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5 The aqueous phase in every case was a are enployed in this order,
but the reverse 65 solution of nitrates. The organic acids are
sequence is equally effective. all  commercially available

material s, The concentration of the solutes in the "Clerr]dernr]"

acid conprises a mxture of pre- aqueous phase of the tributyl pho$ghate/
5 domi nantly secondary branched- Cha car; queous stage of the process
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mx- in thén@qaesewmmas&ld@%mﬁﬂ@ 884P220 80 ture of trinethyl
benzenes. IntemattonalClassnﬁcam@H—GAMeﬂmo. 999% purity is desired. Wen

These results clearly denonstrate at the roduct need only be of 99.99%
purity, versatic acid MPLETE QR N.iary higher solute

concentrations of up tol“h’ e%x?en@' aﬁ&aﬁj xylic acid, gives the
| W aest 50

exanpl e, 160 g/l or even ssi bl e spread in the

val ues of thge, HERRAY ¢SwreD, a British Com- the extraction being carried 88t under &RPAr ation
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revi ousl s% don, d d e m-, contmuousy return to that en o ed in
p 5 for Wthh we pra that a patent  which they ere (Erlved G{h reby in tfm 5 _
liqui d/1iquh the method Hyd)sepadatih lid) @tkained 0 @leYsytiet® O UbI e I n

wat er tens whxchmesnowvm stetrbarnar-cul arly the 25 (where water is to be-
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per toget heally ydry similat ® mimy of nthesmt |It)is: 9 yalues thm) taimleda)a,nd where 55
desirable to devise a separation procedure - necessary converting to nitrates -
which will permit the production of high- {d) multistage countercurrent liquid-
purity yttrium compounds, since these are liquid extraction between:
20 wused, together with europium compounds, (1) a solution of nitrates of the
as constituents of the red phosphor used in : yitrium and rare earth -elements 60 .
color television receivers. _ thus obtained, in tributylphosphate,
The present invention provides a batch (i) an aqueous solution of said
method for the separation of a solution con- nitrates of yttrium and, rare ‘earth -
25 taining yitrium ions in a highly pure state elements,
from an initial solution containing yttrium -
ions and rare earth metal ions, which the extraction being carried out under con- 65
method comprises:— ditions such that any solutes which leave
each end of the extraction apparatus are
@ (a) multistage countercurrent liquid- continuously returned. to that end from
30. liquid extraction between: which. they were derived whereby in time a2 .
. (i) - an aqueous solution of salts of separation is attained in the system - 70
rare earth metals and of yttrium, '
the salts being inorganic acid salts, (e) stopping the countercurrent solvent
_ (ii) a hydrocarbon solution of a flows when sufficient separation has
35. branched chain carboxylic acid the . been achieved, and emptying one
acid being branched at the carbon or more. stages of the extraction
adjacent the —COOH group and . .  apparatus. containing a solution of 75
_the solution containing dissolved suitably pure yttrium; or
_ in it rare earth metal ions and ' :
40 . yttrium jons; @) effecting the consecutive stages as set

[Pnce 55.0d.]



(b) is capable of giving a suitably con-

centrated solution of rare earth igns in the Preparafféxptf in Yttrium
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_ important. Preferably a concentration of
40 not more than 160 gfl, for example from
80 to 120 g/1 of yttrium and rare earth
elements as oxides is used, which allows a
clean separation of yttrium from the ele-
ments associated with it in the extract from
stage (b). In this stage also the tributyl
phosphate may be diluted with suitable hy-
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mctﬁfauiét arphe same end as that from
which the organic solutlon was derived.

Other methods of achieving “total reflux”,

such as chemical prempltatlon (followed by
fitration and redissolution in the other sol-
vent), or total evaporation of solvent (fol-
lowed by redissolution in the other solvent),
may be used; and, optlonally, recycling of 110
the solvents — which is to be clearly distin-
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drocarbon solvents,

A feature upon which the practice of this
invention depends is the utilization of the
concept of operating such a conventional
mulii-stage 11qu1d-11qu1d extraction unit - at
“total reflux”. This concept is more fully
explained in our British Patent No.
1026 791.. As is disclosed therein almost
and of the standard forms of extraction ap-
paratus can be used, but this form of work-
ing is particularly suited  to the devices
known' as ‘‘mixer-settlers”. It will be ap-
preciated that in operation under total re-
flux, the system gradually approaches equili-
brium. Extraction can be stopped when
substantial equilibrium has been reached,

or earlier, when the desired solute has been
sufficiently separated.

Since the solvent systems used in stages

guished from the refluxing of solutes treated
above — may also be used. These prob-
lems are clearly explained in_our British
Patent No. 1,026,791 mentioned above.

The process of the present invention uses
two separate solvent extraction steps, carried
out under different conditions of solvent and
extractant, Whilst yttrium, although not a
lanthanide rare-carth metal displays a
chemistry closely ‘similar to those of the
lanthanide rare-earth metal we have now
surptisingly discovered that its behaviour in
liquid:liquid solvent extraction systems is
markedly dependent on: :

(a) the solvents in use;

(b) the extractant in use.

Tn determining whether or not two species
can be separated by 11qu1d-11qu1d counter-
current solvent extraction, the necessary
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6 The m xer-settlers used held about 300 and the extractor operated
at total reflux for m; for the 25 stage unit used about 1,500 22
hours. Anal ysis of the stages (aqueous gm of oxides was required. After
fillingy phase only-.given; organic phase differs only flows of 5272
m./fmn. of organic phase, and by the relevant partition coeffici ent‘) gave
5 12 rﬂlr;i n. of aqueous phase were Slel%ob‘ﬂ}’ the follow ng results.

10 Unit*Ng. * i Anal ysis, % as_oxides

Pr Nd ghiftical ‘p&iimeter Y the sepMation fior. &xd B is W separation factor. L(Varteres-
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s 1, cients-ofgtwo jes between the two —-(1937).) Even the usg o ntly chemi- 156
7.6 5 < l'snt cerned, Eﬁd!ls 4 7cally ag}egrgg; 1etsg¥v 97 32.4
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25.6 S lative c.ﬁ) ntration in the extr: to% unit ?y 4 markdd ag%f?’x thy a‘ge of
13 the equation: 0. 2 0.3 4.3 8B, 43 is sfdowh in tHe. féllowidg. Tlable. This - 16
1.0 79.5 16.8 1. AJBO. (n_%o _ 19table shows the separation factors between

63.1 25.6. 4.0 5_—2—'5—— 29 ytiriam and .rare-?‘?rth metals normally asso- 20
38.2 29.0 Wherb: ALB: Sompofleh being soparated: 2Bhase, aad a number of orgaois phass, The

29.2 23.2 6.9 AYB.Tis thtirOratio in the first Mbwiisnen plulates redatiye ttoi Anfor eached
is 86.0 i M0stage paer-setiler; l.he.se data VEpPe%#gtldnternal ratios; since
The above experi. Eﬁ.‘:@ﬁﬁegp?‘?elﬂ,mﬁsq' g 25 yttrium is of a |ower

nol ecul ar weight, "a mxture of primarily neodym um ‘samar - whi | st
solution nolarity is preserved in_all ium dysprosium erbium holmum
yttrium of the stages (excepting the end 2 or 3 and gadol i ni um oxi des.
The aqueous sol u- 40 whi ch are perturbed by the reflux processes), tion
of nitrates was made up to 1.33 nolar, variations in solution strength
ingmlitre do as Re(NJerr])[err], the term"Re" being accepted 30:occur,
the loading being a mninmumat nmaxi- in this art as neaning any, or a

m xture of, - mumyttriumcontent. rare earth ions,
and in this particular in- The inmportant inpurities are neodym um

stance for convenience in witing the for- 45



and erbium this 25 stage unit does not pro- nula, includes yttriumions.

When equili - vide a sufficiently pure concentrate. brium had been
reached, anal ysis of the
stages gave the follow ng results (aqueous 35 - EXAMPLE 2
phase only given), for the 50 stage unit used. Prepar atimn of a ugable
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Er * 4 1 __Pertur beb“&?g{nto refl ux R
32.3 33.9 33.80a0.1 - 4.4 "37.2* 57.5 0.9 .
55 - 10 0.4 .27.5 65.9 6.2 : - 13
13.8 51.8 34.3.- 0.1 - 16 S . 3.2 18 %,77 5
0.3 : 19 - ' _' 0.4 3.4 953 - 1.0 _
0.6 -97.5. -.-,1'8 60 ' 25 S 0.1 96. 6 3.2-
0.1 3 gn 28— HBE ER ' _ - ©94. 8 5.1 0.1 :
31 o jee a¥ B P '91.5 53 "o 3 34
87.0 12. 4 v» 0.5, . e 37 0 win : —78.9
19.9 1.2|8F Bl 66 &2 A% 8% @8 SEE. 8
31.3 2.6 0.3 - 43 ' o . 45.7
46. 4 5.8 28 = =2 945 o 8|k ~ &5%D.6
53.4 o g2+ 2e Oa 83 m—zw =3 B3 mE T
51.8 11.4 ,20.1 _ 4.1
30.5 10. 2 RS8R 78= 28 caﬁaiﬁﬁ ot h&§e§§h£‘§jp &R Lmﬁermﬁ qerr]
i ncl usi ve 7 1, 180, 921
7 Thgs| 88 t8ll 586 @t &y drigup at ®we gRe gnadsgs u,tl g contain.
no free it e Hepuding yo |tna-b g*ﬁorm-t-he s c%n(ff"st acrd. |
El. e .o 2 |
| §§ af a8 a3y 29 &8 By of 5% 8% 5% 35 &% 83§
RS | -
2 [H3 =3 M3 M2 M2 M2 HE M3 H3 »3 3 >3 >3
£ &
S g
Rimg B2 RS pg 28 4z 58 B¥ 2§ 2% 2§ 8% g
. _ =i
- Q.
~8 rg 88 58 88
g
oo <t moB
82 &2 Za 238
28 38 £53
<
g | 5e o o E
o e o < < o=
LS o0 5 j=3 o~ w (o] -
%g s g AN B
S |&, - R
g T e T 3 P P
& o B 2
— =] = O hd v =
g g g < § & & z 2
7 T f % g g §F u
R by A
& g E 8 2 % % 3 3
|88 ! S e 3 5 o & 7
- §5|™8 s T ¥ F 3y 3
§ °QU' é 8 :g -g —g § S
5|8° ] ¢ 9 & B F ¥
Q15 > 2 ¥ 2 2 ¥ ¥




process.
EXAMPLE 3

Purification of an yttrium concentrate
was obt ai ned 25
the concentrate as nitrates,
Agueous sol uti on:

err])[err]. (a) Organjc.phase:
extyhction with a Iarqi %@2?

litre of Re(
OrganiFc sol utt

on:

t ot al

This m xture was then charged into a 50

unit extractor system and extraction at 5
reflux carried out; reflux
treatment to pro- by: vi de

Af ter
the fol | ow
concentration to 380 gnf

sui tabl e chem cal

I ng solutions were nmade up:

tributyl phosphate,
diluted with an equal-

vol ume &f Shell - Tneofquedas Qhastad @very 8436l wa9RC QR Erdtbyad iPfhis3Rder, but the rever&Ol65A,
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sec
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W

dxmtelf" ptgg.tﬁ fqia:%
Versglﬁgn acld&fEahl;e ﬁi:lally‘l atvth
dmjsymegof chedi ehein
from 15 oa?éisﬁa%“f %é‘ mizgéi’{i
respectiv “Shellsol” is a cdhh

etivd. i tre  of

on of the solutes i

oo

esxred yttrium com-

a;cdeS?vound We(@)aimqmw&fs pphaﬂ@m

tﬁag%%ute%%gl atiep gmou; itre

Uphase of 100 g/1 wer solute con-

wenttagony asoaldt Feeulf @l |lyaed) Qofr & 75
od or tterm ‘é’ Wtallmm ommheent)

ution is r uce the
yttnum com 3 quantxtxes.
thefd) . waSrefer a sollﬂé ncentration

avillgble material containing meilyes niuhann 9@ #@Peous phase of wit lmore than 120 80

tufs@f ttlmethyl benzenes. gr eater t ha 99969(1% plul‘lgy %!res; When

T results cleart te. that need only be b purity,
vers acid 911, which Iqqné%%ég:y[‘%& g@ concentratxon p to, for _
branched chain carboxylic ac E 8 g/1 or even t may be

widbBt possible spread in thedVshith ©F tHehﬁ p 9‘1’ 8
sepaz{ison factor, We have found that a s believed that terti hed-cham
givempeid is only efficient if it c acids have not @ usly been

A 1 i in liquid /liquid tion sys-
‘# % wa:éaﬁl%lt% %new?h‘;?l@o ven gér é@:!lst h 'mle)tt advmtageé )paftitplarly the
dslaed 416 ot e organic e . ’tﬂ"a ity %0
iodes ikse wbiking comi¥ica et(mseas a a,e S doans Qh(ﬁ c‘,gm n the
on the n ofica

(l‘ov?h;l mglecule, am‘i{n?t%; preferred to use dbus siobution of S e

an acid  having af least 8 carbon atoms per
molecule),

(b) is capable of giving a smtably con-
centrated solution of rare earth ions in the
organic solvent without causing a large in-
crease in viscosity, (this effect becomes im-
portant above about 20 carbon atoms in the
molecule). A single acid, or a mixture of
acids, is equally effective.

The list of separation factors shows that
the tertiary carboxylic acid “Versatic acid
911” separates samarium partially, and gives
very little separation from gadolinium. Ter-
bium (not listed). falls between -gadolinium
and dysprosium and also is not separated,
whilst dysprosium and all the others are
separated from yttrium, On the other hand,
the tributyl phosphbate process shows that
the separation obtainable is markedly con-
centration variable, with two exceptions:
yttrium is substantially unaffected, and
erbium also stays close to ytirium.

Therefore by combining together the tri-
butyl phosphate aqueous nitrates system and
one of the orgamc carboxylic acid systems,
separation of yitrium from the rare earth
metals normally associated with it can be
achieved.

In parttcular, by combmmg together a
system using a_branched chain carboxylic
acid, and the tributyl phosphate-aqueous ni-
trates system at a suitable concentration,
complete separation of yitrium from the rare
earth metals normally associated with it can
be achieved. Preferentially, the two stages

owihg Frd Is 2.a0l 8, tak
wgegep%ustrate thellulxjventxon .j < 95

EXAMPLE 1
Preparation of an Yttrium concentrate:
Solutions were prepared by the methods
glven below, from an oxide mixture of the

ollowing composition : 100
Oxide % N
Y.0, 433
Sm, 0O, 0.7
Gd,0, 6.7 }
Dy,O, 127 105
Ho,0, 20
Er,0, ~ 71
Yb,0, 25
Pr and Nd oxides 250

To 1500 gm of this mixture was added 200 110
gm of mixed Pr,0,, in order to provide a
mixture more closely approximating com-
mercial raw material.

(@) Organic phase: An equal volumes =
mixture of Versatic Acid 911 and “Shellsol’” 115
A was contacted with a concentrated solu-
tion of the mixture of oxides dissolved in
aqueous nitric acid, and transfer of the metal
ions of the organic phase obtained by add-
ing .880 ammonium hydroxide solutlon 120
Contacting was continued until the organic
phase contained the equivalent of 40 gm/
litre of dissolved oxides,

b Aqueous Dhase A solution of 250
gm/litre of oxides in 5.3 molar nitric acid 125
in water was made up.



the salts being inorganic acid salts,

Content, % (i1) a hydrocarbon solution of a El enent
... (relative) . branched chain carboxylic acid the 80 Pr
— | ess than 1.0 acid being branched at the carbon
55 Nd ... ... less than 1.0 * {gdjacent t he+- COCH
group and Sm ... . .... 10.0 ' the =
sol utg on containing dissolved inggpey EU : Ca 6 1.1
it thi al—ion e e 3 3. 3
yttri um |Thasmixer-settlers used held. about. 300 88ad the extradtpr operated at'total réflux for
14. 9 0Bk fq),the 25 stage unit used about 1,500 22 hours. . Aﬁlgsis-oﬁiq _sgg(eg lém n being

C YL T gm, a oxid(i'é'was réquired. After filling, phase only givén; organi -%ha :8 DT
carri edfigidlor URIRI/miOdf organic phdsk) and by the relevant partition coefficient)C gavel- 4\ di i 0ONS
such $§h# mlyimin. Soflajicess phase erk @etvi, the follokting results. . - 10
0.2 ~ each end of the extraction apparatus are Y
ca 51.0 —continuousty rerurned to that end from .
whi ch theypevge derived whereby RabhdsT, & Fdes Havi ng regard to the

provi sions of Sec- separation is attarned in the system65 tion 9 of the
Pat erit Act, ?ttenticn12r diNdect®l Gd t oYt hdxcl afles dir Pa¥eént No. 51035/ 69
(Serialf,(b)4stopping?# e. @untpgcuggent sol - No. 1,180, 922).

vent 15l ows wgen suffi Cygntssgepags- 259 938

tion has beem achi evedd.@an®3snpt 324 258HAT WE CLAIM IS - '

ing one or ffre stagesO-df sge 3 9%4 7%0 1&3A'%yxﬂ1 thod for the
separatian tracti sy %enhgongéglﬂlﬁé ytji7 i ujip 70 a sol ution
contaoning.yptriumions in a highly .iepis tegethgr wsth sone rare earth
pure state 2oman initial solution cond&d n290 6&fet 4831 08 as i npurities
ing yttrium¥ons and rare earth netal i®rs, B¢c) 6%sofalind® the yttrium

and rare MW HuARRPEiEORRELISE 86.0 in stage 13, | earth
val ues t hus obtai ned and” 100 7 .
1, 180, 921 — ' Fhus- units

. T -
11-36 CO’“L‘%%&H%&% iRbrnd ratios: Bfee ! ”gk afﬁr'e‘é}ﬁe%é t%v%}e%éa&dr%%ié;‘ér ee nitric
pUI i (25 Skidadll] ot B Tlo eh%&&ﬁﬁf“ive%@gﬁ htutd )t prtsarity neodymiumla@GESS. Thi S
m Xt ur e whikss sdlinion mélanity dd pteseived dn 30  ium, dysprosium, erbium, holmi 3
uni t expi 3{1@[ §ipees ing éh%je@(@r ercBi eénd gadolinium oxides. The aqueous solu- 40
- .7 which are perturbed by the reflux processes), tion of nitrates was made up to 1.33 molar, -
.. variations in solution strength in gm/litre do as Re(NO,),, the term *“‘Re” being accepied
30 occur, the loading being a minimum at maxi- in this art as meaning any, or a mixture of,
mum ytirium content, rare earth ions, and in this particular in-
The important impurities are neodymium stance for convenience in writing the for- 45
and erbium; this 25 stage unit does not pro- mula, includes yttrium ions. When equili-

vide a sufficiently pure concentrate. brium had been reached, analysis of the
stages gave the following results. (aqueous
35 EXAMPLE 2 phase only given), for the 50 stage unit used.
Preparation of a usable yttrium concentrate. : :
50 Unit No. - - Analysis, as oxides
oo Nd - Sm Gd 'Y Dy "Ho Er*
1 - --Perturbed due to reflux
4 - 323 339 33802 01
7 - 44 312 575 09
55 10 04 275 659 62
13 _ 13.8 518 343 0.1
16 32 189 715 0.3
19 04 34 953 1.0
. 22 ' 06 975 . 18 '
6 25 01 9%6 32 0l
- .28 9438 5.1 0.1
31 91.5 82 03" |
. 34 870 124 05 '
_ 37 _ 789 - 19.9 12 ca 01
65 ;40 ' _ 658 313 26 03
B < ' 4577 = 464 58 21
45 _ 306 534 9.8 7.2
47 ' : - 168 518 114 201
. 50, - _ 41 . 305 102 552

70: """ * contains other earths up to Lu,0, inclusive.



5 Puri,fication

of an yttrium concentrate

total reflux carried out; |

refl ux was obtained 25 After suitable chemcal treatnent to pro-
by: . vide the comeentrate as nitrat d8808e fol | ow i ng

sol utions were MaOfhuYRinits’ 11—36 contain yttridd BEQUS 5‘9(1 Hidl QBlutidn® Qﬁlﬂﬁfxrn%tfr&rhlﬁﬂ

380 gnf
Re(NJ err])[€Tr]

sol ufi#Hn: extraction with
of Shell- vol e mkifv@Ebelof ad

purity suitable for the second stage of the acid

process. (a) O gani c phase

3
ﬁﬁn&ﬁEHnErﬁEl Ontoﬁi [J%carned out; reflux w

tre of

J but ﬁl:ﬁfhate Orga(r}l c
ﬁ ﬁume

ed 25

containing 21 gnl| IMteresumblesahbmzcaltttqamensml prod oby: to 190 gmlitre of

utes, expressed él@e
rrately 40 grﬂlltreg

yttriumcon- The

aqueous sol ution

organi ¢ phase ¥nd 4. 611?60' ithamgqualiyel éShe!iS
gmlitre as At equhdtdl rmtm/haeafyﬁtr

34 Bygqates. the foll
50 utlﬂlllst \?{ege Egg tha gal'l’eLAs[ sgi%lin conce{nﬁaéxoB 19,380 gm/

Titfd

fdaDWrgﬁi&@hdﬂSEanRy‘IEph'b@plﬁie[ nOfgamOfsohlﬂdn extrJaEuon wuh a_ lagget ) .

g21gm itte of so!

5
of es. (app ?m-

Ofdel he a

volume of I ationcof 30
nit g ﬁ?n i’(?f(? of
g%&ohé ¢

oxi des

(appr oxi mat el y 200 grpehdidg en thehpreds mMumh@nunThsﬂ@am&smbad weod 10mi /mp. rod the

of nitrates, en((g r%tbn rﬁe > Pre orgepic phase andcd.§ gl {ppip (of i aque- 35
queous so u 1on of ous pha; sg
nitrates; g 100 gm/litre as At eq T1Bfiknh qxﬁfyﬁx]; of the aqueous
' oxides (appk Bﬂiﬁely 2001 (@m/litre phases inlthe units gave the follgwing tre
ni qf nitrates, depending on gHe| pre- sults: 25
o g9  cise yttrium;cpntent). nil 30
99. 98 0.01 : 0.01 35
99.95  ymit No. 0. 01 . Y0, 0.04 Er0, Other$0
9%)388 . 0.01 er 1 9999O. 11 il45_ Ai5
ater an n ni
9 0503 - 25 0.02 gr:e%ttzr than 99.99 0.63 nil 50 ml48
. 30 r than 99.98 0.01 ~ 0.01
. 0. 05 35 dter than 99.95 Typiooal anal ysi 9.0af the
rare-earth mxture (1)49(a) rrultlstea ethaeﬁaﬁ ercurr l i quid- 011 _
present with t yttrld“@ in the SEPEL ey 2 64 ' | i d extracti%} bet ween:
75 50 sol utes, .e. gon the outgoing or@aRi c phasegs (i) gixsaqueous
solution of salts of are as foll ows:
rare earth metals asgéi o tt o e rth mixt @® ¢ ) mulﬂstage countercurrent liquid
the salts being i P%ag’él a’PIesea m"‘“re 3, 3
résemt  wi the eflux extraction betw
Content, % 50 é:)lutes, tﬁogﬂlsesm ut i On @ u%d an%queous solutg[xn%frﬁlﬂs of

(reI ative)

Pr ...

carbgn
55
60
65
70

are as follows branched chal n car boxyI | renearth inttels 8od of yttrlum.

less than 1.0

Comntent, %

Element (relattve)
Pr .. less than 1.0.
Nd ... less than 1.0
Sm ... ... 10.0
Eu ... 1.
Gd ... 13.3
Tb ... " 149
Dy .. 7.6
Ho ... ca 04
Er ... 0.2
Y .. ca 510

Having regard to the provisions of Sec-
tion 9 of the Patent Act, attention is directed
to the claims of Patent No. 51035/69 (Serial
No. 1,180,922).

WHAT WE CLAIM IS:—

1. A batch method for the separation of
a solution containing yttrium ions in a highly
pure state from an initial solution contain-
ing ytirium ions and rare earth metal ions,
which method comprises:—

A R e

e
branched chain carboxylic acid the 80
acid being branched at the carbon
adjacent the —COOH group and
the solution containing dissolved in
it the rare earth metal ions and
yttrium ions. 85

the extraction being carried out under con-
ditions such that any solutes which leave
each end of the extraction apparatus are
continuously returned to that end from
which they were derived whereby in time a 90
separation is attained in the system

(b) stopping the countercurrent sol-
vent flows when sufficient separa-
tion has been achieved and empty-
ing one or more stages of the ex- 95
traction system containing yttrium
ions together with some rare earth
metal ions as impurities

(c) isolating the yttrium and rare
earth values thus obtained and 100




55 Nd . : | ess than 1.0 adj acent the - COOH
group and Sm ... . ... 10.0 t he
sol ution containing dissolved in Eu . cee
1.1 ,it the rare earth netal ions and Gd :
Cow T 13. 3- yttriumions. -85
O ... L 14. 9 60 Dy b

- 7.6 he extractjon being carrie under con- Ho ...,
o 7 edN* ditions sucﬂ“‘@g%%l any solutes which | eave 7 Er
... ... Thus tmit{ 11—36 contain ftrdm at £acITheMdalablutitia Guthihavt k@ mitBppar at us are
Y o e I};‘{,‘;ﬁg{sf““am for the second giage @f1the acid.cont i nuously returned to that end
from_. ' is mixture was ﬁe ch Sl 1Yy were

deri ved wher eby i nexiamei® 90 whi e fRgkior €k, 8 LtRadBb® VAt SI ONS Of
Sec- sé&paratificetion of at tydiuve doncenitatee sgmﬂeeﬂux cargitd butprefiékx wis dbednePal®nt Act,
attentionvii‘gteﬂ%g?c%‘gﬁ% mlcagittfetatm”é}‘t'lg@:c % ms of Patent No. 51035/69 (Serial
(b) st Oppinégg;ﬁﬁlﬁs idhd! g’é 1% Aqueous solftion ook &Qeratiof ko 380 gm/

vent flows when sufficienl separa- litre of Re(NO,),.

tion hga bé@nog‘%w e?hew ahi?u : gs;éllllate. Organkl:_ 3phifign :\QExt@buunWitE:a: larg?

i . - volume of] watgg,

I ng on€ or m)fs:1 g:@ﬂﬁ?‘% if?eggéf spl- this_.solution ﬁ{o%?%ﬁtt"%c%f & th.e
separati on of ytes, exp,eswfla@ (apfok€M CORE®Q),NT YUt ril me /0 4 sol ution
cont ai ni ng yt watelyn#o @nslit'rmasanindaggﬁe- i ons together with sonme rare earth

pure state fr8tHAHA dopthe Precises Hirivm eqil-ca’hfﬁwhratesusedn?r 10 inbmin. o therpuri ti es
ing ytt ?i Uy ‘ﬂ o B'affrﬁf’%gg tdutiTR R g?ﬁ%&msﬁ &yd ¢ Gﬁéﬂ"f‘ﬁ’& theygque- ¥9 ¢ 1 um
~and rare nitrateﬁ:doﬁ ARt 100 Cent/BHFP lak SE€SAL equilibrium, analysis of the aqueous earth

val ues t hus oloxidésn@pproxigatélp( 0200 gm/litre 8 phases in the units gave the following re-

1.180 %1 of nitrates, depending on the pre- sults: 8 wher e

’ ’ cise ytirium congent), . . . :
necessary converting 0" wherein solvent (a) (ii) is a hydrocarbon 30
nitrates solution of a tertiary carboxylic acid.

- (d) . mul ti st ag@®nit@dunt er cur r ent Yi@,qui d- 3Erp,net hod apdrai ned in claim?2
in Ijquid extracti on between: L whi.ch the tertiary

“car bofoi c-aci dydhas from ea::’ tt]l;:: gg'gg(i ) a :?Iilﬁl ution of n®lrates of the 8
-to 20 carbon atggs per ml@&g@ﬁqhan 99.98 oooyttrium 'arbg%'lrare earth

el enent s 4. 3 met hod agreteaithed?iof any om@lpre- 35 004 t hus

obtaingd, in tr@utyl_phos%ﬁgg,%egg@g cl ai rg;g%,herei n t.h%-égydrocar bon is a
43 ' '

96.4 0.03 3.57
50 87.8 0.05 12.15

Typical analysis of the rare-earth mixture (I) (a) multistage countercurrent liquid-

present with the yttrium in the refluxed liquid extraction between: 75
30 solutes, ie. in the outgoing organic phase, " (i) an aqueous solution of salts of
are as follows: rare earth metals and of yttrium,
the salts being inorganic acid salts,
Content, % (ii) a hydrocarbon solution of a
Element (relative) branched chain carboxylic acid the 80
Pr .. less than 1.0 acid being branched at the carbon
5 N4 .. .. less than 1.0 adjacent the —COOH group and
Sm ... ... 10.0 the solution containing dissolved in
Eu .. 1.1 it the rare earth metal ions and
Gd .. .. .. 133 yttrium ions, 85
Tb ... 14.9
60 Dy .. 7.6 the extraction being carried out under con-
Ho ... ca 04 ditions such that any solutes which leave
Er .. 0.2 each end of the extraction apparatus are
Y .. . ca 510 continuously returned to that end from
. which they were derived whereby in time a 90
_ Having regard to the provisions of Sec- separation is attained in the system
65 tion 9 of the Patent Act, attention is directed
to the claims of Patent No. 51035/69 (Serial (b) stopping the countercurrent sol-
No. 1,180,922). vent flows when sufficient separa-
tion has been achieved and empty-
WHAT WE CLAIM IS:— ing one or more stages of the ex- 95
1. A batch method for the separation of traction system containing yttrium
70 a solution containing yttrium ions in a highly ions together with some rare earth

pure state from an initial solution contain-
ing yttrium ions and rare earth metal ions,
which method comprises:—

metal ions as impurities
isolating the yttrium and rare

©

earth values thus obtained and 100
-

AR



(i1) an aqueous solution of said mxture of trinethyl benzenes.
nitrates of yttriumand rare earth 5. A nethod as clained in any of 10

el ement s, clains 1 to 4 wherein the salts in
agueous . - " solution (a) (i)

are nitrates. - 40 the extraction being carried out under ,
con- 6. A nethod as clained in any one pre- ditions sy h that any
sol utes which | eave ceding clai mwhergin the tributyl phosphate each
end of the &xtraction apparatus are i i n sol ution i n¥ae®ar gani c®

sol vent . cont I- NGRS | Yool sl Bsidertity ttlaatwh%@ﬁ gdi\@ﬁ? a) (@) Is agydﬁ&trmd s
clainmed in claim ,Gaiftitesthi ch T hey wer e dersbutigh b datbokylidRcid. ~ Wherein -

ulti )it cla .
sai d organi ¢ sol Sorqniieen, chweoman{ et e ot S g R

5__ . m nitrates of the 8 to 20 n atoms per molecule,
8. A method’as cl ai o Gndilisie G (Wdhents & A BBthodietiibndin B one pre- 35
count ercurrent sol vihng obtaeil g txdﬁu&;ﬂphbsnhae e |cmmgwea1m Whegdie ﬂ:echydmcm-bca- is a

f1 ows when SUffICI o panieels| whitipm of s or%n”ﬁ of jtyi e‘hﬂbeﬁ eSqr eat er than 160
g./l., ég ﬁfrwe@d Bffd g 1@' gme
50 20 ~or nore stages of the extrasmmdan(a) (,) &e xﬁtratéiﬁt‘i‘IOd -as - cl aoned
inclaim 8 " the extractnon beigg ont ugden feeri-ni wg ot asovnirpéd ntapy eierpreai d
concentr.ation df ‘lﬁgﬁ gjﬁ Y/ﬂ°1“tes which leave ‘f!%i'Bl‘yl ?ﬁ‘r@e foutyl Biﬁf }ﬁP’

end (¢) trac on apparatus are 1s ed in solutio: rgamc S
to 120 g./1. @Eﬁﬁ%u that end from 7. method - as claimed in claim 6

10. A net hod ssick ltigly rmda denvezll wiierebil iitidle a wl(eﬂeln)saﬂfdtgaﬁblsdgent er mimmeeammﬁ ve

stages as’ set sepatstiemistaitaipgdyin gbe sygemai n desdr ﬁbﬂ’ep ‘ﬁgs clalmed

above but in Sta@?nﬁmg%ﬂe %&mmivg& §£§O§ alr (d)
ae60 g. /l

(i) and (d) (il hen shificien¥ stpiatatloR hash &ion (a)enar@tneffgr s
stage (d) u5| ng thebesmlavlawed dre ng <p mwetummscokdcrred in_any one of30

clains 1 t g‘@ﬂ{o laimpd in" claim 8
ni trates. ,taﬁ%gg.%ﬁg LS%F??EG"E W%e'fm 7 sﬁﬁaafzxﬁl:mm 80 g/l ‘MARKS &
CLERK. Printed for-Her Majestio ﬁoﬂ@ﬁl elayhe@iid ¢lgim lbandBur gess
& Son (Abl ngd@®) aﬁéﬁ‘ %ﬁrﬁemtwe ?gges as s substan%wm s lherelmatiesqrﬁed Hat Bt 5
O fice, OUt h lg 'jﬁ%’l dl%&ﬁ aw]&s tirium - when separated by the
from whi Ch COpI e Sstdpa Yd) pan' (@) () method clalmed in any one of claims 1 to -

and (a) (n) wherem saxd salts are " 10..

pitrates,

2. A method as claimed m claim 1 MARKS & CLERK :
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