger than either La(III) or Pu(IXI) --
given as 1.0% and 1.01 Angstroms, respectively (25 p. T) “.M sssuming
that one plutonium can be bonded to every three fluoride ioms, there sre
o poesible 5,8°1015 Pu(IIX) fens adscrved on 0,011 my. of La¥y end
5.6°1017 toms om 1.06 mg. Caloulstions of the musber of plutonium stoms
onrried from the values of x in Table VI yleld 2.7°10%7 and 4.1:1017 atoms
carried on the two quantities of lanthamms fluoride. This corresponds to
A7 and O.T% of the surfece covered.

—

A -
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The sssumptions made in the saloulstions were such as to give large
surface, snd the elose pack of the fluoride icus in the calculaticn as-
suses very close mrrangement of the Pu(III) ioms. |

The colloidal rangs is considered 0.001 to 0.1 micron; hemoe the
lanthanus fluoride particlss are in the colloidal wange if the elestrem
microscope Tigure of 0.0) microus ie scourste, snd w, perticles settis
snd are visidble ¢ue only to agslemsratien of the particles. This is
ressonable sinoe in veshing precipitated lanthenum fluoride in distilled
water, a large portion becomes colloidel as soon as the domic streagth
is lovered. It is difficult to postulate how an agglomerstion of fine
particles affects the effective surface toé sdsorption. If the average
sizs of the particles wvere 0.1 microm, there would be & five-fold excess
of plutonius over total surface in the cese of 0.011 mg. of lanthamm
fluoride. -

Adsorptiom caznot be ocaeidered the culy mechaniss taking place be-
cause of the faot that vhen the amount of adsorbent is grestly reduced,
equilitrivm 1s schieved mueh too slowly. If the superaate count for
0.03% and 0,071 mg. of lanthanam fluoride from Table VI ave compared with
those for co-precipitated Puf3 and laFy in Table VIII for the same smount
of carriar, it oan be seen thet equilidrium hes not besn resched for the
preformed lanthamamm fluoride.

!otmﬂmmntotnnrmtmﬂuinbuuhummm
on the lanthanum fluoride, 113,800 o/m of Pu(III) vas contacted in a
pletinum oone with 0,018 mg. of lanthenum flucride for 17 mimates, 1 hour,

DECLASSIFIED




DECLASSIFIEL

BW-gh115

end 2 1/2 hours. The supernates contained 15.96, 5.05, and 1.61 per cents
of the plutonium, respectively. This is to he ooxpared with 23,09 per
ount of the plutontum in the supsrnate for five mimites contast in

Table V. For 0.035 mg. of co-precipitated lanthamua flueride, in

Teble VIII, theve was O.0h per osat of the plutonium in the suparmate.

In the experiments with tagged lenthanus tracer, of mecessity, e
qmwm,mmxﬂmxumuum&mu preciyita-
tion vith a greet excees of hydrofivorie seid, Bouner ead Kaho (3 y. S
o 38 p. 115) say of rapid precipitations after sddition of the precipi-
tating sgent, "The degres of local suparsaturstion osused by sdditiomn of
. untmwunmxctm:muuuwnwamw
of trecer distribution 1s met practical. However, vhen isomorphous ye-
placesmnt is posaibls, carrying by precipitates formed in the presence
of the treser is known to be very reliable......”

Bven though the repid precipitations do mot comform to either of
the isomorphous distridution laws, oo might sapect such & fine snd gel-
ammnmumuummuummmmm
mmmmmowmxamauwmmwmm
gmwous distribution lav, Since from previcusly shown &ata the carry-
m«mmmumxﬁmmunwnm
to the earryisg by co-precipitated lsnthemum fluoride, provided the smoumt
of lanthanum fluorids is not reduced much below 0.35 mg. in 0.3 ml. selu-
tion, 1t might be expected thet the solution snd precipitate bave appro-
sched & homogeneous distribution state, espeseially in the experiments

~N—
WO gt 1y
s
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using pile irredisted trecer-cerrier becsuse these were held for approx-
imately one half hour. However, they ware mot stirred comtinually as
geama measurensuts were takes, The valuss of D are in fair sgreessnt and
indioste thet Pufy might be mare soluble than la¥y.

From the evidence foregoing in this paper it is oonaluded that Pw(III)
curriss by Ssomorphous yeplacesmsut in an errstic mwaner vith so-precipl-
teted lanthanum flucride, vhieh can be aged and stirred until the homo-
geneous distridution state is fairly scourstely represented. The weeh-
sntem of osrrying on preformed lanthamum flveride, however, is first that
«nmwxuumm,tmwammmmsn
through the orystal by re-soluticn through the capillary film of solution
around the particles. For plast process snd anslyticsl purposes the
tracer concentraticn is #¢ lov that the second step in the oarrying on
;wmwauuummmuwmwwmm
degres, Yor the ordinary tracer ecncestration of Pu(ITI) the iattial
sdsorption cu the preformed lanthasmum flucride might de adequats to oarry
offestively nearly all of the plutonius snd be Jrasticslly ss effective
as co~precipitated lanthanum fluoride.

BIWARY
This and previous work show that Pu(IIX) will oarry quite well on co-
precipitated end preformed gelatineus lanthanus fluoride, snd given
enough time will be onrried quite resdily with coarse, oven-dried lsnthanun

.‘” -
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ﬂ.nm'ﬂo that has besu wetethesised from nu(seg)e-nao. Witk the aried
lanthamm fluoride it vas possible to demcustrete that an excess of
Lo(II1) tcms retarded the initial sdsorptionm of Pu{III) but did not pre-
vent oarrying of Mu(IIl) by inocorporation in the orystal. Strouger aeid
(1 X BM03) and the presence of excess fluoride ton favored the more repid
tnoorporetion of Pa{lXl) in the erystel latties of lanthenus fluerids.

The carrying of Pa(III) on yeeformed precipitated lanthanum fluoride
appeared to follow nicely both the Freundlich and Langmuir equatiens;
however, carrying vas so complete that the imvestigetion could mot be
aarried to the point vhere the adsorbent was saturated. Furtber, it was
shown with diminishing smounts of lanthanum fluoride that equilidriue
was reashed more slovly. Sence, it wves oconaluded that sarrying on pre~
forwed lanthanum fluorids precipitates is initiated by an adscrption
mechanise and that incorporation into the erystals follows by re-seluticn
through the liquid filw that wets the particles, the fiwal state heing
isomorphous mimed orystals,

In eo-precipitetion of Pu{IIT) snd Le(III) vith hydrefluaric acid,
hcmogeneous mixed orystals appesr to form with stirring. The valus of
D 1n the Renderson and Krocek equation is approximately 0.3, indicsting
mtwsthMIMhMWy

.....
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