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INTRODUCT IOW

This dissertation is concerned with a study of the solvent
extraction properties of the rare earths. Origimally, the tera
"rare sarths" was ambiguously used as a term for any metal oxides
about which little was knowa. The designation has ultimately
been restricted to elements of the periodic grewp III-A, scendium
through lutetium, Hopkins (27) gives the folloving defimitiom:

"s group of metals, usually trivalent, forming basic oxides, with
oxalates insoluble in dilute mineral ascids. Their fluorides are
also difficultly soluble, hence they may be separated from other
nlaunﬁ by adding oxaliec or hydrofluoric acid to tiuit solution
to which some mineral acid has previously been added. Doubtless
the most strikiamg fact wvhich characterised these elements is the
remarkable similarity im both the physical amnd chemical properties
of their compounds."” From the spectroscopists' point of view,
only elements S8 through 70 (eerium through ytterbium) are imcluded
as vare earths, becsuse these are the only members which have am
electronic structure involving a pertially filled 4 « £ electron

subshell,

Probably the most common use of the term ''rare earth group”
includes elements 57 through 71 (laathanum through lutetium),
although many authorities include yttrium and scandium because

of their similar properties. The terms lanthanides and laatha-






nons have beea suggessed for the grouwp of slements from atemic
aumber 37 through 71 to correspond to the terms actinides and

actinons for the "second rare earth group” (37).

The extreme similarity ia properties of rare earth compounds
bas made the separstion of the grewp imto individual elements &
mest arduous task, and for this reasom, meet of the work that has
been done with this greup of slements has been done with their
separation is mind.

Various investigators have utiliged the teshaiques of
fractionsl crystallisatioa, fractiomal sublimation, homo-
goneocus phase presipitation, iean emshanges, extraction, snd verieus
other methods im erder to isclate individual members of the growp.
Most of these methods sre time censwming and require tedious
prosedures or gonstamt attemtiomn. lIem exshange methods have beea
used extensively im the isolation eof pure rare earth compounds,
fnt dilute solutions must be employed, and as yet, commercial
applications have been limited. Peppard ot al. (46) have uwsed
solvent extraction teschniques with success, and Weaver (73) has
separated one kilogram of gadoliniwm oxide utﬂiuﬁ Peppard’'s
method, | |

A velatile compound ¢f ths rare earths weuld be most value
able in that frastiomal distillatioa teshniques could de utilised.

Nany investigators have attempted te prepare ¢ovaleat compounds
of the rare earths, ia the hope that they might be wvolatile,
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without suecess. It is doubtful that a truly covalent compound of

the rare earths exists.

Solvent extraction methods would be almost idesl for a
commerxcial method of uparalucn. ia tlutA a continuous extraction
process could be utilised, and & minimwm ‘of human laber would be
zequired. n“rottc;lly. sny member of the rare esarths cam be
separated from the remainder, ia any desired degree of purity, in

only two operatieas. (1, 46)

The requirements for & material which would make it suitaeble
for selvent extrssties are that it be soluble {a eash of the
immiseible solvents, that it be stable, and thet it be of ressea-
able cest. Several govd reviews have resently besa published on
solvent extrastion in gemeral (1, 68, 69), so mo attempt will
be nmade te slaborate em this tepic heve.

Since the -ttitod of liquid-liquid extraction has the
advaatage of being capable of contimuous eperation with & mia-
imum of maapower required, it is felt that futurs advanses ia the
separational metheds for the rare esvths vwill probably be in this
avea. The histerissl sestiom which follews will preseat several
netheds that have been devised for utiliszing this techuique for
the separation of crude mixtures of rave earths, but we study seems
to have boen made en the nature of the extraction precess. It was
frem this point of view that the study descrided ia this thesis
was plammed.






NISTORICAL

¢

The earliest use of the principle of distribution im the
purification of the rare earths was profoud by Urbain (66) te
separate thorium from the precipitated oxalates. Thorium oxalate
was redissolved in ammonium oxalate, which also diuoind some
cexium, m hydroxides, ptéipitatd by ‘-nu, vere suspended
is dilute alcohol and trested with acetylacetone. The thorium
acetylacetonate formed was extracted with chloroform, the cerium
compound was net dissolved. Jsmes (32) adapted the method to
zemove thoriwm ia his scheme fer the separatiem of the rare earths.
P. and G. Urbain (67) weed & similar methed in the purificatiom
of seandium. Seandium hydroxide was precipitated by ammonia in
the presence of & slight axcess of acetylesetons, amd the scandium
scetylasetonate was extrasted with chleroform. The separatioa
was completed by sublimatiem in vaswe at 200°, omly the scandium
scetylacetonate being wolatile.

Stoddart and Hill (57) investigated a method of differential
extragction, if mot a distridution, by treating rare earth stearates
with various organis solvents im a Soxhlet extraster. Rther, alco-
hol, carbon disulfide, sad chloreform extraected omly the trace of
stearic asid present. Bemsens caused a slight separatieon, carboa
tetrachloride and xyleme did initially, but on further treatment
dissolved all the material, as did toluene, moltea naphthalene and

anthracene, aad bhot olive oil.






Barnebdy (5) investigated the solubilities of rare earth com-
pounds in mom-aquesus solveats, and their precipitation by aedding
selutions of imorganiec and organic asids. Re suggested fractional
erystallisatien of the basic aitrates ia acetons imstead of water,
and noted that the reactioms im acetoms selution are of the same
general ovder as those im aquecus solution. He made no memtion of
distribution, however. Sachaeffer (33) studied the solubilities of
rave earth nitrates im various slsehels, but did mot suggest their

use for separatiems.

A distribution method for separating cerium from the other
rare sarths was propesed by Imre (29), who fouad that the dis-
tributien coefficient of cerium (IV) Detween water amd ether de-
pended on the sonceatration of corium, the concemtration of aitric
scid, and the relative velumes of ether and water. Umder the proper
eonditiens, more then 98 pereent of the cerium may be removed.
Wells (74) measured the selubflities of the nitrates of aime rarer
olements in other. Ne fowad diffieulties bessuse of wasertain-
ties im hydration, and he mentioned that "ether may find some
application in & method of separating the vere earths”.

The solubilities of rare earth chlorides im moa-aqueous scl-
vents were measured by Hopkins end Quill (28) whe suggested ex-
traction of the nitrates with ether as a method of removing small

amounts of meodymium present as au impurity in praseodymivm,

It remained for FPissher, Deits, and Juberman (18) to suggest






fractional distribution between immiscible solvents as a geansral
nethod fer the separation of all the rare earths. They state
that the rare sarth halides will distribute themselves between
water and aleohols, ethers, and ketomes, and that by the proper
choice of salts and solvents, the difference in distribution
soefficients of salts of two rare earths differing in atomic
assmber by one may amount to 50 percemt. Mo data were giveam to
support this statement, and a later reviev by a member of
Fissher's Laboratory, Bock (7), makes no mention of such a large
difference in distributioa coefficients. It is probable that

Fischer was unable to reproduce the previously reported results.

Appleton and Selwood (2) found that the rare earth thio-
eyanates were soluble in n-butyl achohol, and were able to
obtain a partial separation of lanthanum and neodymium by ex-
tracting the aqueous thiocyanates with butyl aleohol. The en-
richment factor for meodymium was only 1.06, but they expressed
hope for the possibility of a eontimuous extractiom process.
Leventhal (36) also studied the distributiom of rare mt.h thio-
eyanates, perchlorates, and nitrates betweea water and butyl
aleobol, but did not believe the method suitable for separationm.
Asselin, Andrieth, and Comings (3, 4) continued Leventhal's work,
and found that thorium was separated from an aquecus solutiom of
thorium end neodymium nitrates by extractioca with l-peatanol
containing ssmoniwm thioceyanate.

Templeton (61) worked with rare earth mitrates, utilising






extrastions with higher alcohols or kstenes, sad the extrastiea
of the rave cerths was found to insresse with atomis swsber.
Templeton and Peterson (63) studied extrsstioms ef rare earth
nitvates, snd ia the seperation of laathesum sad ncedyniva by
entrasting the aquecus selutiom with n-hexyl aleshel, feuand the
earichment ia mu te be adeut 1.5 for s single stage
operation. JNor & three stage emtrastiom, the enrishmeat wae
2.14. Templetom gt gl. (49, 63, 64) studied the distridutisn
of theriwm aitrate between water and varisus alechels and

Retenss.

Fissher and Dock (17) purified scandiwm by sxtrssting from
oquesus smsaium thioccysmate solutien with diethyl ether. PFissher
and Chalybasus (20, 21) vepert & ssparation of sivesnium and
bafaivm by mesns of the emtrastion of the thiesysmates iate di-
othyl ether. Busk aad Deck (8, 9) found that seriwm, scandiwm,
and theriwm nitrates may be extracted from uitwie sesid selutiens
with ether, esters, hetenss, and alechels. They state that more
than 935 pessent of the eceriwm is emtrasted from 8 W nitrie acid.
Besk and Meyer (10) zeport the separation of 99.5 perceat cerium
vith yields of 83 percent by extrasting ch nl.tuiu with diethyl
other. Fiseher ot g]. (19) veport fair separation of & erude
mixture of the rare earths utilisiag the distributien of the rare
earth nitrates betweea aquecus lithium mitrate and either diethyl
ether or 2-pemtancne, aand report extrastabilities of the rare

earths te imerease sscording to the follewing series: laathamum,






cerium, prasecdymiwm, gadelinium, meodymium, yttrium, samarium,

dysprosism, bolmiwm, erbium, and lutetium.

Suttle (58, 59) studied the chelation of lanthanum and
cerium by themoyltrifluoroacetons using extractiom techniques.
Lanthanum and cerium {m tracer quantities were extracted with
beasens solutisns of the chelating agent frem aquecus solutioms
at various pi's. Keenam and Suttle (33) made similar studies
with prasecdyniwm. Rydbarg (50) studied complex formatios of
scetylacetone with the actinides by & liquid-liquid distributioca
techunique. Broido (11) found that scandium may be separated
from the rare earths in a single extrzction with a benzens so-
lution of themoyltrifluoroacetons at & pH of 1.5. Moeller and
Jack;on (41) determined the distribution of neodymium and euro-
pium by thracting aqueous solutions at high (9.4) pH's with a
chloroform solution of 5, 7-dichloro-8-quinolinol. Dyrssen aad
Dahlberg (14) studied tiao extraction of l..anthamn; samarium,
hafniunm, tho;'hn, n;ul sranium (IV) mitrate ylth a chloroform so-

lution of either eupferroa or exins.

Wylie (76) has sxsmined the extraction of eeriwm (IV) nitrate
from 5 - 6 normal nitric acid solutions with ether, aad foumd
that as much as 99 percent of the cerium {n a rare earth mixture
is extracted. He showed that tha extracted cerium was present
as & mixture of BICO(IO,)‘ and m.(uo,)snzo. He states that
other solveats which extrsst aitrie acid frem 5 -~ 7 mormal so-

lutions may be used.
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Bagiwara (25) studied the extragtiom of thorium from aqueous
solutions utilising I-atirooophuylw&ml.m dissolved in
various organie solvemts. He used ether, m-butyl acetate, and
carbon tetrachloride. The butyl acetate system was studied wost

extenszively.

Warf has proposed the use of tri-m-butyl phosphate (70) and
aitromethams (71) for the extractiom of cerium (1V) aitrate, but
these separations do not appear to be so ¢lean as the ether ex-

traction,

Peppard ot 1. (46) have recently developed what appears to
be a rather promising methed for the separatiom of the rare earths.
These workers utilisze tri-n-butyl phosphate as the nea-agueocus
solvent (either pure or diluted with eam inert hydrocarbon) end
the rare earth nitrates dissolved im concentrated nitric scid
as the aquecus phase. Extrastability was found to increase with
stomic mumber, but this was reversed in dilute (0.3 X) mitriec ascid.
Scandium cguld be separated !ra- yttrium sod the rere earths in a
single operation by using the shlorides instead of the mitrates.
Veaver, Kappelmann, and Topp (73) were able to isolate over a
kilogrem of 93 - 98 pereent pure gadolinium oxide by uveing the
mothod of Peppard. The solutions used by Weaver were: for the
feed, 1) normal nitric acfd with 20 grams of rare earth oxide per
1iter; for ths aquecus phase, 10 normal mitric acid; and for tha
organic phase, a 60 percent solution of tri-m-butyl phosphate in
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Varsel (a commereial erganie petrelowm frastiem). Ia a thres stage
prossss, the separatisn fastor betwasa gadelinium sand terdiwm was
cbout seven, and batween gadolinium end samarivm shout aineteea.
Tappard ot al. (47) studied the extrastion of therium frem pitch-
blende with tri-n-butyl phesphate, and were adle te ipelate gram
quantities of thoriwm-230. Peppeard, Gray, and Markus (45) have
alse studied the muﬁ- of the astinides utilising the same
reagents. Secadden and Balleu (32) were able to separate yttriwm
from the leathasum group by an emtrastion of the solutiom with &
0.6 molar solution of di-a-butyl phospherie ssid ia di-butyl ether.

Schweitser and Ssett (34) determined the extractiom of yttri-
wa inte assetylasetone frem aquesus solutions st variews pi's, and
Steisbach and Preiser (35, 56) made similar studies for varioces
other matals, but met for the rare ecarths. Hagemsua (24) studied
the extrastien of astiniwm salts by s benseme selutiem of themoyl-
triflvercssetens. Keumelley (34) has studied the extrastion of
lanthasum, seedynium, snd suropium scetylasetounstes inte shlere-
form frem aguosus selutien as a funstion of pi, and fownd that
1ittle difference in their extractabilities exist.

Eberle and lerner (13) combine the methods of Dyrssea and
Pepperd for en analytical methed for the determination of ssandiwm.
Their methed iavolves first extrastiag the aquecus selution with
8 selution of swpferven ia eshlovoform, precipitating the emtrest-
od scandium as tsrtrate, snd then extrasting the seandimm frem
this material with tri-m-butyl phosphate from equesus hydroshlerisc
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acid solutioa. Lerner and Petretie (35) remove thorium from a
rare earth mixture by extracting the bulk of the thorium with
dibutoxytetrasthyleneglycol, and then the residual thorium is
removed by extracting the aqueous solutiom with a solutiom of

8-quinclinol in chloroform.

This history shows & cemplete adsence of any study asimed
at the nature ef the process involved ia the digtridbutionm of
zare sarths between aqueous solutions and su organmic solveat.
The mext sectiom should provide the background for t‘o poiat
of viev takea in the desiga of the gtudy presented im this

theefs.
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THEORETICAL

Irving, Bossotti, and Williams (31) have presented a very
general treatment on the solvent extraction of inorganic com-
pounds, and most of the material im this section may be ampli-
fied by consulting their paper. Claseisally, the simplest type
of partition between two immiscible liquids is givea by the
Nerast partition law: (X)o ® p(X), where (X), represents the
concentration of X in the organic phase, aad (X) represents the
eoncentration of X in the agqueous phase. Should X be polymer-
ized in the organic phase to a species X,, which is wot par-
titioned itself, then (Xy)o ® K(X)o®. 1If (Xp)o is mmch greater
than (X)o, then the distribution ratio, q, is given by the
following equation:

€ * AKX = akp(D® - 1.

This equation implies that the gradient of a logarithmie plot of
q (experimentally determined) versus (X) will give the degree of
polymerization of X in the organic phase. Such simplicity (s
not generally the case for inorganic systems, however. In these
systems the actual species which may eross the phase boundary

may be oaly & minor component of a very complex system.

First, let us examine the equilibria existing dbetween the
simple fons and all of the various species which may make up the

s7stem of two relatively immiscible liquid phases. Step equilib-






ria can be used to describe the concentrations of different
species existing in the aqueous phase, and & series of partition
coefficients wsed to relate these concentrations to those in the

orgaaic phase.

1f we consider an aqueocus solution which is 1ia equilibrium
with a relatively immiscible organis solveant, 8, and econtains
metal ioms, l". hydrogen ions, B', sad saions, N %, and 1f we
assume that hydrolysis of any of the catieanie species present
is not sppresisble, all the somplex ions, acide-gpecies, sand
polyasclesr spesies which might exist in step equilidbria can be
vepresented by a gemsral term My K,(N20)y8,, and their concea-
trations related to these of the simplest ioms by a series of

overall equilibrium constante defined as follows:
kpnnws * (Hndalta(H20)w8s) /(H) BOO™(W)2(H20)7(8)®, (1)

vhete h, m, n, v, and 8 represent the mumber of hydrogea ioms,
metal iems, ligand fons, water molecules, aad selveat molecules
associated with the complex. Psrtitien scefficieats for each of

the possible species are defined by

Phemws * (BRI N, (H20)84) o/ (Hpdplin(H30)y8y) , (2)

vhere the svbscript o 1is used to distinguish the organic phase
from the aquecus phase. A general distridbution ratio may de

written ast

13
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qe total concentration of wetal in the orgamic phase
total semsemtration of metal ia the aguesus phase

. Ea(Bualiy(130)ulgdo

> a(HpMaNa(H20) wS )

by w(H) BOOR(N)2(HI0)¥(8)8 3)
¢ %ﬂ%ﬂ)‘(&ﬂ'&)‘

vhere the summetion insludes all physically significant combi-

nations of b, u, n, v, and 5. This equation may be simplified by
entluding terms from the sumerator in vhieh phgaws 185 equal to
sero. Considerations of elestremeutrality require the exslusion
of the distridbution of chaxged species, and impose the conditiem
mv +h ® nas. The aversge composition of the differeat speciecs in
the aqueous phase may alwveys be represented by a single symbol,
vis., HohVQIGR(H20)aySng, vhere & represents the polymerisation
munber, and & and n the aversge mumber of hydrogen snd ligesd
stoms or ioms per atom of matal, and ¥ and § represent the sverage
aumber of wvater moleeules and selvent molecules per atom of metal.
The above equation (3) may mew be written in the ferm

q * S(RGRIGNLA(H20)aibas) o /B (HLEMRIGS( H0) anlng

Pk (1) 2R (20 H20)o™(8) o™
()M () BNy ®B(1120) 59 (8) 58

Expressing equation (4) ia legarithmic form, we have
log 4 * log(pko/k) + log(me/m) + (moho - wh)log(R)
+ (= - Wlog(M) + (mone - mn)leg(M)
+ (Aole - §8)10g(1,0) + (dodo - &B)log(8).

= R)oa‘.‘

1O
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If the iomic strength is kept comnstant, and (8) and (H20) are
kept constant, and provided there is no change either im solvation
or in the solvent properties of the two phases, the last two terms
of the adbove equation may be combined with the first term to give
log q * A ¢ log(mo/m) ¢ (moho - mh)log(H)
¢ (B - W)log (M) ¢ (iofo - &n)log(W), (5)
wvhere the term A is indepeadent of (H), (), sad (M), and can dbe
eliminated by differentiation. By partial differemtiatiom, the
theoretical meaning of the slope of the logarithmic plot of the
extraction coefficient versus the comceatratiom of metal, ligand,
or hydrogen ion may be evaluated. The partial differeamtial with
respect to the logarithm of free ligand comcentration is equal to
(8,08 - 1), the partial differemtial with respect to the logarithm
of free metal ion concentration is equal to (i, - £). The value for
the variation with respect to hydrogea iom concentratioa is compa-
rable to that for the ligand comcentration, being (iol'no - mh).
These quantities represent the difference in the average number of
ligand ions, ut‘l ions, or hydrogen ioms associsted with the com-
plex in the erganic phase and the average mumber associated with

the complex in the aquecus phase.

The experiments described in the next section of this thesis
were devised to give the type information necessary to make the
kind of saalyses described adbove. The thiocyanates were chosea
for study because it was felt that since the thiocysnates of many

of the tramsition metals are extractable from ajueous solutioms by
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organic solvents, the thiocyanates of the rare earths might also
prove to be extracted. Tri-n-butyl phosphate was chosen as the non-
aqueous solvent because of the successful use of this solvent for
the extraction of rare earth nitrates (46). The conceatration
ranges were chosen for study from the point of view of usefulness
to 4n uﬁustrul p‘rocou. It vas felt that as few variables as
possible should be introduced, and for this reason, the effect of
dilutiom of the tri-a-butyl phosphate with an imert hydrocarbon
was not studied. wuk this baekcxound,'vol may now proceed to the

experimental sectiom.
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EXPERIMENTAL

In order to utilise the theory of Irviag st al., the dis-
tribution experiments described here were designed so as to leara
the effects of the various variables of the system: rare earth
sonsentration, thiocyamate conceatratiem, and the acidity. Expex-
iments vere performed ia which two ef these variables were kept
constant, and the third varied. 1Ia this way, the effect of each
individual variable was measured. In the presemtation which
follows, the experiments with each rare earth studied are preseat-
od together, so all extraction data concerning lanthanum will be
found in ome section, whersas those concerning neodyaium will be

found ia another, etc.

Rurity ef Baxe Eaxths Used

Quantitative work om the rare earths often necessitates aver-
age atomic weight determinatioas of the particular samples being
used fn orxder to estimate the purity of those samples. The usual
wethod for this determinatiom is te find the exalate to exide ratie
(16). This cammot be done by the simple ignitiom of the oxalate,
because the rare earth ezalates do mot sasily become anhydrous.

The method usually employed to obtaim this ratio i{s to find the
pescent oxalate im a sample by titratiom with standardized per-
manganate, and the percent rare earth exide by simple ignitioa.

The average atomic weight is thea calculated as follows:






de obtained ‘
2R¢e30 '!L%!&L‘:a_ggug E Wt exsalate titrated ujcm'
- N of D0, x nl N0, x meq. wt of C203

The rare sarths used for this study were all from the

Mickhigan Stats University stosk. The average atomic weight eof
the lsnthesum was 138.9. [Freshly ignited lsatheswm exide samples
were pexfestly white. Tests for cerium were megstive, and lean-
thamem o.alluour showved ne sheerption bande fer other rare earths.

. The needynium had an sverage stemis weight of 144.4, snd the
freshly igaited exide was nh blue ia selex.. Abserption spestra
of the meodynium solutions show but slight adserptien ia the
regions eharastaristic fer both praseodynium and samariwm. The
amount at_thfu- tws rare earths preseat, however, was insuffisient
te affect. :ho measurements .‘l ueing this material. The ab-
ur"un cponr;s'o! thuﬂy-tu used is shown as Figure 1. The
»;n-— 'u taken ea 8 Icehn-d.l D.K.-2 vesording spestre-
phetometer uaing & ens demtimster vell, and a selutien 0.15 formal
with respect te needymivm. Tests fer eoriwm wers megative.

The praseodyniva nmin“::_u boea purchased frem the Lindsay
Mtlcﬂn’cu_luoud:du the 99.8 perecent prasecdynium
exide (Lindsay Code 729). This material was bliwek in coler, and &
mﬂouu _nhnn uvc an absorption spectrum which hed no
sbsorption bands for other rare sarths. The sbeerptien spestrum
for the prassedynivs wsed s shows as Figure 2. The spestrum was
taken through a sae eantimeter sell, voing a .oz"uu-"a.u formal
with respest to prasesdymium.






3‘.2% YBuSNoNN

ooc/ ooo/ QQQ 00& o098 Oy ooy ag (0,2 Ofx
I [ 1 L1 1 1 1 1 1 g L1 1 1 1 1 1 o
-0/
\ ) ~0Z
4 23 M
0
~OP -
| :
-0S M
S(rOIOPN SO
uonos oSSO0 D 4O L o9
winyoeds uoudsosqgyer
A /| eurnbio 3




(TTe) Yy NoNN
0o0oc/ 000/ o008 004 009 00. (e} 4 4 oor s ost (0]
1

1 1 ] 1 ] | 1 | I W I I N | [ 1 1 ] 1 1 1 ] ] 1 Po)

; -0/

02
J
EZ 3
0
S(*OID4d 4O Los 3
uonnNos 41O D 4O 3
windoeds vondiosqyr o u_
s 8mnblo w
-09 m
| 3
oz )
3

Q -O8

g , \ L 06

_}\.\/J\ oo/




21
The freshly ignited samarium oxide was pale cream im color.
The absorption spectrum showed no absorption bands for other rare
esarths. The absorption spectrum of the samarium used is showm as
Figure 3. The spectrum was taken through a one centimeter cell,

using a solution 0.2 formal with respect to samarium.

Rare Rarth Thiocyanates

The rare earth thiocyanates were prepared by the metathetical
reaction of barium thiocyanate and rare earth sulfate. The pro-
cedures were essentially thes same in all cases, except that im one
case crystals of the compound were prepared, and in the remainder,
the solution was used as such. The procedurss for each case are

descrided later.

Neodymium Thiocyanate

The preparation of meodymium thiocyanate im crystalline form
started vith gixty-five grams of neodymium oxide dissolved in
thirty-five milliliters of concentrated sulfuric acid which had
been previously diluted to sbout 750 milliliters. Im erder to
dissolve all of the neodymium sulfate, this solutiom had to be
diluted again te & volume of approximately four liters. The so-
lution was then fi.lﬁo:od. One hundred sixty-five grams of barium
thiocyanate was dissolved in about 750 milliliters of water, and
both this solution and the neodymium sulfate solutiom were heated
to almost boiling. The barium thioc«ymtc was them added slowly

to the neodymium sulfate solution, and this was then allowed to
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cool. The barium sulfate formed was removed by filtration, and the
filtrate evaporated to & volume of approximately one liter om &
steam bath. It was further evaporated by placing the solution ia
a crystallizing dish, and placing this im a desiccator over con-
centrated sulfuric seid, and the desiccator evacuated. Mot until
the volume of the solution had reached about 125 milliliters did
any erystals begin to asppesr. IKvaporatiom was ecoatinued watil s
fair amount of erystalline meodymium thiccyamate had formed. This
material was collested by filtering, sad the crystals were takea
up in 250 milliliters of conductivity water. This solution was
thea analysed for needyniwm and the formality was found to be
0.572 with respect to neodymium. The solution was amalyzed as
follows: twenty-five milliliters of the selution was diluted to
250 milliliters, and twenty milliliter samples of this solutiom
were placed in 250 milliliter beakers, diluted to about 100
milliliters, acidified, and heated to almost boiling. Hot ox-
alic acid was then added to precipitate the neodymium as neo-
dymium oxalate. The mecdymium exalate was collected oa Carl
Schleicher and Schuell white ribdbom filter paper, dried, and
iguited at 975°C. in platimwm creecibles. The analytiecal data

are givean as Table I.



Jable I
Analysis of Nd(SCN)3 Solution for Neodymium
Weight Ndy04 Formality
0.1920 0.5711
0.1924 0.5723
0.1926 0.5729

The thiocyanate conteat was analysed by titrating two milliliter
samples of the stock -_olution with 0.100: X. silver mitrate so-
lution, using eocsin as indicator. The formality of the solution
with respect to thiocyanate was 1.51. The amalytical data for

this determination are given as Tadble II.

Jable 11
Amelysis of Md(SCN)3 Solution for Thiocysnate
Ml. AgRO3 Formality
30.30 1.515
30.20 1.510
30.20 1.510
Lapthanun Thiocyamate

Lanthanum thioéyhltc was prepared by uo@:tally the same
uthoé as was used for the neodymium salt, except that more care
was used in the weighing of the lanthanum oxide and the bdarium
thiocyanate, and ia the msasurement of the amount of sulfurie
acid used. The solution remaining after the barium sulfate was

removed was mot evaporated to erystals, but only takem dowa to

24
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a voluze of approximstely one liter., The solution was analyzaed

by the method described for neodymium, except that it was necessary
to digest the precipitated lanthanum oxalate over a hot plate for
a period of about twe hours in order to coagulate the precipitate,
and simplify the f{ltration. The analytical results are listed

as Table II1I.

Table III
Analysis of La(8CN)3 Solution for Laathanum
Weight hﬂ Formality

0.0737 0.4524
0.0744 0.4567
0.0744 0.4567

The solutiom was analyzed for thiocyanate by taking five
milliliter samples of a oﬁlutién made to bde 0.205 formal ia
m:uﬁ-, and adding silver mitrate solution. The silver thio-
cyaufo precipitate vas digested on a hot plate for about two
hours, allowed to cool, and thubcollocud in weighed pyrex
fritted type gooch crugibles. The formality of thiocyanate which
should be preseat would be 0.6135, the formality obtaimed by ansl-
ysis was 0.6138, which is a reasonadle cl;ock for the theoretical
smount that should be present. The anmalytical results are givenm

as Table IV.
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Tahla IV

Analysis of La(SCN)j3 Solutiom for Thioeyanate

Walght AgSCH Formality
0.5092 0.6136
0.5095 0.6140

Praseodymium Thiocyanate

Praseodymium thiocyanate was prepared by dissolviag praseo-
dymium oxide {n sulfuric acid, allowing the praseodymium sulfate
to crystallize, filtering off the mothor liquor, aand taking up the
crystals in conductivity water. This solution was then analyzed
for praseodymium by the same method as described for neodymium.

A bdarium thiocyanate solution was made from C. P. grade bariua
thiocyanate which had first beem recrystallized from absolute
methanol. This solution was analyzed by titrating with standard
silver mnitrate solution, using ferric nitrate as the indicator.
Rquivalent amounts of the praseodymium sulfate solutiom and the
barium thiocyanate solution were added to one another, and diges-
ted for approximately four hours on a hot plate. The precipitated
barium sulfate was removed by passing the solutioca through a fine
fric, and the filtrate was evaporated to a volume of approximately
250 milliliters. This solution was thea anszlysed for praseodymium
as descridbed defore. The solution was found to be 0.2844 formal
with respect to praseodymium. Prasaodymium perchlorate was pre-
pared by sprinkling praseodymium oxide into perchloric acid, aund

stirring over night. The excess praseodymium oxide was filtered
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off, and the pH of the solution was measured and foumd to be about
&.5. This value for the pH is on the acid side of equilibrium, and
thus iasures a minimsm of basic praseodymium salts, and also a

ainiswm of excess perchloric acid.

!ﬂﬂ!_' Thiocyanate

Samariem thiegyanats was prepared by the same method as de-
ssribed for the praseodymium compound., The solution was amalysed
for samarium by the same mehted as was described for the analysis
of neodymium thioccyanate, and the solution was found to be 0.325
fermal with respest to samariwm.

Extraction of Rare Rarth Thiocyanates by Tri-m-butyl

osphate

The solutions described below were made by adding the preper
smsunt of the steek rare earth thioccyamate solutioam, standard
perehloric acid solution te adjust the acidity to the desired
value, either asmonium or sodium thiocyanate solutioa to adjust
the thiocyanate concentratioa, aamd conduetivity water to brimg
the total qnén volume to the desired value. (For the sxact
contents of each solution, see appendix). A voleme of tri-a-
butyl phosphate equal te the total aquecus volume was added, the
sentainer shaken, and the phases allewed to separate, Ia or-
der teo assure oquilibrium conditioms, the two phases wvere allowed

te remain in scomtact for at least sixteea houre. The tri-a-
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butyl phosphate used vas purchased from the Commercial Solvents
Company, and before use it was washed vith sodium carbonate sol-
ution to remove any mono- or di-butyl phosphoric acid which might
be present, and then vashed tem times vich conductivity water. The
solutions were analysed by taking samples from each phase, adding
about 75 milliliters of water, heating to almost boiling, and add-
ing hot oxslic acid. The solutions were them sllowed to cool. The
rare earth oxalate vas eollected oa Carl Schleicher and Schuell
white ribbon filter paper, and ia the case of the organiec phase, it
was mecessary to wash the filter paper at least three times with
mathanol or acetone im order to remove all the tri-a-butyl phos-
phate. Usually, the precipitate was washed twice with methanol
and thea twice with acetome, dried, and then igaited im platinem
erwcibles at 975° C. It should be moted that whem platinum ware
is used at these temperatures for loag periods of time the eruci-
bles lose some waight, and it is mescessary to weigh the erucible
after removing the oxide by washing with dilute hydrochloric ecid

to ebtain the tare weight.

Extraction of Neodymium Thiogysnate

The effect of wvarying the asidity of the iaitial selution
was studied by determining the distributiom coefficieats of
asodynium thiccyamate at different imitial acidities, while the
seedynium thiocysaste soncentratios was held constamt et &
formality of 0.100. Table V presents the results of these ex-

tractioms.






Iablg ¥

Extraction Dats for Neodymium

Conceatrstion in Mples pex Liter
Ban Nd Acidity Kd N q.

No. Original Original Aqueous Organic

1 0.100 0.101 0.0545 0.0417 0.876
2 0.100 0.504 0.0773 0.0270 0.312
3 0.100 1.009 0.1028 0.0124 0.120

It may be seen from these results that the distribution
coefficients decrease as the initial acidity is incressed, or that
the distribution coefficient has an inverse dependence om the initi-

al sciditcy.

The effect of changing the thiocyanate cenceatratioan was stud-
{ed by varying the amount of thioacyanate while the comsemtration of
neodynium and the acidity were held constant. In order to adjust the
thiocyanate concentration to the desired values, standardized
asmonium thiocyanmate solution was added to the mixture of neodymium
thioeysnate and perchloriec acid. The total volume of the aqueous
solution was adjusted to twenty milliliters by addhj the proper
smouat of eonductivity water. Twenty milliliters of tri-m-butyl
phosphate was then added, and the containers were shaken and the
phases alloved to ssparate. Five milliliter samples were removed
from each phase and analyzed for neodymium as described above.

The results of these analyses are presented as Table VI.



Table VI

Extraction Data for Heodymlum
Concentration in Moles per Liter
nd Md

Rua M Acidity SCNW
. insl 1 Or u anic
b ] 0.100 0.101 0.273 0.0541 0.0499 0.921
6 0.100 0.101 0.308 0.0477 0.0558 1.17
7 0.100 0.101 0.353 0.0412 0.0619 1.50
8 0.100 0.101 0.709 0.0102 0.0927 9.06
.9 0.100 0.101 0.442 0.0280 0.0757 2.71
10 0.100 0.101 0.531 0.0190 0.0832 4.37
11 0.100 0.101 0.620 0.0138 0.0927 6.46

It may be seen from these data that the distributiom coef-
ficieat increases with an increase ia the initial thioeyanate con-
sentration. It may be cbserved them, that the distribution of
neodymium thiocyanate between water and tri-n-butyl phosphate is
dependent upon the concentration of thiocyaﬁntc present in the

aqueous phasa.

In order to learm whether there was any appreciasdble diger-
ization or association in either phase, the effect of the con-
centration of neodymium en the the distribution was studied. In
order to study this effect, extractions were made at two other
initial neodymium ;onc.nttctloas. The procedure was the same as
before, except that the volume of each phase was inereased to
forty milliliters so that tem milliliter samples could be taken
for analysis. The results of these extractions are presented as

Table 'IL
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Table VII
Extraction Data for Neodymium
_Concentration in Moles per Liter
| Acidity SCN Nd M
!g, Original Original Original Agqueous  Orgasmie q
12 0.0713 0.101 = 0.189 0.0433 0.0286 0.631
13 0.0713 0.101 0.223 0.0383 0.0343 0.902
14 0.0713 0.101 0.278 0.0313 0.0408 1.29
135 0.0715 0.101 0.367° 0.0206 0.0506 2.43
16 0.0715 0.101 0.436 0.0140  0.0572 4.07
17 0.0715 0.101 0.343 0.0086 0.0613 7.11
18 0.0713 0.101 0.634 0.0058 0.0631 10.8
19 0.0429 0.101 0.113 0.0329 0.0110 0.333
20 0.0429 0.101 0.157 0.0269 0.0167 0.622
21 0.0429 0.101 0 202 0.0213 0.0219 1.02
22 0.0429 0.101 0.246 0.0162 0.0267 1.63
a3 0.0429 0.101 0.291 0.0127 0.0306 2.41

These data imdisate that for equal initial acidity amd thiocyanate
eoncentration, the distribution coefficient increases with decreas-
ing meodymium cencentration. The data presented im Tables VI and

ViI are presented graphically as . Tigure 4.

While performing experiments with lanthamum (see below), it
wvas observed that smmv.ium thiocyanate was extracted into tri-m-
butyl phosphate to & greater extent than was the sodium salt. It
was also observed that lanthanum perchlorate was cxtfnctod even
when there was no thioeyanate preseat. Another series uwsing neo-
dynium wvas studied with an attempt at controlling the iomic
streagth made, and in vhich the thiocyamate concentration was ad-
justed with standard sodium thiocyanate solution. The results of
this series of extrastions are givea as Table VIII, and presented

graphically as Vigures 3 and 6.
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Table VIII
Extraction Datg for Neodymium
_Concentration in Moles per Liter

Run d A 1dicy SCN Nd Rd

Ro. Origina inal Origina ueous Orgen
24 0.103 0.101 0.000 0.0667 0.0360 0.540
23 0.103 0.101 0.175 0.0469 0.0558 1.19
26 0.103 0.101 0.362 0.0287 0.0740 2.58
27 0.103 0.101 0.562 0.0133 0.0894 6.72
28 0.103 0.050 0.362 0.0186 0.0841 4.52
29 0.103 0.202 0.362 0.0443 0.0584 1.32
3 0.103 0.304 0.362 0.0786 0.0278 0.354

Extraction of Lanthanum Thiocyamate

Lanthanum solutions were prepared in the manner described
above, the total aquecus volumss being tweaty milliliters for
the 0.1 and 0.14 formal solutions, and forty milliliters for the
0.07 and 0.04 formal solutions. The anaslyses were performed as
descrided above, except that the precipitated oxalate vas allow-
ed te digest for sppreximately two hours defore the solutioms
were removed from the hot plate and allowed te cool. The ignition
of the oxalate was dome in platinum erueibles at 975° C. or above.
The results are similar to those for the meodymium solutions. For
the 0.14 formal lanthamum series, lanthanum perchlorate was used
in place of the lanthanum thiocyamate, and all the thiocyanate
present vas added in the form of ssmonium thiocyanate. The laa-
thasum perchlorate solution was prepared by adding an excess of
lsathanum oxide to perchloric acid, stirriag over might, and re-
meving aay ri-ntnin; oxide by filtratiom. The pH of the result-

ing solution was messured and found to be about five. This value
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for the pH insured that very little of the lanthanum was present
in the form of basic salts, since it is om ths acid side of equi-
1ibxrium, and also represents a minimum sxcess of perchloriec acid.
The solution was then amalysed for laathamum by the method pre-
viowsly described and was found to be 0.2788 formal. The data
for s number of lanthanum extractions in which the metal con-
| ceatration was held constant wvhile the thiocyamate conceamtra-
tion was varied are presented im Table IX. (Note that four dif-

fereat lanthasum conceamtrations were studied.)

With the exception of the 0.14 formal lanthanum data, these
vesults are quite similar te those for the meodymium. Additional
experiments were performed (ses below) to explain the variation
of the 0.14 formal solution from the values of the others. The
data presented in this table are represented graphically in |
Figures 7 and 8.
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Table IX
Extraction Data for Lanthanum

Concentration in Moles per Liter of
La La

Rua Ls Acidity scu ¢
Mo. Original Original Originsl Aqueous _ Orgenic
1 0.103 0.101 0.308 0.03549 0.0498 0.908
2 0.103 0.101 0.397 0.0410 0.0632 1.54
3 0.103 0.101 0.486 0.0284 0.0726 2.55
4 0.103 0.101 0.373 0.0216 0.0803 3.72
3 0.103 0.101 0.664 0.0169 0.0858 5.10
6 0.103 0.101 0.753 0.0131 0.0902 6.87
7 0.0685 0.101 0.203 0.0440 0.0254 0.3578
] 0.0635 0.101 0.277 0.0337 0.0355 1.06
9 0.0685 0.101 0.339 0.0260 0.0426 1.64
10 0.0685 0.101 0.428 0.0179 0.0506 2.83
11 0,0683 0.101 0.517 0.0122 0.0560 &.61
12 0.0400 0.101 0.120 0.0312 0.0093 0.299
13 0.0400 0.101 0.191 0.0231 0.0173 0.750
"4 0.0400 0.101 0.298 0.0102 0.0198 1.93
13 0.0400 0.101 0.387 0.0084 0.0315 38.77
16 0.0400 0.101 0.520 0.0042 0.0356¢ 8.41
"7 0.139 0.101 0.203 0.0673 0.0734 1.09
b U 0.139 0.101 0.303 0.0559 0.0836 1.50
]y 0.139 0.101 0.400 0.0459 0.0926 2.06
**20 0.139 0.101 0.498 0.0381 0.1017 1.67
21 0.139 0.101 0.605 0.0297 0.1094¢ 3.68

® An error was made in the addition of tri-a-butyl phosphate,
in that for this extraction 60 milliliters was sdded in-
stead of the 40 used for the remainder of the solutions,

*& Jor these solutions, all the thiccysnate was added in the
form of amwnium thiocyanate, and the lanthanum was added
ia the form of laathamum perechlorate.

The thiocyanate concentration for runs one through five, aime,
ané clcvin wers d;totuxucd by precipitating the thioecyanate with

silver mitrate solution, and weighing the precipitate. The com-
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centrations obtained are given as Table X.

Table X

_Extraction data for SCH from La(SCI)3

ncentration in Mole er Liter Organic

Mua SCH SCN SCH La/8CR
Mo, Original Agueous Organic Ratio
1 0.308 0.1082 0.1967 3.93
2 0.397 0.1467 0.2442 3.86
3 0.486 0.1982 0.2854 3.93
4 0.573 0.2445 - = 0.3276 4.07
3 0.664 0.3025 0.3583 4.18
9 0.33 0.1983 4.66

11 0.517 0.2649 4.73

An examination of these data gives the impressiom that
the thiocyanate to rare dnrth ratio in the organie phase is

probably four.

An examination of the data for the 0.139 formal lan-
thaaum solitiono indicate that the ionic strength of the so-
lutions plays s not unimportant role im the extractions. It
would seem that 1f o-; could control the iomic strength of
the water solution after extractioa to some comstamt value,
the results would be more nearly comparable. PFor this pur-
pose, several more rums were made ia an attempt to comntrol
the fonic strength. This mecessitated some parhaps rather
drastic sssumptions. These assumptions are: firet, that
everything is totally ionigsed in the aqueous phase, and sec-
ond, that since it appears that four thiocyanate ions eress.

the phase boundary for each lanthanum (see Tsble X), the
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decrease in ioniec strength from that of the original solutioa wewld
be sevea times ths concentration ¢f lsathaoum i{a the organic phase.
Using theses assumptions, the "ionic strength' of the aquecus phase
after extraction can be calculated. The next series of experiments
were performed as previously described, except that the distribu-
tion coefficients were estimated and the ioniec strength of the orig-
inal solution was calculated to give a final ionic strength of
spproximately 0.5. 1If the resulting distridution coefficient was
quite different from that estimated, another estimate was made,
and the experiment repeated. The results of these experiments
are given as Table XI, and presented graphically as Figures 8 and
9.

These data are a further {ndication of the importance of the
foaic strength on the distribution of the rare earths, and they
also indicate that the discrepancy im the 0.14 formal laathanum

data previously reported vas becauss of ionic strength differences.
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In order to adjust the ilonic strength of the 0.07 formal
solutions, some armonium perchlorate or sodium perchlorate would
be necessary in addition to the cther salts. It was decided to
usa the sodium salt for the complete geries, and slso to use sodium
thiocyanate instead of the asmonium salt in order to reduce any
hydrolysis effects to a minimum. The 0.4, 0.5, and 0.6 formal
thiocysanate solutien was rum with both the smmonium salt (rum
numbers 37, 38, and 39) and the sodiwm salt (run aumbere 42, 43,
and 44). The data for these solutioms, as well as re-runs using
sodium salts for the 0.1 and 0.14 formal lanthamum are presented
as Tadble XII, and given in graphical form im Pigure 10. Included
ia Table XII are data from a series of extractions made from 0.1
formal lamthammm solutiems, with the thiocyamate comcentration
held at 0.400 formal, but with varying initial acidities. These
dats are presentad graphically as Figure 11. The data presemted
hexs indicate that the effects of the acidity, lanthanum coacen-
tration, and thiocyanate econcentration are of the same order as

wvas found for neodymium.






Extraction Data for Lanthanum

Table XI1

45

Concentration in Moles per Liter of

Run La Acidity SCHN La La q
No. Original Origingl Original Aqueous  Organic

40 0.0685 0.101 0.200 0.0207 0.0481 2.32
4l 0.0685 0.101 0.300 0.0132 0.0535 23.31
42 0.0685 0.101 0.400 0.0109 0.0579 3.30
43 0.0683 0.101 0.498 0.0076 0.0610 8.02
XL 0.0685 0.101 0.600 0.0053 0.0632 11.84
43 0.103 0.101 0.200 0.0413 0.0614 1.49
46 0.103 0.101 0.400 0.0283 0.0744 2.63
47 0.103 0.101 0.500 0.0174 0.0853 4.90
48 0.139 0.101 0.200 0.0782 0.0612 0.783
49 0.139 0.101 0.400 0.0323 0.0869 1.66
30 0.139 0.101 0.600 0.0284 0.1110 3.91
31 0.103 0.050 0.400 0.0214 0.0813 3.80
32 0.103 0.101 0.400 0.0283 0.0744 2.63
33 0.103 0.202 0.400 0.0451 0.0576 1.28
34 0.103 0.504 0.400 0.0739 0.0268 0.353

The comceatrations of thiocyanate im the organic phase were

determined for rums 46, 47, 49, 51,53, and 54 by precipitating the

thioeyanate with iilvor nitrate solution, and weighing the precipi-

tated silver thiocysnate.

KIIX.

The values obtained are given as Table
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Table XIIY

Extraction dr~a for SCN from La(8CX)3

Concentration in Moles per lLiter Organie
Rn la Mcidity SCN SCN SCH/La
No. Original Original Origimal Organiec Ratio
46 0.103 0.101 0.400 0.221 2.97
&7 0.103 0.101 0.500 0.268 3.14
49 0.139 0.101 0.400 0.239 2.75
51 0.103 0.050 = 0.400 0.202 2.48
$3 0.103 0.202 0.400 0.253 4.39
54 0.103 0.504 0.400 0.306 11.4

If one compares the data, it will be noticed that the dis-
tribution coefficients are mot the same for the solutions using
sodium thiocyanate as they are for the solutions {n vhich ammonium
thiocyanate was used, the ltatribnt;on'cocfficianto being greater
for the solutions containing the sodium salt. In am attempt to
explain this difference, which is too large to be accounted for
by hydrolysis effects, extractions were made in whiech either
ammonium or sodium thiocyanate solutioms with mo rare earth
coatent were equilibrated with tri-n-butyl phosphate and the
distridbution of thiocvemate measured. This was done by amafys-
ing both the aquecus amd the organic phases for thiocyanate as
dascribed previously. Solutions of each were prepared and ad-
justed to be 0.6 formal with respect to the thiocyanate, and 0.1
fermal with rvespect to perchloriec acid. Upon analysis, it was
found that the orgamic phase was 0.201 formal from the ammonium
thiseysnate sntraction, and oaly 0.125 formal from the sodium

thiocyanate extractiom. It appears from these data, that the
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asmoniuwm thiocyanate represses the extraction of the rare earths
by being extracted itself. Ia order te determine whether sodium
thiocyanate was being extracted, or {f thiocyanic acid was the main
species being extracted, a series of extractions were made ia which
the thiecyanate concentratioa was varied while the hydrogea fonm
sonceatration was held constant, and also {u which the hydrogea
fon somcentration vas varied as the thiocyamate conceatration was
held constaat. 'l"m data for these extractions sre given as Table

X1V, and presented graphically as Pigures 12 and 13.

Table XIV
Extraction data for NaSCH
Concentration in Moles per Liter

% SCH Acidicy sCM
Ko. Original Original Organie
1 0.400 0.050 0.063
2 0.400 0.101 0.104
3 0.400 0.202 0.17%
4 0.400 0.504 0.298
5 0.200 0.101 0.083
6 0.600 0.101 0.123

These data show that the concentration of thiocyanate ia the
orgsaic phase increases rather markedly as the acidity is increased,
but that there is only s slight increase in the amount of thio-
syaaate in the organic phase as the origisal thiocyanate comcen-
tration is imcreased. These observations indicate that the majority
of the thiocecyanate which enters the organic phase does so in the

form of thiecyanic asid, and not as sodium thiocyamate.
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32
Extraction of Praseodymium Thiccyanate

The extractioa of praseodymium was studied at differemt thio-
eyanate concemtrations and at different initial acidities. Sodium
thioccyanate was used to adjust the thiocysnate comcentratioas to
the desired values, and perchloric acid was uwsed to adjust the
initial acidity. The fonic strength wvas adjusted by adding stand-
ard sodium purchlorate solutioa. The extraetioms were performed
as deseridbed previcusly. The data obtaimed for these extractions
are presented as Table XV, and graphically as Vigures 14 and 15.

Table XV
Extraction datg for Praseodymivm
Concentration in Moles per Liter
Run 3 Adidity SCN Pr Pr q
Be, Ogiginal Origismal Original Aquecws Orgasic

0.103 0.101 0.000 0.0678 0.0349 0.315
0.103 0.101 0.200 0.0379 0.0648 1.71
0.103 0.101 0.400 0.0206 0.0821 3.9
0.103 - 0.101 9.600 0.0084 0.0943 11.23
0.103 0.050 0.400 0.0130 0.0897 6.90
0.103 0.202 0.400 0.0336 0.0691 2.06
0.103 0.504 0.400 0.0706 0.0321 0.435

~NOWVMP LN

Thease data show the same dependence ou initial thiocyenate econ-
centration and initial acidity as was observed for neodymium and
laathaaunm.

BExtragtion of Semarium Thiocyamate

The extraction of semarium was studied in exactly the same
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sanner as was the praseodymium. The solutioms to be extracted were
mede to be identical to those wsed in the praseodymium extraction,
ensept that samsrium vas used instead of prasecdymium. The results
of these extractiens are presented as Table XVI, and graphical

representations of the data are given as Figures 16 and 17.

Zable VI
Extraction Data for Semerium
Congentration in Moles per Liter
Run Sa Acidity SCR Sa Sa q
. Original Or ueou Oxganic

0.103 0.101 0.000 0.0633 0.0374 0.373
0.103 0.101 0 0.0362 0.0665 0.84
0.103 6.101 ] 0.0181 0.0846 4.67
0.103 0.101 0 0.0083 0.0944 11.37

/]

0

0

0.103  0.050 ) 0.0118  0.0909 7.70
0.103  0.202 0.0325  0.0702 2.16
9.103  0.504 0.0680 0.0347 0.510

33333

These data show the same tendencies as were observed for the

other vare earths studied.

Extrection 9.! Prageodymium and Neodymium in the Presence
9f One Another

In oerder to test the usefulness of the extractiom of the rare
earth thiocysnates into tri-m-butyl phosphate, synthetic mixtures
of praseodymium and meodymium thieocyanates were made, and these
were equilibrated with tri-a-butyl phosphate as described bdefore.
Separation factors ware determined gpectrophotometrically by the
methed of ‘ollu end Brantley (40). The separatiom factor as used
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58
hete is defined as the ratio of neodymium te prasecdymium im the
ayuesus phase after extraction divided by the same ratie for the
ovlution befere extraction. The data from these experimeats are
listed as Table XVII.

Isble XVIE

Extraction of Neodywium and Praseodymium

entratio n les Literx Separation
N Pr SCN Acidity

na inal Original Original Pactor

0.075 0.023 0.400 0.101 1.14
0.030 0.050 0.400 0.101 0.95
0.02% 0.075 0.400 0.101 0.77

These data indicate a variation eof the sesparatiom factor as
the relative amounts of different rare earths in a mixture were
shenged, even though the over-all émantruuo- of rare earths
ware kept comstant. It‘mld appear, then, that .thin method

would be of doubtful value for the separatiom of a crude mixturs.

Sexiwg in the Presepce of Yhiocyanate

Since the distributioa coefficients for lanthamum, praseo-
dynium, neodyniua, and semarium have beea detarmined, it would be
interesting to kmow the distridution behavior of cerous thio-
eyamate. A uluuon‘ of ecexous sulfate was prepared by reducing
ceric sulfate with hydrogea peroxide, and sodium thiocysmate so-
lution was added. Immedistely upon the addition of thiocyanate,

a voluminous precipitate of sulfur formed. To be certaia that the
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hydregen peroxide was not the cuuse of the decomposition of the
thiocyanate, sodium thfocyanate solutlon wais added to an acidified
solutiom of kydrogen percxide, and the solution remained perfectly
clear. The experiment with cerium was repeated with a fairly large
excess of peroxide preseat to minimize the possibility of cerie
cerimm being present. Whea thiocyanate was added to this solutiom,
the voluminous precipitate of sulfur was again very mmch in evi-
demge. It was eoncluded that the difficulties i{n uasing cerium and
thiocyanate together were toe great to attempt & study of the cerium

axtraction,

Variations in the Absorptiom Spectra of the Rare Earths in
Tri-n-butyl Phosphate S8olutions

Ia the initial tests for the extractability of seodymium, beth
the aqueows and the organic phases were observed with & hand spestro-
seeps, and it was notised that the sdsorptiom bands seensd to have
been shifted. It was decided that the visible spectra for the
orgamis phase should be recorded and studied wore cerefully. Sam-
ples of the orgamic phase were takea, and their spectrum recorded
using & 3ackman model D.K.-2 recording spectrophotometsr. From
thase spectra, it wvas noticed that the broad dand which is observed
at 574 willimicroms in aqueous solution had been partially resolved,
and that the bands at 740 and 800 millimicroms lu;l been shifted to
lﬂu wavelengths. The spectrum of neodymium -perchlorata vas

not altered to the same extent as was the spectrum of the thio-
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cyanate. Im an attempt to explain these spectral shifts, some of
the tri-a-butyl phosphate solution of the perchlorate was placed
in an ovea at 110° C. to remove most of the water dissolved ia
the solveat. The spectrum of this dried solution was completely
different from that of the wet solution, and resembled more
clesely the spectrum of the thiocyanate solution. To see if the
spectral chl;gnl were peculiar to tri-m-butyl phosphate, neodymium
thioeyanate ocrystals were dissolved in methanol, and the spectrum
of this solution recorded. This spectrum was almost identical to
that of the thioecyanate {n the tri-n-butyl phosphate. It lppoaio
that the shift in spectral baads in this case is merely a measure |
of the amount of water which {s removed from the neodymium. Com-
plete opoctti of neodymium perchlorate im tri-n-butyl phosphate
(wot dried), meodymium thiocyanate in tri-m-butyl phosphate (not
dried), and neodymium perchlorate in tri-m-butyl phosphate (dried)
are presented ;a Pigures 18, 19, and 20 respectively. Detailed
spectra of o;ly the region 560 - 620 millimicrons of neodymium
perchlorate in water solutiom, meodymium thiocyanate in methanol,

and the solutions deseribed above are presented as Figures 21
through 25.

Spectra were recorded for praseodymium and samarium thio-
cyanate in tri-a-butyl phosphate, but these do not show any
appreciasble difference from that in the aqueous phase. These

lpoctia are presented as Figures 26 and 27.
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Ihe Bffect of a Bmall Amount of Irom on the Distribution
of Neodymium Thiocyanate

The solor of the needymium thiocyanate im the tri-n-butyl
phosphate was redder than are neodymium solutions in general, and
the sbsorption spectrum of these solutions showed a general ab-
serption ia the regiom of 440 to 550 millimicrons. This is the
region of absorption of the ferric thioeyanate complex. ‘In order
te determine vhether the amount of iron which would produce this
anount of absorption would have any effect on the distribution of
neodyniun, aa extrasction was made in which the neodymium was all
added as the perchlorate, and the thiocyanate was all added as
sedium thiceyanate. Ia this extraction, the tri-m-butyl phosphate
phase had the usual eolor of meodymium salts, and the change in
distyidbution ceafficient was approximataly that which was observed
in the lanthasum salts for a change in fonic strength equal to the
change in iomic strength between the neodymium solutions being
compared. To make certein that this was the only cause for the
difference, the extraction was repeated with enough ferric chloride
solution added to make the solution 0.0001 formal with respect to
iron. The color of the tri-a-butyl phosphate phase from this ex-
traction was such an intense red that the solution was almost
opaque. The distribution coefficient of neodymium was completely
wachanged, however. It can be said, thea, that small smounts of

iron as an impurity would have no effect on the distributiomn of
asodymiem.
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Ihe Extrsction of Lsnthanum Fhiocyanate at 35° ¢.

In order to check the magnitude of the effect of changing
temperature on the extraction of lanthanum thiocysnste, ome extrac-
tioca was made at 35° C. For this experiment, the same solution was
used as ia rua mumber 52. The distributiom coefficieat was found
to be 2.98, which is to be compared with 2.71 for rua mumber 52,
at 25° C. This indicates that the extractiom is enhanced by the
higher temperature, but not by a significant amount. S8ince the
distribution coafficient amplifies any diffarence im two solutions,
it is perhaps detter to compare the conceatratioa of the lanthanum
in ths organic phase for the two solutions. At tweamty-five degrees,
the comgentration of leathanmm in the organie phase was 0.0750, and
ot thirty~-five degress, the concentration was 0.0769. This is a

diffexence of enly 2.5 percent.
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DISCUSSION

Previeus work on the distributiom of rare earths between
water and mou-squeous solvents has all been qualitative im mature,
in that n attempt was made té elucidate the species croesing the
phase boundary, or the species present in either phase. There is
a large mumber of possible species present in each of the phases,
this mumber being comsiderably reduced for those which may cross
the phase boundary, because only uncharged species can be trams-
ported !roi one phase to another. Soms of the species which might
be present in the thiocysnate system are M(SCN)3, M(SCN)2%¢, Mm(scu)¢,
W, scH”, RSCN, HM(SCN),, M(SCN)4~, RyM(SCN)s, etc. As poimted
out at the beginning of the m&imtal section, the experiments
described ux this thesis were designed to ll;od some light oan which
of these species were important in the distribution of the rare
earth thissyanates detwesn water and tri-a-butyl phosphate. In
the interpretations which follow, much mmst remain semevhat
qualitative, in that some of the importaat variables of the system
cannet be msasured. Jeor instance, the "free" metal few ¢omncen-
tratism, as such, canmot be measured inm either phase; oaly the
setal metal comsentration in each phase can be determined ana-
ilytically. The "free" thiseyanate iom comcentration cammot be
measured easily, although & potemtiometric method utilizing a
silver-silver thiecyssate elestrode system would probadly give a
fair valus for this quamtity. 1Ia this study, however, the total
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thiocyanate is each phase was cstimated by precipitation of the
thiecyanate with gilver nitrate solution. With these limitations
in mind, and with the method of Irving et al. (31) described in
the theoretical section serving as a guide, the results described

in the experimental section can mow be discussed.

Bffest of Thiocyanate Iom Comcentration om the Distribution
Coefficient of the Rare Rarths

If the mechanism of the extraction of the rare earth thio-
cyamates iavolves some type of complex between the rare earth ioa
and the thiocyanate fon (such as M(SCN),, H(SC¥),, etc.), chamg-
ing the comsentration of thiceyamate ia the aqueocws phase should
have & premswnced effest om the extraction ceefficient. For the
discussion of this effect, lanthamum will be presented as a

typieal exsmple.

The addition of thiocyanate ion to the aqueous solutiom
before extractioa has & promounced effect on the amount of lan-
thﬁn which enters the organic phase. The data (Tables IX, XI,
and X1I) presented graphically in the experimental section (Figures
7 through 10) imdicate an imcresse in the amoumt of lanthanum
extracted as the original thiocyanate iom concentration is increas-
od, vhile the eoncentration of lanthaaum was held constant. In
order to treat this extragtion agceording to the method of Irving
8t al., the “free" thiocyanate ion concentratien after extractiom

is nesded. If the "free" thiocyanate fon concentration is assumed
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to be equal to or proportional to the total thiocyanate concen-
tration after extractionm, then the variation of the distribation
coefficient with thiocyanate may be analyzed by utilizing equation

(S) from the theoretical sectioun:

log q ® A ¢ log(mo/m) + (moho - mh)log(l) +
(o = #)1og(M) + (B, - &i)log(M).

If the thiocyanate ion coancentration is the only variable,
then the slope of a plot of log q (the distribution coefficient)
versus log(SCH”) would represent the value (@ f, ~ Bi), the dif-
ference between the average nvuuwber of thiocyanate ions associated
with the complex i{n the orgsnic phase (fiofi)and the average num-
bexr associated with the complex in the aqueous phase (am). (lMote
that these are average values, and do not necessarily represeat
the most important species present.) A logarithmic plot of this
type is presented as Figure 28. Fiou the slopes of the lines ia
this figure, the value of the quintity (modo - ®an) is found to be
two, which -unc » for the average composition, there are two more
thiocymtu' associated with the lanthanum in the organic phase
" than there were with the lanthanum in the aqueous phase. Uuless
the mumber of thiocyanate ions associated vith the lanthanum in
one phase is known, however, nothing definite may be said about
the average number associated with the lunthanmum in the other
phase. If the value of four for the average number of thiocyanates

associated with each lanthanum, ©,, vhich was indicated in one
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series of determinations (Table X) is assumed to be correct, then
this treatment lcads us to believe that the average composition in
the aqueous phase i3 sonething of the nature of La(SCH)zt Otherxr
determinations of thiocyanate to lanthanum ratios in the organic
phase (Table XIII) tend to show that the ratio of four to one
indicated above was due mostly to coincidence, and that the four
to one ratio in the organic phase does not necessarily represent
the average composition. From these other date, it appears that
the lanthanum in the oxganic phase {s present as anything from
La(SCH)2* to La(SCN)™"". Subtracting two thiocyanates from these
average species in the organic phase to give the average composition
of the aquecus would then imply that anything from La**® to La(SCN)4~
could be the average composition of the lanthanum in the aquecus
phase. This treatment gives no information relative to the actual
species crossing the phase boundury, but only the average association
after the lanthamm has entered the organic phase. The main conelu-
sion which can be drawn 1s that there is some form of thiocyanate

complex or ion aggregate present {in each phase.

Since some of the thiocyaunute to lunthanuw ratios for the
organic phase reported above are less than three, it must be implied
that the perchlorate ion, used to control the ionic stremgth, is
entering into the extractiom. To learn the magnitude of the ex-
traction of lanthanum perchlorate, an experiment was performed inm
which ne thiocysnate was present. The distributiom coefficieat
obtained for this experiment (Table XI., Rum number L36) was
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approximately 0.5. This cowparailvely high extraction coefficient
for lanthaaum perchlorare aloue indicares the average composition
of tha species crossing the plhase boundary may be anything from
La(Cl04) 3 to LLa(SCN)4, depending upou the inicial conditious. This
axtraction also lndicateas either that the perchlorates of the rare
aartlis are more associated in the aqueous phase than hss previously
been assumed, that the distribution cvefficient of the excracted
species 13 exceptionally high, or that the lanthanum perchlorate
is also almost completely dissociated in the tri-a-butyl phosphate.
The distribution experiments perforued using praseodymium, neo-
dymnium, and samarium show a similar dependence on the initial thio-

cyanste comcentration, and therefore indicate similar econclusions.

Dependence of the Distributlon of Fere Earth Thlocyanste

on the Aguecus Rore Firth Coaceontration

In order to leara whether the distribution coefficieat of the
rara earths was a function of the rare earth conceantratioa, a series
of experiments were performed in which the rare earth concentration
was varied while the acidity and the thiocyanate fon concentrations
were kept constant., As {a the previous discussion, lanthanum is

cited as a typlcal case.

The fact that at equal imitial thiocyanate ion concentrations
the distribution of lsathanum decreases with increasing lanthanum
comsentration (retrograde extraetion) is evident from the graphical

presemtation of the dats (Figure 15). Agaim, ia order to treat
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this extraction according tn the method of Irving et al, the "free"
lanthawnum ion comcentration in the water phase after extraction is
aeeded. If the assumption is made that the 'free" lanthanum com-~
centration is nearly equal to or proportionzl to the total aqueous
laathanum after extraction, equation (5) may again be utilized. If
the laathanum congentration is the only variable, then the slope of
8 plot of log q versus log (La) would represent the difference
(Rg - ®) in the averags association of the lanthamum in the organic
phase (fo) and the average associatiom in the aquecus phase (d).
Sueh a plot is presented as Pigure 29. From this graph, the value
of (A, - £) 1is found to be -5/16, which would indicate that on the
average there are one and five sixteenths lanthanum ions associated
wvith one another ia the aqueous phase. This value for the average
association in the aqueous phase means that about 48 percent of
thi total laathanum in the aqueous phase is present as a dimer,

The existence of lanthanum thiocyanate im the aqueocus phase as a
dimer is a rather unlikely postulate, so another explanation was

desired.

Brubaker (13) has receatly studied the extraction of tellurium
(IV) chloride into bis(2-chloroethyl)ether from aqueous hydrochloriec
acid solutions, and ghows that the phenomenon of retrograde ex-
traction may be axplained in another marmner. Transforming his
equations so that they correspond to the case of lanthanum thio-
cyanate imstead of tellurium tetrachloride, his xeasoning, briefly

stated, is as follows.
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1f the extracted species are lanthanua thiocyanate aad
tetrathiocyanatolanthanic acid, and the complex acid dissociates
in the organic phase to form La(5CN),", the distribution coef-
ficient, g, 1is

(La(SCN)3)o ¢ (HLa(SCW)4)o ¢ (La(SCN)4")o
q®= ’
(La)w

wvhere pareatheses represent molar concentrations, and the sub-
seripts o and w distinguish betweea the orgamic and the aqueous

solutions respectively. This squation may be rewrittea im the

form
qQ® lp{l ¢+ Kj(HSCX)o ¢ w‘z—; » Where
(")
Kp » $12(5CM3)0 e . (TLA(SCD4)
(la)y ° 1 ° (E@CHo(La(scm)3)e
(8")o(3CH") (E”)o(La(3CK)4")
‘2 b zngc.)’ 2 » and ‘3 P -] o .

(HLa(8CN)4) e

Using the above relationships, the concentration of the “free"
hydrogen ion in the organic phase may be calculated by means of

the following equatiom:
(8*)o * §Ra(nsci), + nmncnscmo(w-)".

Por the tellurium extraction, Brubaker was able to eval-
uate Ky from experimemtal results, and K; spectrophotometrically,
asd found that by properly cheosing the values Ky and K3, he
eould fit the sxperimental data to those predicted by the
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above equation quite well. It is possible that the extractions
studied in this thesis could also de explaimed by a similar treat-
ment, but the determination of the constant K; is mot possible
for this system because there does mot appear to be any apprecisble

difference in the spectral properties of the two species.

Of the two mechanisme for explaining retrograde extraction
of the lanthanum thiocyanate, (a) the existence of a dimer, and
(d) the fonisation and dissociation of the complex in the organic
phase, it is felt that the explanstion presented by Brubaker is
the more plausible of the two explanations. The dependence of the
distribution of neodymium thiocyanate on the imitial concentration
of m&yuu indicate a similar ecomclusion in that the distribution

coefficient decreases vith increasing neodymium comcemtration.

Bependence of the Extraction of Rare Earth Thiocyamate
Ou the Acidity of the Aquecus Phase

The effect of 2 variation of the initial acidity of the aquecus
solution on the distributiom of the metal is essentially the same
for laathamum, meodymium, prasecdymium, and ssmarivm. In the dis-
cussion which follows, lanthanum is used as being representative

of the other rare earths.

Increasing the scidity of the lanthanum thiocysamate solution
to be equilibrated with tri-a-butyl phosphate decresses the ex-
traction of the lanthanum eomsiderably, as eam be seen from the
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data (Table XII) presemted graphically (Fig. 11) ia the experimental
sestion. If a complex acid such as Nia(SCN), were the species cross-
ing the phase boundary, it might be axpected that sinses thioeyanic
esid 1is s somparatively stroag acid (60), the extractiom of lanthsnum
would be emhamnced by the addition of acid. The fact that the reverse
of this {s sesturally the case does not mecessarily prove that the
extracted species is not s cemplex scid, however. If we recall the
experimsntal results om the sxtraction of thiocyanate from a seo-
lution of sodium thiocyanate as a function of the original acidity
(Table XIV, Pigures 12 amd 13) it will be rc-nb.nud that thio-
cysaic acid appears to be the species extracted. 1f we combine
these results with those of the lanthanum extraction, we may show
that the extractiom of a complex acid such as HLa(8CN), will be
decresased if snother -tioagcr acid is extracted simultameously.

The reasoning behind this argument is that if the species crossing
the phase boundary is sa acid of the type proposed above, then it

ifs the comcentration of this species in each phase which is the
econtrolling factor im the extraction. If the complex acid can
dissociste into ions such as B* and La(SCN),~ in the organic

phase, thea this dissociation will reduce the concentration of the
undissociated HLa(SCNW), ia that phase. Likewise, if anything were
present which would repress this dissociation, thea the ecomcentratiom
of the uadissceiated acid would be incressed. This repression of

the dissoeiation of HLe(SCN)4 in the orgamic phase is just what
appears to hasppen whem thiocysmic acid is introduced. The thioeyanic






asid is extracted inte the orgamic phase ead wndowbtedly dis-
secistes - (at least partially) - imto hydrogea foms amd thio-
sysaate fons. The ingrease im hydrogen ica comcentratiom re-
presses the iemization of the NLa(SCN), whish ia turm preveats
more lamthanum from crossing the phase bovndary. This is omnly
one explanation of the effect .ol the acidity on the extraction
of lanthanum, mamely the assumption of an .cuAco-plox as the

important specias erossing the phase bowndary.

The effect of scidity may also be explained by assuming
the extrasted species to be the simple lanthamsm thioccyamate.
The effest 1is agaia due to the extractiom of the thiocyanic acid
into the erganis phase. The extracted thiocyamis ascid is again
presumed to icaise iato hydrogen ioas and thiocyanate ioms, and
it 1s this ionisatioa which imcreases the cemsemtratiomn of
“fres" thicsyanate ions ia the organic phasse. The increase ia
"free" thiocyanste in turn represses any ionization of the lan-
thamua thiocyanate, aad theredby represses further extraction of
the lanthanum from the aqueous phase. These explanations of the
effect of ssidity were also used by Saldick (50s) for the extras-
tiom 0f ferric chleride iato feopropyl ether.

The effect of increasing acidity is actually twofold, no
matter which of the sbove mechanisms is correct. The second
effect of the increasing acidity is the removal of thiocyanate

ions from the aqueous phase into the organic phase dy the extrac-
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tion of the thiocyanic acid. This decrease in aquecus thiocyamate
cmntut!.on also causes a depression in the ammount of lanthanum
which will cross the phase boundary, and thereby decreases the amownt
of lanthanum which will eater the organie phase.

It should de pointed out here that the large amount of thio-
eysaic acid wvhich 1is extracted is aa indication of omne of four
thisgs, or a combination thereof:

(1) that thiocyamic acid is mot as etromg {n aqueous solution
as was previcusly believed,

(2) that it is a stromger acid ia the tri-m-butyl phosphate
thaa it is ia water,

(3) that the partitiom coefficient for the undissociated
asid is extremely high, or

(4) that the acid {s more strongly solvated im tri-a-butyl
p“splntc thaa th is in water.

Yariatioy of the Pistribution Coefficient with Rare Earth
Metal Used

, Ia order to determine the possible usefulness of this extraetion
procedure for the separation of a mixture of rare sarths, the dis-
tridbution coefficients were measured for lanthsnum, praseodymium,
uﬁdﬁt-. and samarium under conditions as mearly identical as it
was possible to make them. A graphical comparison is given as Pig-
wre 30 for the extraction of the rare earths from a 0.4 formal thio-

syanate solution and for the extraction from perchlorate solutionm.
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The differences betwveen adjacent rare earths are mot great
for either of the ecoanditioms shown. There is a gemeral trend,
ta that the distridution eocefficients do increase with increas-
ing atomic mumber. This trend is that which would be expected
from the standpoiat of bdasicities: that is, the less basie the
rvare earth ion involved, the more one would expect it to form
ioanic associations and therefore the more one would expect to be
extracted by a mon-equecus solvent. The differences ia the ex-
traction of ssmonium and sodium thiocysnate eam also be ascribed

te basicity differences.

Since the change im distribution ecoefficieat as we change
the rare earth 1is small, and since the change in extraction as
the vare earth concentration is changed is great, it is probable
that this system would not make a satisfactory separational pro-
sedure. It would be & most diffieult task to calculate the dis-
tribution in & multi-stage extraction prosess, besause the eom-

8?

seutration of the vare earth, the thioccyanate iomn, and the acidity

would all vary from one stage to the mext. The effest of temper-

ature, bowever, is sufficiemtly small that it would mot be necessary

te ecntrol the temperaturs very rigidly during swch a process, and

if thers were 8 small amcunt of irom imtrodused from the extrastiom

oguipment, the extrasties would not de affected appresiadly, as was

showa by the experiment om the effect of & small amouat of irom on

the extraction of neodymium (sse page 71).

Ceric cerium canses the desomposition of thioeyanats, and for
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this reason, this system should be attempted for the eeparatiomn
of a mixture oaly if the majority of the sexrimm preseant iam the
mizture were removed beforehasd.

A direct comparisom of these extraction data with those in
the literature is mot possible because of the great variations im
i:t:‘ctabtlitioo wvhea the conditiom of the extrastioms are chamged.
lipcutto- factors also present no basis for comparison, since
these vary vu the initial ratio ¢f one rare esrth .‘to snother
varies. The only comparison vhich may be given is that the dis-
tribution coefficieats for the thiocyanates do appear to be greater
thaa those of the nitrates obtained by Peppard et al. (46).

fnestral Changeq in Needynigp Thioeyasate im Iri-m-butyl
Thogphate Solutiosn

As pointed out {a the experimental section (pages 39 and 60),
definite changes {n the absorption spectrum of meodymium thio-
cyanate sxist between an saqueous solution and a tri-m-butyl
phosphate solution. Oaly & very slight change was observed in
the tri-a-butyl phosphate solution of neodymium perchlorate from
that in water. If the spectral changes described im the ex-
perimental section were caused by the formation of some sort of
complex bdetween tri-m-butyl phosphate and the neodymium, it does
not sesm reasonable that the neodymium would be more available
for complexing with tri-a-butyl phosphate in the presence of

thiceyanate than in the presence of perchlorate. Ia an attempt
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to find & better explanation, the perchlorate solutioa ia
tri-a-butyl phosphate was plased ia an ovea at 110° C. to re-
move as much of the water dissolved in the solveat as possible,
and the spectrum of this solution was compared with that }roo
viously recorded. The removal of the water resolved the ab-
sorption band in the u/gion of 573 millimicrons to am even great-
er extent tham that of the thiessyanats selutiem. It was then
spparent that the msjer effest iam the changes of the sbsorption
spestrum is the remeval of water from the atmesphere of the neo-
dyntun isa. This removal of water from the sphere of influence
of neodymium should be easier 1if soms material er iom were already
preseat which bad removed some of the water of eo-ordination from
the uo‘y-iu- by replacement. Therefore, it seems that when neo-
m thiocyanate is extracted into the tri-a-butyl pholp‘:t. it
has less water of co-ordingation tham does the perchlorate. The
thiceyenate, then, seams te have replaced seme of the water ce-
ovdinated te the neodynium iems. This, then, is sdditiomal
evidemss of the existeass of some sert of association or com-

plex between the rare earths and the thiocyanats iom.






90

(1) Lu:haui. neodymivm, praseodymivm, and ssmarium thio-
cysaates were prepared, and their distributioa between aqueous
solutiens and tri-u~butyl phesphate were stwdied.

(2) Por each of the foﬁr rare earths used, and increase in
the initial ihtocymu concentration was found to increase the
distridbution cosfficiont for the seme initial acidity and metal

consentration,

(3) The distridbutiom coefficient for each of the rare earths
studied was found te desrease as ths initial metal comsemtration
vas issressed if the imitial thiceyanate songsentration sad ecidity
vese maintained .constant.

(4) The distribution cocefficient was found to decrease as
the i{nitial acidity was increased if the initial metal and thio-

eysmate eoncentrations were kept constant.

(5) 1Ia studying the extraction of thiocyanate from aqueous
sodium thiocyanate selution imto tri-a-butyl phosphats, it was

found that thiocysnic acid was the major species extracted.

(6) BExtraction of lanthanum inte the oxganic phase increased
only slightly when the temperature of the extraction was increased

from 23° ¢. to 35° C.
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(7) The distridbution of meodymiwm betweea the two phases
was found to be unaffected by the presence of a small amouat of

iron im the solution.

(8) Por the rare earths uood. the distribution scefficient
was found te imcrease with atomic swmber, or to decrease vith

increasing basicity.

(9) ZRvidemce seems to indicate the existence of either an
t"y‘u-p‘u type associatioa er a complex compound betweea the rare

earth and thioeysnate ions in each of the two phases.

(10) Any extractiom studies making uwse of thiocyamate would
have te be done om cerium free rare earth solutions besause of
the oxidising action of tetravaleat gerium. It is doubtful that

esrium thiocyanate may be prepared.
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Table XXIII

Contents of Solutions for Lanthanum Extractions
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in all cases. All solutions were equilibrated with tweaty milliliters of

tri-a-butyl phosphate.

The total volume of the aqueous solution was made to be twenty milliliters
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Zable XXV

Sontentg of Solutions foy heathemus Butrestiens
Rure Yormality the mmgu with !mm 191
No. La(SCN)3; La(C 3 -cm RaC104
n 0.0217 0.0810 0.101 0.138
i 0.0331 0.06%6 0.201
33 0.0440 0.0587 bt 0.268
34  0.0584  0.0443 - 0.325
k| 0.0782 0.0243 . 0.363
36 0 0.1027 " 0
37 0.0133 0.0330 " 0.354
3 0.0388 0.0297 " 0.384
» 0.0622 0.0063 bt 0.407
&0 0.0666 0.0018 " 0.279
a 0.0683 " 0.09% 0.223
42 0.0683 . 0.194 0.139
43 0.0683 " 0.29% 0.089
46 0.0683 " 0.39  0.012
43 0.0667 0.0360 " 0 0.170
46 0.1027 » " 6.092 0.151
A7 0.1027 " 0.192 0.208
A8  0.0667  0.0737 w 0 0.0023
o 0.1333 0.0061 - (1] 0.198
30  0.139 " 0.182  0.169
 } § 0.1027 0.050 0.092 0.300
32 0.1027 0.101 0.092 0.235
33 0.1027 0.202 0.092 0.0%0
$&  0.1027 0.504 1 0.092 0
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