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ION-EXCHANGE; !ON-CHROMATOGRAPHY, PHASE TRANSFER CATALYSIS AND CATALYZED
RING OPENING POLYMERIZATION USING CROSS LINKED MACROCYCLIC POLYETHERS

E. Blasius and K.-P. Janzen

Fachrichtung Anorganische Analytik und Radiochemie, Universitit des
Saarlandes, 6600 Saarbricken, FRG

Introduction

In the course of this lecture altemps will be made to preseni not only
our experimental results but also the problems in using cross linked
macrocyclic polyethers in ion-exchange, ion-chromatography, phase transfer
catalysis and ring opening polymerizations.

Experimental

Monomeric macrocyclic polyethers can be converted to organic and inorganic
matrices by several different methods: condensation, copolymerization and
substitution reactions. The ability to form host guest complexes with
inorganic salts and organic molecules offers a wide range of analytica!

and preparative applications.

Results and Discussion

"About 60 mono- and bicyclic polyethers have successfully been build into
polymers in our laboratory. Condensation resins and copolvmers allow the
separation of cations, anions and organic compounds. Unfortunately gel
kinetic, swelling and low rigidity counteract rapid chromatographic
separations. The best way using macrocyclic polyethers for fast separations
(ion-chromatography) is the immebilisation on inorganic supports. Silica
gel coated or modified by cyclic polyethers is used. Separations of
cations, anions and organic compounds are possible in less then 15 min.
Electrolyte free sclvents (water or methanol) are eluents.

For phase transfer catalysis the condensation resin with dibenzo-18-crown-
6 as anchor group is the best. It catalyses substitution oxidation,



raduction, dichlorcarbene and ring cpening polymerization reactions. The
hi1ghest y1eld 1n phase transfer catalysis are up to 95%. For the ring
Jpening polymerization the ylelds are nearly 80%.
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ION-EXCHANGE, THERMAL STABILITY AXD SORPTION STUDIES OF FAUJASITES WITH
DIFFERENT Si/al RATIOS

"
Cc~Y Lil and L.V.C. Rees”

1. Research Institute of Petroleum Processing,
PO Box 914, Beijing, China.

2. Phvsical Chemistry Laboratories,
Imperial College of Science & Technology, London, SW7 2AY, England.

Introduction

Dealuminated faujasites are very important cracking catalvsts in perroleum
refining. In this paper an attempt is made to obtain a better understanding
of the location of catioms as a function of Si/Al ratioc and of some of the
physical properties of these ion exchanged materials.

Experimental

Faujasites with Si/Al racios of 1.23, 2 and 2.8 were obtained by hvdro-
thermal svnthesis of the appropriate gels. Using the sample with Si/Al
ratio of 2.8 as starting material two dealuminated samples were preparcd
by slow extraction of Al with e.d.t.a. to give Si/Al ratios of 3.8 and 4.5.
A third sample was dealuminated by treatment with $iCl, vapour at 420°C to
give a Si/Al ratio of 7.0. B

. + . 22
All samples were converted to their Na forms, tagged with Na, and i10n-
exchange followed by radiochemical analysis cf either/and solution and

solid phases.

Results and Discmssion

Cs*, NH, , Ca2+ and La3+ exchange isotherms of the Na* form of the fauiasites
have been determined predominantly at 25 C but to a lesser extent at 65°¢C
and SOOC. Linear correlations have been found bgrween the number of trame-
work Al atoms per unit cell and the ngmberzgf Cs iggs sited in the super-
‘cages and in the small cavities. NH, , Ca and la behaved differently
snowing somewhat different curved reTationships in each case.

The thermal stabilities of the Na' and some of the above cation exchanged
forms were determined. The thermal stability of low S5i/Al ratio faujasites
were found to be more sensitive to the cationic form and the degree of
exchange than the high Si/Al ratio samples.

Thermogravimetric studies of water sorbed in the various cationic forms of
the above faujasites showed that the number of water molecules per unit ccll
increased linearly with decrease in the Si/Al ratio. Ethanol and n-hexane
demonstrated subtle differences frum water in the Na~faujasites as a
function of Si/Al ratio.
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I.R. SPECTRCSCCPIC AND THERMODYNAMIC DETERMINATION OF HYDRATION OF
TRANSITIONAL METALLIC IONS IN SULFONIC ION-EXCHANGE RESINS.

N. Vesituluta’, M. Muzzi, A. Jenard and H.D. Hurwitz

Laboratoire de Thermodynamique Electrochimique, Faculté des Sciences,
Université Libre de Bruxelles, Bruxelles, Eelgium.

We endeavour to show in this work thatc combined spectroscopic approacthes
and thermodynamic investigations provide valuable means of assessing various
aspects of ionic interaction and hydration of Co?*, Ni2* and cu2* ions in
sulfonic ion-exchange resins (Dowex 50W). These resins are taken at various
degrees of cross linking (2, 4, 8 and 12% D.V.B.). In each case, comparison
is made with the behaviour of the resins in their Na' form, and in some ca-
ses all the alkaline and alkaline-earth ion sequences are considered.

I. I.R. Spectroscopic Measurements

Turericental
" “The EBT pellets contain about 2 to 5% in weight of resins. Karl-Fisher
titration and gravimetric determination are used to measure the water con-
tent of the resin. The wa<ar 1s removed by drying the pellet and keeping it
under an ambient water free atmosphere in the I.R., sampling compartment. No
ionic exchange between KBr and the resin is observed. The integrated absor-
bance of the band at 1415 cm~1 corresponding to the para~substituted benzene
ring is directly proportional to the resin exchange capacity and serves as
an internal reference.

Resulss and Discussicn
ta) In_sita deterrination of alsorption isctherns of water

in the presence of alkaline and of alkaline earth counter-ions, and for
small numbers of water molecules per site (n < 5), as afforded by the expe-
rimental technique, we ascertain the existence of a linear relationship bet-
ween the integrated absorbance of the OH bending absorption band at about
1640 cm~! and the amount of water per site (fi). The slope of this line de-
creases with an increasing degree of cross-linking of the resin. The linear
relationship does not hold in the case of transition metal ions due to for-
mation of coordinated complexes with water. The more stable the agqueous
complex, the larger the deviation from the linear relationship. In the pre-
sence of alkaline and alkaline earth counterions, the linear relationship
provides an easy way of deriving water absorption isotherms.

interaction

The splitting around 1200 em~! of the antisymmetrical stretching vibra-
tion corresponding to the sulfonate groups is directly proportional to the
interaction strength between the counter-ion and the polyanion. The water
confent of the polyelectrolyte influences this interaction which is inde-
pendeat of the degree of cross-linking at small amocunts of water. The -
stretci.ing vibration of the OH groups, corresponding to the water involved
in ionic hydration, is found between 2000 and 3800 em™l. It allows the
astimate ¢f the strength of cation-water bonding and it reveals particular-
iy the :nfluence of the Jahn-Teller effect with Cul*.

iI. Thermodynamic Measurements

ZuperiveaTal
Sy 0TI AR R T
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. The ion-exchanjte resins are put 1nﬂd;£ferent_hcmo:onzc (Ka™, Ccz’, N12 '
cu*) ard hetercionic (Na*-Co?*, Na®-lNa<*, Na*-Cu‘t) ferms. Treir water con-
tent is fixed by reans of equilibrarion of the dry resins with wet atmosphe-

res under iscpiestic conditions ac different tenmperatures (+ 0.05°C) for pe-
rio’s lasting from 7 days te 40 days depending on the system.

Results and Discussion
The ifree enrercgy of sorption of water is evaluated from the sorption iso
therms according to the expression :

n Qx_’i + n RT in x

{X
F = -RT |
1
lo
wiizre X is the relative water pressure (x = p/pci.
The enthalpy of sorption of water is computed by graghical integration of
the isosteric heat. The isosteric heat itself is derived from the tenpera-
ture dependence of the free energy.
A treatment of these results allows the estimate of (a) the dissoc:ation

enthalpy of ionic pairs;
(b) the average integral

enthalpy of hydration per water molecule in the first and second hydration

sheet; .
(c) the partial molar

entropy of hydration of the cations.
These data indicate that the water molecules, first absorbed in the resin,
contribute to the disrupture of the ionic pairs. The further absorbed wa-
ter molecules are used to complete the first hydration sheet of the catien,
which contains about 6 molecules for Cu2+ and Ni<*, somewhat more for Co<*,
and 2.5 water molecules in the case of Na®.

We have used some N.M.R. investigation with D,0 as the solvent, in ab-
sence of outside water in order to check the existence of a first and se-
cond hydration sheet of these counter-ions.
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Il FGR THE CALCULATION OF THE THERMODYNAMIC ION
LICRIUM CONSTANTS

tsrton, A. = Inczédy, J.

Jepartment of Analytical Chemistry, University of Veszprén,
H-8201 Veszprém, Hungary

Tnermodynamic equilibrium constant of the ion exchange
reacton '

nPA+B ~.——'RB+nA" 1

can ce defined by the equation

KT = d°9x _ xp-as _f3 _ K’ f»
— — n
ar-ag XNn.ag r: IA 2

where a and X are the activity and the equivalent fraction,
T 1s the resin phase activity coefficient of the component
given and K* is the experimentally accessible selectivity
coefficient. If the exchange reaction is considered as a for-
mation of a mixture of concentrated electrolyte solutions
then the excess free energy of the ion exchanger phase can

De approximated as

A§E=RT-,?A-?3[§.+§,4(7A";3)] 3

where 3: and EI are parameters characterising the electro-
static interactions between the components of the mixed
electrolyte solution of a given ionic strength. Equation (3)
was, in fact, derived by Friedman [l] for the calculation of
the excess free energy change of the formation of a two com-t
ponent mixture of highly concentrated electrolyte solutions.



,
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By making use of the abcve function equations can be
derived for the calculation of the thermodynamic equilibrium
constant (KT) of the ion exchange reactions. Contrary to the
generally used equations the derived relationships contain
parameters characteristic for the behaviour of the con-
centrated electrolyte solutions of the resin phase.
with these parameters the 1ln K'-?B functions are described
in an adequate way. The derived equations can always be used
for the calculation of KT whenewer the experimentally
obtained 1ln K'-;B functions can be approximated by a lineor

or a quadratic polynomials.

The lecture will be concerned: with the discussion of
the equations corresponding to those limiting cases when
§'l> o, §l< 0,.-g'°=0, §l=0 and §°=§l=0: with the relationship
between our equation and the Gaines-Thomas as well as the
Hégfeldt equation; with the relative importance of the g
and 31 parameters and finally; with the dependence of Eo 25
a function of the resin crosslinking and the size of the

exchanging B~ ion.

l. Friedman, H.L.: Ionic Solution Theory, Interscience Neaw
York, 1962, p. 225.
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“oirvutive influence of Thermodynamical and Diffusional
nenomena on the Saturation Rate of Ion Exchange Resins

J.ML. O NICSUD, D. SCHWEICH
Lihsratcire des Sciences du Génie Chimique
“.R.S.-E.N.S.I.C., 1 rue Grandville, 54000 Nancy, France
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Introduction

Numerous Kinetic investigations have shown that the parame-
toers deternined with the classical ion exchange kinetic models
cres ~epend on the experimental conditions (normality,
direction). Cur gcal con:ists in showing that the
iun properties cf the resin-solution system must be
6 azzount to moael the saturation curves.

rimental Support
LUJIS and o, TONDEUR (1) have obtained the following
1on turves ror the (a/Na exchange process by the shallow

direction 1
Ca+Res-Na = Res-Ca+Na

direction 2
Res-Ca+Na = Ca+Res-Na

- ) 0 wn  !{sec)

At a given normality, the exchange rate is higher when the
Jivalent ion is entering. The influence of normality is very
iow for direction 1 whereas it is very important for direction

-

Classical Interpretation

Al a given high normality No, the difference between direc-
tion 1 and Z is attributed to internal kinetic limitation. This
is modeled with the Nernst-Planck model, assuming the grain is
an homogeneous medium where total Donnan exclusion prevails.
All the cations having their own diffusion coefficients are
supposed to be mobile. This model doesn't explicitely take the
selectivity into account.

The influence of the normality is attributed to an external
kinetic limitation. HELLFERICH (2) has given a criterion
allowing the estimation of the rate determining step.

Shortcomings
‘hough the Nernst-Planck model is able to fit the experimen-

tal curves obtained at high normality, some paradoxes remain :

- ¢catrarily to the observations in bulk solution, this mo-
del leads to #7 _1sion coefficients of divalent ions 10 to 135
imes lower than the diffusion coefficient of monovalent ions.
T result can't be -~xplained by sterical effects.




- in the high concentration range where the modei expia:n-
the experimental results, the total Donnan exclusion asg unp:1:u

15 not valid.

- this model assumes an electrical potential gradient and

electroneutrality. These two assumptions are incompa

the POISSON equatiorn.

- what diffusion coefficient must be used in the HEL

n

criterion
Propositions

with

ICH

The i1nriuence of the valencies on the diffusion coefficient
is explicitely attributed to the selectivity. Two limiting mo-

dels are proposed

i

The normality of the solution and the exchanpe

’Ir‘ﬂk_'\.\

¢f the Tesin N Gre of the same order of magnitude

clusion is ignorec. The model relies on the Iollow1ng

tions
- the grain is a porous two phase medaum

\..

a~<urh-

- the normality of the liquid filling the pores equuis

the external nornan'\'

- thermodynamic equilibrium is reached between the

tions contazned in the pores and the cations fixed on the ma-

trix
process

- external limitation is neglected.
This model gives the diffierence in the satur

with a single diffusion coefficient, but is deoesn't

asymetrical influence c¢f the normalit

- the fixed cations are not involved in the

2. The normality No is lower thazn K, the anions

- all the caticns have the same diffusion coe

telv excludec : This model takes 1nto account the

petween external and internal diffusion. The assumpti
- the interface between the resin ancé the soilu
selective membrane. The resin compartment

haves as a
sed to be an homogeneous phase at the normality N.
dvnamic equiiibrium 1s reached at the interfsce.

the same diffusion coefficient.

This model gives the asymetrical influence o

o

-
-
L

- 2il the cations contained 1n the grain are nch:

sity, when the equilibrium is modeled with a mass

The influence of the direction is given when exter:n:

1s not negligible.
Conclusion

I S —— . 1 . - -
ne two models show that the sensitivity of the

curves to the normality and exchange direction can b

bv the selectivity and Donnan exclusion, ultn a si
fusion coefficient. Since selectivity and Dennan e
be mezsured easily, this would allow to extrapclat
kinetic datz to industrial situations where ¢ T
cenditions prevail. However, a more sophistica
~e developped to take into account partial Donn

Do

"! r!

Literature cized
(1) DODDS,J.A., TONDEUR D., J. Chim. Phvs.
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ION EXCHANGE EQUILIBRIA OF ALKALI METAL IONS/HYDROGEN IONS
ON TITANIUM(IV) AND TIN(IV) ANTIMONATES

M. Abe& R. Chitrakarland N. Furuki2

1. Department of Chemistry, Faculty of Science, Tokyo
Institute of Technology, 2-12-1, Ookayama, Meguro-ku,
Tokyo 152, Japan

2, Mitsubishi Chemical Co. Ltd., Kurosaki, Yahata, Kita-
kxyushu 806, Japan

Introduction

Some of the synthetic inorganic ion exchangers exhibit an
extremely high selectivity for certain elements or group of
elements. Both of titanium(IV) antimonate(TiSbA) and tin(IV)
antimonate (SnSbA) behave as cation exchangers with good
stability of most of chemical reagents. These antimonates
showed an unusual selectivity for alkali metal ions; Na*«¢
K*< Rb*¢ Li*¢ Cs* on TiSbA, and Na*< K*< Rb*< Cs*<< Li* on
snSbA(1). This behavior can be applied to the removal of Li*
from seawater and hydrothermal water(2). It is of
considerable interest that these exchangers show an extremely
high selectivity for lithium ions while a normal seguence_ of
selectivities for alkaline earth metal ions; Mg<*¢ cal*«<
Sré*< Ba*(3). The selectivity of alkali metal ions on the
SnSbA depends strongly on their concentrations, as reported
previously(l).

This paper describes a study of the ion-exchange equilibria
of the system of alkali metal ions/HY over various exchanging
compositions at an ionic strength of 0.1, from which the
appropriate thermodynamic data may be derived, in order to
interpret the selectivity of these exchangers.

. Experimental
TiSbA or SnSbA was prepared by hydrolysis of a mixed
solution of titanium(IV) or tin(IV) chloride and antimony(V)
chloride at 60-80 °C, and thaen followed by washing and
drying. The samples were ground and sieved to 100-200 mesh
size, 1Identification and characterization of SnSbA was
carried out by powder X-ray diffraction analysis with a JEOL
X-ray diffractometer Model, JDX-7E, with Ni-filter CukKc
radiation, and thermal analysis with a Rigaku Denki
thermoflex Model 8001,
Ion exchange equilibria: In the forward reaction, the SnsSba
{0.10g) in H* form was immersed in 10.0 ml of a mixed
solution of varying ratio of alkali metal nitrate/ nitric
acid in a sealed glass tube with intermittent shaking at 30%
0.5, 45 * 0.5 and 60 + 1°C, In the reverse reaction, ion-
exchanged SnSbA corresponding in weight to 0.10g of the SnSbA
in its H* form was immersed in 10.0 ml of a mixed solution
with the same ionic strength. The concentration of metal
ions and H* in the solid and solution phases were deduced
from the change between initial and equilibrated
concentration of metal ions in supernatant solution.



T
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The thermodynamic egquilibrium constant can be evaluated
by using the simplified Gaines-Thomas equation by assuming
that the change of water content in the exchanger and the
entrance of anion from the solution phase are negligible.
The thermodynamic values, AG) AH°and ASS were calculated in
the usual way.

Results and Discussion

The exchangers obtained were identified by X-ray diffraction
analysis, thermal analysis and IR spectra. The results
agree well with those of our previous works(3,4). The
crystallite size of the SnSbA was found to be 41 A by using
the Scherrer's equation from a plane (110). The empiricail
formula calculated by the chemical analysis was found to be
Ti02 . 0.325b205 . 1-61520 and SnOZ . 0.94Sb205.’ 4.95H20 for
samples used, respectively.

The isotherms for the reverse exchange reaction are
performed at 30°C and can be plotted on the curves of the
forward reaction. Thus, reversible exchange reactions are
established and no hysteresis effect is observed throughout
the entire range studied. The plot of 1ln K} vs X, which is
referred to as a Kielland plot, can be approximated to two
straight lines with a break point at different equivalent
fractions. The break points of the X,, are found to be 0.04
for Li* and 0.14 for other alkali metal ions on SnSha,
indicating the presence of two different exchange sites. The
similar behavior can be observed on the TiSbA. The seguence

M is the same as that of the

of the values of (ln Kylg .,
selectivity of for alkagi megal ions in micro-amounts. The

1n XY increases rapidly with decreasin Xy,j_lower than the
infiection point. The results of 1ln K vs Xy suggest that
there are present specific sites where Li* can be accepted
but other alkali metal ions can not enter. The selectaivity
seguences in a 0.1M alkali metal salt solution showed Na*«
Cs*¢< K*< Rb*< Li* on TiSbA and Cs*< Rb*¢ K*< Na*« Li* on
SnSbA, respectively. In order to interpret the selectivities

-in the infinitesimal concentration of alkali metal ions,-

hypotheﬁical equilibrium constant in logarithm scale at 25°C,
( 1n Kylg, .or was evaluated by extrapolating to “2erc
loading" of the metal ions. From these values the
hypothetical thermodynamic data was calculated by usual way.
The high selectivity coefficient of Li* can be interpreted
in the }erms of both contributions of a hig;}y positive value
of (8S_, )¢ and a positive value of (& | S
The enterxogy-'groducingp process for Li*/H* rﬁgyxgeodue to net
transfer of some water molecules from exchanger to the
solution phase.
References
1. M. Abe and K. Havashi, Solvent Extr. and Ion Exch., i,
96 (1983)
2. M. Abe and K. Hayashi, Hydrometallurgy, 12, 83 (1984).
3. M. Abe and N. Furuki, Bull. Chem: Soc. Jpn., 58, 18172
(1985)
4. M. Abe, R, Chitrakar, M. Tsuji and K. Fukumoto, Solvent
Extr. and Ion Exch., 3, 149 (1985)
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Tor the coliulction of thiz Urocenm Lon fenIontriticn tho oo
cougtien acles (Y o= Y.
Ixnizrincrntoi

Thie ciuletang resin used in this ctudy wes connmgrsizlly
cvelladlis cn thez {irm Neonzl (Budzpest, Huncory) under tis
trzde ncome Ligeandox-Z. In this resin the cthylone-Gicning-
-triccetic acid zctivs crouss gre covclently bound to ¢
ligntly croes-linked styreng-civinyl benzene mnctrisx,

To odtcin cguilibriunm dote steotic betcia cxperinments
were mgde. In the resin phese the molzlities of the spccics
were referred to the wzter content of the resin, deterrmincd

according to (3).

The stchility constants of thg different ncrtal-resin
€

complencs were calculcted ond conmpar
li~benzyl-ecthylene~cdicmine-trigcetic cCiu which is tac water
soluble nonomer of the resinous oCtive groups.

.

The suggested waoy of celoulcticn is justificd by the
rcceonadle agrecment detwicen the metzl stzbility conctunts o)
tne cncnored end thet of the wzter soludle ligenctse.

References

(1) Marcus, Y., Kertes, A.8.: Ion Excheznge and Solvent
Extraction of MMetzl Complexes, .iley, London, 13GL.
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(2) Szabadks, C.: Tzlants, 28, (lge2), 17c.

(3) Pepper, K.w.; Reichenberg, D.; Hele, D.%0: J. Chene LSS
1952, 31z2s.
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REACTION IN ION EXCHANGERS. APPARENT STABILITY CONSTANTS

OF COMPLEXES IN RELATION WITH SALTING-IN/OUT EFFECTS .

M. Métaver, D.Langevin, B.Pollet, M.Hankaoui and M.lLabbé.
UA 500, Faculté des Sciences et des Techniques, Université

de ROUEN, F-76130 Mont-Saint-Aignan.

In ion exchange resins , many examples of
formation of praducts ST? , S, Tp? by fixation of the non
ionic compound S on a counter ion T? are known ,Often S
is a ligand and T? a complexing ion. Coupled with

diffusion, these reactions can facilitate extraction or

ot

ransgort of the rermeant S through ion exchange
membranes., Somes examples are found in the literature
but guantitative relations between measured fluxes and
typical properties cf ion-exchange materials are not
usually shown.

We have already modelled facilitated extvaction of
dissolved ammonia (S=NH3) through cation exchange membrane
using H* as carrier., Distribution of ammonia between
membrane and solution (salting-in/out effect) and H+/NHZ

>n exchange isotherm are taken into consideration.
Facilitated extraction and transport have now been extended
to other systems through a) cation (S=NH, and Tz-Ag+ with
ion exchanger in Agt + NHE form) and b) anion (S=CH3CO,H

and TZ=0H", S=boric acid and TZ=0H~ ("),borate and
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polyborate ions) exchange membranes .

Prior to modelling of these facilitated

extractions and transports, the purpose of this paper is to
study in various ion exchange membranes a) distribution of
substrate NHj and isotherms for the NHI/Ag+ or
NHZ/Ag(NH3); exchange (cation exchangers )
b) distribution of acetic or boric acids, isotherms for the
acetate or borate/OH” exchange and formation of polyborates
{anion exchangers), In particular a relation between
salting-in/out effects and apparent stability constants of
complexes (NH3; and ammines, boric acid and polyborate
ions) ,is shown.

For example, with ammonia, Nafion membranes
exhibit a salting-in effect which stabilizes ammonia-
silver complexes in ion exchangers. Equilibria with NHZ
+Ag++NH3 mixing show an NHI/Ag+ selectivity inversion
(selectivity in favour of NHI when pNH3 > 4 , in favour
of Agt + Ag(NH3); when pNH3 < 3 ).

Proposed interpretations are corroborated by

‘complementary membrane conductivity measurements.

(*) In these particular cases,the products are

formed with elimination of a molecule of water.
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THEORY OF DIFFUSICN ION E{CHANGE KINETICS IXN COMPLEXING ION‘
EXCHANGERS

A.I.Kalinitchev, T.D.Semenovskaya and E.V.Kolotinskaya
Instiiute of Physical Chemistry, loascow, USSR
Introduction

The Helfferich~Tunitsky approach using one differential mass
balance equation in which ion fluxes are described by the
Jlernst-Plenk relation is not applicable for the ion exchange
kinetics accompanied by diffusion of coions (Y) into grain
end formation of weakly dissociating compounds between counter
ions (B,A) and fixed groups (R) of exchanger.

Our intraparticle diffusion kinetic model (1.),(2.) des-
cribes sorption system with two degrees of freedom and takes
into account the equlibrium of association reaction (complex
fo.mation). The influence of crossing interference kinetic
effects on ion interdiffusion process is characterized in
the model by mutual dependences of diffusion fluxes of (,5-
components. The diffusion fluxes of B,A,Y~ ions in this model
are charecterized by the generilized Fick relation, where the
effective diffusion coefficients ) s depend on the concen-
trations of counterions and coion. The kinetic process is
described in the model by the system of two nonlinear dif-
fusion-type equations in partial derivatives.

The computerized anelyses of the diffusion process allow
to come to importent conclusions about influence of various
parameters of the model on the ion exchange kinetics accompa-
nied by complex formation. The following perameters of the
model were used = the individual diffusion coefficients of
ions (Dg,Da , Dy ); the dissociation constants (Kgpg Kpa)
of complexes RB,RA; the concentration of fixed exchange
groups ( Qo ); the concentration of a solution ( Co ).

The influence of exchange selectivity (Kga/Kag) and
ions mobility (Dg ,Da, Dy ) on the ion exchange kinetics in
complexing ion exchanger have beeh discussed. The theoretical
deductions have been verfied experimentally.

Experimental

Experiments have been performed in two directions in accore
dance with the theoretical anelyses. The kinetic dependence
F(t)was measured in a thin ionite layer and concentration
distributions of free ( C { ) and bound (Qpg.Clga) ions in
spherical particle were studied by using a sphericel particle
sector model. The model comprised a cone made up of separate
rings and filled with fine-ground swollen ionite.

The effect of the ratio of the individual diffusion coef-
ficients and of the exchan§e gelectivity on the kinetic depen-
dences in carboxylic (KB-4) end vinylpyridinecarboxylic (VFPC)
ionites for hydrogen-metall and metall-metall exchanges has
been studied for a large number of the real ion exchange
systems.
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Results end Discussion

The concentration profiles (Cg,0gu,(n,0aaly) in ionite par-
ticle depend on the correlation of D,/ Dp factor and of
Kan/Kpp fector. The selectivity factor ( Kg,/Keg) determines
the form ol exchange isotherm in ionite for weakly dissocia-
ting complexes (Kgi/(,4< 1). In presented model the kinetic
process accompanied by association is characterized by both
Da/ D and Kpp/Kgp factors. This result on one eside is in
contrast with physicael sorption kinetics (where only the
form of isotherm determines concentration profiles of sorba=-
te in grein) on the other with kinetics of usual ion exchan-
ge (vwhere the concentration profiles (. and the rate of the
exchance are determined by Dp /Dp factor).

The sharp concentration profiles Cg,aRBOf the entering
ion B in particle are formed if both factors promote sharpe-
ning of concentration front, i.e. if the relations Dp/Dyp> 1
and Kpa/Kga>1 hold. It is showmm that the exchange rate doesn'
depend on the vaelue of the Dy diffusion coefficient in the
investigated region of parameters.

The results of the theoretical enalyses determine the
limits of the approximate analytical solution presented in
our peper (1.), i.e. it is suiteble for quantitative estima-
tion of the exchange rate for the cese of convex isotherm of
«entering B-ion (KRA/KRB>” and if the relation DA/DB>,1

hOldS. .
The distributions of ( ,0y concentrations in the sphe-

rical particle sector model confirm the conclusions of theo-
retical enalyses and the adequacy of the proposed theoreti-
cal model.

It is shown that for nonideal ion exchange asystems e
digtorted view of the role of external and intreparticle
diffusion factors results from epplying the Helfferich-Tunit-
sky criterion since the diffugion coefficients of the crite-~
rion can vary significently while the direction of ion ex-
change alters. These results are not taken into account
.previously for ion exchenge in complex forming and weakly
dissocieting macroporouos ionites where the presence of free
end bound ions don't exclude. It is shown that the very slow
exchange rate in perticle of macroporous ionite may be ex-
plained only by the influence of ion transfer.

References

(1.) Ealinitchev A.I., Semenovskaya T.D. and Chmutov K.V.,
in V.Tulupov (Editor), Sorptsia and Chromatographia,

Nauka, Moskow, 1979, p.144.
{2.) Kalinitchev A.I., Kolotinskaya E.V. and Semenovskayal.D.
J. Chromatogr., v. 243, 1982, p. 17-24. :
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TRECFERTIZS COF Zr(lIV) AND HI{IV) IONS ON DOWEX SO-CATION EXCHANGER
AN ECUILIBRIUM AND PRCTON-NMR STUDY

&. -'Clinziarer und DL Comeyne

nartnzslitess Univerziielt Leuven, Laboratorium voor Radiochemie,
Tolzsv: neniaan J0oG, B-3030 Heverlee, Belgium

Introduction

nium are strongly absorbed on sulphonated polystyrene re-
. The unusual high selectivity at high loading of the re-
w1%h a very slow exchange rate. A proton NMR study indicates

. he e Y1 and Hr{IV) ions are almost completely dehydrated in the
2ULT0 excnange resin.

w oo
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y
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o

Results and Discussion

L ow2s enown By saturation of Dowex S0 cation exchanger that zirconium
‘m1um are apscrbed as divalent ions (e.g. Zr(OH)3* or a polymeric
vormy, The selectivity constants of the exchange Zr(IVYH* and Hf(IV)/HY
209 cbtained from batch 2quilioration experiments. The concentration equi-
. um constants, corrected for the activity coefficients in the aqueous
znase (1), lucrease by a factor of 10° with increasing loading of the ion
ronger 25 i3 snewn for Zr(iv) in fig. 1.

was calculated using the method
activity coefficients in the

in Ka = -1+ J fn Kc'd BH

pe
o)

with 8., the equivalent fraction of H™ ions in the ion exchanger. The re-
suits, summarized in the table indicate that the large decrea: - of 4G is
Jue 10 a very large increase of the entropy (as°®) since aH® i. positive.
The values of &H” and AS° are much larger than the data for o er di- and
trivalent ions as reportea in the literature, they are consisi nt with a
mechanism that involves the dehydration of these metal ions in the ion
exchanger.

Table ° o °

Ka 1288 ) AGT {kJ/mole) AH (kJ/mole} 45 {(J/mol.K)
ze(Iv)/aT 7,8 10° (% 0,2) - 22,2 a1 212
He(IV)ZHT 5,1 10° (2 0,2) - 21,1 32 178

Proton NMR-spectra of Dowex 50, in the H"-form ar saturated with metal
ions, show two resonance peaks. The chemical shift () of the peak due to
aydration water of the cation depends on the electric field strength of
*he cation {Z/(R+a)) in the resin as shown in fig. 2. The data agree well
with rtrese in agueous solution {(the solid line in the figure) except for
ZriIv) and HE(IV). The effective hydration number (h) of the different
carions was ootained from the temperature dependence of the chemlcal shift
e T 1.wcg inus obtalned for the cations in the resin phase generally
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ag;eef?eli with the data in the literature; the hydration number of Zr(IV)
and Hf(1IV) however are very small (O < h < 0,4) and support th i
drawn from the thermodynamic data. ' PP ¢ conclusion

(1) K.A. Kraus and R.J. Raridon J. Am. Chem. Soc., 63, 1901 (1959)
(2) G.L. Gaines and H.C. Thomas J. Chem. Phys., 21, 714 (1953)
(3) E.R. Malinowski, P.S. Knapp and B. Feuer J. Chem. Phys., 45, 4274

(1966)
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Fig. 1 : Selectivity constants of Zr(1V) on Dowex 50 Wx8, corrected for
activity coefficients in the aqueous phase, as a function of the
equivalent fraction in the resin (BZr)'

Proton chemical shift of metal ions in Dowex 50 Wx8 as a function
of the electric field parameter (Z/(R+a)); the full line is the
correlation obtained in aqueous solutions.

Fig. 2 :
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ST LF ZTUILIBRIA IN A THRZE PHASE SYSTEM CONTAINING IOM
IUCANNS TZIIN, ZLECTRCLYTE SCLUTION AMO GAS

. - ~ ~ s, - =
srtor . = IACZEdY, o

_zuasrement of Analvticsl Chemistry
Lniversity of Veszarem, H-8201 Veszprém, Hungary

T2 rzmoval of nitrate ions from drinking water can
zifuciently be carried out on a Hcog-form anion exchange
r-szn. The process is economic only if the abeve resin is
zvailable (the spent resin can be regenerated) at a reason-
sole cost. sccording to our experiments an economic regener-
ation can pe acnived if the spent resin is first converted
inta (4 ~form then to HCOE-form by a treatment with carbon
ic2 gas [1].

-4
[

The lecture is concerned with the derivation of the
-Quations used for the quantitative description of the
equ;libr;a in a three pnase system containing

‘/KHC 1<l>/c ng).-The presented system of equations
are al*o used to calculate the equilibrium composition of
thoe solution and resin phases as a function of the pressure
of the carbsn cioxide gas. The theoretically caléulated and
the experimentally obtained degrees of resin converions
(x Hﬁn-) are in a good agreement. From kinetic point of view,
the cdncentration of the KHCO solution and the pressure of
tne C02 gas seems to play an 1mportant role.

1. Inczédy, 3. - Marton, A. - at al.: Hungarian Patent
Mo 4089/1983.
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THERIMODYNAMIC DATA FOR SOME ANION EXCHANGE REACTIONS

iMarton, A. = Inczédy, J.

Jepartment of Analytical Chemistry
University of Veszprém, H-8201 Veszprém, Hungary

For a considerable group of cation exchange reactions
there is a well known linear relationship between e.g. the
AG° values and the reciprocal crystallographic radius of the
cations. A similar, generally experienced relationship does
not exist, however, for a lsrger set of different anion .
exchange reactions. \Vhen the 1ln KT or the AG® values are
plotted against either the crystallographic or the hydrated
anionic radius the obtained functions do not show any easily
understandable relationship.

T c

Thermochemical parameters (K AG%, AH® andAS®) for

the anion exchange reaction
RA + BT = RB + A~

were determined by static equilibrium and precision calori-
metric measurements at 25 °C. (A” = C17; 8~ = clo,, 17, Br,
N03, Hcos, C103, Br03, IO3 and OH ).

It has been found that for the above mentioned excnange
reactions the AG° and AH® values show a well defined linear
relationship as a function of the so called thermochemicol
radii of the exchanging B~ ions. These latter parameters
were calculated for the anions interested by the Kepus-
tinskii equation using relaiable velues of the lattice ener-
gies.

The experienced linear relationship suggests that
inside the resin the concentration is so high that the
electrostatic circumstances, as it were, preplays the situa-
rion prevailing in a solid crystelline phase.
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Ciesga State University Physics Research
Institute, QOdessa, USSR

Introduction

4t present, a wealth of experizental dzta concerning
water vapor 3crption (hydration isotherms) oy ion-exchan-
e ins has beer accurulated using sorption, speciral
r techniques. Hydration isothermzs ere usuelly in-
serpreted assuming that the initial resin camples are pre-~
dried in vacuux a2t a itexperature that keeps their struc-
ture intact with the wzter having been removed. It is com-
mon krnowledge that thermolabile znionites dried under such
coniitiona still retain 2 to 4 percent of firmly bound
2l water. Conditions for obtairing absolutely dry
anionites without changing their structure during deami-
rzation g@gnd degradation remain to be elucidated, and that
3 why sorme &3pects of determination of pre-adsorbed (re-
sidual) moisture (E) call for systematic investigation.
“here is also lack of data on the relationship bet-
vween H values and sample pre-treatment conditions, the
characteristics of the polymer matrix and the nature of
the ionogenic groups in ion-exchange resins.

Results and Discussion

an ejuametric micro technigue is proposed for mea-
suring the pre-adsorbed (residual) moisture (Hn) and
equilibrium moisture content (H) in macroporous weakly ba-
zlc zrionites and their gel analogues directly in the
course of cderivation of isotherms of water vapor sorption
in a vacuum syztem, using a modified LicBain balance.
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The absolute values of H and K, were determined by
direct titration of a weighed sample of the anionite with
a Fischer reagent after equilibrium hydration had been
achieved at different relative water pressure (p/ps). The
paper shows the relationship between the analue and the
sample pre-treatment conditicms, cheracteristics of poly~
mer matrix (basicity and porocity) and the rature of the
ionogenic groups in ion-exchange resins., It has been es-
tablished that in terms of the BET thecry hydrztion para-
meters and specific anionite surface depend largely on
the Hn value. For instance, in the case of strongly basc:
anionites AB-ITI and AB-I7-8 which contain quaternary
amwonium groups, the degree of hydration in the E.T regi:n
may be larger of effective capacity (h) of the LLT monco-
layer, the value of h being apparent. It is shown that
the specific surface calculated for water ( SHZO) from

aquanetric isoterms using the BET equation obviously cor-
responds to the actual hydrophilic surface as cormpared to

the SH 0 value calculated from grevimetric isothermus.
2
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JIELECTRIC RELAXATION IN ZEOLITES
5zasz, A. - Sayed Sabet Abd E1 Rehim - Liszi, J.

Department of Analytical Chemistry, University of Veszprénm,

H-8201 Veszprém, POB 158.

Orelectric studies have been made over the range of
2CC Hz to 1 MMz and 260 K to 298 K in Na*, K, Rb*, Cs™, NH}
and CHSNH; forms of synthetic Linde A-type zeolite. Ion
exchange was carried out via batch method, the degree of
axchange was not complete in several cases. The water con=
tent of the samples was controlled by standardized drying.

Permittivity and loss factor were measured in suspensions of

zeolite in paraffine oil.

The relaxation process was described by the
Kirkwood-Fuoss-relation and the distribution parameters
(@ and °°max) vere determined. Arrhenius activation energy
of the process was calculated from the temperature depend-

ence of @ ax* Comparison of the effective dipole moment and

x
that of derived from the Onsager’ theory indicates relaxa-

tion of water in the investigated dispersion region.



A set of results are given in Figs. 1 and 2.
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Fig. 1.

The imaginary part of the permittivity as a function

of frequency and temperature.
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Fig. 2.
Cole-Cole plot for the kK* form zeolite. The semacircles

indicate Debye dispersions.
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Jeraration of Cxcusuge avid ~dsorption Processes

in #5ca-bentonite/*m?* System

1. Hényal and A, Hargitai T6&th?
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Hungary
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“ Chemistry Cepartment of Tessenyei Gydrgy Teacher s Training
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Introduction

it is important to determine at the thermodinamic and kine-

tic evaluation of the parameters of iom exchange processes
winther the reaction partners take part only in exchange or
{1 otl:er processes as well. In this work a theoretical inter-
pretation is mace for the separation of the ion exchange and !
ot’.cr processes vwhich are explained as adsorption procesces.
Cur metiied 15 used for the exchange of mono- and bivalent
cationsl. In this work the surface processes between #9cqa-
hentonite and “4u?’ are examined.

Experimental

Soth the amount of 4am?* joint to the surface and the amount
of 45ca?* got into the solution ave measured in order to

decide whether the results of the theoretical calculation

give a close picture to the reality. It is easyly carried out

when we use radioactive 45Ca-bentonite and 4m?* ioms.

50 mg *3Ca-bentonite is added to 20 cm® destilled water or

to CaC12 soluticn is vipetted to the system at O, 25 or

40 %, ~fter attaining the equilibrium the phases are sepa-

rated and the activity of 45ca and 541 as well as pH are

measured, The amount of the adsorbed ¥wm can be calculated

from the experiment as the diffevence bétween the amount of

Mn joint to the surface and the amount Ca got into the enlu=
tion,

L ;. 2&wva, Cv, Filew: Agrokémia és Talajtan 27 /lg78/ 65-76.
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Results and Discussious

The sorption of Mn?* ions car be described by an isotherm
of Langmuir type:

ey 1Y (1 1
Ad-Mn V x f z M2t * [ (cc")] 44

¢y, is the concentration in the solution, Ad-Mn is the
amount of Mn joint to the surface, V is the volume of the
solution, y and x are the activities of %M1 in the solution
or on the surface respectively /as a part of the total acti-
vity/, § and z are the wumbers of the active places of the
exchange awd adsorption,l<[f(cCa)} is as follows:

K[f(cca)] -k°Mn(l+£ﬂ) /2/
Ca

K%y, and K°c, are the solubility of the pure Mm-bentonite
and Ca-beutonite, Vhen we write dowm the Langmuir’s equation
of the excnange and the adsorption separately and take into
consideration the law of mass action, the Equ., 1 hes the

following form: .

Ad-MH ( I + cCa ) = z .
SMn K [ ! z CMH)] Cun * FLTA cCa)] .
1
+ K _Ad=Caqg 737
s o

Xg is the selectivity coefficient., From the slope t:e mumber
of the active places of the adsorption can be calculated.
The theoretically and experimentally determined amoumts of

the adsorbed Mm are in a relatively good cgreement,
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STUDY OF KITETICS OPF ION EXCHANGE IN TERNARY SYSTEM
Hat - Co* - m12*

J, Plicka, K, Stamberg, J. Cabicar, V., Sp¥véikovd
Technical University of Pragus, Faculty of Huclear

Science and Physical Engineering,
115 19 Prague 1, Brehova 7, Czechoslovakia

Introduction
In the present work we have studied the behaviour
of two components with very close properties (i,e. 002+.
%1°*) {n termary system under unstationary conditions.
The verification of the kinetic model based on equationa
of nonequilibrium thermodynamics was performed,

Experimental

The equilibrium and kinetic experiments were studied
on the model system Na* = Co2* - N4°* - strong scidic
cation exchanger OSTION XS 08, In each typs of experi-
ments binary and ternary ion exshanges (Fat - CoZt,
Tat - w12*, [12* - Cco?*, Fat = Co®t = N12* respective
- the bar denotes the initial form of ion exchanger)
were studied, The initial composition of the solution
2or all kinetic experiments was 0,095 M 00(N03)2 +
0,005 m(uo3)g .

Kinetic Model
The Stefan-ilaxwell equations were used for descrip-
tion ¢? difueion of counterions in ion exchanger particle



(rate controlling step). Using the essumptions generally
accepteble for ion exchange on strong acidic cation
exchanger (1) we obtained the following relations for
difusional fluxes Ny of counterions in ternary system :

= Ny = DyyVCy + Dpov0,

where the coefficients D11 (1,3 = 1,2) depend on Stefan-
laxwell coefficients, charges and concentrations of all

components in systen,

Results and Discusion

The nine Stefan-iiaxwell coefficlicnts necessary for
calculations of kinetics of ternary ion exchange were
obtained from (i) the results of above mentioned binary
ion exchanges, (ii) isotope exchange Fa* - 22ma* (2),
(111) literature data (3). The comparison of calculated
kXinetic curves with experimental ones are in good agree=
.ment, All realized experiments as well as all caloulations
confirmed that the ratio of nickel and cobalt is not
constant during ternary ion exchange.

References .
(1.) Helfferich,P., Ion Exchange, licGraw=Hill Book Com,,
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(2.) Plioka,J., Cabicar,J., Gosman,A., Stamberg,K., J.

Radioensl, Nucl., Chem., 88 (1985) 325
(3.) Lobo,V.M.M., Electrolyte Solutions: Literature Dates

on Thermodynamic and Transport Properties, Coimbre,
1584



e e e Ls el Lo e e e

- 32 - THP-08 .
Ji2 LILCTICS CF ALLOuIa SORPTICH QL CATICH
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Introduction
Studies of arronia sorption on cation exchange resins
ars of interest ecausc they ere used for removal of amrnonia
from Z3seous mixtures, A variety ol processes exists where
2iffuzicsn in gerous resins is of interest too.

_xperimental
Irvectigation was carried by means of vacuum adsorptional
ar=avrasus with LeZain-fa:r's zcales. Ihe eguilibrium sorption
va3 mcaoured =2t 2ukil, the precsure range was from J to IS
Torr, uineticn - at &, € arnd 30 Torr. e used cation excharge

[e]
*

3C. “oss-linkin;) in wnich the metrix
grie and divirnylbensene and the ionized
STOouIs wore sulghonate grours.

REE u;ts and Discus ion

corction isotherns of ammenia by Ca T-form resin

srg onown in Fisure I. They a2ll have identical form which is
a’, ::—”-Ol/t':\ x(ﬂ 4 ’
§§§§§§§§§§§§§5 3
(]
. 1
o]
C . 5 -
>
o . T ¢ 5 10
p,forr t,min
Fi.els Tiie corption isotherms: - Fig.2. The kinetic curves.
I-I0/3C; 2-.C/10C; 3=-15/1003% I5/I00: I=2;2=5;3-30 Torr

4=3C/I52. 30/1I00: 4-235=-8;6=~30 Torr
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arzlogous to Largtulr lsotherm. The equilibrium sorption
depends on the level of copper ir sorbert only and doesn't

depend on the crozs-linking percentage.

I5/100 2nd 3C/I100 resin modifications. They had identical
equilibrium sorption and differed only in cross-linking per-
centzge. The kinetic curves [F(}) are showm in Figure 2. It
is obvious that the incrcase of pressure produces only the
change of the process rate, but doesn't influernce the cha-
racter of the process in case of I5/I00 resir. Zut in case
of 30/I00 resin’ the character of the process is chanzed at
the finsl stage.

Table
Xecein & p, ¢ Dg/R:-IO4 : QIR-?-IO4 : D.°IO7 : D;-Ioﬁ'[—4

:Torr: st : g~1 s cnl/s s cm2/s

2 2.54 .29 Z.5¢ 2.29

I5/10C g 2.80 2.0l 2.76 2.0l
30 4.11 3.65 4.08 3.85

2 4.53 451 4,40 451

50/100 & 7.98 69.3 T.92 69..
30 9.46 8.36 9.3¢ be30

Velues of kinetic pcrameters derived from the ezuztions
in "biporous" modzl (I) are listed in the table. Simbols are
those as in (I}. Thes kiretic curves and values of parancters
rermit to maike the following conclusions. Diffusion in the
trensport pores is the limiting process at the initisl stege.
Diffusion in the micropores is the limiting process at the
firal stzgc. The pressure incrcase leads to the inerecase of
the diffusion coefficient Ra. Diffusion into micropores
doesn't contribute si;nificantly to the equilibrium sorption
provided the pressure 1s sriall. If the pressure is increasing
the sorption kinetics of armronie in cese of 30/I00 reszin hes
two stzges. & first stage is observed during which only
macronores sorption occurs followed by a much slower seconc
stage durirg which macropore sorption is at equilibrium erd
only micropore sorption occurs.

References
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ION-EXCHANGE MODELLING IN CONTAMINATED GROUNPHATER

L.Sovadina‘, P.KonosavskijI and I.Landaz

1. Mining Academy , Department of Hydrogeology
Leningrad, Soviet Union

2. Geofond Praha
Praha, Czechoslovakia

Introduction

Prognostic estimation of contaminants /pollutants/ in ground-'
waters is based on fo%hg 1ng systems of differential equations

'h}
n7£’+4r }C' 5-" 4)
hSh b F(Q',K",'CII&‘)

where n-poros;ty,Ca,C -anion j;cation <concentration;t-time,
B-coefficient;D-coefficient of diffusion. The equations express
migration phenomena including an effect of both diffusion and
ion-exchange.

Experimental

The exact analytical solution of the equation(1)does not exist
at present. Therefore, the methods of mathematical modelling
are applied in solving it. Variation methods in modifications
of the method of finite elements /F.E./ or the method of fi-
nite differences /F.D./ are usually applied. The method of F.E.
can be used when computers with comparatively large operational
memory and speed are available..An advantage of the method of
F.D. lies in better understanding of the physical analogies

of starting equations, while the method of F.E. and even the
Galerkin s method are suitable for simple physical interpreta-
tions.

Our contibution summarizes our experience with the solutionof
the equation(1) by the method of F.D. using the integral-itera-
tive Samarsij s approach.We identify and explain some anomalous
phenomena in ion-exchange discussed already by A.J.Valocchi

et al./1981/. Algorithm of the solution of the basic equation
1) is verified by several test studies. Conditions of che opti-
mum solution are defined. The conditions improved the method

of modelling of ion~-exchange generally in case of contaminated
groundwvater.

The results are demonstrated by the figures and tables.

References
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CYNTHESIS, STRUCTURE AND PROPERTIES OF NEW FIBROUS ION
ZXCHANGERS

¥.8. Soldatov, A.A. Shunkevich, and G.I. Sergeev

Institute of Physico-Orgenic Chemistry of the Byeloruasian
Academy of Scilences, llinsk USSR.

Ion exchange fibrous materials open new technological pos
sibilities in gas and liquid purification, preparative chro-
matography, extraction of valuable compounds from gaseous
end aqueous media. Their main edvantages compared to indus-
trial granulous ion exchange resins are: a high rate of an
ion exchange process (caused by & small diameter of monofi-
laments ranging from 3 to 50 mcm), & low and easily contro-
l1led resgistance of the ion exchange filtera to the flow of
liquids and gases, the possibility of using in various physi
cel forms such as column filters, conveyer belts, thin lay-
erg, etc. A small diameter and & uniform fibre thickness
rrovide good chromatographic characteristics of these mate-
riala. liatural elasticity of the fibres permits retaining
the integrity of an ion exchanger layer. It also provides
constant gecmetric dimensions of the filtering layer in the
column independently of the sawelling of the ion exchanger
in different ionic forms. The resistance of the filters to
the flows can be easily controlled by density end the way
of material packing.

The synthesis, structure, physico-chemical, mechanical
and sorption properties of different new types of ion ex-
change fibrous materials (registered trade mark "FIBAN") are
discussed in the lecture. They ere represented by strong-
base and strong acidic ion exchangers amalogous to the
apreall granulous resins, carboxylic ion exchange fibres,
weak and medium base anion exchangers with imidazoline func-
tional groups, polyampholites and & number of special func-
tionalized fibres. The applicability of these materials was
illustrated by several examples such as removal of acidic
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impurities from air (502. st. etc.), removal of heavy me-
tels from aqueous media (Hg, Pd, Cu, Cr(VI), etc.), chroma-
tographic separation of alkali metals, halogenides, heavy

metals, aminc acids.
The studies performed show a high efficiency of fibdbrous

ion exchangers of the FIBAN type.
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SEPARATION OF PROTEINS BY HIGH-POROUS HYDROPHILIC
ION EXCHANGERS

Takaharu ITAGAKI, Eiji MIYATA and Hiroshi KUSANO

Research Center of Mitsubishi Chemical Industries Ltd.,
Yokcohama, JAPAN

INTRODUCTION

Separation and purification of various proteins by
SEPABEADsﬁ) FP Series (Mitsubishi Chemical Industries) have
been studied. SEPABEADS FP Series are based on a spherical
hydrophilic high-porous polymer of vinyl-type monomers and
have many advantages over conventional polysaccharide- or
styrene-based ion~exchangers. SEPABEADS FP Series carrying
various functional groups are suitable for chromatographic
separation and purification of biological substances especial-
.y in large-scale, industrial processes.

EXPERIMENTAL

SEPABEADS FP Series used in this work are listed in
Table I. The adsorption capacity for proteins was determined
in batch processes. Protein concentration was determined
photometrically (UV 280 nm).

RESULTS and DISCUSSION

As preparative chromatographic packings, SEPABEADS showed
advantageous basic properties such as:
(1) Low irreversible protein adsorption.
(2) High stability against acids and alkalis (0.5 N HCl or
NaOH at 40° C) as well as organic solvents.
(3) Stable swollen volume independent of pH and salt concen-
tration (<10 %).
(4) Low compressibility due to high mechanical stability and
low pressure drop ( P=0.9 kg/cmz'm-bed at LV:5 m/hr).
The type of pendant functional groups as well as the pore size
distribution was found to be effective for a number of appli-
cations. For example, SEPABEADS FP-DA (diethylamino type) is
most commonly used as a weakly basic anion-exchanger. Fig. 1
shows the effect of the pore size of FP-DA on adsorption
capacity for proteins, indicating that size exclusion sepa-~
ration of proteins 1is easily accomplished by selecting



)
1

(L)

SEPABEADS of the appropriate pore size. Replacement of di-
ethylamino group with other types of amino group caused a
marked change in binding strength between the target proteins
and the amino group (Fig. 2). As described above, SEPABEADS
FP Series based on a high-porous hydrophilic rigid polymer can
be easily adapted to preparative- or even industrial-scale
separations of proteins. Further application data will be
presented in the session.

Table I. Chromatographic packing materials.

Functional Pore Sjze
Group (70-1008) (300-5008) (1000-2000R)

SEPABEADS )

FP-HG -OH FP-HG20 FP-HG13 FP-HGOS
FP-DA -N(CHg) 5 FP-DA2) FP-DA13 FP-DAOS
FP-HA -NH(CH5) gNHy FP-HA20 FP-HA13 FP-HA0S5
FP-CM -CH,COOH FP-CM20 FP-CM13 FP-CMOS
FP-BL Cibacron Blue 3G-A FP-BL13

FP-0OT -0 Cﬂz ) aH FP-0OT13

FP-ZA ~NHCH,~O) FP-2A13 FP-2A05
FP-CL -N(CH,COOH}, FP-CL20 FP-CL13

Standard particle size : 12C4m in diameter.

| Ma-Lactalbumin
MWz 14K

""" =NH=(CH:)r=NHs

A¥-Globulin
MW 150K

=" NH=(CHz)s~NRs

L

g?

Albumin capacity({g/l-Resin)
-

Protein capacity (g/l-Resin)
o

R R BT Y
The amount of functional group

0 — . {eg./1-Resin)
SMALL<—PORE SIZE—>LARGE Fig.2 Functional group vs. Albumin
capacity({in 0.1M Tris-HCl buffer
FP~DA20 FP-DAi3 FP-DAQS of pH 7.50 at 10°C)

Fig.} Pore size of FP-DA vs.
protein capacity(in 0.1M Tris-
BCl buffer of pH 7.50 at 10°C)
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MCNQ= N0 CLIALOGEN-DZIRIVATIVES OF POLY/ST-CO-DVB/SULFONAMIDE
ReBogoczek and E.Kociolek-Balawejder
Tzcrrnoleglical Institute of Chemical and Food Industry,
~ciiamy of Economics, Wrocltaw, Poland
Introduction‘

In this wcrk, novel reactive resins, which are halogen deriva=~
zives cf racroporcus poly/Steco=DVB/sulfonamide characterized
bv tne? foliowing functional groups, are presented{1,2} :

: ?
—S—y 1a* - S—N\)J:
L X=C1,Br,I é

where X means Cl, Br, I, and the nitrogen atom with the halo-
~an atoms are bound covalently, and the halogen atom is at the
+1 degree of oxidation.

Experimental

In the experiments a macroporous poly/Steco=-DVB/sulfonamide
resin /ZAR/ has been used, It was obtained as the result of
fcllowing react!? ons:

PC . =FOCL NH, aq
o 2 Ze §-30.C1 ——3—-—-:-—§-802NH2

Iy

3 ".JUS.

where § - means a macroporous Steco~DVB matrix,

s ccemmerclal sulfonate cationeexchange resin WOFATIT KS-=10
/produced by Chemiekombinat Bitterfeld, GDR/ was used as star-
ting material, This resin is a macroporous styrene= ca, 20%
divinylbenzene copolymer,
Trnez halegen derivatives of this copolymeric sulfonamide were
cbtained in two different ways:
A = by the reaction of SAR with NaCCl, NaOBr and NaCI to ob=-

*ain monohalogen derivatives

- ny th2 reaction of SAR with NaOCl, NaCBr and NaCI in an
aquecus ace+tic acid medium to obtain N,N=dihalogen deriva=-

vane

P

Nuck / \ HeX

$~30,NXNa §=50,MK,



B « by the reaction of the appropriate halogen derivatives of
SAR with the aqueous sclution of alcaline metal bromides
or lodides according to the following reaction:

'aB’ §-50,NBrita

£-SC.NC1Na
+=5C, Na

0- G-SC NINa

2
NaBr
§=SC,NCL, e
§-SC,NI,

§-S0,NBrNa Kal §-SONINa
§-S0,NBr, Nal §-50,N1,,

Results and Discussion
By means of two different synthesis routes a number of novel
comparatively stable products wnich ccntained active chlorine
cr bromine or iodine in their functional groups have been ob-
*airned, Except for the N,N=-diiodo-poly/St-co-DVB/sulfonamide

e e

*hese resins were obtained in high yield fi.,e. uniformity of
functional groups/reaching 85-100%. The obtained products show
TToront ‘ntensity cof the following properties:
cztion=cxchanging /only the Nemonohalogeno derivatives/

e

- disinfecting /in contact with water or aqueous solutions/

- oxidative / in agueous media/

- halogenating /in contact with aromatic or aliphatic ccmpounds/
The application of the obtained chemical active resins can be

as follows:

- generally, in such sciences as microbiology, biochemistry,

biotechnology, medicine, pharmacy

- particulary, in carrying out processes like organic and incr-
ganic synthesis /both in halogenation and oxidation/, sterie=
lisation of solutions, stopping and preventing fermentation,
water processing,

References

1. Y.Nakamura, J,Chem,Socc.Japan, Ind,Chem.,Sect, 1954, 57, 818,

C.A, 1955, 49, 10661%b,
2. R,Bogoczek, E,Kociclek=Salawejder, Folymzr Comm. in press,
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Pametelh TRIs=nIZ2 GF ALRALINE IONS ON ZINC  FERROCYANIDES

Le_.iniTeerTvlz Y ana M. redorofé -
. —3ICrancire g'Analvse par Activation P. Sue
2. Z. 74, Zaclav, 71191 Gif sur Yvette, France

e LITmee 27 Ituces de Chimie Metallurgique
Li. 7.2 ceqraes drhbain, 94400 Vitry, France

rerrcocyanlices can be used as fixators for a

X rontS. Jhey have been already involved in the

LI emLTaALLTn Sr caeslum from ragloactive ligquid wastes,

4 riya Jimited Gur StUudy €O twO types af zZinc ferrocyanides

WL st e g Lrest o arslnlty for Casre 10ns. This work was

Lo ed «g tre undercstanding of the fixation mechanisms of
Pl LA 1A Grcer T determine the optimal recovery

R

woes acnieved through the study of the

tmm ferrocvanide compositicon and structure, a
C+ tre kinetlcs and capacity, & study of the

r N2 20i1d at each step of the ion fixation
uze ¢+ citferent methods: radicactive tracers,
A-rav diffraction, potentiometric

“rger +o mcdel the experimental kinetics,

)

o TIZLle? tmo ozeld girffusion of sodium in a
Jl.mrur s bkirrooyanlce.
Crdied rroducts have been prepared by various
et lAr T DreciRitation wWwith sodium or potassium

cesr LI amMA0 anGd Various nifFe ratios: precipitation with

“rIz,aMldric atld cotalned by exchange on & cationic resin
Nomre o e Nt or an alkaline salt (Na+, K+). All
e LG, Were analvsed far their compoa;txon by several

rellL,. LCmposltions close to detinite formulae were
Cmeltel. me omiseg ferracvanides belong to the
' :n-limfuu)h,,. «H-0 series_tM'=H, Na, K, Cs)

1 rromoedrlc sTructure2 RIc. FPure tinc ferrocvanide,
e Zidle, wHO nas a trigonal structure.,
2 mACr 3NCOp1C porsslty ot Na.Zn</Fe(CN),. /> seems
2 e oiailar to moiecular sieve 4A,

The kinetic of sodium self~diffusion 1n this product
cae Seen studied. The <aerrgoyvanide, labelled with the
S L cstopRP. was Blaced 1n an wnactive scdium chloride

SLetiem, g the aanivity of the s0iution was auoted in
- L L e fimo. The csuallibrium was reached within 20
s ome L, e esermyenntal masulte were comoared to different
RN relec: f2oy3d's law related to diffusion 1nte

L. r Zuteasisn nhrougn a pounding liquid film,
Ll e=tirfan on s@ems to pe ccntrclled ov the

4



speed of passage through the surface tarrier, The high
self-diffusion coefficient 1n the so0lid 185 related to the
10n1c conductivity measurements and explained by the partial
occupancy of the possible Na sites i1n the crystal structure,

The stuay of Na~~H* exchange on this product
was performed by potentiometric method correlated to tracer
measurements. H* fixation is a slower phenomenon and
the speed of the reaction seems to be bound to H*
diffusion into the particles.

Kinetics and capacity measurements of caesium were
achieved by using radiocactive!®**Cs isotope. Atomic
absorption spectroscopy was used for the determination of
the elements found in solution after excriange. The
absorption on Zn:-Fe(CN),. needs more than 70nh,
while on M'aZn~/Fe(CN)./> the absorpticn is achieved

within an hour, The capacity does not exceed 1.6 Cs atcm
per one Fe atom in the first product. The expeccted
Cs-2nFe(CN),.. formula was not achieved. The
capacity is limited to one Cs atom per Fe atom in the second
product. The kinetic experimental curves of caecium $1xation
cannhot be related to a sincle mathematical moogel. Caesium is
partly retained by cationic exchange with the alkaline or
zi1nc 10ns and partly by molecuiar adsorption of a caesium

salt.,

The results about the kinetic studies let us predict
that mixed alkaline-zinc ferrocvanicdes are the most
esficient productes towards caesium decontamination an laiguad
radipactive wastes., Until now, theilr use was limited because
they could not be produced unger a convenient ¢orm for
ligquig chromatography columns. We have found a new
preparation procedure leacing to larce particles (mean gre:n
s1ze: 0.29mm) ant @ patent has been deposited on this

subyect,
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TITANIUVN EEXACYANOFEZRRATZ/PHZNOLSULPHONIC RESIN « A NIW
CCLPOSITZ ICI EXCHANGER SELECTIVE TO CAESIUK IONS

JoNarbutt, Be.Bartos and A.Bilewicz

Jepartzent of Radiochemistry, Institute of Nuclear Chemistry
and Technology, 03-195 Warsaw, Poland

Introduction

The advantage of inorganic ion exchangers - high selectivity
to given ions « is generally accompanied by some drawbacks,
mainly slow kinetics of ion exchange and poor mechanical pro-
perties, Various attempts were made to improve these charace
teristics (1). Titanium hexacyanoferrate (TCF) synthesized
under special conditions {2) proved to be a very efficient
sorbent of caesium ions from aqueous solutions, even in the
presence of competing potassium and ammonium ions in congider-
able concentrations (3). However, some of the properties of
pure TCP limited its practical applications.

Experimental

Powdered TCP was implanted into a matrix of a phenolsulphonic
resin in the course of polycondensation (4). Sorption of
!EZEP from aqueous solutions containing competing cations

of various concentrations was studied using the sorbent
samples conprising 23 % 1ICP.

Results and Discussion

Various samples of the compoaite sorbent were synthesized,
comprizing up to 45 £ TCP, The spherical shape and good mecha-
nical properties of the sorbent grains are determined by the
respective propertiea of the resin matrix -~ they are much bet-
ter for practical purposes than those of pure TCP grains.

The affinity of the composite sorbent towards caelinm ions in
the range ot lﬂ‘ concentrations 0,01 =« 5 nol/dn is about two



orders of magnitude higher than that of sulphonic resin, Do~
wex 507x12, and more tha: one order higher than that of phenole
sulphonic resin (the matrix). The distribution coefficients of
Cs* on the composite sorbent are as follows: Kd>z 105 cmalg at
[ru}] <0.01 mo1/an®, k,%10% et [FE}]=0.1 mo1/dm? etc. The ra-
te of cs* sorption on the composite sorbent is much greater
than that on pure TCF, which is obviously due to & larger sure
face area of fine grained TCP particles in the porous matrix.

Another important improvement of the sorbent properties is due
to the decreaged solubility of TCP implanted into the matrix.
The leskage of re(cN)g' to the purified aqueous solutions
falls from ca. 102 mol/dm’® for pure TCF to less than $0
mol/dm3 for the composite sorbent.

The composite TCF/phenolsulphonic resin produced from cheap
and easily available materials is thus a convenient sorbent
for efficient removing radiocaesium from acidic and neutral
solutions which must not be contaminated with other ionse
25000 sorbent~bed volumes of the simulated primary coolant of
a nuclear reactor (WWER-440), containing K* and NH] in milli-
molar concentrations, were purified that way from carrier free
137y with the decontemination factor greater than 200 (3).
Other possible applfbationa of the composite sorbents in ra-
diochemistry and nuclear technology are discussede
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[NTERCALATION OF AROMATIC COMPOUNDS INTO ZIRCONIUM
PHOSPHATE TYPE MATRIX

L. Szirtes and J. Kornyei
Inztituta of Isotopes af the Hungatian Academy of
Sciences, Budapest, Hungary

1 15 =nown tnat these tvpes of intercalation complexes
~suld nave 1mportance in labeling of the aromatic ring
.umpuunds. Thus these complexes could have interest in
raciccenemical practice. However the aromatic compounds
witn ring formation could not be directly intercalated in
zircenium pnosphate type matrix because of we tried to
sbtsine them wlth various methods.

v

[w)

r the sreparation of above mentioned complexes we have
t noog results with tne following methods:

Q)

.ntercalation into alfa-zirconium phosphate
v1a 1ts ethancle complex;

5
. oet

,1i.” ntercalstion into alfa-zirconium phosphate
and 1ts derivatives after defoliation of
their lavered structure.

wi? collected here the results /XRD and thermoanalytical
investigations/ concerning alfa-zirconium phosphate,
zircanium~/carboxy ethane phasphonate/ and zirconium
carboxy ethane phosphonate-phosphate containing
m-amino-ghenol, m-amino-benzoic acide and m-amino-

nippuric acige.
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MIXED INSOLUBLE ACID SALTS OF TETRAVALENT METALS - ITI!
CRYSTALLINE MIXED HAFNIUM-TITANIUM PHOSPHATES

S.X. Shakshooki, J. Kowalczyk, §S. Khalil, O©O. Azabi and

N. Nagvi
Department of Chemistry, Al-Fateh University,Tripoli,

Libya, SPLAJ

Introduction
Amorphous and crystalline forms of ZrP and TiP have been in-
tensively investigated (1). Only crystalline hafnium acid
phosphate (HfP) has been reported (2,3), but has not been
studied much in detail. HfP and HfTiP in the amorphous form
have been prepared and investigated in this laboratory (4).
Crystalline HfP and HfT)P have now been prepared both by re-
fluxing the gels and by Hf method. X-ray diffractogram shows
these compounds to be homogeneous in the e¢~ZrP crystalline
form. Exchange capacity for these ion-exchangers have been
evaluated by pH-titration combined with radio-isotope tracer

technique for Na+, K‘, Rb* and cs* ions (5).

Experimental
(i) Gel-reflux method for a typical compound: 74ml of 0.5M
'ricl4 in 6M acetic acid was mixed with 430ml of 0.32M of ch‘l_1

in 4.5M acetic acid and this mixture was added to 400ml of 12%

w/v H3P04. The gel was aged in the mother liquor for 5 days

which was filtered and washed to pH 1.5. The filter cake was

redispersed in 10M H3P04 and refluxed for 120hrs. Crystalline

‘material thus obtained was characterized by chemical analysis,

thermal analysis and X-ray which showed that the compound con-

forms to the formula Hf0.7eT10.22(HP04)2.H20. A similar method

was employed for the preparation of compounds 2, 5, and 7
Table 1.

{ii) HF-method: Conditiones set by earlier workers (6) for the
preparation of 2ZrP and TiP were not found suitable for the

best recovery of the mixed HfTiP cr ZrTiP (4. Typical pre-
paration: To 200ml of B.1M H3PO4 was added a mixture of 30ml of
1.0M TiCl4 in 2M HF and 20ml cf 0.5M of HfCJ4 in 3.0M HF kept
at 60c° for 1-2 days. The formula found is: Hfo.?eT’o.zz

(HPO4J2.H20. Rest of the compounds shown in Table ! were

prepared by the same metheod.
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coo - f wae fimal products from the HF=-source its
Lunonoe o drili ratio as used an the original mix-

- Hf even when large excess of Ti is

.
.
.
o
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-
.
[
[+
"
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Sl LT LL i v9onaviour was opserved for ZrTiP (4). The com-
SLcLt o i oL ratluxed samples does not change. X-ray diff-

csvcrr o™ cngw tat the mixed HITLIP are 1n ©ox-2rP crystall-

T J<tnante caracities for these 1on-exchangers for

, , e ind Cz ire 71ven 1n Table 1., (R = reflux)

..3 '. Ix~hanse capacities mmol/g at pH=S5.5

o, Veompesiticn ;Method’ {
LT E P Na” !K’ 1 ro* | cs
17_—~‘h7"—' 5! ' HE {31,553 3.83) 2.2911.73
. ) . R {3.7714.50| 2.29] 0.42
[ i4.10} 2.54| 0.89
© s a0, R | 2.55 4.30 | 2.54] 0.93
s e s R . 2.5214.10)1.27} 0.50
. 5.is 0.6 1 mr ' 4.18 | 4.20 1.78] 0.48
T RS TN WA R R i 4.29 | 4,30 1.53} 0.48

n cumples 1-% the selectivity sequence 1s: K>Na>Rb>Cs but for
Jampias o and 7 the seguence 1s K= Na»>Rb>Cs. This also shows

“nat matertals prepared from both reflux and HF-method, the ex-
~hanze capacity of Na increases with the increase of Ti in the

tLnee o hanaer,
Atenawicasement to L. Szirtes, Institute of Isotope. Budapest.
This wark was supported by Secretariat of Scientific Research

o iiva, SPLAJ.
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POLYPODAND [ON-EXCHANGERS. A HIGHLY SELECTIVE AND CAPACITIVE
STRUCTURE FOR MERCURY

M. Lauth and Ph. Gramain

Institut Charles Sadron (CRM-EAHP) CNRS-ULP Strasbourg
6, rue Boussingault, 67083 Strasbourg CEDEX, France

M. Prevost
IRCHA - 91710 Vert-le-Petit, France

Long-chain multidentate acyclic 1igands (podands) (1) are of particular
interest due to their great flexibility which can assume a fast complexa-
tion/decomplexation process. They also have great versatility in that
it is easy to regulate the hypophily/hydrophily balance. Polypodand
polymers with podands grafted on crosslinked polystyrene have been mainly
studied in phase transfer catalyse (2). Such polypodand materials were
developped in our laboratory to study their applications as ion-exchangers.

Three exchangers with different lengths of podands have been synthesized
and their complexation properties analyzed with heavy precious or semi-
prectous, and transition metals. A remarkable selectivity for mercury
cation has been obtained together with a high capacity which increases
with the length of the podand. This capacity is independent of the ph
but strongly depends on the type of anions. In one exemple it decreases
from 3 meq/g 1in chlorhydric medium to less than 0,1 meq/g in
nitric medium. Some preliminary results of the structure of the formed

complexes are also presented.

(1) F. Vojtle and E. Weber, Angew.Chem.Int.Ed.Enjl. 18, 753, 1979
(2) S.L. Regen, Nouv.J.de Chimie, 6, 629, 1982
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TUPPCRYED Y ANIOM EXCHANGERS - A STABLE HYDROGENTATION
CATALYST

ferenc Jad
nstitute af Physical Chemistry, Kossuth Lajos University,

7.0.80x 7, H-4010 Debrecen, Hungary

fFixation gf ionic ligands suitable for formation of
transitian metal complexes on ion exchangers receives
increasing attention because of its importance in catalysis
/1/, chemical analysis /2/ and recovery of preciocus metals
/3/. Of these ligands phosphines bearing either cationic /e.g.
-HR;/ or anionic .e.g. -SD;/ substitutents play an outstanding
role /1/.

it has been shown previously that Rh- and Ru-complexes of
3 sulphonated tripnenylphosphine /m-sulphophenyl-diphenyl-
phosghine, mSPQZ/ can be easily and practically irreversibly
anchored on Dowex~ or Molselect-type anionites. An often en-
countered problem with the sulphonated analogue of Wilkinson's
catalyst, i.e. RhCl/mSP62/3, especially when supported on an
ion exchanger, is in its high susceptibility towards hydrolysis
resulting in the formation of catalytically inactive, un-
1dentified dark brown species.

We now report that applving Rh/DAc/mSPﬂz/3 instead of the
chlaoro-analogue makes the preparation of stable and active
supported catalysts possible. In hydrogenation of crotonic

acid the catalyst retained most of its specific activity as



compared to that shouﬁ in homogeneous aqueous solutions.
The poster will discuss the preparation and properties

of the catalysts and a probable mechanism of crotonic acid

hydrogenation catalyzed by a suspension of ion-exchanger

attached Rh/OAc/ /nSPIZ/3.
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ACAYLIC ANION-EXCHANGEAS AND THEIA SORPTION ACTIVITY TOWARDS
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Introduction

The polyacrylonitrile sorbents, as well as weakly-basic ion-
exchanzers obtained by an aminolysis of their nitrile groups,
have excellent sorption capacities towards organic compounds
dissolved in water (1-3).

=CH .=C'=- . H.O «CH . =-CH=-
2 + NH.=t=NH 2 2 1 + NH
CK 2 2 — g=0 3
(2*s are shown in Table 1) NH-R~1H

The fraction of converted nitrile groups in the modified
sorbents is relatively small (ca.0.2) and depends on the struc-
ture of resins, primarily on their crosslinking degree (3).

In this work, the sorbents containing various amino groups

were tested for the ability to form complexes with Cu(II). It is
well known that this ability is related to the structure of
ion-exchangers (4).

Experimental

The procedures used for preparing acrylonitrile sorbents,
including those containing 20 wt.-» of divinylbenzene, were
described elsewhere (3). The aminolysis was carried out with
hydrazine (A), ethylenediamine (B), diethylenetriamine (C),
and triethylenetetramine (D) as described in (5). The porous
structure of the products was characterized as usual (2,3) and
the 1onzgxchange capacity was determined using the Hecker
method ).

Copper was sorbed from CuCls solution (400 mg/dm>) at pH=5 in
batch experiments, 0.2 g of alr-dried anion-exchange resin
(30-45 mesh) was immersed in 0.3 dm’ of the solution. The
concentration changes were followed spectrophotometrically.

]

Table 1. Characteristics of acrylic anion-exchangers

5 ) lon-exchange|] Sorption |
: Sample R . capacity | cavacity

- mmol HCl/g ! amol Cu/g

A - : 1.2 ; 0.4 |

B CH ,CH , ; .2 0.6 ‘
c CH ,CH ,NHCH ,CH , : 2.4 z 1.14

h] CHZCHZNHCHZCHZNHCHchQ i 2.75 ; 1.19J
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Fig.1. Uptake of Cu(Il) vs time for acrylic anion-exchangers

Resulis and Discussion

If the formation of a complex Cu(amine), is assumed, it appears
that all amino groups in resin B are invelved in the complex
with Cu(II), while resin A uses only 67#% of its groups.

In the remaining resins, some other types of complexes seem to
be formed, as indicated by the amounts of Cu(IlI) per amino
group (Table 1).

As follows from the uptake vs, time plots (Fig.1), the sorption
equilibrium is reached at different rates for different resins.
This is related to their structures.
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PCLY/ST=C0=DVB/CHLORCSULFONYL RESIN « A VERSATITLE STARTING
MATERIAL FOR SPECIAL ION-EXCHANGERS

R,Bogoczek
Technological Institute of Chemical and Food Industry,
Academy of Economics, 53-345 Wroclaw, Poland

Introduction

Chlorosulfonyl functionalized styrene-divinylbenzene copolymers
can be obtajined either by chlorosulfonation of Ste=co-DVB resins
or by chlorination of the sulfonate derivatives of St-DVB copo=-
lyners, Previously the products obtained were not homogeneous
i.e, they contained ca, 50-80% of =50,C1 groups and the remain-
ing amount of -503H groups, Using these unhomogeneous products
some authors tried to obtain macromolecular derivatives of the
sulfonyl group 1, . Recently it has become possible to obtain
products containing exclusively -50201 functional groups in ca,
4,0 mmol/g of a macroporous resin 2, . Therefor it seems neces-
sary now to review some of the latest works on this subject and
to carry out a number of new synthesis joutes where the macro=-
porous homogeneous poly/St-co-DVB/SOZCI resin undergoes nucleo~
phylic substitution, .
Experimental

The chlorosulfonyl resin has been treated with such nucleophy=
lic reagents as ammonia, alkyl amines, alkylene diamines, sul=-
phides etc, and than in some cases addition®lly with some elec-
trophylic reagents such as alkyl halides or hypohalogenites, In
other cases a number of reductive agents have been used, These
reactions have been carried out in the presence of a number of
organic liquids of various polarity, in the temperature range
oz 0°C up to 120°C,

Results and discussion ,
In the result of the various reactions a series of products hae
ve been obtained, which are shown in Fig.%1. These products have
& number of specific properties, And so 1,7,15,16 and 17 are
anion-exchange resins with different basicity and selectivity,
Again 4,11,12 and 18 are very weak acidic cation=-exchangers
showing some specific affinities towards cations, whereas 6,8
and 13 are weak or medium weak acidic cation=exchangers showing



interesting behaviour towards cations, 18 has additionally ele-
ctrone-exchanging properties, 13 and 14 are oxidating and haloe-
genating agents as well as dissinfecting materials for liquids,
2,3,5 and 9 are sorbents for organic nonionic substances, 3 and
10 can serve as quasi-solid reaction media, e.g., for interphase
catalysis,

/1/ §-§:ZCH3 oK™ /10/ §-502-N:CH3+-/11/ §-502-N’CH3

CH, CH, “H

/12/ §-502-NH2

/2/ §TS-CH3 —>/3/ §=50,=Ci5 / \
+ 4 . &
J4/ 5153\ /13/ §=SON"XNa® /14/ § 5°z"\x

/5/ §=SX

/15/ §-502-NH/CH2/n_-NH2

R
/7/ §-s--r‘1\R /16/ §-SOZ-NR/CHZ/n-§/CH3/30H'

/6/ §=S5-0"Na*, /17/ §=S0,=N/CH,CH,OH/

/8/ §=S=0"Na*
/9/  §-50,0R ¢ /18/ §-S0,Ar/OH/,, o=yp

X=ClorBror I, R=Hor CH3 or ca“g

§ = Steco-DVB matrix
Fig, 1

Most of the obtained products have homogeneous functional gro=-
ups. Others have the -S0;H group in the amount of 5 to 25% due
to a side reaction running simultaneously with the main nucle-
ophilic substitution, It is evident however that using homoge=
necus sulfonyl resins it is possible to obtain more satisface-

tory results than using unhomogeneous,

References

1, D.W.Emerson et al, Ind.,Eng,Chem,Prod,Res,Dev,, 1978,17,269,
2, R,Bogoczek, E,Kociolek=Balawejder, React, Polym. in press.



(n
e
]

1P-05

. e g e g v/ s - - -
cme i Ve Gk iI0 BIAINATIONS OF FOLYSteco~IVE) TYFZ CaTION
e Hnd waTd TRCIZUCETUL=CCLTATIING ITLCTICUAL GRIUPS

Cemwuwl T, ol

R U A R e R T h o
LS ZLNILI 2T 4L anluiiate

I Chazical and Food Inductry,Aede,
<% .roczaw,roland.

Introduction

4 Sewlii.l Ltatility of jon exchange resins,particulary cate
13I8 “llnaeewrz is caticfactory for many app-.jications.In ion
SLTi.al it LrICeSSes the tezperature above 10G7C is seldom appe

LOWLViT,in certain regions of ion exchangers appiication

. irenie catalycis,nuc.ear energetics)the thermal statility o
Toa..ilsial catdion exchnange resins(sulfonic or carboxylic)tur-
LIownt to te inculflicient.There are .lany iiterature regorts
Lso.ins withn tacrmal bezaviour of ion exchangers(1-9)tut only
4 Zuw Contedin cosprenencive therzal atudies,lerivatographic
Lileeininiion o soce ion exchange resins was reported Ly lNagy
e COmLuZRer3(5,6)e.ucveral ungarian resins,anion and catvion
LisLLn ers a3 well au some lewatit products were tested,and
seiasionchine tetween the trhermal characteristics,the iondce

-
o]
- v e - _ - T -
RIS SRR v | 719'1;4, Ll

Zormn 9 e regin,divinyitenzene content and dosage of radio=-
SLCUIVe were cstatliskea.liernal preozérties of phosphorylated
Gl wy2 2.0 been rerorted(7-2).The thermal oxidative
coeneation of pacsinorus-containing cation exchangers was in
;otizated Yy _avcniov and co-workers(&).A dependence tetwen
Li.olthorus content in phoschorylated poiymers and the las
32 Wi, nt was ctserved Ly Fislicnowcki and llorawiec(7).

trne ion cxchonge resins containing phesphorus in their iono=-
Lenic prouiy are considered to te more thermostatle than the
Jiner ones.lnat i6 why we have taxen the thermal studies on
the crganophosrhorus resins which had bteen ottained in our
lalozutory.

Lxperimental

The trermal statility of organorhosphorus cation exchangers
obtained from St-LVE copolymers Wofatit type was studied by
imeans of TG-127G-UTA techniques.For the study a Paulik-Paulik=-
irdey derivatograrh(OL-1C2 iiOM type,Hungary)was used and TG,
ITG,L 04 curves were recorded simultaneously.Zxzazinations were
performed in the atmo:sphere of air or argon.leasurements were:
carried out under non-iagthermal conditions in the temperatu-
re range from 20 to 1000°C at the heating rate of 5 deg/min;
All the neasurements were performed for the resins in the H
form,The samples were dried at 105°C for 24 hours tefore any
meacurements.Subsequently they were powdered and the fraction
¢,07«0,08 mm in céizneter was taken in each case, o

Cation exchange resins with gel and macroporous structure
containing phosphinic or/and phosphonic acid functional grows
were exarined.The activaticn energies of thermal degradation
of the fested cation cxchangers were caiculated by Horowitze
etzger s methode.Relationsnips between the thermal charactc-
riztiez,vl.e zind of functional group and structure of matrix
werl s.otualliched.
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it was confirmec on the basis ¢f our invectigations trat

derivatograpzic analysis was uceful to c¢xuzine a2 tu.rmal tee
haviour of cation exchange reesins.locparative reoultcs. for tne
products with various Ifuncticna. fIrouiS,€.{e=Po.H.,~Fi.i. ,=
50.d,C005,can particularly te evoluated.Thermoctatility =2
thz ottainec organophospucruc rerLins in cowpariscn with cu.-
fonic and carboxylic wefativ tyoe cetion excliniers oo well
as with pon-iunctionailized St=_VI CoLOLymers was inveziiju-
ted and the general resuits con te summarized os telcw,

teinermoctability of caticn exchangers(with the smue .oivis)
is inliuenced by the kin¢ o tuedr functionul jroujc.lic:
iecocpose atv Jirst,with iilteration of poce.u. Ireuucic,ve;s
SC5 30,

Zen€3ins®containing pnosghorus in their functicna: rrouc
s-.ow the highest thermostabliity Irom the all cuticn cxcham
gers tesied,Among them,pacsphinic resins(-0,:.) wre morc
thermogtatle than the phosphonic(r0.:.) cs €cdl Lo nucroe
porous products than the gel ones, 7 €

Seamong the commercial cation exchanperc wofatit tyrswe,curt
xylic resins(ottained om the tacis of zcrylic aciz-.VI1 ¢
poiymers) are more thermostable than the sulionic,nueeriio
rous than the gel ones, .

4¢3t=IVE copolymers spow thermostability ur to cou=2107C (no
rroaucts with aigher crossiinking(mecroparcus ilrusiure; 2o
pore stable to heat than the gel oncs,

SeChloromethyiated 5te-IVE copoiymers(app.iec au inturuccinic
for the synthesis of the pholiphoruc-centainii; recins) o=
compose at the temperature range of Zul=ezqU Cywhat 1o p10-
butly caused ty nyarogen clhlcride eve.uticn.

é.gome of the resin testea suow an encothermic effectiv:=1..

C) connected with spiitting off of the water Ircu tuu.y
dried sampies.

7.Thernal degradation of the motrix takes place alove the i.-
mperature of 5007C,In oxygen ccdium it is op exctrnermdc ;2o-
cess with weigti loss ¢of 6C=100;. up te 1000 Cywniic it ic
an endotherwic transformation in the atumoophere ol wryon
which is acconpanied oty the weight Zoss of 4é=_ii.,

keferences

1.?01}’81151{1 ReGo ,Tulupov IeEe .Usp. Chimoﬁ_’;p 2255( 1271 )
2.5ublotina N,FP.,Timkovskays SeNeyKapling Velas,ic¢r. cinivy-

(&8
-~

H

getika 12,54(1972) U,
3.}Iint° I'I. A. '.M.oody G‘J. .Thomas J.D. .:.ab. I"rac tc .‘i" i : (( 1 .-"17(- N
-i«-in(-lli‘n;. »

4eKuyama Hiroshi et al.,Nipron Eagaku Laishi 1L,
CodeS2, 74045 , o ]

5.Nagy Ue,Caal H.,Szabo J,.,J.Chromatogcr,1L2,77(1.7

6eNagy O.,Gaal B, ,Energ Atontcch.zg,14(1§775

\
’

Ea

7.Pielichowski J,,liorawiec L.,Chem,zvesti Z&,506('.7¢)
8o.Davankov iL.Z.et al..Vysokomol.;oedin.,Ser.A,%2524qc(1,/J,
<

JGribanova I.N.et al,,Zh.Fiz.khim.,44,1752(19



MP-0u

[]
o
[ F)

]

itructure awd lon Cxchawge Properties of Crystalline
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*¥ossuth Lajos University, Isotope Laboratory, Debrecen

?- “ossuth lajos university,Colloid Chemical Department,
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Introduction

smong the hvdrous oxides of guiniguevalent metals the crys-

talline antimonic acid has been one of the most intensitively
studied, owing to its high exchange capacity and high selecti-
vities for certain elemeuts,The structure of crystalline anti-
monic acid is built up essentially of two polymeric structures
based ow Sb(OH)E octahedra (1).

Experimental

Tn the basis of X-ray spectrum analyses crystalline antimonic
acid of great puritv is produced and used as a basic material
in the experiments. The precipitate of antimonic acid was ob-
tained by hidrolvsis of SbC15 in water (2).

Results and Discussion

After determining an optimal sorbent quantity measurements
are made as a constant ratio of the sorbent and solution. By
neans of scanning electronmicrographs of different enlargements
the particle size distribution curve of the sorbent is made.]t
shows that the radius of the major part of the particles tak-
ing part in the sorption is about lo'°-lo'5m. Thus, knowing
the dif fusion coefficient, the expected fast sorptiom carrying
out in 10-100 s is characteristic of the system,.
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tUnder stirring the particles of avtimonic acid cggregate cnd
disaggregate c:d a div-mic eci:ilidrium state is recclied,.:ic:
can be charccterized by the kizowsi: perticle distriobution,

The separatiox possibilities of alkeli metal ioxs as a furc-
tion of pH are studied by a static lavellirg method. Tie cci-
dity of the solutioin can consideradly affect o t:e sorbed
auamtity., In strengly acidic solutions air ecuivalent exci:cige
is found for C<” #*and Rb*ions, while la”iors sord selective-
ly. At smalle- acid conwcentration none of the allali metal
ions show eq.ivalent exchange, whiclh proves assumed adsorp-
tion procesc .Fig.l. shows the behaviour of Cs*)
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Figl. The dependence upon the pH for the distribution co-
efficients (K;) of cs*on crystalline antimonic acid. Initicl
concentration of Cs*:a=1,25-10"31, b=2,5 107311, ¢-3,75 1073,
des,0- 103N, e-6,25.1073M, f-7,50 1073,
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lon Exchange Processes in Systems of Zn?* and
Ca-bentonite, Ca-soil or Ca-humate by Radioisotopic Labelling

! Kényal. K. Szab6?, M.N. Nagxf

I'3Kassuth Lajos University, lsotope Laboratory, Debrecen
2 present address: Tisza Chemical Works, Leninvdros

Introduction

The study of exchange processes between Zn®' ions and soil is
important from several points of view: zinc is very impor-
tant element in soils because it is the specific metal com-
ponent of carbonic acid anhydrase enzyme as well as plays a
role in the synthesis of proteins and auxine., Industrial
wastes also contain zinc polluting the enviromment. These
roles of zinc prove the significance of this study.

Experimental

10+ 0,1 mg of the air-dry substances is measured into a
beaker. Then 20 cm? Hclo4 solution of pH=5,3 is added and
pre-stirred by a stirver of constant rpm for 30 minutes.
This time is sufficient to reach the solution equilibrium
between the phases. Then the "m?* solution labelled by a
radioactive isotope /%52n/ is added to the system. For the
dilution of zn** solution the equilibrium solution obtained
during the pre-stirring is applied. The concentration of
m?* solution is 1 x 1079 mol dn™3 or higher. After a de-
termined experimental time the phases are separated by a
Sartorius membrane filter and on the basis of [ radiation
the vradioactivity of the solid and liquid is measured under
the same geometric and radiation absorption conditions,

Results and Discussions

one of the curves obtained for Ca?*-5/zn?* exchange is shown
in Fig, 1. On the ordinate the ratio of m*" ions in the
solid and the total amount of zn* ions is plotted. On the
abscissa the experimental times are shown.
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Fig. 1.

The rate curves were analysed on the basis of Christiansen's
rate equation for consecutive reactions. Three different
processes were found. On the basis of the rate constants,
activation entalpy and entropy of the processes were cal-
culated, The activation entropies show no systematic change.
On the basis of activation entalpy, bentonite, humus and
clay, or sand have to be considered separately. In the
first three cases, the dominant process is the exchange of
ca®*/zn?®*, while at sand adsorption. The kinetics of the
exchange process is determined by the dif fusion from the
solution and the superponed exchange process. In the case
of the third process, the surface diffusion likely plays a
role, too.
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HEW COMPOSITE ION EXCHANGER - HYDRATED ANTIMONY PENTOAIDE
IN PHENOLSULPHONIC MATRIX « AND ITS APPLICATION IN WiUTRCH
ACTIVATION ANALYSIS

A.Bileuicz', B,Bartoé‘, H.Polkowska-Notrenko? and J.I!arbutt1

1 Department of Radiochemistry,
zncpnrtment of Analytical Chemistry,
Institute of Nuclear Chemistry and Technology, Warsaw, Poland

Introduction

In the course of neutron activation analysis, chiefly that of
biological samples, serious difficulties arise due to the high
activity of 24Na which obsoures the gamma spectrum of the
sample. Hydrated antimony pentoxide (HAP) has been commonly
used to remove gelectively the sodium ions from hydrochloric
solutions of the analyzed samples (1). The application of
crystalline HAP for this purpose is not free, however, from
subatantial drawbacks, especially important in column opera=
tion, These are: slow kinetics of the sorption process, irre-
gular shape of the grains and low resistance of the material
against hydrochloric acid at higher concentrationse In order
to improve some of these properties, attempts were made to pre~
parc a new sorbent, fine grains of HAP being built in a porous
supporte

Experimental

Powdered HAP was implanted into a matrix of a phenolsulphonic
resin in the course of polycondensation (2). The sorption pro=
pesrties of the sorbent obtained were studlied using the radioe
tracers. The sorbent was applied in the analysis of biological
materials,
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Results and Discussion

New composite lon excharnger comprised up to 60 % HAP in the
matrix, Spherical grains of the sorbent were characterized by
good mechanical properties and high stability in hydrochloric
solutions up to 10 ¥ HCl, The distribution coefficient of Na*
for the compogite sorbent in 7.5 ¥ HCl (Kd = 200 cn’lg) is
close to that for pure crystalline HAP grains (K; = 310),
whilst the rate of the ion exchange is much greater for the
former,

The composite sorbent obtained secured efficient (>95 %)
removal of 24Na from activated biological samples dissolved
in 8 M HCl. The solution was passed through the column filled
with 1 cm® of the sorbent (0.5-1 mm grains), at the flow rate
25 em /ho

Due to its advantageous mechanical and physicochemical proe
perties, the new composite HAP/phenolsulphonic resin seeme

to be & very promising sorbent for routine neutron activation
analysis of biological materiasls.
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PARTICLE SIZE MEASUREMENT OF ION EXCHANGE RESINS AND POLYMERS
BY HIAC

by L S GOLDEN - Research & Development Manager,
Purolite International Limited
Pontyclun, S Wales, UK

ABSTRACT

With the increasing variety of applications for ion exchange resins comes a
requirement for a means of measuring particle size which is more precise than
wet or dry screening. For various reasons, outlined in the paper, the equip-
ment becoming most popular in the industry is the Hiac Particle Size Analyser.
Whilst this range of equipment is undoubtedly the most suitable for the
purpose, it is evident that some users are unaware of the snags and pre-

cautions in operating this equipment.

The author has been using a Hiac Analyser for this purpose since 1976. Some
interesting anomolies were found when using a CM-600 sensor and the paper
discusses these along with describing the precautions with which the equip-
ment must be set up, without which results can b practically meaningless.

It also shows how using the wrong sensor, or eve instrument model, for the
job can give inaccurate results. Despite approp: - te care in setting up the
equipment, there are still certain limitations to th¢ .echnique and the paper

goes on to show how the author has attempted to ¢ ‘ercome these.
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MIXED INSOLUBLE ACID SALTS OF TETRAVALENT METALS - If
EFFECT OF COMPOSITION ON ION EXCHANGE PROPERTIES OF
AMORFPHOUS ZIRCONIUM - TITANIUM PHOSPHATES

5.K. Shakshooki, N. Naqvi, J. Kowalczyk, S. Khalil,

M, Rais and F. Tarish
Department of Chemistry, Al-Fateh University, Tripoli,

Libya, SPLAJ

Introduction
As ion-exchangers amorphous mixed zirconium-titanium phosphates
are not similar to single salts of either Zr or Ti. Compo-
sitional effects are found to be well marked for the exchange
of some trivalent and tetravalent metals such as lanthanides
and some actinides. Maxima and minima are observed in the
uptake of these metals ions at around fixed composition of the

mixed exchanger. Most of the bivalent ions are sorbed weakly

except for Hq2+ and Pb2+.

Experimental
Gels are obtained by mixing appropriate amounts of Zroc12.8H20
and 'l‘iCl4 in 4M HCl solution with 40% excess of H3PO‘ solution.
Samples with reproducible properties were prepared by aging the
gels in the mother liquor for 5 days. After filtration and
washing, the filter cake was redispersed in water and filtered
the next day. The same operation was repeated for 3 more sub-
sequent days and the material was finally washed to pH=3. The
materials so prepared were 2rP, 2ZrTiP and TiP in whiph ZrTiP
‘represents a series of compounds containing 10%, 33.3%, 50,
66.6% and 90% of Ti. Half of the material of each batch was
pretreated with ethanol. Characterisation was made by chemi-
cal analysis, thermal analysis, X-ray and by pH-titration (2).

Kd values were obtained for solutions of 0.05N cf metal ion

in 0.1N HNOB.

Results and Discussion
Chemical and thermal analysis showed that the general formula

of these compounds is z:x'rin-x)(Hpo‘)z.wzo(l‘mzo). Most

of the compounds show inflection for two protons (3). Kd

values show a broad minimum near 50 mole percent of Ti in
3 3

2rTiP. K4 composition curves of Ya*. La *, Eu3+, sm”Y,

Gd3*, Dya* and uozz‘ are shown in Figure 1. The minimum
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though still at , 50%
now has two maxima at
108 and 66.6% in water
treated materials. In
alcohol treated mate:' -
ials the maximum at
66.6% is absent and
the maximum at 10%
intensifies Figure 2.
At these maxima, the
order of decreasing
sorption approximately
follows the order of
lanthanide contraction.
Th4+. however, is ex-
ceptional by showing a
maximum at 5S0% compo-
sition. Separating
lanthanides from mono-
valent and bivalent
metals by use of ZrTip
(10% Ti) at pH 1-2
seems feasible..

This work was supported
by Secretariat of

Scientific Research of
Libya, SPLAJ
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INVESTIGATIONS OX THE SORPTION MECHANISM OF
AMORPROUS TIVANIUM PHOSPHATE INORGANIC
SORBENT

A.Ludmdny and L.G.Nagy
Department of'Applied Chemistry TU Budapest
Budapest, Hungary

Introduction

Determining of the sorption processes taking place on inor-
ganic sorhents has not occured in spite of the fact that

their application was getting to spread on several fields
of radiochemistry. The results of our different investiga-
tions indicated that under given experimental circumstances
the sorption processcs on the amorphous titanium phosphate
prenared in our laboratory were not or not only ion exchange
processes. This may be the eyplanation of the specific sorp-
tion properties fonly K*, Rb* a.d Cs* ions are able to be
bound/.

Exrerimental

The amorphous titanium phosphate was prepared by precipita
tion method using TiCl, and /NH4/pHPO4 soluticrs as reagents
Details of the method have been described previourly (1?

The structure and the properties of a part of the products
were modified by refluxing the precipitation either in mo-
ther liquor or in 10 molar phosphoric acid. As reference
material titanium phosphate pre:ared under the circumstan-
ces described in(1l) but applyin. as phosphate containing
reagent phosphoric acid was vsed. Some charge of this type
of the preparations was also refluxed in 10 molar phosphoric
“acid,

The structure and the properties of the sorbent were inves-
tigated by titration, X-ray powder diffraction, determining
the solubility, measurin: the specific surface area, deter-
mining the pore distribution, determining the sorption
isotherms, and determining the selectivity. Because of the
complexity of the system the experiments were extended to the
liquid phase i,e. the structure, the hydration conditions and
cthe possibility of ionpair formation were studied.

Results and Discussion

Evaluating the results of the X-ray measurements it was

found that

= to ensure the specific sorption prope ~ties a certain degree

of order /semi-crystalline structure spreaded on the whole

bulk phase/ is needed

~ the guality and the structure of the reagents used to in:=-
roduce the phosphate group and the POs/Ti rate of the
rga:}ion mixture play an important role in the formation
o -TP
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= the formation of «£~-TP from the amorphous state taking also
the results of the solubllity tests into consideration
proceeds via the forration of anhydrous crystalline TP
according to the hyguthesis described in (2)

- in the amorphous sample the two phosphate groups being just
next to a titanium atom are distorted comparing to those of
the crystalline structure. '

The selectivity studies showed that with increasing ion con-

centration above the loading of 1.0 mg ion/g sorbent a selec-

t;vity turn gan be observed Instgad of the selectivity sequ-
ance X* > Rb” > cs* D nat,sr? determined for smal

colu.un loadings the selectivity sequence Rb")t':t"')l("}ua ,s:z

In” ", was obtained. Both the selectivity sequence different

from the literary data (3) and thefact that the amorphous

titanium phosphate ion exchanger takes up Na ions but no
retention was observed at the own products indicate non-ionic
exchange processes.

Between the sorption mroperties and the characteristics of

the potentiometric titration curves no correlation was found.

This suggests that the =pecific sorption processes take place

at specific active sites.

The run of the sorption isotherms determined in acidic media

of various concentrations makes probable complex sorption

processes.

Summarizing the results of the investications made ‘n diffe-

rent directions it can be stated that the sorption processes

on the amorphous titanium phosphate prepared in our laboratory
are complex in strong acidic medium. The uptake of alkaline
ions occurs not only by ion exchange but by irreversible
sorption processes de.encing on the hydrogen ion concentra=-
tion. The selectivity observed at the ions of hydrated ionic
radius greater thar 0.l13 nm indicate the existance of active
sites with specific geometrical structure on the sorbent.

These are directly not connected to the pore size for the

pore size of the amorphous product are greater with about

one order of ~agnitude than the sizes of the ions, hydrated

ions and ion-pairs existing in the liquid phase.
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HIGH-PERFURMANCE SEPARATIUNS UF LANTHANIDES AND ACTINIOES ON
DYNAMIC IuUN EXCHANGERS: THE ANALYSIS UF IRRADIATED FUELS.

8.M. decoskie

Atomic Eneryy of Canada Limited Research Company, Chalk River
Nuclear Laboratories, Chalk River, Ontario, Canada, KOJ 1J0

Introduction

Dynamic ion exchangers are formed by the reversible sorption
of a nydrophobic ion onto a hydrophobic reversed phase to
form a charyed surface that can be used for ion exchanye
separations. Studies in our laboratories have shown that
tnese exchanygers offer rapid mass transfer for metal ions and
exnibit column efficiencies that are comparable to that ob-
served for modern separations of organic species. The combi-
nation of such systems with postcolumn-reaction detection
offers a selective, sensitive (detection limits, 0.1 to 10
ny), and reproducible (1 ¢ < 1%) method for the determination
of metal ions. Comparisons made with isotope-dilution mass
spectrometry and other analytical technigues have also shown
that these chromatoyraphic techniques can be accurate to 1%
or vetter (1,2). Tnis paper will use the results of recent
studies on hign burnup UAl fuels to illustrate how these and
ather important features, such as versatility and savings in
analysis costs, can be realized with dynamic exchangers.

Some results of recent yeochemical and waste management
studies will also be included.

Experimental

The liquid chromatography system was assembled out of commer-
cial components and interfaced with a glove-box facility for
the analysis of active samples (1,2). The postcolumn reac-
tion system (1-3) used Arsenazo []l to react with the eluted
metal ions and the complexes were monitored at 658 nm. The
aqueous eluents contalned a-hydroxyisobutyric acid (HIBA),
(0.1 :o 0.4 mol.L-!) and l-octanesulfonate (0.001 to 0.05
moleL=1), and the pH was normally in the range of 3 to 5.
Fuel samples were dissolved in HNO,, diluted in the mobile
phase, and 100 yL were injected witnout any prior separa-
tion. The columns were 4 x 100 mm and were packed with 5 ym
C,s Donded phases.

Results and Discussion

The selectivity of the dynamic ion exchange system was opti-
mized by adjustment of the following parameters: effective
exchange capacity of exchanger, pH of eluent, concentration
and nature of complexing reagent used in eluent, and the
chemistry conditions used for postcolumn reaction. The con-
ditions used gave rapid separations for nyg amounts of the
fission monitor (La) and of the major fissioning element (U)
in the presence of mg amounts of fissiun products and Al (see
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Figures 1A and 1B). The estimated propagated error was 1.1%
ang the standard deviation for the ratio of wnass spectro-
metric results was U.Y9%; the agreement detween HPLC and MS
reSultS was - 0.4;.
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Figure 1.

Determination of La and U in irradiated UAl fuel,.
Detection at 658 nm after a postcolumn reaction
with Arsenazo IIl1. Column, 4 x 100 mm 5 pm
Supelcosil C,4. Curve A: eluent, 0.3 mol.L"!
HIBA, 0.01 mofoL'1 CgS03~, pH 3.8, 2.0 mLemin=1!;
sample, 100 yL of difuted fuel solution containing
- 70 ng La. Curve B: eluent, 0,25 mol.L=! HIBA,
pH 4.5, 2 mL.min~1; Sample, 100 yL of diluted fuel
containing ~ 2 ug U.
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LON=PAIR EXTRACTION OF SALTS BY MIXED
LIQUID ION EXCHANGERS

G. Harel and G. Schmuckler, Dept. of Chemistry
Technion = Israel Institute of Technology

ABSTRACT

An equimolar mixture of an anion and a cation exchanger, both liquid,
in a diluent of low polarity, proved to be a selective as well as an
efficient extractant for necal halides from concentrated aqueous
solutions.

The relevant reaction can be formally represented by an equilibrium
equation of the form -

CaClp + 2RyN + 2R'COOH == 2R3NH*C1™ + (R'C00™),Ca**

which is applicable to many halide salts of alkali and alkaline earth
metals and of transition metals. The reaction can be ;eversed by bringing

the organic phase into contact with pure water.

Fluorescence spectroscopy, with Rhodamine B hydrochloride as
fluorophore, confirmed the formation of reversed micelles in the organic
phase loaded with salts. Further proofs of micelle formation were
furnished by NMR measurements, which showed that a fast proton exchange
takes place between the carboxylic and the ammonium sites; and by
measuresents of molar conductance, which tesulted in unexpectedly high
values with increasing salt concentration in the organic phase.
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LOW LEVEL ANION ANALYSIS BY MODIFIED ION
CHROMATOGRAPHKY

Klaus P. Miller
Kernforschungsanlage Julich GmbH, Institute for Atmospheric
Chemistry, P,0, Box 1913, D-5170 Jiitich, F.R.G,

Introduction

Commercial TC-systems with two columns and a conductance detec-
tor (1) can attain a detection limit of about 100 ppb. However,
this is only true for the later eluting jons Yike nitrate and
sulfate, the ions eluting early like fluoride and chloride are
strongly influenced by the so called "waterdip”, which is caus-
ed by the high water content and low conductivity in the early
elution of aquous samples. This effect prevents the sensitive
detection of the jons eluting early. On the other hand, there
is a need to measure small volumes of aquous samples with low
concentrations of ions: e,g. cloud water from background sta-
tions. In the following I describe a method which eliminates
the waterdip and improves the sensitivity dramatically,

Experimental

A commercial two-headed HPLC-pump is used to transport a split
stream of eluent through the analytical system, The first pumg
‘head (PHl, Fig. 1) carries pure water and the second {PHZ),
double concentrated buffer. The water stream passes the sample
loop and the small preenrichment column C1. Then both streams
are joined in a T-connection to form an eluent of the usuval
buffer strength. This procedure provides an eluent of constant
buffer concentration at the head of the Analytical Separdtion
Column (ASC).

After the preconcentration of the sample ions in the water
stream on column C1, the valve is switched and the sample is
backflushed by the buffer solution from Cl1 through a very small
volume to the analytical column, Thus an excellent separation
of the different ions in small volumes is obtained without the

interfering waterdip.



Results angd Discussion

The modification allows the analysis of samples with small vo-
lumes and low concentrations: The elimination of the waterdip
improves the quantitative determination of the early eluting
ions down to 0.1 ppb without any pretreatment, and because the
modified system contains concentrator columns (Cl, C2), the de-
tection limit of all detectable ions can be lowered to the 0.01
ppb-range if samples of about 1 ml are insected. This permits
the determination of the ion-content of environmental samples
from very clean areas such as filter extracts of aerosols in
the upper troposphere and of nitric acid in marine regions, As
an example, the ion chromatogram of a bulk sample of airborne
particles during the STRATOZ III flight experiment is showp in
Fig. 2.

F™ 9 pr airborne particles
as - 2 on PTFE- filters
NO,": "15.6 STRATOZ lIl, Hight-leg:
NOy": 4.5 KeHavik = Sondres tram
SO0,°: 38 air-volume : 1.58m?(STP)
altitude : 15000 feet
pasition : 64.5°N, 28.(°W
sampling time: SJUN 86
__‘U 10:57 GMT
improved modified [C-system ' ME——
with 2 concentrator columns ) 19min
Figure 1 Figure 2

(1) Small, H., Stevens, T.S., Bauman W.C. (1975) Anal. Chem.
47: 1801-1809.
{2) Miitter, K.P., Deutsche Patentanmeldung Nr, P 34 42 227.7
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ALKALI AND ALKALINE EARTH CATICNE CHROMATOGRAPHIC SEPARATION
CN SILITA GRAFTED WITH BENZO-18-C-6 CROWN ETHER

M. Lauth and Ph. Gramain

Institut Charles Sadron (CRM-EAHP) CNRS-ULP Strasbourg
6, rue Boussingault, 67083 Strasbourg Cedex, France

Introduction

The applications of crown ethers in analytical chemistry have been
extensively developed and one of the most attractive applications 1is
their use in liquid chromatography for cation separati:ons. Previous works
(1-3) show that the quality of the separations strongly depend on the
preparation of the exchanger. In this paper we present the preparation of
one exchanger with Benzo-~18-crown-6 supported by modified silica-gel and
its application in alkali, alkaline earth cation and anion chromatogra-

phic separations.

Experimental

The synthesis route is composed of four steps

- synthesis of 4'-(hydroxymethyl)benzo-18-C-6

- activation of silica gel (lichrosorb SI 100, 30 and 10um Merck)

- grafting of a spacer (3-aminopropyltriethoxysilane and further
reaction with 4-(chloromethyl) benzoyl chloride)

-~ grafting of the C.E. on the modified silica

Details can be found in ref. 4.

The silica was packed in a stainless column (l=13cm,

Chromatographic experiments were performed with a classical

detection by conductivity measurements. The eluent used was water with a

flow rate of 0.24ml per minute.

1d.=0.48cm)
system with

Results and discussion

The binding characteristics of the 30ym silica are shown in table 1. The
hydrophobic nature of the exchanger is clearly put into evidence when
considering that the maximum capacity is only obtained in methanol.

The chromatographic behavior is illustrated ain figure l, where separa-
tions of alkali, alkaline-earth cation and mixtures are represented. The

injected quantities vary from 10 to 100u9.

with alkali metal chlorides, very good separations are obtaiggd 1g, less
than 30 minutes. With alkaline earth metal chlorides only Ca” /Mg” are
poorly separated. Moreover a very efficient separation of anions has been
observed, partly as a result of the hydrophobic character ~f ¢the

exchanger.

Conclusion

The results obtained illustrate the exceptional binding properties of
crown ethers. However such good performance can cnly be obtained by a
very careful synthesis of the exchanger. It is believed that such
exchangers offer new separation possibilities with the advantage of using

pure water as the eluant.
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THE ROLE OF "ACIDIC® ALUMINA IN THE DETERMINATION
OF PHOSPHATE IONS USING COLUMN CHROMATOGRAPNY

J E DAVIES, Lanterncroft, Leigh, Tonbridge, Kent, TN11l BQE;

R GRZESKOWIAK and J MENDHAM, School of Chemistry, Thames
Polytechnic, Wellington Street, London SE18 6PT.

Introduction

An analytical method for the determination of low
concentrations of phosphorus in steels and allied materials

has been developed (1) in which a-alumina is used as an
adsorption medium. In this method phosphate species present in
strong acid solution are retained on a column and then eluted
with sodium hydroxide. The effluent is subseguently used for the
quantitative estimation of phosphorus.

The aim of the investigation was to determine the guantity of
phosphorus capable 0f being retained on & column of c-alumina,
the mode of adsorption of the phosphate species and the
relationship, if any, between the phosphato species and the
presence of other ions on the column.

Experimental
Solutions of different salts,
KC1, KHSO‘, xst‘, KHZPO‘, N‘zHPO‘, Na3PO‘

were passed through & column of a-alumina and aliguots of
effluent were titrated to pH7 either with dilute sodium hydroxide
or sulphuric acid solutions. The investigation yielded the
amounts of hydrogen and chloride ions eluted from the column and
the quantity of the anions of the eluting solution adsorbed on
the column. In the case of the eluents containing phosphates,
the species present in the effluent wera investigated by
gualitative and guantitative analytical methods and infrared
studies. X-ray photoelectron spectroscopy was used to study the
phosphate species adsorbed on a-alumina.



Results and Discussion

The experimental evidence shows that:

(1) there is no quantitative relationship between the
hydrogen ions present in "acidic" alumina and the
amount of phosphorus adsorbed:;

(i1) the quantity of ions retained is related to the particle
size of a-alumina;

(1i1) the process is a surface adsorption phenomenon:;

{iv) the species retained on the column are hydrogen bonded:
(v) any phosphate species is retained as H;PO4;

(vi) the species are removed only if the eluent reacts

with the adsorbed molecules, thus ammonia will elute
sulphate (2) but sodium hydroxide is required for

phosphates.
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CATION EXCHANGE CHROMATOGRAPHIC SEPARATION OF SCANDIUM
IN MIXED SOLVENTS

A. G. Gaikwad‘ and S. M. Khopkar2

1. Department of Industrial Chemistry,
Saga University, Saga 840, Japan

2. Department of Chemistry
Indian Institute of Technology, Bombay 400 076, India

Introduction

The systematic investigations (1) were carried out on the
cation exchange chromatographic behaviour of scandium on Dowex
SOWX8 (1.2 x20 cm) column. The earlier workers separated it

only from lanthanum (2-3).
Experimental

About 10 mg of scandium was sorbed on column and was eluted
with various mineral acids and salts as eluants. Based on
this information mixture of 4 M hydrochloric acid along with
the varying concentration of solvents such as methanol,
ethanol, acetone, propancl, dioxane and tetrahydrofurane were
used as the eluent. Scandium from effluent lot was deter-

mined complexometrically (4).

Results and Discussion

It was noted from the value of elution constant and distri-
bution ratio, the selectivity scale for mineral acids was
H .80, > CH;COONH, > NH,Cl > NaCl > HNOy; > HCl > NH,NO,. While
selectivity scale for mixed solvents in presence of 4 M hydro-
chloric acid was Methanol > Ethanol > Dioxane > Propanol > THF.
Amongst salts chlorides of sodium and ammonium were effective
at very high concentration while sodium nitrate was poor

eluent.

Based upon these informations, several novel separations of
scandium from multicomponent mixtures were developed.

The mixture of iron, manganese, aluminium, calcium and scan-
dium was separated after sorption by eluting iron with 0.25 M
hydrochloric acid in 80% dioxane, manganese with 0.75 M hydro-
chloric acid in 90% acetone, aluminpium with 3 M hydrochloric
acid in 60% ethanol, calcium with 1.5 M nitric acid and scan-

dium with 1 M sulphuric acid.

A mixture of titanium, scandium, zirconium and thoriu. was
separated by eluting titanium with 2 M hydrochloric acid in
40% propanol, scandium with 3 M hydrochloric acid, zirconium
with 0.5 M sulphuric acid and thorium with 1 M sulphuric acid.

A mixture of bismuth, indium, scandium and lanthanum was
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separated after sorption oy eluting bismuth with 0.25 M hydro-
chloric acid in B80% tetrahydrofurane, scandium with 1 M
sulphuric acid and lanthanum with 4 M hydrochloric acid.

Finally separation of lead, gallium, scandium and cerium was
achieved by eluting lead with 0.5 M hydrochloric acid in 60%
acetone, gallium with 1 M hydrochloric acid in 90% tetra-
hydrofurane, scandium with 1 M sulphuric acid and cerium with
4 M hydrochloric acid.

In all sejurations 300 ml of volume of eluant was used. The
eluents from effluant lot were determined spectrophotometri-
cally with suitable chromogenic ligands.
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ON A METHACRYLIC COPOLY™ER MATRIM
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SSR, Tallinn, U.S.S.R.

Introduction
Ion chromatography makes use of a Separation cclumn contain=-
ing a pellicular anion-exchanger of low capacity{(0.005-0.05
meq/qg) .This special resin is usually based on a poly(styrene-
divinylbenzene) matrix.Now, a procedure is proposed for the
preparation of a low-capacity anion-exchange resin on a meth-
acrylic cooolymer matrix.

Experimental
Low~capacity (0.021-0.04)mecg/g) pellicular anicn exchangers can
be prepared by treating a methacrylic copolvmer matrix with an
ethanolic solution containinﬁ a polystyrene-based anion ex-
changer and water-insoluble glue.After evaporation of ethanol
F- c:l_ the surface of the copolymer matrix

SCﬁ- will be coated with a water-insoluble

NO.
‘C23 pellicle of the anion exchanger and

glue mixture.
Results
The anion-exchange resin prepared ex-—

hibits satisfactory chromatographnic

IV

0 0 min umns filieZ with this resin can be

performance - see the Figure.The coi-

Column 250x4mm,eluent uysed without changes ir pericrmance
3 mM NaHCO, + 2.4 mM
Na,C05, 1 #1/min. for severzl months.
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SPECTROSCOPY OF ION EXCHANGER AND ITS APPLICATIONS
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What we are interested In is not the spectral nature of
an ilon-sxchanger material itself, but the spectrum of chemical
snecies serbed in the lon-exchanger, becuuse the latter
occaSionally gives a quite different pattern rfrom that in
in ordinary solution.

it is not difficult to obtain an absorption spectrum of
the sclid phase. The ion-exchanger particles are uniformly
packed into a cell with a small volume of solution and the
light attenuance is measured with an ordinary spectrophoto-
meter, though in some cases an optically improved geometry
may be devised to minimize the light loss by scattering.

The cverall attenuance of this ion-exchanger layer is
represented as

1 =

Aacas T fse * Mmat * Ysoln * s 1
where Age and Amat denote the background attenuance due to
scattering and absorption by the ion-exchanger matrix itself,
respectively, Agun the absorbance of the solution filled in
tlie interstitial space between the solid particles, and \s the
net absorbance by the sorbed species. Generally speakiny, the
use of ordinary ion-exchange resins is limited to visiple
region because of their strong absorbability by aromatic
group, while crosslinked dextran (Sephadex) ion-exchangers

are usable in both visible and near-ultraviolet regions(l).
The scattering background has, in any case, a great contribut-
ion to the total attenuance and therefore the minimization of
this background may be essential in obtaining the correct
absorption spectrum of the sorbed species of interest.

How can we utilize these absorption spectra of ion-
sxchan;jer phase? JApplications are to 1) solution chemistry
and coordination chemistry and to 2) highly sensitive chemical
analysis, as described below,

1) Since the inside solution of ion-exchanger and the
outer solution in equilibrium have considerably different pro-
perties from each other, the absorption spectra for these two
phases are often different, indicatin: the presence of dif-
ferent (complex) species. But it is also true that the same
species reveals always the same spectral pattern for the two
phases, although some organic compounds sorbted show a con-
siderable shift in wavelength by adsorptive interaction to the
ion-exchanger matrix. These facts may lead to the possibilitv

o= finding of new chemical species and of spectral assignment
for a cerzain complex, as well as understanding of the ion-
exchange reaction mechanism involving complexation and/or
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po’ mmerization. Ke have so far found CuzC13 (2), Ni(SCN):'(SJ,
(Cro¥ )n (4), UCls, etc. as new species present in anion-
exchange resins and their characteristic absorption spectra.

Besides, the observation of ion-exchanger phase spectra
may offer the information on what species should be assumed
in the ion-exchanger in determining stability constants of
complexes. *ny spectral indication on the presence of
complex species .n a cation-exchanger may require us to apply
Fronaeus® method instead of Schubert’s method.

2) The most important application of ion-exchanger phase
spectrum may be the sensitive determination of trace components
in solutions (5,6). These components are rapidly concentrated
on ion-exchanger of small quantity from the solution of large
volume and the solid phase attenuance is directly measured.
The net absorbance by the sample component, ARC’ can be
expressed as :

v 1

Apc = €rctlr'Cre = €rc iR Co' Ty TH/BET (D)
after cancellation of the background attenuance. Here Cpre and
Co are molar concentrations of the sample component in the
ion-exchanger and in the initial solution to be analy:zed,
respectively, €geits molar absorptivity in the solid phase, 1lg
the mean light path penetrating the solid phase, V the solution
volume, m the ion-exchanger weight, v the swollen ion-exchanger
volume per unit weight, and D the distribution ratio of the
sample component(ml/g). Therefore an effective way of enhanc-
ing the sensitivity of analvsis is tc increasz V/m or Ig.
Especially the use of a longer cell is advantageous, because
the absorbance by sample species is approximately proportional
to cell length while the scattering background increases only
gradually with cell length. Even a 20 mm cell can be employed
in some cases and more than 100 times sensitivity over the
corresponding solution spectrophotometry can often be obtained.
For instance, barium whose concentration is less than 107" M
could be determined using QAE-Sephadex with UV absorption of
the chloro complex anion.

In the lecture the development of ion-exchanger phase
absorptiometry will be reviewed with some new data of increas-
ed sensitivity with longer cells and another type of solid
phase spectrophtometry, ion-exchanger fluorimetry, recently
attempted by us will also be presented.
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asults ¢f a study of the chemical
this method, (pataent rending),
ine-336 extractant was used to
oluticn. Two samglas were used, El-2
£ thair pclymer,

. vnrnlqht with a large excess of 5 N
2 c arated and washed with deioni-
golid-tearing sclu+tion was pregpared by dissolving geold metal
r f concentrated hydrcchleoric and nisric acid. aAn aggropriate
< tnis sclu:;cn3was added to 0.15% sodium cyanide, The gold
cyanide sclution (ld cm™) was adjusted to pH 6 with hwvdrechloric acid
“hen mixed with 0,2 of adscrtant in the protonated form. It is essen=-
nial o grovide adeguate agitation, since the process itself is likely
zo be film-diffusicn-ceontrollad at low concentrations, Geld in solution
#2353 analyzed by atomif absorptigon spectroghotometrys
A tyzical equilikrium curve for samgples Al=-2 and Al-5 is shown in Fig. 1.
Tre sarples were le2ft in contact wich the solution for 10 minutes which
wis encugh o0 reach equilitrium. The geld concentration in solution was
varied from 30 to 250 prm, and the sorption of gold reached a value of
L0 mg/g scriant (Fig. l). The rate cf gold scrption was studied at 290
ard 35 gpm initial gold concentrations., At 20 ppm gold ard pH &, 100%
cf the geld was scorbed within the first minute of reaction for sample al-2.
fample Al=~3 reacted mere stowl , i.e. 30% sorption after one minute, and
complete react*hﬂ afrer 1) minutes (Fig., 2). A%t 5353 ppm gold at pH 6, the
nehavicr ¢f poth sorbents was similar and indicated that about 80s
ACYSTAICA O0Surs in onre minute and that the r2acticn reaches equilibrium
Lo oaccun 12 min,

Tluticn experiments were zerformad with several eluates., Loaded resin
0.2 o) was ryeated with 20 com? of 0.01 N Naci, 0.1 ¥ NaCH, or 4 N KSNC.
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PRICIPIVACIONT I0N THTHANSGT: SCRTTICN 3TURIIS OF MITAL

) i - . , Tev o

OXALATIE Ol STRING Al wWZAX ANION ZNMIHANGIRS

- R - - . .

,.:.ChauraSL:, 3.3 Ivar 2nd Ch, Venkatazwarln

Arndlviias) Zrhemiszery Divisicon, Fherha Atonic Reszarch Ceontre
- e Aa=

Somzay <20 233, Tnilia

R .
Introduckion
= - - oy - - $ 3 -~
Sorpticon ©f ma2%al lons is raocor+2d 285 gracinitasas on s«rcong
arion sxghansars whan solubilisiazz of whaip 32l4s are less
’ .\
- {1; .
1 - - - -~ 1
han 1.3 «/1°7"'. CZon%rarv to +his b is sorisd as sulphaks
2)
“n . .. {2 s

from 3376 methanel bus ro+ 32 and ir ¢« "he variz+icns in

a
+ha soration of matal ions in +he carhbondte form Aare atirie

i ceors e 3orntion of CTa &3 nxalate on
weadk anj s*rong anion axchangcers has been studied in our lakbo=-

ratoryv *o unders+tand the mechanism of precini«asion ion ex-
. (4) .
change o ~his paper deils with the sorptien of Agq, 28, Cu

and ™h as oxalatss as a f:nct;on of cation concentration in

Ixperiments and Results

Dowex 2x3 (strong) and A5 3x4A polvanine tvoe (weak) exchan-
gars wa2re converteld to cxalate form by passing 1,0 ¥ potassium
oxalata, In tha ci3se of A5 3xiA,2.4 ma2q was convertzsd ineo
the oxalata fcrm and D,§ ma3 %o OH- forw, Xnown voluraes of
stoichiometric3lly neu+tral solutions of s2lt+s (500 po/ml to
0.01 po/ml) were nassed through columns (9.4 % 10 cm) arnd
washad wi+h waser, ™he sorbasd metal lon was =21uted with 13

430, and dekermined, ~hs data areepresented in table 1.
Y

Discussion
I+ h2s alreadv baen shown in cur lab that calcium Iis sorbed as
ox2lace in 131 rario on toth s+rong and waak anion exchangars
with a differanca that oracipitation accurs nradominsntly on

the surface of +«h=2 resin beads of the s+rong exchancer (visiols)
whila i+ i35 inside2 =he k=zads in +he waak one (not visibla)(4).
Da+a in tanla 1 fursner revaeal tha+ g2lcium is not sorbed on

a r3 whan i%s fe=d concan<ra+ion is 1 ua/ml or leass.

In e*rar c4325 33T *ion 15 Tuansiearive with as low a cencan-

+
§
)
IS
L)
3
3
w
[ »
2
g
3
43
ib
-
)
(4]
J
t
.4
3
) 4
o

2 2252 cf A7 on strong exchanger.



In the case of copper (II) the presence of anionic oxalate
complex is indicated from the spectra of the copper loaded
resin. In the czse of Ca and Th on weak exchancers interac-
tion of metal with oxalate is found to be in stoichiometric

oroportion to form a precipitats from saturarion experiments,

The deviations observed by earlier workers(Z) from the solubi-

lity of metal salts mav be due to the sorption of anicnic cecr-

plexes rather than the forma+icn of nrecini+a+s on the ex-

chanager,

orm of ex-

e ¥
On concentraticn

Table 1. Sorption of metal ions con the oxala
changers as a function of feed sclu

Column dimension: 0,1x10cm: flow rate: 1 ml/min: volume cf
feed soln.s 10 ml; 100 ard 220 ml in case ¢f
100 and 10 pmb solutions.

- S Gy W - S - o

+
+i

% of metal ion scorbed with corn-
centration of feed sclu+tion

Element Resin -__----_-_--_--ﬁﬂcfﬂll -------------
cemeecemeecce——a————— emmeee200_ 200 101 Dei____Tell
Calcium AG 3x4A >99, a5 35 0 - -

Dowex 2x8 o8 ag* 20 ¢ - -
Silver AG 3xn4a > 943 >99 >99 >93 > 9% ST
Dowex 2x8 * * ogt 84 g c
Copper AG 3x4A >99 »>99 >94 >99 P93 Do
Dowex 2x8 >99 >99 >99 >09° Ve >yg
Thorium AG 3x4A >99 9% 90 »80 >G3 >g.
Dowex_2x3 Z99%__ 9% >98_ _>93_ >93 27 _

* Precipitate is visible on the surface of resin beads
+ Precipitate moves down through void volume, <
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SULFUR SPECIES DSTECTION IN LOADED MEDIA
8Y ION COLUMN. CHROMATOGRAY

2, ¥IDOLO
UNIREC - Chemizal Anmalyvais leparsment - 0P 24 - 42721 FIAMINY - FRANCE

{ntrogucticn
Ceveral authers [ 1-%) have studied detecticn of sulfur species as 5042' ' 5032‘ ,
L7= inowater or in diluted effluents. The detection of this species in loaded media

<

[
ety A g e s
meala JLNtaa

ningZ hign quantities of dissolved species such as NaCl , NaosS04
ot of quest:on. Chromatographic analysis is disturbed by pheno-
Tencn sucn as mutual interferences between anions, or saturation of the conducti-

2nrLe d2tegisr and ¢l the separation column.

Experimental
ian-suppressed chromatographic system with double detection {conductimetric and
reromerric) allowed us to get detection limits as good as those obtained in dilu-
*2d media,

Figure

«e can see c¢n the fcllowing figure, the general espect of chromatograms obtained
with such a systen,

28t chromatogram conductimetric det.

cealum : HaBO3 (7000ppm)

. . 1 -
-~ - Ps

2 1 503" C,4ppm

3 5042' 0,4ppm

iv: sé- Q,4ppm a,
2t 5032‘ C,4ppm
2I
J L
f , (t mn) amperometric det.
T ‘-‘_“_
o ] 40
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OPTIMIZING AND COMPARATIVE STUDY OF SUPPRESSED AND
NON=-SUPPRESSED ION-CHROMATOGRAPHY FOR SEPARATION OF
ALKALINE EARTH IONS

Hajés, F., Kecskeméti, T. and Inczédy, J.
Institute of Analytical Chemistry
University of Vészprém, H-8201, Veszprém, Hungary

Introductiorn

The ion-exchange behaviour of alkaline earth icns are
very similar and their binding on the caticn exchange resin in
able

nr

the separator column is very strong. Two metnods are appi lic
for IC separation of these ions using unz /H and BnH (HT
eluents in the case of suppressed and non-suppressed techn’aues,
respectively [ 1][ 2] . This work deals with the optlmlzatlon of
the eluent pH, eluent composition in both systems., The results

cktained by the above methods are compared.

Experimental

A Dionex ion-chromatograph (Model 10 IC) was used throuchout
this study. Separations were carried out on the same cation
separator column (Biotronik IV. Ka, 3x100 mmw for both systems
.and on a 9x250 mm suppressor column for the suppressea system.
All saumples were prepared from reagent crade ( Baker BV) salts.

Results and Discussion

l. The optimum eluent concentration for both eluent svstens was
found to be 5x10 4...10- mole/f (Fig. 1 and Fig. 2} .

2. It was found that the optimum eluent pH ranges are Z,%...4,0
and 4,0...4,5 for the suppressed and the nonsuppressed systemn,
respectively.

3. These parameters represent a compromise between good
resolving power of the separation and the length of the

retentiorn time,
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4. The linear relationship between 1log DM and log[eluent]
predicted by eqns. log Dy = log K; + log Q/2 - log[EnH2 ] and

log Dy = log K, + log QIZ ~ log [Zn *] were tested. The observed
plots were linear and showed slopes of (-0,97...-1,16) and

(-0,83...-1,07) in the optimum pH ranges. These results are in
agreement with the theoretical slope of -1,00.

5. The retentioh time of ions in the non-suppressed system are
smaller (10 min/3 ions vs. 20 min/3 ions).

6. The sensitivity of the suppressed method is higher for all
alkaline earth ions. The analytical results of the two methods
were evaluated statistically.
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[1l] Wimberley, J.: Anal. Chem., 53, 2138. 1981.

[2] Sevenich, G.J., Fritz, J.S.: Anal. Chem., 55, 12, 1983.
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REDUCED WATER UPTAKE AND ION~-CHROMATOGRAPHIC PERFORMANCE
OF SURFACE SULPHONATED CATION EXCHANGERS

Hajdés, P. and Inczédy, J.
Institute of Analytical Chemistry
University of Veszprém, H-820l1, Veszprém, Hungary

Introduction

In our previous papers [1l]{2] we described the preparation
of ion-chromatographic grade cation exchangers by surface
sulphonation. Cation exchangers of varying capacities were
produced by this method from St-DVB copolymers of varying DVB
content. This work deals with the swelling of these resin, wich
can be investigated by the measurement of the water uptake.

Experimental

Water content of the wet resins were determined by the
centrifugation method. The difference between the wet weight
and the dry weight gives the water uptake. A microcoulometric
method was used for the determination of the capacity of ion-

-exchanger.

Results and Discussion

The reduced water uptake of the surface sulphonated'fesin
is meant here as the water uptake of the functional groups
restricted to the surface of the exchanger, It can be expressed

by the following eguation:
S, =8 - so(l'Qs/Qt)

where

Sr is the reduced water uptake (mgHZO/g dry H-form resin)
] is the measured water uptake of the surface sulph. resin



S. 1S the measudrcd water untiake of St-UVE copolymer
-
Vv, is she camacity of the surface sulph. resin (mmole/g resin
p=J
Gt 15 the theoretical capacity ¢f completely sulph. resin,
The 5 0L-0.i00)  tzrmoare characteristic for the water
~pTake of tih2 unsulnhcnated core. The results of water uptake
23 a function of DVB content and caracities of the resins are
>resented in Table 1.
Jakle 1
T IZauces water molar water
C.T . " capacity water uptake upntake untake
content : )
mhela MmO naHL 0 forle £ PR W)
e : ; —— { = 3 . ——
M soresaTn 4 T raesin mrole resan
Y A 3 z 3./2
=3 ’ r e/
' boo,101 232 201 1052 '
TLLlh) 04 172 l042
2 C,LIT 2e3 135 253
2,057 i63 20 lico
3,019 127 22 1133 .
3 138 ~ - '
39,7 <0,3 500
. 73,5 24,5 g5
- 53,7 13,0 553
53,3 9,5 534
2 ZC,0 = -

noYr
2“

ts of molar water

the otaer hand, resins of

uptake arnd are

narformance of

degree ol crossliinki

ng tihe reduced water uptake

roximately a linear function of the capacity,

uptake are nearly constant. On

low DVB content showed higher water
likely to possess hicher rates of exchange. The
these resins differing in DVB content and capa-

cities, i.e, swelling properties was compared directly by ion-

~chromatographic separations of cations.

References
{1} Hajoés, P., Inczédy, J.: J. Chromatoar., 201 (1980) 253.
12 aidés, P., Inczddy, J.: J. Chromatoar., 201 (1980 197.
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Mylticolumn Tor Uhrotatographyic determination of nitrate and

sulfate io wuters contalning humic substances.

fve Hoffmann, Gybrgv Marko-\argz*®, lstvan Csiky ang Jun-Ake
Jonsson. Dep. Analvtical Chemastry, bnive of Lung, P.0.box 124,
5-221 00 tund, Swegen.

The analysis of nitrate and sulfate 10 rztural waters is of
great biolugical and environmentsl significance. A larage
variety of traditional techrniques has been used for the:r
determination {1}. All these technigues are influenced bt
the presence of humic substances 1n the samples and there
is a continous need for selective methude.

in recent vears, the technique of non-suppressed 10on chro-
matography (1C} has become a sensitive and efficient method
for anion analveis. Alsc 1on chromatographic determinatiung
are severly desturbed by interferences from humics since
those substances adsorb irreversibly to the quarterpary amine
groups in the separation column and destroy the column per-
formance.

Recently we investigated different kinds of chemically tonged
liguid chromatography phases for the selective adsorption

of humics prior to iun ohroratograchic determination of anions 2.
The chemicallvy bonded amnine material was found Lo be supericr.
Furthermore, a clean-u. method using commercially available

solid phase extraction columns of similar type was developed!3,4:.

FEPEN

In this poster a three-column jon chromatograpnic system for
the removal of humic substances from natural waters, ang
subsequent concentration and determination of nitrate asnd
sulfate using non-~suppressed ion chromatngraphy is presented.

Humic substances are removed using disposable adsorption
cclumns packed with chemically bonded amine silica material.
The sample is directly transferred to an 1on exchange column
where the anions are concentrated ce 10 times. After reversing
the flow, the ions are transferred to a third column where
thev are segfrateu and quantified. The detectjon limit 1s leso
than_] mg L * of nitrate or sulfate in water containing 4%

mg L - of humic acid.

17 KJAL Smith, £d. "S0il Analysis" ; Marcel Dekker : New York,
Basel, 1983

(2) G. Marko-Varga, i. Csiky snd J-i. Jonsson. Anal. Lnem.,
56(1984)2066

{3) 1. Csiky, G. Marko-vargs and J-A. Jonssor, Anal. [him. Acta,
10 press

(4) €. Hoffmann, G. Marko-Varga, l. (uikyv and J-i. Junssan,
submjtted
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CRESMATIGRAPHIC STUGIES ON MIXED OERIVATIZED ZIRCONIUM
PHOSPHATE ANQ DEXTRANE GELS

J._Kérnyei and L. Szirtes
Institute of Isotopes of the Hungarian Academy of
Sciences Budapest, Hungary

The gels were cbtained from crystalline zirconium phosphate
and its derivatives by defoliation and solvatation of

the single layers of them. The mechanical stability of this
type of gels isn’t high enougnh for using them in column

goeration.

In crder to study their chromatographic properties a mixture
of them with dextrane gel was prepared. In this mixture a
neutral cdextran gel has been chosen so the zirconium
chosphate part contained the functional groups, like =

= P-CH, =P-CH2-CH2-COOH, etc.

The cseparation of Ga transferrin from Ga-complexes of
citrate, edta, lactate, respectively, were carried out using
8 column with a length of 350 mm and diameter of 10 mm,
filled with above mentioned mixed gels.

The results concerning the preparation of the mixed gel
and the separation carried out using them are collected
:n this paper.



- 97 - AP-06

ANS TLOADTD RZES5IN AS A SELTCTIVE ION ECIAN ’R TOR THR

+4

on3

SZPARATION 07 SILVAR TROM OTHER METAL

K.Braiter and E.Dabek-ZXotorzniska

Department of Chenmistrr, University of Yarsaw, 02-003 Vnrsaw
Pasteura 1, Poland
Introduction

The complexes forming resins prepared b the simrnle rodifi-
cation of the common anion exchanme resin with sulphonated
aronatic complexing arents disnlay hirh selectivits for the
prefered counter ions as we have demonstrated /1'4/.

This paper describes the properties of the “aéroparous
anion exchange resin Anberlvst A-26 loaded with S-amino-
navhtalene-2-sulphonic acid /ANS/. ANS ivmobilized on
Amberlvst A-26 transforms it into a2 kind of the seclective
exchanger towards silver ions, e have shovm that selecciive

geparation of Ag/l/ from other metal ions is possible,
Exvperimental
The excﬁange capaclty of complexing ageni by batch method

was determined. The stabilitv of the modified resin towards

mineral acids was investigated. The retention of meta2l ions

on modified with ANS was determined. The concentration of

metal ions was determined by AAS.



Negults and discussion

ar .

Th2 retentign of metal iong orn AYNS loaded resin was investi-
vated as a Junciion of »¥, it low pH values 7ood differen-
tiation of the snlectivity of Amberlwst A-26-175 loaded resin
was ats2rved., A3 results the conditions for the sslective
zenaration of Ar/I/ fron the Zollowins metal ions: Cu/I1/,
“w/it/, n/IT/, Ti/I1/, Co/II/, Te/i1I/, Cd/II/ were esta-
hHlished., Txparinments performed in dvmanic conditions confi-
rmed that in 0.05 M IOy the sclective separation of Ag/I/
Zrom all above mentioned metal ions is possible. The method

was adopted for determination of silver in covper cres,
References
—
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TON EXCHANGE COLUMN CHROMATOGRAPHIC METHOD FOR THE OETERMINA-
TION OF THE CYSTINE CONTENT OF FODDERS AND FOODETUFFS  yy cysTEINE

FORM

Csapé, J. - Csapé, J.

Agricultural College of Kaposvar, Hungary

Introduction

Merkaptoethanesulphonic acid (MES-OH) is widely used for
the determination of tryptophan in peptides and proteins [1] .
This method is relaiable only for pure peptides and proteins,
although the results for carbohydrate containing samples are
better than those obtained by any of the earlier methods. In a
study af the effect of the MES-OH on the hydrolysis of proteins
we realised that the cystine content of the proteins can not be
determined with this method because of the reduction of cystine
to cysteine, and presumably also, due to the formation of the
tioether bond between the cystein and the sulfohydril group of
the MES-OH. This work is concerned with the ion exchange column
chromatographic determination of the cysteine and through the
cysteine the cystine content of foodstuffs and fodders can also

‘be obtained.

Experimental

The MES-DH hydrolysis of the proteins were performed in
cleaned and dried medical ampoules. The cystine and the samples
(S50 mg) were hydrolysed with 5 cm} MES-0H (3 mol/dm’) at
110 + 2 Oc. After hydrolysis the ampoules were cooled, opened

and 10 cn; NeOH (1 mol/dm’) was given to them. The content of

each ampoule was washed into a 25 cmj volumetric flask and a

1 cn} asliquot portion was used for the amino acid analysis.



Results and discussion

Ysing the cystein, produced from cystine and MES-0H, as a
standard the cystine content of different samples were deter-
mined and compared to the results obtained by the methods of
Moore [f] who uses hydrochloric acid (3 mol/dm3), Liu [3] who
recommends p-toluenesulphonic acid (3 mol/dmj) and Hirs [4]
who proposes hydrochloric acid (6 mol/dmj) after the performic
acid oxidation step. The amino acid analysis gave the quantity
cf the admixed cystine with a higher efficiency than 90%. As
a result of our research we pointed out that at the MES-0OH
hydrolysis the cysteine resulting from the cystine appears at
the place of proline on the chromatogramme and in the case of
proteins of high cystine content it may cause .an error in the
analysis of proline. Similarly to the effect of the MES-OH, the
reducing agents may cause a decrease of the casteine and an
increase of the proline cancentration during the analysis.
Since the proline and cysteine can not be separated by-the
conventional buffer systems, a new method was elaborated by
changing the pH, the sodium ion concentration and the alcohol
content of the buffers. Using this method, the amino acid
analysis of different kind of feathermeal of high cystine con-
tent have succeséfully been made.
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STUDIES ON THE EXTRACTION OF LANTHANIDE(III)=-ETHYLENEOIAMINE-
~TETRAACETATE COMPLEXES . ITH ALIQUAT=336

R. Kiraly and E. Bricher

Department of Inorganic and Analytical Chenistry,
Kossuth University, Debrecen, H-4010 Hungary.
Lanthanide(III)-ethylenedianine-tetraacetate (LnEDTA™)
complexes are of high importance both in the cation- and
anion-exchange chromatographic separation of lanthanidcs,
The distribution coefficients of the complexes LnEDTA~ on
strongly basic anion-exchange resin of HZEDTAZ' fora cxhibir
a maximum in the niddle of the.lanthanide series, which was
explained by a change in the denticity of the coordinated
ligand [1]. On the basis of the similar trend of the distri-
bution coefficients and the stability constants of the
Ln(EDTA)(HEDTA)4- as well as Ln(EDTA)g- complexes, it was
assumned that the lanthanides are bound in the resin phase as
1:2 metal to ligand complexes [2].
Recerntly we have studied the extraction of complexes LnEOTA~
with the liquid anion-exchanger of quaterner ammoniun type
Aliguat 336, MILNEDTA]l complexes (ti*=na” or Kk*) were preparcd
in solid form and their aqueous solutions were equilibrated
with Aliquat 336 dissolved in different organic solvents,
‘The distribution coefficients of the complexes LnEDTA"
increase with increasing concentration of the liquid anion=-
-exchanger and deccrease with the rise of the electrolyte
concentration in the aqueous phase,
The distribution coefficients obtained with equal volumes of
1,0 M Aliquat 336-chloride (dissolved in cyclohexane) and
0.02 M KI[LNnEDTA) solutions (pH=7) at 25% are the following

La Ce Pr Nd sm Eu Gd

1,77 1,33 1,23 1,07 0.87 0.75 0.87

Tb Dy Ho Er Tm ¥b Lu Y

0.74 0,82 0,72 0,68 0.74 0.65 0,75 0.70
The average reproducibility of the distribution coefficients
is sbout =0,05.
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The distribution coefficients drop from La to Eu and their

trend between Gd and Lu is also decreasing. The change in
the distribution coefficients indicate a decrease in the size
of complexes from La to Lu. In this direction the structure '
of complexes becomes more and more rigid due to the lanthan-
ide contraction and the number of water molecules coordinated
in the inner sphere probably also decreases by one in the
middle of the seriss.
The complexes LREDTA™ extracted into the organic phase have
been investigated by electron-~ and lH-NMR spectroscopie
methods, The structure of complexes in the two phases was
found to be very similar, The partition of water between the
aqueous and organic phases was also investigated. From the
data some information was obtained for the mechanisms of the
extraction of complexes LnEDTA.

[11 J. Minczewski and R, Dybezynski, J. Chromatog. 7 (1962)98

[2] G, Bricher and I, Téth, Radiochem, Radioanal Letter,
12 (1972) 53
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" STUDIES ON THE EXTRACTION OF GALLIUM AND ALUMINIU“ WITH
" DIALKYL=DITHIOPHOSPHORIC ACIDS

: I. Té6th, Z. Szabé and E. Bricher

Department of Inorganic and Analytical Chemistry
Kossuth University, H~-4010 Debrecen, Hungary

The separation of gallium from aluminium is of practic-
al importance, since gallium is most frequently produced

' from the Na-aluminate liquor of the Bayer process. On the
basis of the difference in the electronic structure of Ga~'

and A1%* ions we assumed that Ga°' has higher affinity to

j ligands containing sulphur donor atom(s).

The extraction of Gas+ and Al3+ has been studied with

- the liquid cation=exchangers di=n-butyl-dithiophosphoric acid

(D8TPA) and di-(2~etilhexyl)-dithiophosphoric acid (DETPA)

" which were prepared fron P,Sg and_the appropriate alcohol.

The partition of Ga>* and Al>* has been studied between
equal volumes of aqueous and organic phases. As diluent

" kerosene was used. The extraction coefficients rise with

increasing pH and the values obtained with DETPA are about

. one orders of magnitude higher than those obtained with

: OBTPA. The trend of the extraction coefficients with

" increasing pH can be interpreted assuming the extraction of
' species M(DBTPA)3 and M(DETPA)3. The extraction coefficients

'‘are about two orders of magnitude higher for Ga

3+ than for

: A13+, making possible their separation in a quite broad
. interval of pH. The extent of extraction of both Ga3+ and

Al3* decreases at higher pH and at pH > 10 there is practic-

ally no extraction,

The extraction of Ga3+ and Al3* with DETPA has also
been studied in the presence of n-octanol or tri-n~butyl-
-phosphoric acid. With the use of thesecompounds the values

- of extraction coefficients practically did not change, but
. the separation of the phases was much faster.

(.

The IR spectrum of the solid Ga(DBTA); is very similar
to that of Na(DBTA), indicating a predominantly ionic bonding

in the Ga=-complex. ,
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EXTRACTIUN OF METALS BY POLY(4-VINYLPYRIDINE) RESIN

D.A.MOHAMMED

Iraqi Atomic Energy Commission ,Baghdad, Iraq.

INTRODUCTION : Actempts to use poly(vinylpyridine) resins,in which the
pyridine moiety takespart in complex formation, for the separation of
metal ions have been made by several investigators [1,2] .

This paper describes the sorption and desorption behaviours of
metal ions on poly(4-vinylpyridine) resin .

EXPLREMINTAL : The polymer was prepared by the method described by
sugli {1} .Using the method described by Mohammed {3)] ,the
characterization and application of the resin for separation of
Fe(l11l) ,v(V), Mo(VI) and Nb(V) was carried out .

RESULTS AND DISCUSSION : The sorption and desorption characteristics
aof Fe(IlIl}, V(V¥), Mo(VI) and NB(V) on poly(4-vinylpyridine) resin have
been investigated from hydrofluoric acid medium .Vanadium, molybdenum,
niobium are quantitatively sorbed from a wide range of the acid con-
centraion and the results are included in FIG.l.Also sorption and
desorption kinetics were examined for all the ions investigated (using
selected eluentiwhich are 1M HF,2M HCl, 3M HF-3M HCl and 4M NH;Cl-\M
NH,F for the recovery of Fe(III),V(V),Mo(VI) and Nb(V) respectively) .
The test shows that the sorption and desorption rates for all the ions
have a resonable value

Based on the obtained results, a chromatographic separation
schem for Fe(ILL), V(V), Mo(VI) and Nb(V) was achieved using a solu-
tion containing various amounts of the ions in IM HF .The ions were
then eluted successively using the gelected eluents and the resulcs
are shown in Table 1.

Three steel samples were analysed for vandium, molybdenum, and
niobium using the established procedure and the results are included in
table II.

REFERENCES

1= SUG11,A.,AND HARADA,K., J.Chromatog., 178(1979) 7.
2- SUGL1,A.,0GAWA,N.,LIINUMA,Y. ,YAMAMJRA, H.,Talanta 28(1981) 551 .

3- MUHAMMED, D.A.,Ph.D.Thesis, salford Univergity, England (1983) .
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Precencentraticon of Troce Elements Usirng Cellulose Sxcnanger
T > -y 2
- P M -~ Smommm e 1T A ‘ Cra@a . _,d
3' _cr-_L--.- g e il r ive u---r g s e ..c'..,;Cﬂe.. cr

Sellulcss ziters noave been prepared witin covelently
ccunacd C-hdcronvguincline.
aturcc of this oxin-axcnanger were investigated by using a
cslumn tecanigue.
Jeporgticn of matrix elements (Ca, ['g) was practically
periectzd, cnd the precontrction of iin, Fe, .o, Li, Cu, Zn
CC zt o given pli-value hes been performed effectivelv. The
clution with diluted nitric geid resulted in a matrix-fres
preconcentrated solution suitadle for the determination of

trace elements by ICP-CE3 or GF-.AA3 technique. Capacity of

+

he cxin=-cellulose ion-exchanger has been determined using

o
w

-

Zn isotope element which gave a value of 170 amol/g.

e

Effect of linkage and elution on the cellulose exchanger
{in <dependence on pid) has been investigated, and a suitable
value of pli = 5.6 wos stated for all elements except Co.
The effectivity of linkage was agbove 9C) or in several cases
over 85);, and the recovery was in all cases total. The
@xchanger can be used for the enrichment of trace elemenfs
in the concentration range of pg-ng/l-during a series of

6C-70 elutions without a loss of capascity.

The recults were checked by a standard solution of EPA

and by IBS=3RM3 ashed by means of a High Pressure Asher



.(HPA-System: Prof. Xpapp).

The analysis was carried out by z Perkan-Elncr Spectro-

meter ICP-6COC, and a P=-E liodel /\S=30CC.
Literature

1. J.50orszéki, G.Knapp, I.tiller, ... egccicider:
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2. G. Haubl, . V'egscheider, G.lipapp: Jngew. lickronol.
Chemie 121, 209, (1¢984)
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PET USZ OF LIGALD 2XTHAICD MCR TID SEZPARATION OF ANINICACINDS

A2TD ACIDS €D CADICH ZHCH:AIIGSRS

Jolaskousin, reUasiiska, w.iigtek

Institute of General Food Chemistrv, Technical Univerecitr
of i6dw., roland

Introduction .
iigand exch-nge ie 2 ~dvanced techniqué for the eepﬂrqticn.
of anionic nixtures or neutral compounds vhich are nblc to
forn complexes with metal ions, She segaration mechwnisa
is the saze 18 in ionexchrnge chrocatosraphw with the oame
onlv differcnce that ligwnds nrc exéhan;cd'insteed of
counterions, In comparison vith other cnrcrate raphic
methods the advantarge of the liz-nd-exch-rje process 1s
that the formation of a complexes gepreaents, 58 a rule, a
more specific interaction than ordinarv phvsienl sor;tion
or lon exchange. In the present studr, the eeparaticn of
the gi:ture of amineacids or the mixture of ~roratic acids
was attenpted uaing a synthetic cation exchanzers con: -ining

getal ion such =s Cuz*. Zn2+, an* or Pc3+, Ce3+ and h13+.

Lxperimental
The chromatograms were developed bv the elution techniquse
1ntrod&ing the sample to the top of the colucn. Lovex 50
nX 10 200/400 mesh resin w-s used as the cation exchanger,
The conversion of the cation exchanger from H' form to the
3n®* form was performed in the colucns, bv paseing a solu-
tion =~ the metsl s21lt to the breskdova point,



~ecults ~nd ildiscussion

«nped on the expericcntsl results, values of st-bilite

const-nts ( log (Bn) ~nd the separ-tion paraceters were

c~lecul~ted (Tnble 1 ~nd 2).

iable 1, The v~lues of log Pn of the conplexes of metal

ion vith acinoacids, fournd bv the ion cxchange

method.
Ccmplexcs 1°5f%
¢t nft cuct
[ (12a)] 4,50 3,01 6,50
[1.(x24),)° 5,00 3,20 7,20
[t{ero)]* 4,80 3,23 6,83
[i-(29) )° 5,00 3,50 7,0
1 (Arg)] * 3,50 2,75 5,40

of complexes with alanine,

Inced on the values
leg {3n nnd the theory
of Jacvcdrski ve obta-
in: .

p =a+ n-b-p}go
vhere b-polarization
of aninoacid nnd

| p F:°—'stnh111tv constant

“able 2, sep~ratica of acids on the cationite ted ip the
Lluent: H,5C,, 0,01 m.o]./dm3

re>t form,

Sample + k R & BN

P nif 5
Lengzoic acid 5,80 3,82 1,50 1,56 788
Cinnamic acid 8,2C 7,08 1,20 1,10 1150
4~Hydroxve
benzoic acid 10,31 9,27 1,58 1,18 495

(n the bnais of the

obtained results, one can state that bv

the selection of & proper counterion able to foram corplexes

consideradly higher selectivities can be achieved,
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COMPARISON OF ANION-EXCHANGE PROCEDURES IN Al{III) TRACES RECOVERY

C.Sarzanini,E.Mentasti,M.C.Gennaro and V.Porta
Dipartimento di Chimica Analitica, Universita di Torino
Via P. Giuria 5 , 10125 Torino. Italia

Introduction

Aromatic complexing agents containing sulphonic acid groups are
particularly useful in separation of metal ions on anion-exchange resins
as shown earlier (1,2,3).

The ability of Pyrocatechol Violet (PV) in a&alluminium-matrix separation
and preconcentration is here investigated by two methods based on compiex
formation coupled with anion-exchange resin or column chelation
procedure.Synthetic - samples are investigated 1in the presence of
interfering agents.

Experimental

Thermostated borosilicate glass columns were employed in which a slurry
of 1.0 g of macroporous anion-exchanger, Bio-Rad MP 1 (100~200 mesh), was
supported. Costant flow of samples through the column was ensured by
rotary vacuum pump. Metal concentration measurements were performed by dc
argon plasma emission spectrometry. PV and all other reagents were of
analytical grade and high purity water (HPW) was employed.
a.Precomplexation-Anion-Exchange (PAE)

1.0 g of AG MP 1 is rinsed and preconditioned with HPW to the proper pH.
100 and 1,000 ml solutions containing l0.0}ug of A1(III) added to 2.0 ml
and 7.0 m1 of 0.05 M PV respectively are brought to the desired pH. The
samples are fluxed through the column washed with HPW after the elution.
b.Chelating-Agent-Loaded-Resin (CALR)

The chelating~-agent-loaded-resin was prepared by flowing 4.0 ml of 0.05
M PV solution through the column paked with 1.0 g of resin, chloride
form. The loaded resin bed was washed with HPW at the same pH of the next
experiments.Release of chelating agent is not shown in all cases. A1(III}
solutions as in previous procedure were fluxed through.

The metal is recovered in both procedures by acid elucion (1.0 ml of 1.0 N
HC1 + 9.0 ml of 0.1 N KCl).

The metal recovery as a function of pH was evaluated taking into account
the computed species distribution.

Interferences of most common surfactants: cetyltrimethylammonim bromide
(CTAB), sodium dodecylhydrogen sulphate (SDS) and poly{ethylene glycol)
{POLY) were tested. Potentially interfering salts including K,HPO, ,NaCl
as well as the effect of competing 1ligand nitrilotriacetic acid (NTA)
were evaluated.

The mnethods were also tested at part per bilion levels of Al(III).
Synthetic samples (1,000 ml) containing A1(II1) apike (I0.0'Pg) vere
enriched with the described procedures at the optimum pH for the metal



[
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recovery. The spikes found were 100.0 + 1.7 and 92.5 + 0.9 7 for three
indipendent measurements respectively with PAE or CARL procedure.

Results and Discussion

The most significative results are shown in Table 1. The PAE procedure
resulted more suitable to collect and preconcentrate Al(IIl) traces. The
reduced recovery showed by CALR method was demonstrated to depend on pH
decrase during complex formation into the column so that 1/]1 (metal to
ligand) complex is favored and released from the column. The good results
obtained in the presence of interfering agents and of high ionic strenght
suggest the suitability of PAE procedure as an analytical method to

preconcentrate Al(III) traces in natural systems.

Al(I11) recovery 2

Interferent conc.
type pg/ml PAE CALR
CTAB 5.0 98.8 + 1.0 94.4 + 0.7

20.0 * 90.5 + 0.7

50.0 * 87.2 + 0.9

POLY 5.0 99.6 + 0.5 94.5 + 0.9
20.0 100.8 + 1.8 94.9 + 0.4

50.0 101.2 + 0.6 93.4 + 0.1

SDS 5.0 99.1 + 1.1 94.8 + 0.9
20.0 98.8 + 0.4 96.2 + 1.0

50.0 98.4 + 0.1 96.9 + 1.0

NTA 275. 99.8 + 0.6 95.7 + 0.4
2750.0 99.3 + 2.9 95.8 + 0.4

KZHP04 100.0 , 99.8 + 0.4 96.3 + 0.7
200.0 100.2 + 0.7 94.0 + 1.3

500.0 100.4 + 1.0 94.3 + 0.6

NaCl 0.1 M 94,2 + 0.1 99.9 + 0.7
0.5 M 91.2 + 0.5 104.4 + 1.2

* In these conditions, separation of insoluble products occurs.

Table 1. Effect of Interfering Agents on Z Al1(III) Recovery ( PAE:pH 7.0,
CARL:pH 9.0; 0.1 pg/ml A1(III) solution).

References
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Sarzanini,C.,Mentasti,E.,Gennaro,M.C. ,Marengo,E. ,Anal. Chem.,1985,57,
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CCRDUCTCLETRIC CCLTROL CF IC! EXCHLANCE PRCCIS3sS I. NCN-CCle
VINTIONAL CCLLUCTQUETIRIC SZ.500RS USED IN FRCOUCTICN OF ULTRA-
PU.E WATER

1

Cs. uzsnay, 2

Edit Farizsz ani R, GCabdbrus

1. Denzrtnent of Inorzanic and Analytical Chexistry of Babej-
~-Zolyai University, Cluj=liapoca, Roasnia

2. Institute of Cheaistry, Cluj=Fapoca, Romania

Introduction

Aivonces in micrselectronics, trace chezical snealysis, =ze-
Jicine, purification technolo;ies =« chemicsal, pher:nceut{cal,
cQSnet{cs, electronlating, printing, etc. = photosraphy, ne=
ch~nic2l rrecision, air conditioninz, etec. are placing extra-
oridirsry Jeaanés on the quantities of ultraspure water. Due to
~eserches (1,2), developnents and quality controls, there is
now a better understancing of the structure of liquid water
and its iz-zurities, and ol the purification cethods. In re-
cent yearsa, the nuamber of sensitive lstoratory tests has gre=-
atly incrensed. The easiest anu fastest msthod of messuring
wanter purity ies the concuctonetric one. Zecause of nuxercus
control roints, the nuuter of sensors used ere increased in
deionizers, For instance, the Xemotron Conpsny produces water
surification Jevices and plents with about 25 eontrol points

3). The electrodes requirenents o:f ion-chromatozrephy is al-
80 consideratle. The non=conventional coniuctoretric sensors
have zuvantazes over the hi:zh priced Pt (or Au) sensors (4).

sxperircental \

It wes studied the fol.owing two types of the non-conven-
tiorel =« fron point of view of electroce mnterial used - sene
sors in both stationary and continuous flow concéition: 1) Ring
sh:aped electroies maie from Inconel inox wires in amphibious
use. 2) The lence-type inox sensors for using both in c.a.
and c.cs techniques, Tre zost inmportant characteristic of
thiese cells consist. in the fact that is composed from a plas-
tic tubte, which represents the wall of sensors being pinked
with two or more sharp inox neecles = for a.c., technique are
preferred 3 electrodes. The c.c. technigue presumes cells
with four needle-=formed electro.ies. Two sorts of nsedle has
been used: a) sharpened Inconel lences, b) CreNi coated sharp
lances. When the polyethylene tudbe is woundi up {n Jiske-Cora,
the obtained four electroces type sansors have srenter mecha=
nical stability than the linear one. The cell te-perature is
maintained constant easier with rases tuan with liquids,

In order to obtain the ultrapure vater a recirculation
systen was orerated with the followin: prineipael components:
1. Dofin pump, 2. Reservoir, 3. Pressure regulation vessel,

4., Ring sheped inox sensor1d5. Tap, 6. Tap and concuctometrie

sensor, 7. Jixed bed cartridges, 3, Filter and adsorbent care
tridces.
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Kumerous ion exchenge attezpts was made with KRourmenian ion exe
changers. The following recine wes uzed: Vionit A7-1, AT=-1E,
AT=1R, snu AT=14 (anione.ciisncers), Vionit CS=3 rn3 CS=ZR (ce=-
tionexchanzers). Froa thece resins was prepare: the resenersh-
le mixed beds or was used the neregenerstle mixec beu Vic.iv
CA ion exchsnzer. For the production of ultrapure water a di:
uistilled or .eionised weter with a zeximum conductivity of

5 gS/cm is necessary es primary procuct.

Results and Discussion

The cell constants (C) of the studied sensors in s.c., at
concentraticns ;reater than 1 !, incregse =ith the concntra-
tion growth. In ultraspure water the C value is consteant.

The c.¢. conductivity messurezents cerried out with the Cr-
«Fi couted sensors sare more exact than those perforrced with
the other sort of needles, ,

The deionizing effect of the mixed bed is extrsordinary.
With the obtained and controlled ultrespure weter various con-
ductometric, magnetic, flow injection, etc. messurements was
carried out, It‘was astucdied the comport:ients of sensors with
varying yields end pressions of deionized water in recircula-
tion system.

The increases of cell constant with electrolyte concentra-
tion is in connection with the polarization of sensors in a.
¢. (2). In very dilute solutions the results are not affected
by rolarizstion efr'ects. The errors of con.uctivity cetermi-
nation ottained in e.,c. with the lance type sensors can be
‘reduced by the corresponding choose of the messuring electro-
des distances. In the ceze of grest streez velocities, preci-
ous conductivity measurements can be perforrned only by vigu-
rous meintenance of the constant tempersture. The ion exchan-
ge processes, in mixed bels take place atep by step in six
stages up to the exhaust of the resins.
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THE PREPARATION OF B-HYDROXY(UINOLINE
SUBSTITUTED SILICA GEL FCR OETERMTNATION OF
STRONTIW-90 FROM NATURAL /v ER

.

Gy, Szabd, I, .Cuczi, D, 3tur

"FREDERIC JCLICT-CURIE™ MATIONAL RESEARCH INSTITUTE FOR
7240ICBICLOGY AND RADICHYGIENEZ, 3UDAPEST, HUNGARY

INTRCDUCT ION

Strontium=-20 is one of the most hazardous fission product for
long-term exposure. Strontium-90 is normally measured by separa-
ting and counting its daughter product yttrium=-30 from solutions
at or near radicactive equlibrium (1).

8-hydroxyquinoline is a well-characterized and well-known
reagent (2), over 60 metal ions react with oxine to form comp-
lexes.

Silica immobilized 8~hydroxyquinoline is stable over a wide pH
range of 0-9 (3,4)., The chelation characteristics of the gel func-
tionate well in saline media and high ionic strength samples (5).

EXPERIMENTAL

The preparation of 8-hydroxiquinoline substituted silica gel
vias based on Hill’s (3) and .)eetall’s (4) procedures.

3-/2-amincethylamino/propyl silica gel made by treating the
silica gel of C¢,063-0,1 mm with 3-~/2-aminocethylamino/propyl-tri-
methoxysilane, was reacted with p-nitrobenzoyl chloride and the
~NO, group was reduced to -NH, with Na-dithionite. After diazoti-
zation silica gel derivative was produced by a reaction with
8~-hydroxyquincline,

The determinaticn of metal binding capacity of preparated si-
lica gel was carried cut by copper-uptake measurement (6).

The strontium-S0 and yttrium-90 was separated from each other
by metal chelation with B-hydroxyquinoline substituted silica gel.
The surface water samples were taken from Danube.

The copper was quantified by atomic absorption and all radionucli-
des were counted as oxalate precipitates by low=background beta-
counter,
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THE SEPAFATION OF RARE-EARTH METALS BY ION-EXCHANGE
ELUTICN DISPLACEMENT FORMATION CHROMATOGRAPHY
METHOD

E.A. Chuveleva, 0.Y. Kharitonov, L.A. Firsova, P.P. Nasarov
Institute of Physical Chemistry, Academy of Sciences of

t
the USER, Moscow
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THE EFFECT OF ABSORBED DOSES OF IONIZING RADIATIONS
ON THE SEPARATION OF RARE-EARTH METALS BY ION-EXCHANGE
DISPLACEMENT COMPLEX FORMATION CHRC*'ATOGRAPHY METHOD

L.A. Firsova, E.A. Chuveleva, 0.V, Kharitonov, P.P. Nasarov,
Institute of Physical Chemistry,Academy of Sciences
of the USSR, Moscow

_Abstract not received



L AP-18

Preparartive Separat:cn cf Radioactive Aminoacids

I. XKleinmann, V. Svoboda

"

Inst

...
(8]

e

te for Research, Production and Application of

Radioisotopes

™
(&)
[N

27 Praha 10, Czechoslovakia

-
[

.
ith ="z are

¥

Th2 amincacids universally labelled
mr-mared Irom acid or enzyme hydrclyzate of prcteins,
separated from algae grown in atmosphere of radioactive

¢. When scaling - up the methods based on
rolystyrene matrix strong cation exchangers and citrate

a ak deformaticn of some aminoacid pairs
s could be explained if different iso-

ulated, Results cf computer simula-

Therefore, maximal throughpuct mav be influenced not
cniy by sample amount applied an the column, but also by
changing the injected sample concentration. Other parame-
ters /pil, alcohol and citrate concentration, Li-Na ion

raticos/ were also examined.

In the second step, desalting of aminocacid fractions
was performed, using polyethylenglykel - methylmetacryla--
te based ion exchangers. The decrese of unspecific hydro-
fobic intraction enabled the use of simple, volatile or-
ganic acids as eluents for separation from citrate and
natrium/lithium ions. The procedure for separation from
enzyme hydrolyzate enables prepare twenty common amino-
acids.
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DYNAMICALLY COATED COLUMN FOR THE SEPARATION OF INORGANIC
ANIONS BY ION CHROMATOGRAPHY

E. Papp _
Department of Analytical Chemistry, University of Veszprém

H-8201, Veszprém, Hungary

For the separation of inorganic anions, recently
chenically'bonded hydrocarbon stationary phase has been
recommended. Coating the surface by an amine with hydrophobic
moiety a chromatographic column with essily changeble ion
exchange capacity can be obtained [1]. Detection of the
inorganic ions can be achieved by adding weak aromatic acids
in the eluent and with an indirect UV-spectrophotometric

method [2].

The surface of the LiChrosorb RP-18 stationary phase was
coated with cetil-trimetil-ammonium-bromide (Cetrimid) using
24 (v/v) methanol containing aqueous eluent. For the purpose
of the indirect UV detection KH-phthalate was used. The
separation and retention of the Cl7, NOE, Br-, No;, S0,
and I~ ions were studied as a function of the Cetrimid
content of the column, KH-phthalate concentration of the
eluent as well as the quality and quantity of the buffer
components mixed in the eluent phase.

1. P.R. Hsddad, A.L. Heckenberg: J. Chromatogr. 300, 357

(1984).
2. M. Cooke: J. HRC and CC 7, 515 (1984).
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A UNIVERSAL THEORY ON THE BEHAVIOR OF ORGANIC MATTER DURING THE
DEIONIZATION OF WATER WITH ION EXCHANGE RESINS

Br. R. Kunin, Consultant

Rohm and Haas Company, Philadelphia, Pennsylvania

The role of organic matter during the deionization of
water by ion exchange resins is essentially the last of the
basic problems that remains unsolved. The removal of the in-
organic components present in water supplies by means of ion
exchange resins is well understood and poses no basic technical
problems. Although usually present as a minor compoﬁent in
most water supplies, the organic matter component of the
waters around the world, particularly surface water supplies,
poses may problems during the deionization of water with ion
exchange resins.

Practically all of the organic matter present in our
water supplies can be removed by some "virgin” ion exchange
resins. Unfortunately, some of the organic matter is irrever-
sibly adsorbed and removal of organic matter in subseqguent
operational cycles is drastically impaired resulting in in-
.creasing organic matter leakage. Further, a thin film of irrev-
ersibly adsorbed organic at the outer layer of an ion exchange
resin will result in poor kinetic performance, particularly
with respect to silica and other slow diifusing ions. Organic
matter no. removed by the ion exchange resins of a deionization
system will pass into the steam generstor of a thermal electric
plant forming volatile organic and inorpganic acids that cause
serious corrosion. The same unadsorbed organic matter will re-
sult in failures in the components of the electronic industry.
In general, the desired guality of the high purity process wa-
ter for most industrial operations reguires the complete remov-
al of the organic matter present in water supplies.
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The basic problem we have faced with respect to the
remaval of the organic matter component of water supplies by
means of ion exchange resins is our lack of understanding of
the nature of the organic matter. Unfortunately, the organic
matter present in water supplies is, in essence, of an
undescript nature and its behavior with respect to ion exchange
will vary with the climatic season and geographic lication. In
essence, a proper understanding of the nature and behavior of
organic matter as related to the performance of ion exchange
resins during the deionization process alsoc requires an under-
standing of soil chemistry and the related hydrological chemi-
cal processes.

Although the organic matter is quite complex, recent
studies now permit one to formulate a "universal" theory con-
cerning the nature of the organic matter and its behavior with
respect to ion exchange phenomena. This paper will describe
this theory and how it may be applied in designing and operat-
ing an ion exchange deionization system effectively and
efficiently. Further, the paper will describe how the theory
can be used in selecting the proper ion exchange resins,
formulating a proper regeneration procedure and developing an
adequate pretreatment process. Finally, the theory will explain
why some systems are quite successful in some geographic loﬁa-
tions but behave poorly in others and why the acrylic-based
anion exchange resins are preferred over the styrenic-based
anion exchange resins in many situations.



123 10-02

- 4l =
A COMPREHENSIVE APPROACH TO CYCLIC REGIMES IN MULTICOMPONENT
FIXED~BED ION-EXCHANGE OPERATIONS.

M. Baillyl, L. Aranyi2 and D. Tondeur!

1. Laboratoire des Sciences du Génie Chimigue - CNRS-ENSIC
1, rue Grandville 54042 Nancy, France

2. Veszprem University of Chemical Engineering, Schénherz
z.u. 10, Veszprem, Hungary

The optimal design of fixed-bed ion-exchange or adsorption
operations requires the knowledge of the cyclic steady-state
corresponding to given operating conditions, and possikly thc
knowledge of the sensitivity of such sterady-states to chances
in the overating conditions. Unfortunately, the features of the
cyclic steady-state are not easily prcdictakle, except in some
special cases, from first principles, or from non-cyclic infor-
mation, or without a knowledge of the trarnsients that lead tc
it. We propose here a comprehensive aporoach, with the puarwose
of obtaining qualitative and semi-quantitative trends. This
approach is based mainly on the equilibrium theory and rciies
on a model of the cyclic behaviour.

First, the rules governing the concentration nrofiles for a
single step input are recalled ; these rules give the number
of fronts generated, the order of breakthrough of the various
species, the relative concentration changes, the shar» or dis-
persive character of the fronts. The effects of feed compesi-
tion and of equilibrium coefficients on the breakthrouth be..i-
viour are discussed, for saturation and regeneratiocn.

From these properties, we may convientlv investigate a
simple "model" of cyclic operation, in which the adsorbent is
mixed after each step, and the concentration prefiles thus made
uniform. Such a cycle is shown to aive results intermediate
between the co-current and the countercurrent operaticns, and
sometimes yields a good approximation for the operatina capaci-
ty of both. The effect of feed compcsition and eguilibrium
coefficients may then be estimated semi-guantitatively from
the model cvcle. It is emphasized that tne ccterminirnz factors
of the cyclic regime may be very different frem that of the
separate saturation and regeneration steps.

These considerations are applied to such operations as water
softening and water denitration. In the first case, the order
of selectivities of the cations is the same in saturati~n and
regeneration. In denitration, on the cther hand, select:vity
reversals may occur between sulfate and cther ions. The conse-
quence of this phenomenon on the desion strateagy of the cyclic

operation are discussed.
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LIGAND EXCHANGE SORPTION OF ARSENATE AND ARSENITE ON CHELATING RESINS IN
FERRIC ION FORM : I. WEAK BASE CHELATING RESIN DOW XFS-4185

M. Chanda, K. F. 0'Driscoll and G, L, Rempel

Department of Chemical Engineering
University of Waterloo, Waterloo, Ontario, Canada

Introduction

Ligand exchange sorption on chelating resin-bound ferric ion can be used
for removal of ligand type pollutants from waste water and their recovery
in iron-free concentrated form (1). The process is applicable to those
ligands in aqueous effluents which form alkali-decomposable complexes with
ferric ion. The weak-base chelating resin Dow XFS5~4195 in ferric ion form
has been found to be effective for the removal and recovery of both arse-~
nate and arsenite from dilute aqueous solutions by this process.

Experimental

The chelating ion exchange resin %IS-4195 (wet mesh size 24-48 Tyler)
obtained from Dow Chemical was activated by treating with 2M HC1l ardi then
complexed with iron by agitating with a large volume of 1% solution of
FeCl3.6H20 (pH 2.0) for 4 hours. Measured amounts of the resin were vigo-
rously shaken on a mechanical shaker with definite volumes of arsanate/
arsenite in tightly stoppered flasks for 20 hours at 25°C and the concen-
tration of the residual sorbate was measured by atomic absorption spec-
trometry. The effects of pH and background salt concentration on the
sorption were measured. The sorption of arsenate/arsenite was also meas-
ured as a function of time under conditions of vigorous agitation at 259C.

Results and Discussion

The useful pH ranges for sorption on KFS-4195(Fe3*) resin are 3-6 for
arsenate and 7-10 for arsenite. The equilibrium data for sorption of

arsenate (pH 5.0) and arsenite (pH 10.0) on the resin are plotted in
Figure 1.

Fig. 1 Sorption isotherms for (a) A5043' (pH 5.0) and (b) AsO33' (pH 10.0)
on XFS-4195(Fe3*) resin. Temperature 25°C; resin loading 4.0 g i~%

The Langmuir i{sotherm equation provides an excellent fit to the sorption
data, giving correlation coefficients higher than 0.998, The saturation
sorption capacities for arsenate and arsenite are determined to be 46 mg
As/g wet resin and 51 mg As/g wet resin, respectively. The sorped species
are readily stripped with dilute sodium hydroxide into an iron free con-
centrated foru, respresenting more than 100 fold enrichment compared to
the influent concentration. The stripped resin is vreadily re-activated

to its original capacity by treatment with a 102 FeClj solution acidified
to pH 0.8.

References

(1.) Chanda, M., 0'Driscoll, K. F. and Rempel, G.L., Removal and recovery
of thiocyanate by ligand sorption on polymer-bound ferric ion, Reac~
tive Polymers, 2, 175, 1984
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Sucar Juicc Seftening YUsing Sodium Hydrozyde IXIa Thin Juice Tor
Naeagneration
i, ozsnonizunt', n. oanAnyil, s. uanouss!, 4. crzvrpnot?

i« Ladboratoire des Sciences cu Genie Chlﬂlcun

ColleleSe~TallaS.T.Coy 1 rue Grandville, I85CY, France
2. Veszorism University of Chemical Engineering
Scaénherz Z. u. 10., VIDSZPRE!, Hungary

Zntrocuction

<ning by ion exchange is widely us=2d in suoar
er to pnrevent scaling of evaporators. After
: . the receneration of the bad is usuzlly carried out
h 2 sediun chloride solution. This method has two main
a” s: dilution due to the requirement of washings wuith
ar and wollution by the calcium chloride in the waste
luent. In o*ce* to 2liminata these nrobl-“s, a newv nprocess
becn os2d and is actually working in some factories.
z ?rOCu”’ usaes a sodium hydroxyde colution in thin juice as
rcgencerant and during regeneration, calcium is removed fronm
resin as a calciun saccharate connlex, The spent ragznerant
returncd to carbonaticn and thus the chloride waste problen
completaly solved, In addition, no water is introduced in
nrocess., The purwose of the present work is twofolda:
rst, to zlucidate the mechanisms involved in this vrocess by
2 0of cclumn evperiments; second, to cdavelonp a nodel
courrting for these simultanecus mnechanisms (narely ion-
: gosorption, cemplex formation, precipitation).
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:?ullu_ntal set-un conprises a feed pump, a celunn(ffenm F;

ib 1ain‘a1r 4 at 60°C bv water circulztion in 3
Lnslﬂc jacket, a vressure drod ( cagillary ) to nrevant
ging in the bed, and a fraction colleoctor. Mt the initial
2xnzrinents, the entire ion excihiancce bed is in calcium
?eﬂene*ation guperiments have been conducted at diffarent
r conccrntrations in the recenerant, the sodiur hydicxvde
fized at 1 and the temperature of the bed at 50°C.
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cscussion

The results are compared with classical regeneration (itaCl) and
with nodel simulations., Fig.l. shows a typical experimental
“-stor" together with the model result. First we can observe
that the sodium front is rather abrupt compared with a
classical one which would be dispersive due to the lower
affinity of sodium relatively to calcium., Here, the formatior
0f & calcium-sugar complex in soluticon reverses the affinity of
the two cations. Second, we can observe a large peak of
calciuv; the left-hand side of it is delayed, relatively tc
o€l r» n2racion; this is interpreted by some adsorption of



the complex on the resin, This is confirmed by a cirmultancous
“2crease in suoar concentration. Following the pezl, a2 tail at
low calecium concentration is interpretec as dissolution of a
pracinitate. This tail disappezars at hicher suvaar concentra-
tiors, A mathematical model includine iorn e¢»chenac,
cemplexation, adsorption ané precipitation has oecn built.
Sinulations repnresent the main characteristice of the

experimental results.

I -t Sozium

egoFecccccaanacnnncrcnsccrcnsne-Buarad

.0 | .
8

CONCENTRAT IONS

sugar

' / 200 305 <06 e e
EFFLUSNT VoLUNE (ML)

Figure 1.: Typical experimental and model history.
’ Concentrations are in eq/liter for sodium and
calcium, and in mole/liter for sucar,
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COMBINED HARDNESS AND NITRATE/SULFATE REMOVAL FROM WATER BY THE
CARIX ION EXCHANGE PROCESS

W. H. HOll

Karlsruhe Nuclear Research Center, Institute for Radiochemistry,
Karlsruhe, F.R.G.

Basic Principle

A simultaneous removal of earth alkali ions and of anions of strong acids
can be achieved by the combined application of a weakly acid ion exchange
resin 1n the free acid form and a strongly basic resin in the bicarbonate
form. Neutral salts are thus replaced by carbonic acid, from which CO

2
can be degassed:
R _-COOH Ca, Mg R _~Coo{Ca, Mg)
< c
+ — + !-12003
Ra-i-lw3 SO NOB' Cl R -(SO l\D3,L....

Since weakly acid ion exchangers can be regenerated by carbonic acid and
. since the anion exchanger has to be loaded by bicarbonate ions, both
resins can be regenerated by carbonic acid (C:O2 + HZO). Regeneration
efficiency can be strongly improved, if both resins are stored in a mixed
bed, in which each of the exchangers favours regeneration of the other
one:

RC-COO(Ca, Mg) RC-COOH Ca, Mg
. 10y {
Ra—(SO4, N03, Cl) Ra-HCO3 SO NO3, (o]
Advantages

This so-called CARIX-process (CARIX = CArbon dioxide Regenerated Ion
e¥changers) has some particular advantages:

- Carbon dioxide is a non polluting chemical for regeneration,

- Due to the simultaneous regeneration of both resins with the same

regenerant the effluent contains only the amount of salt which was
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eliminated in the service cycle. As a consequence the process is non
polluting.
- The process can be adapted to different objectives of water treatment
only by suitable choice of the ratio of resin volumes.

Development of the process

In a first step of development, laboratory scale experiments demonstrated
that CARIX can be applied to drinking water treatment, since it allows a
sufficient reduction of hardness, sulfate, and nitrate concentrations.
From 1983 the process was tested in technical scale in a pilot plant for
5 m* /h throughput, built by the WABAG company. Experiments in five
different water works in the F.R.G. with different objectives of partial
demineralization of drinking water showed, that CARIX allows alsc an
economic treatment of drinkind water /1/. Based upon the results of the
pilot scale experiments a first big plant for 170 m /h throughput was
constructed for hardness removal as the main objective. This plant went
into service in October 1985. Results will be given at the conference.

1 RESNFILTER 6 PRODUCT WATER
2 H,C0, TANK 7 WASTEWATER

3 DEGASFER _ 8 CO, STOCK

% CaC0, DOSAGE 9 CO; RECOVERY
S RAW WATER 10 DEGASIFIER

Fig. 1: Simplified scheme of the CARIX plant in Bad Rappenau

References

/1/ Feuerstein, W., HS1l, W., Kretzschmar, W., Hagen, K.: Feldversuche
mit dem CARIX-Verfahren zur Verminderung von Nitrat, Sulfat und Hirte.
gwf wasser-abwasser 126 (1985), S. 343-349.
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THE SORPTION OF PHENOLS ON MACROPOROUS METHACRYLATE COPOLYMERS
CONTAINING ETHYLENE AMINE GROUPS

2 1 2

J.Hradil1. M.Wojaczynska®, F.5vec and B.N,Kolar:z
1. Institute of Macromclecular Chemistry of the Czechoslovak

Academy of Sciences, 162 06 Prague o, Czechoslovakia

2. Institute of Organic and Polymer Technology, Technical
University, Wyb.Wyspianskiego 27, 50-270 Wroclaw, Poland

Introduction

Up to now, only styrene-divinylbenzene ion exchangers ~ both
strongly and weakly basic anion exchangers, and even cation
exchangers - have been recommended for the sorption of phenols
(1,2). We were trying to find out, therefore, how macroporous
methacrylate copolymers bearing ethylene amine groups which
proved useful already in the sorption of sulfur dioxide would
behave in this case (3,4).

Experimental

The macroporous copolymer of glycidyl methacrylate and ethylene
dimethacrylate (40 wt.%) (S) was modified by a reaction with
ethylenediamine, diethylenetriamine and triethylenetetramine.
The uptake of phenols (p-aminophenol, p-hydroquinone, phenol,
p~cresol, p-chlorophenol and p-nitrophenol) from agueous sol-
utions having the concentration 0.005 mol/l and passing at the
flow rate 21.6 ml/h through a column 0.8 cm in diameter con-
taining 0.1 g of the sorbent was detected by means of a differ-
ential flow refractometer.

Results and Discussion

All materials investigated in this study are capable of a con-
siderable sorption of phenols which is affected by the type of
both the sorbent and the sorbed phenol. The amounts sorbed
from 0.005 mol/l1l solutions range from 0.07 to 1.03 mmol
phenol/g. It may be said that the more polar methacrylate
matrix compared with the styrene-divinylbenzene one is more ad-
vantageous for the sorption of phenols. The sorption of phenols
decreases with increasing pK of the ion exchangers. In the
sorption from strongly diluted solutions (0.064 mmol/l) it was
possible, by using a single sorbent volume, to purify 50 vol-
umes of the agueous solution, but the total sorption capacity
was somevhat lower than in the case where more concentrated
solutions were used.

The sorption capacities in the ln Q form were successfully
correlated by linear relations of free energy of the Hammett
type. In the case of macroporous copolymers not bearing func-
tional groups the best correlation was obtained with the =
constants derived from the dissociation constants of phenoxy-
acetic acids. Hence, physical adsorption predominates in this
case, because the sorption process is in the first place
affected by the induction effect of the substituent. A similar -
state was observed for sorbents having ethyleneamine groups in
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the Cl-form.
The best correlation for sorbents bearing ethyleneamine groups

in the OH-form was obtained using the ¢, constants derived
from the dissociation constants of benzoic acids. Hence, the
binding of phenols proceeds via an ionic bond, and this is
why mesomeric effects are operative along with the induction

ones.

Table 1. Sorption properties of methacrylate ccopolymers

Amount sorbed, Q, mmol/g

Sorbate
f G60OEDA G60DETA G60TETA
. a
p-aminophenol 0.089 0.094 0.073 0.071
p-Dihydroxybenzene 0.135 0.101 0.130 0.124
p-Cresol 0.178 0.088 0.148 0.124
Phenol 0.433 C.164 0.478 0.214
p=-Chlorophenol 0.408 0.128 0.264 0.246
p=-Nitrophenol 1.033 0.111 0.930 0.797
?sorbents in Cl-form
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THE THEORETICAL ANALYSIS OF THE INFLUENCE CF THE SELBECTIVITY
OF ION-EXCHANGER QN THE ION EXCHANGE KINETICS

Yu.S. ILNITSKY

Institute of Inorganic chemistry of Siberian Branch of Academy
of Science of USSR, Novosibirsk, USSR

The major limiting factor for diffusional kinetics of ion exchange is
a steric factor. But very often ion-exchangers have a high selectivity to
different ions with equally good steric factors. The cause of the selecti-
vity lies in different strenghs of chemical interactions of migrating ions
with active centers of an ion-exchanger.

We have developed a theory of the influence of fast, campared with dif-
fusion, reversible chemical reactions on the interdiffusion of ions in a
condensed media. It has been shown that the chemical interactions of migra-
ting ions with active centres significantly modifies the nonequilibrium
diffusion which, under these conditions, represents a kind of dissipative
process in a nontinear medium and is described by a system of time-dependent
Ginzburg-Landau equations.

Algorithms have been worked ocut and a program of calculations of the
physical kinetics of reacting diffusing systems has been produced, which re-
present the process of ions interdiffusion in a solid or liquid phase accom—
panied by a fast reversible chemical reaction with active centres and/or
oppositively diffusing ions,

A series of computational experiments for studying the influence of
fast reversible reactions on the interdiffusion of charged particles was
carried out, In the frames of the developed theory a detailed picture of
time- and space behaviour of the concentrations, fluxes and effective coef~
ficients of diffusion of ions depending on the chemical and transport para-
meters of the investigated system was cbtained. The results significantly
supplement and more exactly define previous views on the diffusion of ions
in a condensed media,
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PERFORMANCE OF TON EXCHANGE RESINS
IN THE ACTIVE CIRCUITS OF PRESSURISED WATER REACTORS

By R. Couderc and P. Ambrus
Duolite International, S.A. - Vitry sur-Seine - France

Introduction

Ion exchange res iz used for the purification of various
circuits in nuclear power s tations have to remove radioactive
impurities. They have to maintain activity below a threshold
value both in the primary coolant and in the secondary loop,
a well as in effluent s treams.

Results and discuss ion

New ion exch ange materials with a high selectivity and purity
have been developed in order to remove specific radioactive

is otopes .

Three types of ion exchange res irs are available at present
for this purpose:
1. Gel type conventional polystvrene res ins.

2. Phenol -formaldehvde res ins with special chemical s tructure
and therefore particular properties.

High selectivity macroporous polystyrene resins (Cs select-
ive).

(7]

All these types have conventional functional groups . Chela%ing
res ins are also being used for the removal of certain isotopes

(silver, antimony, etc.).

Indus trial performances achieved in European Nuclear Power
Utilities are being dis cussed.

Due to their high purity, all these resins can be used to
achieve maximum purity without any risk of releas ing contami-

nants .
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URANIUM RECOVERY BY CONTINUOUS ION
EXCHANGE IN A PILOT PLANT

F. Delmas and C.J. Coelho

Laboratorio Nacional de Engenharia e Tecnologia Industrial
(LNETI), Lisboa,Portugal

A continuous ion—-exchange pilot plant enabling the recovery of
uranium from low grade solutions with a capacity uptoo,&fsh-l

is described in this paper.

Tha pilot plant was built in LNETI facilities with the finan-
cial support of International Atomic Energy Agency under its
regular programme for 1983~1984 and consists basicly on an

absorption column, a washing columu and an elution column.

The absorption column is PVC-glass made with B stages of 0.8
meters each and a surface area of 77.6 square centimeters. It
operates by a countercurrent fluidized bed technique, similar
to that used in the Cloete and Streat contactor. Special disg
tributor plates,designed in LNETI,were used and compared with

the traditional perforated plates, giving promising results.

A versatile and accurate system for resin transfer between sta
ges and the withdrawal of resin from the first stage to the
transfer vessel has been developed and sucessfully tested, in
order to achieve the entire or partial hold-up of resin per
cycle.

The SS AISI 316L elution column is insulated and heated by a
water jacket and operates by an incipient fluidization techami
que. It was designed with some improvements in order to remo-
ve steam and air bubbles formed inside the resin bed - during
the operation. )

The results obtained during preliminary tests in the absorp -
tion column are reported in this paper.

feeding synthetic uranium solutions at pHe1.8, containingl20mg
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U,0g, 22g 5042' and 2.5g Fe " per liter at linear velocities
ranging from 0.65 to 0.72 c¢cm/s, were used in these tests.Bar

ren solutjons less than 1 ppm 1530a were achieved.

The simplified pilot plant flowsheet is shown in Figure 1.

Table 1 summarizes data on absorpticn from synthetic liquors.
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Fig.1-Pilot plant flowsheet

Table I.Uranium absorption from synthetic solutions.

Column Feed Flow~ Barren Resin

dismeter v.0 rate u.0 loading

(cm) @/%5 am.emty i (g/1)

Test I 10 0.121 2.32 £0,001 13.9
Test II 10 0.120 2.58 €<0.0015 14.7
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SELECTIVE RESINS AND SPECIAL PROCESSES FOR THE SOFTENING OF
WATER., SEA WATER AND BRINE.

H. Hoffmann, F. Martinola

Bayer AG, Leverkusen

Introduction

Highly selective ion-exchange resins and suitable technology
are necessary for the proper softening of water with high
concentraction of sodium salts and of solutions concentrated
as saturated brine. For many applications the request for
nearly zero hardness is a precondition as for the use of the
softened water in

sea water distillation
produced water for reinjection in oil fields
electrolysis of brine in membrane cells.

Experimental

1. kvaluation of selectivity, kinetics -nd operating
capacity of acrylic resin=z
iminodiacetic resins
aminophosphonic resins

2. Evaluation of residual hardness
with various technologies

2.1 Regeneration with brine
WS System
Liftbed System
Intersive fraction Process

2.2 Regeneration with brine and acid/caustic
Lifthed system including selective reains
Multistep system

2.3 Selective resins in sodium form.
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Results and discussion

1. Selective resins
Acrylic resins have highest capacity but lowest
selectivity. Aminophosphonic resins show fastest
kinetics but also iminodiacetic resins are a good

choice.

2. Special technologies
Depending on the raw water composition the residual hard-

ness achieved can be lower than

2.1 S ppm CaCO3 - brine regeneration,
2.2 1 ppm c;co3 - brine~acid/caustic,
2.3 20 ppm Ca - selective resins
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Copper Extraction From Silver Refininag Electrolytic Baths Using
Ion-Exchange Parametric Pumping

. ARANYI? s, %ARQUES?', G. GREVILLOT'

. Laboratoire des Sciences du Genie Chimique
c,M.R.S,-E.N.S.I.C., 1 rue Grandville, NANCY, France

2, Veszprém University of Chemical Engineering

Schonherz 2. u., 10., VESZPREM , Hungary
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Introduction

Copper extraction from concentrated silver refining electrolytic
baths is presently performed using periodic batch cementation.In
order to increase the economy of the overall process,we propose
here thermal parametric pumping to remove continuously copper
from the bath.

Parametric pumping processes use the properties of an adsorhent
or an ion-exchange resin to have a shift in equilibrium
distribution with temperature.For example, on the sulfonic cation
axchanger DUOLITE C265 used here, with a silver-nitrate/copper-
nitrate mixture, silver is more strongly fixed by the resin at
15°C than at 60°C. Thus , when percolating the mixture through
the fixed bed alternately in one direction and then in the other,
changing the temperature of the bed synchroneously, silver
accumulates in the effluent of one end of the column and copper
accumnlates in the other effluent.The main interest of the
process is to avoid the use of any chemicals and therefore the
need for subsequent retreatment,as opposed to cementation or
other classical processes.

In previous papers(1,2), we demonstrated the possibility of
performing this separation. In the present paper we propose to
develop three points:- 1, describe a semi-continuous parametric
pump using one column with feed at the top and beth top and
bottom withdrawals- 2, present a model taking into account
electrolyte sorption and mass transfer in addition to pure ion-
exchange -3, discuss both experimental results and simulations.

Experimental

The experimental set-up is shown on Fig.1. The column (100cm
height; 2.5cm ID). The column is cooled (15°C) or heated (60°C)
by means of jacket. Each end of the column is connected to a
reservoir which receives the solution from the column during a
half-cycle and keeps it for subsequent reflux during the next
half-cycle. Up-flow coincides with the hot half-cycle. Products
are withdrawn from the reservoirs by means of suction tubes. Feed
is introduced each cycle at the top of the bed just before down-
flow reflux, Repeated automatic cycles are performed by means of
a microprocessor.

Mathematical model and results

Because of the relatively high total concentration (about
1mol/liter) the electrolyte sorption cannot be neglected., We
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propose a mathematical model in which both ion-exchange ang
electrolyte sorption are taken into consideration simultaneously..
The system of partial differential equations is solved
numerically by an explicite finite difference technique, Fig,2.
shows the experimental and calculated results of a semi-
continuous experiment. Good agreement is observed., Other
experiments have been conducted in order to examine the influence
on separaticn and productivity of some parameters such as
flowrate, feed and withdrawal volumes and reflux ratio, From a
practical point of view we can see that it is possible to obtain
a bottom product containing copper almost free og silver while

the productivity is satisfying.

o9
3
10 St
-
&%
BA%:
4 =
2

1 ton sxchenge columh 7 peristaitic pump
2 praheater 50°c 8 photocells

3 precooter 15 9 pumps 7 )]
4 hot or cold water 10 feed reservoir - P4
S bottom reservoir 11 product collactor CYCLE NUTREA

) 6 top reservoir 12 control unit

Figure 2.:Top(T) and bottom(B)
productconcentration ( eq/1l )

for a typical run
CT= Total concentration
Feed= 0,5N Ag*; 0.5N Cu**

Figure 1.:Experimental set-up
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THERMAL ION EXCHANGE PARAMETRIC PUMPING IN CASE OF SIGMOID
ISOTHERM

T, Szdnya, L. Handk and P. Szolcsényi

Department of Chemical Process Engineering, Veszprém
University of Chemical Engineering, Veszprém, Hungary

Introduction

The thermic separation of potassium and calcium ions can
extremely well be realized in a liquid - solid ion exchanger
system characterized by a strongly temperature dependent ion
exchange equilibrium. The equilibrium curve is of sigmoid
shaped. Experiments were carried out with aqueous potassium
and calcium chloride solution of maximum 1 equ/dm3 concentra-
tion, between 15 and 60 °C temperature and the strongly
acidic VARION-KSM was applied as cation exchanger.

Fig. 1 presents the CaH/K+ exchange on VARION-KSM.

Experimental

The system discussed above was investigated in a thermal ion
exchange parametric pumping separator, operated batchwise.
The parameters of the experiments were as follows:

- the volume of solution pumped during one half of a cycle:
50, 100, 200 and 300 (cm®);

-~ the volumetric flow rate of the solution was: 0.05, 0.09,
0.20 and 0.35 (am>/h);

~ the total cation concentration of the solution was: 0.1,
0.5 and 1.0 (equ/dm°); '

- the initial ionic ratic (xK+) was: 0.2, 0.5 and 0.8
{(dimensionless)

- the length of ion exchange column was: 50, 100 and 150 (cm)



- 141 -

In a given experiment all other parameters were held constant.
These parameters are: the operating temperature (15 and 60 oC).
the ID of the ion exchanger column (1 cm), the quality and
particle diameter of the VARION-KSM ion exchanger resin (0.7 mm)
the position of the solution storage bottles, the duration of
the cooling and heating periods (20-20 minutes), the volume of

dead spaces, etc.

At the termination of each half cycle, samples were taken from
the cold and hot storage tanks by a microsyringe and the
suitably diluted samples were analyzed. The potassium and
calcium concentrations of the sample were determined by a
2EISS~AAS/1l type atomic absorption spectrometer.

The daterhine& data and their relationships are shown in
Fig. 2.

o B+ Smip
+ B=8Tmijn
a "“oﬂl/ll 7’

@ 8- 300ni /f //’5:
i 45;652::’——‘
e —

O

0 a5 [
Ko* Cycle mumber
Fig. 1 The isotherm of catt/x’ Fig. 2 ca*? separation fac-
exchange on VARION-KSM tor vs. volumetric
resin liquid flow rate
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JON-cXCHANGE SYSTEM FOR CONTROL OF BORIC ACID CONCENTRATION
IN REACTOR WATER OPERATED AT 20 °C AND 80 °C

Iv. Dobrevsky, G. Konova

University of Chemical Technology, Bourgas, Bulgaria

it has been found that the strongly-basic anion exchangers
have different sorption capacities toward H3803 at different
temperatures /1/. .

Recently, the most often used ion-exchange methods of boric
acid concentration control in the reactor coolant in PWR are
realized at temperatures 10 °c (for sorption process) and 60°C
{f>r desorption process)/1/.

we carried out investigations to establish whether ion-exchan-
e control of H3B03 concentration in reactor water can proceed
in a technologically more favorable temperature range, viz.
sorption at 20 °C and desorption at 80 °C. To this end the bo-
ric acid ion-exchange capacity of the strongly-basic anion-
exchanger Wofatit RO (nuclear grade) was investigated at tempe-
ratures 20 °C and 80 °C and at boric acid concentration in the
contact water solution varying between 1 and 10 g/1. It was
cstabliched that by changing the temperature of the contact wa-
ter solution, without using any reagents, the anion exchanger
at 89 °C has sorption capacity with 20 g H3803/1 resin smaller
than at 20 °C./2/.

In order to check the operation of the proposed modification
of the regime of the ion-exchange system for changing H3303
concentration, pilot-scale experiments were conducted. For that
purpose a special pilot plant, maintaining 20 °c during sorp-
tion and 80 °C during desorption of reactor water was built.
The filtration flow rate varied between 15 and 18 1/h.

The pilot-scale experiments using reactor water bypassed from
one of the VVER-440 reactors at Kozlodui Nuclear Power Station,
confirmed that 1 liter of Wofatit RO is capable of sorbing and
desorbing 20 g/1 boric acid when changing the temperature from
20 °C to 80 °C of the water solution containing HSBOS'

The 20 cycles of sorption fat 20 °C) and desorption (at 80 °c)
with reactor water confirmed that the sorption-desorption
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effect of the ion-cxchanger remains practically constant.
Using reactor water containing £ g/l HSBO3 and the respective
concentrations of alkylating asmixtures: KOH and NHAOH and
0,1 mg/1 chloride ions.
As evident from Fig. 1, the pattern of concentration change of
boric acid in the filtrate after the filter temains practical-
ly the same when varying alternately the temperature of the
flowing reavtor water from 20 °C to 80 °C and vice versa.
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Fig. 1. The Concentration change of H3303 in the filtrate af-
ter the ion-exchange filter by the filtration of reac-
tor water at 20 °C (a) and 80 °C (b).

The obtained results gave ground to begin the desingn of a com-
mercial plant for ion-exchange control of H3803 concentration
in the reactor water by changing water flow temperature from

20 °C to 80 °C and vice versa.
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CCHIENTRATICN GF 3C0RIC ACID SOLUTICN BY THERMAL
REGENERATICN USING ANION EXCHANGE RESIN

ile KIVES, P. HALMOS, 3. INCZEDY

Jepartmnent of Anglytical Chemisiry. University of Veszprén,
H=82C1 Veszprém, Hungary

INTRCOUCTION

The cnount of boric acid absorbed by strongly basic
anion exchanger at a fixed pH depends on the temperature and
the concentration of boric acid [1}.

The purpose of this work was to prepare boric acid solu-
tion of higher concentration (above 10O g/dm3) from diluted
boric acid (2 g/dms) by thermal regeneration, without using
any chemicals.

Result and Discussion

Strongly basic anion exchange resin (Varion ATN, borate
form) was saturated at 20 °C with solution containing boric
acid in different concentrations.

Elutions at the higher temperature (80 °C) viere made
with solutions containing boric acid of the same concentra-
tion used for the saturation and lower concentration boric
acid solutions as well.

Based on the results of these experiments loading and
elution curves were obtained. Volumes of the boric acid eolu-
tion required for the saturation and elution were determined.

Knowing the required volumes of the boric acid solution
a multicolumn system was designed. Each column was contacted
with the solutions, coming from the previous column. In this
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way the same amount of concentration enhancement wigs rezched
at each colunmn.

Using the procedure developed, a feed solution of
2 g/dm3 can be processed to obtain a solution with higher
(> 10 g/dms). and with a lower (<2 g/dms) boric acid con-
centration.

Reference

{1] . PETERKA: 3. Chromatogr. 201, 359 (198C).
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SELECTION AND EVALUATION OF ION-EXCHANGE PROCESSES FOR THE
RECOVERY OF RADIONUCLIDES FROM COOLANT WATER

Gy. Vidrterész

"PJC" National Research Institute for Radiobiology and Radio-
hygiene, Budapest, Hungary

Introduction

Activity and compositions of coolant used to surveillanced
by gamma spectrometry. The gamma spectrum of coolant water
appeared complex enough to warrant chemical separation of
the radionuclides (1). Separation of a complicated mixture
of radionuclides has been performed with cation and anion
ion-exchange resins (2).

Experimental
Materials

Dowex 2x8(Cl form) Serva Feinbiochemica GmBH Co. 50-100 mesh.
I.Number of column in Fig.l.
Bio-Rex 40 (Na form)Bio-Radlaboratories, Richmond, California
200-400 mesh
II.Number Sf column in Fig.l.
Chelex 100{Cca¢*)Bio~Rad Lab.50-100 mesh.III.Number of column
in Fig.l. Resin columns used to 18 cm in length are 1 cm
in diameter. The flow rate was 1 cm3/min.

Experimental Procedure

The “classical®™ ion-exchange technique of ¥raus and Moore (3)
1953 was used to separate 39Fe, 60Co and 652n in certain
effluents. Chelating resins make it possible to concentrate
radionuclides from coolant watér and select them from the
major components on different groups. Possibilities of sepa-
rating the elements in three suitable for gamma-spectrometric
analysis observed scheme in figure l. After selection of
ion-exchange prigﬁsses had been performed Egree groups of
radionuclides; Ion column No.I., 137Ccs-22Na-42K on column
No.II; 90co-, 54Mn-932r-Nb on column No.III.

Measurement of relative activity

‘Ion-exchange chromatography combined with Ge(Li) detector to
determine each radionuclide in the coolant water. 15 ml
aliquot of coolant mixture filled in a polyethylene tube and
'its activity (A9) was gamma-spectrometric analysis,
After selection of ion-exchange processes the effluent from
each columns was collected. 15 ml portion of certain effluent
was taken in a polyethylene tube and its activity (A2) was
measured. Quantitative and selective separation, verified by
gamma spectrometry.
The recovery coefficient (R) was then calculated from expressi-
on:

bonded radioactivity on columns A, (I;II;III)

radioactivity of the coolant mixture A?
equipment:a Ge(li) detector and 4 K multichannel analyser of ICA:

R =
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Fig.l. Scheme of ion-exchange processes
Results and Discussion

The recovery coefficient (R) results of synthetic mixture
investigation is - shown in Table 1.

‘Table 1

Ion-exchange 131 137 42 22 144 95 60 54 51
resing I Cs K Na Ce 2r-Nb Co Mn Cr
Dowex 2x8 0,98 - - - - - - - -
Bio-Rex 40 - 0,99 0-81 0,82 - - - - -
Chelex 100 - - - - 0,85 0,90 0,95 0,86 0,93

Under the above experimental conditions the separation of 9
important radionuclides into 3 groups had been achieved (T.I.).
Recovery coefficient was calculated relative to the peak areas
of gamma spectra. The specific separation of radiciodine from
the mixture of the important fission product with good separa-
tion 98 percentages on Dowex 2x8. Average bond of alkali metal
on Bio-Rex 40 resin was performed with 98 percentages. Concent-
ration and selection of corrosion products had been realized
with 89.8 percentages. Error of recovery coefficient was calcul-
ated + 0,08 on the basis of parallel determination.
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NURISIPAL ASTEVATER PURIFICATION BY ION EXCHANGE AND
AOSORPTION METHODS

J. Hlavay, K. Féldi-Polydk and J. Inczédy

Institute for Analytical Chemistry, University of
Chemical €ngineering, Veszprém, Hungary

Introduction

Ammoniz removal from wastewaters can selectively be
carried out by clinoptilolite. Optimal operation conditions
inzluding the pH and the loading flow rate of influent water
cnd the particle size range of the ion exchanger have been
established (l). Phosphate removal can be achieved either by
ion exchange (2) or by adsorption (3). Usually, activated
alumina is used for the adsorption but the removal efficiency
can be incressed by chemically treated activated alumina.

Experimental

Laboratory experiments were carried out with 3,2 cm x
x 15 cm columns filled with 80 cm3 ion exchanger. In all
cases, the 0,5-1 mm particle size range of commercially
availsgble raw materigls was used and the flow rate of the
synthetic wastewater was 5 BV/h. Treatment of the materials
was as follows: Ng-form clinoptilolite was produced by pump-
ing 10 8v eof 10 g NaCl/dm3 solution through the bed. The ac-
tivated alumina was treated by 10 BV of 0,7 g Ca and 0,5 g
Mg/dm3 solution. Synthetic wastewater was prepared by tap
water containing NH4C1 and KH,PO , salts. Ammonia and phos-
phate concentration of the solution was measured by standard
methods. Two columns were connected in series: the raw
wastewater was .oaded to the top of the column filled with
Na=form clinoptilolite and the effluent went to the second
column filled eicher with activated aglumina or Ca, Mg=-form
alumina.
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Regeneration of the spent clinoptilolite and slumins bed
vas carried out by 15 BV 10 g NaCl/dm3 {pH > 11) and 25 BV
1 M NaOH solutions, respectively.

Results and Discussion

Part of the results of the-sxperiments is shown in Table 1.
Table 1. Removal of ammonia and phosphgte from municipal
wasteitiater.

run 1: column 1 and 2: Na=form CL and activated A1203
run 2: column 3 and 4: Na-form CL and Ca, Mg=-fornm Aazo3

run treated loaded ion exchanged regeneration
vater - NH; P and edsorbed NHy P
(mg) (mg) NHWy P (mg) (mg)
(mg) (mg)
1. 784 2131 1153 966 964 889 871
2. 782 2176 1078 1002 974 877 751

The complete saturatior curves were obtained for both pollu-
tants. 4 ng NI-IZ/dm3 and 2 mg P/dm3 were chosen as break-
through concentrations. Up to these levels, 80 BV and 400 BV,
respectively, can safely be treated. Therefore, the spent
clinoptilolite has to be regenerated five times during the
phosphste exhaustion. From the regenerants, the smmonia can
be air-etripped snd the phosphate can be precipitated.

(1) Hlavay, J., Vigh, Gy., Olgszi, V., Inczédy, J.: 'ater
Reseerch 16 417, 1982.

(2) Libert, L., Boari, G., Petruzelli, D., Passino, R.: ‘/ater
Research 15 337, 198l.

(3) Mercer, B./., Ames, L.L.: Int. \/ater Conf. Engng. Soc.
Pittsburg, PA., 1970.
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Sciences, H-1525 Budapest P.0.Box 17, Hungary

Introduction

Silver zeolites may be used as desinfectants due to the
bactericide effect of silver ions in water treatment or in
emergency cases in transforming e.g. Ssea water into drinking
water. .

Experimental

Silver ion-exchange of natural rocks containing mordenite
and élinoptilolite was carried out starting by the transformatio
of the heteroca;ionic samples (containing main’y K, Ca and Na)
into the sodium form by boiling 10 g of the s~ mples with 100 cm3
2M NaCl solution three times each for 3 h.

Subsequent analysis of the samples showed that ion-exchange was
almost complete.

Silver ion-exchange isotherms were taken at 298 K using
a total molarity of 0.1M. ! '

After atfaining equilibrium, the solution phase and solid
phase were analysed, and the results plotted in equivalent

fractions.



Results

Preliminary experiments with the heterocationic forms of
both mordenite and clinoptilolite showed that the calcium
content of the natural samples is difficult to remove with
dilute solutions. Therefore an exhausting ion-exchange for
the sodium form was performed and che sodium zeolite was used
as starting sample.

A comparison of the ion-exchange properties of the two

natural zeolites is made on the basis of the results obtained.
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Amronium ion exchange properties of Hungarian clinoptilolite

and application for wastewater treatment

A. Mészdros-Kis, J. Papp, E. Czdrén

Central Research Institute for Chemistry of the Hungarian

Academy of Sciences, H-1525 Budapest, P.0O.Box 17, Hungary

Volcanic rocks containing natural clinoptilolite have
high ion exchange selectivity for ammonium ions. Experimental
coagitions including laboratory and pilot plant scale ammonia
renoval investigations have been discussed in great detail by
nany authors.

Our aim was to investigate the ion-exchange process from
preliminaryv static experiments through laboratory scale dynamic
srocedures up to pilot plant dimensions applying the same raw
material.

At the laboratory scale the removal of ammonium-ions from
a model solution was studied under dynamic conditions in an
ion~exchanger column (BV = 40 cm3) filled with clinoptilolite
fractions of different particle sizes. The degree of ion-exchange
was studied at different solution concentrations, different grain
sizes and different flow rates.

Experiments for the regeneration of the exhausted filling were

3

carried out at 5-100 g dm - KCl solution at pH =7 and 12.

A KCl concentration of 20 g an”?

and pEH=12 the maximum limiting
value of the NH4+ concentration of the regenerating solution was
about 1000 mg dm'3. The regenerating solution was freed of
ammonium ions by precipitation in the form of Hgm-l4 bo4~ 6H20
at a pH of 9-9,5.
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Pilot plant experiments, including a 50 n3/day capacity
ion-exchange system were carried out for the removal of ammonium
from communal sewage. The volume of the ion exchanger bed was
1 l3, the particle size: 0.5 - 2.0 mm and at 4 mg am™3 breakthrough
limit the ion-exchange capacity was about 3,9 mg NH,-N/g

clinoptilolite.
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JTUSIZID N THZ HINETICS UF IlN=c/ACHALGE LZACHING OF THE
Ureliliwe WHaeo JQNISITE R OF URRKRUT ORIGIN
e JoObos

lat Siass ractary of lalgoetarjén, Salgdtarjan, Hungary

In the las: IC years great efforts were made to develop an
agonanical orccess for tine production of manganese from the
rhodocrosize oe deposit of Urliur, Pyrometallurgical experi-
ments were unsuccessiul, because of the relatively low
nanganese and nisin iron, silicon as uell as pihosphiorous
con:ent of the ore, iiydrometallurgica: enricnment seems to

ce very simple as acidic solutions dissolve the MnCO, content
guite selectively, but due to the bad filterability and large
anount of undissolved host minerals, it is difficulr to
achcive a satistacrory vield for nancanese,

lccently we have sucgested tae use or stronzly acidic cation-
-exchange resins in H'-fora as leaching reagent. Adding the
resin to the acgueous pulp of the ore, the metal carbona:tes
dissolve and the metal ions bind in the resin phase.

For the experiments Varion KM resin was used, The ore was
7illed and the crain sizc of the sanple used for the kkinetic
measurements was less then 200 pm, The Kinetics of dissolu-
tion of the ore sanmples and the ion-exchange have boen
s:udicd gosvolumctricaily as well as by determining the
concentraiion of nansanese by complexometry or polarography
(the resctions were stopped at civen times).

The ion cxchance leaching reaction was found to be a first
order one, but the ~rrhenius plot of the rate constants
obtaincd beiween 20 and <5°C was not linear. The energy of
activation obtained from the data near to 20°C is about

60 kJ/mol, while tha:t obtained at higher temperatures is

about 28 kJ/mol. The sctivation energy of the acidic '
leaching of the ore was found to be 20 kJ/mol, while that of
the ion exchange reaction between the H* and Mn2+ ions, was
about 71 kd/mol. These data indicate that in the leaching of
the ore by ion-exchange resin of H® form both the ion=-
~exchange and the dissolution of the ore can play a rate ,

e e ———— e ——— - R —
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controlling rols. At higher temperatures the ion-exchange
seens to be the slower reaction, which predominantly
controls the rate of the whole process. The rate of leaching
can be accelerated by adding a small smount of electrolyte
- e.g. Mn2* or H* ions - into the pulp. The resin can be
regenerated with a solution of HCl, when I‘-:ncl2 solution is

obtained. .
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A STUDY ON THE MECHANISM OF SILICA FOULING OF ANION EXCHANGH
RESIN

Zhang Guowel Zhang Yong Xu Genfu Zhao Guirong Liu Xiuzhep
Guo Shouhai

Beijing Research Institute of Uranium Ore Processing,
Beijing, China

"Introduction

The relationship between silica fouling of thp strong base
anion exchange resin and polymerization of silicic acid or
size of polysilicic acid molecule was studied,

Experimental

The exchanger: The strong base anion exchange resin

The test solution: The synthetic solution containing silicic
acid,

The cryoscopic method of sodium sulphate decahydrate was usefi
for the determination of degree of polymerization of silicic
acid,

Results and Discussion

Experimental results show that the plotted curves are N-
shaped which represents the relation between the logarithm
of the half life ( 7) and the initial pH value of the solu-
‘tion. The concentration of silicic acid influence the adsor-
ption of silica and the polymerization of silicic acid withid
the resin, The half 1life (7 ) can be used for calculating the
order of polymerization reaction, which is abouﬁ”four, and
hence silicic acids within the resin polynorizo'rapidlj when
their concentration increase. The amount of siliea adsorbed
by resin increases with the increase of molecular complexity
of silicic acid and reaches maximum when molecular complexity
is 3.3 ( Shows in table 1 ),



Table 1, The relationship between the molecular complexity
of silicic acid and the maxisus amount of silica

adsorbed within resin

molecular complexity
of silicic acid 1.0 2.9 3.3 43

maxisum of amount of .
silica adsorbed within 0,88 1,13 1,30 0,98

_ the resin 8102 %

- D D D R S D D R D G o G D O P TP D P G G i S D D R R D G P D R AR G TS IR OB WP 4D S R P W @ e
f >
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The table 1 shown the size of silicic acid molecule has a
significant effect on the silica fouling of the resin, The
high content of low molecular polysilicic acid in the solu-
tion results in high amount of adsorbed silica within resin,
besides the polymers of silicic acid present in the resin
accelerates the rate of polymerization of silicic acid withia
resin, The added salts, especially fluoride, have an effect

on silica fouling of resin,

Reference

(1.) Dai Anbang, Scienta Sinica, Vol 14 Nok 568 1965

(2 ) E.J, Zasaniaris, Effect of physical and chemical Struc-
ture of Ion Exchange Resin on silica fouling in Acid
leach liquors in Uranium Hydrometallurgy. E 4/1 Manche-

ritor 1981



TP-11

e

(84

an
i

ION-EXCHANGE KINETICS OF STRONG BASE ANION EXCHANGEPRS ON
CONDENSATE TREATMENT
Z.Matéjka,V.V1iekovd and M.Jiletkovd

Institute of Chemical Technology,
Dept. of Fower Eng.,16628 Prague,Czechoslovakia.

The strong base anion exchangers in condensate treat-
ment plants are nowadays operated at very high flow rates.
Under these limiting conditions the exchange kinetics can
greatly affect the effectiveness and performance of the resin
bed. The rate of anion exchange for two specific cases has
been experimentally studied in this work, using the shallow-
bed Lechnique with infinite solution volume.

A) The comparison of anion exchange kinetics in the mixed bed
and single bed.

Several reports have been published recently (1-4) showing
that residual concentration of anions in the effluent from
the single bed column is lower than that from the mixed-bed
column. As a possible reason is suggested (1), among other
factors, the more favourable exchange kinetics in the single
bed. .

Results and Discussion

The results received in our study point.out quite clear the

" kinetic superiority of a mixed-bed over single-bed:_in an

alkaline solution (pH 9.5) proceeds the exchange OH -Cl in
the mixed-bed by 238% faster than in the single bed and in the
neutral solution (pH 6.1) by 16% faster.

Conclusion: Ion-exchange kinetics is not responsible for the
mentioned higher leakage of anions from the mixed-bed column
than from the single-~-bed column during condensate treatment.
As a probable explanation of this phenomenon should be consi-
dered the incomplete separation of the mixed-bed components,
lower breakthrough capacity of the resins in the mixed-bed
and also the mixed-bed hydraulics.

B) Kinetics of ternary exchange OH'-Cl'-SOE' and the effect
of organic fouling.

It has been observed (5-9) that under limiting kingtic con-
ditions (i.e. at very high solution flow-rate) the SO, iong
pass through the resin bed into the cffluons_sooner than c1
ions do.The kinetics of divalent anions (SO, ) sorption is
further deteriorated by organic fouling or By the long-term
exposure to the elevated temperature. The mechanism and rea-
son of this selective effect is not sufficiently revealed as
yet.



Results and Discussion

Sulfate ions are taken up at & slower rate than chlorides
in the early phase of exchange in a ternary syster. OH -Cl-SOz'
{Fig.1l). This is the reason for preferential kbreakthrough 054
sulfate ions at very high soiution flowe-rate. Cnrernatographic
bands in the resin bed exchange zone are focrmecd, under this
condition, according to the kinetic but not seiectivity be-
haviour of ions, as is common at the low flow-rates. ln this
study was monitored the kinetics of ternary exchange OH=Cl-SC
for styrene and acrylic strong base resins. Trc effect of the
low molecular weight ( surface active compouncs, aromatic
acids) and high molecular weight ( anionic poliyelectrolytes)
organic matters was investigateé. Alsc the changes in kinetic
behaviour of resins caused by their exposure tc the elevated
temperature were followed.
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SPFSCI3 OF USITIG WASTZS O T3 ION-IZUICHANIGE TSCIRIOLOGY
3:3- ) !:0&(’61"1' 1"..085‘!“5.1'1, LoFeran

ecsel: Cre !N'ininz Snterprise

Introduction

in incdustrial zethod for the reduction of production costs
I3 the Tenlacenent of expensive materials by cheaper ones,
A% the hydrozetallurzical processing of uraniun such a
posaibility is the replacerment of technical quality sulfuric
acid by the acid wastes of other dranches of industry. The
introduction of acid vastes into the technological process
ia orly with careful pretestirz and continuous checking
allowed,othervise the economical result is questionable
e,5s becauge of an unexpected breakdowvn. One of the most
sensitive operation of the technological process for con~
taninating naterials is the ion~exchange.

Experimental

Ve have 7ot an offer for using sulfuric acid vastes origina-
ting from the production of polymers.

The neutralizod.waste acid contains numerous components
which are deleterious from environmental point of view,

with the ainm of comparision synthetic solutions were prepar-

ed from waste and technical sulfuric acid for the follcying

investizations:

1) The value of equilidrium capacity of the ion-exchance
resin and the uranium distribution coefficients in low
and high concentration range were determined.

2) Ageinz investigations were carried-out in 100 ¢cycles in
order to deternine the degree of chanze of the useful
capacity and mechanical siadility of the ion-exhange
resin,
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Before application for technological purposes the equi-
libriun capacity, mechanical stability and grain-size
d’.stribution of the resin stored in the ion-exchange system
and the work-line of running system were determined.

After introduction of waste acid into technological systen
the condition of ion-exchange is continuously tested as
follows:

1) Time by time the capacity, mechanical stability and
grain-gize distribution of the resin is controlled in
accordance with the prescriptions of the standard;

2) Using technological solutions the capacity ancd uraniun
distribution coefficient of the ion-exchanze resin is
regularly determined,

3) lodelizing the plant circumstances resin sarple is pre-
pared in ion-exchange colurm for conmparison purposes.

Regults
By the help of the above mentioned method the degree of
effects exerted by contaminating materiels for the ion-
exchange was determined. The yearly damage of ion-exchang;e
resin is of 1-2 %, so its application seems to be

economical,
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PRODUCING OF HYDROCHLORIC ACID USING AMION EXCHANGE RESIN

M, Csfvdri, 8. Czeglédi, M, Erdélyi, L. Stocker, R. Egry
and S. Tundok

Mecsek Ore Mining Enterprise

In processing of urapjum ores for the recovery of uranium
from solutions anion exchange resins are often used. The satu-
rated anion exchanger can be eluted by different eluents. If
chloride containing solutions are used for these purposes and
the elution {s carried out in countercurrent operation the ani-
on exchanger leaves the system in cloride form.

In this paper data are presented concerning producing
hydrochloric acid from the above mentioned chloride form resin.
The anion exchanger of chloride form can be obtained in a
special process as well. Research work was carried out to de-
termine the possibility of producing hydrochloric acid solution
from the anion exchanger of chloride form with the aim of
reusing this solution for elution process.

Investigations were carried out using anion exchange resin
varion AP chloride capacity of which was 1,45 mol/dm>. An
experimental system consisting aof two columns /heiéht: 1,5 m,
diameter: 3 cm/ was made. Onto the top of the first column
anion exchanger of chloride form was continuously added at a
flow rate of 300 cm’/h and onto the top of the second column
anion exchanger:from the bottom of the first column /which was
mainly of hydrosulfate form/ was fed. To the bottom of the
second column water at a flow rate of 750 cm’/h was given, from
the top of this column sulfuric acid containing solution was
obtained. Concentration of sulfuric acid in this solution was
increased by adding conentrated sulfuric acid atter which the
solution obtained was fed to the bottom of the first column.

On the top of the first column hydrochloric acid containing
soclution was obtained.
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Concentration of hydrochloric acid in uol/dn’ was ap-
proximately the same as the concentration of sulfuric scid in
mol/1 of fed solution.

As a result of the investigation it was determined that
more than 95% of the chloride sorbed on anjon exchanger could
be removed in the form of hydrochloric acid. On the basis of
these data technology of producing hydrochlaric acid containing
solutions from different chloride containing wastes was elabo-
rated. Nowadays the process is used in industrisl scale in
hydrometallurgy of uranjum ores.
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TATTCRS INFLUENCING YIXED BED WATER QUALITY

P, Rliibner and Vv, Kadlec

ZXT DUKLA, Research Institute of ‘Jater Treatment,
Prague, Czechoslovakia

Introduction

There are two kinda of leakage which determine the effluent
mixed ted water quality, First, it is so-called "elution
leakage®”, caused ty an imperfect way of the regeneration pro-
cess, The second so-called "kinetic leakage®™ is due to the
insbility of the mixed bed to sufficiently reduce the influ-
ent concentration to the target level at higher specific los-
ding, Whereas the elution leaskage is important at the begine
ning of the working cycle and then graduglly decreases, the
kinetic leakage slowly increases as the exhsustion continues,
By improper regeneration procedure the over-all ionic conta-
aination of the effluent during the working cycle is predec-
minantly caused by the elution leakage,

Experimental

The experiments were carried out on laboratory scale wi .
8ll styrene~DVB mixed bYed combinstions of new resins frc .
three different resin manufacturers, At the same time the
samples of used Wofatit resins were tested., The volume of
mixed bed was 200 ml in a ratio 1l:1, the influent was the de-
mineralised water with conductivity 3-5 m5/cm. The mixed re-
sins were rinsed till the almost constant value at the spe-
cific loading 120 bed volumes per hour,

Results and Discussion

There is a general opinion thst the most important factor in-
fluencing water quality is incomplete separation of the re-
sins before the regeneration, Ve have confirmed that with the
increasing crose-contamination the effluent quality propor !
tionally decreases. However, not all types snd even not all
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Table 1, Conductivity of the mixed bed effluent

Type of Hyg0c Type of Hasee pS/c
cat, resin aS/em an, resin BC1 H,50
el 8-107 DVB Zol
Wofatit XPS 0,072 Wof, SBY new 0,068 0,05
Lewatit S 100 0,210 used 0,340 | 0,190
Amberlite IR 120 0,068 Lew, M 500 0,100 0,124
jmacrop, 204 DVB Amd, IRA 400 0,058 0,058

Wofatit KS 10 0,230 Racroporous ) i
Lewatit SP 120 0,060 Wof, SZ 30 new% 0,060 0,066

Amberlite 200 0,082 used 0,112 0,060
mscrop, 12¢ DVB Lew, ¥YP 500 0,068 0,056

Lewatit SP 112 0,074 Amb, IRA %00 | 0,070
¢ of anion res8in contaminasted

Amberlite IR 252] 0,060
. of cat, resin conta=~ with HC1 /Hes°¢/

minated with NaOE

resins of the same type behave in the same manner /see Tadle
1./+ A1l the resins either new or used, when properly Sepa~
rated, gave perfect results with the effluent conductivity
of around 0,06£ps/cm. The effect of regenerant level, rin-
sing and mixing is less important.

All the strong base resins having been in contact with the
regenerant scid exhibited prolonged rinse before the mixing,
However, after the mixing with the cationic resin the new
resins gave good quality of water, In the casase of used re-
sins, the gel Wofatit SBY compared with the macroporous Wo-
fatit SZ 30 exhibits worse water quality, undoudiedly due to
the lower resistance of gel matrix against organic fouling.
The new a8 well as the o0ld cation exchangers give the same
results, but there is a difference between the same types
from different manufscturers, probadly given by the diffe-

rent homogenity of the matrix,
The presented results allow to diminish the influence of im-

proper sepsration techniques /cross-contamination/ by the
proper choise of the resin combingtion st given separstion

procedure,
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ABCCVEKY Or TAACE AMOUNTS OF YLATINUM ¥HOM SOLUTIONS OF
AACHATIC AMINES ON ION MXCHANGE RESINS

A, latajczak, A, Koprowsiki and K, Zigborak

Researca Institute of Industrial Chemistry, 01«793 Warsaw,
Poland

Introduction

In the prucess of reduction of dinitrobenzene to toluilenedi-
awine /TDA - poliurethane interazediate product/ 60e70% of Pt
catalyst nave been lost. It has flown away lrom the reactor in
tie very diluted solution /¥t conceantration less tnanr 1 ppm/ in
the reaction mixture. The paper reveals a practical method of
recovery of Pt from such very diluted water-organic mixtures.

Experimental

Ion exchanger column filled with a tested ion exchanger bed was
fed with synthesis aqueous IDA at volume feeding rate 4 to 1GEtl
The bed temperature was 80490°C. After 700¢1500 volumes of TDA
solation had been supplied, the ion-exchanger bed was removed
frcm the column and analysed for Pt content. The following ion
exchangers were tested: Wofatit KPS, Wofatit MC-50, Wofatit
AD=41, Amberlite 13A-943, Amberlite IRA-45, Amberlite IRA-900,
anl Amberlite IRC-T18.

Results and Discussion

It has been found that Pt can suitably be extracted from TDA
solution on an anion exchanger bed. This finding seems to prove
that Pt is present in TDA solution in an anionic complex fora.
Pt sorption was preferrably carried out on Wofatit AD=41 bed.
1 cm3 of Wofatit Ai=41 retained up to 1 mg of Pt. Concentrated!
Pt was separated by burning the anion exchanger away. The ashoq
contained up to 40% of Pt. An industrial scale plant according
tu the above process was started=up. It enables retaining
504#90% of Yt dissolved in the synthesis aqueous TDA.
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ION EXCHANGE RESINS IN THEATMENT OF EFFLUENTS FROM ClUmEME
SYNInESLY

v. Hatajczak, K, Zieborak
Research Institute of Industrial Chemistry, 01-793 Warsaw,

Poland
Introduction

The process of synithesis of cunene in the presence of AlCJ.3 ca~-
talyst zives 5+4 m’of waste-water per 1 ton of produced cumene,
The amount of waste-water containing aluminium salts and hydro-
carbons can be reduced by sorption method/1/. An application of
zacroporous cation exchangers for reduction of waste-water
volume in the process is the object of the work.

Experimental

The reaction mixture containing cumene, alkylbenzenes ani 0,1 ¢
0,25% of AlCl; was passed at 40#50°C through 1,5 du’bed /55 co
height/ of Wofatit KS-10 cation exchanger at vol, feeding rate
6e120~', The eluate was analysed for C1- and A13*, Reactivation
of the bed was performed by countercurrent pass of distilled
water at vol, feeding rate 2¢3 b™', follwed by fluidizing of
the bed with upward stream of nitrogen. Vrying the bed with

hot /70090°C/ nitrogen for 2¢3 hours completed its preparation
for the following cycle of AlCl3 sorption from cumene synthesis

mixture.

Results and Discussion
It has been found that macroporous sulphonic cation exchanger
is capable of complete removal of 11013 from cumene synthesis

nixture. 1 dm3 of cation exchanger retaines up to 100 g of
11013 at 50°c, Reactivating water consumption is less than

3 vol/bed vol. The presented method enables the waste-water
volume to be reduced to 10% of that produced by the previous-
~gtate=of=the~art method of cumene synthesis,

References

/1/. V.E.Xarpanova et al., Zh.Prikl.khim., 1980, /8/, 1759-62.
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APPLICATICN OF ION EXCHANGE RESIN FOR PREPARATION
OF {5 -CYCLODEXTRIN OLIGOMERS

I. Haklits, B. Keszler, G. Kovdcs

Research Institute for thePlastics Industry
Budapest, Hungary H-1950

Introduction

Water soluble (3-cyclodextrin / ﬂ -CD/ oligomers are prepared
by known processes /1-3/. The oligomers are obtained in
aqueous solutions with high salt contents. In certain appli-
cations practically salt-free CD-oligomers are needed. In or-
der to obtain oligomers with such gualities, the product
should undergo additional, tedious separation processes.
Instead of this method a more economical one-step process is
recomended, where the polymerization is carried out in the
presence of anion exchange resin.

Experimental

The water soluble ﬁ -CO oligomer was prepared by polyconden-
sation of {)-CD or carboxy- $-CD with epichlorohydrin in
aqueous alkali solution in the presence of Varion AD, AT or
ATM anian exchange resins at 333 K. The reaction period was
2,5 hours. Molecular mass and distributions were determined
by GPC. CD carboxyl group, chlorine content and the capacity
of the anion exchange r sin were measured by conventional
analytical methods.

Results and Discussion

It was found that polymerizing f-CD’s with epichlorohydrin,
in the presence of anion exchange resins instead of using
large guantities of NaQH, the product contained considerable
less salt /i.e. 1-1,8 X compared 'o 15 X/. The optimum con-
ditions can be achieved with Varion AT 660 resin: strong

 base anion exchanger with high degree of crosslinking 1,26 w/%
- However, in this case the water required for removal of the

larger guantity of adsorbed polymer on the surface of the res-
in dilutes considerable the final product.

We have not observed any irreversible binding of ﬂ -CD or
A-CD oligomers onto the surface of the resin. The capacity
of the resin remained 97 % of the original one after 15 cycles.
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Contrary to the bimodal molecular mass distribution of the
oligomer prepared by conventional methods, the oligomers
obtained in this process showed unimodal distribution.

References

(1.) N. Wiedenhof, J.N.J.J. Lammers and C.L. van Panthaleon
van Eck, Die Stirke, 5 /1969/ 119.
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(3.) 18D597 Hungarian Pat.
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EXPERIMENTS ON REACTIVE EXTRACTION OF PENICILLIN G
FRO¥. FERMENTATION BROTH

F. Vinczi and J. Bilint
BIOGAL Pharsaceutical Werks, Debrecen, Hungary

Intreduction
Reactive extraction allews recovery of penicillins en
higher pH under favoursble stadbility conditions. This process
has been applied enly fer aqueous solutions of penicillin G
/1,2/, se we aimed at the investigstion of the resctive
extractien of this compound from fermeantation broth,

Experimental

Penicillia G was extracted from filtered fermentatien
breth with the ise-butyl acetate solution ef liquid ien
exchanger Asberlite LA-2 at pH 4.5, then the crude potassiunm
salt ef penicillin G was prepared. Centrol extraction was
made at pH 2.5 witheut liquid ion exchanger,

Degree of extraction, ss well as purity snd yield of
the preduct was determined.

Results and Discuasion
It was dexonstrated that pH ef recovery could be in-
creased from 2.5 te 4.5 with application of liquid ien ex-
changer while preduct quality remained censtant. So decrease
of the decemposition less of extraction resulted in the
increase ef yield fer preductien.

References
/1./ Reschke M., Schuegerl K.: Chem.Ing.Tech. S6 141. /1984./
/2./ Reschke M., Schuegerl K.: Chem. Eng. 28 B11-B20 /1984./
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APPLICATION OF ION EXCHANGE RESINS IN WATER TREATMENT

K. Sslascz - Morslli

Nstional Institute of Hygiene, Budspest, Hungary

Ion exchanpe resins are used in some water purificstion
technologies, e.g. for removal of nitrste ions from drinking
water or of jons from waters applied in theraspy.

The results of the quslitative examinations showed that
depending on ghc ion form of the resins (H* or Na® snd OW™ or
C17), the content of organic compounds of the treated waters

was differently changed.

Determination of the organic content of the waters cen be
carried out by COD measurement but the results sre not reliable
for the characterization of the orjanic compounds dissolved
from the resins. Therefore, the total orgenic cerbon (70C)
content of the water treated on ion exchsnger hss to be de-
termined. For qualification of the resins this measurement is

essential.

The methods avsilable today are not able to give infor-
mations sbout the change of the water quality taken place
during the ion exchange treatment. The qualitative and quan-
titative determination of the organic compounds dissolved from
the resins can only be carried out by mass spectrometry.
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CcADMIUM PEMOVAL FROM WASTE-WATER BY ION-EXCHANGE

I.Haklitsl, A. Qaqyz. L.Ktssi, P.Si-onl. O.Nagy3
1. Research Institute of Plastics Industry

?. North-Hunnarian Cheaical Norks

3. lechnical Wniversity of Budapest

Introduction

In order to diminish the severe environmental problems of the
accumulator mass producing plants, an ion-exchange system was
elavorsted for tresting the cadmium-gcontaining waste-water.

Two chsrscteristically different streams were treatsd. The
first one /¥WI/ has 0,5-2,0 g/dn’ cadmium content and about
6-8 times higher amount of Al and Mg. In the other stream
/WI1/ the cadmium concentration is 0,01-C,15 g/d-3 and it
cointans nesrly squivalent amount of the other two ions.
Bacause of the associate ions and the volume difference of
two order of magnitude /WII WI/, separate treatments were
necessary, first of all with the view to economy.

Experimental

As the cadmium forms an anianic chlorocomplex in hydrochloric
acid medium, the disturbing effect of Al and Mg ions can be
eliminated by treating stresm WI on Cl-form strongly basic
anion-gxchanges resin. In this case the Al and N§ ions go
through the column, while the cadmium complex is adsorbed.
Solution WII, which has a relatively low cadmium content, is
preconcentrated by binding the total amount of cation on a
H-form strongly scidic cation-exchange resin and recovering
by elution with hydrochloric ecid. '

The acidic concentratum is carryed back into stresm WI.
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Results snd Discussion

The optimum hydrochloric acid concentration for the anionic
treatment is 3,5 X m/m. In this case, the operating capacity
in 0,6 MV:!I/(:I!B, whien Varion AR is used. Theo hound cadmiam
complex can be easily decomposed by water and solution of
S0 my) I:IJ/UH‘ Can be galoned, the resin romalong o C1-form,
thernfore the column requires nnly conditioning with 3,5% m/m

hydrochloric acid.

The aperating capacity of the cation-exchange resin is 1,2
mval/cn3 in case of Varion KS. Regeneration of the cationic
resin with an 8 ¥ m/m hydrochleoric scid yields s solution of

4000 mg Cd/om>.

The elute from the anion-exchange column is precipitated
with sodmium hydroxide and the sludge can be fed back into
the technology. The cation-free solution from WII can be
treated on a strongly basic anion exchange column and the
produced demineralized water can be recycled.

N
Flocculant I
—e
LI Filter
tion

Figt. Flow sheet of the precess
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TP-22
AMMONIA REMOVAL BY SLOVAK NATURAL CLINOPTILOLITE S

Horvétov4, E.
Water Research Institute, Bratislava,L.Svobodu, 5., CSSR
Static and dynamic experiments were ca;ried out for
removal of ammonia from water by natural Slovakian zeolite.
Untreated and Na-form clinnptilolite were used in the
experiments. In the static experiments the initial ammonia
concentration ranged between 10 and 2740 mg/dns. Equilibrium
data and selectivity coefficients were calculated. It was
concluded that the Wa-form clinoptilolite is selectivg for

ammonia over the entire range of zeolite composition.

In the &ynamic experiments three different model
solution (56, 106 and 134 mg NHz-N/dnl) were used and the
breakthrough capacity was measured. Finally, ammonis was
removed from industrial waste water and the Na-form
clinoptilolite proved far superior compared to the untreated

material.
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ABSTRACT

ION EXCHANGE KINETICS. TRANSIENT PHENOMENA IN REACTION MECHANISMS

Petruzzelli D.I,Liberti L.1.Boghetich G.2,Helfferich F.6.3,Passino Rl

(1) Istituto di Ricerca Sulle Acque, C.N.R., 5, Via De Blasio,
70123 Bari, Italy.

(2) Istituto Chimica Applicata, Facolta' Ingegneria,
Universita, di Bari, 200, Via Redavid, 70125 Bari, ltaly.

\3) Department of Chemical Engineering, The Pennsylvania
State University, University Park, Pa, 16802, 1J.S.A.

Introduction
Modelistic interpretation of experimental data in ion exchange

kinetics has been demonstrated a lacking approach in several
cases, due to mathematical indeterminations.

Mathematical approach should be supported by direct
visualization of transient phenomena and diffusion pathways in
the solid-phase of the resin, for a more incisive description of

_experimental findings (1,2,3,4).

Autoradiography coupled to simple 1ight microscopy observation

of equatorial sections of the single resin bead allows to

interpret transient phenomena in the solid-phase during exchange

reaction.

In this paper experimental data for chloride/sulfate forward
and reverse exchange, as well as for sulfate isotopic exchange at
high solution concentration (C=1.8N), when reaction rate is
1ikely to be particle diffusion controlled, are reported, in
reference 'to an acrylic based resin {Kastel Al02) with weak

functionality.
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Experimental

Transient phenomena in the resin bead are studied by light
microscopy and  autoradiography. A single bead, partially
converted at a fixed degree of conversion in labelled form, is
sliced and the equatorial sections ( ~ 10 Hm thick), after
observation in Tlight microscopy, are tightly faced to a nuclear
photographic emulsion obtaining a visual map of diffusional
pathways in the solid-phase.

Results & discussion

In Fig.l a typical result referring to reverse exchange (i.e.,
resin initially in labelled sulfate form picking up chloride from
solution) at a total solution concentration of 1.8N, is renorted.

Unusual concentric diffusional pathways are detected.
Theoretical speculations based on Nernst-Planck p.d.c. kinetic
model allow a good interpretation of the observed phenomena.
Comments and discussions follow in the paper.

References.

1) Streat M.; Kinetics of slow diffusing species in ion
exchange; Reactive Polym.,2(1984)79-91.

2) Schmuckler G.; Kinetics of moving boundary ion exchange
processes; Reactive Polym.,2(1984)103-110. ’

3) Hoell MW.; Optical verification of ion exchange mechanism in
weak electrolyte resins; Reactiye Polymers,2(1984)93-101.

4) Liberti Los Planning . and interpreting kinetic
investigations; In “Mass Transfer and Kinetics of 1lon
Exchange* NATO-ASI  Series E-71 M.Nijoff, The Hague,
Netherland, 1983.
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TRACE ANALYSIS OF HEAVY METALS AND ALKALINE EARTH BY ION
CHROMATOGRAPHY WITH POST-CHROMATOGRAPHIC DERIVATISATIDN

H. Bauer, D. Yan and H. Boekhoff
Biotronik, Frankfurt/Main, 6457 Maintal 1, POB 1330, Germany

The adaptabilities of the cation exchange columns BT V TM
series have been investigated on the system BIODTRONIK IC 1000
for the rapid and complete separations of metals. Fe(III), Cu,
Zn, Co Fe(II) and Mn can be baseline separated on a glass
column 100 x 3 mm in 2.5 min. 11 common heavy metals and
alkaline earth were separated to baseline on the column

200 x 4 mm with 0.1 mol/1 tartrat eluent pH 3.05 in 24 min.

The stability of the PAR and PAR-Zn-EDTA solutions was
investigated. It depends on the concentration and mainly on
the pH-value of the reagent. An optimal detection system was
optained by the systematic investigations of the kinetic
factors involved (such as concentration, composition,
pH-value, length of reaction coil and temperature). By this
system the sensitivity of Fe(III), Pb, Cd and Fe(II) was
enhanced about a factor 300, 10, 8.3 and 8.3 respectively in
comparison with the system used before. The reproducibility of
these ions was determined with a relative standard deviation
better than 1 X. A detection limit of 1 ppb was obtained for
Fe(III), Zn, Ni, Co, Ca, Mg and 2 ppb for Pb, Cd Fe(II), Mn
and Cu. By means of concentration it is possible to determine
metal ions at low ppt levels, which occur in demineralized
water. The analysss of 10 different real samples show that
this method can be aspplied to the nulti-elenent-analy!is down
to trace levels with a concentration difference of 10°.
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REMOVAL _OF TRON FROM IRON-RICH SOLUTIONS OF
NICKEL AND CADMIUM SULPHATE,

Gabor Sinka, Mihély Vigviéri |

HUNGALU Engineering and Development Centre, Budapest,
’ Hungary N

This work is part of a project sponsored jointly by the
National Committee for Industrial Development and the
Ministry of the Industry.

Introduction

Environment friendly and energy effective, hydrometallurgy
is an expedient method for the reclamation of nonferrous
metal wastes. Leach solutions of such wastes are often
concentrated and almost always contain iron.

' Precipitation of Fe(OH)3 is a frequent method for the
separation of the valueless iron from the valuable components.

Solutions bearing higher amounts of iron (above 10 g/dm’).
when treated this way will, however, suffer significant
losses of valuables due to adsorption on the precipitate
surface.

During the hydrgmetsllurgical processing of scrap Ni-Cd
batteries as developed st ALUTERV-FKI, s solution of the
following composition isreached aftér the initiai dissolution
of scrap (Q/dms): :

N Cd Fe H,S0, |
28 28 30 5 :



- 1% -

Fel* makes up for more thsn 90% of sll dissolved iron. On
oxidation with H202, 8 complex anion of the formulas

[?3(504)2]- is formed, displaying s stability constant of
17000 in a solution of an ionic strength of 1.2 /1/. Neither
nickel nor cadmium formes such a complex. This fact opens up
an slternative path for the selective removal of iron, using
synthetic snion exchange resin.

Experimental

The equilibrium adsorption isotherms, together with the
time required to reach equilibrium, were meassurcd for a
Varion AT 660 resin in the bi-sulphate form, at 25° .

Optimum number of cascades were determined graphically
on the basis of the above dets. Using countercurrent cescade
decantation, the iron content of the solution may be reduced
below 10 g/dnz.

Results

According to the adsorption isotherms, the Varion AT 660
resin in the bi-sulphate form is selective for the complex
anion [?3(50‘)51"? with a maximal separation factor of shout
2. €Equilibrium is reached in 2 hours.

Using » three stage countercurrent cescade decantation
setup with equal volumes of solution and resin, the iron
‘content of the solution was reduced below 10 g/dn’ from the
original 30 g/dm’.

Following such a preliminary trestment, the traditional
Fc(Dﬂ), precipitation for final iron removal casuses only ’
scceptatle losses of the other valuables.

Litersture
/Y Lister-Rivington: Can. J. Chem.33, 1691 (1955).
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SYKTHESIS AXD IRVESTIGATIOX OP ANION EXCHANGE KEMBRANES

MP-12
E.E.ERGOZHIN, B.A.UTKELOV and X.N.FURAKENRTOV
The Kirov Kezakh State University, Alma-Ata (USSR) ﬁ

The modification of polyethylene, polypropyleme, polyvinyl- ;;
chloride films of different specific surfaces by gamma ray ;
grafting of styrene was studied. To obtain copolymers of the ‘
required physical, mechanical and chemical characteristics the
effact of irrediation rate and dose, the influence of the naturs
of a solvent, of the method of copolymerigation (in air, in the
vacuum and in the inert gas atmosphere) and of the relation of
primary componentsz on the emount of the styrene-grafted links
were studied.

Chlormethylated copolymers with the amount of chlorine up
to 24% were obtained by treating the films with monochlordime~
thyl ether in presence of Friedel-Krafts catalysts. The reac-
tion kinetics was studied and the chlormethylation of film co-
pelymers was found to proceed with a greater reaction velocity
and a greater fractionel conversion compered with the granulated
macroporous copolymers of styrene and divinylbenzene.

The weak basic anion exchange films with the exchange capa-
city up to 9,5 meqv/g were obtained by aminating chlormethylated
copolymers with the different aliphatic low molecular and poly-
"mer samines. The influence of the nature of the alkyl substituents
an the acid-base behaviour of anion exchangers was studied. The
ionization constants of ion exchangers were found to be deter-
mined by the basicity of the aminating reagents.

The comparative study of the ion exchange kinetics of the
£ilw aminopolymers and analogous granulated amine polymers was
made showing the ion exchange equilibrium to be established
faster in the case of the film ien exchangers.
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THE WATER-SOLUBLE ANIONITS BASED ON POLYSTYRENE AND
HYDRAZIDE OF ISQONIKOTINIC ACID.

Tausarove 3.R.,Ergozhin E.E.,Begezhanov H.K.

Xazakh 3tate University,Alma-Ata,USSR

The new water-soluble polyelectrolytes have been
rroduced by means of the chemical modification of the
chloromethylated polystyrene with various molecular mass
(15+10°-30+10%) by hydrozide of isonicotinic acid.

The reaction has been carried out in the medium of
dimethylformamide,dioxan and dimethylsulphoxide in the 1:2
proportion of-polymer/amine for 1-2 hours in the temperatu-
re region 60-90°C. The reaction kinetics was investigated
and it was established that the process of polymer aminat-
ion took place with the neighbour having the slowing effect.
The rate constants of polymer formation and their activa-
tion energy in comprasion with their low-molecular anslogue-
bensyl chloride were calculated.It was established that
the rates of reactions in the studied solvents decreesed in
the order of DO<DMFA<DMSO. Thermodynamic characteristics of
the process of amination:free energy,enthalpy end entropy
are estimated. The structure and properties of polymers
were studied by means of the chemical analysis of pothen-
tiometric titration,conductometric titration, viscosimetry
and IR-spectroscopy. Dissociation constants of the functio-
nal groups were obtained from the curves of the potentio-
metric titration, pKu=9.9. Exchange cepaclity to the 0.1 N
solution of HCl=3.61 meq/g.

The investigation of specific and equivalent conduc-
tivity confirmed the avallabllity of ionogeniec groups in
the synthesized polymers. , ‘ '

The effect of the molecular mass,the nature and concen-
tration of the complexing metal,and the medium pH on the
liberation of the metal ions from their aqueous golutions.
It is shown that synthetized polymers can be used for the
formation and precipitation of Cu?*,N12*, co*, Pbe+,

- - 2-
Moo4 ’ V03 s WO4 ions.
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