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ABSTRACT

The synthesis of zirconium selenite and thorium tellur-
ite are reported. Zirconium selenite has been prepared by
mixing 4 N HCl solution of zirconium oxychloride with
4 N HCl1l solution of sodium selenite, and by adjusting the
acidity of the solution to about 1 M HCl. Thorium tellurite
has been prepared by mixing 1 M HNO3 solution of thorium
nitrate with 4 N HC1 solution of sodium tellurite, and by
adjusting the acidity of the solution to about 1 M HC1.

The chemical composition for both exchangers showed metal

to anion Zr:Se and Th:Te ratio of 1:2. The IR spectrum of
both exchangers revealed absorption bands in the region
3500-3000 cmnl due to water molecules and OH groups: and

1700- 1600 cmwl, which may be dus to interestitial water.

The hydrogen ion liberation capacity of zirconium sslenite

and thorium tellurite was found to be 1.2 meq/g and 1.12 meq/g
respectively. Distribution cosfficients of metal ions on

both sxchangers were determined at different pH

in the range
2-6.5. The distribution coefficients were higher for Pb,

Co and Cu than for other metal ions. On the basis of
distribution coefficients, separations of Pb2+ from Cu2+,
Cd2+, Zn2+, 002+, Mn2+, and N12+ have been achieved on

both exchangers. A number of binary and ternary separations

of metal ions have been achieved on the columns of both

exchangers.



CHAPTER ONE

i. INTRODUCTTION

1.1. History and Importance of Ion Exchangers

Ion-exchange processes were studied systematically only
in the middle of the last century in connection with investig-
ations of different soils} The first commercially available
lon-exchangers were amorphous dluminog8ilicate gels. These
gels later was known as permutites but their instability
fowand.: acid solutions and variability of bshaviour led
chemists to seek alternatives? This search eventually led to
the synthesis of organic ion-exchange resins. These resins
soon dominated the field because of their uniformity, chemiecal
stability, and the ability to control resin properties by

synthetic procedures}’B

Ton-exchange is now a well sstablished
technique in many industrial process and is alsec widely employ-
ed in many chemical laboratories. However, the applications of
ion-exchange to scme important processes that occur at high
tmperatures or in the presence of ionizing radiation or highly
oXidizing media are severely limited at present, because commer-
cially avai’able ion-exchange resins undergo degradation under
such drastic conditions?’s Many inorganic substances exhibit
ion-exchange properties, but the use of these substances is
restricted because the exchange capacity is lower than that of
ion-exchange resins and also such substances are useful only

He5

in a limited of p . However, various inorganic ion-exchangers

have a good resistance against both gamma-rays and charged



particles§’7 The production of a chemically stable inorganic
ion-exchanger would enable ion-exchange processes to be used
in an intense radiation field. Thus, during the last two

decades a large number of inorganic ion-exchangers have been

8-11

synthesized and explored for their use. These materials

are classified into two groups (i) Inscluble acid salts of

12hlahaving cation exchange properties and

19’23having cation and anion exchange

tetravalent metals
(ii) Hydrated oxides

properties.

Amorphous insoluble acid salts of tetravalent metals have
been known for long time. Since 1956 there has besn increassd
interest in these compounds due to their good ion-exchange
propertieé and their high resistance toward tempsrature and
radiations. Thus, their practical applications in nuclear
technology or ion-exchange occurring at high tempefature were
hoped for. They are, however, not very stable toward hydrolysis
of their acid groups, and therefore their composition is often
not well defined?4 Many interssting properties of the insoiuble
acid salts of tetravalent metals depend on the crystalline
structure of the material obtained rather than on the metal
ion or pdlyvalent acid involved. Hence, starting from 1964
several insoluble acid salts of tetravalent metals were obtained
as crystalline compounds, and these materials were found to be

considerably more stable than the amorphous ones.ZS'25

Insoluble acid salts can find practical applications on
many fields. An important application is their use as ion-

exchange materials. They have also better resistance to



temperature, axidizing sclutions, and acid media. Ion
exchange in molten salts and applications in.nuclear technology

are thersfore possiblg,z?:Eﬂ

The discovery that large cations can be taken up by ionic
forms with large inter-layer distance has opened new develcp~
ments., The sglectivity of zirponium phosphate for polyvalent
cations is very high, and analytical separation as wall as
voncentrating of these cations can be achisved.zﬁ Amorphous
zirconium phosphate has heen utilized in kidrey machines for
the removal of ammonium ions from blced,? Polyhydrated
zirconium phosphate can be used for the removal of both the
ammonium ion and ammonia from blood or waste solutiansgzg
Owing to the discontinunus phase transition during exchange,
insoluble acid salts can also be employed as solid pH buffers,
while their salt forms could be used to maintainlcmnstant ionic
fraction of a pair of cetions) such as-Na+-Kf, in sslutian.zs
Insoluble acid salts have also important applications in
catalysis, Kalman et.al. has successfully employed the copper
form of zirconium phosphate for the oxidation of CO to 882 and
employed it as CO adsorbent in automobile exhaust pipe.aa
Recently zirconium phosphate has been been loaded with several
trangition metal ions and used as potential eatalyst.31'32,
Zirconium phasphate has also been employed es a support for

33, 34

gas-so0lid chromatoraphy and good separations have baen

obtained.

Inorganic lon-sxchange membranes consisting of insouble

acid salts also have a wide practical applications e.g.

35

lanthanum antimonate.”” They represent a unique possibility

for relating their electrochemical and osmotic propertias to



the known roeticular arrangemaent of the fixed charges and
counter ions or steric factors. Owing to the sslectivity and
stability of inorganic exchangers, these membranes do find
applications as selective electrodes in particular processes
in which organic membranes cannot he employed because of their

higher degradability.->’38

Some acid salts whose structures
have not yet been defined possess interesting ion-sieve
properties; e.g. thorium arsenate behaves as a very narrow
ion-sisve and only H-Li exchange is therefore possible. This
interesting property has already been exploited for ths sapar-
ation of Li' from other cations, and from natural waters. The

2+ and

very high selectivity of fibrous cerium phosphats for Pb
vertain other divalent cations has also a practical application
in the removal of some heavy metal ions form industrial watar%?
Impregnated papers or thin layers of insoluble acid salts have
been successfully employed for several chromatographic

, . . . 9,40
separations of inorganic cations e.g. cerium arsenate.3 !

The pood ion-exchange properties of zirconium phosphate
have recently stimulated the preparation wf'insoiuble‘aaid
salts from sédlenites and tellurites acid grsupa%lwaa Several
materials exhibiting some ion-exchange properties have bean
obtained by Rawat and Singh?z’az All these products are
amorphous and very hydrolysable and their anion to metal ratios
did not excesd more than 2. These materials were prepared by
various methods and their properties, such as composition,

exchange ocapacity, and chemical stability, were investigeted

in relation to the methods of synthesis. Exchange capacity



depends on the selenite and tellurite groups. . The exchanger,
which has maximum selenite and tellurite to metal ion ratios,
has maximum exchange capacity. The iaon-exchangers are charac-
terized by the ratios of selenite to metal ion, téllurite to

H

metal ion, and by their p titration curves. Tantalum

sleniteql is ,industrially important for the separations of

3+ 2+ 2+ 2+ 3+
u .,

from Mn~ , C 02+, in“, V02+. and Al

Fo NiZY, © and

3+

Ba from CaZ+, SP2+, and Mg2+. This property has been used

to separate and determine FeS+ in nickel electroplating baths.

The H' ion liberation ion-exchange capacity of niobium
slenite’? for ratios of Nb:Se (1:1,1:2 and 2:3) by KNO, was
found to be D.95, 1.04 and 0.90 meq/g, respectively. Rssults
of the ion-exchange capacity determinations suggest that the
exchangeable protons in nicbium selenite decreased with an
increase in the niobium to selenite ratios. Separations of
lanthanum-thorium, thorium-copper, lsad-cadmium, zinc-lead,
and lanthanum-cerium were-achieved on small columns of niobium
selenite, Thus due to their high selectivity, thermal stabilit
and their use as a potential catalyst we intend to prepare
other polymers based on selenium and tellurium such as

zirconium(IV) selenite and thorium(IV) tellurite.

1.2. Objectives of the Present Investigation

i} %o synthesize zirconium(IV) selenite and thorium(IV)
tellurite.

ii) To explore their application,particularly chromatographi

separations



CHAPTER TWO

2, LITERATURE REVIEW

2.1. Synthesis and Ion-Exchange Proherties of Zirconium and

Thorium Based Inorganic Ion-Exchangers

Insoluble acid salts of zirconium(IV) and thorium(IV}
are usually synthesized by direct mixing of salt solutions of
these metals with an excess of polybasic acids or polybasic
anions. The proténs of the acid groups of the insocluble
acid salts can be replaced by other cations which accounts
for ion-sxchange property of these compounds. Furthermors

it was found that thay have high selectivity for certain

39,40 ) . .
ions and this selectivity can be increased by
thermal treatment?5’48 The insoluble acid salts of both

metals zirconium and thorium are obtained as amorphous gels
when prepared by rapid precipitation in the cold, but refluxin;
in solublizing media slowly transformsforms them into
crystals?5’47’48 Insoluble salts of polybasic metals, such as
zircenium, and thorium phosphate or zirconium arsenates,
antimonates, oxalates are generally amorphous or semicryst-
alline materials, which undergo extensive hydrelysis even in
weakly alkaline or neutral solutions?gﬁS3 However, these
materials are found to have useful cation exchange properties
including high uptakes of certain ions reasonable exchange ‘..

rates, and intersesting selectivities?4"60

63-71

Zirconium(IY) based
ion-exchangers where the exchanging ion groups are sulfide:
oxalates, chromates, arsenates, and antimonates are gensrally

synthesized by rapid precipitation of zirconium salts with an



. . ., B5
appropriate reagent at a definite pH. Zirconium sulfide

is obtained by ranid mixing of NaZS soluticn at pH7.5 with
ZPDCIZ. It reprasents a white powder with d=2.7, easily
exchanging Na' for CaZ+ and for ions forming inscluble
sulfides and working well in frontal separation of 07
Cu(II)-Ca(II) and Cu{Il}-Fe{Il}; Cu:Ca enrichment amounted

to 5x104.

Zirconium arsenate is synthesized by mixing ZP0812.8H20

in HND., with KZHASO at nH 7.5, The sorbent consists of

3 4 ‘

a gray white particles (0.1-0.2 mm) with a bulk d of 1.7. It
did not swell in water. The action of 3'N acids and 2 N

bases had no effect on sorption properties. The capacity of
zirconyl arsenate decreases with increasing pH during mixing.
At pr7 its capacity is equal to that of zirconium hydroxide.
This material is well suited for frontal separation of :
Ca{II)-Co(II) with Co:Ca enrichment upto 104. The exchange
capacity does not vary with particle size. For all bivalent
ions, the dependent of the capacity on the pH is approximately
gqual. The sorption of C; at low pH is relatively insensitive
to the presence of bi-and trivalent ion. An enrichment factor

4

of C; with respect to K or 2.5x10° is attained. The kinetics

. . . 67 . .
and mechanism of zirconium arsenats ion-exchanger synthesis

is studied in H,0 or 0.5-3 M HNDB. The composition

2
{Ag:Zr at ratio 1.6 to 2.0) and the structure (crystalline,
amorphous, or weakly crystalline) of the products depend on
HNCI3 concentration and aging time of the precipitate. Analog-

ous to the formation in HNO,, when prepared in HCl or H28l34

3



saolutions, zirconium arsenategﬁ transforms from gel to a
crystalline structure. The chemical composition of the

dry cpystaliinﬁ product prepared in the presence of excess
As,0. concentration is Zr(HAs0,),.H,0. On aging in HC1 or
H230¢ the composition and the structure of the crystalline
product is found to change. The ion uptake properties of
zirconium arsenate exhibited the order of exchange affinities
for slkali metals at pH values lower than 2.6 as Cz>K>Na'

H

between p’ 2.6 and 3.8 the erder becomes K'>Cs'>Na while

between p' 3.8 and 4.65 it changes to K> Na® Cs®: finally

H 4,65 the order is completely reversed to Na™>k™>cs’,

abeve p
On refluxing amerphous zircenium arsenate with fairly concent-
rated arsenic acid, a crystalline product is obtained. Tha
ion uptake curves of the erystalline zirconium arsenate showsd
that at the same counter ion content the equilibrium pH’a
below half conversion of the exchanger are in the order
Cs™Rb™>Li"™>Na">K', which is assumed to be due to the fact
that Li@,ﬁa*and k' are emall enough to enter cavities accord-

ing to their decreasing hydrated volume, while Rh* and cs' are

sufficiently large to undergo steric hindranee.64

Another zirconium based sorbent is zirconyl oxalat@65’69

which is precipitated from zirconium oxychloride and ammonium

nxalate solutions at pH 8. It is a white powder weak acid,

separation enrichments of La:Ca (1:1000) and Co/Ca (1:10000)

3

were 107 and Exlﬁg respectively. This exchanger is represented

by the formula ZrO(OH) C,0,4H, which accounts for the exchange



capacity as resulting from the ionization of the acid oxalats
groups. Zirconyl oxalate undergo hydrolysis in alkaline
media, The main reactions taking in neutralization of

zirconyl oxalate with NaOH is represented as follows:

R“C204F{"“Na+ i R—Cziia- ¥ T\Ta- + H+ ————————————————— 1
- " WG SO TIN s B

R-C,0,H + 20H 3 R-OH + C,0, + H,0 2

P - Y . = +

R-C,0; + Na + OF < R-OH + C,0; *+ Na' -=--m---- 3

where the bar refers to the exchanger phase and R to the .

zirconium matrix.

Distribution coefficient determinations on the NH;~foPm
of zirconyl oxalate, carried out in series alternating with
conversion to the H- forms gave Psproducible results in
each series, but decreasing from series to series. On the
other hand, batch experiments of tracer alkaline earths
in HCl1 media, showed that they decrease when the acid concent-
ration is raised upto 0.1 M, but increased thereafter. It
is also found that higher acid concentrations tended to

soften the exchanger grains and, eventually, to peptize them .

65,70

%irconyl chromate is obtained in similar way by

mixing NaZCr*D4 with Zr0812 at pH 8, it is a yellow powder
with ion-exchange pH range 2-10. It has acidic properties

working well in the separation of CallXl)-Sr(II),.

Zirconyl carbonates5is synthesized in analogous way

by rapid precipitation of ammonium carbonate with ZrUClZ.

This exchanger is not stable due to the liberation of CDZ.



It is well suited for separation of Ca(II)-Mg(IT). The ion
. exchange capacity is of the order D0.75-1 meq/g similar to

that of ion-exchange resins.

Zirconium(IV) based antimonate sorbent556’57are also

found to behave as cation exchangers with relatively high
capacity and showed unsual selectivities for the alkali metals,
alkaline earth and rare earths compared to other zirconium
based ion-exchangers. The alkali metals showed a unique order
of atomic numbers, as is commonly ocbserved, Na' is more strong-
ly adsorbed than sither " or Rb", while Rb" is more strongly
adsorbed than K'. Differences in selectivity were large and
separations were made for Na' K+, Rb® with small columns of
zirconium antimonate. This exchanger had an Sh(V)/Zr(IV)

ratio of some what larger than 2 to 1. Zirconium antimonate56
is reasonably stable in, concentrated and dilute HND3 and NH3,
and it is not appreciably attacked by H2804, HCl and NaCOH

upto concentration of about 2 M; cs” uptake by the solid is

H

0.5 mole/kg at p 3; total Na' uptake by the exchanger origin-

ally in the H'-form is about 5 moles/kg.

Zirconium based polybasic mixed salts like zirconium

molybdovanadate72

and zirconium phthalophosphate are also
synthesized and their ion-exchange properties are investigat-
ed using monovalent and bivalent metal ions. These exchangers
are persumed to be chemically more stable than their constitu-
ent counterparts. 1In this respect the chemical stability of
the ion-exchanger zirconium molybhdovanadate is studied in HC1,
H.,50

250, and in chloride-sulfate solution. The ionic strength

of the chloride-sulfate solutions is maintained at 0.20 while



pH is 0.84~65.25. The stability is determined from the content

of Zr, Mo(VI) and V(V} in the liguid phases and is better in
HE1 than in H2884.
solutions increasass with increasing pH. Heat treatment of the

The stability in the chloride-sulfate

exchanger at 300 % improves its chemical stabllity but high

tamperature causes the degrading of the polymer,

Pertinent to this group of ion-exchangers is zirconium
phthalapha&phateya which is synthesized by mixing phthalic -
anhydride with ZFDENQa}Z.ZHEO in the presence of HsPO0, solut-
ion., The overall and strong groups ion-exchange capacity is
determined as a function of pH and temperature. The maximum

Hip.s.

ion-exchange capacity of the exchanger is 4.8 meq/g at p
Heating the exchanger at 100-700 °C showed that zirconium
nhthalophosphate retain its exchange propsrties even at high
temperatures although its ion-exchange capacity decreases
sharply with increasing temperature. Sorption experiments

are carried out with a number of cations. Fel(II), Ma(II),
Ni{II}, Pb(II), Cul(ll), and Bal(ll) ars sorbed by thse dry
exchangers AL(III), £r(III) and Co(lI} are scrbed only hy the
swallaed exchanger. The chemical stability of this material is

examined by using 0.5-3 N solutions of HCI1, HNOS, H,SC,, NaOH

{3‘)
and NH40H at room temperature and under heating. It ig less

-

stable in alkaline solutions setting free PO,> , within the

4
whole acidity interval investigated, no 8843m is liberated

although traces of Zr(iV) are observed in solid media at > 1 N.

Among zirconium{IV) based ion-exchanpers the detailed

investigatad acid salt is zirconium phosphate, and a considerable



amount'cF information is now aveilable, as to its mechanical
and sorption properties?’zS’al Zirconium phosphate is one of

a stable class of synthetic inorganic ion-exchangers that can
be prepared in granules. It is a typical polyfunctional weaky
acid cation exchanger with capacities upto 5 meq/g in alkaline
solutions, When the phosphate; zirconium ratio is low, anions
in the original structure contribute anion exchange properties
cations can be exchanged rapidly ana reversibly on acid

phosphate groups in the gels str‘uctur‘e?4

Normal zirconium phosphate (Pd;:2r=2] is obtained as a
gelatinous ﬁreoipitate when an excess of phosphoric acid or
soluble phosphate is added to a soluble zirconium salt, and
precipitation is very fast and leads tc amerphous

materials,20:63.75,76

This compound is represented as a
monhydrogen phosphate ZP(HPG43275. However, later on it is
considered that a zirconium rather than a zirconyl salt would
precipitate from aqueous solution, and hence represented

7Bas studied

the compound as ZPD(HZPOQ)ZBD. Ahriand et.al.
the hydrolysis of gelatinous zirconium phosphate and proposed
a formula ZrOZ, PnDz'Srq.mHZD in which n=P04=Zr and m is the

moles of water/mole of zirconium in the gel,.

Turning to the more crystalline zirconium phosphate a
suitable method is employed by Alberti and Torracca77 to reduc:
the rate of precipitation in which crystalline materials are
obtained. Alternatively, crystalline zirconium phosﬁhate is
obtained by C'JarfieleS by refluxing the amorphous product
in concentrated phosphoric acid. The formula of the crystall-

ine product in the hydrogen form is ZP(HPD4)2.H20. Its



density is 2.72 g/cm3 and its ion-exchange capacity 6.64 meq/
g. It is now well established that zirconium phosphate
prepared in diffesrent ways can have different P04:ZP ratios.
Moreover samples with the same PU43—:ZP ratio can show a

diversity of ion-exchange propsrties.78

Studies concerning this ion-exchanger were primarily
directed towards elucidating ion-aexchange properties and
little attention was paid to the composition or structure of
phosphate. However, the major difficulty attendant to the
development of a quantitive theory of ion-exchange behaviour
is precisely this lack of compositional or structural data.
Blumenta175 proposed the following structural formula for

zirconium phosphate to account for its behaviour as an acid.

HOH 0 H

RN

HD'*:;;E——«**’D“--*ﬁhzr;,umpCr-th**“*““DH

HO

However, Amphlet et.al.74 and'Grover7g

have supposed
that zirconium phosphate consists of a Zr-0 lattice with
acid phosphate groups attached toc a spare valency bonds.
Based on the observed composition, X-ray and density data,

Clearfield and‘Styn8825 proposed that zirconium phosphats

has the following structure.



DP03H2 OP03H2 UxH 0
{’//GHZ ‘ My P L/pH
ha._...zir\ DT S— ke lzrﬂ‘_‘ v R T T iy O <O | |
OH DP03H2 UP03H2 0,

B ia

Washing normal zirconium phoéphate with water removas
phosphate groups by hydrolysis. Larsen and VissepsBO
exhaustively washed ths normal phosphate with conductivity
water and obtained a product in which PD43—:ZP=1.72. Baetsle}
and Pelsmaekers precipitated zirconium pheosphate from solution:
containing PD43' to Zr(lV) ratios of 3,2,1.75.‘ The precipit-
ates had different compositions but on washing, products of

3..

constant composition in which P0," :Zr, 1.66-1.68 were

obtained.

The capacity and sorption studies on a number af zircon-
ium phosphate samples ranging from amorphous to very good
erystalline materials were also undertaken by many workers

in this field,23:2¢5.78,82

Some investigations concerning the
ion-exchange property of zirconium phosphate have shown that
the order of selectivity of zirconium phosphate for the
alkali metal ions is the same as that of the strong acid
organic ion-exchange resins, namely Cs>RES K Nad> Li+§2
Clearfield and Stynes have determined the amount of replace-
able hydrogen ion pressnt in the zirconium phosphate by

NaCl+NaOH titrations., The crystalline samples gave a sharp,



permanegnt snd-peoint which correspond to the replacement of
two hydrogen ions permolecule of zirconium phosphate. In
contrast the gelatinous samples gave an initial end-point
which faded on standing for 1-2 hr. It was proposed that
the fading of the end-point appears to result from hydro-
lysis of phosphate groups. Similar phosphate release was
shown by Nancollas and Pekarek7a to be accompanied by an
uptaké of chloride ion which was readily replaced by water.
Potassium and lithium ion titration curves were similar to
the sodium ion curves. They also exhibited two hydrogen
ions. Howevar, the cs” pick up was negligible, which is in
marked contrast to that of the gels which strongly absarb
cesium ion. Crystalline zirconium phosphate is interssting
in that it consists of a layered structure which is capable
of some degree of lattice expansion to accomodate small
unhydrated ions (e.g. Li*,Na® and kK*) while larger ions
B.g, cs® are sterically exolud9d¢7’30 However it was found
that if sufficient energy for the exchange is supplied,
i.e, by increasing the pH value of the extrenal solution,
the layers can spread apart and large cationsg such as Rh* or

83

Cs® can enter inside the crystals;: Tha titration curves

for CaZ+ on crystalline zirconium phosphate have only a

single inflexion point and all the exchange sites are avail-

b

able at low p A similar result was obtained by Clearfield

and Smith in their studies of Sr°' ion-exchange.®> Results
of equilibration studies of the crystalline metal ion-~"

84,85

forms showed that the potassium form almost completely

excluded both Li" and Na® and total replacement is only

observed for Na' exchange on the lithium form. It appears

v



that a certain fraction of the sites on the sodium form are
not available to K' and Li'. 1In addition, Li‘cannot be

completely removed from the 1lithium form by k*.

Determinations of the slectrical conductivity of
zirconium phosphate of different degrees of crystallinity and
.in several iocnic forms are also in progress. Preliminary
results seem to indicate that the conddctivity of ZP(HPDQ)Z.
H20 increases with increasing degree of disorder in the crysta:

str‘ucture,26

Paralleling the progress in the systematic study of
zirconium phosphate type ion-sxchangers, rapid developments
were taking place in the chemistry of thorium phosphéte°
Insoluble acid salts of thorium(IV) have generally been obtain-
ed as amorphous, fibrous, and semi-crystalline materials.
Alberti and Constantino51 prepared both amorphous and fibrous
thorium phosphate at room temperature with P04:Th ratio from
1.5 to 2.1. They showed that the composition of thorium
phosphate is Th02.9205.4H28 and the ion-exchange capacity for
Na® was raported to be 3.7 meq/g. It was found that the for-
mation of Fibrous phosphate was favored by a high PD4/Th ratio,
high temperature and a long digestion time. A low yield or
no precipitate was obtained when the phosphoric acid concentr-
ation is higher than 2 M. The chemical composition of solid
fibrous thorium phosphate was found to have a P04/Th ratio
of about 2. From the sodium uptake the ion-exchange capacity
was found to be 3.85 meqg/g. Anil and Ka113552 synthesize
thorium phosphate with slight modification by changingqthe

temperaturs to 80 °C. The products so obtained are in the



form of botn suorphous and fibrous, hard white materials,
suitable for use as support frze ion-exchange sheets. No
change in the form or colour was observed when it was heated
in boiling water, dilute mineral acids and dilute alkalies,
but whsn the product was refluxed with 5 M phosphoriec acid
for 12 bhr it changsed to semi-transparsent beads. When ths
exchanger was immersad in 1 M nitric acid at room tempsrature
for 24 hpr, the P04:?h ratio decrgased from its original value.
The exchanger remained unaffected in concentrated nitric acid,
sulphuric acid, perchloric acid, (80%). In concentrated
hydrochlorio acid, the sample became vellow after a fow

hours. The IR spectrum of thorium phosphate reveal two well
defined pmaks at 980-1140 cmhl and 1640 cmﬁl. The first peak
880-1140 Cmﬁl is considered to be due to ionic phosphate which
is observed as one sharp peak in normal phosphate hut as an
assembly of three peaks in the polymer samples. The second

peak at 1640 Qm~} was suggaested to be due to interstitial

water pressnt in the polymer molecules,.

The exchanger was feund to comprise monofunctional acids.
The titration ocurves with Li’, Ma' and k' 1ie on the same
line at low aﬂ values, but at higher pH, the curve for Na'
lies between those for Li* and K'. On titration with alkali
alone, there is a more rapid incresse in pH than in the

pressnce of salt e.g. sodium chloride. The ion-exchange

H

selectivity at p'' 6-6.5 Ffor univalent ions follow the order

2 2 2 2+

Li€ Na'<k® and for bivalent ions Mg “ta“<srf«Ba®t. As

the hydrated ionic radius decreases, the ion-excahange



gapacity increase. Anil and KailasS3 have undertaken

a study in the measurement of distribution coefficients,

separations of Pb2+ from Cu2+, Cd2+, Zn2+, C62+, Mg2+,

002+, an+ and Hg2+, and of Bi3+ from Zn2+, Cu2+, C02+,
Cd2+ and ng+ have been achigved with thorium phosphate.



CHAPTER THREE
3, EXPERIMENTAL

3.1. Synthesis

3.1.1. Zirconium Selenite

Sclution of zirconium axychloride, 0.25 M, was prepared

by dissolving ZrGCIE,ﬁH 0 in HCl {4 M). Scliution of sodium

Z
selenite, 0.5 M, was prepared by dissolving NaZSBQ in 4 M

3
HC1l. The exchanger where the zgpconium te selenite molar
ratic is 0.50 was obtainsd by adding 0.5 M sodium selenite
(50 ml) drop wisé from & burst into & beaker containing 50 ml
of HCl solution of 0.25 M zirconium oxychloride with constant
stirring and at room temperaturse., The acidity of the solution
was adjusted to about 1 M HCL. The precipitate so obtained
was kept for 24 hr, filtered and weshed with distilled water
until it is free of chloride ion, drisd at 40 °C for 4 days,
Threa different samples were preparsd by changing the mixing
ratioc of Zr:S8e as 1:2, 1:1 and 1:5:1 to give sample Nos. 1,2
and 3 respectively, The materials were ground and sieved to
90-16€ mesh, socaksd in 2 M HNQa avernight, washed with distill-
ed water and dried again at 40 °C. The molar mixing ratic of

the'syn%hesis is shown in Table 1.

3.1.72. Thorium Tellurite

Saluﬁion of thorium nitrate, 0.1 M, was prepared by
dissclving ?h{N03}4,6H28 in 1 1 HNGB; Solution of sodium

tellurite, 0.2 M, was prepared by dissolving NaZTeS in 4 M

3



HCl. The exchanger where the thorium to tellurite molar
ratic is 0.50 was obtained by adding 0.2 M sodium tellurite
(50 ml) dropwise from a buret intoc a beaker containing 50 ml
of HNU3 solution of 0.1 M thorium nitrate with constant
stirring and at room tempsraturs. ‘The acidity of the soclution
was adjusted to about 1 M HCl. The precipitate so obtained
wos kept for 24 hr, filtered and washed with distilled water
until it is free of chloride ion, dried at 40 °C for 4 days.
Three differsnt samples were prepared by changing the mixing
ratio of Th:Te as 1:2, 1:1 and 1.5:1 to give sample Nos. 4,5
and 6 raespectively. The materials were ground and sleved

to 90-180 mesh, socaked in 2 M HNDB.ovePnight, washed with
distilled water and dried again at 40 °C. All the reagents
and chemicals used in the synthesis were BOH reagsents of

AR grade. The molar mixing ratio of the synthesis is shown

in Table 1.

3.2. The Hydrogen Ian Liberation Capacity

The hydrogen ion liberation capacities of the thrase
samples for both exchangers were determined by batch operation
as FollowsS? A 50 ml volume of differsnt concentrations of
sodium chloride solutions were mixed with 0.25 g of the
exchanger and shaken inﬁermittently for 12 hr., A 50 ml of
the aliquout was taken and titrated with standard 0.1 N NaOH
solution using methylcrange as indicator. The éffect of the
concentration of nsutral salt solution on the exchange capacity
in batch operation is shown in figs 1 and 2. The results
obtained with the use of 2 M sodium chleoride solution are

repcrted in Table 1.



3.3, gﬁ-TitPation

A 25 ml volume of solution containing different amounts
of MOH (M=Li, Na or K) was addsd to 0.1 g of the exchanger.
‘After intermittent shéking for 6 hr at 30 9C, the pH was
recorded. The experiment was repeated in the presence of
salts kesping ths-metal ions concentrations constant at

0.1 MC1 + MOH (M=Li, Na or KJ.

3.4. Solubility of the Exchangers

The solubility of both exchangers (molar ratio 0.5) was
determined in ssveral solvents at room temperature. A 0.1 g
of the material was equilibrated with 50 ml volume of the
solvent and kept for 12 hr with intermittent shaking.

Zirconium(IV) was determined by standard spectfophotometric

method using alizarin red-S at 525 nm, and pH 0.785.

a7

Selenium was determined titrimetrically as follows. To the

‘sample solution containing selenium was added 5 ml of 1 % KI,
the liberated iecdine was then titrated with standard 0.1 N

NaZSZG3 solution, Thorium was determined by standard spectro-

photo metric method with carmine red at 560 nm, at pH 2.,5.88
Tellurium was determined titrimetrically as Follows.89 To the
sample solution containing tellurium was added 20 ml of

concentrated HC1, 15 ml of concentrated H,SO,,
The titration was carried out by addition, first 25 ml of

and 3 g Nn804.

standard 0.1 N K20r207 solution. The solution was then per-
mitted to stand for 15 minutes and back titrated with standard
0.1 N ferrous ammonium sulphate. Ferrous psgnanthroline being

used as indicator. The results are given in Table 2.



3.5, Composition

3.58.1, Zirconium Sclenite

For determination of chemical composition of zirconium(IV)
selesnite 2 mg of the sample (molar ratio 0.5) waes boiled with
50 ml of concentrated NaOH, for 12 hr to precipitate zircon-
ium, which was dissolved in concentrated Hﬁl?l The sama
procedures employed for chemical stability determination weare

86 and seienium8?

adopted to estimats zirconium in ths super-
natant obtained from the synthesis experiment., The absolute

amount of Zr:Se was found Lo be 1:2.11.

3,5.2 Thorium Tellurite

Similariy the chemical composition of thorium(IV)

tellurite 2 mg of ths sample (molar ratic 0.5) wes bolled

52

with 50 ml of concentrated HC1l, for 1 hr. The solution

wasg cooled and then filtered. The amount of theriumgs

and
tglluriumag released in the solution were then determined

by the methods previously described in the solubility studies
procedurs. The absoclute amount of Th:Te was found to be

1:2,17.

3,6. Distribution Cosfficients {Kdl

The values of the distribution coefficients (KG,J_ of

?b2+, an*, N{2+; Cu2+, Cdz*, 2n2+ and Cn2+ wers determined

25

as follows. 0.1 g of the exchanger {molar ratio 0.5) was

squilibrated with 10 ml of solution containing 7x10°2 M motal

H H Hs H

ions at p 2, p''3, paé, p B, p 6.5 with intermittent shaking



at 30 °C. The concentration of metal ions in the solid and
the liquid phass was deducsd from the concentration relative
to the initial concentration in the solution. The Kd values

ware caleulated using the following equation.

K = amount of meatal don on thse exahanger{xvelume(ml)

g  amount of metal ion in the solution exchanger{g]

Amount of metal ions were determined by using a varian
Techtron 1100 atomiec absorption spectrometer. The results

are glven in Table 4.

3.7. Separations

For ssparation studiss 2 g of tho axchanger (molar
ratio 0.5) in the H -form was taken in a glass column packed
o 3.5 om in height and of inner diameter 0.63 om. Mixture
of metal ions was then applied and allowed to pass through

the celumn.42’55

The metal ions adsorbed on the exchangsr

werg then eluted with suitable eluting reagent. The rate of
flow was 0.5 ml/min and 5 ml fraction of effluent were collect-
ed for metal ion detsrmination. The results are summarized

in Tables 5-i2,



CHAPTER FOUR
4, RESULTS AND DISCUSSION

4,1. IR and Composition

The products obtained are in the form of amorphous hard

2
3

of the exchangers prepared are present in Table 1. The

white materials. The molar ratio of Zp4+/890 and Th4+/Ted§-

external appearance of the material did not change with the
difference in the mixing ratic. From the chemical analysis
the molar composition of zirconium(IV) selenite shows that
zircoAium(IV) and selenium are present in the ratio of 1:2.
A similar result was also found for the molar compaosition of
thorium(IV) tellurite where thorium(IV) and tellurium are
present in the ratio of 1:2. The IR spectrum of sampla Nos.
1 and 4 dried at 40 °C was obtained by KBp disc method

(Figs 17 and 18)}.

IR spectrum of zirconium selenite in H -form exhibits

stron abscrption bands in the regions 3500-300 cm-l,

1 1

1700-1600 om L, 800-650 em ), and 400-500 cm.l The broad

peak in the region 3500-300 em t may be due to presence of

water molecules and OH groups. The second peak in the region

1

1700-1600 om * with a maximum about 1640 om 1 can be possibly

assigned as characteristics of interestitial water moleculss.

The third peak in the region 800-650 cm ! may be 400-500 om™

may be asoribed to Zr~D?l The IR spectrum of thorium tellur-

ite in H -form revealed absorption bands in the region

3500-3000cm” L, 1700-1600cm - 1 1

, B00-600 om ~, 400-350 cm



The broad peak in the region 3500-3000cm "+ may be due to the

presence of water molecules and OH groups. The sscond peak

1

in the region 1700-1600 cm-l with a miximum 1630 cm may be

due to interstitial water present in the polymer molecules.

The third peak in the region B800C-600 cmnl

2~ 90

may be due to ionic

tellurite Te[l3 1

may be ascribed to Th—D.91

The fourth peak in the region 400-350 cm

The IR spectrum of the gelatinous precipitates obtained
by addition of hydroxyl ions to solutions of zirconium oxy-
chloride and thorium nitrate,g2 was also run by KBr disc
method {Figs 19 and 20), to compare with the IR spectrum of
zirconium selenite and thorium tellurite., The absorption
bands in the region 1700-1600 cm—l which is due to interstiti-
al water present in the exchanger is not revealed in the IR
spectrum of both hydroxides. The absofption band in the
region 800-650 cmn1 which is due to the ionic selenite
(89032") is not exhibited in the IR spectrum of zirconium
hydroxide. Similarly the absorption band in the region
800-600 cm * which is due to Teﬂaz- is absent in the IR
spectrum of thorium hydroxide where as the broad peak in the

region 3500-3000 om 1

which is due to the presence of water
molecules and OH groups is revealed in the IR spectrum of

both hydroxides.



Table 1: Synthesis and Ion Exchange Propertiss of
the Exchangers
A. Zirconium Selenite
Zr0CT, . 8H0  No,5e0, Hydroger ion
Sample fiolarity Molarity Mixing é;b22?zi0ﬂ
No. {mole/liter) {mole/liter) ratio mgqu y
1 0.25 0,50 .50 1.20
2 0.10 0.10 1 .96
3 0.081 3.054 1.50 .76
B. Thorium Tellurite
Th{ND,),.6H,0 Na,Ted . Hydrogen ion
Wiy’ "Ry, mixing dbeRabror
{(mole/liter) (mole/liter) ratio meq/g
3 0.10 0.20 0.50 1.12
5 - 0.l0 0.10 1 0.88
B .20 0.133 1.50 0.30




4,2, Solubility of the Exchangers

Both exchangars (molar ratic 0.50) dissolved completely
in concentrated nitric acid, sulphuric acid, perchloric acid
(60%) and hydrochloric acid after 12 hr at room temparaturs.
Detailed studies on the solubility of the exchangers were
carried out in different solvants at room temperature
{(Table 2}. No change in the form or colour was observed
when immersed in dilute mineral acids. Table 2 shows the
solubility of both exchangsrs in varicus mineral acids at
different concentrations. The exchangers are stable in dilute
nitrie acid, sulphuric acid, hydrochloric acid, (less than 1 N)
but they are fairly unstable in basic soluticn, that is, they
dissolve or peptize even in 0.1 N sodium hydroxide solution.
The soiubility studies indicate that both exchangers are not
very stable in alkaline medium in which a loss of selenite
and tellurite groups occur. The differing solubility in the
various aclids can be related to the different cemﬁiexing ‘
power of thesae acids towards thorium and zircsnium§7’38 Vary
low saiubility values in dilute and weakly complexing acids
can be noted. The exchangors are relatively stable in nitrie
acid compared to other mineral scids. Thus ﬂilute HNB3 solut-
ien can be employed tc regenerate salt forms of these exchang~
ars without appreciable dissolution of the material. From the
solubility studies it ssems that zirconium selenite is
chemically more stable than thorium tellurite. The stability
of both sxchangers decreases remarkably when the concentrations

of the respective solvents increase.



Table 2: Solubility of Zirconium Selenite and Thorium Tellurite

MBolar ratic = 0.50
Equilibration time = 12 hr
Quantity of sxchanger = 0.10 g

Volume of solvent = 50 ml

Ser Zirconium  Selenite Thorium Tellurite
Solvent dissolved dissclved dissolved  dissolved
No (mg/50 ml} (mg/50 ml) (mg/50 ml} (mg/50 ml)
1 1M HCl (. 150 8.49 0.22 12.78
2 0.5 M HCL 0.074 2.76 0.120 6.38
3 14 Hﬂﬂg 0.135 4,73 0.180 B.83
4 0.5 M H&G3 0.038 1,97 0.107 5.10
5 1M H2834 0.210 23.68 0.30 56.7
6 0.5 M HzSﬁé ' 0.118 6.97 0.131 30.6
7 0.1 N NaOH 0.174 28,2 0.202 66.4
8 0.01 N NaOH 0.083 22.8 0.141 51.04
9 4 M acetic acid  0.042 3.94 0.061 28
10 8 M acetic scid .089 5.82 0.106 42.1
11 4 N NHB 3.162 34.56 0.28 44.5
12 01 N NHB 0.124 24.8 0.150 25.5

Average deviation = 0,1 - 0,30

Number of analysis = 3



4.3. Hydrowen Ion Liberation Coapacily

Cenerally, the exchange capacity of a weakly acidic
cation exchanger must bs determined with an alkalins solut-

94,55 7irconium selenite and thorium tellurite exchangers

ion.
howsver are unstable in alkaline ;*—3(:11{1'}::?.0;'1.f Therefora, a
measure of exchanpge capacity was taken as the amount of
hydrogen ion liberated by & nsutral sall, such as sodium
chloride. The hydrogen ion liberation capecity also depends
on the concentration of the neutral salt sm}utien.ﬁ’g?’ss
The effect of the concentration of neutral salt sclution on
the hydrogsn ion liberation capacity of the exchangers is
shown in Figs 1 and 2.. For both sxchangers a constant
gxchange capacity was obtained for sodium chlaride solution
nf concentration greater than 2 M. The hydrugap ion liber-
ation capacity was found to be strikingly dependent upon the
ratio of anion to metal in the products; namely the greater
the ratio, the higheytthe capacity. Table 1 shows that
gsample No. 1 with lower ratio of qu*/Seﬂ 2-

3
has high hydrogen ion liberation capacity of 1.2 meq/g. The

(molar ratio=0.5)

result suggasts that the exchangeable protons in zirconium
selenite decreases with an increage in the Zr:Se ratio, which
indicates that the exchangeable protons originate from the

sglenite group.

Similar behaviour was also ohserved for thorium tellurite
hydrogen ion liberetion capaoily where sample No. 4 with
lower ratio of thorium to tellurite (molar ratio=0.50) has

high hydrogen ion liberation capacity of 1.12 meq/g indicating



that the active sites are on the tellurite group. This
result is in agreement with other works concerning hydrogen
ion liberation capacity determinations where the sxchange
capacity decreases as the ratio of anion to metal

decreases.5‘41’42'

4.4, pH- Titration Curves

As there is only one break in the titration curves
(Figs 3,4,5 and 6) the exchangers should comprise weak mono-
functional acids. On titration with alkali alone, there is
a more rapid increase in pH'than in the presence of salt
(e.g sodium chloride) as can be seen from Figs 4 and 6. The
addition of sodium chloride releases some of the H' from the
exchangers and thus lowers the pH. Figs 3-5 show that the
titration curve with K¥ lies below those with Na* and Li* at
low pH values, while the opposite is found at higher pH's.
From the titration curves it can be seen that at pH values
lower than 10 K* is more strongly absorbed than Na* and Li*,
the order of exchange affinity being K+>Na%>Li+, while above
pH 1G‘the order becomes Li>Na>K'. This reversal in select-
ivity observed for amorphous zirgonium sslenite and thorium
tellurite as the conversion to the salt form proceeds may be
due to the same steric effect that have been found to reverse
the mobility sequence of the alkali metal ions in amorphous

64 and zirconium phosphatezs. Therefore

zirconium arsenate
the same explanation given for zirconium arsenate and zircon-

ium phosphate ion-exchange properties can bs applied to the



present result. Repressnting both exchangers with the same
model, we suppose that these amorphous exchanpers, dug to
their disordered structure, exchange hydrogen with other
counter ions threough channsls or ca;ities widely differing
in size. Larger cavities may have gnough room for ions io
be hydrated, but more and more dehydrated lons must be
exchanged with hydrogen as the size of the cavities decreasss.
In the course of the titration, larger cavities are involved
firet and the exchangsers will prefsr the counter ion with
the smalliest hydrated volume; since smaller and smaller
cavities have to be inva1VBdAas the conversion proceeds, the
affinity order will gradually change and ths exchangers will

finally prefer the ion with the smallest orystalline radius.:

4,5. Distribution Cosfficients EKﬁ)

Distribution coefficients of metal lons on zirconium

selenite and thorium tellurite wera detarmined in the pH

range from 2 to 6.5 {Table 4). At pHE the adsorption of
metal ions on zirconium selenite show the following select-

ivity series Ph>Co>Mn>Ni>CusZnsCd, betwsen pH 3 to 6 ths

H

order becomas Ph>Co>Mns>NisCusCd>Zn, while at p 6.5 it changes

to Ph>Zn>Mn>CusCd>CosNi. The selectivity series of metal
ions on thorium tellurite at pH 2 was found to follow the
order Pb>Ca>Zn>Mn>Cc>Ni>Cd: hetwaen p§~§ 3-6 the order is the
sama as pH Z2 except for some sslectivity difference of Cd

H6.5 the

and Ni, i.e. Pb>CusZnsMnsCosCdsNi, while at p
order is Pb>CusMn>NisCo>Cd»Zn, Table 3 shows that zirconium

selenite has higher affinity for Pb and Co while thorium



tellurits has higher affinity for Pb and Cu. The results
suggest that distribution coefficients are highly depend on
the pH of the initial solution., The order of the Kd valuss
with different metal ions indicates differential selectivity.
At all pH conditions distribution coefficients were higher
for lead than for other metals for both exchangers, and it

is therefore possible to separate this metal from other metals

that have much lower distribution coefficients.

In general the prder of affinity of metal ions depends
on the hydrated ionic radius. For univalent and bivalent
ions the following selectivity order, Li%¥ Na< k7 , and

mg?% ca?% Ba’’ 52

% Ba was observed on thorium phosphate. As the
hydrated ionic radius decreases the adsorption of metal ions
on the exchanger increases. The data which shows the relation-

ship of adsorption and hydrated ionic radius is given below.

Table 3: Ion-Exchange Capacity of Theorium Phosphate for

Bivalent and Univalent Cations

l].-_--—

Hydrated Ionic Ion-Exchange
Metal Radius (A9) Capacity
% Ion meq/g
Li® 3.4 0.38
Na” | 2.76 0.74
K* 2.32 1.12
me2* 7.00 0.54
 catt 6.30 0.83
. Ba’t 5.90 1.50




Some inorganic ion-exechanger such as C-5bA or MnUZSS

show size perference selectivity for ions having specific
ionic radii, but no such correlation was found between the
Kd values and effsctive ionic radii of metal ion studied

on zirconium selenite and thorium tellurite. It is shown
that most ion exchangers exhibit a general selectivity
sequence between members of four groups of ions, i.e. poly-

valent metals® divalent transition metals >alkaline sarth

metals D alkali metals.

This behaviour is not shown by the insoluble salt of
inorganic acids, g.¢., zirconium and“tin phosphate gels.5’7
which exhibit considerable overlap in the selectivity between
three groups of the ions. The selsctivity of zirconium

phosphateg3

for transition metal icons have been reported to
be in the order Ni€Co<Mn€Zn{Cu. Whers as the selectivities
of thorium phosphat953 for transition metal ions and lead

H

at p 5.5-6.5 have besen reported to be in the order

Ph3CUS Zn>Mn>Cd>Co>Ni.

A slightly different selectivity order was observed on
zirconium selenite and thorium tellurite at molar ratio of
metal to anion (0.5)). This marked difference in behaviour
towards transition metal ions is very difficult to explain
without the knowledge of the structure of the exchangers.
Unfortunately at'this momant it is not possible to work out
the structure of these exchangers, since these materials are

obtained as amorphous powder. However, like zireconium

selenite and thorium tellurite, some inorganic ion-exchangers,



Table 4: Distribution Coefficient of Metal Ions on the Exchangers (Molar ratio = 0.50)

Equilibration time = 14 hr
Quantity of exchanger = 0.10 ¢

Volume of sclutien = 10 ml

B - Exchanger Thorium Tellurite

Number of analysis =

3

Concentration of metal ions = # x 10‘3 M
Kd values Kd values Kd values Kd value% Kd values
at p'l = 2 at p = 3 st p = 4 at o = 8 at p" = 6.5
Metal A B A B A B A B A B
Ion
2+ 4
C@ 5298 EQ72.83%1 218.46 257 .40 277.17 386,50 372.84 512.120 5288 34388.97
an* 358?52%?71?@8?.93’ 521.869 415,181 71l4.74 807.12 91Z2.61 825.16 17474.80 5054.63
Zn2+ 8650 2593il98} 186.31 §25.31 41 238.20 815.20 315.563 1020.8 34,725 7086.85
Cuz* 85680.95 5348R,.77 1 267.11 809.148 309.150 1021.30 235,21 1905.120 1306283723:.8283.37
Ni2+ 18418.5 10194.11 ¢ 317.211 181.25 429.301 275.33 | 526.16 414.640 244%5,47 4142.42
C02+ 40597 .67 13492.23 | 942.315 332,53 1 1012.47 4B&.36 1678.11 &5585.27 3474.18 408BB.45
‘ Pb2+ 165776.70 56810.55:i8356.23 5221.30 51531.11 8341.42 113501.20 9346.20 B3536.36 14544.35
A - Exchanger Zirconium Selenite Average deviation = + g



e
e.g. thorium phosphat353 and cerium phosphate, showed

high selectivity for lead.

4,6, Chromatographic Separation

In ofder to asceritain that zirconium selenite and thor-
ium tellurite could be used as typical ion-exchangers and
to investigate their properties of selectivity, an attempt
was made to separate a mixture of lead and some other tran-
sition metel iong., It is svident that separations of metal

ions are achieved on the basls of diffafénces in Kﬁ values?g’Ss

On the basis of distribution studies seme repraeszentative
~ separations of analytical interest have hesen achisved. As
zirconium sslenite and thorium tellurite showed extremalyr
high selectivity far Pb(II), the separation of Pb(II) from

divalent transition maotal dons was carrisd odk:

Typical plots of the elution curves of the metal ions
from Pb{II) ir Fig. 7 and 8 for both exchangers show thg
sagparation of Pb{II) from other metal ions is complate“ As
shown in figs. 7 and B, the separation of Pb{II) by the use
of 2 M NaN03+0.15 M HMD3 as an eluent is very sharp except
for a slight failing of some transition metals. This failing
is, perphaps, due to slow rate of sxchange corresponding to
the prolonged slution of hydrogen&g Improved recovery for
these metal ions was cbserved with a yield higher than 859%
Table 5 and 6. An attempt was made to separats Cu(II) from

In{I1), and MA{II)} from Ni(II) on zicconium selenite column

and Co(lII) Ffrom Cd{II) and Mn{II) From Ni{II} on thorium



tellurite column by inereasing the concentration of nitric
acid which is used as eluent figs 9 and 10. The elution
peaks were sharp and the yeilds were quantitive between
80-99% Tables 7 and 8, with complete separation. From the
slution curves, it seems possible to separate micro-amounts
of Cu{II), Mn{IX), and Co(II) from macro-amounts of Zn{(II},
Ni(II) and Cd(II}.

Ternary separations were also carried out on both
exchangers. Separations of Mn(II) from Co(II) and Pb(II) on
zirconium selenite Fig. 11, and separation of Zn(II) from
Cu(II) and PL(II) on thorium tellurite Fig 12 wers achieved
and recoveries were in the range of 95-99% for all metal
ions tested Tables 9 and 10. Separation of lead from a
mixture of six transition metal ions was 31so attempted on
the columns of both exchangers. In.both cases lead was
separated from the multisystem figs 13 and 14, The over-
lapping of the elution curves of the transition metal ions
indicated that separation of a mixture of these metal ions
by chromatographic develophent on columns of both exdhangers
is not complete, eventhough they may show relatively large
differences in their Ky» This might be due to that different
metal ions may have different equilibration time in order to
be adsorbed on the astive sites, as the result the active
sites will be fully occupied by the metal ions with low
equilibration time, so during elution metal ions which
are not adsorbed ﬁay come out leading to overlapping of

slution curves}O



4,7, X-Ray Diffraction (XRO)

X-ray powder diffraction was taken using

CuKOt radation. The X-ray diffractogram indicates

that both ion-exchangers are amorphous. (Figs 21 and 22}.



5. CoONCULUSION

From studies of the fundamental properties of zirconium
selenite and thorium tellurite, these materiels were found
ts be promising cation exchangers. The high selectivity
of zirconium selenite and thorium tellurite for Pb(II) can
be compared with fibrous cerium phosphatagm, thorium

23 lsad and &in antimoﬂatesﬁgwhich exhibited

phosphate,
high selectivity for Pb{II}. In summary. zirconium selenits
and thorium tellurite can bs utilized for the separation

of trace amounts e% lead in a wida variety of minerals and

materials.
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APPENDIX



Table 6: Separation of Lead from Other Metals on Thorium Tellurite Column
{Molar ratio = 0.50)
Flow rate= 0.5 ml/min

Facked height = 3.5 cm

Diameter = Q.68 cm
Mixture Separated ' Eluent Egi%;ig;d Taken Found Recdvery
{(m1) {mg) (mg) (%)
Pb(II) and Cd(II} g.01 ™ HNQ3 25 2.60 2.55 98 (Cd)
2 M NaNDB+U.15 M HNC., ag 2.8B5 2.61 88.4 (Pb) -
PH(II) and Zn(II)  0.0L M HNO, 25 1.50  1.49 99.3 (zn)
ZM NaN83+G.15 M HNO, 40 2.65 2.680 88 (Pb)
Pb(II) and Cu(IX) 0.C1 M HNDB 25 1.49 1.45 87.3 (Cu}
2 M NaN63+D.15 M HNO, 49 2.65 2.83 89.2 (Pb3}
Pb(II) and Mn(II) 8.01 M HNOg 25 1.00 1.00 100 (Mn)
2 M NaN03+ 0.15 M HWGS 40 2.85 2.84 93.6 (Pb}
5 Pb{II) and Co(II} 0.01 M HNO, 25 0.65 0.61 83.8 (€o)
2 N NaNOS+0.15 M HNUa 40 2.865 2.64 99.6 (Pb)
Pb(II) and Ni(II} C.01 M HNOB 25 1.50 1.48 98,6 (Ni)
2 M NaNﬂ3+D.15 M HNDa 40 2.65 2.61 98.4 FPb}

Average deviation = 0.2-80.5

Number of analysis = 3



Table 7: Cther Binary Separation en Zirconium Selenite Column (Molar ratio = 0.50
Flow rate = 0.5 mi/min
Packed height 3.5 cm
Diameter = 0.89 cm

Mixturs Separated Elusnt Effluent Collected Taken Found Ra?avary
{(ml) (mg) {mg) (%)
1 Cu(II) end Zn(II) 0.2 M HND 3 1.52 1.50 89.3 {Zn)
3nM HNDB - 30 2.10 2.00 87 (Cu}
2 Mn(II) and Ni(II) 0.2 M HNDB 30 1.80 1.50 83.7 (Ni)
3 M HNOg ag 1.65 1.62 88 (Mn)

Average deviation = 0.3-0.5
Number of Anglysis = 3

Table 8 Other Binary Separations en Thorium Tellurite Column (Molar ratic = 0.50)
Flow rate = 0.5 ml/min

Packed height = 3.5 em
Oiameter = 0.69 cm

Mixture Separated Eluent E??luen%mggllected T?ﬁgg, F?;g? Re%ggery
1. Co(II) and Cd(II) 0.2 M HNO, 30 2.50 2.00 88 (Cd)

I M HNU3 3C 1.80 : 1.50 93.7 (Co)
2. Mn(II} and Ni(II} 0.2 M HNO4 30 2.20 2.00 91 (nNi)

3 M HNOa 30 1.52 1.50 ¢8.8 (Mn)

Average deviation = 0.1-0.2

Number of analysis = 3

ly-6



Table §:

Flow rate. = 0.5 ml/min

Packed height = 3.5 cm

Ternary Separation on Zirconium Selenite Column (Molar

ratioc = 0.50)

Diameter = 0.88 om
] Effluent Taken Found Recovery
Mixture Separated Eluent Collected {mg) (mg) (%)
(m1)
Mn{II),Co(IX} and PH{II) 0.5 M HND3 30 2.50 2.43 97.2 (Mn)
2 M HN03 30 2.10 2.00 85.2 (Lo} -
4 M HNO, 20 1.70 1.67 98.8 (Pp)
Average deviation = 0.2-0.4 ~
Number of analysis = 3
Table 10. Ternary Separation on Thorium Tellurite Column (Molar ratio = 0.50)
Flow rate = 0.5 ml/min
Packed height = 3.5 cm
Biémeter = 0.69 cm
. ‘ A Effluent Collected Taken Found Recovery
Mixture Separated Eluent {ml) {mg ) {mg} (%)
Zn{Il), Cu(II) and PL{II} 0.5 M HNGB 30 1.80 1.58 88.7 (Zn)
2 M HN83 340 1.00 0.88 88 (Cu)
4 M HNUS 40 2.B60 2.58 98.2 {Pb)

Average deviation = 0.1-C.4
Number of analysis = 3



Table 1l: Separation of Mixture of Seven Metal Ions on Zirconium Selsnite Coclumn

(Molar ratio = 0.50)
Flow rate = 0.5 ml/min
Packed height = 3.5 cm

Oiameter » 0.5Y9 com

Mixture Separated Eluent Si?igigid Taken Found Recovery
{(ml) (mg) (mg) (%)
Zn{IZ), Cd(II), Cul(II), Ni(II} g.04 M HN03 : 40 1.00 0.87 87 {In}
MAa(Il), Co(II), and PB{II) 0.1 ¥ HNGS 40 1.55 1.50 9847 gﬁd) 3?*
0.5 M HNO, 40 1.70 1.50  88.28 (Cu)
1M HN83 40 1.490 1.31 893.50 (Ni}
2 M HND3 40 2.40 2.38 93.2 (Mn)
4 M HN03 40 1.40 1.37 7.8 (Col
5M HN[I:3 40 2.80 2.48 95.7 (FPb)

Average deviation = 0.1-8.3

Number of analysis = 3



Table 12: Separation of Mixtures of Seven Metal Ions on Thorium Tellurite Column

{ Molar ratio

0.50C)

Flow rate = 0.5 ml/min

Packed height = 3.5 cm

-Diameter = .68 cm

Effluent Teken Found Recovery

Mixture Separated Eluent Co%éigted {mg) (mg) (%)
Ni(I1), Cd(II), Cd(IIi, 0.04 M HNO, 40 1.48 1.30 82.8 (Ni)
MA(II), Zn(II), Cu(ZI}, & PH(II) 0.1 M HNO, 40 1.55 1.51  97.4.(Cd)
0.5 M HNDg 40 1.40 1.30 82.8 (Co)
1M HNGa 40 2.40 2.31 86.3 (Mn)

2 M HNO, 40 1.00  6.91 81 (Zn)
4 M HN03 40 1.70 1.52 9.4 (Cu)
5 M HNGS 40 2.60 2.50 86.2 (Pb)

Average deviation = 0.2-0.4

Number of analysis = 3
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