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ION-EXCHANGE; ION-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, Universitat des
Saarlandes, 6600 Saarbriicken, FRG

Introduction

In the course of this lecture altemps will be made to present 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 analytical
and preparative applications.

Results and Discussion

About 60 mono- and bicydic polyethers have successfully been build into
polymers in our laboratory. Condensation resins and copolymers allow the
separation of cations, anions and organic compounds. Unfortunately gel
kinetic, swelling and low rigidity counteract rapid chromatographic
separations. The best way using macrocyd ic polyethers for fast separations
(ion-chromatography) is the immobilisation 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 solvents (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,



reduction, dichlorcaroene and ring opening polymerization reactions. The
highest yield in phase transfer catalysis are up to 95%. For the ring
opening polymerization the yields are nearly 80*.
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ION-EXCHANCE, THERMAL STABILITY AND S0RPT10K STUDIES OF FAl'JASITES WITH
DIFFERENT Si/Al RATIOS

C-V Li' and L.V.C. Rees2

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

2. Physical Chemistry Laboratories,
ImDerial College of Science & Technology, London, SW7 2AY, England.

Introduction

Pealuminated faujasites are very important cracking catalvsts in petroleum
refining. In this paper an attempt is made to obtain a better understanding
of the location of cations as a function of Si/Al ratio and of sonic of tht.-
physical properties of these ion exchanged materials.

Experimental

Faujasites with Si/Al ratios of ?.23, 2 and 2.8 were obtained by hydro-
thermal synthesis of the appropriate gels. Using the sample with Si/Al
ratio of 2.8 as starting material two dealuminated samples were prepared
by slow extraction of Al with e.d.t.a. to give Si/Al ratios of 3.8 and U. 5.
A third sample was dealuminated by treatment with SiCl; vapour at 420'C to
give a Si/Al ratio of 7.0.

+ •>•>

All samples were converted to their Ka forms, tagged with Na. and jon-
exchange followed by radiochemical analysis cf either/and solution and
solid phases.

Results and Discussion

+ ">+ 3+ *
Cs , NH,, Ca' and La exchange isotherms of the Na form of the fauiasites
have been determined predominantly at 25 C but to a lesser extent at bi C
and 80 C. Linear correlations have been found between the number of trar.e-
work Al atoms per unit cell and the number?jf Cs i<?ns sited in the super-
cages and in the small cavities. NH, , Ca' and La * behaved differently
showing somewhat different curved relationships in each case.

The thermal stabilities of the Na and some of the above cation exchanged
forms were determined. The thermal stability of low Si/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 cell
increased linearly with decrease in the Si/Al ratio. Ethanol and n-hexane
demonstrated subtle differences from water in the Na-faujasites as a
function of Si/Al ratio.
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I.E. iPECTROSCOPIC AND THERMODYNAMIC DETERMINATION OF HYDRATION OF

TRANSITIONAL METALLIC IONS IN SULFONIC ION-EXCHANGE RESINS.

N. Vesituluta*, M. Muzai, A. Jenard and H.D. Hurwitz

Laboratoire de Thermodynamique Electrochimique, Faculty des Sciences,
University Libre de Bruxelles, Bruxelles, Belgium.

We endeavour to show in this work that combined spectroscopic approaches
and thermodynainie investigations provide valuable means of assessing various
aspects of ionic interaction and hydration of Co2+, 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 ziade with the behaviour of the resins in their Na+ form, and in some ca-
jes all the alkaline and alkaline-earth ion sequences are considered.

I. I.R. Spectroscopic Measurements

"" >: r*? r i re.". t31
The KBr pellets contain ibout 2 to 5* in weight of resins. Karl-Fishe-r

titration and gravimetric determination are used to measure the water con-
tent of the resin. The wa-.or is removed by drying the pellet and keeping i t
under an ainbient water free atmosphere in the I.R. sampling compartment. No
ionic exchange between KBr and the resin is observed. The integrated absor-
bar.ee of the band at 1415 ex"1 corresponding to the para-substituted benzene
ring is directly proportional to the resir. exchange capacity and serves as
an internal reference.

Sosults and Discussion
\a) Ir. situ •ieterrar.ation_ot s-risornticn iscther-.s of water

In the presence of alkaline and of alkaline earth counter-ions, and for
orall nirnbers of water molecules per site (ii < 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"1 and the amount of water per site (n). 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 aqueous
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.

(b) Comgeti.tive_effect.2_between_counter-ion_h^dration and counter-ion-SO3
interaction

The splitting around 12OO cm"' 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
con.'ent of the polyelectrolyte influences this interaction which is inde-
pendent of the degree of cross-linking at small amounts of water. The •
stretci.inc vibration of the OH groups, corresponding to the water involved
in ionic hydration, is found between 2OOO and 38OO cm"1. I t allows the
estimate cf the strength of cation-water bonding and i t reveals particular-
ly the infl-ience of the Jahn-Teller effect with Cu2+.

II. Thermodynamic Measurements



The ion-exchange resins are put in different hoTnojonic (Na*', Co *, Hi ,
Cu-'+) and hetc-rcionic (Na*-Co^*, Na'-Na-*, Na*-Cui + ) ferrcs. Their water oon-
t€.-.t is fixe:: by nx?ar.s of equilibration of the dry resins with wet atncspfr.e-
rcr. u.-.Jer isopiestic conditions ac different temperatures (+_ 0.05cC) for pe-
rio :s lasting from 7 days tc 40 days depending or, the system.

Results and Discussion
The tree energy of sorption of water is evaluated frorc the sorption iso-

therms according to the expression :
rx - dx

F = -RT n — + n BT in x
i x

whsre x is the relative water pressure (x *= ?/pc> •
The enthalpy of sorption of water is computed by graphical integration of
the isosteric heat. The isosteric heat itself is derived from the tecpera-
ture dependence of the free energy.
A treatment of these results allows the estimate of (a) the dissociation
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 cation,
which contains about 6 molecules for Cu^+ 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 D2O 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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A r.-Z.V E iUATICf i FOR THE CALCULATION OF THE THERMODYNAMIC ION

:XCHAr:G2 CCUILID3IUM CONSTANTS

' ' - r t o n . A. - Inczedy, 3 .

Department of Analytical Chemistry, University of Veszpr6m,

H-8201 Veszprem, Hungary

Theraodynanic equilibrium constant of the ion exchange

reaction

+B
car. be defined by the equation

.jhere a and x are the activity and the equivalent fraction,

T is the rosin phase activity coefficient of the component

given and K* is the experimentally accessible selectivity

coefficient. If the exchange reaction is considered as a for

nation of a mixture of concentrated electrolyte solutions

then the excess free energy of the ion exchanger phase can

be approximated as

where "g"" and "ĝ  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-

ponent mixture of highly concentrated electrolyte solutions.



By making use of the abcve function equations can be

derived for the calculation of the thermodynamic equilibrium

constant (l< ) 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*

.Vith these parameters the In K'-STQ functions are described

in an adequate way. The derived equations can always be used

for the calculation of K whenewer the experimentally

obtained In !<'-)?„ functions can be approximated by o linear

or a quadratic polynomials.

The lecture will be concerned: with the discussion of

the equations corresponding to those limiting cases when

9*1 >°» §i<°« {Jo*0» £h
e0 a°d 90=9\

s(-1; with the relationship

between our equation and the Gaines-Thomas as well as the

Hogfeldt equation; with the relative importance of the "g

and g", parameters and finally; with the dependence of c cc

a function of+the resin crosslinking and the size of the

exchanging B " ion.

1. Friedman, H.L.: Ionic Solution Theory, Interscience New

York, 1962, p. 225.
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Introduction
Numerous kinetic investigations have shown that the parame-

rs determined with the classical ion exchange kinetic models
e.itl7 -c-pend on the experimental conditions (normality,
ccvi :-.;•? direction). Cur goal consists in showing that the
uilibrium properties of the resin-solution system must be
ikon into account to aodel the saturation curves.

"xperin <? n tal Sup port
•; .T>. 'JZ'J'j* anu~tf". TONDEUR (1) have obtained the following

i*-.::*j* ICP. r.:rves for the Ca/Na exchange process by the shallow
d h i

direction 1
Ca+Res-Na * Res-Ca+Na

direction 2
Res-Ca+Na * Ca+Res-Na

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

Classical Interpretation
At a given high normality No, the difference between direc-

tion 1 and 2 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
though the Nernst-Planck model is able to fit the experimen-

tal curves obtained at high normality, some paradoxes remain :
- ccr.trarily to the observations in bulk solution, this mo-

del leads to J'..'ision coefficients of divalent ions 10 to 15
naes lower than the diffusion coefficient of monovalent ions.
':.•..--. result can't be -xplained by sterical effects.



- in the high concentration range where the model expja:r;r
the experimental results, the total Donnan exclusion assurcpt i;-\
is not valid.

- this model assumes an electrical potential gradient and
eiectroneutrality. These two assumptions are incompatible with
the POISSON equation.

- what diffusion coefficient must be used in the HELLFERICH
criterion ?

Propositions
The influence of the valencies on the diffusion coefficient

is explicitely attributed to the selectivity. Two limiting mo-
dels are proposed :

1. The normality of the solution and the exchange ciracitv
of the resin £ are of the same order of magnitude- ~r'l'Ohi:lin ~7~\"
elusion is ignored. The model relies on the following assump-
tions :

- the grain is a porous two phase medium
- the normality of the liquid filling the pores equals

the external normality
- thermodynamic equilibrium is reached between the ca-

tions contained in the pores and the cations fixed or. the ma-
trix

- the fixed cations are not involved in the diffusions!
process

- all the cations have the same diffusion coefficient
- external limitation is neglected.
This model gives the difference in the saturation rates

with a single diffusion coefficient, but is doesn't give the
asymetrical influence cf the normality.

2. The normality No is lower than K, the an ions ere cc~? 1 rj_
telv excluded i This model takes into account the compel; 1i c-.\
netween external and internal diffusion. The assumptions are :

- the interface between the resin and the solution be-
haves as a selective membrane. The resin compartment is surp:-
sed to be an homogeneous phase at the normality K. 7he the :T ;•-
dynamic equilibrium is reached at the interface.

- ail the cations contained m the grain are r:,cb:ie ;.:: h
the same diffusion coefficient.

This model gives the asymetrical influence of the r.zrr.z-
lity, when the equilibrium is modeled with a mass action law.
The influence of the direction is given when exter:u7; iir..tl.z:: :.
is not negligible.

Conclusion
The two models show that the sensitivity of the s&f.:r..t.: r.

curves to the normality and exchange direction can be exr'. :.::••..
by the selectivity and Donnan exclusion, with a single ner.r. ,.. : -
fusion coefficient. Since selectivity and Dcnnan exc:us:c" c..-.
be measured easily, this would allow to extrapolate 1 i: -ratzr•
kmet:c data to industrial situations where ot'ntr l-,v;r:;v:.?.":;
conditions prevail. However, a more sophisticated arprc :r:Y. si-. i>I -
be developped to take into account partial Dor.nan ex;; .:*: :.r..

Literature cited
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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-
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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
SnSbAd). 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^+< Ca^+<
Sr < 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/H+ 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 then followed by washing and
drying. The samples were ground and sieved to 100-200 mesh
size. Identification 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 CuKa
radiation, and thermal analysis with a Rigaku Denki
thermoflex Model 8001.
Ion exchange equilibria: In the forward reaction, the SnSbA
(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 0.1 Og 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.



The thermodynamic equilibrium 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, £G? AH°and £S°, 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 empirical
formula calculated by the chemical analysis was found to be
TiO2 • 0.32Sb2O5 • 1.61H2O and SnO2 * 0.94Sb2O5.« 4.95H2O 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 In K£J VS X M , which is
referred to as a Kielland plot, can be approximated to two
straight lines with a break point a_t different equivalent
fractions. The break points of the XM are found to be 0.04
for Li+ and 0.14 for other alkali metal ions on SnSbA,
indicating the presence of two different exchange sites. The
similar behavior can be observed on the TiSbA. The sequence
of the values of (In Ku)jg,'*Q is t n e same as that of the
selectivity of for alkali metal ions in micro-amounts. The
In K|J increases rapidly with decreasing Xjj^_lower than the
inflection point. The results of In K$ vs XM suggest that
there are present specific sites where Li4 can be accepted
but other alkali metal ions can not enter. The selectivity-
sequences in a 0.1M alkali metal salt solution showed Na4<
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,
hypothetical equilibrium constant in logarithm scale at 25°C,
( In KH^XM-^0'

 w a s evaluated by extrapolating to "2ero
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 terms of both contributions of a highly positive value
of (ASgjjJx-^o and a positive value of ( £H^ X)JT _ O.
The entropy producing process for Li + /H+ may oe due to net
transfer of some water molecules from exchanger to the
solution phase.
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"or the Zi.lzulz~'.cr, of t!;: rr;Cro~z~-- ion ccr.-c^tr: t icr, t..<_ c:

•.:,utticn hslcis (V = 1; •

Ths chiirtxr.; resin used in this study ;.rs ccr;r,ercicll

r.vsilablg fror, the vim riecr.cl (Budr-post, I-Iunccry) under th.

rrede- ncne Lircnd^;c-Z. In this rosin the t̂hyltr.e-cicr.'.inc-

-triccetic acid cctivj Qroupc crc covrlontly bound to c

lightly crocs-linked styrcne-divinyl bon^cno ir.ctrix.

To ootcin aquilibriun dats stctic bstch cxperincr.ts

ivere tnsde. In the resin phase the nolslities of the species

were referred to the '.vcter content of the resin, doternincd

sccording to (3).

The stcbility conot.-nts of the different .r.ctal-rcsir.

complexes v.cre cslculctcd rr.d conpared to those of th_

.'i-benzyl-ethylene-c'iciTiir.e-triccctic ccid ;.hich is the '.vcrcr

soluble nononer of the resinous active groups.

The suggested wcy of cslculctic-n is justified by tiic

rccsonoble agreement betivc-cn the netsl stcbility constants o ".

the enchored c.nd thst of the water soluble ligsnc's.
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REACTION IN ION EXCHANGERS. APPARENT STABILITY CONSTANTS
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de ROUEN, F-76130 Mont-Saint-Aignan.

In ion exchange resins , many examples of

formation of products ST2 , SmT^
z by fixation of the non

ionic compound S on a counter ion T z are known .Often S

is a iigand and T z a complexing ion. Coupled with

diffusion, these reactions can facilitate extraction or

transport of the permeant S through ion exchange

membranes. Somes examples are found in the literature

but quantitative relations between measured fluxes and

typical properties of 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 +/NHJ

jn exchange isotherm are taken into consideration.

Facilitated extraction and transport have now been extended

to other systems through a) cation (S^NHj and Tz«Ag+ with

ion exchanger in Ag+ + NH^ form) and b) anion (S*CH3CO2H

and TZ=OH~, S=boric acid and TZ=OH" {*),borate and



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 NH3 and isotherms for the NHj/Ag+ or

NHj/AgfN*^)* 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 NH^

+Ag++NH3 mixing show an NĤ /Ag"1" selectivity inversion

(selectivity in favour of NHJ when pNH3 > 4 , in favour

of Ag+ + Ag(NH3)J 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 OP DIFFUSION ION EXCHANGE KINETICS HI COF.FFLEXINO ION

EXCHANGERS

A.I.Kalinitehev. T.D.Sem"novskaya and E.V.Kolotinskaya

Instiiute of Physical Chemistry, Moscow, USSR

Introduction
The Helfferich-Tunitsky approach using one differential mass
balance equation in which ion fluxes are described by the
Ilernst-Flank relation is not applicable for the ion exchange
kinetics accompanied by diffusion of coions (Y) into grain
and 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
formation). The influence of crossing interference kinetic
effects on ion interdiffusion process is characterized in
the model by mutual dependences of diffusion fluxes of t,5-
components. The diffusion fluxes of B,A,Y- ions in this model
are characterized by the generilized Fick relation, where the
effective diffusion coefficients Da depend on the concen-
trations of counterions and colon. The kinetic process is
described in the model by the system of two nonlinear dif-
fuaion-type equations in partial derivatives.

The computerized analyses of the diffusion process allow
to come to important conclusions about influence of various
parameters of the model on the ion exchange kinetics accompa-
nied by complex formation. The following parameters of the
model were used - the individual diffusion coefficients of
ions ( J)g ,DA , B Y ); the dissociation constants ( K R S .
of complexes RB,RA; the concentration of fixed exchange
groups ( Oo ); the concentration of a solution ( Co /•

The influence of exchange selectivity (KgA/K^g) and
ions mobility ( D g , D A , ^ Y ) 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 accor-
dance with the theoretical analyses. The kinetic dependence
F(t)was measured in a thin ionite layer and concentration
distributions of free ( C i ) and bound ( Q R B ' Q R A ) ions in
spherical particle were studied by using a spherical 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 exchange selectivity on the kinetic depen-
dences in carboxylic (KB-4) and vinylpyridinecarboxylic (VPC)
ionites for hydrogen-metall and metall-metall exchanges has
been studied for a large number of the real ion exchange
sy sterna.



Results and Discussion

The concentration profiles (CB,Q R B,C^,Q^,C,) in ionite par-
ticle depend on the correlation of DA/Defactor and of
KRK/KRP. factor. The selectivity factor ( K R A/KRB) determines
the form of exchange isotherm in ionite for weakly dissocia-
ting complexes (KRJC0« 1). In presented model the kinetic
process accompanied by association is characterized by both
D A / B B and KRA/KRB factors. This result on one eide is in
contrast with physical sorption kinetics (where only the
forn of isotherm determines concentration profiles of sorba-
te in grain) on the other with kinetics of usual ion exchan-
ge (where the concentration profiles Cj, and the rate of the
exchange are determined by B/^/BB factor).

The sharp concentration profiles Cft,GRBof the entering
ion B in particle are formed if both factors promote sharpe-
ning of concentration front, i.e. if the relations Df^/D^> 1
aadKRA/KRR>1 ^oli. It is shown that the exchange rate doesn'
depend on the value of the By diffusion coefficient in the
investigated region of parameters.

The results of the theoretical analyses determine the
limits of the approximate analytical solution presented in
our paper (1.), i.e. it is suitable for quantitative estima-
tion of the exchange rate for the case of convex isotherm of
•entering B-ion ( K R ^ / K R 6

> D and if the relation DA/j)B^1
holds.

The distributions of C^,ll^i concentrations in the sphe-
rical particle sector model confirm the conclusions of theo-
retical analyses and the adequacy of the proposed theoreti-
cal model.

It is shotra that for nonideal ion exchange systems a
distorted view of the role of external and intraparticle
diffusion factors results from applying the Helfferich-Tunit-
sky criterion since the diffusion coefficients ot the crite-
rion can vary significantly while the direction of ion ex-
change alters. These results are not taken into account
previously for ion exchange in complex forming and weakly
dissociating raacroporouos ionites where the presence of free
and bound ions don't exclude. It is shown that the very slow
exchange rate in particle of macroporous ionite may be ex-
plained only by the influence of ion transfer.
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Introduction

.rccnmr. -tnd iiafr.iun are strongly absorbed on sulphonated polystyrene re-
r.s .."•:• .vex 50 * ) . The unusual high selectivity at high loading of the re-
:.-. c'.-.r.-rr.srs *;tr. a very slow exchange rate. A proton NMR study indicates
.ir ~c*h Jr(IV) ana Hf(IV) ions are almost completely dehydrated in the
it;~n excr.ance r<?s:n.

Results and Discussion

*. was srw*-n by saturation of Dowex 50 cation exchanger that zirconium
-•I ::a:'r.iun are aasarbed as divalent ions (e.g. 2r(0H)|+ or a polymeric
:rn,'. The selectivity constants of the exchange Zr(IvyH+ and Hf(IV)/H+

O.-O obtained from batch equilibration experiments. The concentration equi-
:n.-i-jn constants, corrected for the activity coefficients in the aqueous
rase (i), increase by a factor of 10° with increasing loading of the ion
\.-f.̂ru;-:-:* ̂ J :a sr.c-.vn for Zr(IV) in fig. 1.

.: :r.:r-.c-,;yr.-r.ic equilibrium cor.star.t (K ) v.-as calculated usir.s the n-.ethod
: _-;-ines ar.d Thcnas (2) to correct for the activity coefficients in the

In K = -1 + r In K .d S ua o c H

with Bu the equivalent fraction of H* ions in the ion exchange^. The re-
s-ii.ts,"summarized in the table indicate that the large decrea: of fiG is
"iue to a very large increase of the entropy (AS°) since flH° i. positive.
The values of £Hy and iS° are much iarger than the data for o er di- and
trivalent ions as reported in the literature, they are consist nt with a
r.echanisn that involves the dehydration of these metal ions in the ion
exchanger.

Table
K '.298 X) AG (kJ/mole) AH (kJ/mole) iS (J/mol.K)

ZrdVJ/H1" 7,8 103 (- 0,2) - 22,2 41 212

Hf(IV)/Hf 5,1 103 (i 0,2) - 21,1 32 178

Proton HMR-spectra of Dowex 50, in the H -form or saturated with metal
ions, show two resonance peaks. The chemical shift (5) of the peak due to
hydration 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 rhese in aqueous solution (the solid line in the figure) except for
ZrilV) and Hf(tV). The effective hydration number fh) of the different
<--sc;or:s wis oct-iined from the temperature dependence of the chemical shift
'" . '•• i.;-'E ->.r:us obtained for the cations in the resin phase generally
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agree well with the data in the literature; the hydration number of Zr(IV)
and Hf(IV) however are very small (0 < h < 0,4) and support the conclusion
drawn from the thermodynamic data.

(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)

Zr[!V)\
HrBV)

Fig: 2

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

Fig. 2 : 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.



THP-02

•Y tF =-UILI3RIA IN A THSHE PHASE SYSTEM CONTAINING ION

•\J -.Z2ir:. ZLECTACL/TE SOLUTION AND GAS

'•" • - Incrsuy, Z.

;ort^ent of Analytical Chemistry

.v-rsity cf Veszprun, H-8201 Veszprejn, Hungary

~.',o rc-"ovai of nitrate ions from drinking water can

jffiCicMtiv be carried out on a HCQZ-form amon exchange

rrs-n. The process is economic only if the abovs resin is

r.vailciblc (the spent resin can be regenerated) at a reason-

able coot. According to our experiments an economic regener

ation can be achived if the spent resin is first converted

Lnzz CM~-forrn then to HCOl-fortn by a treatment with carbon

JlCXiCO C2 [ ]

The lecture is concerned with the derivation of the

equations used for the quantitative description of the

equilibria in a thres pnase system containing

r.CH, _ ̂/iC-iCO-,, ̂ /'CO- . ^. The presented system of equations

ore also usea to calculate the equilibrium composition of

ths solution and resin phases as a function of the pressure

of the carbon dioxide gas. The theoretically calculated and

the experimentally obtained degrees of resin converions

(xHCO-) are in a good agreement. From kinetic point of view,

rhs concentration of the KHCO_ solution and the pressure of

the CCO g3s seems to play an important role.

I. Incredy, 3. - Marton, A. - at al.: Hungarian Patent

No 4039/1983.
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THERMODYNAMIC DATA FOR SOME ANION EXCHANGE REACTIONS

Mar ton, A. - Inczedy, 3.

Oepartment of Analytical Chemistry

University of Veszprem, H-8201 Veszprem, Hungary

For a considerable group of cation exchange reactions

there is a well known linear relationship between e.g. the

LC° values and the reciprocal crystallographic radius of the

cations. A similar, generally experienced relationship does

not exist, however, for a larger set of different anion

exchange reactions. When the In l< 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.

Thermochemical parameters (l< , A G ° , iH° andAG0) for

the anion exchange reaction

RA + B" ^=i RB + A"

were determined by static equilibrium and precision calori-

metric measurements at 25 °C. (A" * Cl"; B~ = C10~, i", Br",

NO~, HCOj, ClO~, BrO~, I0~ and OH").

It has been found that for the above mentioned exchange

reactions the AG° and AH° values show a well defined linear

relationship as a function of the so called thermochemical

radii of the exchanging B~ ions. These latter parameters

were calculated for the anions interested by the K8pus-

tinskii equation using relaiable values 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-

tion prevailing in a solid crystalline phase.



c:: -,UILI5RIL^ A:.D ^L.^.C3Y:;A-.IC3 C ? HYDRAIIC:;
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Cdessa State University Physics Research

Institute, Odessa, USiJR

Introduction

At present, a -.vealth of experimental data concerning

water vapor 3crptioa (hydration isotherm) by ion-exchan-

j2 resins has been accumulated using sorption, spectral

and other techniques. Hydration isotherms are usually in-

terpreted, assur.ing that the initial resin samples are pre-

dried in vacuum at a temperature that keeps their struc-

ture intact with the water having been removed. It is com-

-on. knowledge that themolabile anionites dried under such

conditions still retain 2 to 4 percent of firmly bound

residual water. Conditions for obtaining absolutely dry

anionites without changing their structure during deami-

nation and degradation regain to be elucidated, and that

ia why so~e aspects of deteraination of pre-adsorbed (re-

sidual) soisturs (E) call for systematic investigation.

Ihere is also lack of data on the relationship bet-

ween H value3 and sample pre-treatment conditions, the

characteristics of the polyner matrix and the nature of

the iono<jenic groups in ion-exchange resins.

Results and Discussion

An aquametric micro technique is proposed for mea-

suring the pre-adsorbed (residual) moisture (IL,) and

equilibriun coisture content (H) in macroporous v/eakly ba-

sic anionites and their gel analogues directly in the

course of derivation of isotherms of water vapor sorption

in a vacuun system, using a .-codified LlcBain balance.
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The absolute values of H and H 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/p_). The

paper shows the relationship between the fi value and the

sample pre-treatment conditions, characteristics of poly-

mer matrix (basicity and porocity) and the nature of the

ionogenic groups in ion-exchange resins. It has been es-

tablished that in terms of the BET theory hydration para-

meters and specific anionite surface depend largely on

the E value. For instance, in the case of stroi:cly ba:;c

anionites AB-I7I and AB-I7-8 which contain quaternary

ammonium groups, the degree of hydration in the B-T region

may be larger of effective capacity (h) of the IiL'T mono-

layer, the value of h being apparent. It is shown that

the specific surface calculated for water ( Sg «) from

aquametric isoterms using the BET equation obviously cor-

responds to the actual hydrophilic surface as compared to

the Sg 0 value calculated from gravimetric isotherms.
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DIELECTRIC RELAXATION IN ZEOLITES

Szasz. A. - Sayed Sabet Abd El Rehim - Liszi, 3.

Department of Analytical Chemistry, University of Veszprem,

H-8201 Veszprem, POB 158.

Jielectric studies have been made over the range of

ZCC Hz to 1 flHz and 260 !< to 298 K in Na+, K+, Rb+, Cs+, NH*

and CH,riH* forms of synthetic Linde A-type zeolite. Ion

exchange was carried out via batch method, the degree of

exchange 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

( S and <o ) were determined. Arrhenius activation energy
' ill 3rC

of the process was calculated from the temperature depend-

ence of <o_ • Comparison of the effective dipole moment and

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,

1.0t

^ logo

Fig. 1.

The imaginary part of the permittivity as a function

of frequency and temperature.

Fig. 2.

Cole-Cole plot for the K+ form zeolite. The semicircles

indicate Debye dispersions.
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O;I of Zxc'-iange and adsorption Processes
in 45Ca-bentonite/54.'.lH2'1" System
/. K'onya and A. Hgrgitai T6th2

Isotope Laboratory of Kossuth Lajos University, Debrecen,
-Hungary
Chemistry Department of oessenyei Cyorgy Teacher's Training
College, T.yiregyhdza, >i

Introduction

:t is important to determine at the thermodinamie and kine-
tic evaluation of the parameters of ion exchange processes
•:l:f>tker the reaction partners take part only in exchange or
i:-i other processes as well, in this work a theoretical inter-
pretation is made for the separation of the ion exchange and •
ot'.cr processes v.-hich are explained as adsorption processes.
C:'.r -lethcd is used for the exchange of mono- and bivalent
c-itions . In this v/or?« the surface processes between ̂^Ca-
bcntoKite and ̂  .'.'.« are examined.

Experimental

~oth the amount of 5*?.:n2+ joint to the surface and the amount
of 45Ca2+ got into the solution are measured in order to
decide u-hether the results of the theoretical calculation
give a close picture to the reality. It is easyly carried out
v/hen v;s use radioactive ^Ca-bentonite and "AIM ions.
5O ir.g ''^Ca-be^itonite is added to 20 cin? destilled water or
to CaCl solution is pipetted to the system at 0, 25 or
40 °C. After attaining the equilibrium the phases are sepa-
rated and the activity of *^Ca and ̂ *.M;i as well as pH are
measured. The amount of the adsorbed Mn can be calculated
from the experiment as the difference between the amount of
MM j'oint to the surface and the amount Ca got into the solu-
tion.

* ;. \<t>v:a, Cy. Filep: ^grokimia 6s Talaj tan a£ /I078/ 65-76.



Results and Discussions

The sorption of Mn2* ions can be described by an isotherm
of langmuir type:

f l l \ ( r n l
/I/

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 54Mn in the solution
or on the surface respectively /as a part of the total acti-
vity/, f and z are the numbers of the active places of the
exchange and adsorption, K £f(cCfl)J i s as follows:

K [ ' ( ' C a ) ] - K ° M n ( 1 + ^ J " '
Ca

,o j ,,oK°tAn arie* K°Ca are *^e so^M^^^*y °f t'1* pure Mn-beiitOMite
end Ca-bentonite. \'Men we v/rite down the LongmMir's ec?Motio:i
of the exchange and the adsorption separately and take into
consideration the law of mass action, the Equ. 1 has the
following form:

Ad-Mn ( z .
 cCa I

cMn \ ^ T H ^ M H U / cUn

1

X is the selectivity coefficient. From the slope the numbers
of the active places of the adsorption can be calculated.
The theoretically and experimentally determined amounts of
the adsorbed MM are in a relatively good agreement.
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STUDY 0? KEEIICS OP ION EXCHANGE HT SER3ARY SYSTEM

Na+ - Co 2 + - HI 2*

J. Plioka. K. Stamberg, J. Cabicar, 7* SpSrlSkors!

Technical University of Prague, Faculty of Huclear

Selene* and Physical Engineering,

115 19 Prague 1, Brehova 7» Czechoslovakia

Introduction

In the present work we hare studied the behaviour

of two components with Tery close properties (i.e. Co2+,

::i2+) In ternary system under unstatlonary conditions.

The verification of the kinetic model based on equations

of nonequillbrlum thermodynamics was performed*

Experimental

The equilibrium and kinetic experiments were studied

on the model system Ha* - Co - Ni - strong acidic

cation exohanger OSTION KS 08. In each type of experi-

ments binary and ternary ion exohanges (Ha* - Co2+,

:7a+ - Ili2+, fli2+ - Co2+, Ka+ - Co 2 + - Ni 2 + respective

- the bar denotes the initial fora of ion exohanger)

were studied. The initial composition of the solution

for all kinetic experiments was 0.095 M Co(N0O2 +

0.005 U Ni(N03)3 •

Kinetic Model

The Stefan-Maxwell equations were used for descrip-

tion ai difusion of counterions in ion exchanger particle



(ratt controlling step). Using the assumptions generally

accepteble for Ion exchange on strong acidic cation

exchanger (1) we obtained the following relations for

difuslonal fluxes 1^ of counterions in ternary system i

where the coefficients B^ (l,j • 1,2) depend on Stefan-

Maxwell coefficients, charges and concentrations of all

components In system*

Results and Discusion

The nine Stefan-Maxwell coefficients necessary for

calculations of kinetics of ternary ion exchange were

obtained from (i) the results of above mentioned binary

ion exchanges, (ii) isotope exchange Na+ - Na+ (2),

(ill) literature data (3). The comparison of calculated

kinetio curves with experimental ones are in good agree-

ment* All realised experiments as well as all calculations

confirmed that the ratio of nickel and cobalt is not

constant during ternary ion exchange*

References
(1.) Helfferieh,F«, Ion Exchange, L'cGraw-Hill Book Com*,

Inc., New York, San Francisco, Toronto, London, 1962
(2.) Plicka,J., Cabiear,J*, Gosman,A., Stamberg,K*, J*

Radioanal. Nuel. Chem*, 88 (1985) 325
(3.) Lobo,V.M.M., Electrolyte Solutions: Literature Data

on Thermodynamio and Transport Properties, Coimbra,
1984
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Introduction
Studies of a:r.Tor.ia sorption on cation exchange resins

are of interest because they are used for removal of a.uT.onia
fro.r. ̂ aseoua r.ixtures. A variety of processes exists where
diffusion in pcroun reoins in of interest too.

Experimental
Ir.vejtir-stion .vaa carried by means of vacuum adsorptionai

ac-irit'is .vith ;,:c3air:-?a::r's scales. The equilibriur. aorption
•.va.i .rcicur-.d at 2vci:f t;ie pressure range was from 0 to 150
Torr, ::ir.ctic:: - at 1, 6 and 30 Torr. We ujed cation exchar.£e
rc^ir. 1.V-J:3 (10, 15 ar.d 3C.J cross-linking) in v/nich the natrix
r-3 a copoly.-.ar of ntyrcne and divinylben3ene and the ionized
,;roup3 v:cre culphonate croups.

liesuits and Dincuc^ion
;;.e :;crrtion icothcrr.s of ar-T.cnia by Cu -form resin

:ri rr.cv.n in ?i^urs I. They all have identical forn which is

?•*.<•;.!. -he corption isotherrs: •
I-IO/SG; 2i-^C/I0C; 3-I5/IOO;
4-3C/I5C

Fig.2. The kinetic curves.
15/100: I-2j2-6;3-30 Torr
30/100: 4-2;5-6;6-30 Torr
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analogous to Langzuir isothers. The equilibrium 3orption

depends on the level of copper ir. sorbent only and doesn't

depend on the cross-linking percentage.

For studies of sorption kinetics of ar.v.onia we used

I5/IC0 2nd 30/100 resin modifications. They had identical

equilibrium sorption and differed only in cross-linking per-

centage. The kinetic curves K(l) are shown in Figure 2. It

is obvious that the increase of pressure produces only the

change of the process rate, but doesn't influence the cha-

racter of the process in case of 15/100 resir:. But in case

of 30/100 resin the character of the process is changed at

the final stage.
Table

Scsin : p, : k/Rj'IO4 : Dt/R?"IO4 : JVlO 7 : D4-IO
14

—I —I 2 2:Torr; s ; s ; err, /s ; cr. /s
2 2.54 2.29

15/100 8 2.60 2.61
30 4.II 3.65
2 4.53 451

30/100 fa 7.98 69.3
30 9.46 6.36

Values of kinetic parameters derived froi:; the equations

in "biporous" riodsl (I) are listed in the table. Sinbols are

those as in (I). The kinetic curves and values of parameters

permit to make the following conclusions. Diffusion in the

transport pores is the limiting process at the initial stage.

Diffusion in the .-nicropores is the limiting process at the

final stage. The pressure increase leads to the increase of

the diffusion coefficient D^ . Diffusion into ;r.icropores

doesn't contribute significantly to the equilibrium sorption

provided the pressure is snail. If the pressure is increasing

the sorption kinetics of arr.onia in case of 30/100 resin has

two stsges. A first stage is observed during which only

aacropores sorption occurs followed by a cuch slower second

stage during which nacropore sorption is at equilibrium end

only micropore sorption occurs.

References
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ION-EXCHANGE MODELLING IN CONTAMINATED CROUNDWATER

1 1 2
L.Sovadina , P.Konosavskij and I.Landa

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 following systems of differential equations

where n-porosi ty; Ca,C. -anion -.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 equationO)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 contribution summarizes our experience with the solution of
the equation(i) 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
groundwater.
The results are demonstrated by the figures and tables.

References
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T.3» Soldatov, A.A. Shunkevich, and G.I. Sergeev

Institute of Physico-Organic Chemistry of the Byelorussian

Academy of Sciences, Minsk USSR.

Ion exchange fibrous materials open new technological pos

sibilities in gas and liquid purification, preparative chro-

aatography, extraction of valuable compounds from gaseous

and aqueous media. Their main advantages compared to indus-

trial granulous ion exchange resins are: a high rate of an

ion exchange process (caused by a small diameter of monofi-

laments ranging from 3 to 50 mem), a low and easily contro-

lled resistance of the ion exchange filters to the flow of

liquids and gases, the possibility of using in various physi

eel forms such as column filters, conveyer belts, thin lay-

ers, etc. A small diameter and a uniform fibre thickness

provide good chronatographic characteristics of these mate-

rials. Natural elasticity of the fibres permits retaining

the integrity of an ion exchanger layer. It also provides

constant geometric dimensions of the filtering layer in the

column independently of the swelling of the ion exchanger

in different ionic forms. The resistance of the filters to

the flows can be easily controlled by density and 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 are represented by strong-

base and strong acidic ion exchangers analogous to the

spread granulous resins, carboxylic ion exchange fibres,

weak and medium base anion exchangers with imidazoline func-

tional groups, polyampholites and a number of special func-

tional! zed fibres. The applicability of these materials

illustrated by several examples such as removal of acidic
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impurities from air (SO2t HgS, etc.)* reaoyal of heavy me-
tale from aqueous media (Hg, Pd, Cu, Cr(VI), etc.), chroma-
tographic aeparation of alkali metals, halogenides, heary
metals* amino aoids.

The studies performed show a high efficiency of fibrous
ion exchangers of the PIBAN type.
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SEPARATION OF PROTEINS BY HIGH-POROUS HYDROPHILIC
ION EXCHANGERS

Takaharu ITAGAKI, Eiii MIYATA and Hiroshi KUSANO

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

INTRODUCTION

Separation and purification of various proteins by
SEPABEADS® 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
ha/e 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-
ly in large-scale, industrial processes.

EXPERIMENTAL

SEPABEADS FP Series used in this work are lirted 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.S N HC1 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/cm2#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 is easily accomplished by selecting



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
Group

. Pore Size
(70-100A) (300-500A) (1000-2000A)

SEPABEAOS

FP-HG
FP-DA
FP-HA
FP-CM
FP-BL

FP-OT
FP-ZA
FP-CL

-OH
-N(C2H5)2

-NH(CH2)6NH2

-CH2COOH
Cibacron Blue
-O(CH2>8H

-NHCH2-©
-N(CH2COOH)2

3G-A

FP-HG20
FP-DA20
FP-HA20
FP-CM20

FP-CL20

FP-HG13
FP-DA13
FP-HA13
FP-CM13
FP-BL13
FP-OT13
FP-ZA7 3
FP-CL13

FP-HG05
FP-DA05
FP-HA05
FP-CM05

FP-ZA05

Standard particle size : 120/lm in diameter.

MWtHJC
• Aliumia

KW:«7K
A.J'HSlobuUa

(WttSOK

SMALL-^-PORE SIZE—=»IABGE

FP-DA20 FP-OAn FP-DA05
Fig.1 Pore «iz« of FF-DA vs.
protein capacity(in 0.1M Tris-
BC1 bu££«r of pH 7.50 at 10*C)

0.2 0.4 0.C 0.1 1.0 1.2 1.4
The amount of functional group

(•q/lR»sin)(•q./lR»sin)
Fig.2 Functional group v«. Albumin
capacity(in 0.1M Tri«-HCl buffer
of pH 7.50 at 10*C)
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MCNC- AND DI-ALCGEN-DSRIVATIVES OF POLY/ST-CO-DVB/SULFONAMIEB

K.Bogoczek and E.Kociolek-Balawejder

Institute of Chemical and Food Industry,
.•-.ciiasy of Economics, Wroclaw, Poland

Introduction

In this wcrk, novel reactive resins, which are halogen deriva-
tives cf r.acroT)orous poly/St-co-DVB/sulfonanide characterized
by zr.i following functional groups, are presented{i ,2) :

0 0

— 3—N Ka* — S-H^

* i X-Cl,Br,I i X

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

Experimental

In the experiments a macroporous poly/St-co-DVB/sulfonamide
resin /ZkK/ has been used. It was obtained as the result of
following reacti ans:

PC1--P0C1, NH, aq,
-- -:c3H 2 i- §-S02Cl ^ ^ §-S02NH2

where § - means a macroporous St-co-DVB matrix.
\ commercial sulfonate cation-exchange resin WOFATIT KS-10
/produced by Cheraiekombinat Bitterfeld, OCR/ was used as star-
ting material. This resin is a macroporous styrene- ca. 20#
divinylbenzene copolymer.
Tr.a halogen derivatives of this copolymeric sulfonamide were
obtained in two different ways:
A - by the reaction of SAR with NaOCl, NaOBr and NaOI to ob-

tain monohalogen derivatives
- by the reaction of SAR with NaOCl, NaOBr and NaCI in an
a-mecus acetic acid medium to obtain M,N-dihalogen deriva-

NuCX ^S^ X HCX



B - by the reaction of the appropriate halogen derivatives of

SAR with the aqueous solution of alcaline metal bromides

or iodides according to the following reaction:

2 2

N a I~- §-SC2NINa

KaBra * S Q N 3

Nal ," 2 2

§-S02KBrNa N a I - S-Sg

§-S02NBr2
 N a I - §-S02NI2

Results and Discussion

By means of two different synthesis routes a number of novel

comparatively stable products which contained active chlorine

zr bromine or iodine in their functional groups have been ob-

tair.ed. Except for the N,N-diiodo-poly/St-co-DVB/sulfonamide

those resins were obtained in high yield /i.e. uniformity of

functional cro-?s/reaching 85-100.S. The obtained products show

I; ffcrc-t -'ntensity of the following properties:

- cition-cxchanging /only the N-monohalogeno derivatives/

- disinfecting /in contact with water or aqueous solutions/

- oxidative / in aqueous media/

- halogenating /in contact with aromatic or aliphatic compounds/

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 inor-

ganic synthesis /both in halogenation and oxidation/, steri-

lisation of solutions, stopping and preventing fermentation,

water processing.

References

1. Y.Nakamura, J.Chem.Soc.Japan, Ind.Chem.5ect. 195A, £2, 816,

C.A. 1955, it2, 10661b.

2. R.Bogoczek, E.KocioJek-Halawejder, Polymer Comm. in press.



- -: - MO-04

..--•.._ -•̂ .—-Jli.i CF ALKALINE IONS ON ZINC FERROCYANIDES

-'iT.-^'lriil * sna n. FedoroH -'

i:;r-r.::re a Analyse car Activation P. Su«
. -.. •:. Ssclav, 91191 Gif sur Yvette, Franc*

c-'-'.'-o : ' iltufles de CHiinie Metallurqique
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'zzi.:.. c- terroc van ides can be used as fixators for a
c.T i;..;rwts. They n&\/e been already involved in the
-;->c-.cn ;t caesium from radioactive liquid wastes.
.-.-tilted cur stud/ to two types of zinc f«rrocyanides

• •?* '.• ;rn,t .jt*mity for Cs* ions. This work was
r-a t!-.> '.m-jerstandinq of~""the fixafion mechanisms of

•:• :cn-, :n ̂ rcsr ta determine the optimal recovery

:". -ii fn W.--5 oimeved through the study of the
;•.' cr tio • c-rracyanide composition and structure, a
r, v.;on CT tn« kinetics and capacity, a study O'f the
.'.;cn o» cng 3oi".d at each step of the ion fixation
r t r.-(.? -jsr? c+ Gi + +'erent methods: radioactive tracers,
.. -••.-;r̂» ic.n , x-ray di f-fraction, potentiometric

iiTit-. in :rapr *• mcdel the experiwental kinetics,
of sodium in a

• ' - -..j i'.•'.•: crcducts nave been prepared Dy various
--./•-: jir.j'jt Br-C'Cinitation with sodium or potassium
>-'f.;:/MiioB dna various Zn:Fe ratios; precipitation with
"-•:..••.mane scia GDt'jinea Dv exchange on a cationic resin

n K:r<:\ :•".-.'.> t:.r not or an alkaline salt (Na+, K+) . All
.'• •• •••:.' . r. , *jc?rc? .snatysea -*or tnoir composition by several
r-..,:.... LCi"CiCsi tiens close to aetinite -formulae were

• --.-iff.:, 'no !Tu;;ea ferrocvanides belong to the
•• :.i./ f-r: 'urn,./ ... -trlvU serieBj« l sH, Na, K, Cs)
• ir.:i :• r ".omiaearic •structure R3c. Pure sine ierrocyanide,
. f •-• Z-ii,., xH-J r.as a triaonal structure.
'-• r,>i-.r a-.copic poraiity o+ Na. 2n ,/Fe <CN) ,,/v seems

rj jo -i.r.iljr no moiecular sieve 4A.

rt-ie kinetic of sodium self-diffusion in this product
• ,c. 51:. on 'studied. The *errccyanide, labelled with the
•••> i-.2tc.pe. wr^ Disced in an inactive sodium chloride
.'..•.'.;.;p. \ra t.ne activity ot' th»? •aoiution was ouoted in

r: . •-. c:no. "tu? ejjilicrtmn was reached within 20
- -.•• . "•••' • • z^r \ frr.T.t :̂l 'lasults were coma-ared to different

• .'••-• i •-.-.r'elc: r o y d s law related to diffusion into
• . .•.•»••) •" iif'j'iisn t n r o u q n a o o u n d i n q l i q u i d f i l m .
• • ••. :.<'. • - 1 : f »\i'ii sn t e p m s to c e c c n t r c l l e d t»v t h e



speed of passage thrpugh th» surface barrier. The high
self-diffusion coefficient in the solid is related to the
ionic conductivity measurements and explained by the partial
occupancy of the possible Na sites in tne crystal structure.

The study 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 radioactive15"Cs isotope. Atomic
absorption spectroscopy was used for the determination of
the elements found in solution after exchange. The
absorption on Zru-FeCCN),., needs more than 70h,
while on M's.Zn.--./F«(CN)<>/s the absorption is achieved
within an hour. The capacity does not exceed 1.6 Cs atom

per one Fe atom in the first product. The expected
CsrZnFe (CN),, formula was not achieved. The
capacity is limited to one Cs atom per Fe atom m the second
product. The kinetic experimental curves of caesium fixation
cannot be related to a single mathematical moael. Caesium is
partly retained by cationic exchange with the alkaline or
zinc ions and partly by molecular adsorption of a caesium
salt.

The results about the5 kinetic studies let us predict
that mixed al kal ine?-zinc f errocvanides. are the most
efficient products towards caesium decontamination in liquid
radioactive wast.PS. Until now, their use was limited because
they could not be produced under a convenient form tor
liquid chromatography columns. We have found a new
preparation procedure leading to large particles (mean grain
size: 0.25mm) ana a patent has been deposited on this
subject.
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Introduction

fhe advantage of inorganic ion exchangers - high selectivity
to given iona - ia generally accompanied by some drawbacks,
mainly slow kinetics of ion exchange and poor mechanical pro-
perties* Various attempts were made to improve these charac-
teristics (1). Titanium hexacyanoferrate (TCP) synthesized
under special conditions (2) proved to be a very efficient
aorbent of caesium ions from aqueous solutions, even in the
presence of competing potassium and ammonium iona in consider-
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
^_Cs* from aqueous solutions containing competing cations
of various concentrations was studied using the aorbent
samples comprising 23 % TCP*

Results and Discussion

Various samples of the composite aorbent were synthesized,
comprising up to 45 % TCP* The spherical shape and good mecha-
nical properties of the sorbent grains are determined by the
reapective properties 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 caesium ions in
the range of 1H? concentrations 0*01 - 5 nol/dnr is about two



orders of magnitude higher than that of eulphonic resin, Do-
wex 5O7.'x12, and more than one order higher than that of phenol*
sulphonic resin (the matrix). The distribution coefficient* of
Cs* on the composite sorbent are as followst K ^ t O ^ cn^/g at
[raj] <0.01 ool/dnr3, K d « 1 0

4 at [HHJ7"°«1 mol/dm3 etc. The ra-
te of Cs + sorption on the composite sorbent is much greater
than that on pure TCP, which is obviously due to & larger sur-
face area of fine grained TCP particles in the porous matrix*

Another important improvement of the eorbent properties is due
to the decreaoed solubility of TCP implanted Into the matrix*
The leakage of Pe{CN)g to the purified aqueous solutions
falls from ca« 10"5 mol/ia? for pure TCP to less than 10
mol/dar for the composite sorbent*

The composite TCP/phenolsulphonic resin produced from cheap
and easily available materials is thus a convenient sorbent
for efficient removing radlocaeaium from acidic and neutral
solutions trhich oust not be contaminated with other ions*
25000 sorbent-bed volumes of the simulated primary coolant of
a nuclear reactor (WWER-440), containing K+ and NHt in milli-
aolar concentrations, were purified that way froa carrier free
*^7Cs with the decontamination factor greater than 200 (3)«
Other possible applications of the composite sorbents in ra-
diochemlstry and nuclear technology are discussed*
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INTERCALATION OF AROMATIC COMPOUNDS INTO ZIRCONIUM

PHOSPHATE TYPE MATRIX

L. Szirtes and J. Kbrnyei

of Isotopes of the Hungarian Academy of

Sciences, Budapest, Hungary

.': is ^nown tnat these types of intercalation complexes

importance in labeling of the aromatic ring

Thus these complexes could have interest in

aI practice. However the aromatic compounds

•<::n rmn formation could not be directly intercalated in

nirccmum pnosohate type matrix because of we tried to

3btaxne them with various methods.

ror the ^reparation of above mentioned complexes we have

jot <2.roa results with tne following methods:

.i/ intercalation into alfa-zirconium phosphate

via its ethanole complex;

,'ii.' intercalation into alf a-zirconium phosphate

and its derivatives after defoliation of

-heir layered structure.

..a collected here the results /XRD and thermoanalytical

investigations/ concerning alfa-zirconium phosphate,

zirconium-Zcarboxy ethane phosphonate/ and zirconium

carboxy ethane phosphonate-phosphate containing

m-amino-phenol, m-amino-benzoic acide and m-amino-

acide.
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MIXED INSOLUBLE ACID SALTS OF TETRAVALENT METALS - III
CRYSTALLINE MIXED HAFNIUM-TITANIUM PHOSPHATES

S.K. Shakshooki, J. Kowalczyk, S. Khalil, 0. Azabi and
N. Naqvi
Department of Chemistry, Al-Fateh Univernty,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 HfTiP 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 •< -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

TiCl in 6M acetic acid was mixed with 430ml of 0.32M of HfCl

in 4.5M acetic acid and this mixture was added to 400ml of 121

w/v H,PO . 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 H.PO 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 HfQ 7 8Ti Q 2 J(HPO 4) 2.H 2O. A similar method

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

Table 1.

(ii) HF-method: Conditions set by earlier workers (6) for the

preparation of ZrP and TiP were not found suitable for the

best recovery of the mixed HfTiP cr ZrTiP (^). Typical pre-

paration: To 200ml of 8.1M H,P04 w a s « d d e d * mixture of 30ml of

1 . OM TiCl, in 2M HF and 20ml cf 0.5M of HfCJ. in 3.0M HF kepr.
4 I

at 60C° for 1-2 days. The formula found is: HfQ 7eTif/ 2 2

(HPO ) ,H,O. Rest of the compounds shown in Table 1 were

prepared by the same method.



• • -• J . -. 3 .snJ r:oCU35ion

. • • . • i •- :•:o :':r.il products from th« HF-sourcc is

•.-.;•. •.:•.•• .•:: ; : i ratio is used in the original mix-

• •••. . • -. .• :-i : i.-our c: Hi even when large excess of Ti is

:-:. ;r lonivio'jr W J S DDserved for ZrTiP ( 4 ) . The com-

•_ : - - : •.:.••? reil-ixoi samples does not change. X-ray diff-

• :: i-.' wov tn.Tt the nixed HfTiP are in O«-2rP crystall-

: •-•-. .<-r.ar.ie c.iracities for these ion-exchangers for

, .•..: lr.J C: iro Tiven in Table 1. (R « reflux)

.. . •:• ". f:.< - h-ame capacities mmol/g at pH«5.5

•:••>. I'cr.ponuion i Method j |

K I Rb::f Ti

: . .')

• . 7 rt , 0 . 1 2

! Ma

H? 3.53 ; 3.83 I 2.29

Ca

1 .73

'/. / J.

H

KF

i 3. 77 ! 4.50 2.29 0. «2

i 2 . 8 2 ) 4 . 1 0 2.54 0.89

i 2.55 j 4.30 1 2.541 0.93

H "

R

2 .

4 .

52

1 6

29

! 4 -
t

1 4 .

1 4 .

1 0

20

30

1

1

1

.27 |

. 7 8 |

. » |

0 .

0 .

0 .

5 0

4 8

48

•:.:.» ; o .6d

v . 4 "; ' '1 . f,'l

n :.j!iicic?s 1 - :i t h e s e l e c t i v i t y s e q u e n c e i s : K > N a > R b > C s b u t f o r

wri.5.1 ••> .inJ 7 t h » s e q u e n c e i s K = . N a > R b > C s . T h i s a l s o s h o w s

i-iat -l it-or ia i s prepared from both reflux and HF-method, the ex-

iiiin-je c.iD.ici'y of N\T increases with the increase of Ti in the

•-.. n - •• < ~ h a n a o r .

i ^ i ' i v i c j i o n e n t to L. S z i r t e s , I n s t i t u t e of I s o t o p e . B u d a p e s t .

his w.-,ric W J S s u p p o r t e d by S e c r e t a r i a t of S c i e n t i f i c R e s e a r c h
• i \ I ;.•/.! , S P L AJ .
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POLYPODAJOION-EXCHANGERS. A HIGHLY SELECTIVE AND CAPACITIVE
STRUCTURE FOR MERCURY

M. Lauth and Ph. Grwwin

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 ligands (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 cross linked 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-
precious, 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 example it decreases
from 3 meq/g in 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.Enji. 18, 753, 1979
(2) S.L. Regen, Nouv.J.de Chimie, 6, 629, 1982
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CATALYST

Ferenc Jod
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Fixation of ionic ligands suitable for formation of

transition metal complexes on ion exchangers receives

increasing attention because of its importance in catalysis

ill, chemical analysis 121 and recovery of precious metals

/If. Of these ligands phosphines bearing either cationic /e.g.

-URt/ or anionic /e.g. -50.1/ substitutents play an outstanding

role III.

It has been shown previously that Rh- and Ru-complexes of

a sulphonated tripnenylphosphine /m-sulphophenyl-diphenyl-

phosphine, mSP02/ 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/mSP02/,, especially when supported on an

ion exchanger, is in its high susceptibility towards hydrolysis

resulting in the formation of catalytically inactive, un-

identified dark brown species.

We now report that applying Rh/OAc/mSPBp/j instead of the

chloro-analogue Tiakes the preparation of stable and active

supported catalysts possible. In hydrogenation of crotonic

acid the catalyst retained most of its specific activity as
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compared to that shown 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/ /mSP02/j.
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Introduction

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

-CH--CH- . ™ a w H-0 -CH--CH- ^ .„

CK d d C-0 5

U»s are shown in Table \) KH-R-KH2

The fraction of converted nitrile groups in the modified
3orbents 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(IIJ. 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 a-ninolysis was carried out with
hydrazine (A), ethylenediamine (B), diethylenetriamine (C;,
and triethylenetetramine (V) as described in (5). The porous
structure of the products was characterized as usual {2,3) and
the ion-exchange capacity was determined U3ing the Hecker
method (6).

Copper was sorbed from CuCl2 solution (4-00 mg/dm3j at pH»5 in
batch experiments. 0.2 g of air-dried anion-exchange resin
(30-45 mesh.) was immersed in 0.3 dm3 of the solution. The
concentration changes were followed spectrophotometrically.

t

Table 1. Characteristics of acrylic anion-exchangers
: • ;Ion-exchange| Sorption }
: Sample R ; capacity | capacity i

•; mmol HCl/g ; amol Cu/p|
A - :

1 B . CH2CH2 ;

!

1.
1.
I .

2.

2
2
4

75

0.4
0.6
1.14

1.19



12 36 48" 120 160 200 240 280
time, [ h 1

Pig. 1. Uptake of Cu(IIJ vs time for acrylic anion-exchangers

Results and Discussion

If the formation of a complex Cu(amine^2 is assumed, it appears
that all amino groups in resin B are involved in the complex
with Cu(II), while resin A uses only 67;>s of its groups.
In the remaining resins, some other types of complexes seem to
be formed, as indicated by the amounts of Cu(IIj per amino
group (Table 1J.
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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Introduction
Chlorosulfonyl functionalized styrene-divinylbenzene copolymers
can be obtained either by chlorosulfonation of St-co-DVB resins
or by chlorlnation of the sulfonate derivatives of St-DVB copo-
lyaers. Previously the products obtained ware not homogeneous
i.e. they contained ca. 50-80tf of -SOgCl groups and the remain-
ing amount of -SO,H 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 -SOgCl 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 Routes where the macro-
porous homogeneous poly/St-co-DVB/SO-Cl resin undergoes nucleo-
phylic substitution,

Experiaental
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 additionally 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
of 0°C up to 120°C,

Results and discussion
In the result of the various reactions a series of products ha-
ve been obtained, which are shown in Fig.1. These products have
a 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. 16 has additionally ele-
ctron-exchanging properties. 13 and 14 are oxidating and halo-
genating agents as well as dissinfecting materials for liquids.
2,3,5 and 9 are sorbents for organic nonionlc substances. 3 and
10 can serve as quasi-solid reaction media, e.g. for interphase
catalysis.

§-S02-NH/CH2/n-NH2

§-SO2-NR/CH2/n-N/CH3/3OH"

§-S02-N/CH2CH20H/n

o-,p

X • Cl or Br or I, R - H or CHj or C^HL

§ - St-co-DVB matrix
Fig. 1

Most of the obtained products have homogeneous functional gro-
ups. Others have the -SO,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-
neous sulfonyl resins it is possible to obtain more satisfac-
tory results than using unhomogeneous.
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Introduction

A t:...;__l -tzti-ity of ion exchange resins,particulary cat-
_;r. c.-cr.vi-.L'jrs is satisfactory for many applications.In ion
_:.;:.-.:.;.•.• pr-ic-ssci the temperature above 100 C is seldom app-
.i<.a.r:sv.uv̂ r,in certain regions of ion exchangers' application
, :r{.ir.ic catalysis,nuclear energetics)the thermal stability of
: ......ciriaj. cation exchange resins(suifonic or carboxylic)tur-
.-.- -;;t to Lc insufficient.There are ::any literature reports
_J^.1::J v.itiv tiicmal tciiaviour of ion exchansers(i-9)tut only
i ivv; Cv:;tairi car-prehen^ive theraal studies.Lerivato£,raphic
..:̂ :..j.nr.̂ ion of sor.e ion exchange resins was reported ty li'asy
;̂_ co-..jiiccr3(i,6}.wcvcral i-ungarian resins,anion and cation
L.i-L̂ r.̂ Crrj as v/sil a^ so.T.e lev:atit products v.ere tested,and
rcl.;-ior.st:ipi; tsr.-.een the thermal characteristics,the ionic
i\ii— oi* *.:.e rscintciivinyltensene content and dosage of radio-
•-C.1V0 v.&rG cataLlishca.I-iernial properties of phosphorylated
: olvr.c-rc .;̂ vo alco tesn reported^7-v).l'he theraal oxidative
li;;i-ai:atior. oi' pr.csphorus-containing cation exchangers was in
-v'-jti£.a1.ci ty wavaaicov and co-workers(6).A dependence tetwen
•—•-- •..;.cv,phoruc content in phosphorylated polymers and the loss
oi" •..•c-i,_:ic was cijerves ty I'ieiichowski and I'Iorawiec(7).
Lho ion exchange resins containing phosphorus in their iono-
ĉr.ic ^roui-L arc- considered to te more thenao3tatle than the
asher ones.That ie why v-e have taken the thermal studies on
the cr^unophosphorus resins v/hich had been obtained in our
IcLlor^tory.

Experimental

The thermal stability of organophosphorus cation exchangers
obtained from St-ljVE copolymers Wofatit type was studied by
:r.eans of IG-DSG-DTA techniques,For the study a Paulik-Paulik-
iiraey derivatograph(0]>1C2 KOM type,Hungary;was used and TG, •
JTG,LTA curves were recorded simultaneously.Examinations were'
performed in the atnocphere of air or argon.Measurements were
carried out under non-isothermal conditions in the temperatu-
re range from 20 to 1000 C at the heating rate of 5 deg/min,
All the measurements were performed for the resins in the H
form.The samples were dried at 105 C for 24 hours before any
measurements.Subsequently they were powdered and the fraction;
0,07-0,08 mm in diameter was taken in each case.
Cation exchange resins with gel and macroporous structure

containing phosphinic or/and phO3phonic acid functional groups
v/cre examined.The activation energies of thermal degradation >
of the -Jested cation exchangers were calculated by Horowit^-
.\etzger s method.Relationships between the thermal characte- ;
rii:ticc,*o!.e /.ind of functional group and structure of matrix ;
wcr- -.-tâ l
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hbsultr an;, discussion
It was confinies. on the basis cf our investigations that

derivatograp:;ic analysis was useful to txasinc a thvrr.il le-
haviour of cation exchange resinG.Coi:.para.tiVu results lor the
products with various functional groups,e.£.-PJ.-K. ,-K-i:. ,-
505HtC00H,can particularly le evaluated. Thernoctatilit;? :*
the oitained organophospnaruo resins in co^^ariscr. v.iti; ~u..-
fonic and carboxylic fcofatit type cation e:'.ci.:.̂ .ers a: •.•.•« 11
as with non-functionalized £t-_VL copo-ycers was ii.ve^xi^a-
ted and the general results con tc siux^ariZLd as lelcw,
I.Iuersoetatility of cation exchangerslwith the sai-c ...̂ xri;.)

is influenced by the kind of tiieir functional irv&i -.-i.e.-;;
iecocpose at first»with liLeration of ̂ ase^u^ rrcuucL.,.', • .

2.1v«;3ins containinj: phosphorus in their functic-nai rr;i;;:
s.'.ow the highest theniostafcility froru the all catioi. c-;:c::u.-
e,ers tested.Among theffi,p.icspr.inic resinc(.0or:. ) c-re raorc-
thennostatle than the phosphonic(PO,H^) as ̂ cil O.J :;.ucro-
porous products than the gel ones. ̂

J.Affiong the cooiuercial cation exchancerL, V<ofatit tyjt. ,carLc-
xylic resins(attained on the tasis of acrylic acii-.Vl cc-
poiyaers) are sore thenaostabie than th«s sullor.ic,:..ucrci--o-
rous than the gel ones.

4»3t-DVB copoiymers shov; theraostatility uj to £L-'..->1OWC ur...
proaucts with higher crosslinking(aacroijnrcui e-crueturt; -.ro
core stable to hfeat than the £.el ones.

bully caused ly hydrogen ci:lcride evolution.
6.Some of the res in tes tea sî ow an enaothcraic effectv «.•.-*...

C) connected with s p l i t t i n g off of the water iro.^ L-U.V
dried samples.

7.1henaal degradation of the na t r ix takes place alovc- the t_-
nperatuxe of 500 C.In oxygen ccdiuz i t i s CM c;:ctr.trr.ic :.r:-
ceas with weight loss of tC-ICOj. up to 1 t>OC C,while i t ic
an endothencic transfonsation in the atiiocphere of ^r/.on
which i s accompanied by the weight loss of •t6-;-i-,.,
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"tracture ar.d ion exchange Properties of Crystalline
'ntimonic Acid
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lajos University, Isotope Laboratory, Debrecen
2" Xossut>: lajos University,Colloid Chemical Department,

Cebrecen

introduction

, "tong the hydrous oxides of quiniauevalent metals the crys-
talline antimonic acid has been one of the most intensitively
studied, owing to its high exchange capacity and high seZecti-
vities for certain elements.The structure of crystalline anti-
~.ionic acid is built up essentially of two polymeric structures
based on Sb(OHj~ octahedra (I).

Experimental

~n the basis of <x-ray spectrum analyses crystal l ine antimonic
acid of great purity is produced and used as a basic material
in the experiments. The precipitate of antimonic acid was ob-
ta ined by h i d r o l v s i s of SbCl in water (2).

R e s u l t s and D i s c u s s i o n

After determining an optimal sorbent quantity measurements
are made as a constant ratio of the sorbent and solution. By
r.eans of scanning electronmicrograpks of different enlargements
the particle size distribution curve of the sorbent is made.Jt
shows that the radius of the major part of the particles tak-
ing part in the sorption is about 10 -lO'Sm. Thus, knowing
the diffusion coeff ic ient , the expected fast sorption carrying
out in lo-loo s is characteristic of the system..

References
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Under stirring the particles cf c»-t i-ionie acid cggregate end
disaggregate c-.d a divnic equilibrium state is recc'ied,\.':ic •
can be characterized by the kno--~- pertiele distribution.
The separation possibilities of alkali netal ions as a fui-e-
tion of pH ere studied by a static labelling method. T'.:e cci-
dity of the solution can considerably effect o>: the sorbed
quantity. I« strrngly acidic solutions an equivalent exc'.arre
is found for Cr'' ,ii*avid Rb*ions, while No* iof.s sorb selective-
ly. At smalle' acid concentration none of the alkali metal
ions show eq< ivalent exchange, which proves assumed adsorp-
tion process ,Fig. I. shows the behaviour of Cs*)

OJ

-0.S

-1.0

--:

OJB v>

Figl.The dependence upon the pK for the distribution co-
efficients (Kj) of Cs*ovi crystalline antimonic acid. Initial
concentration of Cs* :a-l,25' lo'hi, b-2,5- lO"3:.\,c-3,75 -Ic"3;.:
d-S.O. \O"h'., e-6,3S'lO~3M, f-7,SO'lO~h\.
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ion Exchange Processes in Systems of Zn3* and
Ca-bentonite, Ca-soil or Ca-humate by Radioisotopic labelling

!. K6nyal, K. Szabd2. M. N. Nggy3

'3Kossuth Lajos University, Isotope Laboratory, Debrecen
3 Present address: Tisza Chemical Works, Leninvaros

Introduction

The study of exchange processes between Zn3* ions and soil is
important from several points of view; zinc is very impor-
tant element in so i l s because i t i s 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 environment. These
roles of zinc prove the significance of this study.

Experimental

10 +_ 0,1 mg of the air-dry substances i s measured into a
beaker. Then 20 cm? HClO solution of pH*5,3 is added and
pre-stirred by a st irrer of constant rpm for 30 minutes.
This time is sufficient to reach the solution equilibrium
between the phases. Then the ~n2* solution labelled by a
radioactive isotope / sZn/ is added to the system. For the
dilution of Zn2* solution the equilibrium solution obtained
during the pre-stirring i s applied. The concentration of
Zn2* solution is I x lo~ mo I dm"̂  or higher. After a de-
termined experimental time the phases are separated by a
Sartorius membrane f i l t e r and on the basis of f radiation
the radioactivity of the solid and liquid is measured under
the same geometric and radiation absorption conditions.

Results and Discussions

One of the curves obtained for Ca2*-S/Zn2* exchange i s shovm
in Fig. I. On the ordinate the ratio of zn3+ ions in the
solid and the total amount of Zn2* ions is plotted. On the
abscissa the experimental times are shown.
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Fig. I.

The rate curves were (analysed on the basis of Christiansen's

rote 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. \n the

first three cases, the dominant process is the exchange of

Ca2*/Zna+, while at sand adsorption. The kinetics of the

exchange process is determined by the diffusion from the

solution and the superposed 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 PSNTOXIDE
IN PHSNOLSULPHONIC MATRIX - AND ITS APPLICATION IN MUmCll

ACTIVATION ANALYSIS

A.Bilewicx , B.Bartos*. H.Polkowaka-Motrenko2 and J.Karbutt'

Department of Radiochemistry,
Department 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 Na which obscures the gamma spectrum of the
sample* Hydrated antimony pentoxide (HAP) has been commonly
used to remove selectively the sodium ions from hydrochloric
solution* of the analyzed samples (1). The application of
crystalline HAP for this purpose is not free, however, from
substantial drawbacks, especially important in column opera-
tion* These aret slow kinetics of the sorption process, irre-
gular shape of the grains and low resistance of the material
against hydrochloric acid at higher concentrations* In order
to improve some of these properties, attempts were made to pre-
pare a new sorbent, fine grains of HAP being built in a porous
support*

Experimental

Powdered HAP was implanted into a matrix of a phenolaulphonic
reBin in the course of polycondensation (2)* The sorption pro-
perties of the sorbent obtained were studied using the radio*
tracers* The aorbent was applied in the analysis of biological
materials*
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Results and Discussion

Kew composite ion exchanger 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 K HC1* The distribution coefficient of tim*
for the composite sorbent in 7*5 V HC1 (Kj • 200 cnr/g) is
close to that for pure crystalline HAP grains (Kd • 310),
whilst the rate of the ion exchange is much greater for the
former*

The composite sorbent obtained secured efficient (>95 %)
removal of *Na from activated biological samples dissolved
in 8 M HC1* The solution was passed through the column filled
with 1 cnr of the sorbent (0.3-1 mm grains), at the flow rate
25 cm3/h.

Due to its advantageous mechanical and physicocheoical pro-
perties, the new composite HAP/phenolsulphonic resin seems
to be a very promising sorbent for routine neutron activation
analysis of biological materials*
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PARTICLE SIZE MEASUREMENT OF ION EXCHANGE RESINS AND POLYMERS

BY HIAC
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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 appropi 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 c ercome these.
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MIXED INSOLUBLE ACID SALTS "OF TETRAVALENT METALS - II1

EFFECT OF COMPOSITION ON ION EXCHANGE PROPERTIES OF
AMORPHOUS ZIRCONIUM - TITANIUM PHOSPHATES

S.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 acti_nides. 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 Hg2+ and Pb2+.

Experimental

Gels are obtained by mixing appropriate amounts of ZrOCl..BH.O

and TiCl. in 4M HC1 solution with 40% excess of H PO 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 ZrP, ZrTiP and TiP in which 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 of metal ion

in 0.1N HN03.

Results and Discussion

Chemical and thermal analysis showed that the general formula

of these compounds is ZrxTi(1-x)(HPO4)2.4H2O(iiH2O>. Most

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

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

ZrTiP. Kd composition curves of Y *, La *, Eu *, Sm *,

Gd3+, Dy3* and UO,2+ are shown in Figure 1. The minimum
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Fig.1 Kd values for water treated
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Fig.2 Kd values for alcohol treated
materials

though still at «, 50\

now has two maxima at

10% 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.

Th , however, is ex-

ceptional by showing a

maximum at 50% compo-

sition. Separating

lanthanides from mono-

valent and bivalent

metals by use of ZrTip

(10% Ti) at pH 1-2

seems feasible..
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INVESTIGATIONS ON THE SORPTION MECHANISM OF

AMORPHOUS TIVANIUM PHOSPHATE INORGANIC

SORBENT

A.Ludmany and L.G.Nagy

Department of Applied Chemistry TU Budapest

BudaDest. HunaarvBudapest, Hungary

Introduction

Determining of the sorption processes taking place on inor-
ganic sorbents 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 processes on the amorphous titanium phosphate
prepared in our laboratory were not or not only ion exchange
processes. This may be the explanation of the specific sorp-
tion properties /only K+, Rb+ a.id Cs+ ions are able to be
bound(.

Exrerimental
The amorphous titanium phosphate was prepared by precipita
tion method using TiCl^ and /NH4/2HPO4 solutions 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 prepared under the circumstan-
ces described in(l) but applyir. • as phosphate containing
reagent phosphoric acid was used. 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
isotherns, 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
the 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 quality and the structure of the reagents used to int-
roduce the phosphate group and the PO^/Ti rate of the
reaction mixture play an important role in the formation
of ot -TP
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- the formation of «£-?P from the amorphous state taking also
the results of the solubility tests into consideration
proceeds via the formation of anhydrous crystalline TP
according to the hypothesis 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-
tivity turn can be
ance K+ > Rb > Cs"1

colir.in loadings the
In , vras obtained. Both the selectivity sequence different
from the literary data (3) and the feet 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 properties and the characteristics of
the potentiometric titration curves no correlation was found.
This suggests that the specific 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 investigations 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 defending on the hydrogen ion concentra-
tion. The selectivity observed at the ions of hydrated ionic
radius greater that: 6.13 nra 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 ragnitude than the sizes of the ions, hydrated
ions and ion-pairs existing in the liquid phase.
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R.M. Cassidy. S. Elchuk, C.H. Kniyht, L.W. Green and
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Introduction

Jynamic ion exchangers are formed by the reversible sorption
of a nydrophobic ion onto a hydrophobic reversed phase to
form a charged surface that can be used for ion exchange
separations. Studies in our laboratories have shown that
tnese exchangers offer rapid mass transfer for metal ions and
exnibu 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
n y ) , and reproducible (1 o < 11) method for the determination
of metal ions. Comparisons made with isotope-dilution mass
spectrometry and other analytical techniques have also shown
that these chromatoyraphic techniques can be accurate to IX
or oetter (1,2). Tnis paper will use the results of recent
studies on hiyn burnup UA1 fuels to illustrate how these and
other important features, such as versatility and savings in
analysis costs, can be realized with dynamic exchangers.
Some results of recent geochemical and waste management
studies will also be included.

Experimental

The liquid chromatoyraphy 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 III to react with the eluted
metal ions and the complexes were monitored at 658 nm. The
aqueous eluents contained a-hydroxyisobutyric acid (HIBA),
(0.1 to 0.4 mol.L*1) and 1-octanesulfonate (0.001 to 0.05
mo 1 • L " 1 ) , and the pH was normally in the range of 3 to 5.
Fuel samples were dissolved in HN0 3, diluted in the mobile
phase, and 100 pL were injected without any prior separa-
tion. The columns were 4 x 100 mm and were packed with 5 urn
C i e bonded 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 .jave rapid separations for ny amounts of the
fission monitor (La) and of the major fissioning element (U)
in the presence of mg amounts of fission products and Al (see
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Figures 1A and IB). The estimated propagated error was 1.1%
ana the standard deviation for the ratio of i.iass spectro-
metric results was U.9i; the agreeinent between HPLC and MS
results was - 0.4i.
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Figure 1. Determination of La and U in irradiated LJA1 fuel.
Detection at 658 nm after a posted uinn reaction
with Arsenazo III. Column, 4 x 100 mm 5 pm
Supelcosil Cj«. Curve A: eluent, 0.3 mol.L' 1

HIBA, 0.01 mof.L"1 CfiS03", pH 3.8, 2.0 mL.min-
1;

sample, 100 pL of diluted fuel solution containing
- 70 ng La. Curve B: eluent, 0.25 mol'L"1 HIBA,
pH 4.5, 2 mL.min" 1; Sample, 100 pL of diluted fuel
containing - 2 pg U.
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ION-PAIR EXTRACTION OF SALTS IV MIXED

LIQUID ION EXCHANGERS
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ABSTRACT

An equlmolar mixture of an anlon and a cation exchanger, both liquid,

In a diluent of low polarity, proved to be a selective as well as an

efficient extractant for o«cil haLIdes from concentrated aqueous

solutions.

The relevant reaction can be formally represented by an equilibrium

equation of the fora -

CaCl2 + 2R3N + 2R'COOH-
J"2R3NH

fCl" + (R'COr^Ca^"

which is applicable to many halide salts of alkali and alkaline earth

metals and of transition aetals. The reaction can be reversed by bringing

the organic phase Into contact with pure water.

Fluorescence spectroscopy, with Rhodamlne B hydrochlorlde 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

measurements of molar conductance, which resulted in unexpectedly high

values with Increasing salt concentration In the organic phase.
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Introduction

Commercial IC-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 ions like 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 ions eluting early. On the other hand, thert
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 pump
head (PHI, Fig. 1) carries pure water and the second (PH2),
double concentrated buffer. The water stream passes the sample
loop and the small preenrichment column Cl. Then both streams
are joined in a T-connect1on to form an eluent of the usual
buffer strength. This procedure provides an eluent of constant
buffer concentration at the head of the Analytical Separation
Column (ASC).

After the preconcentration of the sample ions in the water
stream on column Cl, the valve is switched and the sample is
backflushed by the buffer solution from Cl 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 and 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 shown in
Fig. 2.

Cl

mprovtd ««h<itd (C-system
with 2 conctntralor columns

F
C l " :
N0 2 " :
N0 3":
SO t

s :

III i

9 ppb
2k
15.6
6.5

3d

1
JL

airborne particles

on PTFE-filters

STRATOZ M.flighMegt

Kerlavik —Sondresrrjm

air-volume : 1.58m JfSTP)

altitude : 15000 feet

position : 6*..S«N, 28.4*W

sampling time: 5JUN81.

tO:57QMT

10min

Figure 1 Figure 2

(1) Small, H., Stevens, T.S., Bauman W.C. (1975) Anal. Chem.
47: 1801-1809.

(2) Muller, K.P., Deutsche Patentanmeldung Nr. P 34 42 227.7



- - - AO-M
AI.KALI AND ALKAi:».'E EAPTK CATIONS CHROKATOCRAPHIC SEPARATION

CN SIMCA GRAFTED KITH BENZO-18-C-6 CROWN ETHER

H. 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 is
their use in liquid chromatography for cation separations. 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'-(hydroxyiiethyl)benzo-18-C-6
- activation of silica gel (lichrosorb SI 100, 30 and 10pm Merck]
- grafting of a spacer (3-aminopropyltriethoxysilane and further

reaction with 4-(chloronethyl) benzoyl chloride)
- grafting of the C.E. on the modified silica
Detail* can bt found in ref. 4.
The silica was packed in a stainless column (l»13cm, id.«0.48cm)
Chromatographic experiments were performed with a classical system with
detection by conductivity measurements. The eluent used was water with a
flow rate of 0.24ml per minute.

Results and discussion

The binding characteristics of the 30|jm 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 in figure 1, where separa-
tions of alkali, alkaline-earth cation and mixtures are represented. The
injected quantities vary from 10 to lOOpg.

With alkali metal chlorides, very good separations are obtained ij)+iess
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 enly be obtained by a
very careful synthesis of the exchanger. It i* believed that srch
exchangers offer new separation possibilities with the advantage of using
pure water as the eluant.
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Table 1 : Binding characteristics of the exchanger

10 I
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THE ROLE Or "ACIDIC" ALUMINA IN THE DETERMINATION
OF PHOSPHATE IONS USING COLUMN CHROMATOGRAPHY
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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 subsequently used for the
quantitative estimation of phosphorus.

The aim of the Investigation was to determine the quantity of
phosphorus capable of being retained on a column of a-alumina,
the mode of adsorption of the phosphate species and the
relationship, if any, between the phosphate species and the
presence of other ions on the column.

Experimental

Solutions of different salts,

KCl, KHSO4, K2SO4, KH2PO4, Na2HPO4, Na3PO4

were paesed through a column of a-alumina and aliquots 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
th« 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 were investigated by
qualitative and quantitative analytical methods and Infrared
studies. X-ray photoelectron spectroscopy was used to study the
phosphate species adsorbed on a-alumina.
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Results and Discussion

The experimental evidence shows that:

(t) there is no quantitative rslationship betwean tha
hydrogsn ions prasant in "acidic" alumina and tha
aaount of phosphorus adsorbed;

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

(tit) the process is a surface adsorption phenomenon;

(tv) the species retained on the column are hydrogen bonded:

<v) any phosphate species is retained as H3PO4;

(vt) the species are removed only if the eluant reacts
with the adsorbed molecules, thus ammonia will elute
sulphate (2) but sodium hydroxide is required for
phosphates.
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Introduction

The systematic investigations (1) were carried out on the
cation exchange chromatographic behaviour of scandium on Dowex
50WX8 (1.2 x 20 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, propanol, 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
H2SO* > CHaCOONH* > NH..C1 > NaCl > HNO, > HC1 > 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, aluminium 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 thorim,. 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 60% tetrahydrofurane, scandium with 1 M
sulphuric acid and lanthanum with 4 H 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 serrations 300 ml of volume of eluant was used. The
eluents from effluant lot were determined spectrophotometri-
cally with suitable chromogenic ligands.

H*£«r«nces
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Introduction

Ion chromatography makes use of a separation column contain-

ing a pellicular anion-exchanger of low capacity(0.005-0.05

meq/g).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 copolymer matrix.

Experimental

Low-capacity (0.0i-0.04)meq/g) pellicular anicn exchangers can

be prepared by treating a methacrylic copolymer matrix with an

ethanolic solution containing a polystyrene-based anion ex-

changer and water-insoluble glue.After evaporation of ethanol

the surface of the copolymer matrix

will be coated with a water-insoluble

pellicle of the anion exchanger and

glue mixture.

Results

The anion-exchange resin prepared ex-

hibits satisfactory chromatographic

performance - see the Figure.The coi-

0 10 m i n umns filled with rhis resin can be

Column 250x4mm,eluent u s ed without charges ir. perfcnr.ance
3 nM NaHCO, + 2.4 mM

|
f

t

Cl

1U
' SO2"

It
O^ +
ml/min. for several months.
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SPECTROSCOPY OF ION EXCHANGER AND ITS APPLICATIONS
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What ue are interested in is not the spectral nature of
an ion-exchanger material itself, but the spectrum of chemical
species sorbed in the ion - exchanger, because the latter
occasionally v;ives a quite different pattern from that in
in ordinary solution.

it is not difficult to obtain an absorption spectrum of
the solid 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-
neter, though in some cases an optically improved geometry
nay be devised to minimise the light loss by scattering.

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

•\=eas = Asc + Amat + Asoln + As '-1)

where Asc and Ama* denote the background attenuance due to
scattering and absorption by the ion-exchanger matrix itself,
respectively, Xsnin the absorbance of the solution filled in
the interstitial space between the solid particles, and As the
net absorbance by the sorbed species. Generally speaking, the
use of ordinary ion-exchange resins is limited to visible
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-
exchanger phase? Applications 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, indicating 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 sorbed show a con-
siderable shift in wavelength by adsorptive interaction to the
ion-exchanger matrix. These facts may lead to the possibility

. oi-finding*of new chemical species and of spectral assignment
for a certain complex, as well as understanding of the ion-
exchange reaction mechanism involving complexation and/or
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po1 -nerization. We have so far found Cu2Clj (2), Ni(SCN)J"(3),
(Cr^jT )^ (4), UClJ , 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. ."ay 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, A R C, can be
expressed as

ARC ' €RC ? 1R' CRC ' ^ R C ' W - i v ' 1+V/Dn (2}

after cancellation of the background attenuance. Here CRC and
Co are molar concentrations of the sample component in the
ion-exchanger and in the initial solution to be analyzed,
respectively, €ncits molar absorptivity in the solid phase, 1R
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 analysis is tc increase V/m or IR.
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 10"'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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Sclvent-ir.pregr.at2d resir.s (SI?) bass-i on the incorporation of selective
liruid extractar.ts into crosslinked polystyrane resir.s have beer, used for
the selective extraction of several --.stailic ic.-.s from acruecus solution.
.\ithough t.'-.esa materials give high selectivity and exchange capacity, they
"rc-vida very siov; kinetics ar.d suffer from gradual release cf the e:ctrac-
t ir.t irem w-. thin the polymer matrix. T'::is latter drawnscJc car. be elinina-
t.:i iy i~-~cciiizir.g tr.e extractant into the poiyr.gr network, which can be
•jr.'-fv-i cr.r:> tr.e surface of silica gel.

r.-.3 z~~:Z'2 cf syr.the.":i3 adopted durir.g this vcric involved radiation-induced

V V ^ T J : : ; . : : : : ^ on aiiica gii, coupled with immobilization cf tha sxtract-

«";:2 ~i'3i"iritition will describe the results cf a study of the chemical
-frtorr.ir.ca cf the resins prepared by this nethod. (patent pending) .
A representative resin containing Alaaiine-336 extractant was used to
if:ay gald extraction fron cyanida solution. Two sa.iipi-35 wers usad, Hl-2
ir.d .-.1-2, which differ in the nature cf their pclyner.

The adsorb^r.t (C.2 c) was treated overnight with a large excess of 5 N
..yircchlaric acid. T:*.5 scrbent was then separated ar.d washed with ddioni-
zei w-=ra>:, A qold-'cearir.g solution was prepared by dissolving gold metal
in a nixtura of concar.trated hydrochloric and nitric acid. An appropriate
ancur.t of this scluticn,#*a3 added to 0.15% sodiuw cyanide. The gold
cyanide sciution (10 en ) was adjusted to pK 6 with hydrochloric acid
then rr.ixed with 0.2 g o£ adsorbent in the crotor.ated fora. It is essen-
tial to provide adequate agitation, since the process itself is likely
to be filr.-diffusion-controlled at low concentrations. Gold in solution
vs3 analysed by atomic absorption spectrophotonetry.

A typical equilibrium curve for samples Al-2 and Al-5 is shown in Fig. 1.
T'r.e samples were Isft in contact with the solution for iO minutes which
vis enough to reach equilibrium. The geld concentration in solution was
varied from 30 to 250 ppn, and the sorption of gold reached a value of
10 rr.g/g sorbent (Fig. 1 ) . The rate cf gold scrption was studied at 20
ard 55 ppm initial gold concentrations. At 20 ppm gold ar.d pH a, 100%
cf the geld was scrbed within ths first minute of reaction for sample Al-2.
Sample Al-5 reacted .nore slowly, i.e. 50% sorption after one minute, ar.d
complete reaction after 10 minutes (Fig. 2 ) . At 55 ppm gold at ph" n, the
b-ehavicr cf both sorbents was similar and indicated that about 80%
scrpticn occurs in one mnute and that the reaction reaches equilibrium
-r. ax-out 1- r.in.

"luticn experiments were performed with several eluates. Loaded resin
10.2 c) was treated with 10 cs.3 of 0.01 K NaOK, 0.1 M SaCK, or 4 N KSNC.



ratch e:-rcri::.cnts v*re jxrfc-rr.ca vith rod-rate agitation ever 2.3 hour*,
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Introduction

Ion o"Dha.ir;o jacano ezttvp.v.elly usefull as the

-athod '•.•'r.on adopted for the -trace metal separation fron

the T'lT.t o"cos3 of other nistal ions before their deter-

-.Lnaticn ::-.- atonic a'r-orption sTJ^ctronotry /.A.A.3./ ' ' • " ' .

At rol l 'i5"::er"".ir.T.tion bv AAS in the "roror.es of platir.1.::!

••".'• t d ior.c ŝ rr.o interferences were observed. For this

r?i~on "ir'slir.in^.rv separation of ^old fron some "nlatinur.

~. •' z ?.l z v:". r v.r-: rk e d o v, t .

Experimental

Cellulose io;i-o::3r.a.n~er Gellex P with phosphonic groups

-.•as us-3-i. 'The retention of Au/• 11 / , ?t/IV/, ?d / I I / , IT/11/,

I r / I IT/ and Rh/III/ in the presence of follov/ing anines:

etr.-lor.eiiaT.ine, 1 f3-diaflinopropanef tr iethylenetetra-

amine, tetraeth-lenepentaamine in function of pH bv the

batch method v?as investigated. ?or the metal determination

AA3 method with electrothermal atomization was used.
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Results a;.d die cues"! on

"ood differentiate or. of tr.-r? retpr.ii t-r. of .\\i/~7."/ :?r::r.

platinum arid irid ins in i-hc pr-'s^ice ?? c:t:--^.'^."'l'..'v-iv

v?as observed. In t o G-T:"-.IC crr.citions thv -o-c-iLilit

to the deter~ir!iticn o.f rold. in different s'v^lec cf

platinun chloride.
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Introduction

Sorption of rr.etal ions is re-orta:2 as precipitates or. strong

arion sxch^nren when solubilities of their salts are less

than 1.5 -VIv '. Contrary to this, ?b is sorb=d as sulphate

from SO'S -etharrol but r.ct 3a r̂.f 3r . ""he variations in

*-he sor^tion of ~atal ions in tho carbonate form are attri-

buted to kirrstic factors . 3orption of Ca as oxalate on

veaTt and sTona anion exchangers has been st'.sdied in our labo-

ratory *o und'srstfinn the mechanism of nrecipitatior. ion ex-
' (4)

chance • ""his paper de^ls with the sorptior. of Ag, -a, Cu

ar.d •">> as oxalates as a function of cation concentration in

the feed.
Sxperimsnts and Results

Dovex 2x3 (strong) and Ar; 3x4A polya-nir.e type (weak) exchan-

gers w=re converted to cxalate form by passing I..*) M potassium

oxalate. In the case of AG 3:<4A,2.4 rr.eq was converted into

the oxalate form and 0.5 meq to CH~ forx, :<noT>'n volun-es of

stoichioT,etric3lly neutral solutions of salts (500 yrr/ml to

0.C1 jiq/rr,l) w**re passed throuqh columns (0.4 x 10 en) ar.d

w->shad with water, ""he sorbed oietal ion was eluted vith 11!

HTCO, and determined, "he data ara^presented in table 1.

Discussion

It has alreadv b-aen shown in cur lab that calcium is sorbed as

oxal^te in 111 ratio on both strong and weak anion exchangers

with a difference tha* precipitation occurs nredominantly on

the surface of the resin beads of the strona exchancer (visiblei

while it is inside the beads in the weak one (not visible)v .

in table 1 further reveal that calcium is not sorbed on

both exchar-rsrs when its feed concentration is 1 ̂ uo/ml or lass.

In c*-'r*r CJS-S, 3cr-*-ion is ruantitativs v;ith as low a concen-

tration as 10 ppb except in the case of Ag on strong exchanger.



In the case of copner (II) the presence of anior.ic oxalate

complex is indicated from the spectra of the copper loaded

resin. In the case of Ca and ?h on weak exchangers interac-

tion of metal with oxalate is found to be in stoichiorr.etric

proportion to form a precipitate from saturation experiments.

The deviations observed by earlier workers' from the solubi-

lity of metal salts may be due to the sorption of anionic cc.x-

plexes rather than the formation of nrecdnitate on the e>:-

chanaer.

Table 1. Sorption of metal ions on the oxalate forx. of ex-
changers as a function of feed solution concentration

Column dimensions O.l^xlOcm; flow rate: 1 ml/minr volume of
feed soln.i 10 ml; 100 and 2C0 ml in case ef
100 and 10 ppb solutions.

Element

Calcium

Silver

Copper

Thorium

Resin

AG 3x4A
Dowex 2x8
AG 3x4A
Dowex 2x3
AG 3x4A
Dowex 2x8
AG 3x4A
Dowex 2x3

500

>99+

93
>99
*

>99
>99
?99
^•99+

% of metal ion sorbed with con-
centration of feed solution

tua/ml)

100

95
89+

>99
*

>99
>99
799
>9?+

10

35
20

>99
98*

;>99
>99
>99
>99

1 0 . 1 C •, ~;: 1

0 -
0 -

>99 > 99 >v ;
84 5 0

>99 "?' Q<f ^J?*
>9° .7 99 >9-
>99 >99 >"•"

* Precipitate is visible on the surface of resin beads
+ Precipitate moves down through void volume.
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SULFUR SPECIES DETECTION IN LOADED MEDIA
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7KJREC. - Ci;»ni~ 3i Ar..Uy;::a Jeparv-vnr. - B? 34 - <S27C1 FIRMINY - FRANCE

Introduction

Ssvo.-al authors :-=: hjve studied detection of suifur species as S0 4
2- , S0 3

2~
:.-'- in water c- m diluted effluents. The detection of this species in loaded media
.:• :•: neaia containing hign quantities of dissolved species such as NaCl , Na2S04

r .-K'-CT aa« us a lot of question. Chromatographic analysis is disturbed by pheno-

---rn sucn as mutual interferences between anions, or saturation of the conducti-
•iW.z aetoc:cr and of the separation column.

Experimental

i-.-.-suppressed chromatographic system with double detection {conductimetric and
.-.-eromernc) allowed us to get detection limits as good as those obtained in dilu-
-?•: nedia.

Figure

We can see on the following figure, the general espect of chromatograms obtained
with such a systen.

test ehromatogram L

ceoiura : H3BO3 (7000ppm)

2 : S0 3
2~ 0,4ppm

3 : SO^*-" 0,4ppm

I1: S 2" 0,4ppm

2' : SOn*-"" 0,4ppm

A_» conductimetric det.

(t mn) amperometric det.

'. "'. r-:ockJ:n - l.l. Johnson
Anal. Chen. c.", .1, 1963

.! K. Brunt
Anal. Chen. 57, 1338, 1385

109, 809, 1985
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OPTIMIZING AND COMPARATIVE STUDY OF SUPPRESSED AND

NON-SUPPRESSED ION-CHROMATOGRAPHY FOR SEPARATION OF

ALKALINE EARTH IONS

Hajos, P., Kecskemeti, T. and Inczedy, J.

Institute of Analytical Chemistry

University of Veszprem, H-8201, Veszprem, Hungary

Introduction

The ion-exchange behaviour of alkaline earth ions are

very similar and their binding on the cation exchange resin in

the separator column is very strong. Two methods are applicable

for IC separation of these ions using 2n /H and EnHtT/Ii'r

eluents in the case of suppressed and non-suppresse*d techniques,

respectively [ 1][2] . This work deals with the optimisation of

the eluent pK, eluent composition in both systems. The results

obtained by the above methods are compared.

Experimental

A Dionex ion-chromatograph (Model 10 IO was used throughout

this study. Separations were carried out on the same cation

separator column (Biotronik IV. KA, 3x100 mm) for both systems

.and on a 9x250 mm suppressor column for the suppressed system.

All samples were prepared from reagent grade (Barter BV) salts.

Results and Discussion

1. The optimum eluent concentration for both eluent systems was

found to be 5xlO~4...10~3 mole/£ (Fig. 1 and Fig. 2) .

2. It was found that the optimum eluent pH ranges are 2,5...4,0

and 4,0...4,5 for the suppressed and the nonsuppressed system,

respectively.

3. These parameters represent a compromise between good

resolving power of the separation and the length of the

retention time.



Fig. 1 Fig. 2

IX

1.5

0.S

0.1

0

i
|

!
i

Ks Sr/Ca

i
t

i

!

• -

- pH
- pt-

Co/Mg

V
V

X

t

s4
I1,

• I S
.i .0

3 37 2.S V

1.0

0.S

- - ° —

Rs Ca/Mg

5x»'mot/l -

I
j Sr/Ca

103fflol/l

2,0 2.5 3.0 3.5 W 4,5 5,0
pH

4. The linear relationship between log D
M

and log[ eluent]
,2+,

predicted by eqns. log DM = log K, + log Q/2 - log[ EnH, ] and
7+

log DM = log K2 + log Q/2 - log [ Zn I 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 retention 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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REDUCED WATER UPTAKE AND ION-CHROMATOGRAPHIC PERFORMANCE

OF SURFACE SULPHONATED CATION EXCHANGERS

Hajos, P. and Incz€dy, J.

Institute of Analytical Chemistry

University of Veszprem, H-8201, Veszprem, Hungary

Introduction

In our previous papers [1)(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

Hater content of the wet resins were determined by the

centrifugatibn 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 sulphonateti*resin

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 equation:

Sr « S - So(l-Q,/Qt)

where

S is the reduced water uptake (mgH2O/g dry H-form resin)

S is the measured water uptake of the surface sulph. resin



is the r.icasurci water uptake of St-uV3 copolymer

is the capacity of the surface salph. rssm ( rroiole/g resirJ

is tha theoretical capacity of csmoleteiv sulnh. resin.

tsrra are characteristic fcr the water

-pcake of tho ur.suiphonat.ed core. The results of water uptake

s a function of 0V3 content and capacities of the resins are

resented in Table 1.

Table 1

- r.

• capacity
rs:.Q 1 a

1 O,iL?l
• r,, i c 3

C , 1 - 7
0,027
0,019

0
.- , . ; -

t-,:•••; 3

water up
:-.?H:O

•' *" ti S X

232
204
263
1 6 5
137
136

3 9 ,
-' -> ,
" 3 ,

-> ' r

iC ,

take

7
;

O

rwuced water
uptake
ngH.D

* 7 resin '

r
201
172
136

30
22
-
£0 ,5
24,3
15,0

9 , 5
-

moiar water
uptake
ngH:C

rvrole resm'

r 's
1052 !
1042

293
1100
1153

-
5 0 0
"65
59 3

At a fined degree of cross!ir.king the reduced water uptake

-appears to be approximately a linear function of the capacity,

and the results of ntolar water uptake are nearly constant. On

the other hand, resins of low DVB content showed higher water

uptake and are likely to possess higher rates of exchange. The

performance of these resins differing in DV3 content and capa-

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

-chromatographic separations of cations.
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'j 11 ic•-•'1 ninn I :ir. fhro'nat oarapMc determination of nitrate arid

j'- *:Aers containjnn humic sutist

Hoffmann, Gyfargv Marko-\ arqe*, 1st von Csiky and J!;in-Akt-
Jbnsson. Dep. Analytical Pht mistrv. ui>:\. of Lund, P.O.bo* 124,
5-221 00 Lund, Swebrn.

The analysis of nitrate and sulfate in r.atura] waters is o r

great biological and environmental significance. A large
variety of traditional techniques has fc'een used for the:r
determination (1). All these techniques are influenced tn
the presence of hum>c suDstances in the samples and tnt-re
is a continous need for selective

In recent years, the techmaue of non-suppressed ion chro-
matographv (1C) has become a sensitive and efficient method
for anion analysis. Also ion chromatographic determinations
are severly flesturbed by interferences from huniics since
those substances adsorb irreversibly to the quarter-nary amin*1

groups in the separation coiumn and destroy the column per-
formance.

Recently we investigated different kinds of chemically bonded
liquid chromatography phases for the selective adsorption
of hurr.ics p r i o r to i o " cnrcn.iitograwhic dete;-;;iiniiLiu.i o.r diiiorib'
The chemically bonded a nine material was found to be superior.
Furthermore, a clean-u^ method using commercially available
solid phase extraction columns of similar type was developed'3,

In this poster a three-column ion chromatoqrapnic system for
the removal of humic substances from natural waters, and
subsequent concentration and determination of nitrate and
sulfate using non-suppressed ion chromatography is presented.

Humic substances are removed using disposable adsorption
eclumns packed with chemically bonded amine silica material.
The sample is directly transferred to an ion exchange column
where the anions are concentrated ca 10 times. After ieversinq
the flow, the ions are transferred to a third column where
they are segarated and quantified. The detection limit is lesc
thanl mg L of nitrate or sulfate in water containing ub
mg L of humic acid.

;i) K.A. Smith, Cd. "Soil Analysis" ; Marcel Dekker : New u-rk.
Basel, 1983

(2) G. Marko-varga, I. Csiky and 3-h. Jonsson. Anal. Cneir..,
5>6 (1984) 2066'

(3) I. Csiky, G. Marko-Varge and a-A. Jonsson, Anal. Chiro. Actd.
in press

(4) E. Hoffmann, G. Marko-Varga, I. f'.ikv and J-A. Jonssan,
submitted
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ChSOMATjGRAPHIC STUDIES ON MIXED OERIVATIZEO ZIRCONIUM

PHOSPHATE AND DEXTRANE GELS

3. Kcrnyei and L. S2irtes

Institute of Isotopes of the Hungarian Academy of

Sciences Budapest, Hungary

The gels were obtained 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 enough for using them in column

operation.

In order to study their chromatographic properties a mixture

of them with dextrane gel was prepared. In this mixture a

neutral tiextran gel has been chosen so the zirconium

phosphate part contained the functional groups, like =

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

f The separation of Ga transferrin from Ga-complexes of

citrate, erita, lactate, respectively, were carried out using

a 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

in this paper.
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AIIS LOAD:;D RS.-JIN AS A SELECTIVE ION B-:G!TA::G33 ?OR ?nv

SEPARATION 0? SILVER PROM OTIttR METAL Z0113

K.Bra.iter and E.Dpbek-Ziotorsyrska

Department of Chemistry, University of '/.'arsav:, 02-093 ','arcav/

Pasteura 1, Poland

Introduction

The complexes forming resins prepared bv the oi-iple rodifi-

cation of the common anion exchange resin v.lth sulphor.a+ed

aromatic conplexing agents display hirh selectivity for the
/1 £./

prefered counter ions as we have demonstrated ' '.

This paper describes the properties of the -^acroporous

anion exchange resin Anberlyst A-26 loaded v.-ith S-a^ino-

naphtalene-2-sulphonic acid /A"S/. AITS iinobilized on

Amberlvst A-26 transforms it into a kind of the selective

exchanger towards silver ions. V'e have shov.n that selective

separation of kg/I/ from other metal ions is possible.
Experimental

The exchange capacity of complexing ngent by batch method

was determined. The stability of the modified resin towards .

mineral acids was investigated. The retention of metal ions

on modified with AKS was determined. The concentration of

metal ions was determined by AAS.



- 98 -

Results and discussion

"ho retention of r-.etal ions on A'T3 loaded resin was investi-

gated as a function of p~. At low pH values .̂ ood differen-

tiation of the selectivity of Amberl-st A-26-AT3 loaded resin

v/as observed. .\s results the conditions for the selective

separation of A T / I / fror.: the following metal ions: Gu/II/,

?b/Il/t Sn/II/, ::i/ir/f Co/II/, ?e/III/, Cd/II/ were esta-

blished. Sxp^rinerits perfonned in d:ciamic conditions confi-

rmed that in 0.05 M HTiO, the selective separation of Ag/I/

from all above mentioned metal ions is possible. iThe method

was adopted for determination of silver in copper ores.
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ION EXCHANGE COLUMN CHROMATOGRAPHIC METHOD FOR THE DETERMINA-
TION OF THE CYSTINE CONTENT OF FODDERS AND FOODSTUFFS IN CYSTEINE
FORM

Csapd, j. - Csapd, 3.

Agricultural College of Kaposvdr, Hungary

Introduction

Merkaptoethanesulphonic acid (MES-OH) is widely used for
the determination of tryptophan in peptides and proteins £lj .
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 of 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-OH hydrolysis of the proteins were performed in
cleaned and dried medical ampoules. The cystine and the samples
(50 mg) were hydrolysed with 5 cm3 MES-OH O mol/dm3) at
110 •_ 2 °C. After hydrolysis the ampoules were cooled, opened
and 10 cm NaOH (1 mol/dm ) was given to them. The content of
each ampoule was washed into a 25 cm volumetric flask and a
1 cm aliquot portion was used for the amino acid analysis.



Results and discussion

Using the cystein, produced from cystine and MES-OH, as a

standard the cystine content of different samples were deter-

mined and compared to the results obtained by the methods of

Moore [2J who uses hydrochloric acid (3 mol/dm ), Liu [3J w n o

recommends p-toluenesulphonic acid (3 mol/dm ) and Hirs £4j

who proposes hydrochloric acid (6 mol/dm ) after the performic

acid oxidation step. The amino acid analysis gave the quantity

•f the admixed cystine with a higher efficiency than 90X. As

a result of our research we pointed out that at the MES-OH

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 concentration 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 successfully been made.
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STUDIES ON THE EXTRACTION OF LANTHANIDE(III}-ETHYLENEDIAMINu.
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Departmenr of Inorganic and Analytical Chemistry,

Kossuth University, Debrecen, H-4010 Hungary.

Lanthanide(III)-ethylenedia.-nine-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 H2EDTA form exhibit

a maximum in the middle of the,lanthanide series, which was

explained by a change in the denticity of the coordinated

ligand [13. 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)|" complexes, it wac

assumed that the lanthanides are bound in the resin phase as

1:2 metal to ligand complexes [2].

Recently we have studied the extraction of complexes LnEDT.s"

with the liquid anion-exchanger of quaterner ammonium type

Aliquat 336. HCLnEDTAH complexes (M+=Na+ or K+) were prepared

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 decrease 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 KILnEDTAD solutions (pH«7) at 25°C are the following

La Ce Pr Nd Sm Eu Gd

1.71 1.33 1.23 1.07 0.87 0.75 0.07

Tb Dy Ho Er Tm Yb 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 about -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 conplexes becomes more and more rigid due to the lanthan-

idc contraction and the number of water molecules coordinated

in the inner sphere probably also decreases by one in the

middle of the series.

The conplexes LnEDTA~ extracted into the organic phase have

been investigated by electron- and H-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*.

[12 D. Minczewslci and R. Dybezynski, 3. Chromatog. 7_ (1962)98

[2] E. Briicher and I. T6th, Radiochem. Radioanal Letter,

12 (1972) 53
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STUOIES ON THE EXTRACTION OF GALLIUM AND ALUMINIUM WITH

' DIALKYL-DITHI0PHOSPHORIC ACIDS
I. T6th, Z. Szab6 and E. Brucher

Department of Inorganic and Analytical Chemistry
1 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 Al ions we assumed that Ga^ has higher affinity to

ligands containing sulphur donor atom(s).

The extraction of Ga and Al has been studied with

the liquid cation-exchangers di-n-butyl-ditftiophosphoric acid

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

which were prepared from P2
sc and t n e appropriate alcohol.

The partition of Ga3+ 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

DBTPA. The trend of the extraction coefficients with

increasing pH can be interpreted assuming the extraction of

species M(DBTPA), and M(DETPA),. The extraction coefficients
3+are about two orders of magnitude higher for Ga than for

Al , making possible their separation in a quite broad

interval of pH. The extent of extraction of both Ga 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 these compounds 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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EXTRACTION OF METAL5 BY P0LY(4-VINYLmiDINli) RESIN

U.A.MOHAM>£D

Iraqi Atonic Energy Coanisslon .Baghdad, Iraq.

INTRODUCTION : Attempts to use poly(vinylpyrldine) resin&,in which the
pyridine moiety c ale eJ part in complex formation, for the separation of
metal ions have been made by several inves t iga tors [1 ,2] .

This paper descr ibes the sorption and desorption behaviours of
metal ions on poly(4-v inylpyr ld ine) r e s i n .

KXHfcKKMINTAL : The polymer was prepared by the method described by
s u g l i [ I ] .Using the method described by Mohammed 13] , the
character izat ion and appl icat ion of the res in for separation of
F e U I l ) ,V(V), Mo(VI) and Nb(V) was carried out .

RESULTS AND DISCUSSION : The sorption and desorption c h a r a c t e r i s t i c s
of F e ( I U ) , V(V), Mo(VI) and Nb(V) on poly(4-v inylpyrldine) res in have
been invest igated from hydrofluoric acid medium .Vanadium, molybdenum,
niobium are quant i ta t ive ly sorbed from a wide range of the acid con-
centraion and the r e s u l t s are included in FIG.1.Also sorption and
desorption k ine t i c s were examined for a l l the ions invest igated (using
s e l e c t e d eluentSwhich are 1M HF.2M HC1, 3M HF-3M HC1 and 4M NH4CI-M
NHiF for the recovery of Fe(III),V(V),Mo(VI) and Nb(V) re spec t ive ly ) .
The t e s t shows that the sorption and desorption rates for a l l the ions
have a resonable value

Based on the obtained r e s u l t s , a chromatographic separation
schem for F e d I I ) , V(V), Mo(VI) and Nb(V) was achieved using a s o l u -
t i o n containing various amounts of the ions in 1M HF .The ions were
then eluted success ive ly using the se l ec ted e luents and the r e s u l t s
are shown in Table I .

Three s t e e l samples were analysed for vandium, molybdenum, and
niobium using the es tabl i shed procedure and the r e s u l t s are included in
table I I .
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Prcccr.ccnzrottcn cf Trcco Elements Using Cellulose exchanger

i o n 2
3. 2orzzi.'.:l~, G. .Cncpp", K. ."'Ciller*", ..'. '.'.'enscheider

i

- j e p t . of , \nc i . -he" . Univ. cr Vssspren, iiUtiGARY
o

"Jopt. of .\r.cl. Chen., Technical Univ. Gras, AUGT.1IA

Jeilulccs filters hove been prepared with covelently

bc_r.dcd C-'.:dcro;:yquincline •

reat-jrec of this o;;in-e;cchongcr were investigated by using a

column technique.

Separation of matrix elements (Ca, r:g) '.vas practically

perfected, end the prccontrction of [in, Fe, .o, f.'i, Cu, Zn,

Cd c: c given p!!-voluo hes been performed effectively. The

elution v:ith diluted nitric acid resulted in a matrix-free

preconcentrated solution suitable for the determination of

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

the c::in-ceilulosc ion-exchanger has been determined using

O 32n isotope element which gave a value of 170 >unol/g.

Effect of linkage and elution on the cellulose exchanger

(in dependence on pU) has been investigated, and a suitable

value of pl-i = 5.6 was stated for all elements except Co.

The effectivity of linkage was above 9C% or in several cases

over 95^j, and the recovery was in all cases total. The

Exchanger can be used for the enrichment of trace elements

in the concentration range of pg-ng/1 during a series of

SG-70 elutions without a loss of capacity.

The recults were checked by a standard solution of EPA

and by IIBS-J^XS ashed by means of a High Pressure Asher
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(HPA-Systen: Pro f . Knapp).

The ana lys is ivos ca r r i ed out by c Perlcm-Elnor Opcctro-

meter ICP-6C0C, and a P-E fiodel A.\S-5GCC.
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Inst i tute of General Food Chcnistrr, l echnic i l Univtrcitr
of iodi-, iolnnd

Introduction
»

cxch->ri(je 1B I S ".dvinced technique for tht e e p - n t i c n

of inionic nixtures or ntutrnl concounds .hich are nble to

fora cociplcxcs tilth net->.l ions , Ihc oepint icm ccchinlEia

i s the B*\BC 19 in ioncxch."n£;e chTocntorzri\$h<r v«ith the cime

onlv difference t i n t l i^inds ire exchnir;cd incte^d of

counterione. In comparison v*ith other chrcciitojr-\niiic

oethodo the adrnnt-5fje of the l i^nd-cxch^rje process ia

that the forsntion of n coaplexes represents, so a ru le , a

core speci f ic interaction thnn ordinazv fhvsicnl oor^tion

or ion exch-inge. In the present etud^r, the eep-\r-\ticn of

the mixture of nminoacids or the mixture of p.rocntlc ic ids

*a» attenpted using A synthetic cqtion exeb-mjerc ecu. inin.j

ce ta l ion such ^s Cu2*, 2n2<f, L.n2+ or f e 5 * , Ce3+ <ind Al 3 + .

Lxperinental

The chroBntogrnffis were developed bv the elution technique

introdulng the simple to the top of the colutan. Ijov.ex 5C

•>X 10 200/400 »e»h resin *^e used <ts the cation exchanger.
The conversion of the cation exchanger from 'd* fora to the

tn n + form »<ts performed in the columns, \rr passing a solu-

tion rl the iietil Bilt to the brcakdom point*



•T-.eculte °nd iiecuseion

on the expericental rteulto, vilueB of 8t->bilitv

constants ( logp } ?n<i the cep^r-^tion piriceterB i.ere

c<-icul".ted (irble 1 «ud 2) .

Iible 1. The vilueo of 105/^ of the conplcxee of metal

ion Kith ncinoqcidB, found bv the ion exchange *

method.

Ccaplexcs
on the values

Zn* Cu*

6M3 4,50 3,01 6,50

0 5,00 3,20 7,20

4,80 3,23 6,83
0 5,00 3,51 7,0

3,50 2,75 5,40

of cocplcxes with nlinine.

of Jocvdrelci r.e obtn-

±n:

p • a + n«b-p/*°

v.here b-pol^rlzation

of adnoacid ind

p|3o-etfibilitv cons tint

Table 2. oep~r-\tioa of adds on the citionite bed in the

J«5+ fora. Lluent: H2SC'4, 0,01

p R.

Benaoic %cid 5,80 3,82 1,50 1,56 788

Cinmmic scid 8,2C 7,06 1,20 1,10 1150

4-Hvdroxr-
bengolc add 10,31 9,27 1,56 1,1S 4̂ 5

On the b*ai» of the obtained results, one cin state that br

the •election of a proper counterion <tble to form complexes

considerably higher Bclcctirlties c<us 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.Porca

Dipartimento dl 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 alluminium-matrix separation

and preconcentration is here investigated by two methods based on complex

formation coupled with anion-exchange resin or column chelation

procedure.Synthetic samples are investigated in 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 lO.Oyug of Al(III) added to 2.0 ml
and 7.0 ml 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. Al(III)

solutions as in previous procedure were fluxed through.
The metal is recovered in both procedures by acid elution (1.0 ml of 1.0 N

HC1 + 9.0 ml of 0.1 N HC1).

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 (SOS) and poly(ethylene glycol)

(POLY) were tested. Potentially interfering salts including K2HPO^ ,NaCl
at well as the effect of competing ligand nitrilotriacetic acid (NTA)
were evaluated.

The method* were also tested at part per billon levels of Al(III).

Synthetic samples (1,000 ml) containing Al(III) spike (10.0 ug) were
enriched with che described procedures at the optimum' pH for the metal



recovery. The spikes found were 100.0 +1.7 and 92.5 + 0.9 I 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.

Interferent
typ«

CTAB

POLY

SDS

NTA

K2HP0A

NaCl

* In these conditions,

cone.
/ig/ml

5.0
20.0
50.0
5.0

20.0
50.0
5.0
20.0
50.0

275.0
2750.0
100.0
200.0
500.0
0.1 M
0.5 M

separation of

Al(III) recovery Z
PAE

98.8 + 1.0
*
*

99.6 + 0.5
100.8 + 1.8
101.2 + 0.6
99.1 + 1.1
98.8 + 0.4
98.4 + 0.1
99.8 + 0.6
99.3 + 2.9
99.8 + 0.4
100.2 + 0.7
100.4 + 1.0
94.2 + 0.1
91.2 + 0.5

CALR

94.4 + 0
90.5 + 0
87.2 + 0
94.5 + 0
94.9 + 0
93.4 + 0
94.8 + 0.
96.2 + 1,
96.9 + 1.
95.7 + 0.
95.8 + 0.
96.3 + 0.
94.0 + 1.
94.3 + 0.
99.9 + 0.
104.4 + 1.

insoluble products occurs.

.7

.7

.9

.9

.4

.1

.9

.0
,0
4
4
7
3
6
1
I

2

Table 1. Effect of Interfering Agents on Z Al(III) Recovery ( PAE:pH 7.0,
CARLrpH 9.0; 0.1^g/ml Al(III) solution).
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YiKTIOHAL CCNi/JCTOlEIRIC SZ:<aG3S US33 III FF.CjUCtlCN OF ULTRA-
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Cs. i'uaonay. Edit Farias and R. Gabruj
1. Deosrtnent of Inor^finic «nj Analytical Chemistry of Bab«3-

-Bolyai University, Cluj-Wapoca, Hoaania
2. I n s t i t u t e of Chemistry, Cluj-ftapoca, Rocsania

Introduction
in microelectronics, trace chemical analysis. me-

dicine, purification technologies - chemical, pharmaceutical,
coai.etics, electroplating, printing, etc. - photography, iue-
ch--nical precision, air conditioning, etc. are placing extra-
ordir.rry Je-aands on the quantities of ultrapure water. Due to
reserches (1,2), developments and quality controls, there is
now a better understating of the structure of liquid water
and it3 impurities, ana o£ the purification cethods. In re-
car.t year3, the nuaber of sensitive laboratory tests has gre-
atly increased. The easiest anu fastest method of measuring
witer purity is the cortauctonetric one. Because of numerous
control coint3, the nuu'oer of sensors used are increased in
deionisers. For instance, ths Ker.otron Conpany produces water
purification devices and plants with about 25 control points
(3). The electrodes requirenents of ion-chroaatography is al-
so considerable. The non-conventional conductometric sensors
have advent?£es over the Id^h priced Ft (or Au) sensors (4)*

Experimental N
It V:P.3 studied the following two types of the non-conven-

tior.el - froc point of view of electrode arterial used - sen-
sors in both stationary and continuous flow condition: 1) Ring
shaped electrodes i&ade from Inconel inox wires in amphibious
use. 2) The lance-type inox sensors for using both in c.a.
and c.c. techniques. The nost important characteristic of
these cells consist in the fact that is composed froa a plas-
tic tube, which represents the wall of sensors being pinked
with two or more sharp inox needles - for a.c. technique are
preferred 3 electrodes. The c.c. technique presumes cells
with four needle-formed electrodes. Two sorts of needle has
been uaed: a) sharpened Inconel lsnces, b) Cr-Ki coated sharp
lances. When the polyethylene tube is wound up in disk-fora,
the obtained four electrodes type sensors have ^re.^ter mecha-
nical stability than the linear one. The cell temperature is
maintained constant easier with £Q3<33 than with liquids.

In order to obtain the ultrapure uater a recirculation
system was operated with the following principal components:
1. Oofin puap, 2. Reservoir, 3. Pressure regulation vessel,
4. Ring shaped inox sensor. 9. Tap, 6. Tap and concluctoaetric
sensor, 7. ̂ ixed bed cartridges, ct« Filter and adsorbent car-
tridges.



Kunerous ion exchence attempts was naue with Kouir-snian ion •x-
changers. The following resins v:es urea: Viorjit AJ-1, AT-1E,
AT-1R, anu AT-14 (anioneAchsi-ero), Vionit CS-3 r-na CS-JR (ca-
tionexchen~ers). Froa these resins v.ns prepared the re/;oncr*>%-
le mixed beds or vna used the nere^enerstle mixes bed Vis-.if.
CA ion exchanger. For the production of ultrapure water a uic
distilled or ^eicnised veter with a ̂ exinua conductivity of
5 (iS/cm is necessary es primary product.

Results and Discussion

The ctll constants (C) of the studied sensors in a.c, at

concentrations greater than 1 ci:f increase vdth the concentra-

tion growth. In ultrapure water the C value is constant.

The c.c. conductivity measurements corrieu out with the Cr-

-Ni couted sensors are more exact than those performed with

the other sort of needles.

The deionizing effect of the nixed bed is extraordinary*

With tht obtained and controlled ultrepure weter various con-

ductosetric, magnetic, flow injection, etc. measurements was

carried out. It was studied the comportments of sensors with

varying yields ana 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.

c. (2). In very dilute solutions the results are not affected

by polarization effects. The errors of conductivity determi-

nation obtained in c.c. with the lance type sensors can bt

reduced by the corresponding choose of the nessurins electro*

dts distances. In the case of greet stream velocities, preci-

ous conductivity measurements can be performed only by vigu-

rous maintenance of tht constant temperature. The ion exchan-

ge processes, in mixed beds take place step by step in six

stages up to the exhaust of the resin*.
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THE PREPARATION OF 8-HYDROXYQUINOLINE
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1ADICOIOLOGY AfJO RADICHYGIENE, 3UDAPEST, HUNGARY

INTRODUCTION

StrontiuR-QO 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-90 from solutions

at or near radioactive equlibrium (1).

G-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 3-hydroxiquinoline substituted silica gel

was based on Hill's (3) and ..'eetall's (4) procedures.

3-/2-aminoethylamino/propyl silica gel made by treating the

silica gel of 0,063-0,1 mm with 3-/2-aminoethylamino/propyl-tri-

tnethoxysilane, was reacted with p-nitrobenzoyl chloride and the

-NOg group was reduced to -NH2 with Na-dithionite. After diazoti-

zation silica gel derivative was produced by a reaction with

8-hydroxyquinoline.

The determination of metal binding capacity of preparated si-

lica gel was carried out by copper-uptake measurement (6).

The strontium-SO and yttrium-90 was separated from each other

by metal chelation with 8-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.



Ths capacity of C-nycrrvyruircIirc ci:^ctitut•.•'.. cili

nos been found 217 .L;.C! C~~.

A n;.1. r.ethod has oec>> C'JV:-L:;:-CI for .. c :.•.", r..tir. j !;.• -1;...'

ties of ̂ 5 -er.:ittin; yttriu:-C: fr~-: r-:>jrr.l .-..t:r; -: f;

The pK of ths surface -..: rer cr-;••;.• Ic-r is £cJ,L1 : t:."-' t; 1,1-;.

codi.LT. ocotatc. Ti.c ;:1 G P ; t.;t :. • pr;;: >"i: : ? :::;r

zeesd, and mixec. ^fter tv.'D :-.:•:::, ti-; ̂ cl i c. filter..

with 1 rr.o 1/1 hydrocloric ocic. .•> f.v: rill^lir^r;- :f .;

moniun oxolate solution ii cd::^ to the? ;;rio '•:••'. :i.;. .

adiuctcd to 3,C. Ths prc-cipitc:? of yttriur.i G .\ u 1.. v •_•

'.•ashed and trsncf crrc-d to cj.tMriir.iu" crur.tir.-: ;;I.-;. :,

before countin-. Ths recovery of >'tTr:.L--; . i:: .",- ••'•

1. Hcdiochsnicsl /.nalyticc-1 f- rocecir -JZ fcr .'.••. '. •..:':. •-

mental Cnnplss. U.--. L:r;cr:ricnt cf r;:-:-:r;y ~. i.".' i. .

2. 2srr- :?. Z. .-.noi. CiiL-r,. 7C 7/1 1T27

3. Hill Dm M . C. Ch-ronctot r. 73 _:'[_̂T 1Z7;:..

-4. ..c-etcll H. H. Uiochini. rjiopi.,"-. -.cv:; Z.'^Z _! 11" - •.

C-. t-.ooriiesd Z. D., Davis P. K. /-.n^L. ^;:or. --: ̂ j..2_ -•-•

6. ^^zorc-ic D. P.. Frcioor H. Ans l . Cr.cz. 51 ̂ y-;* 1.-. /" .
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L.A. Firsova, E.A. Chuveleva, O.V. Kharitonov, P.P. Nasarov,
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Preparative Separation cf Radioactive Aminoacids

I. Kieir.mann, V. Svoboda

Institute for Research, Production and Application of

Hadioisotopes

102 27 Praha 10, Czechoslovakia

Z':\i amir.Ccicida universally labelled with " C are

pr*pared from acid or enzyme hydrolyzate of proteins,

separated from algae grown in atmosphere of radioactive

carben dioxide. When scaling - up the methods based on

nolystyrer.e matrix strong cation exchangers and citrate

eluer.ts, mutual peak deformation of some aminoacid pairs

were observed. This could be explained if different iso-

therm shapes are postulated. Results of computer simula-

tions aro presented.

Therefore, maximal throughput may be influenced not

cniy by sample amount applied an the column, but also by

changing the injected sample concentration. Other parame-

ters /pli, alcohol and citrate concentration, Li-Na ion

ratios/ were also examined.

In the second step, desalting of aminoacid fractions

was performed, using polyethylenglykol - methylmetacryla-

ts 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 CHR0MAT06RAPHY

E. Papp
Department of Analytical Chemistry, University of Veszprtfm
H-8201, Veszprtm, Hungary

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

The surface of the LiChrosorb RP-18 stationary phase was
coated with cetil-trimetil-ammoniunr-brpmide (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 Cl", NOjJ, Br~, NOj, 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. Haddad, A.L. Heckenberg: 3. Chromatogr. 2°0» 357

(1984).
2. M. Cooke: 3. HRC and CC 2. 515 (1984).
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A UNIVERSAL THEORY ON THE BEHAVIOR OF ORGANIC MATTER DURING THE
DEIONIZATION OF WATER WITH ION EXCHANGE RESINS

Dr. 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 component 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 natter is irrever-
sibly adsorbed and removal of organic matter in subsequent
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 diffusing ions. Organic
matter no. removed by the ion exchange resins of a deionization
system will pass into the steam generator of a thermal electric
plant forming volatile organic and inorganic 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 quality of the high purity process wa-
ter for most industrial operations requires the complete remov-
al of the organic matter present in water supplies.



The basic problem we have faced with respect to the

removal 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 also 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 loca-

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.
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A COMPREHENSIVE APPROACH TO CYCLIC REGIMES IN MULTICOMPONENT
FIXED-BED ION-EXCHANGE OPERATIONS.

M. Bailly1, L. Aranyi2 and D. Tondeur1

1. Laboratoire des Sciences du GSnie Chimique - CNRS-ENSIC
1, rue Grandville 5404 2 Nancy, France

2. Veszprem University of Chemical Engineering, SchSnherz
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 possibly the
knowledge of the sensitivity of such steady-states to changes
in the operating conditions. Unfortunately, the featxires of the
cyclic steady-state are not easily predictable, except in sorce
special cases, from first principles, or from non-cyclic infor-
mation, or without a knowledge of the transients that lead to
it. We propose here a comprehensive approach, with the pjrpose
of obtaining qualitative and semi-quantitative trends. This
approach is based mainly on the equilibrium theory and relies
on a model of the cyclic behaviour.

First, the rules governing the concentration profiles 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 sharp or dis-
persive character of the fronts. The effects of feed composi-
tion and of equilibrium coefficients on the breakthrough br..;.-
viour are discussed, for saturation and regeneration.

From these properties, we may conviently investigate a
simple "model" of cyclic operation, in which the adsorbent is
mixed after each step, and the concentration profiles thus made
uniform. Such a cycle is shown to give results intermediate
between the co-current and the countercurrent operations, and
sometimes yields a good approximation for the operating capaci-
ty of both. The effect of feed composition and equilibrium
coefficients may then be estimated semi-quantitatively from
the model cycle. It is emphasized that tne aeterminir.? factors
of the cyclic regime may be very different fron 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 other hand, select;vity
reversals may occur between sulfate and ether ions. The conse-
quence of this phenomenon on the desion strategy 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. O'Driscoll and G. L. R«npel

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 XFS-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 XFS-4195 (wet mesh size 24-48 Tyler)
obtained from Dow Chemical was activated by treating with 2M HC1 ard then
complexed with iron by agitating with a large volume of IX solution of
FeCl3.6H2O (pH 2.0) for 4 hours. Measured amounts of the resin were vigo-
rously shaken on a mechanical shaker with definite volumes of arsenate/
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 25°C.

Results and Discussion

The useful pH ranges for sorption on XFS-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) ASO43" (pH 5.0) and (b) AsO3
3~ (pH 10.0)

on XFS-4195(Fe3+) resin. Temperature 25°C; resin loading 4.0 g i"1

The Langmuir isotherm 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 ing
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 form, respresenting more than 100 fold enrichment compared to
the influent concentration. The stripped resin is readily re-activated
to ita original capacity by treatment with a 10% FeCl3 solution acidified
to pH 0.8.
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Introduction

Curar juice softening by ion exchange is widely used in sugar
factories in order to prevent scaling of evaporators. After
exhaustion, the regeneration of tho bed is usually carried out
v;ith a sodium chloride solution. This method has two main
Oica-vantaces: dilution due to the requirement of washings with
i.'p.'-.or and pollution by the calcium chloride in the waste
offluont. In order to eliminate these problems, a nev; process
has beer, proposed and is actually working in sone factories.
This process usos a sodium hydroxyde solution in thin juice as
the rogenorant and during regeneration, calcium is removed from
the resin as a cilciur. saccharate conplex. The spent regenerant
is returned to carbonation and thus the chloride waste problem
is cor.pletely solved. In audition, no water is introduced in
the process. The purpose of the present work is twofold:
first, to elucidate the mechanisms involved in this process by
near.s of ccluran experiments; second, to develop a model
accounting for these simultaneous nachanisnts (namely ion-
exchangs, adsorption, complex formation, precipitation).

Ciirerir.-ar.tal

Tha e::poi-inc-ntal set-up comprises a feed pump, a colunnCiCcn F;
1.5cm ID) maintained at 6C"C by water c i r cu la t ion in a
surrounding jacket, a pressure drop ( capil lary ) to prevent
degassing in the bod, and a fraction collector, .".t tlie init ial
state- of evpsriments, the entire ion exchange- bed is in calcium
form. Regeneration e::perinients have been conducted at different
sugar concentrations in the regenerant, the sodium hydicxyde
beir.c fixed at 11! and the temperature of the bed at 60"C.

Results end discussion

The results are compared with classical regeneration (IlaCl) and
with model simulations. Fig.1. shows a typical experimental
history together with the model resul t . 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 formation
of a calcium-sugar complex in solution reverses the affinity of
the two cations. Second, we can observe a large peak of
calciar.; the left-hand side of i t is delayed, re la t ive ly tc
::.'C1 :- :• ..-.oration; this is interpreted by sone adsorption of
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the cor.plez on the resin. This is confirmed by a simultaneous
decrease in suoar concentration. Following the pea!:, a tail st
low calciun concentration is interpreted as dissolution of a
precipitate. This t a i l disappears at higher su?ar concentra-
t ions . A mathematical model including ion cychanno,
complexation, adsorption and precipitation has cccn built .
Simulations represent the nain charac ter i s t ics of the
experimental results.

. , - * .

So iiium

sugar

Calciun

9--Q r, c & o c...
300 £00

EFFLUENT VOLU~E (HD

Figure 1. : Typical experimental and model history.
Concentrations are in eq/liter for sodium and
calcium, and in mole/liter for suoar.
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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 in the free acid form and a strongly basic resin in the bicarbonate

form. Neutral salts are thus replaced by carbonic acid, from which CO_

can be degassed:

Rc-COOH ,Ca. Mg Rc-COO(Ca, Mg)

R -HCO SO NO,. Cl R -(SO NO3,CD

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 (CO- + H-O). 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,

Ra-(so4. N

Mg)

°3« C1)

Rc-COOH

R-HCO3 l , NO3. Cl

Advantages

so-called CARIX-process (CARIX * CArbon dioxide Regenerated Ion

exchangers) 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



- 129 -

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 tecnnical 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 also an

economic treatment of drinking water /I/. Based upon the results of the

pilot scale experiments a first big plant for 170 m5/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.

5J
II

•XQ—M@ cj 1

I-**
II

1 RESIN FILTER 6 PRODUCT WATER
2 H,CO, TANK 7 WASTEWATER
3 DEGASFER 8 CO, STOCK
4 CoCO,DOSAGE 9 CO, RECOVERY
5 RAW WATER 10 DEGAStFER

Fig. 1: Simplified scheme of the CARIX plant in Bad Rappenau
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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 copolyxners 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.%) (5) 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 aqueous sol-
utions having the concentration 0.005 mol/1 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 sorptibn of phenols which is affected by the type of
both the sorbent and the sorbed phenol. The amounts sorbed
from 0.005 mol/1 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/1) it was
possible, by using a single sorbent volume, to purify 50 vol-
umes of the aqueous solution, but the total sorption capacity
was somewhat lower than in the case where more concentrated
solutions were used.
The sorption capacities in the In 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 TT
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 op 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 copolymers

Sorbate

p-aminophenol 0.089
p-Dihydroxybenzene 0.135
p-Cresol 0.178
Phenol 0.433
p-Chlorophenol 0.408
p-Nitrophenol 1.033
aSorbents in Cl-form

Amount sorbed, Q, mmol/g

G6OEDA G6ODETA

0.094
0.101
0.088

164
128

0.
0.
0.111

0.073
0.130
0.148
0.478
0.264
0.930

G60TETA

0.071
0.124
0.124
0.214
0.246
0.797
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THE THEORETICAL ANALYSIS OF THE INFLUENCE CF THE SELECTIVITY

CF ION-EXCHANGER CN THE ION EXCHANGE KINETICS

Yu.S. ILNTTSKV.
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, coipaxed 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 nonlinear medium and is described by a system of time-dependent
Ginzburg-Landau equations.

Algorithms have been worked out and a program of calculations of the
physical kinetics of reacting diffusing systems has been produced, which re-
present the process of ions interdif fusion 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
tine- 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 obtained. 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 ION EXCHANGE RESINS

IN THE ACTIVE CIRCUITS OF PRESSURISED WATER REACTORS

By R. Couderc and P. Ambrus
Duolite International, 5.A. - Vitry-sur-Seine - France

Introduction

Ion exchange re iis used for the purification of various
circuits in nuclear power stations have to remove radioactive
impurities . They have to maintain activity below a threshold
value both in the primary coolant and in the secondary loop,
as well as in effluent streams.

Results and discussion

New ion exchange materials with a high selectivity and purity
have been developed in order to remove specific radioactive
is otopes .

Three types of ion exchange resins are available at present
for th is purpos e:

1. Gel type conventional polystyrene resins.
2. Hi enol-formaldehyde resins with special chemical structure

and therefore particular properties .
3. High selectivity macroporous polys tyrene resins (Cs select-

ive) .

All these types have conventional functional groups. Chela*ing
resins are also being used for the removal of certain isotopes
(silver, antimony, etc.).

Industrial performances achieved in European Nuclear Power
Utilities are being discussed.

Due to their high purity, all these resins can be used to
achieve maximum purity without any risk of releasing contami-
nants .
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URANIUM RECOVERY BY CONTINUOUS ION

EXCHANGE IN A PILOT PLANT

F« Delmas and C.J. Coclho

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,5m h~

is described in this paper.

Ths 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 8 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 dia_

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 techn^

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 pH"1.8, containing120mg



U3°8' 22fi S 04 a n d 2'58 F e * Per liter at linear velocities

ranging from 0.65 to 0.72 cra/s, were used in these tests.Bajr

ren solutions less than 1 ppm 1,0. were achieved.

The simplified pilot plant flowsheet is shown in Figure 1.

Table I summarizes data on absorption from synthetic liquors.

ELUTED RESIN
WASHED RESIN

RESIN
BIN

| SCREW r C f|*iRESIN
BIN

WATER

URANIUM-RICH
ELUATE

LOADED
RESIN

7 3 VIBRATING
SCREEN

SULFURC
ACID

WASHING
PUMP

Fig.l-Pilot plant flowsheet

Table I.Uranium absorption from synthetic solutions.

Test

Test

I

II

Column
diameter

(cm)

10

10

Feed

(1/?)
0.121

0.120

Flow-
rate „

2.32

2.58

Barren

(R/1)

<0.001

<0.0015

Resin
loading
(«/U

13.9

14.7
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WATER/ SEA WATER AND BRINE.
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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. Evaluation of selectivity, kinetics Tid operating

capacity of acrylic resin-

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

Liftbed system including selective resins

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 inunodiacetic 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 ppn CaCO- - brine regeneration,

2.2 1 ppn CaCO. - brine-acid/caustic,

2.3 20 ppm Ca - selective resins
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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 adsorbent
or an ion-exchange resin to have a shift in equilibrium
distribution with temperature.For example, on the sulfonic cation
exchanger 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
accumulates 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 both 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 (158C) 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 and
electrolyte sorption are taken into consideration simultaneously..
The system of partial differential equations i s 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 separation and productivity of some parameters such as
flowrate, feed and withdrawal volumes and reflux ratio. Prom a
practical point of view we can see that it is possible to obtain
a bottom product containing copper almost free of s i lver while
the productivity is satisfying.

1 ion txchangt column 7 ports taltlc pump
2pr»hMtoreo*c Sphotocslls
3 prtcoolor I5*c 9 pumps
4 hot or cold wtt tr 10 food rworvoir
5 bottom rttorvoir 11 product collsctor

12 control unit

Figure 1.:Experimental set-up

*

Cu(S«

Cu(TJ

6666 6 6 6 6 6 6 6 6

CTCLE NUTIKH

Figure 2.:Top(T) and bottom(B)
productconcentration ( eq/1 )
for a typ ica l run
CT« Total concentration
Feed- 0.5N Ag+; 0.5N Cu*+

R>f«r«nc«»
(1) G. Grevillot; S. Marques; D. Tondeur

Reactive Polymers, 2, 71-77 (1984)
(2) G. Grevillot; D. Tondeur in 0. Naden; M. Streat

"Ion Exchange Technology" p.653 ,Society of Chemical
Industry,London - Ellis Horwood Ltd. Chichester,1984
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THERMAL ION EXCHANGE PARAMETRIC PUMPING IN CASE OF SIGMOID
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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/dm concentra-

tion, between 15 and 60 °C temperature and the strongly

acidic VARION-KSM was applied as cation exchanger.

Fig. 1 presents the Ca++/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 (cm3);

- the volumetric flow rate of the solution was: 0.05, 0.09,

0.20 and 0.35 (dm3/h);

- the total cation concentration of the solution was: 0.1,

0.5 and 1.0 (equ/dm ); '

- the initial ionic ratio (Xg+) was: 0.2, 0.5 and 0.8

(dimensionless)

- the length of ion exchange column was: 50, 100 and 150 (cm)
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In a given experiment all other parameters were held constant.
These parameters are: the operating temperature (15 and 60 °C),
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
ZEISS-AAS/1 type atomic absorption spectrometer.

The determined data and their relationships are shown in
Fig. 2.

Fig. 1 The isotherm of Ca /K
exchange on VARION-KSM
resin

Fig. 2 Ca separation fac-
tor vs. volumetric
liquid flow rate
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University of Chemical Technology, Bourgas, Bulgaria

It has been found that the strongly-basic anion exchangers

have different sorption capacities toward H,BO, at different

temperatures /I/.

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-

ge control of H-BO. 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 iVofatit 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 80 °C has sorption capacity with 20 g H-BO./l 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 H,BO,

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 filtTation flow rate varied between 15 and 18 1/h.

The pilot-scale experiments using reactor water bypassed from

one of the WER-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 H,BOj.

The 20 cycles of sorption (at 20 °C) and desorption Cat 80 °C)

with reactor water confirmed that the sorption-desorption
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effect of the ion-oxchanger remains practically constant.
Using reactor water containing 5 g/l H.BO. and the respective
concentrations of alkylating asmixtures: KOH and N'H4OH and
0,1 mg/1 chloride ions.
A? 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.

= 5

1
11

V

)

~7"

30

- £=>-I
cycle5'

5151
—
1

—

10

—

$0

2 -• - -

cycte19'

501 .mm

11

^« 9

J 5

/
/
/

•--

|
t
I

\

\

- -

i

[cycle 5"

._.

10 30 50T.min
11

CO

CD 7
m

X
J 5

i

* jcycle 19"

V

—- —--
10 30 50T,roin

Ca) (b)
Fig. 1. The Concentration change of HJBOJ 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 H,BOj concentration
in the reactor water by changing water flow temperature from
20 °C to 80 °C and vice versa.
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INTRODUCTION

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

The purpose of this work was to prepare boric acid solu-

tion of higher concentration (above 10 g/dm ) from diluted

boric acid (2 g/dm ) 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) were 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 solu-

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



ivay the same amount of concentration enhancement wes reached

at each column.

Using the procedure developed, a feed solution of

2 g/dn can be processed to obtain a solution with higher

(> 10 g/dm ), and with a lower (<2 g/dm ) boric acid con-

centration.

Reference

[l] F. PETERKA: D. Chromatogr. 201, 359 (1930).
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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 of column in Fig.l.
Chelex 100(Ca2+)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 cm^/min.

Experimental Procedure

The "classical" ion-exchange technique of Kraus and Moore (3)
1953 was used to separate 59Fe, 60co and 65zn in certain
effluents. Chelating resins make it possible to concentrate
radionuclides from coolant water 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 1. After selection of
ion-exchange processes had been performed three groups of
radionuclides; "'Ion column No.I., l"cs-22Na-4*K on column
No.II; 60Co-, 54Mn-95Zr-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 (A?) 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 A2 (I;II;III)
R * radioactivity of the coolant mixture A°

equipments Ge(li) detector and 4 K multichannel analyser of ICA:
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I coolant
{ 500 ml

powex 2x8
[column I.

131

1 r t ? L L l
|Fe(OH) 3|

mg)

2N HC1
and

6N HC1
melting

supernatant

Bio-Rex
column
No.II.

40
-22

Extract with diethyl-
aqueous I 3+ ether
0,01 HC1 Fe

Na
I2K ..IN KC1
137
Cs 3N HCL

Chelex 100
column
No.III.

Fig.l. Scheme of ion-exchange processes

Results and Discussion

0,7 N HC1 3§ r_
1,0 N HC1 " "
2,0 N HCL JJco,

54Mn, Ce
3,0 N HCL 51 C r

Nb

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

Dowex 2x8

Bio-Rex 40

Chelex 100

131
I

0,98

-

-

137
Cs
-

0,99

-

42
K
-

0-81

-

22
Na
-

0,82

- 0

144
Ce
-

-

,85 0

95
Zr-Nb

-

-

,90 0

60
Co
-

-

,95

54
Mn
-

-

0,86

51
Cr

-

-

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 radioiodine 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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Introduction

Ammonia removal from wastewaters can selectively be

carried out by clinoptilolite. Optimal operation conditions

including the pH and the loading flow rate of influent water

end the particle size range of the ion exchanger have been

established (1). 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 increased by chemically treated activated alumina.

Experimental

Laboratory experiments were parried out with 3,2 cm x

x 15 cm columns filled with 80 cm ion exchanger. In all

cases, the 0,5-1 mm particle size range of commercially

available raw materials was used and the flow rate of the

synthetic wastewater was 5 BV/h. Treatment of the materials

was as follows: Na-form clinoptilolite was produced by pump-

ing 10 3V of 10 g NaCl/dm solution through the bed. The ac-

tivated alumina was treated by 10 BV of 0,7 g Ca and 0,5 g

Mg/dm solution. Synthetic wastewater was prepared by tap

water containing NH.C1 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 loaded to the top of the column filled with

Na-form clinoptilolite and the effluent went to the second

column filled either with activated alumina or Ca, Mg-form

alumina.
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Regeneration of the spent clinoptilolite and alumina bed
was carried out by 15 BV 10 g NaCl/dn3 (pH>ll) and 25 BV
1 M NaOH solutions, respectively*

Results and Discussion

Part of the results of the experiments is shown in Table 1.
Table 1. Removal of ammonia and phosphate from municipal

wastewater.

run 1: column 1 and 2; Na-form CL and activated Al-O-
run 2: column 3 and 4: Na-form CL and Ca, Mg-form Al-0,

run

1.
2.

treated
water

784

782

loaded
NHj
(mg)

2131
2176

P

(ing)

1153
1078

ion exchanged
and adsorbed
NH+ P
(mg) (ing)

966 964
1002 974

regeneration
NH+
(ing)

889
877

P
(mg)

871

751

The complete saturation curves were obtained for both pollu-
tant*. 4 ing NH^/dm3 and 2 mg P/dm 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 tines during the
phosphate exhaustion. From the regenerants, the ammonia can
be air-stripped and the phosphate can bo precipitated.

(1) Hlavay, 3., Vigh, Gy., Olaszi, V., Inczedy, 3.: V/ater
Research 16 417, 1982.

(2) Libert, L., Boari, G., Petruzelli, 0,, Passino, R.: '.Vatcr
Research 15 337, 1981.

(3) Mercer, B.W., Ames, L.L.: Int. Water Conf. Engng. Soc.
Pittsburg, PA., 1970.
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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. sea water into drinking

water.

Experimental

Silver ion-exchange of natural rocks containing mordenite

and clinoptilolite was carried out starting by the transformatio

of the heterocationic samples (containing mairr.y K, Ca and Na)

into the sodium form by boiling 10 g of the samples with 100 cm

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 attaining equilibrium, the solution phase and solid

phase were analysed, and the results plotted in equivalent

fractions.
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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.



- 152 - TP-08

Ammonium ion exchange properties of Hungarian clinoptilolite

ind application for wastewater treatment

A. Meszaros-Kis. J. Papp, E. Czarin

Central Research Institute for Chemistry of the Hungarian

Academy of Sciences, H-1525 Budapest, P.O.Box 17, Hungary

Volcanic rocks containing natural clinoptilolite have

high ion exchange selectivity for ammonium ions. Experimental

conditions including laboratory and pilot plant scale ammonia

removal investigations have been discussed in great detail by

many authors.

Our aim was to investigate the ion-exchange process from

preliminary static experiments through laboratory scale dynamic

procedures 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 cm ) 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

carried out at 5-100 g dm KC1 solution at pH » 7 and 12.

A KC1 concentration of 20 g da and pH*12 the aaxiiaua Uniting

value of the NH.+ concentration of the regenerating solution was

about 1OOO mg dm'3. The regenerating solution was freed of

ammonium ions by precipitation in the form of MgNH. P04* 6H2O

at a pH of 9-9,5.
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Pilot plant experiments, including a 50 m /day capacity

ion-exchange system wrt carried out for the removal of ammonium

frc* communal sewage. The volute of the ion exchanger bed was

1 • , the particle size: 0.5 - 2.0 urn and at 4 mg dm breakthrough

limit the ion-exchange capacity was about 3,9 mg NH.-N7g

clinoptilolite.
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In the las: 30 years great efforts were made to develop an

economics! process for the production of manganese from the

rhodocrosire oie deposit of UrUut. Pyronetallurgical experi-

ments '..ere unsuccessful* because of the relatively low

manganese ond hijh iron, silicon as well as phosphorous

con:ent of the ore. Hydro-metallurgical enrichment seems to

be very simple as acidic solutions dissolve the MnCO, content

quite selectively, but due co chc bad filterability and large

amount of undxssoivcd host minerals, it is difficult to

acheive a satisfactory yield for manganese.

recently ive have suggested znn use of strongly acidic cation-

-exchange reoins in H+-form as leaching reagent. Adding the

resin to the aqueous pulp of the ore, the netal carbonates

dissolve and the netal ions bind in the resin phase.

For the experiments Varion K5N resin was used. The ore was

billed and the grair. sizo of the sample used for the kinetic

measurements was less than 200 jjm. The kinetics of dissolu-

tion of the ore samples and the ion-exchange hsve been

studied sosvoiunetricaily as v;ell as by determining the

concentration of rtansaneso by complexonet ry or polarography

(the reactions were stopped at riven times).

The ion exchange leaching reaction was found to be a first

order one, but the /-.rrhdniua plot of the rate constants

obtained between 20 and 4S°C was not linear. The energy of

activation obtained from the data near to 20°C is about

60 kD/nol, while that obtained at higher temperatures is

about 28 kd/cnol. The activation energy of the acidic

leaching of the ore was found to be 20 kd/moi, while that of

the ion exchange reaction between the H+ and Mn * ions, was

about 71 k3/aol. 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 ,
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controlling role. At higher temperatures the ion-exchange

seems to be the slower reaction, which predoninantly

controls the rate of the whole process. The rate of leaching

can be accelerated by adding a small amount of electrolyte

- e.g. Kn + or H* ions - into the pulp. The resin can be

regenerated with a solution of HCl, when MnClg solution is

obtained.
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A STUDY ON THE MECHANISM OF SILICA FOULING OF ANION EXCHANGE!
RESIN

Zhang Guowei Zhang Tong Xu Genf u Zhao Guirong Liu Xluzhe(i
Quo Shouhai

Beijing Research Institute of Uranium Ore Processing,
Beijing, China

Introduction

The relationship between silica fouling of the 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 cryoscoplc method of sodium sulphate decahydrate was usefi
for the determination of degree of polymerization of silicic
acid.

Besults and Discussion

Experimental results show that the plotted curves are N-
shaped which represents the relation between the logarithm
of the half life ( f ) 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 within
the resin. The half life ( t ) can be used for calculating th#
order of polymerization reaction, which is about''four, and
hence silicic acids within the resin polymerize rapidly 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 ).
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Table 1. Tht relationship between the molecular complexity
of silicic acid and the aaxiaua aaount of silica
adsorbed within resin

molecular complexity
of silicic acid

maximum of amount of:
silica adsorbed within
the resin 5102 *

1,

0.

•0

,68

2,

1.

0

13

3.3

0.98

The table 1 shown the site of silicic acid molecule has a
signifleant effect on the ailica fouling of the resin. The
high content of low molecular polysiliclc 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 withi*
resin. The added salts, especially fluoride, have an effect
on silica fouling of resin.

Reference
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ION-EXCHANGE KINETICS OF STRONG BASE ANION EXCHANGERS ON

CONDENSATE TREATMENT
Z.Matejka,V.Vl£kovi and M.Jileckov*
Institute of Chemical Technology,
Oept. 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 technique 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~-C1~ in
the mixed-bed by 23%'. 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~-C1~-SO?~ and the effect
of organic fouling.

It has been observed (5-9) that under limiting kinetic con-
ditions (i.e. at very high solution flow-rate) the SOj ions
pass through the resin bed into the effluent sooner tftan Cl"
ions do.The kinetics of divalent anions (SOf~) 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 a slower rate tha:. rhlcrides,
in the early phase of exchange in a ternary syster. O5i~-Cl-SO
(Fig.l). This is the reason for preferential breakthrough of4

sulfate ions at very high solution flow-rate. Cr.rcn.atographic
bands in the resin bed exchange zone are formed, under this
condition, according to the kinetic but not selectivity be-
haviour of ions, as is common at the low flow-r&tcs. In this
study was monitored the kinetics of ternary excnange OH-C1-SC.
for styrene and acrylic strong base resins. Tr.c effect of the
low molecular weight ( surface active compounds, aromatic
acids) and high molecular weight ( anionic poiyelectroiytes)
organic matters was investigated. Also the changes in kinetic
behaviour of resins caused by their exposure to the elevated
temperature were followed.
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Introduction

An industrial method for the reduction of production costs
i3 the replacement of expensive materials "by cheaper one3.
At the iyr'roEetallurjical processins of uranium such a
possibility is the replacement of technical quality sulfuric
acid by the acid wastes of other branches of industry. The
introduction of acid v/astes Into the technological process
is only with careful pretesting and continuous checking
allowed,otherwise the economical result is questionable
e.g. because of an unexpected breakdown. One of the most
sensitive operation of the technological process for con-
taminating materials is the ion-exchange.

Experimental

7?e have cot an offer for using sulfuric acid wastes origina-
ting fron the production of polymers.

The neutralized waste acid contains numerous components
which are deleterious from environmental point of view.

17ith the ain of eomparision synthetic solutions were prepar-
ed from naste and technical sulfuric acid for the following
investigations:
1) The value of equilibrium capacity of the ion-exchange

resin and the uranium distribution coefficients in low
and high concentration range were determined.

2} Ageing investigations were carried-out in 100 cycles in
order to determine the degree of change of the useful
capacity and mechanical stability of the ion-exhange
re sir..
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Before application for technological purposes the equi-
librium capacity, mechanical stability and grain-size
d'.stribution of the resin stored In the ion-exehange system
and the work-line of running system were determined*

After introduction of waste acid into technological system
the condition of ion-exchange is continuously tested a.3
follows:

1) Time by time the capacity, mechanical stability and
grain-size distribution of the resin is controlled in
accordance with the prescriptions of the standard;

2) Using technological solutions the capacity and uraniun
distribution coefficient of the ion-exchange resin is
regularly determined,

3) Modelieing the plant circumstances resin sample is pre-
pared in ion-exchange column for comparison purposes.

Results

By the help of the above mentioned method the degree of
effects exerted by contaminating materials for the ion-
exchange was determined. The yearly damage of ion-exchange
resin is of 1-2 %, so its application seems to be
economical.
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PRODUCING OF HYOROCHLOKIC ACIO USING AHION EXCHANGE RESIN

M. Csfivdri. B. Czegledi, H. Erdilyi, L. Stocker, R. Egry

and S. Tundbk

Mecsek Ore Mining Enterprise

In processing of uranjua 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 is 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 of two columns /height: 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 after which the

solution obtained was fed to the bottom of the first column.

On the top of the first column hydrochloric acid containing

solution was obtained.
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Concentration of hydrochloric acid in mol/dm was ap-
proximately the sane as the concentration of sulfuric acid in

MOI/1 of fed solution.

As a result of the investigation it was determined that
More than 95% of the chloride sorbed on anion exchanger could
be removed in the form of hydrochloric acid. On the basis of
these data technology of producing hydrochloric acid containing
solutions from different chloride containing wastes was elabo-
rated. Nowadays the process is used in industrial scale in
hydrometallurgy of uranium ores.
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7ACTCSS INFLUENCING KIXSD BSD ffATSR QUALITY

?. Hiibner and 7 . Kadlec

*KE DUKLA, Research Institute of 'Vater Treatment,
Prague, Czechoslovakia

Introduction

There are two kinds of leakage which determine the effluent
mixed bed water quality. First, it is so-called "elution
leakage", caused by an imperfect way of the regeneration pro-
cess. The second so-called "kinetic leakage" is due to the
inability of the mixed bed to sufficiently reduce the influ-
ent concentration to the target level at higher specific loa-
ding. Whereas the elution leakage is important at the begin-
ning of the working cycle and then gradually decreases, the
kinetic leakage slowly increases as the exhaustion continues,
3y improper regeneration procedure the over-all ionic conta-
mination of the effluent during the working cycle is predo-
minantly caused by the elution leakage.

Experimental

The experiments were carried out on laboratory scale wl .
all styrene-DVB mixed bed combinations 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 1:1, the influent was the de-
mineralised water with conductivity 3-5^uS/c:n. 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 that the most important factor in-
fluencing water quality is incomplete separation of the re-
sins before the regeneration, >7e have confirmed that with tht
increasing crose-oontamination the effluent quality propor-
tionally decreases. However, not all types and even not all
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Table 1. Conductivity of the mixed bed effluent
Type of
cat* resin

gel 8-10?? PVB
Wofatit EPS
Lewstit S 100
Amberlite IR 120
macrop. 20g DVB
Wofatit KS 10
Lewatit SP 120
Amberlite 200
macrop. DVB

.ewatlt SP 11?
Amberlite IR 252

/iS/cm

0,07
0,210
0,068

0,230
0,060
0,082

0,074
0.060

Type of
an. res in

gel
Wof. SBff new

used
Lew. M 500

Amb. IRA 400

macroporous
Wof. SZ 30 new

used
Lew. XF 500
Amb. IRA 900

HC1

0,068
0,340
0,100
0,058

0,060
0,112
0,068
0.070

/iS/cn
H J > 50 1

0,058
0,190
0,124
0,058

0,066
0,060
0,056
0.064

20# of cat. res:
minated with ITaOH

20ft of anion resin contaminated
with HC1 /HgSO-/

resins of the same type behave in the same manner /see Table
l./« All the resins either new or used, when properly sepa-
rated, gave perfect results with the effluent conductivity
of around 0,06/iS/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 acid exhibited prolonged rinse before the mixing.
However, after the mixing with the cationic resin the new
resins gave good quality of water. In the caae of uaed re-
sine, the gel Wofatit SBW compared with the macroporous Wo-
fatit SZ 30 exhibits worse water quality, undoubtedly due to
the lower resistance of gel matrix against organic fouling.
The new as well as the old cation exchangers give the same
results, but there is a difference between the same types
from different manufacturers, probably given by the diffe-
rent homogenity of the matrix.
The presented results allow to diminish the influence of im-
proper separation techniques /cross-contamination/ by the
proper choise of the resin combination at given separation
procedure.
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£KX Or1 THACJS AMOUNTS OF 1MATIJIUM IttOrt 30LU2I0M3 OJf
AiiCKATIC AWIHK3 ON I 0 « JSXCtiAJKJK HBSISS

*» .iatajczak. A. Koprowski and &. Zie.borak

Research Institute of Industrial Chemistry, 01-793 Warsaw,
Poland

Introduction

In the process of reduction of dinitrobenzeae to toluilenedi-
auine /TDA - poliurethane intermediate product/ 60*70% of Pt
catalyst have been lost. It has flown away from the reactor in
the very diluted solution /Pt concentration less tha..i 1 ppm/ in
the reaction mixture. The paper reveals a practical method of
recovery of Jft from such very diluted water-organic mixtures.

Experimental

Ion exchanger column filled with a tested ion exchanger bed was
fed with synthesis aqueous TDA. at volume feeding rate 4 to i6h"V
The bed temperature was 80»90°C. After 700*1500 volumes of ISA.
solution had beeu supplied, the ion-exchanger bed was removed
from the column and analysed for ft content. The following ion
exchangers were tested: tfofatit EPS, Vofatit MC-50, Wofatit
AD-41, Amberlite 13A-943, Amberlite IRA-45. Amberlite IBA-900,
and Amberlite IRC-713.

Results and discussion

It has been found that Ft can suitably be extracted from T M
solution on an anion exchanger bed. This finding seems to prove
that Pt is present in IDA. solution in an anionic complex form.
Pt sorption was preferrably carried out on Wofatit AD-41 bed.
1 cm' of Wofatit Ai;-41 retained up to 1 mg of Pt. Concentrated!
Pt was separated by burning the anion exchanger away. The ashesi
contained up to 40^ of Pt. An industrial scale plant according '
to the above process was started-up. It enables retaining

of Pt dissolved in the synthesis aqueous T M .
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Introduction

The process of synthesis of cuneae in the presence of A1C1, ca-
talyst gives 5*4 or of waste-water per 1 ton of produced cumene.
The amount of waste-water containing aluninium salts and hydro-
carbons can be reduced by sorption method/1/. An application of
.cacroporous cation exchangers for reduction of waste-water
volume in the process is the object of the work.

Experimental

The reaction mixture containing cumene, alkylbenzenes and 0,1 •
0,25* of A1C1, was passed at 4O+5O°C through 1,5 dor bed /55 cm
height/ of Vofatit KS-10 cation exchanger at vol. feeding rate
6*12h . The eluate was analysed for Cl and Al*^. Reactivation
of the bed was performed by countercurrent pass of distilled
water at vol. feeding rate 2+3 h , follwed by fluidizing of
the bed with upward stream of nitrogen. Drying the bed with
hot /7O*9O°C/ nitrogen for 2+3 hours completed its preparation
for the following cycle of A1C1- sorption from cumene synthesis
mixture.

Results and Discussion

It has been found that macroporous sulphonic cation exchanger
is capable of complete removal of A1C1- from cumene synthesis
mixture. 1 dm' of cation exchanger retaines up to 100 g of
A1C1- 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 1QS* of that produced by the previous-
-state-of-the-art method of cumene synthesis.

References

/1/. V.£.ltarpanova et al., Zh.Prikl.Khim., 1980, /8/, 1759-62.
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APPLICATION OF ION EXCHANGE RESIN FOR PREPARATION

OF (1-CYCLODEXTRIN OLIGOMERS

I. Haklits, B. Keszler, G. Kovacs

Research Institute for thePlastics Industry
Budapest, Hungary H-1950

Introduction

Water soluble (5 -cyclodextrin / (3 -CO/ 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 qualities, 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 (h -CO oligomer was prepared by polyconden-
sation of (3-CO or carboxy-(S-CD with epichlorohydrin in
aqueous alkali solution in the presence of Varion AD, AT or
ATM anion exchange rssins 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 (-CD's with epichlorohydrin,
in the presence of anion exchange resins instead of using
large quantities of NaOH, the product contained considerable
less salt /i.e. 1-1,8 % compared to IS %/. The optimum con-
ditions can be achieved with Varion AT 660 resin: strong
base anion exchanger with high degree of crosslinking 1,26 w/X
However, in this case the water required for removal of the
larger quantity of adsorbed polymer on the surface of the res-
in dilutes considerable the final product.

We have not observed any irreversible binding of (3 -CD or
fi-CQ oligomers onto the surface of the resin. The capacity

of the resin remained 97 X of the original one after IS 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, 3.H.3.3. Lammers and C.L. van Panthaleon
van Eck, Die Sta'rke, 5 /1969/ 119.

(2.) 12*4990 Brit. Pat. "
(3.) 180597 Hungarian Pat.
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EXPIRIHEHTS OH REACTIVE EXTRACTION OF PENICILLIN G
FROf. FERMENTATION BROTH

F. VUcsi and J. Balint

BIOGAL Pharmaceutical Works, Debrecen, Hungary

Introduction
Reactive extraction allawa recovery of pcnicillina en

hi^iar pR undtr favourable stability conditions. Thia process
has baas appliad only far aqueoua solutions of penicillin G
/l,2/t sa wa aiaed at the inveatigation of the reactive
extraction of this coapound from feraeatation broth.

Experiaental
Penicillin G was extracted froa fi?.tered fomentation

broth with the iae-butyl acetate solution of liquid ion
exchanger Aaberlite LA-2 at pH 4.5* then the crude potassium
salt ef penicillin G was prepared. Control extraction was
•ade at pH 2.$ without liquid ion exchanger.

Degree of extraction, aa well as purity and yield ef
the product was determined.

Results and Diacusaion
It was denonstrated that pH ef recovery could be in-

creased fron 2.5 te 4.5 with application of liquid ion ex-
changer while product quality remained conatant. So decrease
af the decenpoaition loaa of extraction resulted in the
increase ef yield for production.

References
/I./ Reschke K., Schuegerl K.: Chem.Ing.Tech. £6 141. /I984./
/2./ Resehke H., Schuegerl K.: Chen. £ng. 28 B11-B2O /I984./
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APPLICATION OF ION EXCHANGE RESINS IN WATER TREATMENT

K. Salacz - Morslli

National Institute of Hygiene, Budapest, Hungary

Ion exchange resins are used in some water purification
technologies, e.g. for removal of nitrate ions from drinking
water or of ions from waters applied in therapy.

The results of the qualitative examinations showed that
depending on the ion for* of the resins (H* or Na* and OH" or
Cl"), the content of organic compounds of the treated waters
was differently changed.

Determination of the organic content of the waters can be
carried out by COO measurement but the results are not reliable
for the characterization of the organic compounds dissolved
from the resins. Therefore, the total organic carbon (TOC)
content of the water treated on ion exchanger has to be de-
termined. For qualification of the resins this measurement is
essential.

The methods available today are not able to give infor-
mations about 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.



TP-20

• . . • • j .

t

. * . . . , . - V _ V* ^ « » m .

••. *.:.•; ;i.*.-r. «dlci^:-l p:-r-iil^c .30- ir.ciuccicn dipclo -crx--

.•:.• ::.::•. •.r-;- '.to'_li»::i in certain tlasea :t* cl-jc^ric ; ' ilter.

: - : r i"ilcr^tirr. of .•. lor^'-.ir. -.'OIU-T.: of liquid, the corbod

••.:—.ic.sr r̂c- eitr.-_-r •.vr.c.ieu- out by v;r>.ter, or dissol'/ed by

J. j;rcr;(-r reagent. T'*.eir or.cr.icai cubctaacc-a are analysed tii:-r.

. / liv^id chror.atocrtpiiy. :.3?-f>C0 industrial electric f i l ie r

-., E "̂ -.:.n clov&lc-ci -.vith 5C0 litre/lir capacity of ultra para

,.://jr, deocrisity son^u-ption io 30 v; hr/zr and v/ater speci-

ri-5 resistar.se is 20 rr.Oh era. There are no rr.icroparticles in



-• :•-.T'.-.lcz. cf t - i - -.re : i - c : v . r j t :. !••.•.•• i c r. :<.•.;•; r y fc

;r-:y.r.*.crv ri;rrc .-•-..- ir. l.l: r -tori ..' '.:.-. fcr cc.-rl'.;: rurif '

cr.'iicn of rr-lire v-.f-r to ZVOWJ.?: :r.-... •:• -.:r •..'.-- v.lu'.tl--

• inoral r'jbr-tir..:on. In tr.-: I^tcr CMC •. r.i;r.:.r-cu-r-?i».-c-:lv

r-.;:.br ::•:•: er.V:.le u: to rcrluss ; : • : . : . : : ? r: v.r.:;r liff-:-d ; : r

11?~ ' o ""' hi< . i l " ccr.-•"•r.'t r..* •: .1 :;""i;.'

:.. . f r i i l r oii:"io:.ticr.

1̂ . liOl'.tivs c.l".:-.r.='c- of rurff.ee ccr.̂ t...*.r:

ions Dy fi::i

raenbr&ne rur

3. Jonocr.tratiori rr-.tic ahen^e of ccu;;tcrions by tr.e cr.r.r.

se of electrodi&lyric conditic:;.- (current ce.-.^ity,

solution flow velocity tilcic. -•'-' '.ri-eptir.^ ^ice cf

nien-.brane, cs^eral rclir.ity cf t:;^ .oluticr. without

i t ' s compositional cr.r.r^t).

Absolutely new tecr.i.olccy cf naru v.-utcr de:::inert.l:L^tic:-.

iind concentrated trine production without trc-at-er.t of ie;i..-

lir.iited water cr brine hue "r?en elr.norate;'. usir.s ur.i-char;---.:

selective membranes.



- i7i* - TP-21
CADMIUM REMOVAL FROM WASTE-WATER B* ION-EXCHANGE

I.Haklits1, A. Nagy2, L.Kits1, P.Simon1, O.Nagy3

1. Research Institute of Plastics Industry
?. Nnrth-lliinnnrinn Thnninni Works
1. technical University of Budapest

Introduction

In order to diminish the sever* environmental problems of the
accumulator mass producing plants, an ion-exchange system was
elaborated for treating the cadmium-containing waste-water.

Two characteristically different streams were treated. The
first one /MI/ has 0,5-2,0 g/dm3 cadmium content and about
6-9 times higher amount of Al and Hg. In the other stream
/Mil/ the cadmium concentration is 0,01-0,15 a/dm3 and it
cointans nearly equivalent amount of the other two ions.
Because of the associate ions and the volume difference of
two order of magnitude /Mil Wl/, separate treatments were
necessary, first of all with the view to economy.

Experimental

As the cadmium forms an anlonic chlorocomplex in hydrochloric
acid medium, the disturbing effect of Al and Mg ions can be
eliminated by treating stream WI on Cl-form strongly basic
anion-exchange resin. In this case the Al and Mg ions go
through the column, while the cadmium complex is adsorbed.
Solution Mil, which has a relatively low cadmium content, is
preconcentrated by binding the total amount of cation on a
H-form strongly acidic cation-exchange resin and recovering
by elution with hydrochloric acid.

The acidic concentratum is carryed back into stream WI.
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Results and Discussion

The optimum hydrochloric acid concentration for the anionic

treatment is 3,5 X m/m. In this case, the operating capacity

i :• n,A Mviil/cM , when Varinti AIT in nnrrt. Thn hound r.nrimitm

complex can be easily decomposed by water and solution of

.JIIIIIJ M i j C i J / i i M u i i n lie y i i l n u U . H i t ; r u u J i i r i i H i i i i n u lit H I - f o r m ,

thornfnrn thn column renuirns only ennrtitioninp with 3,5% m/m

hydrochloric acid.

The operating capacity of the cation-exchange resin is 1,2

mval/cm in case of Varion KS. Regeneration of the cationic

resin with an 8 X m/m hydrochloric acid yields a solution of

4000 mg Cd/dm3.

The elute from the a.nion-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.

w_lL

ft$ 1. Flm fT ttn
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AMMONIA REMOVAL BY SLOVAK NATURAL CLINOPTILOLITE

HorvStovS, £.
Water Research Institute, Bratislava,L.Svobodu, 5., CSSR

Static and dynamic experiments were carried out for

removal of ammonia from water by natural Slovakian zeolite.

Untreated and Na-form clinoptilolite were used in the

experiments. In the static experiments the initial ammonia

concentration ranged between 10 and 2740 mg/dm . Equilibrium

data and selectivity coefficients were calculated. It was

concluded that the Na-form clinoptilollte is selective for

ammonia over the entire range of zeolite composition.

In the dynamic experiments three different model

solution (56, 106 and 134 mg NH^-N/dm3) were used and the

breakthrough capacity was measured. Finally, ammonia 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

Petruzzelii D.^Liberti L.^Boghetich G.2,Helfferich F.G.3,Passino R1

(1) Istituto di Ricerca Sulle Acque, C.N.R., 5, Via Oe Blasio,
70123 Bari, Italy.

(2) Istituto Chimica Applicata, Facolta1 Ingegneria,

Universita, di Bari, 200, Via Redavid, 70125 Bari, Italy.

v3) Department of Chemical Engineering, The Pennsylvania

State University, University Park, Pa,16802, U.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 light microscopy observation
? of equatorial sections of the single resin bead allows to
\ interpret transient phenomena in the solid-phase during exchange
S reaction.

In this paper experimental data for chloride/sulfate forward

and reverse exchange, as well as for suifate isotopic exchange at
i high solution concentration (C*1.8N), when reaction rate is
j likely to be particle diffusion controlled, are reported, in
] reference to an acrylic based resin (Kastel A102) 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 pi thick), after
observation in light 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 reported.

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) Hoeil W.; Optical verification of ion exchange mechanism in

weak electrolyte resins; Reactive Polymers,2(1984)93-101.
4) Liberti L.; Planning and interpreting kinetic

investigations; In "Mass Transfer and Kinetics of Ion
Exchange" NATO-ASI Series E-71 M.Nijoff, The Hague,
Netherland, 1983.
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Fig.1,: Polarized light Microscopic observations of equatorial sections and corresponding autoradiogrsphy
for resin Amberlite IRA 458 submitted to reverse exchange. (C=1.8N, pH 3, 25°C, ZO/30 mesh)
a) U*0; b) U=0.25; c) U*0.50; d) U=0.75; e) U=l.0
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AP-20
TRACE ANALYSIS OF HEAVY METALS AND ALKALINE EARTH BY ION

CHROMATOGRAPHY WITH POST-CHROHATOGRAPHIC DERIVATISATION

H. Bauer, 0. 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 BIOTRONIK IC 1000
for the rapid and complete separations of metals. Fe(III), Cu,
Zn, Co Fe(II) and Hn 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-EOTA 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), Nn
and Cu. By means of concentration it is possible to determine
metal ions at low ppt levels, which occur in demineralized
water. The analyses of 10 different real samples show that
this method can be applied to the multi-element-analysis down
to trace levels with a concentration difference of 10 .



TP-23
REMOVAL OF IRON FROM IRON-RICH SOLUTIONS Of

NICKEL ANO CADMIUM SULPHATE.

GSbor Sinka. Mihily Vigviri

HUNGALU Engineering and Development Centre, Budapest,

Hungary

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
I is an expedient method for the reclamation of nonferrous
i metal wastes. Leach solutions of such wastes are often
; concentrated and almost always contain iron.

I Precipitation of FeCOH)^ is a frequent method for the
k separation of the valueless iron from the valuable components.
I
| 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.
i'

During the hydrqmetallurgical processing of icrap Ni-Cd
batteries as developed at ALUTERV-FKI, a solution of the
following composition is reached after the initial dissolution
of scrap (g/dm ):

[
\ Ni Cd Fe H2S04

r 28 28 30 5
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fe makes up for More than 90X of all dissolved iron. On

oxidation with HJOJ, a complex anion of the formula

[Fe(504)2J is forned> diSpiaying a stability constant of

17000 in a solution of an ionic strength of 1.2 /I/. Neither

nickel nor cadmium formes such a complex. This fact opens up

an alternative path for the selective removal of iron, using

synthetic anion exchange resin.

Experimental

The equilibrium adsorption isotherms, together with the
time required to reach equilibrium, were meesurod for a
Varion AT 660 resin in the bi-sulphate form, at 25° C.

Optimum number of cascades were determined graphically
on the basis of the above data. Using countercurrent cascade
decantation, the iron content of the solution may be reduced
below 10 g/dm3.

Results

According to the adsorption isotherms, the Varion AT 660
resin in the bi-sulphate form is selective for the complex
anion LF«(S04)^]~, with a maximal separation factor of about
2. Equilibrium is reached in 2 hours.

Using a three stage countercurrent cascade decantation
setup with equal volumes of solution and resin, the iron
content of the solution was reduced below 10 g/dm3 from the
original 30 g/dm3.

Following such a preliminary treatment, the traditional
Fe(DH), precipitation for final iron removal causes only
scceptable losses of the other valuables.

Literature

/!/ Lister-Rivington: Can. 3. Chem.3>L. "*1 (1*55).
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SYKTHESIS AKD IKVESTICATIOJf OF AKIOX EXCHANGE KEHBRAKIS

MP-12
E.E.ERGOZHIN, B,A.UTKELOV and K.K.EURAKHl£ET07

The Kirov Kazakh State University, Alma-Ata (USSR)

The modification of polyethylene, polypropylene, 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

effect of irradiation rate and dose, the influence of the nature

of * solvent, of the method of copolymerization (in air, in the

vacuum and in the inert gas atmosphere) and of the relation ot

primary components on the amount of the styrene-grafted links

were studied,

'; Chlormethylated copolymere 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 chlorine thylation ot film eo-

< polymers was found to proceed with a greater reaction velocity

, and a greater fractional conversion compared with the granulated

[ macroporous copolymers of styrene and divlnylbenzene.

• The weak basic anion exchange films with the exchange capa-

• j city up to 9,5 meqv/g were obtained by aminating chlormethylated

> copolymers with the different aliphatic low molecular and poly-

I mer amines. The influence of the nature of the alkyl substituents

I »n 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

| film 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 AIIIO1IITS BASED ON POLYSTYRETTE AND

KYDRAZIDE OP ISOIIIKOTEIIC ACID.

lausarova 3.R.,Ergozhin E.E.,Begezhanov 1T.K.

Kazakh State University,Alma-Ata,USSR

The new water-soluble polyelectrolytes have been

produced by means of the chemical modification of the

chlororcethylated polystyrene with various molecular mass

(15#1O3-3O«1O4) by hydrozide of isonicotinic acid.

The reaction has been carried out in the medium of

di^ethylforraaraide,dioxan and dimethylsulphoxide in the 1:2

proportion of polymer/amine for 1-2 hours in the temperatu-

re region 6O-9O°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 analogue-

bensyl chloride were calculated.lt was established that

the rates of reactions in the studied solvents decreased in

the order of DO<DMPA<DMSO. Thermodynamic characteristics of

the process of amination:free energy,enthalpy and 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-

aietric titration, pK^-9.9. Exchange capacity to the 0.1 N

solution of HC1«3.61 meq/g.

The investigation of specific and equivalent conduc-

tivity confirmed the availability of ionogenic groups in

the synthesized polymers. .

The effect of the molecular mass,the nature and concen-

tration of the completing metal,and the medium pH on the

liberation of the metal ions from their aqueous solutions.

It is shown that synthetized polymers can be used for the

formation and precipitation of Cu2+,Ni2+, Co2+, Pb2+,

Mo04~, V03~, WO
2" ions.
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