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5        The aqueous phase in every case was a  are employed in this order,
but the reverse 65     solution of nitrates. The organic acids are
sequence is equally effective.     all  commercially  available
materials,   The concentration of the solutes in the     "C[err]C[err]"
acid comprises a mixture of pre- aqueous phase of the tributyl phosphate/
5 dominantly secondary branched-chain car-  aqueous stage of the process
depends in part     boxylic acids having from 7 to 20 carbon  on the purity
of the desired yttrium com- 70     atoms per molecule. The naphthenic acids
pound. We obtain 99.999%  pure yttrium     are secondary carboxylic acids
derived from  oxide (after suitable isolation procedures)     tetralin,
having molecular weights of ap- using a solute concentration in the aqueous
10 proximately 180 and 230 respectively. The  phase of 100 g/l. Clearly,
lower solute con-     "Versatic" acids are commercially avail-  centrations
could result in yttrium  of as 75     able mixtures of tertiary branched
chain  good or better purity, but a limit on the     carboxylic acids
having from 9 to 11, and  dilution is set by the need to produce the
from 15 to 19, carbon atoms per molecule  yttrium compound in reasonable
quantities. 15 respectively. "Shellsol" is a commercially  In general, we
prefer a solute concentration     available material containing mainly a
mix- in the aqueous phase of not more than 120 80     ture of trimethyl
benzenes.                g/l when 99.999% purity is desired. When
These results clearly demonstrate that the product need only be of 99.99%
purity,     versatic acid  911, which  is a tertiary  higher solute
concentrations of up to, for 20 branched chain carboxylic acid, gives the
example, 160 g/l or even higher may be     widest possible spread in the
values of the  employed.                                85     separation
factor. We have found that a    It is believed that tertiary branched-chain
given acid is only efficient if it       carboxylic acids have not
previously been                                                employed in
liquid/liquid extraction sys-       (a) is either largely insoluble in
water tems.   Their advantages, particularly the 25 (where water is to be
the other solvent), or very wide spread of relative separation fac- 90
resides almost totally in the organic solvent tors found for rare earth
metal ions in them,     under these working conditions (this sets a  are
clearly shown in the preceding descrip-     lower limit on the number of
carbon atoms tion     in the molecule, and it is preferred to use The
following Examples 2 and 3, taken 30 an acid having at least 8 carbon atoms
per together illustrate the invention:     95     molecule), 



(b) is capable of giving a suitably con-              EXAMPLE 1
centrated solution of rare earth ions in the   Preparation of an Yttrium
concentrate:     organic solvent without causing a large in-  Solutions
were prepared by the methods 35 crease in viscosity, (this effect becomes
im- given below, from an oxide mixture of the     portant above about 20
carbon atoms in the  following composition:                   100
molecule). A single acid, or a mixture of     acids, is equally effective.
Oxide                         %       The list of separation factors shows
that  Y[err]O[err]    ...   ...   ..   43.3 40 the tertiary carboxylic acid
"Versatic acid  Sm[err]O[err]   ...   ...   ...    0.7     911" separates
samarium partially, and gives  Gd[err]O[err]   ...   ...   ...    6.7
very little separation from gadolinium. Ter-  Dy[err]O[err]   ...   ...
...   12.7    105     bium (not listed), falls between gadolinium
Ho[err]O[err]   ...  ...   ...    2.0     and dysprosium and also is not
separated,    Er[err]O[err]    ...   ...   ...    7.1 45 whilst dysprosium
and all the others are    Yb[err]O[err]   ...   ...   ...    2.5
separated from yttrium. On the other hand,   Pr and Nd oxides    ...   25.0
the tributyl phosphate process shows that     the separation obtainable is
markedly con- To 1500 gm of this mixture was added 200 110     centration
variable, with two exceptions:  gm of mixed Pr[err]O[err] in order to
provide a 50 yttrium  is substantially  unaffected, and  mixture more
closely approximating com-     erbium also stays close to yttrium.
mercial raw material.       Therefore by combining together the tri-   (a)
Organic phase: An equal volumes     butyl phosphate aqueous nitrates system
and  mixture of Versatic Acid 911 and "Shellsol' 115     one of the organic
carboxylic acid systems. A was contacted with a concentrated solu- 55
separation of yttrium from the rare earth  tion of the mixture of oxides
dissolved in     metals normally associated with it can be  aqueous nitric
acid, and transfer of the metal     achieved.
ions of the organic phase obtained by add-       In particular, by
combining together a  ing .880 ammonium  hydroxide solution. 120     system
using a branched chain carboxylic  Contacting was continued until the
organic 60 acid, and the tributyl phosphate-aqueous ni- phase contained the
equivalent of 40 gm/     trates system at a suitable concentration, litre
of dissolved oxides.     complete separation of yttrium from the rare   (b)
Aqueous phase: A solution of 250     earth metals normally associated with
it can  gm/litre of oxides in 5.3 molar nitric acid 125     be achieved.
Preferentially, the two stages in water was made up.     
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6        The mixer-settlers used held about 300  and the extractor operated
at total reflux for    ml; for the 25 stage unit used about 1,500  22
hours. Analysis of the stages (aqueous    gm. of oxides was required. After
filling, phase only given; organic phase differs only    flows of 52
ml./min. of organic phase, and  by the relevant partition coefficient) gave
5  12 ml/min. of aqueous phase were set up, the following results.
10          Unit No.                          Analysis, % as oxides
Pr    Nd    Sm    Gd    Y    Dy    Ho   Er    Yb            1
31.8  64.3            4            17.3  75.7   1.2   4.8 15         6
7.6  58.1   3.5  25.9   9.8            7             4.0  33.6   3.9  32.4
25.6            10             0.2   2.4   1.5  17.4  75.0   3.3
13                    0.2   0.3   4.3  86.0   8.5   0.7   0.1            16
1.0  79.5  16.8   1.7   0.9 20        19
63.1  25.6   4.0   5.2           22
38.2  29.0   6.6  18.3   7.8           25
29.2  23.2   6.9  23.7  17.0            Maximum purity of yttrium reached
is 86.0 in stage 13.         These data represent internal ratios; since
The above experiment was repeated, using 25 yttrium  is of a lower
molecular weight, a mixture of primarily neodymium, samar-     whilst
solution molarity is preserved in all ium, dysprosium, erbium, holmium,
yttrium     of the stages (excepting the end 2 or 3  and gadolinium oxides.
The aqueous solu- 40     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[err])[err], the term "Re" being accepted 30 occur,
the loading being a minimum at maxi-  in this art as meaning any, or a
mixture of,     mum yttrium 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                          Nd     Sm     Gd       Y      Dy       Ho
Er*             1          Perturbed due to reflux             4
32.3   33.9   33.8 oa 0.1             7           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                   3.2   18.9   77.5
0.3            19                   0.4    3.4   95.3    1.0            22
0.6   97.5    1.8 60        25                           0.1   96.6    3.2
0.1            28                                 94.8    5.1    0.1
31                                 91.5    8.2    0.3            34
87.0   12.4      0.5            37                                 78.9
19.9    1.2 ca 0.1 65        40                                  65.8
31.3    2.6    0.3            43                                 45.7
46.4    5.8    2.1            45                                 30.6
53.4    9.8    7.2            47                                 16.8
51.8   11.4   20.1            50                                  4.1
30.5   10.2   55.2 70        * contains other earths up to Lu[err],O[err]
inclusive.       7                                        1,180,921
7      Thus units 1l-36 contain yttrium at a    The final solutions contain
no free nitric    purity suitable for the second stage of the  acid. 



process.    This mixture was then charged into a 50
EXAMPLE 3                   unit extractor system, and extraction at  5
Purification of an yttrium concentrate   total reflux carried out; reflux
was obtained 25       After suitable chemical treatment to pro- by:    vide
the concentrate as nitrates, the follow-    ing solutions were made up:
Aqueous solution: concentration to 380 gm/
litre of Re(NO[err])[err].       (a) Organic phase: tributyl phosphate,
Organic solution: extraction with a large 10       diluted with an equal
volume of Shell-  volume of water, and concentration of 30           sol A,
containing 21 gm/litre of sol-  this  solution  to  190  gm/litre  of
utes, expressed as oxides (approxi-    Re(NO[err])[err].           mately
40 gm/litre as nitrates, de-           pending on the precise yttrium con-
The flow rates used were 10 ml/min. of the 15        tent).
organic phase and 4.6 ml/min of the aque- 35       (b) Aqueous phase:
aqueous solution of  ous phase.           nitrates, containing 100 gm/litre
as    At equilibrium, analysis of the aqueous           oxides
(approximately 200 gm/litre  phases in the units gave the following re-
of nitrates, depending on the pre-  suits: 20        cise yttrium content).
Unit No.                 Y[err]0[err]              Er[err]O[err]
Others 40            1             greater than 99.99       nil
nil              25             greater than 99.99         nil
nil              30             greater than 99.98         0.01
0.01              35             greater than 99.95         0.01
0.04              40              greater than 99.88        0.01
0.11 45          45              greater than 99.35         0.02
0.63              48                         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 50 solutes, i.e. 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
55   Nd  ...           ...  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  ...   ...  ...              13.3
yttrium ions.                     85       Tb   ...         ...
14.9 60   Dy  ...   ...   ...              7.6   the extraction being
carried out under con-       Ho         ...   ....        ca 0.4   ditions
such that any solutes which leave       Er  ...   ...    ...
0.2    each end of the extraction apparatus are       Y    ...   ...   ...
ca 51.0   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-     metal ions as impurities
ing yttrium ions and rare earth metal ions,  (c) isolating  the  yttrium
and  rare     which method comprises:-                          earth
values thus obtained and 100          7
1,180,921                                        7          Thus units
11-36 contain yttrium at a    The final solutions contain no free nitric
purity suitable for the second stage of the  acid.       process. This
mixture was then charged into a 50                     EXAMPLE 3
unit extractor system, and extraction at 



5   Purification of an yttrium concentrate   total reflux carried out;
reflux was obtained  25          After suitable chemical treatment to pro-
by:        vide the concentrate as nitrates, the follow-        ing
solutions were made up:               Aqueous solution: concentration to
380 gm/                                                       litre of
Re(NO[err])[err].          (a) Organic phase: tributyl phosphate, Organic
solution: extraction with a large    10        diluted with an equal volume
of Shell-  volume of water, and concentration of 30              sol A,
containing 21 gm/litre of sol-  this  solution  to  190  gm/litre  of
utes, expressed as oxides (approxi-    Re(NO[err])[err].
mately 40 gm/litre as nitrates, de-              pending on the precise
yttrium con- The flow rates used were 10 ml/min. of the    15        tent).
organic phase and 4.6 ml/min of the aque- 35          (b) Aqueous phase:
aqueous solution of  ous phase.              nitrates, containing 100
gm/litre as    At equilibrium, analysis of the aqueous              oxides
(approximately 200 gm/litre  phases in the units gave the following re-
of nitrates, depending on the pre-  suits:    20        cise yttrium
content).                Unit No.                 Y[err]O[err]
Er[err]O[err]              Others    40            1              greater
than 99.99         nil                nil                 25
greater than 99.99         nil                nil                 30
greater than 99.98        0.01               0.01                 35
greater than 99.95         0.01              0.04                 40
greater than 99.88         0.01              0.11    45          45
greater than 9935          0.02              0.63                 48
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    50 solutes, i.e. 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 



55   Nd  ...   ...   ...  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  ...   ...
...             13.3             yttrium ions.                     85
Tb   ...   ...   ...            14.9    60   Dy  ...   ...   ...
7.6   the extraction being carried out under con-          Ho  ...   ...
...          ca 0.4   ditions such that any solutes which leave          Er
...   ...   ...             0.2    each end of the extraction apparatus are
Y    ...   ...   ...        ca  51.0    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          l. 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-     metal ions as impurities
ing yttrium ions and rare earth metal ions,  (c) isolating  the  yttrium
and  rare        which method comprises:-                           earth
values thus obtained and 100        8
1,l80,921                                        8              where
necessary  converting  to  wherein solvent (a) (ii) is a hydrocarbon  30
nitrates                           solution of a tertiary carboxylic acid.
(d) multistage  countercurrent liquid-   3. A method as claimed in claim 2
in             liquid extraction between:         which the tertiary
carboxylic acid has from  5          (i) a solution of nitrates of the  8
to 20 carbon atoms per molecule.             yttrium  and rare earth
elements    4. A method as claimed in any one pre- 35             thus
obtained, in tributylphosphate, ceding claim wherein the hydrocarbon is a 



(ii) an aqueous solution of said  mixture of trimethylbenzenes.
nitrates of yttrium and rare earth   5. A  method as claimed in any of 10
elements,                           claims 1 to 4 wherein the salts in
aqueous                                                 solution (a) (i)
are nitrates.             40     the extraction being carried out under
con-   6. A method as claimed in any one pre-     ditions such that any
solutes which leave  ceding claim wherein the tributyl phosphate     each
end of the extraction apparatus are  is used in solution in an organic
solvent.     continuously returned to that end from      7. A  method as
claimed in claim  6 15 which they were derived whereby in time a  wherein
said organic solvent is a mixture of 45     separation is attained in the
system       trimethylbenzenes.
8. A method as claimed in any one pre-         (e) stopping the
countercurrent solvent ceding claim wherein the nitrate concentra-
flows when sufficient separation has  tion (d) (ii) is not greater than 160
g./l.,             been achieved, and emptying one  measured as oxide.
50 20          or more stages of the extraction    9. A  method as claimed
in claim  8             apparatus containing a solution of wherein said
concentration is from 80 g./l.             suitably pure yttrium; or
to 120 g./l. measured as oxide.
10. A method as claimed in claim 1 and     (II) effecting the consecutive
stages as set substantially as herein described in Ex- 55          forth
above but in stage (a) using the  amples 2 and 3. 25       solvent pair (d)
(i) and (d) (ii) and in   11. Yttrium  when  separated  by  the
stage (d) using the solvent pair (a) (i)  method claimed in any one of
claims 1 to          and (a) (ii) wherein said salts are  10.
nitrates.       2. A  method as claimed in claim  1                 MARKS &
CLERK.               Printed for Her Majesty's Stationery Office by Burgess
& Son (Abingdon), Ltd.-1970.                  Published at The Patent
Office, 25 Southampton Buildings, London, W.C.2,
from which copies may be obtained.    


