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A study of the stability of the Ra2%t—ethylenediaminetetraacetate (EDTA) complex
was undertaken in order to determine the most favourable conditions for the fixation
of Ra2?+ on Amberlite IR 120 from radioactive waste solutions containing 220Ra
together with EDTA.

The behaviour of Ra*+ with various complexing agents was studied thoroughly
by ScHUBERT!'2 who used ion-exchange methods®-3. The Ra2?+-EDTA stability
constant has, however, not been determined up to now. A knowledge of the latter
would enable one to predict the behaviour of 226Ra on ion exchangers at all pH values.

For technical and economic reasons the contaminated solutions must be pro-
cessed in a Nat+ cycle. Since the values of almost all known stability constants® refer
to K+ as counter ion, it is necessary to carry out a preliminary investigation of the
EDTA dissociation constants with Na+ as counter ion.

DISSOCIATION CONSTANTS OF THE Na+-EDTA COMPLEX

Thetitration curves of the Na+— and K+~-EDTA complexes were obtained by potentio-
metric titration. Both curves have the same shape except in the high pH ranges.
From the curves obtained the fourth dissociation constant (K,) wascalculated using
the method of ScHWARZENBACH? slightly modified by MARTELL AND CALVINS, A
value of 9.6 for pK, in 0.1 M NaCl can be deduced from the above-mentioned
titration curves, whereas the literature reports a pK,; value of 10.26 for EDTA in
o.x M KCl

Taking into account the small difference between the dissociation characteristics
of Na+~EDTA compared with the K+ complex, the following acidity parameter?,
e, in NaCl solutions is obtained:

am = 1 + [H¥] K41 + [H+]2 (KuK3)-1 + [H+]3 (KaK3Kz)~1 + [H+]% (KaKaKaK))-1
= 1 + [H+]-109:60 4 [H+]2-1015:82 4 [FH+]3.1018:49 4 [H+]4.1020.48 (1)

[EDTA]

" This report is based on work performed by onec of the authors (E.B.) during a fellowship
sponsored by Euratom.
** On leave from the University of Miinster, Aseehaus College, Miinster, Germany.
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266 L. BAETSLE, E. BENGSCH

DETERMINATION OF THE Ra2+~EDTA STABILITY CONSTANT

Experimental

A modified form of the method of ScHUBERT for the determination of the stability
constants of ions®-4 was applied. Solutions with different specific activities were
used, permitting the calculation of the error in the resulting curves.

The procedure comnsists in an equilibration of 100 ml EDTA—-22Ra solution
(o.or M EDTA, o.x M total Na+ salts, containing acetate buffer and different
amounts of ?*6Ra) with 0.25 g Amberlite IR 120 previously brought into the Na+ form.
After continuous stirring for 1o h at 20° the solution is filtered. The residual activity
of the solution is sampled and measured by direct counting in an alpha scintillation
counter. Corrections are made for self-absorption; the effect of Ra emanation is
avoided by flushing an air stream through the counter just before the measurement
starts.

The distribution coefficient K’gq (ml/g) is calculated from the difference between
the activity of the original and the equilibrated solutions. Three series of experiments
were carried out at pH 5.55 -+ 0.05, pH 5.85 4 0.05 and pH 7.5 -+ 0.2. The K’
values obtained are related to the measurements of the Kz values of 226Ra in solutions

"having the same composition but free of EDTA.

Ky — Co—Cpg « ml solution (2)
Cr g exchanger

in which: C, = initial concentration of 22Ra ;
Cr = equilibrium concentration of 2%Ra.

Results and discussion

The results of the three series of experiments are given in Tables I, IT and III and
plotted in Figs. Ta and b. On the ordinate is plotted the difference between the initial
and the equilibrium activity of the solution, which is directly proportional to the
activity fixed on the resin. On the abcissa the residual activity of the solution is given.
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Fig. 1. Equilibrium distributions of 226Ra in solutions without EDTA (I) and with EDTA (II),
at pH 5.55 (a) and pH 5.85 (b). .
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The Kg values may be deduced from the graphs which indicate that they are
independent of the tracer concentration. However, the pH has a strong influence on
the distribution of the tracer ions in presence of chelates, especially in the neutral
pH range.

According to ScHUBERT? the stability constant of the complex Ra2+—EDTA

TABLE 1
220Ra-EDTA—AMBERLITE IR I20 EQUILIBRIA AT PH 5.55 4 0.05"

Equeilibrivon with chelating agent

Equtlibritem without chelating agent (0.01 M EDTA)

C, Cg C’, C'r

4.36 0.059 2.97 0.142
9.05 0.128 5.52 0.245
13.80 0.1go I3.1 0.502
17.90 0.245 18.90 0.855
25.8 ©.973

Kq = 28,600 = 1.849%*" Ky = 9,070 o = 10.69%

All concentrations of #?6Ra are expressed in uC/ml x 10-5,
* o0 = standard deviation in 9.

may be calculated using the relationship between the distribution coefficients with
and without chelating agent, the concentrations of the complexing agent and the
acidity parameter g of EDTA in Na+ solution at a given pH?:
K
Kra?* _ zpra = (H= — 1) ax [EDTA]- (3)
7 ,
where: Kg = distribution coefficient of 226Ra in absence of EDTA;
K'q = distribution coefficient of 226Ra in presence of EDTA;

=4
o = I +, 21 [H+]Y Kuj (zpTA)-

TABLE II
WRa-EDTA-AMBERLITE IR 120 EQUILIBRIA AT pl 5.85"

Equilibrivm without chelating agent Eqmltbr(t:ntg;zg}l}gcgejl‘gjng agene

C, Crp C’a ' o)
I.64 0.021 1.49 0.130
4.56 0.055 3.62 0.309
7.86 0.108 7.71 0.570
13.40 0.140 10.98 0,788
13.81 0.865

Ky = 32,800 o= 1x9%"" Ka' = 4,944 g = 14%

* Ac1.1v1t1es are expressed in uC/ml x 1075,
* ¢ = standard deviation in 2.
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268 L. BAETSLE, E. BENGSCH

The value of the xg parameter amounts to 6.38-10% at pH 5.55. Substituting
the K4 and the K’ values together with the appropriate g parameter in equation (3)
one obtains: ‘ . '
Kpa?* - EDTA = 1.37 £ 0.I15-107

The second series of experiments was carried out at pH 5.85 in the same circum-
stances as previously described. The results are given in Table II.
The stability constant calculated with these figures amounts to:

Kpa2t - gpma = 1.I & 0.2:107

with ey = 1.94-10% at pH 5.85 and o.0x M EDTA.

The third series of measurements, performed at a pH value of about 7.5, gives
at a first approach less accurate results (see Table III) than those performed at pH 5.
The reason may be found in the fact that most buffer solutions necessary for the

TABLE 1I1
220Ra~-EDTA-AMBERLITE IR 120 EQUILIBRIA AT THE pH 7 RANGE™

Equilibrivm with chelating agent

Equilibrium without chelating agent (o.or M EDTA)

pH Co Cp PH Ccy Cg’ Ka'

7.6 10.7 0.085 7.30 33.1 25.5 118

7.4 19.1 0.149 7.30 79.8 54.2 72

7.5 2.8 0.233 7.40 157.0 128.0 89

7.60 132.0 120 40

K¢ = 52,000 c=47%"" 7.70 64.5 59.5 41

* Activity expressed in uC/ml x 10-8,
** Standard deviation in 9%.

stabilization of the pH, interfere with the Ra?*~EDTA complexation, and therefore
could not be added.

Inorder to standardize the K’g values with respect to one definite pH, e.g. 7.5, the -
distribution coefficients obtained have to be multiplied by a correction factor which is
the ratio between the ey parameter at the actual pH and the one at pH 7.5 (e =
I.32*10%).

The Kgrat2-gpt1a in the pH 7 range may be calculated according to equation (3):

52,000
64

Kyt . gp1a = ( —_ I) X I.32 X 102! 1072 = 1.08 4 0.16:107

As canbe deduced from the measurement in the slightly acid and neutral solutions the
Ra?*+-EDTA stability constant has a mean value of 1.18 4 0.17 or a log K = 7.07
(o = 0.00). The same method was tested on 8Sr-EDTA, log K = 8.77 being obtained,
whereas 8.63 is given in the literatureS. SCHWARZENBACH? mentions that above pH 3
only the 1:1 complexes of EDTA are important for alkaline earth metals (# = 1).
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ION-EXCHANGE CHARACTERISTICS OF THE Ra~EDTA coMPLEX 269

Writingthe formulation of the Ra?+-EDTA complex constant in a logarithmic form
one gets:

EDTA
log (—-——— —_— 1) = log Kny2* -~ gpTa + 2 log [——a-c-——l (4)
H

This formula is represented on a log-log diagram by a straight line with a slope of
1:1, if # = 1. Using the results deduced from Tables I, II and III, one obtains on
such a diagram a straight line with slope 0.97 (see Fig. 2), indicating the validity of
the SCHWARZENBACH statement for the Ra2+—-EDTA complex and consequently for
all the alkaline earth-EDTA complexes.

K
'y /
10° 4
1° %
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K
1 —e
107 10° 1c° 10?
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Fig. 2. Graphical representation of the experimental values related to equation (4).

The accuracy of the determinations is influenced by the presence of Na+ ions
in all the series of experiments and of acetate ions in the first series only (pH 5.55 and
5.85).

A quantitative estimation of the interference of the Na+ ions on the availability
of the free complexing agent may be made on the following basis. Both stability.
constants are given by the expressions:

[Nat - EDTAP-em 0 o o _ [Ra?+ — EDTAJxn
[Na+] [EDTA] Ra™" - EDTA = "TRa2+] [EDTA]

KNat - EDTA =

Introducing the experimental values one obtains:

EDTA
[Na+ — EDTA]3~ = 101:66 x 101 X [——;—T—-l and [Ra?t+ - EDTA]?~ =
H
EDTA
10707 x 10—-10 % [ __l
&H
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270 L. BAETSLE, E. BENGSCH

from which it follows that:

[Na+ — EDTAJ3-
[Ra2* — EDTAE-

= 3.9 X 108

The error would be important if a large part of the [EDTA]4- were bound by, the Na+
ions; however, this occurs in alkaline solutions only. At pH 5.5 the error amounts to
0.76-1072% and at pH 7.5 to 3.45 % ; both errors are negligible with respect to the
fluctuations in the Kgq and K’'g measurements. The presence of acetate ions as buffer
at pH 5.5 causes a systematic error which could be calculated along the same lines as

TABLE IV
K’y VALUES STANDARDIZED To pH = 7.5 USING EQUATION (3)
. Conversion factor - Standardized K* Mean K’
pH @z X ro-3 ot:;;;o;;‘ o Actual K'g “':u‘;;'ﬂ .5 ‘a at p‘}}‘;_;d
7.30 2.17 0.608 118 72; 105
7.40 1.69 0.78 8o 69
72.60 1.04 1.27 40.6 51 64"
7.70 0.82 1.65 4I.5 66 o = 13%

* Excluding the K’y value of 105,

described for Na+ if the stability constant for Ra%+ acetate were known. Thelatter has
not yet been determined, therefore we took the corresponding value of the Ba?2+
acetate complex (log KX = 0.40) as probable figure!0. Taking into account the Ba?2+
acetate stability comnstant, one obtains a maximum error of 59% which is again
tolerable.

The newly determined Ra2+-EDTA stability constant fits in quite well with
those of the other alkaline earth metals”. A

DETERMINATION OF THE MOST FAVORABLE CONDITIONS FOR THE FIXATION OF 226Ra
ON AMBERLITE IR 120 FROM EDTA-CONTAINING SOLUTIONS

The chemical conditions required for the decontamination of EDTA solutions con-
taining ?2Ra may be derived from the investigation of the stability constant of the
chelate complex. The factors that influence the distribution of the Ra2?*+ among
Ra?+, Ra2?+-EDTA and Ra?+ resinate, are the Ky and the K’y values, the pH and the
concentration of EDTA%-,

The amount of free Ra?%+ in equilibrium with its complexed form Ra?*+-EDTA is
given by the following expression:

[Ra2+ - EDTAlaw

Rrod —upra [EDTA] (5)

[Ra2+] =

When the former solution is brought into contact with jon-exchange resins the total
amount of ?20Ra in the system is distributed as follows:

226Rapotal = Ra2tgresinate + Ratypree + Ra2+t-EDTA
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ION-EXCHANGE CHARACTERISTICS OF THE Ra-EDTA coMPLEX 271

The main purpose of the present study consists in the calculation of the amount of
220Ra which remains in the solution after being brought into contact with the ion-
exchange resin. :

The residuxl 226Ra in the solution may be derived from the following formulas:

o Kra®t - gpra[EDTA K
Rarotar = Ra2tpree + RaZtypree o noTal ] Ra"’"rree—‘-z'
oI A
K
= Ra2*ppee (I + X 4+ J (6)

where: A4 a constant factor (ml solution/g resin);
X = KRgra?®* - gpra [EDTA] [eer]1.

The distribution coefficient K’q of Ra on the resin in presence of EDTA is given by

the equation:
K’ Ragota1 — Raftypree — Ratpree X 4
d == 0
Ra2tpree + RaZtpree X

which may be rearranged as follows:

K’
Ragotar = Ra2*pree (Ad -+ I) (z 4+ X) (7)

Equating (6) and (7) one obtains finally:

Kq
Ky = ——
d T+ X (8)

The values are given in Table V, calculated for the following experimental conditions:
[EDTA] = 102 M ; pH = 3 to 9; 4 == 400.

TABLE V

CALCULATED VALUES OF otH, & AND Kg/K’y AS FUNCTIONS OF THE pH
pH &y X = ro®%(ag)-t KylK’q E‘;?Z}:,",z““
3 9.92°10% 1.17°10™8 1
3.5 7.64 108 1.51 101 1.000015
4 6.g0" 107 I1.66+ 103 1.00166
4.5 6.82+107 1.69° 1072 1.0169
5 703108 1.64+10"1 1.164
5.5 7.87+10% 1.468- 10 2.468
5.55 6.52 104 1.78 2.78
5.85 1.9410% 6.0 7.0
6 1,06-10% 10.9 11.9
6.5 1.92109 6o 61
7 4.66 10% 247 248
7.5 1.32+10% 8.79-10% 880
8 4.16+101 2.79 109 2791
8.5 1.375° 101 8.47 109 8471
[s) 5.0I5 23.10°10% 23101
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272 L. BAETSLE, E. BENGSCH

The determination of the stability constant with an accuracy of two decimals on a
logarithmic scale is precise enough for the reverse calculation of the K’g values, as
can be deduced from a comparison between the experimental K;/K’; ratio and that
calculated in this way.

The figures in the 4th column of the table 1nd1cate that the Ra?+ ions remain free
in solution up to pH 4, after which a very sharp rise of the ratio Kq/K’q occurs
(pH 4 to g, see Fig. 3). Above pH g practically all Ra%+ ions are present in complexed
form.

!
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Fig. 3. The conversion factor Kq/K’q as a function of the pH.

Inorderto fix the Ra%+ions on the resin it is necessary to acidify the feed solution
to pH 4.5 at which acidity the resin still retains its maximum exchange capacity and
the EDTA does not precipitate. The volume of contaminated solution which may be
purified by the Amberlite IR 120 column follows directly from the K’z value at that
pH.

After saturation of the resin the fixed Ra?+ may be eluted quantitatively by a
very small volume of EDTA solution at pH 10 as the K’z value drops to almost zero
in alkaline solution.

A small fraction of the efluent of the feed solution would, after neutralisation to
PH 10, be sufficient for that purpose. The whole cycle of decontamination of the solu-
tion and regeneration of the ion-exchange column can thus be effected without any
special reagent. Based on this principle, analogue cases may be solved, for example,
8Sr and rare earths in EDTA solution provided that the stability constants of their
chelate complexes are not too high.
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SUMMARY

The stability constant of 320Ra—EDTA was determined using the method of SCHUBERT
in a modified form. _

The constant was found to be such that log X = 7.07 4 0.06. The influence of
the Na+ and acetate ions in the solutions was taken into account by applying appro-
priate corrections. An equation was developed giving the relationship between the
distribution coefficients in free and complexed solutions. The formulas provide the
basic data for the design of a decontamination assembly for ?20Ra in EDTA solutions
with ion-exchange columns.
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