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THE ANION EXCHANGE BEHAVIOUR (OF YTTRIUTN, NBEODYNITN
AND LANTHANUM
IN DILUTE NITRIC ACID SOLUTIONS CONTAINING ETHANOL
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(Received October :1:7th, :11960)

The anion exchange behaviour of the rare earths iin mittic :acid thas Ibeen limvestigated
by Daxoxl. These elements were found:to ibe.adsorbed tto :a -shight exttent fny Dowes—a
from concentrated nitric acid solutions, but ithe -smadll @ifferences tbatwean tthe wadlnes
of the distribution coefficients did not .allow efficient separations. Since mgplacamentt
of part of the aqueous phase by a:non-aqueous-.component lhasibeen :shown tio @nllanue
anion exchange adsorption and resolution of iinerganic iens33, tthe @anion ewxdirange
behaviour of some rare earths (Y, Nd andiLa)iin dilute mitric:acid sdlutions containing
ethanol has been investigated.

EXPERIMENTAL
Materials and column operation

Restn: Dowex-1, 8X, :'50—100 :mesh, mitrate form.

Szze of resin bed: 22 X I.g.cm.

Sample: Mixture of specpure rare:earth initrates equivalent o 1 mg «@adh of Y,
Nd and La.

Addition of sample to colummn: Sample was dissalwed iin mo mml HNQ—efilcund!
solution of the same concentration ito ibe wsed :as «€luant :and placed iin tthe adhmm
head. This solution was allowed :to:run into ithe wesin Ibed at :a flow matte «@f o milfiin.
The resin bed had previously :been -equilibrated with 300 ml HNQ ~etthand] sdiution
of the same concentration as-used for dissolviing ithe rare wwanth mitrates.

Elution: When the liquid level in the .column thad :almest weadhed whe ttap «of tihe
resin bed, elution was commenced with ithe @appropriate HINQ ~efhand] dhuant.
Elutions were carried out at:room itemperature.

The following eluant systems were iinvestigated:

(a) 0.8 N HNO; and varying :concentrations of «ethanal ((@, =za, 4o @and So9%).

(b) 80 % ethanol and varying concentrations «of HNQ®; ((ox6, @8 @andl o6 N)).
Solutions of HNOg above 1.6 N ‘were not .employed since tthey @xidised tihe wiiemdl
to acetaldehyde.

Eluant solutions. were ‘prepared by -diluting the proper wdlume «f @ancentmatedl
HNO; to the mark in a standard flask with ithe:.appropriate concentration of cethranel.
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The rate of flow of eluant through the column was 1 ml/min and the effluent was
collected! in: 20-ml fractions. These fractions were transferred to So-ml porcelain
evap.rating basins and taken to dryness on a “low’ hot plate.

Sectrograpliic monitoring of efflient fractions
The: following. spectrographic conditions were employed for examining the effluent
fractions::

Elactirodés.: The lower electrode (anode) was a flat top NCC regular grade graphite
3716 in.. diameter rod..

The upperelectrode was a pointed Champion ‘“ship’ carbon 5-mm diameter rod.

Loading:electrodes : Flat topped electrodes were rubbed with a circular downward
motiom around! the - bottom and sides of the evaporating dishes.

Spectrograph: Hilger (E 492) large quartz and glass; glass optics; wavelength
nange- 3,800-5,300:A\; slit width 0.0025 mm; slit height 3 mm; Hilger F 958 quartz
lens:focussedlonislit.. Kodak 103-0 plate. Samples were arced to completion at 4.5 A DC.
Plates: were developed for 414 min in Kodak D1gb developer at 20°. :

&

Constmection: of; semiguantitative elution curves

A\ semiguantitativve- measure of the concentration of a rare earth in the effluent
fhactions: was: obtained! by visually estimating the relative intensity of a suitable
spectrumuline offthe-element (Y 4374.94; Nd 4303.57; La 4333.73) using an arbitrary
7~stepped! spectrum: line  as a. source of reference. Semiquantitative elution curves
were: constructedi by plotting rare earth relative intensities against effluent volume.

RESULTS AND DISCUSSION

Fig:. millustrates:the results obtained when a series of ethanol concentrations contain-
ing0: 8 XX HINO); were employved as eluants. As the ethanol concentration was increased,
nare: eanths: showed! increased adsorption by the resin. Nd and La were so firmly
adsonbed! by Dowex-1 from: 8o % ethanol containing 0.8 N HNO; that an eluant in
which the adsorbedirare earth ‘‘complexes’ were no longer stable had to be employed
fiorr theirr remowall. Water elution was used for this purpose.

Fiomn the' elution: curves obtained, the volume distribution coefficients (D,)
ware: evaluated! from: the familiar relationship

D'v = Vmax —1

whene Wnax is: the number of column volumes of eluant required to obtain an element
im manimum concentration. in the effluent and 7 is the fractional interstitial volume
(ame. :4)\. Dy wwalues: (estimated’ to within 4 30 9;) are shown in Table I.

Similar results: have been: obtained by Daxox4 and MARCUS AND NELSON? using
acidiffedi nitrate solutions. These workers found the addition of a solublenitratesuch as
LLiNQO}, to ar dilute: HNQj solution resulted in the enhanced adsorption of rare earths
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27> . ILG) emu coliumm off Dowex-~1,8X, 50-100
muesth pesiin with 80,94, etlianoll containing va-
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by strongthaseanionesdimrgge medin . Adkontbabilities increasedlwithiincreasing LiNO,
«concentration, tthe ligitrar rare emmiis heing: monme: stronglix-adsoenbedi than the heavier

wearths.

From [Fig. riit canalsoteseen tdiatt enflancedlresolntiom off X,. Ndiand!La.occurred

with iincreasing wthand] conmantmeatitom..

Thedlutiona@urvesdbraimestt usmg S0 9, etfianellcontaining: various:concentrations
«of FENQ,; :are shown iin Fiz. 2. Rae cantlis showed! increasedl adsorption. by the
wesin with iinoreasing BN, conoammaniom. La (im 8%, ethanoll containing 0:16, 0.8

and 16 ¥ FINO,) and N (in &

Y ettinnoll contadnibgs 0: 8 andl 1.6 NXTHINQO;) were so

thrmilv:atdsorbed thx IDovesssT tihet water elitiom had] te be:emploged! forr theirremoval..
Dy, wrdlues ((estimared oo witdhin - 3m9%)) ane: gittem im Table: IIL.
Nwrars saownp NERsewN ffoundt thhe: adkonptiom off nare: eanths: from LiNO;—HNO,

" Simee owvetlqpping mare exantiss Hadl weny simiihor nelhtiice: intensities;, thein elution has been

Showmn by meansoff Singleaorecesim BHies. o oomdd 2.
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TABLE I
oty
Elvant
2 Nd La
0.8 NHNO, 0.2 0.2 ©.2
0.8 N HNO;—209%, EtOH 0.2 .35 ©.6
0.8 N HNOz;—40°%{, EtOH 0.4 ©.7 1.2
0.8 N HNO;-80°%, EtOH 1.8 > 3 >3
TABLE IT
PR
Elweant
Y Nd La
0.16 N HNO,-80 % EtOH 0.6 3.4 3
0.8 N HNO,—-80 2%, EtOH 1.8 > 5 >3
1.6 N HNO;-80 9%, EtOH 5.0 >3 >3

to be independent of acidity at low acid concentrations (10—%-10~2 ). Imareasimg
the acid concentration resulted in decreased adsorption ©@f rare earths.
The rare earth elution sequence obtained with ethanel-HNQ, systems was
according to size
Y3+ > Nd3*+ > Last

(r = 0.092 A) (v = 1.04 ‘&) (7 = m.1a _'&\)

and accorded to that obtained with HNO,~LiNQ, elatiom?.3.

Elution with 0.8 N HNO;-809%, ethanol or 1.6 N HNO,~80'%, ethamoel woumld
appear admirably suited for preparing “light” amd “heavy” comcemtrates fmom
mixtures of rare earths.

Although the separation of neighbouring ware earths was mot imvestigated,
gradient elution techniques would appear to offer pessibilities for cffectimg such
separations.
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SUMMARY

The adsorption and resolution of Y, Nd and La by a stromg-base amiom eschamge
resin from dilate nitric acid—ethanol solutions was examimed.
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