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SUMMARS 

The separation of a mixture of rare earth elements by means of solutions of 
ethylenediaminetetraacetic, diethylenetriaminepentaacetic and nitrilotriacetic acids 
is carried out. It is shown that nitrilotriacetic acid has the minimum value for the 
height equivalent to a theoretical plate. The high separation power of nitrilotriacetic 
acid is accounted for by the greater velocity of the diffusion processes as compared to 
the other complexones. The influence of kinetic factors on the height equivalent to 
a theoretical plate value in the elution of cerium and neodymium by diethylene- 
triaminepentaacetic acid solution is investigated as an example. The limiting stage 
for elution from a resin containing no more than 12 y0 divinylbenzene, is shown 
to be the outer diffusion inhibition. 

The method of displacement chromatography by comples formation can be 
used for separating the rare earth elements (r.e.e.). This method has been used success- 
fully for preparing the stable isotopes of r.e.e., as well as for isolating radioactive r.e.e. 
in considerable amountsl~ 2. 

The present communication is devoted to the use of this method for the iso- 
lation of promethium-r47 from fission products. 

A peculiarity concerning the isolation of the radioactive products is the ne- 
cessity of completing an effective separation procedure over a minimum space of time 
in order to reduce radiation damage which could cause destruction of the resin and 
eluent and thus losses in the product being isolated. 

In practice, considerable success has been achieved using the above-mentioned 
method, but theoretical studies relating to the conditions and the determination of 
the separation efficiency have only been reported recently3. 

The efficiency of a clxomatographic separation is determined by kinetic and 
thermodynamic parameters according to the theoretical conception proposed by 
POWIZI,~ AXE SPEI.XX~G~ and is characterized by eqn. I 

(1) 

l Prcscntecl nt tllc 3rd l~ussian-Italian Symposium on Cliromatogrrtphy, Tbilisi, October 
zcith-zgth, rgioo 
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where 
CA and cg are the concentrations of the ions in solution, 
05; is separation factor for vicinal r.e.e., 
12 = height equivalent to a theoretical plate (HETP), 
1 = distance along the asis of the column from the middle of the front. 
If one compares the separation factors of promethium from its neighbours, 

samarium and neodymium, in the presence of those complexones most frequently used 
for separations, one would give some preference to diethylenetriaminepentaacetic acid 
(DTPA) and nitrilotriacetic acid (NTA), as opposed to ethylenediaminetetraacetic 
acid (EDTA) and hydroxyethylethylenediaminetriacetic acid (HEDTA) (Table I). 

However, it was found experimentally2 that NTA is notable for its considerably 
greater efficiency when carrying out the separation procedure as compared with the 
rest of the complexones. 

This greater efficiency of NTA is in the opinion of WHEELWRIGHTS connected 

withthelcineticsof thediffusion processes ratl~erthanwitl~tl~ethermodynamicparan~- 

eters. 
To compare the kinetic characteristics for these eluents we determined the 

HETP values on eluting a mixture of r.e.e. with solutions of NTA, DTPA and EDTA. 
The separation was carried out on several columns combined in sequence. The resin 
used was KU-2 with a granule size of 60-90 mesh. The results of the separations are 
given in Figs. I, 2 and 3 and Table II. 

TABLE1 

SEPARATION FACTORS POR Pl-ll/%l AND l’lll/Nd2 

R.C.C. EZzccnl 

ED TA NED T.4 D TPA N TA 

Pm-Ncl 1.S I.7 2.0 2.3 
Pm-S rn 1.s 1.7 2.0 2.3 

m/ml 

3 

2 

1 

Y, Am 

c.p,m. 

800 
Am 

600 
, 

400 > 
Eu Sm 

600 800 1000 

Nd Pr Ce 

h- 1600 
Eluate volume (ml) 
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As can be seen from the data in Table IT, in order to gain the same degree of 
separation the least time is spent when NTA is used (the velocity of the band through 
the column amounts to 16 cm/h) ; the longest time is when EDTA is used (the velocity 
of the band is 4.S cm/h). The band of prometllium overlaps with neighbouring bands, 
since the promethium-147 used for the separation was only present in microcluantities. 

Pm 

Pm 

2200 2400 2600 2800 3000 3200 3400 
Eluate volume (ml) 

Fig. 2. Scpnrntion of the r.c.c. by D’.l’IJ.-\ solution, 

P 

ms/mf CJ3l-f 

6- 6000 

IT 

I 

I 

Pm 

1400 1600 1800 2000 
Eluote volume (ml) 

Scpwntion of the r,c.o. by NT.4 solution. 

The poor elution by means of DTPA (the joint elution of yttrium and promethium) 
can be avoided by using a mixture of DTPA and EDTA solutions as elGent (Fig. 4). 

The deterrn’ination of thk HETP was carried out by using eqn, I for the pair 
praseaciymiurn-neoclynliuru, since the partition factors, under conditions corrcspond- 
ing to those of the separation procedure, have been deterinined by us for tllese r.e.e. 
(Table 11.X). 

.-Is would be espectecl tram the clata given in Ta_l>te II, NTA 1.1~ the least value 
of HETP when the velocity of the front is greatest. Tllus it nppcars that the grcnter 
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efficiency of NTA, compared to EDTA and DPTA, is perhaps connected with the 
greater velocity of the diffusion processes. 

To find the optimum conditions for separating r.e.e. by means of different com- 
plexones, we then considered the influence of kinetic parameters on the HETPvalue.The 
data obtained allow one to ascertain the mechanism limiting the process in its station- 
ary state in the case of a conves sorption isotherm and to find the most favourable 
conditions for separation. 

Pm 

c.p. m. 

1200 

0.02M DTPA - 

0 5 IO 15 20 25 30 
Column volume of eluate 

Fig. 4. Scpnration of the r.c.e. by a xnisturc of cluents.‘l’hc clution is first pcrfornwcl with n nlisturc 
of 0.006 mole/l 13DTA and 0.0~5 molt/l DTI’A solutions at pI-I G.gY. It is then continued with 
0.02 mole/l DTPA solution at ~1-1 G.gG. Teniperaturc 7o”; the sorption column was Go cni long by 
o.8G cm tviclc. Scpwation column: H = 95 cm, d = 0.37 cm. Flow rate: 3.5 nil/nlin/cni2. Tlic 
nulnbcr of substitution bands was 0.30. The rate of zone clisplnccxncnt was 5 cm/h. 

TABLE III 

PAl<TITIOx FAC’I’OI<S 01’ PIT-NC1 IN THE l’I<ESBNCI~ 01’ COXlI’Ll3sOxES 

EDTA 2.5 2.12 I.77 
70 I.80 

InPA *- ;;: 2.51 3.08 2.30 

NT.4 “5 I. 78 I.17 

70 2.20 

The quantitative characteristics of eluting tile r.e.e. bands were cleduced from 
elution curves for the HETP values according to eqn. I. With a view to determining 
the limiting diffusion mechanism a computation of tile HETP . according to 
GLUECI<AUI:‘S equations4 (eqns. 2, 3, 4 nnd s), reduced to a form convenient for such 
a calculationG, was performed. 

In the case of film kinetics: 

nr; 
* vc2 - I’q 

= ------------I--------, (2) 

0.54 g + p) (A_ ]I1 z- -‘- 111 2x2) 
a;: - I a;:-- I 
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- 

AF = _-*&E-, 
GY + PQ3D 

(3) 

where 
AI; is the HETP for outer diffusion, 
Vc, and F’c, are the elution volumes, at which the developing solution has con- 
centrations c1 and cz, 

X is 
c = 
6 = 

Q = 
Y = 

I;= 
D = 

volume capacity of exchanger, 
equivalent total ion concentration in solution, 
the film thickness, 
cross-section of the column, 
radius of the particles’ of the exchanger, 

flow rate, 
factor of outer diffusion. 

In the case of gel diffusion: 

AG = - 
PVC2 - I’,, 

------------ 

YG 
/JG = ---- 

l---/c + p)I4x 

(4) 

(5) 

where 
dG is the HETP for inner diffusion, 
D= the factor of inner diffusion. 
The esperimental and calculated data for the elution of an equimolar mixture of 

neodymium and cerium by DTPA solution are given in Tables IV-VII. 
It can be seen from the esperimental data, concerning the influence of velocity 

and temperature on HETI’, that the values of HETP decrease with increasing tem- 
perature and increase when the flow rate of the solution is increased. 

The dependence of HETP upon the grain size of the resin is linear which is 
evidence in favour of a film type mechanism.The values of HETP do not change with 
an increase in the eluent concentration and in the crosslinking from 2 O/” to S O/” di- 
vinylbenzene, which also confirms the theory of a film type mechanism of diffusion 
(eqn. 3). The value of the HETP only increases up to a degree of cross-linking of 12 oh ; 
this would seem to be connected with the passage of the system to a mised mechanism 
of diffusion. Such conclusions are in accordance with the results published by HAGI- 
WARA”. 

The esperimental results coincide with the conclusions which. can be derived 
from the calculated data. The HETl’ values calculated from eqn. I are near to those 
calculated according to eqn, 2 for outer diffusion inhibition (columns 4 and G of 
Table VI). The exception is an experiment in which a resin was used which contained 
12 oh divinylbenzene. The process in this case is determined by a rnised mechanism. 

Thus on the grounds of calculated as well as esperimental data one can conclude 

J. C?~or?lnlogv., 59 (1971) 415~422 
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INFLUENCE OF ‘JXhIPERATURE AND FLOW I<ATE OF ELUENT 

DTPh concentration 0.025 mole/l; pI_I 7, 

I’esl No. 1 (“C) 

AF 

I 

2 

3 
4 

2 

7 
8 

0 
IO 
II 
12 

13 
14 
I5 
16 

17 
IS 

I9 
20 

25 
25 
25 

;: 

50 
50 
50 
50 
70 
70 
70 
70 
70 
70 
70 
go 
90 
go 
90 

1.S7 1.70 2.91 I.62 
I .g2 1.84 2.96 I.75 
6.45 2.40 3.41 2.34 

11.32 3*56 6.60 3.45 
2.0 0.96 1.64 I .07 
G.01 I.57 2.YI x.69 

6.43 1.03 3*IS 1.87 
6.70 I .GI 3.06 I.85 

12.60 2.13 3.54 2.29 
1.63 0.52 0.76 0.49 
2.oS 0.64 0.92 0.71 

3.77 0.g8 I .23 1.05 
9.02 I.28 1.82 I.22 

9.65 I.34 2.10 I.32 
IX.20 I .GS 3.16 I.63 
17.62 2.15 4.02 2.30 

2.0s Od42 0.77 0.60 

6.44 I.OI 1.81 0.92 
7.06 I*07 2.24 0.90 

14.15 I.62 3.61 1.50 

INFLUENCE 01’ THE GRAIN SIZE 01’ I<u-ZsS ON HETP 

DTPA concctltration 0.025 molt/l, ionic strength 0.079; flow rate 3.S nil/min/cm2; tcmlxraturc 
700. 
___-_____..__ . .._---..-.__-__--- ---.-._- -___-_ _ 

Y-es6 lV0 * 102 Y (cm) I-IE’I’P (cm) rev (ctn) 
_.._- 
h (cq~. I) dG dF 

21 o.gY & 0.06 0.78 T.12 0.7-l I.26 
22 0.72 f 0.10 o.Sr 1.04 O.S2 I.27 

23 I.40 f 0.29 I.52 2.5s r.46 I .2S 
24 2.1s j= 0.43 a:29 3a-tg 2.12 I a27 

---.~ -.._-. I-__._-.--- _._.... ._._ ._-_-- _.._.._. - _____.____^_.__._.______ _,_ ._ 

Resin I~owcs-50, 100-200 mesh; IXPA conccntrntion 0.025 molt/l, pI-I = 7, ionic strength 0.079 ; 
Row rntc 3.8 ml/niin/cni~; tcmpcraturo 70~. 

Test No. J’& -Clp 
]Z = ;y -- 

7.6 13v13 HETP (c/u) 
---_..-_..-...---.__ . . . . ..__ 

lllc! /l (cqrt. I) AG Li I’ 
----- 

25 143.3 2 0.93 1 .zs 0.96 
26 T *40 4 0,g2 I 1.06 a23 

27 1~55 S 0.99 r07o 0*9g 
28 0,41X 12 2640 1.0g 1.5s 

-_I_ 
*L Volume capacity of ionitc. 

J. C/rJ’orr~r@‘., 59 (Tg71) 415-422 
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that the outer diffusion inhibition under the conditions studied is the limiting factor 
for eluting the r.e.e, by a DTPA solution from a resin containing no more than 8 yQ 
divinylbenzene. 

The results obtained allow one to predict, by use of eqn. I, the zones of neigh- 
bouring elements overlapping promethium (observing the condition that HETP values 
for neighbouring r.e.e. differ very little from one another) and to choose the optimum 
conditions for separating this element. 

TABLE VII 

INFLUENCE OF DTPA CONCENTRATION ON HzrI' 

Resin KU-2, Go-go mesh; ionic strcn@Al 0.079; flow rate 4.5 ml/min/cni~; tcmpcraturc 70~. 

29 0.01 I.46 4.27 I.47 
30 0.025 I.44 2.11 r-39 
31 0.05 1.36 3.17 r.48 
32 0.050 x.35 3.24 I.59 
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