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Rare earths are known to be adsorbed only to a slight extent on strongly 

basic anion exchangers of the quarternary amine type from pure nitric acid solu

tions/1- 3 / , Their adsorbability increases with decreasing atomic nwnber, but is in

sufficient to serve as a basis for their a nion exchange separation even in the 

case of the lightest rare earths, Rare earths have shown, however, an increased 

a b sorbability from lithiwn nitrate solutions, and using these solutions a s an eluant, 

light rare earths could easily be separated from each other by anion exchange 

chromatographij 4/ , 

Anion. exchange adsorption of the rare earths from nitrate solutions can be 

promoted to a greater extent by replacing a part of the aqueous phase with suitab

le solvent such as methano/ 
5

•
6
/, Aqueous-methanol solutions containing nitric acid 

have been used for purification of some rare earths/?/ as well as for performing 

other chromatographic separations/ 6•
8
/, Nevertheless, little attention has been paid 

to the employment of neutral nitrates, 'To our mind, solutions of these nitra tes in 

certain cases are more convenient to work with than nitric acid ones, Therefo re, 

we -made an a ttempt to study the adsorption of rare earths from aqueous- metha nol 

solutions of neutral nitrates. Our aim was to obtain data necessary for working 

out .a method of separation of light rare earths in application to nuclea r spectro

scopy from gadoliniwn targets irradiated with 680 MeV protons, Isotopes with half

lives of 1,8 103 - 1.8 10
4 

sec ( 0 .5. - 5 hours) are of the g rea tes t interest among 

the products of the nuclear reaction, For a more rapid chromatographic separation 

of the nuclear reaction products and the material irradiated, we have to deal with 

systems in which the distribution coefficients are small, These systems were the 

goals of our investigations, 

EXPERIMENT 

All chemicals were reagent grade and were used without preliminary purifica~ 

ion. 

Radioisotopes of rare earths were produced from a tantalwn target irradiated 

with 680 MeV protons a t the Dubna synchrocyclotron and were purified by eluting 

them from a cation exchanger colwnn with a -hydroxy- isobutirate of appropriate 

concentration. All radio- isotopes were used in a carrie I'- free form, unless othei'

wise stated, 

In tt)e course of this study the strongly basic anion exchanger Amberlite 

IRA 400 ( nitrate form) was used, 

All eluants were acidified with nitric acid to pH2 • The distribution coef-
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fident.s wer e <;ietermined in dynamic conditions by the conventional elution techni

que u sing a 0 ,04 cm
2 

x 7 em r esin bed. The radioac tive isotopes o f the rar e earths 

w ere introdu ced into the column in a d r op ( 0.025 - 0 ,035 ml) o f the proper e luant. 

The column was previously heated up to the desir e d temperatur e and washe d with 

the eluant. The efflu ent was collected drop by drop o n paper p ieces o f 3cm x3cm 

large • The radioactivity of these pieces was measur e d w ith a n e n d- wind ow GM 

counter. Then the e lutio n c urve was constructed in the u s ual manner , Distributio n 

c o e ffie -ie nts wer e calculated with the aid of the following rela tio n s hip : 

where 

c = n,.-n; 
n; 

nm - the drop number corresponding to the peak maximum, 

~i ~ the free volume of the column, e xpressed in drops. 

A.s the drop volume depend s u p on the compositio n o f the elua nt, "i was deter

mined for each of the elua nts , 

The experimental v alues of the distribution coefficients w ere trea ted by the 

least squares metho d, and s lo p es a nd inte rce pts a s well as s e p aration fa ctm·s 

were calc ulated, The number o f theor e tical pla tes was dete rmine d from the half

width o f the elution peaks o n the basis o f the G lueck a uf" s e lutio n theor) 91, 

Sepa ra tion o f c arrier- free g ado linium "tnd e uro pium W"l.s c"l.rried o ut o n a 

c olumn with a 0,0 4 em~ x 1 0 em r esin . bed, the flow ra te b e ing 0 ,4 ml/ c m2 min. 

The mixture of ra r e earths d issolved in a d r op o f the e luant was a dded to the 

c olumn whic h had been h eated to the desire d tempera ture and trea ted w ith the 

e luant, The e ffluent was collecte d and measur ed as mentio ned a bove, 

Separation o f carrier- fr ee eur opium (samarium, p r omethium) from macro 

amount o f gadolinium, 60 mg of Gd2 o
3 

was d issolved in 0 ,3 ml o f 5 N nitric acid 

containing radioactive gadolinium isotope, This solutio n was then mixed with 0 . 7 ml 

o f 4 N lithium nitra te in methan ol, The r esulting mixture was pour ed o n to a column 

of 0 ,3 cm
2 

x 22 .5 em heated previously to 50°C and washed with the eluant, The 

solutio n flow rate in the sor ption s tep was 1 ml/ cm2 min, Gadol in ium was eluted 

a t a flow rate o f 2 ml/ c m
2

min. The e ffluent was collected in fractio n s o f 2 ,4ml 

w ith a fra ctio n colle cto r o f LKB type, A.liquots from these fractions wer e evapo

r a te d on alumin ium disk s under an infr a - l"ed lamp a n d wer e counted with a bell

type G M counte r, 

xLKB - Pro dukte r AB 

P,O,Box 1 2220, Stockho lm, S weden 

4 

ln o rde r to investigate the beha viour o f c a r rier- free europium 

promethium) being tog ethe r with ma cro amount of g adolinium the a 

w e re repeated by using radioactive europium ( samarium, promethiw 

the g adolinium tracer, 

RESULTS AND DISCUSSION 

As the extent of the ion exchange adsorptio n is greatly a ffe, 

solvation of ions, it was expected that for solutions of identical c< 

containing various cations, the values of the distributions c o efficie 

also different, For this reason we have first studied the effect of 

sults are summarized in Table 1 . For the monovale n t cations, as 

distributic.,n coefficient of g adolinium is ·the largest in the presence 

hydrated cation of lithium, Among divalent cations calcium is notal 

sence the distribution coefficient of g adolinium is unexpectedly sm 

Table 1 

Distribution Coefficients of Gadolinium in 65% MethanoJ,.. 

Nitra te Solutions at 20°C, 

Cation CQ! Cation 

H+ 
-1;& 

2 ,44 Be 

Lt +t 
4.16 Ca 

+ +t 
NH4 1.70 Mg 

Na+ 1,49 

Fig. 1 show s the effect of methanol .concentration in solutio 

and 2 ,2 N ammonium nitra te , respectively. For e luants contal.nin! 

nitrate, the logarithm of the distribution coefficient is a linear fur 

methanol concentrationxf . Sepa ration fa ctors relating to systems 

ammonium nitra te a re enlis te d in T able II. 

Fig s, 2- 4 show the variation of the distribution coefficients 

e uropium with various concentrations of lithium, ammonium and • 

respectively , It is worth n o ting that w ith eluants containing ammo 

x/ This linearity, however, cannot be observed with eluants cor 

ammonium nitrate. 
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In order to investigate the behaviour of carrier- free europium ( samarium, 

promethium) being tog ether with macro amount of gadolinium the above runs 

were repeated by using radioactive europium ( samarium, promethium) instead of 

the gadolinium tracer, 

RESUL'l'S AND DISCUSSION 

As the extent of the ion exchange adsorption is greatly affected by the 

solvation of ions, it was expected that for solutions of identical composition but 

containing various cations, the values of the distributions coefficients should be 

also different, For this reason we have first studied the effect of cations, The re

sults are summa rized in Table 1, For the monovale n t cations, as may be expected, 

dlstributicm coefficient of gadolinium is ·the largest in the presence of the strongly 

hydrated cation of lithium, Among divalent cations calcium is notable, in its pre -

sence the distribution coefficient of g adolinium is unexpectedly small, 

'!'able 1 

Distribution Coefficients of Gadolinium in 65')\, Methanol- 1N 

Nitrate Solutions at 20°C, 

Cation CGI 

H+ 2 ,44 

Lt 4.16 
+ 

NH4 1,70 

Na+ 1,49 

Cation 

'Ei< 
Be 

++ 
Ca 

++ 
Mg 

CGI 

3,17 

0 ,89 

3.25-

Fig , 1 shows the effect of methanol .concentration in solutions containing 1 N 

and 2,2 N ammonium nitra te , r"espectlvely. For eluanls containing 1N ammonium 

nitrate , the logarithm of the distribution coefficient is a linear function of the 

methanol concentrationxf . Separation factors relating to systems containing 1 N 

ammonium nitra te a re enlisted in '!'a ble II. 

Figs, 2- 4 show the variation of the distribution coefficients of gadolinium and 

europium with various concentrations of lithium, ammonium and calcium nitrates, 

respectively. It is w o rth noting that with eluants containing ammonium nitrate and 

x/ This linearity, however, cannot be observed with eluants containing 2 ,2 N 

ammonium nitrate. 
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c alc ium n itra te, the func tion of lo g distribution coefficients vs log nitra te concen. 

tration g ives a straight line, but with elu ants containing lithium nitra te tbe d istri-

bution coe fficie nts are increas ed mo re rapidly with nitra te concentra tio n . 

Table II 

Sepa r a tion Factors .in S e veral Neutral N itra te- Methanol 

Mixtures a t 20°C (calculated by the Least- S quares Method 

I N IIB 4 N03 - Cll3 OH 

o/o CH 30H 50 55 60 65 70 75 80 8 5 

a Eu ·Gd 1.08 1.14 1.2 1 1.29 1 ,37 1,45 1,54 1,64 

65% cu 3oH ·LiN0 3 

N LiN03 0,5 0 .75 1.0 1,25 1,5 1.75 

a Eu • Gd 1.31 1,34 1 ,37 1,42 1.49x 1,55x 

)5% cn3on • NH 4 N03 

N NH4N03 0 ,5 1.0 1,5 2 ,0 2 ,5 _ :3. 0 3.5 

a Eu -Gd 1 , 22 1,4 1 1,44 1.46 1 ,47 1,47 1.48 

65% CH 3 0II ·Ca/ N0 3 /2 

4,0 

1 ,43 

N Ca / N03 / 2 0 .5 1.0 1 ,5 2 ,0 2 .5 3 .0 3 ,5 4 ,0 

a Eu· Gd 1 .14 1 ,30 1 ,42 1 ,51 1 ,58 1 ,63 1,68 1,72 

55% cH3 OH • LiN03 

N LiN03 0 ,5 0 ,75 1 ,0 1 ,25 1 ,5 1,75 2 ,0 2 ,5 

a Eu • Gd 1 ,13 1,2 0 1.26 1 ,3 1 1,37 1.42 1 ,45 1.54x 

55% CH 3 OH - Nil 4 NO 3 

N N!:!4N03 2 ,5 3 ,0 3 ,5 4 ,0 4 ,5 5 ,0 

a Eu·Gd 1 ,41 1 ,38 1 ,37 1 ,3 5 1 ,35 1 ,34 

x Experimental values, 
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In all the systems studied the separation factors are increase 

con.;entration in the eluent except the systems of 55% CH 3on • NH4 

definite decreasing trend appears (Table II), The lack of sufficier 

data does not allow to give an unambiguous explanation of the var 

trlbutlon coefficients a nd therefore of separation factors in var ious 

The effect of temperature of the distribution coefficients of gac 

europium is shown in Fig, 5 1 and the corresponding separation fact 

ted in Table III. 

Table Ill 

Variatio n of Separation Factors with Temperature 

( Calculated by the Method of Least Squares) 

65" cn3 on - 2. 5N Ca (NO 3 ) 2 

t(°C) 20 30 40 50 60 

a Eu· Gd 1,57 1,57 1,57 1,57 1,57 

65" CH3 OH • 2. 5 N NH4 N03 

t(•c) 20 30 40 50 60 

a Eu·Gd 1.51 1,50 1,49 1.48 1.47 

55% CH3 OH - 1.75 N LiN03 

I(°C) 20 30 40 50 60 

a EU • Gd 1,43 1.44 1,44 1 ,45 1 ,45 

These dat a s how that with solution of 65'}(, CH 'I OH • 2.5 N Ca 

tribution coe fficients inc rease slightly w ith increasing temperature ..., 

solution of 65]b Cl l3 OH - 2.5N NH4 N03 they decrease, On the basis 

tendency it is r easona b le to suppose tha t the varia tio n o f d istributi 

with respe ct to cations p resent in the elua nt depe nds mostly upon 

of these catio ns. The sepa ration factor in the case of the former ! 

pendent of tempera ture, while in the latter it g ets a decreasing tre1 

With elua nt o f 55'}(, CH 3 OH -1,75 N Li NO 3 distribution coe1 

sig nificantly with increasing temperature, the s e paratio n fa cto r bein ; 

be more strict, there is a slight increa se, but it is so small tha t n 

as an experiment.al error, The distribution c oefficient o f europium i 

7 



. e fun c tion o f Jog distribution coefficients vs log nitrate concen . 

raight line, but with eluants containing lithium nitra te tbe distri-

; a re increas ed more ra pid ly with n itra te c o ncentra tio n, 

Table II 

'>.tion Facto rs ln Several Neutral Nitra te-- Methano l 

: 20°C (calculated by the Lea st- Squares Method 

- CII30H 

50 55 60 65 70 75 80 

l.08 1.14 1,21 1 .29 1 ,37 1 .45 1,5 4 

lH • Li N0 3 

0,5 0 ,75 1,0 1,25 1 ,5 1.75 

1.31 1 ,34 1.37 1,42 1,49x 1,55x 

)H - Nil 
4 

N0
3 

'3 0 ,5 1 .0 1 ,5 2 ,0 2 ,5 3 ,0 3,5 

85 

1.64 

4 ,0 

1 ,22 1,41 1.44 1 .46 1 ,47 1.47 1.48 1 .43 

3 Oil - Ca/N 0 3 /2 

03 12 0.5 1.0 1 ,5 2 ,0 2 ,5 3 .0 3 ,5 40 

d 1 .14 1 .30 1 .42 1 .51 1 ,58 1 .63 1,68 1,72 

l3 OH · LiN03 

0 ,5 0 ,75 1,0 1 ,25 1 ,5 1 ,75 2,0 2 ,5 

1 , 13 1,2 0 1.26 1,31 1 .37 1.42 1 ,45 1 ,54x 

3 011 ·Nil4N0 3 

3 2 .5 3 ,0 3 .5 4 ,0 4 .5 5 ,0 

1 .41 1 ,38 1 .37 1 ,3 5 1 .3 5 1,34 

>erimenta! values . 

6 

In all the systems studied the separation fa ctors are incr{i>ased w ith nitra te 

con..:entra tion in the e luent except the systems o f 55~ CH 3ou • NH4 N<3 where a 

definite decrea sing trend appears (Table II). The Jack of sufficient experimental 

data does not allow to give an unambiguous expla n ation of the varia tion of d is

tribution coefficients and therefore of separation factors in various s y stems, 

The effec t o f temperature of the distribution coefficients of gadolinium a nd 

europium is shown in Fig. 5 1 and the corresponding separatio n factors are p resen-

ted in Table III, 

Table III 

Variation of Separation Factors w ith 'Temperature 

( Calculated by the Method of Least Squa res) 

65% cn3 Oil - 2. 5N Ca (NO 3 )2 

t( °C ) 20 3 0 4 0 5 0 60 

a Eu· Gd 1 ,5 7 1,57 1 .57 1 ,57 1 .57 

65% CH3 OH - 2. 5 N NH 4 N03 

t <• c) 20 3 0 40 50 60 

a Eu-Gd 1 .51 1.50 1 ,49 1.48 1.47 

55% cH3 on - 1.75 N LiN03 

l (°C) 20 30 40 50 60 

a EU • Gd 1 , 43 1,44 1.44 1,45 1 ,45 

These data s how tha t with solution of 65~ CH ~ OH • 2.5 N Ca ( N0 3 >2 the dis

tribution coefficie nts increase slightly w ith increasing. tempera ture whereas with 

solution o f 651(, Cll 3 OH -2. 5N NH 4 N0 3 they decrease. On the basis of this opposing 

tendency it is reasonable to suppose tha t the varia tion o f d is tribution coefficients 

with respe ct to cations p resent in the eluant depe nds mostly upon the solvation 

of these cations. The separation factor in the case o f the for mer system is inde

pendent of tempera ture , w hile in the latter it g e ts a de c r easing trend . 

With eluant o f 55~ CH 3 OH - 1, 75 N Li NO 3 distribution coefficients decrea se 

sig nificantly with inc reasing t e mpera ture, the separation fa ctor being consta nt. To 

be more .strict, there is a s lig ht increa se, but it is so small that may be conside red 

as an experimental error, The distribution c oefficient o f europium in the c a se o f 
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5 5% CH3 OH - 2. 5 N LiN0 3 

55% CH 3 0 11 • 1.75 N L i N0 3 • 

cha n ges in parallel manner a s fo r the eluant o f 

'!he v a riation o f the number of theoretical p lates ( s epara tion steps) with 

te mperatur e is s hown in Fig , 6 , Altho u g h d e te rmina tio n s c anno t be carrie d o ut 

with a pprop ria te a ccu racy be cau s e o f the s mall n umber o f experimental d a ta, b eing 

a t hand, the g ene ral trend a ppear s to be cle a r from Fig ,6, 

Data on the distribut ion coefficients a nd sepa r a tio n factors show that it is 

p ossible to sep a r a te e u ropium from gadolinium o n an a nio n e x change column 

u s ing a queo us metha n o l solutions of neutral nitra tes as e lu a nts, Separa tion fa cto r s 

g iven in our paper are smaller tha n those o bserved w ith solutions containing hig her 

m e thanol concentra tio n / 3 / , ln o ur case thi s dra w back is compensate d by the ta c t 

tha t w ith small concentrations o f alcoho l the rate o f the ion e x c h a nge is larger 

a nd the dis tributio n c o efficient is smaller, 'Ther efor e, s e par ations c a n be carrie d 

o ut w ithin a s h o rte r time, whic h may be a n important factor in the treatme n t o f 

radioactive substan ces, Furthermo re, by employing neutra l nitra tes, it is p ossible 

to work a t ·ele vated temper a ture s too, w hich has an importan ce in r espect o f s e-

-paration p urity, As an ~ample it may be mentioned that with the eluant o f 

55% cH 3 OH - 2. 5 N NH4 N0 3 the separa tion o f c a rrie r-free gadolinium a nd eur opium 

is nearly comp lete a t 60° (Fig, 7 a ) , while a t 20°, the o r d ina te o f the m inimum 

between the two e lu tion p e aks is mo re tha n 50% of the hig h e st o r dina te of the 

gad o linium peak, ( P eak- to - valley r a tio is smaller than 2 ), With separatio n p r e-

s e n te d in Fig . 7b peak- to- valley ratio is a pproxima tely 6 at 2 0 ° C , 

S e p a r ability o f c a rriel'- fr ee e uro pium from macro amoun t o f gadolinium de-

p ends a lso on the quantity of gad o linium p r'>sent, F ig.8 shows e ll.l tion curve s where 

the loading to the column was .2 00 mg Gd2 0
3

/ cm
2

, With this l oading under the 

g ive n c onditions, o nly a bout 40% o f europium can be o btaine d which d oes n o f 

pr.actically contain pon d e r able a mo u nts of gadolinium. '!his is comparatively small, 

but a similar efficiency (taking . into a ccou n t separation tfw..e a n d e luant volume ) 

cannot b e a chieved by o ther c hroma tog raphic methods, ( If time is not a l imiting fa cto r, 

s epara tion c a n be still imp.roved u s ing hig her metha n o l a n d nitra te concentra tio n 

a nd a ppr o a c hing more to the equ ilib rium c o n d itions) , S a marium and r are earths 

lighte r tha n sama rium c a n entirely be sepa ra te d fro m g a dolinium, 

A s for separation s how n in Fig . 8 , the e lutio n .o! g a d o linium tak es pla ce 

.wil..Clin about 45 min u tes, Carrie l'-free rare earths rema ining o n th e r esin bed c a n 

be eluted w ith d ilute nitric a cid within some minutes , It is inte resting to note that 

gad olinium a n d e uropium a r e e lute d w ith a r ela t ively h igh s e para tio n fa cto r , '!he 

reason fo r this is tha t the d istribu tion c o efficient o f macr o amount o f gadolinium is 

smalle r tha n tha t ·o f tracer , but the presen ce o f mg amounts o f gad o linium does not 

affect the a dsorption of car r ier- free eur opium very muc h , 

8 
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C ONCLUSIONS 

'The a nion e x cha ng e behaviour of gadoliniu m and e uro pium , 

in a q u eous metha nol s olutio n5 c o n taining neu tral nitrates, Eluan ts 

n o l nitra tes we r e found to be s u itable for the a nion e xch ange s e 1 

rare earths , A me thod fo r the separa tion o f lig ht rare ear ths fr o rr 

irr a diated with 680 MeV pro to n s Is described, 
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LiN03 

LiN0 3 • 

cha nges in paralle l manne r as for the eluant of 

of the number of theoretical plates ( separation steps) with 

vn in Fig. 6 . Altho ugh d e terminations cannot be carrie d out 

curacy because of the small number o f experimental data, being 

11 trend appears to be clear from Fig,6, 

listribution coefficients and separation factors show that it is 

a europium from gadolinium o n an a nion exchange column 

tanol solutions of neutral nitrates as eluants, Separation factors 

are smaller than those observed w ith solutions containing higher 

ion/ 
3

/ • In our case this drawback is compensated by the fa ct 

:entrations of a l c oho l the rate of the ion exchange is larger 

coefficient is smaller, Therefore, separations can be carried 

time, whic h may be a n important factor in the treatment of 

:es, Furthermo re, by employing neutra l n itra tes, it is possible 

te mpera ture s too, w hich has an importance in r espect of se

an e:xample it may be mentioned that with the eluant o f 

NH 4 NO 3 the separa tion o f c a rrie I'- free gadolinium and europium 

1t 6 0 ° (Fig. 7 a ) , while at 20°, the ord ina te of the minimum 

.tio n p e aks is more tha n 50% of the hig hest ordina te of the 

eak- to -va lley ratio is smaller than 2 ). With separation pre-

e a k- to- v alley ratio is approxima tely 6 at 2 0 ° c. 
c a rrier- fr e e e uro pium from ma cro amount o f gado linium de

;ruantity o f g adolinium p r<?sent, Fig.8 shows e ll,ltion curves where 

olumn was _2 00 mg Gct2 0
3

/ cm
2

, With this loading under the 

tly a b o ut 40% of europium can be obtained which d o es no{ 

ondera ble a mo unts of gadolinium. 'Ihis is c o mpara tively small, 

.cy ( takin& . lnto a ccount separation tlul_e a n d eluant volume) 

by other chroma tog raphic methods. ( If time is not a limiting factor, 

:ill improv ed using hig her methanol a nd nitrate concentration 

·e to the equilibrium c o nditions), S a marium and r are earths 

1 c a n entirely be sepa rate d fro m gadolinium, 

ion shown in Fig , 8, the e lutio n .of g adolinium takes pla ce 

tes, Carriel'-free rare earths remaining on the resin bed c a n 

nitric a cid within some minutes, It is interesting to note that 

-ium are eluted with a rela tively hig h separation factor, 'Ihe 

1t the distribution coeff icient of macro amount of g a dolinium is 

racer, but the presence of mg amounts of gadolinium does not 

of carrier- free europium very much, 
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C ONCLUSIONS 

'Ihe anion exchange behaviour of gadolinium and europium w a s investig ated 

in aqueous methanol s olutions containing neutral nitrates, Eluants c o ntainin g metha

nol nitra tes were found to be suitable for the anion exchang e separa tion o f light 

rare earths, A me thod for the separation of lig ht rare earths fro m gadolinium targets 

irradiated with 680 MeV protons is d e scribed. 
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