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. 4. INTRODUCTION:

A : ‘~Increaéeﬁ 1nte¢est is- being taken in the elements
hof the Rare Earth Group owing to th61” giow1 g 1my0r~
. tdnne in 1n&ustry and to the faoct that bhey offer in ueresu—
'1ng StUdleo from the v1ew701n% ot aﬁmmic etrUCuure, origin
etc,‘ In every case, howererg pvogress is reﬁarded ow1ng
to the extreme diffﬁculfyfdwth whlch they may ve se parated
' fMom one anothez. The 1solauion or identification 0&
uhe 1nd1v1dua1 merbere of thie group covers a ferxod of
some 100 yvears,; the first member Delng &1scove¢ed in
~  1?0& whereas nhe exis tenca of the last was onlj demon=
 stru%ed in vgzé. | | |
. ' Duilng this pericd a gve&t many methods have been
Uséd ¢Or the separatlan and rorif %1on of the elements,
 me*hods 1n401ving in ﬁha main r&rt dvffevences in the
‘ @07ub111tﬁeP of szmnle or &aubTG saits of the e?ements,
Nor differences in the baelcltlee of ﬁhe oxvdese As &
;’resulf thc 1ndiv1dua1 members of +he entire ”rour have
;‘béen lSOlut8Q 1ﬂ suff;clent amcunts tO @llow;of thelir

3ideﬂ£ifiCaﬁion'as glements, even though V&ry'few have

1. Harris with Hopkins-—-J.A.C.S., 48, 1585.
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'baenmpr@paredfin.a staﬁe'bf &tomickpurityfin_any quantity,
and these«énlyrafﬁer extensive fractional crystallizations:
E The methods used have naturally varied with each

‘1nvest1rwﬁor and as a repulﬁ the literature is filled

"With cenflieting statements as to the relative solubilities,
  :@%¢;, and whereas separation of the elsmente Lhas been ag=
\cowrlished by various means, there is no claim made as to
~the method used being the most efficient one. The result

has been therefore to use for prelimin nary S@?d?dblonog

- methods that have been shown %o be fairly successful, and

* the general sepa ra?lon, the fwna? ?urifioation generally
derends on the person who is Worklng on the varticular

rr@hlemo

. B. HISTORICAL:

During‘the 6oncentra€ion of ‘illinium it was obvious
th&ﬁ’alﬁhéugh & great deal of data was avaizablé reg&fding
 me£hads féf producing &,separ&tioﬁ’ef the'fare earth el=
,emenﬁé from one anouLcr, uﬁY thzng in the way of a compar=
:&%lV@ Suﬁﬁy of ﬁheae methods was lackinge

Preldmlnafy S@p&*atl@ﬂ of cerium group earﬁhs is
f'ﬁen@vd71y ac#cﬁﬁ shed b] the fruoulonal CTY$ﬁulllZdt10n
kof a GOUD76 Sa7i3 usually the doubYe magnesium nitrate.
~‘In the case of the yittrium group earths, fractionation of

. the bromates appears to be the methed most frequently used




‘aithough the simple nitrates have also been recommerded.
‘Qur"éwn}interestg as haszéen pointed out in previous
 par§Ts, iskdirected chiefly‘towards the finding ofka'mors
‘:éfficiant méthod for theA¢0ncentration of illihium than’
was. us ed for its 1solaﬁlona Consequently our effovts have
 Lfbeen directed Gowa ds,avcomparative study of the effect of

o crysml %zi as many different salts as possible in the

“j‘ho;e;ﬁhag some one sall mwght Trove more eLfectivéfin Per—

' r1tt1ng of a concenbratlan of a Tartloular element than
 the others; In evary case %herexore 1denﬁzca1 razterial
k?was used, aad the cona?tlons of crysta 171zabio ﬁaint&in@d
»ag‘nearly the same in all cases as possible. Thé effect

ing

kvfr%he ir acﬁlonatlon Was'in sach case oObserved by com-

<

5

‘?arln .the 'absorvtlon s?eotw& of coTuﬁions made up Qvom a
'd i ite volume of saturate@ solution from each fractions
The reauits from suoh a study of the spectra. Obtdlﬂ@d i?om

fvurzous seriss of sults of the cerium grour eurths have
' {/J’t)o

= been reported , and it was ﬂossvb?e from such a COmpaTntTVE

"atudy tc note that ce?ialn salts are more effective in
':;brwﬁgwnu about a 3&@1@ se@araﬁlon'cf cartain‘ezementg than
are‘the‘othersw; Consequently a great deal“of time may be
' fsaved'by,se1ecﬁing/the salt to Ee used for preliminary
sepgf&%iOn a5~c&réfully~as that for the final purification.‘

‘&:similar investigation a@ to the relative effects

8 Pearce with Eavrws——T R 3. Ce, Sec° 111, 1950, 145.
g WYTIG Wltn Havris—ﬁT R.S. Oog fec. III, 1931, 107,
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the fra tlonal crySualllzaﬁicm of salts of the rare

of
eartna oﬁtuwned from gado te was carried outi The

; ~ca1ts used were the 51mw1@ nluruies and bhe‘bromates‘as

 these haVe mrovea more effective in the sabavdtlcn of the
‘{ fﬁnrvum g¢oup ea;uhse |
k The iracbwoaaﬁ GIYSﬁélliza%ién éf th@‘bfém&taa WaAs
”  7ﬂti0dubé@ by a’meé in his cla assical work on the Vi irlum
'gvoup earfhs.' Tn h%s ldu@f ﬂdPeT on the ”Seraratlom of

U~*he Rare Faruhsﬂ he . sug ge sts four asz@?ent,methods for

[at%ackina,the crude 0xa1ates, derending on the concentration

of the thtei. FOr'the'sep&vaﬁion of the crude yttrium

\*earthg e "ecammends the frawtﬂonal cvystd1lx aﬁion,cf‘the

‘~  bvoma+es.‘ ‘He onvsrﬁad the oxdhat@s %o the anhjdrous

ffsu!ﬁhates by treaﬁvng then Wluh : g,lght.excess‘of sul=
fa%huric aczd uPd heating until ail Fumes of sulﬁhlrlc aeid
jOeased %o be evolvedg The 1gn1ied guﬁrhates wers aﬁsqolved
~uin co7d Water and & xawrly strcma solutlon of phem were

 \added;to,b&rzum;bromate»,covered wiﬁh a layer 0& watev uﬁd

‘:HE&féd,on afé%eam,baﬁh. The‘whole was fi tered when decom-

~ %0$1t1cn was comp1e%ed and uh& burium sulphaﬁe well washed
‘i‘ﬁ hot wa+gfw, Tho CTBaf Ilqu 4 wa s evaporated until

rvstals formea and the. motﬁer Tiquc% and orystal ‘aere

5:ercﬁaana11y OVVsﬁd?llzed.‘

Ugvn« ﬁhﬂs mezhod James fouud ‘that Samarium and

o J@wes-—J Aec.w., 1608, 30,182; 1912, 34,757.
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Ga@olimium ¥épid1y wewd*dted in the ?east so7uble crystglsg
ollowed by Dysmrc 1um3 Hoimlum und Ytuvlum, whereus the

mOSu soluh‘e 1rdctlcns contulﬂed rrac%zculﬁy ure Erblum.

8 ';,This methad has becn used extenswveTy elnce ny

,,?#?e' qwth workera in. ﬁhe Yttrzum #roupo

| Eractinnal c?ystalli atlon of tn@ nlﬁrates was

flrst ufad by Derifcay WhO Iaund th&t thws method was

ﬁaftlcuvarWy e %fe When the mzxture oz ea rths cgnw
‘twtued no eTGmenﬁ o¢ utOMl ~Welﬁhﬁ 1e I3} han thaﬁ of
G

@$§Qﬁium»g BduT an& Hare fovn@ the memhad very ef»
-f1613 t f or semaratlng ?&QO nlum xrcm yttrlum‘ana 1t

 th sinve b&en used exﬁenﬁwve1“ by Urb in ang oﬁhersa

,6;7 ”XPFP?&?? ALz
starﬁz ng with bhe nvude ore, Lh@ rare @ar*h% were

A'exifﬁézeﬁ‘anér:f%é? rurification samples of these were
tak@h and GOﬁveré ed iutakbrcu tes and- ni%*ates. Prdcﬁional
1«orystd1 tion of the two qar1ep was carrled ouﬁ in Ovder
 %0 ae%ermine wh%ch gal ﬁ bfeughu about- the better sepax ution
 0¢ memmers of the y%trlum groupw
| The muterva7 used had its sovurce in Novweélun
“‘Gadollnliea_,Tle earihs weve ex t”uCF@& with hyd?ochlorvc

c d- or concentxdtea sodwum hyarOX“de £o1 7owed bj nitric

’m,

d x%ruuuicng'*hese @A%rmotan%s haVlﬂg baen shown ﬁo be
: ‘ - : 70
"%he mcst efflcﬂenh ones lOT this mznevaﬂ ;,Th@%llﬁuﬁf

B4 Bem&vcgv—*Conn Benavg 1896, ??? '728;/

6. Baur & Harc--Ber., 1901, 34, ?Aeo

7. quns Pearce -=-T ?3”5; Ces uec. IIZ, 1929 8}.;




  Gontu=n1nﬂ the e@r@hs was then ulluhed nd ﬁhe earths
;ﬁvec131ﬁated as the hfd?ox1des by ammonia.
ﬂhe mﬂxture wds flltered, washed thoroughTy, and

 then take into solutlo ~in the mlnzmum,amounb oz nitric
cvd°_ mhe rasuthng so?Ltwo was diluted, he&ued, and’
che OA&IthS rreczﬂwtmued by the addition of excess of
‘gsaturated ox liﬂ‘acid solutiocn. Wheae were Lzltcred,
fwashed seVerai ﬁimés with Wmt@* and aga in ;11tereds dried
,]amd 1gnéted %o the ozides in a muffle. |
ﬁince the y?ESGQCB Gf gerinm vendeig the rrenw.
Car tion of the bf@m te daff1au?t, owzng to the acld
‘fchar‘cter of oluticns of cerium sulrhat e, it isg neceés&ry
 ﬁdf?ém@ve eveﬂ the small aﬂsvats -of C“Tlum Whioh are-presenb
jig\g;d011nvte, The'oxxdes *ere ox%raﬂﬁad with n%ﬁrwc acld
gédﬁf&znzmg a 11 We hy&rage ?erazxde and the swdll
‘~:amounus oﬁ 1nsclunﬁe ma%erlaT ”i?tered oute ,The,filtfatﬁ
 pwas dliutad to sever*‘ times its original volumekanﬁ

[brought uQ nﬁutfality by the addition of ammOnia,k Marble

s

'@hlﬁg anﬁ ﬁclza poua581um sf@&aﬁe were now added and the
'solv+10q srought to boiling. After allowing the mizture

"Hto o0l the basic cerium was filtered out and the earths

;u f%n the ﬂolvﬁwon'“recinxtated as the hyafox1aee with

'2'30111 s o
Aheae were vagned thoroubhly by debuntutxon and
then di@solVed in nitric aclds The solution was then

evapov&tnd umzﬁu ule nlt?ﬁt@ﬁ crystallized out followed
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by their cluﬁﬁon 1n water und the rraezpztdﬁlon of the

‘ear%hs as oxaelates wzth sumsequent 1gn1ﬁien %o tha Ovi des.
*D. ?FEP&PATION\OF THR SALTS.
Sdmnles of the wurzileu cxides Welghzng 250 grdms

. were taken in each case@

SERITS A A &IT

o

,nﬂ

S,
The ox 1&@6 me%e-m01ctened with wateiana fhen
warmed wzgh uanenLrated miﬁrlc mC’G until soluﬁﬁon wag
1:effected. The solutzon WaSs ﬁhen evapor ‘;ﬁl, Crys=—
tallization was almo T comp‘eﬁe u?on cooling to room
?@ﬁgc?a%ure, Thé‘Salt’Was thsn-crystalliZGd from gon="
éentrated nztr1c mcid until a surveg of eight fractions
“had besen buzlt ups new fra tloﬁs bevng s%a?ﬁad With
fisigt;g e?evenihs 8ix teen*h enmy—Fau“thg Iarty second and
;fiféieth pgu:ings, making a ﬁotal of f£i ty@twc CTYStu1“
 liza%i0nS”in‘the oase‘cf'fractioﬁ oﬁe,-and two in the
‘C&se‘af ff#oﬁion seved,
SWEIFS B.B. BROM&?E@;

: 8. : o
In a raﬁer Tublished by Ha rig it was pointed

’(‘}
G
o

¢

‘]Gﬁﬁ.tﬁ&ttthe classical method for the rreparation of
“fthé,bfamatés is that’cf James. It was also shown how-
ever, that difficulty is ohoountered when this method ie

Hﬁsed7fo?‘the ﬁrérafatiOn'df the bromates of the cerivm

8. J.A.C.8., B3, 8475, 191,



?,group Ed?ﬁLSg whien iarae,amOBRts ¢f the more basic
members~are TTE8eNnt . At the same time the meuhod invol=
. #in?'a* it doec the deccmﬁ@szt1on of the sulvhate radiecal
',,oy the oxaTQte 105, is ebjeotionable from the standpoint
of,the copious evolution of fumes, and the'necess€ty for
{uhe 801ut1@n of %he resuﬂtznﬁ sulthates in ice wa?ev
The method by Harris eliminated these ngeéulanable
~féétﬁress"and630 it was deemed’advisabls to a%ﬁempﬁf%c
yagylﬁkit'to“ﬁﬁé:y%%:inm group,earﬁhSQ
'The sccond Sampléj0£ oXi&es was moistened with
ater Lo allow ef ready “enetrumion by the ac id\and‘then
 tre& CQfW1th‘SMd13 noruwons cl'sulvhurickac'd {1: 3} al=
q1ow1ng the ?1qu0¢ to reach neutrality before yubseqaent
‘Taau1glon of aczde~ When the point had been r@ached at
j”whvcﬁ ﬁhe lzquor remalned acid; the mixture was geatiy
'heaﬁed untll neut »7~ty'mas again at%&lned, The aadltzon
:'of a“ld W¢s then odrrﬂcd out on a hot plate until a zqzntly
‘acid so?utian rer81stea. When such a condition was reached

~ 'uhe mlxture was OVa?owut%d to axynessa When dry, the

o sulrhates We?e remwwud and mu1VCr7aed uﬁu 1gn1ued in

small ﬁortzens 4ith requent sﬁifrzﬂg over a strong flame
"*un+11 alT eyoesg acld nud been renoved dﬁd the anhydrous
‘salt Obbd&ﬂCdo ”hia Was qulokly tr uﬂof@?f@d to a dry,

,“T&VlOUSlY welghed COD&&*%Q?; roughly weighed and trang-



ferred immediately while still hot to a bell jar which
was evacuaied.

) Frow the We¢fﬁﬁ of the sulrhates the amount of
'Water necessary for their szolution was caloulated and
”measured_inta a large beaker. When cool the sul?hatea
&erefremoved in small ?ovﬁlonw dna smvlnklea wwth vig=-
‘ordus sbi ing into the water where they ¢ liss@lved fairly
‘readily giving a solubioc on neutral to litmus.

4 saturated solution of barium brom&téf@as7rre°k
'Vp&red; the sulphate was added *o this in small portions
fmaking sure uher was always an excese of barium ion in

soWut%en and the solution wag kept at 1009 and stirred

ot

.mechanicﬁllya ‘When all the sulrvhate solution wag added,

;Vthe barium smlphatsfgr cipitate was fllﬁere& outq

The golﬂtién of rzvs earth bromates thus obtazn
, Was“evé porated slow 71y on a steam bath untii crystals |
5f§fmé@, ﬁhan_the bfowates were placed in the ¢o0ld and

allowed t0 crystallize.

E;“Fﬁgégﬁngomtey SA%FLE%:

&s was reaorued in rrevicus 7 Tapers,; in order io
éomvave the ;@7ut1ve serarabicﬁg over the entire series
at he Llﬂu7 cfysta ti' and to asceitavn if possiblé

‘the rels ﬁive amounts of the VuTlOUS earths in each fraco-

[
Cu

‘tian, aacg serzea w"w taken and acid or Water added to

the erCuﬁons ‘and recrys% ation effected so that the



‘vOlumss of liquor and crystals were arproximately the

same. Since theyacid radical has a marked effect on the
 fab§Qrption spectravof'rafe earthksolutions it Waskde&med
:adviSable to oonva“*“he salts in each case to the
nitra%és'fOf spectroscopic axamination.’ The individuai
fractions of the two séries were therefore maiﬂﬁained‘a@
yconstant emwerutuve for several hours in oLder %o
_hcvmvﬁ of cqvllvbrLum bctween the solid and 71qu1d being
freached- 10 ¢ . sawn1cs of tha sutuiuﬁea aaluﬁians were4
fhen Wﬂﬁhd?&vn, %?“Dgfevre@ to large oeuker% and eva~
pcrated to dryﬁesss_ The residues were taken up infwaﬁer’
: and"the'éa?thg rrecipitated as the hydroxides by means -
 of aﬁmoniég The Precipit ates were waghed with water,

,di QWVéd°in‘a ii*{lc nitric aaads the solution dz7uteu
_an@ fhe rare sarth oxalates ﬁf@@’?lﬁat&d Lrom hotfsolﬁ,

: %von by meanv‘of oxalic acid. These were then ignited
.‘ﬁo'ﬁhe % zd . The cxides af%ér W@ighiﬁgg; for referenc@
':ﬁurposesy were moistened with a little waﬁer and digeolved
in canu@ﬁir bed nﬁtricsaCiéyana*evaporated to dryness.
Whey were. %“ken up in ?sﬁef_écn%aiming a 1ittle hydrogen
ﬁﬂeroxide:&né evaporated se?ergl timeg'tofeXEell‘acidﬁ
'55‘c.c,yaf;distilled water were added %0 euch dried sample
.aﬁd‘%aémeﬂ slighily to effect. 507Ubl@ne Except in the

- cases of faétiens,seven and eight:cf the nitrate seriss,

P H;

clear 501uti0ns were‘obtain@da In these samples, however,




a bagic sall rrecipltated and was filtered out. (Con=
gequently with the excertion of these two fractions, each

sample represented the amount of r&fe earths contained

S

n iO'c.o.rof the original salt solution and now contained
in 6 c.c. of solution as ﬁhé nitrate. The solutions were
phouogranh@d Lhrourh a b c.il. Cella The absorption baﬁds
rec dea were compared ta uh@ S?ectrun of a Su&ﬂ@d”@ iron
arcgJand;also‘to the absorption obtained frow svandard
' 591u§i§ns of neodymium, samarium, erbium aﬁd holzﬁﬁmg

jf%houonrd ‘hed through the same cell.

| F. DISCUSSION OF RESULTS:
| The photograrhs obtaiﬁed‘frcm the solut iv ns dis—~

‘cﬁsSGd‘&bove:&re reproduced in Plate . An iterpr etatlon
 fiof These &bsorﬁﬁlcﬂ spectra is ROTe complicated than in

 the case of a geries co iogea ﬁf,eléments of ths cerium
ﬂ¢oup a?on "In‘the'series discudgged in thig paper, in
dtdlﬁwbn o having members of the yt%fznm group earihs
‘presenﬁ small amowmbe of Cerium group elements are yr@senﬁ

. caueing overlarping of absorpbion bands. Likewise, sev=

o

J,éral nembers of the yttrium group earﬁhs‘yiéld golutions
'fthaﬁyhave but 1ittle or no abscrptﬁoﬁ in the visible
.régicn»df the swectfum, It thus is possible at this
kstuge to obtain on?y a venera7 idea as to the relaﬁive 
effGCuﬁvcneés of @aﬁh alt in rroducing se@ar¢+1ons of

in \1duu? menbers of the rvare earth groud.



‘The golutions of the bromates varied in cclouf

: from colorless in the firet fraction, to a dark pink in
fhe:third'onep fading away to & very pale tint in the
‘iast two. . The oxalates ffomkfracﬁion l\waré white, from
2 and 3, pink, from 4 and 5, white, and from 6, 7 amd &
- pink,

‘The absorption spectra. 1nd1c¢sg° that there is a

 $¢?7& concentrutlon of neodymium and samairium in the

heuu fractions, Whereas the efbluﬁ ccneent%*&ee in the

;.'_i

east soluble fvuculonue 4 preliminary study of ab-

'f;sory on bunda wou*d indicate the condentration of

Eurow;um in Pr&ﬁulOn i, Sawdrzum Terbium and Veodymium
;Ln F“dctlaﬂﬂ 2 and 3, Dysprosium in Fractioen 4,.Holmium
‘1n Ffd ﬁ*cn,5, a nelourless sarth (mos&ub7 ytﬁrium) in
;Fracﬁzom 6 and Frbium in Prac iona 7 and 8. o
The bromutes would dpﬁem? to be of mog+ ugc in
MSépafaulng Neodymvam amd @amarium from Holmiumg Vitrium
and Erbium in a preliminary fractionation of a serigs
contuining all of the Viirium Group earths together with
some of the Cerium Group.

The final solutions from %he'ni%raﬁes varied from
aimost @ol@url@ss iﬁfFrac%ion 1l to a deep pink in Fraction
B. Ffaction Skshéwed a slight orange éolburngraction 7 a
?deep_orangey and Fraction 8 a'deep yellow~coldure In

photbgfaphing the absdrptiom Srectra of these solutioms



it was iﬁ@oesible ﬁo obtain unifory intensity. 1n the

lasﬁ three fractions cwing to total absorption from
’yellow toyvioiet. ,In the photographs produced, the lower
figure renré sents the results obuqlned b;f”rolon ed gx=
posure of ﬁne three lower fractiouns The intensity of
'the b&nds in these cases cannot therefore be used for |
comparision Witu the other exposures.

’ The nitrates brﬂué about a fotally difzerenﬁ
order or separation to that “?oduoed by the framtlenal
?ysti11vzaﬁlon of the,broma+e - Terbium, Euromumy
Dysprosium and amarzum appear ¢ concent ratv in the h@d&
 ¢rant?ons fcliewed by Holmium, Erbium and zwaa11y Neo=
k;iymium,, al‘bhough it ie difficult to interpret the Spectra
~of the last three fracticns as 1nd1oated previcusly.
The value of the nitrates would appear to be in
"the”zapzdfsamar&tion of Samarium froﬁ Neodymium in an
;?tﬁ rium gr@uﬁ mﬁ&ture in Whﬁﬂl these elements are present.
It would also prove an effective means of separating
Terbium, Eurepium.and Poesibly Gadolinium from such
‘a,mixtﬁre. ” . | |

G. SUMMARY:

A preliminary study of the effect of crystallization

~of-idenﬁic&l material as %he’bromateé, and as the nitrates

“has been made.



The order of solubilities of the salts in each

series differs. For the rapid separation of Erbium, or
of Neodymium and Samarium from an Yitrium group mixture

 the bromates are to be recommended for the preliminary
separation..

- - The nitrates appear o offer a spléndid means

-

I
L

for the rapid concentration of Furopium, Torbium and

Gadolinium from a genersl mixtures
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Figure 1 Figure 2
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