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Although the ion-exchange in concen-
trated solutions has been applied success-
fully by several investigators to the sepa-
ration of transuranic elements from rare
earths’® and the mutual separation of
transition metals®, only a few studies
have been reported on ion-exchange
equilibria in solutions of large ionic
strength®*. We had previously studied
the equilibria in sodium chloride-hydro-
chloric acid and lithium chloride-hydro-
chloric acid systems®. In the present study
the equilibrium in beryllium chloride-
hydrochloric acid system was investigated.

Experimental

(1) The Resin.—The resin used was Dowex
50-X8 (hydrogen form) of mesh size 30~80
obtained by wet screening. It was dried at 40°C.
The amount of water adsorbed on the resin was
determined from the weight decrease on drying
the resin at 110°C. It was 0.20-0.23 ml. per gram
of the resin. The amount of resin used in one
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batch experiment was
milliequivalents.

(2) Reagents.—Commercial beryllium chlo-
ride was converted into beryllium basic acetate,
and it was purified by recrystallization from hot
glacial acetic acid. Purified beryllium basic
acetate was decomposed with hot water and
beryllium hydroxide was precipitated with
ammeonia. Beryllium hydroxide thoroughly
washed was dissolved in a calculated amount of
hydrochloric acid and thus solutions of beryllium
chloride were prepared.

(3) Procedure.—A certain amount of the
resin (exchange capacity E meq.) was put into
a glass-stoppered Erlenmeyer flask containing a
known amount (V=30ml.) of 0.1~5N BeCl;-HCI
mixtures. After shaking for 40 minutes in a
thermostat at 25°C, the resin was quickly
separated from the solution by suction on a glass
filter. An aliquot of the filtered solution
(external solution at equilibrium) was titrated
with 0.1 N barium hydroxide solution, and the
hydrogen ion concentration (H*)s was determined
using methyl yellow (pH of its color change:
2.9—4.0) as indicator, because beryllium chloride
was hydrolized in the higher pH range. After
the above procedure the chloride ion concentra-
tion of the filtrate, (Cl-)s, was determined by
Fajans’ argentometric titration, using fluorescein
as indicator.

The separated resin was then poured into a
column (20 cm.x1cm. diameter) with water and
washed repeatedly with distilled water. The
amount of hydrogen ion in these washings,
[H+]q, was similarly determined by titration.
The amount of beryllium ion in these washings,
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[Bet+]q was determined colorimetrically by
8-hydroxyquinaldine®,

Then 0.5 N barium pitrate solution was passed
through the resin column, and the effluent was
titrated with 0.1N barium hydroxide. The
amount of the hydrogen ion which had been
retained in the resin, [H*]g, was thus determined
and the amount of the beryllium ion in the efluent,
[Be+*+]g, was determined by the gravimetric
method using hydrazine as the precipitating
agent.

Relations between the quantities determined
above are

[Bet+]q=[Cl-]q— [H*1q

[Bet+]s=[Be**]o—[Be**]r—[Be*+]q

(Bet*+)s=(Cl~)s— (H*)s,
where parentheses and brackets represent con-
centration (milliequivalents per ml.) and amounts
(milliequivalents) of the ions, respectively. Sub-
scripts O, R, S and Q denote the original solution,
the resin phase at equilibrium (the perfect
exchange phase), the external solution at
equilibrium and the quasi-exchange phase,
respectively. The last phase, i.e. the quasi-
exchange phase, consists of two kinds of solution.
One is the solution which adheres to the surface
of resin particles and the other is the solution
which penetrates into the resin without being
exchanged at the time of the exchange equilib-
rium.

Results and Discussion

(1) Adsorbed Water.—The amount of
the water adsorbed by the resin, which
is in contact with the external solution,
is important in the ion exchange and
many authors have tried to determine its
amount by various methods” !, However,
the methods used by previous investigators
in dilute or moderately dilute solutions
are considerably complicated. The amount
of adsorbed water was, therefore,
estimated indirectly by the following
calculation as reported in the previous
paper®,

The total amount of hydrogen ion in
the solution and the resin is equal to

HN)s(V—-A")+[H*]o+[H*]R, @)

where A' is the volume of water adsorbed
in the resin phase at equilibrium. The
first term in (1) denotes the amount of
hydrogen ion in the external solution.
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The total amount of hydrogen ion is also
equal to

E+[H*]o, (2
where E denotes the total exchange
capacity of the resin used. Thus

H*Y)s(V—A") +[H*]o+[H*]r
=E+[H*]o 3)

By arranging the equation,

,_ (H)sV+[H*]o+[H*]r—E—[H*]o

4 (H)s

@
As all the terms in (4) are determined
experimentally, the amount of adsorbed
water A’ can be calculated. If the water
content of the resin used (weight decrease
on drying at 110°C) is denoted by A",
total amount of the water in the resin
used (E meq.) at the equilibrium is
A=A'+A" (5)
A part of the data obtained and the
amounts of water in the resin thus calcu-
lated are given in Tables I and II. Values
of A decrease as the concentration of the
hydrogen ion increases. These values
agree with the data of Pepper et al. and
those of Davies et al. determined in
hydrochloric acid solution. Quite recently

TABLE [
WATER IN THE RESIN
. . External

exchange  sen  soln.at  Water in
capacity N equlh/l?rmm the resin
emen Bk 051 RSS BT Wl

16.04 0.1 0.00 0.00; 0.10 2.21

#” #” 0.32 0.01 0.43 1.30

” ” 0.64 0.01 0.76 1.25

” #” 0.96 0.02 1.10 1.15

# # 1.27 0.04 1.40 1.16

15.24 0.5 0.00 0.15 0.30 0.86

# ” 0.28 0.18 0.58 1.28

# ” 0.57 0.26 0.85 1.28

4 ” 1.56 0.33 1.76 0.98

4 o 2.78 0.45 2.97 0.95

# 4 5.21 0.38 5.31 0.67

15.12 1.0 0.00 0.59 0.61 2.62

# #” 0.56 0.62 0.93 1.62

L4 #” 1.10 0.65 1.41 1.43

# ” 2.28 0.68 2.49 1.00

# # 4.59 0.66 4.80 0.96

L4 # 7.43 0.83 7.57 0.73

15.12 5.0 1.16 4.27 1.76 2.28

” # 4.17 4.08 4.70 1.40
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Gupta!® applied our method of determining
the adsorbed water to the study of sodium
chloride-hydrochloric acid system and
found that the ratio of the amount of
water in the resin to the concentration of
hydrochloric acid used increased linearly
with the latter value.

(2) Concentrations of ions in the
quasi-exchange phase.—In Fig. 1, the

@ 01N Becly
012 . 10N -

[Be*+]lq'
[H*]lq

(H*)s
Amounts of Be and H ions in the
quasi-exchange phase. Solid and broken

Fig. 1.

lines denote
respectively.

[Be**]lq and [H*]q,

amount of the beryllium ion in the quasi-
exchange phase, [Be*t+]q, and that of
hydrogen ion, [H*]q, are plotted against
hydrogen ion concentration in the solution,
(Ht*)s. If there isany competition between
beryllium and hydrogen ions in the
adsorption on the resin, it is expected
that the amount of beryllium ion in the
quasi-exchange phase, [Be*+]q, will
decrease as hydrogen ion concentration
in the external solution, (H*)s, increases.
Such a fact is found when (H*)s is low.
But, when it is higher than 1w, values of
[Be*+*]q show a minimum and then
increase as (H*)s increases. On the other
hand, [H*]q increases always as (H*)s
increases. This means that some change
in the ionic species takes place in the
solution. The results of spectrophoto-
metric studies given in (4) reveal forma-
tion of complexes in the solution.

11) - H. C. Gupta, Naturwissenschaften, 43, 543 (1956).
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(3) Apparent equilibrium constant.—
Apparent equilibrium constant, K, of the
exchange reaction between beryllium and
hydrogen ions is given by the following
equation :

Ko HDEBe e
(H*)z(Be**)s
o 0IN Becly
® 05N =
® LON =
. -*
] .
115w .
.s 0O
. 5 .
0 2 ] 3 8
(H")s
Fig. 2. Relations between apparent

equilibrium constant K and the hydro-
gen ion concentration in the external
solution, (H*)s.

where (H*)r and (Be**)r are defined as
[H*]r/A and [Be*+]r/A respectively'®.
In Fig. 2 values of K are plotted against
the concentration of hydrogen ion in the
external solution. When the concentration
of beryllium ion is low, K is smaller than
1, but when it is 1.0 5 or higher, the value
of K is greater than unity. This fact can
be explained by the formation of cationic
complexes which are more easily captured
by the resin than the simple beryllium ion.
The formation of such a complex is shown
by the spectrophotometric experiments.
(4) Ionmic species in the solution.—In
Table II values found for [H*]r+[Be**]r,
i.e. sums of amounts of ions in the resin
phase are always larger than the total
equivelent capacities of the resin. This
means that two hydrogen ions do not
exchange for one beryllium ion and some
complexes are formed in the solution.
The formation of complexes is also
shown by spectrophotometric evidence.
In the region of higher concentrations of
hydrochloric acid, mixed solutions of
beryllium chloride and hydrochloric acid
have a yellow color. In Fig. 3 spectro-
photometric curves of beryllium chloride,
hydrochloric acid and their mixture are
shown. The mixture absorbs more
strongly than the components and new
absorption bands appear at 265 and 370mg.

12) As the activity coefficients of beryllium and hy-
drogen ions in the mixtures are not known, neither the
rtelaive affinity of the exchange equilibrium of beryl-
lium and hydrogen nor the Donnan equilibrium constant
can be calculated.
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TABLE II
A PART OF THE DATA OBTAINED
( ): meq./ml., [ ]: meq.

Original soln. External soln. at

equilibrium
Cam (Reser. (Mo (oo, (Bet)s—
HYo (BetHo (HYs (C1)s iy (H)s
1.27 0.10 1.40 1.44 0.04
1.56 0.50 1.76 2.09 0.33
1.10 1.0 1.41 2.05 0.64
1.16 5.0 1.76 6.03 4.27
06

0.5

(=]
-

03

Absorbancy (log Iy/I)
=)
b

Fig. 3. Absorption curves of beryllium
chloride, hydrochloric acid and their
mixture.

Curve I: 5N~ HCI, II: 3N BeCl, III:
Mixture of 3N BeCl; and 5N HCl, IV:
Sum of I and II.

This supports the view that complexes
are formed between beryllium chloride
and hydrochloric acid.

An attempt was made to determine the
composition of the complexes thus formed
by the molar ratio method!®. The result
is shown in Fig. 4. The line has a break
at ch],-"mBech:l. This may suggest that
the formation of complexes begins at 1~
of hydrochloric acid concentration.
Another break seems to be present at
Myc)/Mpec;,=7- Since beryllium chloride
solution was prepared by dissolving
beryllium hydroxide into hydrochloric
acid, it was difficult to prepare the mixture

13) J. H. Yoe and A. L. Jones, Ind. Eng. Chen. Anal.
Ed., 16, 111 (1944).

Quasi-exchange . Total
phase Resin phase exchange
) capacity
H+
[H*]q [Be*+lq [H*lg [Be**lx [p J¥" E meq.
1.53 0.00g 15.04 1.14 16.18 16.04
1.84 0.00s 12.18 3.98 16.06 15.24
2.11 0.10 9.00 7.63 16.63 15.12
4.74 3.10 3.28 13.61 16.89 15.12
03
g
'; 0.2 265 mp .
)
-
¥
=
'2 370 m,
5 o1 %
B Q
<
Og 2 1 s 8
Molar ratio myg /My,
Fig. 4. Relations between absorbancy and

molar ratio. Black and white circles
denote the absorbancy values at 265
and 370 mpy, respectively.

of beryllium chloride and hydrochloric
acid of larger molar ratio, mpgc)/mgec,
than 7.5 and to confirm the existence of
the second break.

To find out whether the formed complex
is cationic or anionic, the solution con-
taining 3w~ beryllium chloride and 5w~
hydrochloric acid was passed through a
column of chloride form of Dowex 1-X8.
The ionic species containing beryllium
ion was not adsorbed on the resin and
the resin and the complex thus formed
was found to be cationic.

Kraus et al.¥ reported that the beryllium
ion of the tracer scale was not captured
by the anion-exchange resin, Dowex 1, in
7~ and 12~ hydrochloric acid. Diamond?®
measured the distribution ratios of the
beryllium ion of tracer scale and concluded
that the beryllium ion existed as a cationic
chloro-complex, probably a polynuclear
one. The results of our experiments agree
well with their conclusions.

Summary

The ion exchange equilibrium was
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studied in the concentrated solutions of
beryllium chloride and hydrochloric acid.
The amount of water in the resin was
calculated from the difference of hydrogen
ion concentration before and after the ion
exchange equilibrium. A cationic complex
containing beryllium was found to be
formed in the solution.
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