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A B S T R ACT 

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 HCl solution of sodium selenite, and by adjusting the 

acidity of the solution to about 1 M HC1. Thorium tellurite 

has been prepared by mixing 1 M HN03 solution of thorium 

nitrate with 4 N HCl 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 cm- 1 due to water molecules and OH groups, and 

-1 1700-1600 cm • which may be due to interestitial water. 

The hydrogen ion liberation capacity of zirconium selenite 

and thorium tellurite was found to be 1.2 meq/g and 1.12 meq/g 

respectively. Distribution coefficients of metal ions on 

both exchangers 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 Cu 2+, 
2+ 2+ 2+ 2+ 2+ 

Cd • Zn • Co • Mn • and Ni have been achieved on 

both exchangers. A number of binary and ternary separatione 

of metal ions have been achieved on the columns of both 

exchangers. 



CHAPTER ONE 

1. I N T ROD U C T ION 

1.1. ~istory and Importanoe of Ion Exohanger~ 

Ion-exohange prooesses were studied systematioally only 

in the middle of the last oenturr.y in oonneotion \~ith inve:stig­

ations of different soils~ The first oommercially avail~ble 

ion-exchangers were amorphous dluminosilicate gels. These 

gels later was known as permutites but their instability 

t'owanal·., acid solutions and variability of behaviour led 

chemists to seek alternatives~ This search eventually led to 

the synthesis of organic ion-exohange resins. These resins 

soon dominated the field beoause of their uniformity, ohemioal 

stability, and the ability to oontrol resiri properties by 
1 3 synthetio prooedures.' Ion-exohange is now a well established 

teohnique in many industrial prooess and is also widely employ-

ed in ~any ohemioal laboratories. However, the applioations of 

ion-exohange to some important prooesses that ooour at high 

tmperatures or in the presence of ionizing radiation or highly 

oxidizing media are severely limited at present, because commer-

cially avai:3ble ion-exchange resins undergo degradation under 

h d t ' d't' 4,5 sue ras 1C con 1 lons. 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 

in a limited of pH:~ However, various inorganic ion-exchangeri 

have a good resistance against both gamma-rays and charged 



t ' 1 6,7 par 10 es. The produotion of a ohemioally stable inorganio 

ion-exohanger would enable ion-exohange prooesses to be used 

in an intense radiation field. Thus, during the last two 

decades a large number of inorganic ion-exohangers have been 
0-11 synthesized and explored for their use. These materials 

are classified into two groups (i) Insoluble aoid salts of 

tetravalent metals l2 - l8 having cation exchange properties and 

(1'1') H d t d 'd 19-23h · t' d' h y ra e OXl es aVlng ca lon an anlon exc ange 

properties. 

Amorphous insoluble acid salts of tetravalent metals have 

been known for long time. Sinoe 1956 there has been increased 

interest in these compounds due to their good ion-exchange 

properties and their high resistance toward temperature and 

radiations. Thus, their practical applications in nuclear 

technology or ion-exchan~e oocurring at high temperature were 

hoped for. They are, however, not very stable toward hydrolysis 

of their aoid groups, and therefore their composition is often 

not well defined~4 Many interesting properties of the insoluble 

acid salts of tetravalent metals depend on the orystalline 

struoture of the material obtained rather than on the metal 

ion or p&lyvalent 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 

25 26 oonsiderably more stable than the amorphous ones. ' 

Insoluble acid salts can find practioal applications on 

many fields. An important application is their use as ion-

exchange materials. They have also better resistance to 



temperature, oxidizing solutions. and acid media. Ion 

exchange in molten salts and applications in.nuclear technology 

are therefore posslblo. 27 ,28 

The discovery that large cations can be taken up by ionic 

forms with large inter-layer distance has opened new develcr-

ments. The s~lectivity of zirconium phosphate for polyvalent 

cations is very high, and analytical separation as well as 

concentrating of these cations can be achioved. 26 Amorphous 

zirconium phosphate has ~een utilized in kidney machines for 

the removal of ammonium ions from blood. 7 Polyhydrated 

zirconium phosphate can be used for the removal of both the 

ammonium ion and ammonia from blood or waste solutlons. 29 

Owing to the discontinuous phase transition during exchange. 

insoluble acid salts can also be employed as solid pH buffers. 

while thsir salt forms could be used to maintain constant ionic 
+ t . 26 fraction of a pair of ovtioilsJ such as Na -K , 1n solution. 

Insoluble Bcid salts have also important applications in 

catalysis. Kalman et.aI. has successfully employed the copper 

form of ziroonium phosphate for the oxidation of CO to CO2 and 

employed it as CO adsorbent in automobile exhaust pipe. 30 

Reoently zirconium phosphate has been been loaded with several 

transition metal ions and used as potential oatalyst. 31 ,32 

Zirconium phosphate has also been employed as a support for 

gas-solid ohromatoraphy33,34 and good separations have been 

obtained. 

Inorganic ion-exohange membranes consisting of insouble 

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

lanthanum antimonat~.35 They represent a unique possibility 

for relating their electrochemical and osmotic properties to 



the known rBticula~ arrangement of thB fixed chorges and 

counter ions or steric factors. Owing to the selectivity and 

stability of inorganic exchangers, these membranes do find 

applications as selective electrodes in particular processes 

in which organic membranes cannot be employed beoause of their 

higher degradability.35,36 Some acid s@lts whose structures 

have not yet been defined possess interesting ion-sieve 

properties) e.g. thorium arsenate behaves as a very narrow 

ion-sieve and only H-Li exchange is therefore possible. This 

interesting property has already been exploited for the separ­

ation of Li+ from other cations, and from natural waters. The 

very high seleotivity of fibrous oerium phosphate for Pb2+ and 

oertain other divalent cations has also a practioal application 

in the removal of some heavy metal ions form industrial water~~ 

Impregnated papers or thin layers of insoluble aoid salts have 

been suocessfully employed for several chromatographic 

t · f . . t' i t 39,40 separa lons 0 ~norganlo oa 10ns e.g. cer urn arsena e. 

The good ion-exchange properties of zirconium phosphate 

have reoently stimulated the preparation of insoluble acid 

salts from smlenites aod tellurites acid groups~I-44 Several 

materials exhibiting some ion-exchange properties have beon 

obtained by Rawat and Singh~1,42 All these propucts are 

amorphous and very hydrolysable and their anion to metal ratios 

did not exoeed more than 2. These materials were prepared by 

various methods and their properties, such as composition, 

exchange capacity, and chemioal stability, were "investigated 

in relation to the methods of synthesis. EKchange 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 ion-exchangers are charac-

terized by the ratios of selenite to metal ion, tellurite to 

metal ion, and by their pH titration curves. Tantalum 

slenite41 is .industrially important for the separations of 

Fe3+ [on2+, Cu 2 +, .2+ 2+ 2+ V 2+ d 13+ d from, Nl ,Co ,Zn, 0 ,an A an 

3 + 2+ 2+ 2+ Ba from Ca ,Sr , and Mg This property has been used 

to separate and determine Fe 3+ in nickel electroplating baths. 

The H+ ion liberation ion-exchange capacity of niobium 

slenite42 for ratios of Nb:Se (1,1,1:2 and 2:3) by KN0 3 was 

found to be 0.95, 1.04 and 0.90 meq/g, respectively. Results 

of the ion-exchange capacity determinations suggest that the 

exchangeable protons in niobium selenite decreased with an 

increase in the niobium to selenite ratios. Separations of 

lanthanum-thorium, thorium-copper, lead-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. Obj ect i ves of the Pr::esent }_flyest igation 

:i) Yo synthesize zirconium(IV) selenite and thorium(IV) 

tellurite. 

ii) To explore their application) particularly chromatographic 

separations 



CHAPTER TWO 

2. LITERATURE REVIEW 

2.1. Synthesis and Ion-Exchange Properties 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 pfulybasic acids or polybasic 

anions. The protons of the acid groups of the insoluble 

acid salts can be replaced by other cations which accounts 

for ion-exchange property of these compounds. Furthermore 

that thay have high selectivity for certain it was found 
39,40 

ions and this selectivity can be increased by 

thermal treatment~5,46 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 pblybasic metals, such as 

zirconium, and thorium phosphate or zirconium arsenates, 

antimonates, oxalates are generally amorphous or semicryst~ 

alline materials, which undergo extensive hydrolysis even in 

weakly alkaline or neutral solutions~9-53 However, these 

materials are found to have useful cation exchange properties 

including high uptakes 

rates, and interesting 

of certain ions reasonable exchange !'" 

selectivities:4 - 60 Zirconium(IV) based 

, h 63-71 h th h ' lon-exc angers were e exc anglng ion groups are sulfides 

oxalates, chromates, arsenates, and antimdnates are generally 

synthesized by rapid precipitation of zirconium salts with an 



H 
appropriate reagent at a definite p Z· . If'd 65 lrconlum su 1 e 

is obtained by rapid mixing of Na 2S solution at pH 7 . 5 with 

ZrOC1 2 . It represents a white powder with d-2.7, easily 

• + 2+ d' .. 1 bl exchanglng Na for Ca an for lons formlng Inso u e 

sulfides and working well in frontal separation of . ( ' ... 

Cu(II)-Ca(II) and Cu(II)-Fe(II)j Cu,Ca enrichment amounted 

to 5x104. 

Zirconium arsenate is synthesized by mixing ZrOCI 2 .8H20 

H p 7.5. The sorbent consists of 

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 pH"'7 its capacity is equal to that of zirconium hydroxide. 

This material is well suited for frontal separation of L 

Ca(II)-Co(II) with Co,Ca enrichment upto 104 . The exchange 

capacity does not vary with particle size. For all bivalent 

. th ddt f th . t th H. . t 1 lons, e epen en o' e capaCl y on e p IS apprOXlma e y 

equal. The sorption of C; at low pH is relatively insensitive 

to the presence of bi-and trivalent ion. An enrichment factor 

of C; with respect to K or 2.5xl04 is attained. The kinetics 

and mechanism of zirconium arsenate 67 ion-exchanger synthesis 

is studied in H20 or 0.5-3 M HN03 , The composition 

(As,Zr at ratio 1.6 to 2.0) and the structure (crystalline, 

amorphous, or weakly crystalline) of the products depend on 

HN0 3 concentration and aging time of the precipitate. Analog­

ous to the formation in HN03 , when prepared in HCl or H2S04 



68 solutions, zirconium arsenate transforms from gel to a 

crystalline structure. The chemical composition of the 

dry crystalline product prepared in the presence o·F excess 

As 205 concentration is Zr(HAs04)2.H20, On aging in HCl or 

H2S04 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 
H .. + + 

for alkali metals at p values lower than 2.6 as C5->K>Na 

between pH 2.6 and 3.8 the crder beoomes K+>Cs+>Na+ while 
H + + + 

between p 3.8 and 4.65 it changes to K > Na > Cs I finally 
H + + + above p 4.65 the order is completely reversed to Na >K >Cs • 

On refluxing amorphous zirconium arsenate with fairly concent-

rated arsenio aoid, a orystalline product is obtained. The 

ion uptake curves of the crystalline zirconium arsenate showed 

that at the same counter ion content the equilibrium pH,s 

below half conversion of the exchanger are in the order 

Cs"'>Rb+>U+>Na+l>K+, which is assumed to be due to the -fact 

+ + + that Li ,Na and K are small enough to enter cavities accord-

ing to their decreasing hydrated volume, while Rb+ and Cs· are 

sufficiently large to undergo steric hindrance. 64 

65 69 Another zirconium based sorbent is zirconyl oxalate ' 

which is precipitated from zirconium oxychloride and ammonium 

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

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

were 103 and 5xl03 respectively, This exchanger is represented 

by the formula ZrO(OH) C2 04H, :'ihich accounts for the exchange 



capacity as resulting from the ionization of the acid oxalate 

groups. Zirconyl oxalate undergo hydrolysis in alkaline 

media. The main reactions taking in neutralization of 

zirconyl oxalate with NaOH is represented as follows: 

R - C ::O::Tl+ i~ + :t ft - C 0 _. + ;\Ia + H + - - -- - - -- - -- - -- - -- I 
2 4 a 2 4 

2 

3 

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

zirconium mat~ix. 

Distribution coefficient determinations on the NH~-form 

of zirconyl oxalate. carried out in series alternating with 

conversion to the H: forms gave reproducible results in 

each series. but decreasing from series to series. On the 

other hand. batch experiments of tracer alkaline earths 

in HCl media. showed that they decrease when the aoid 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. 

firconyl chromate65 • 70 is obtained in similar way by 

mixing Na 2Cr04 with ZrOCl 2 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 Ca(II)-Sr(II). 

Zirconyl carbonate 65 is synthesized in analogous way 

by rapid precipitation of ammonium carbonate with ZrOC1
2

, 

This exchanger is not stable due to the liberation of CO
2

, 



It is wall suited for separation of Ca(II)-Mg(II). The ion 

exchange capacity is of the order 0.75-1 meq/g similar to 

that of ion-exchange resins. 

Zirconium(IV) based antimonate sorbents56,57are 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 observed, Na is more strong-

ly adsorbed than either K+ 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 Sb(V)/Zr(IV) 

ratio of some what larger than 2 to 1. Zirconium antimonate56 

is reasonably stable in, concentrated and dilute HN0 3 and NH3, 

and it is not appreciably attacked by H2S04 , HCl and NaDH 

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 lS about 5 moles/kg. 

Zirconium based polybasic mixed salts like zirconium 

molybdovanadate72 and zirconium phthalophosphate are also 

synthesiied and their ion-exchange properties are investigat­

ed using monovalent and bivalent metal ions. These exchangers 

are persumed to be chemically more stable than therr constitu-

ent counterparts. In this respeot the ohemical stability of 

the ion-exchanger zirconium molybdovanadate is studied in HCI, 

H2S04, and in chloride-sulfate solution. The ionic strength 

of the chloride-sulfate solutions is maintained at 0.20 while 



pH is 0,84-6.25, The stability is determined from the content 

of Zr, Mo(VI) and V(V) in the liquid phases and is better in 

Hel than in H2S04 , The stability in the chloride-sulfate 

1 t " . th . . H so U Ions Increases WI IncreasIng p Heat treatment of the 

exchanger at 300 °c improves its chemical stability but high 

temperature causes the degrading of the polymer, 

Pertinent to this group of ion-exchangers is zirconium 

phthalophosphate73 which is synthesized by mixing phthalic 

anhydride with ZrOCN03 )Z,2HZO in the presence of H3P04 solut­

ion. The overall and strong groups ion-exchange capacity is 

determined as a fUnction of pH and temperature. The maximum 

ion-exchange capacity of the exchanger is 4.8 meq/g at pH 10.8. 

Heating the exchanger at 100-700 °c showed that zirconium 

phthalophosphate retain its exchange properties even at high 

temperatures although its ion-exchange capacity decreases 

sharply with increasing temperature. Sorption experiments 

are carried out with a number of cations. Fe(IIJ, MnCII), '", 

Ni(lI), Pb(l!), Cu(Il), and Ba(II) are sorbed by the dry 

exchanger, AI(lII), Gr(lIl) and Co(II) are scrbed only by the 

swelled exchanger. The chemical stability of this material is 

examined by using 0.5-3 N solutions of Hel, HN03 , H2S04, NaOH 

and NH 40H at room temperature and under heating. It is less 

stable in alkaline solutions setting free P04
3-, within the 

3-whole acidity interval investigated, no P04 is liberated 

although traces of Zr(IVl are observed in solid media at ~ 1 N. 

Among zirconium(IV) based ien-exchangers the detailed 

investigated acid salt is zirconium phosphate, and a considerable 



amount pf information is nOvl available, as to its mechanical 

. 7 25 31 and sorption propertles.' , 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 and reversibly on acid 

74 phosphate groups in the gels structure. 

-3 
Normal zirconium phosphate (P04 ,Zr=21 is obtained as a 

gelatinous precipitate when an excess of phosphoric acid or 

soluble phosphate is added to a soluble zirconium salt, and 

precipitation is very 

t . 1 26,63,75,76 ma erHl s. 

fast and leads to amorphous 

This compound is represented as a 

75 monhydrogen phosphate Zr(HP04 12 • However, later on it is 

considered that a zirconium rather than a zirconyl salt would 

precipitate from aqueous solution, and hence represented 

the compound as ZrO(H2P041230. Ahriand et.al. 76 has studied 

the hydrolysis of gelatinous zirconium phosphate and proposed 

a formula Zr02 , Pn02 . 5 n .mH20 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 Torracca 77 to reducE 

the rate of precipitation in which crystalline materials are 

obtained. Alternatively, crystalline zirconium phosphate is 

obtained by C.arfield25 by refluxing the amorphous product 

in concentrated phosphoric acid. The formula of the crystall-

ine product in the hydrogen form is Zr(HP0
4

12 .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 different ways can have different P04 :Zr ratios. 
3-Moreover samples with the same P04 ,Zr ratio can show a 

diversity of ion-exchange properties. 78 

studies concerning this ion-exchanger were primarily 

directed towards elucidating ion-exchange 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. 

Blumental 75 proposed the follol-ling structural formula for 

zirconium phosphate to account for its behaviour as an acid. 

74 . 79 
However, Amphlet et.al. and Grover have supposed 

that zirconium phosphate consists of a Zr-O lattice with 

acid phosphate groups attached to a spare valency bonds. 

Based on the observed composition, X-ray and density data, 

Clearfield and stynes25 proposed that zirconium phosphate 

has the following structure. 



OP03H2 OH o 

I/H2 
or°i'~H2 

o ~ 
~ /OH2 l/H 

----?r . o , Zr" . , ' Zr ." 0 I !.:I 

I I I 
OH OP03H2 OP03H2 

\~ashing normal zirconium phosphate with \~ater removes 

phosphate groups by hydrolysis, Larsen and Vissers BO 

-

exhaustively washed the normal phosphate with conductivity 

water and obtained a product in which P04
3-:Zr=1.72. Baetsle' 

and Pelsmaekers precipitated zirconium phosphate from solution: 

containing Po 4
3- to Zr(IV) ratios of 3,2,1.75. The precipit­

ates had different compositions but on washing, products of 
3-constant composition in which P0 4 :Zr, 1.66-1.68 were 

obtained. 

The capacity and sorption studies on a number of zircon­

ium phosphate samples ranging from amorphous to very good 

crystalline materials were also undertaken by many workers 

in this field. 23 ,25,7B,B2 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 

., h ' 1 + Rb+ K+ N + L,+82 organIc lon-exc ange reslns, name y Cs > > > a> 1 • 

Clearfield and Stynes have determined the amount of replace-

able hydrogen ion present in the zirconium phosphate by 

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



permanent Gnd-point \-Ihich 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 Pekarek78 to be accompanied by an 

uptake 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. + However, the Cs pick up was negligible, which is in 

marked contrast to that of the gels which strongly absorb 

cesium ion. Crystalline zirconium phosphate is interesting 

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 K+) while larger ions 

e.g. Cs+ are sterically excluded,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 cations suoh as Rb 

can enter inside the crystals~3 The titration curves 

for Ca 2+ on crystalline zirconium phosphate have only a 

or 

single inflexion point and all the exchange sites are avail-
h 8.4 

able at lew p "'. A similar result was obtained by 
2+ . 63 and Smith in their studies of Sr lon-exchange. 

Clearfield 

Results 

of equilibration studies cf the crystalline metal ion­

forms 84 ,85 showed that the potassium form almost completely 

excluded bothLi+ and Na+ and total replacement is only 

b d f Na + h . . a serve or exc ange on the lIthIum form. It appears 



that a certain fraction of the sites on the sodium form are 

not available to K+ and Li+. In addition, Li+cannot be 

completely removed from the lithium form by K+. 

Determinations of the electrical conductivity of 

zirconium phosphate of different degrees of crystallinity and 

in several ionic forms are also in progress. Preliminary 

results seem to indicate that the condructivity of ZrCHPD4 )z. 
H20 increases with increasing degree of disorder in the crysta: 

structure. 26 

Paralleling the progress in the systematic study of 

zirconium phosphate type ion-exchangers, rapid developments 

were taking place in the chemistry of thorium phosphate. 

Insoluble acid salts of thoriumCIV) have generally been obtain-

ed as amorphous, fibrous, and semi-crystalline materials. 

Alberti and ConstantinoSl prepared both amorphous and fibrous 

thorium phosphate at room temperature with PD4 :Th ratio from 

1.S to 2.1. They showed that the composition of thorium 

phosphate is ThOz.PZOS.4HZO and the ion-exchange capacity for 
+ 

Na was reported to be 3.7 meq/g. It was found that the for-

mation of fibrous phosphate was favored by a high P04/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 3.8S meq/g. Anil and Kailas S2 synthesize 

thorium phosphate with slight modification by changing the 

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



form of bot;1 w,i<ol'phous 'lnd fibrous, hard white materials, 

suttable for use as support fra8 ion-exchange sheets. No 

change in the form or colour was 'observed \~hen it was heated 

in boiling water. dilute mineral acids and dilute alkalies. 

but when the pt~duot was refluxed with 5 M phosphoric acid 

for 12 hI' it changed to semi-transparent beads. When the 

exchanger was immersed in 1 M nitric acid at room temperature 

for 24 hr. the P04 :Th ratio decreased from its original value. 

The exchanger remained u~aff8cted in concentrated nitric acid, 

sulphudc acid. perchloric acid, (60%). In concentrated 

hydroohloric acid. the sample became yellow after a few 

hours. The IR spectrum of thorium phosphate reveal two well 

defined peaks at 980-1140 om- 1 and 1640 em-I. The first peak 

980-1140 om- l is considered to be due to ionio phosphate which 

is observed as one sharp peak in normal phosphate but as an 

assembly of three peaks in the polymer samples. The second 

peak at 1640 cm- l was suggested to be due to interstitial 

water present in the polymer molecules. 

The exchanger \'las found to comprise monofunctional acids. 

The titration ourves with Li+. Na+ and K+ lie on the same 

line at low pH 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 increase in pH than in the 

presenoe of salt e.g. sodium chloride. The ion-exchange 
H seleotivity at p 6-6.5 for univalent ions follow the order 

L ' + + + 2+ 2+ 2+ 2+ 
~< No < K and for bivalent ions Mg < ea < Sr < Bo • As 

the hydrated ionic radius door-eases, the ion-excahange 



capacity increase. Anil and Kailas 53 have undertaken 

a study in the measurement of distribution coefficients, 

ti f Pb2+" C 2+ Cd 2 + Z 2+ separa ons a yrom u. • n • 2+ M 2+ Ca • g • 
2+ 2+ 2+ 3+ 2+ 2+ 2+ 

Co • Mn and Hg • and of 8i from Zn ,Cu ,Co , 
2+ 2+ . Cd and Hg have been achIeved with thorium phosphate. 



3.1. SYllthes is 

CHAPTER THREE 

3. EXPERIMENTAL 

3.1.1. Zirconium Selenite 

Solution of zirconium oxychloride, 0.25 M, was prepared 

by dissolving ZrOC1
2

.8H20 in HCI (4 M). Solution of sodium 

selenite, 0.5 M, was prepared by dissolving NaZSe03 in 4 M 

HCI. The exchanger where the ZfrDonium to selenite molar 

ratio is 0.50 was obtained by adding 0.5 M sodium selenite 

(50 mIl drop wis9 from a buret into a beaker oontaining 50 ml 

of HCl solution of 0.25 M ziroonium oxyohloride with oonstant 

stirring and at room temperature. The aoidity of the solution 

was adjusted to about I M Hel. The precipitate so obtained 

was kept for 24 hr, filtered and washed with distilled water 

until it is froe of chloride ion, dried at 40 °c for 4 days; 

ThreB different samples were prepared by changing the mixing 

ratio of Zr:Se 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 

90-160 mesh, soaked in Z M HN03 overnight, washed with distill­

ed water and dried again at 40 °c. The molar mixing ratio of 

the synthesis is shown in Table 1. 

3.1.2. Thorium Tellurite 

Solution of thorium nitrate. 0.1 M, was prepared by 

dissolving Th(N03)4.6H20 in 1 M HN03 , Solution of sodium 

tellurite, 0.2 M, was prepared by dissolving Na 2Te03 in 4 M 



HCl. The exohanger where the thorium to tellurite molar 

ratio is 0.50 was obtained by adding 0.2 M sodium tellurite 

(50 mIl dropwise from a buret into a beaker containing 50 ml 

of HN03 solution of 0.1 M thorium nitrate with constant 

stirring and at room temperature. The acidity of the solution 

was adjusted to about 1 M HCl. The preoipitate so obtained 

was kept for 24 hr. filtered and washed with distilled water 

until it is free of ohloride ion. dried at 40 °c for 4 days. 

Three different samples were prepared by ohanging the mixing 

ratio of Th:Te as 1:2. 1:1 and 1.5:1 to give sample Nos. 4.5 

and 6 respeotively. The materials were ground and sieved 

to 90-IBO mesh. soaked in 2 M HN03 overnight. washed with 

distilled water and dried again at 40 °C. All the reagents 

and chemioals used in the synthesis were BOH reagents of 

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

in Table 1. 

3.2. The Hydrogen Ion Liberation Capaoity 

The hydrogen ion liberation oapaoities of the three 

samples for both exchangers were determined by batch operation 

as follows5~ A 50 ml volume of different ooncentrations of 

sodium chloride solutions were mixed with 0.25 g of the 

exohanger and shaken intermittently for 12 hr. A 50 ml of 

the aliquout was taken and titrated with standard 0.1 N NaOH 

solution using methyl orange as indioator. The affeot of the 

oonoentration of neutral salt solution on the exohange oapaoity 

in batoh operation is shown in figs 1 and 2. The results 

obtained with the use of 2 M sodium chloride solution are 

reported in Table 1. 



3.3. ~-Titpation 

A 25 ml volume of solution containing diffepent amounts 

of MDH (M-Li, Na OP K) was added to 0.1 g of the exchangep. 

Aftep intepmittent shaking fop 6 hp at 30 °C> the pH was 

pecopded. The expepiment was pepeated in the ppesence of 

salts keeping the-metal ions concentpations constant at 

0.1 MCI + MDH (M=Li, Na OP K). 

3.4. Solubility of the Exchangeps 

The solubility of bothexchangeps (molap patio 0.5) was 

detepmined in sevepal solvents at poom tempepatupe. A 0.1 g 

of the matepial was equilibpated with 50 ml volume of the 

solvent and kept fop 12 hp with intepmittent shaking. 

Zipconium(IV) was detepmined by standapd spectpophotometpic 

method using alizapin ped-S at 525 nm. and pH 0.786 . 

Selenium ~Ias detepmined titdmetpically as follo~ls~7 To the 

sample solution cont~ining selenium was added 5 ml of 1 % KI, 

the libepated iodine was then titpated with standard 0.1 N 

Na2S2D3 solution. Thopium was determined by standapd spectpo­

photo metdc method with capmi ne ped at 560 nm', at pH 2.5. 88 

Tellupium was detepmined titdmetdcally as follo~ls. 89 To the 

sample solution containing tellupium was added 20 ml of 

concentpated HCl, 15 ml of concentpated H2S04 , and 3 g MnSD4 . 

The titpation was cappied out by addition, fipst 25 ml of 

standapd 0.1 N K2CP2D7 solution. The solution was then pep­

mit ted to stand fop 15 minutes and back titpated with standapd 

0.1 N fepPous ammonium sulphate. Feppous penanthpoline being 

used as indicatop. The pesults ape given in Table 2. 



3.5. Composit!~ 

3.5.1. Zirconium Selenite 

For determination of ohemical oomposition of ziroonium(IV) 

selenite 2 mg of the sample (molar ratio 0.5) was boiled with 

50 ml of conoentrated NaOH, for 12 hr to preoipitate ziroon­

ium. whioh was dissolved in conoentrated HCl~l The sarna 

prooedures employed for ohemical stability determination were 

adopted to estimate ziroonium86 and selenium87 in the super­

natant obtained from the synthesis experiment. The absolute 

amount of Zr,Se was found to be 1.2.11. 

3.5.2 Thorium T811urtL~ 

Similarly the chemical composition of thorium(IV) 

tal1urite 2 mg of the sample (molar ratio 0.5) was boiled 

Mth 50 ml of concentrated HCI, for 1 hr:2 The solution 

was cooled and then filtered. The amount of thorium88and 

tellurium89 released in the solution were then determined 

by the methods previously described in the solubility studies 

procedure. The absolute amount of Th:Te was found to be 

1:2.17. 

3.6. Distribution Coeffioients (KdJ 

The values of the distribution coefficients (K d) of 

Pb2
+, Mn 2

+, Ni 2
+, Cu 2

+, Cd 2
+, Zn 2+ and C0 2+ were determined 

as follows,55 0.1 g of the exchanger (molar ratio 0.5) was 

equilibrated with 10 ml of solution containing 7xlO- 3 M metal 

ions at pH2. pH3. pH4. pHS. pHS.S with intermittent shaking 



at 30 °c. Tho concentration of metal ions in tho solid and 

the liquid phose was deduced from the conoentration relative 

to the initial concentration in the solution. The Kd values 

were oalculated using the following equation. 

amount of 
Kd ~ 

amount of 
meatal ion on the exohanger, volume(ml) 

iX 
metal ion in the solution exohanger(g) 

Amount of metal ions were determined by using a varian 

Teohtron 1100 atomic absorption speotrometer. The results 

are given in Table 4 . 

3.7. Separations 

For separation studies 2 g of the exchanger (molar 

ratio 0.5) in the H+-form was taken in a glass oolumn paCKed 

to 3.5 om in height and of inner diameter 0.69 om. Mixture 

of metal ions was then applied and allowed to pass through 

the column. 42,55 Th t l' d b d th h e me a, lons a sor e on e exc anger 

were then eluted with suitable eluting reagent. The rate of 

flow was 0.5 ml/min and 5 ml fraction of effluent \vere collect-

ad for metal ion determination. The results are summarized 

in Tables 5 - ),2 ' 



CHAPTER FOUR 

4. RESULTS AND DISCUSSION 

4.1. IR and Composition 

The products obtained are in the form of amorphous hard 
4+ 2- 4+ -?-white materials. The molar ratio of Zr ISe0 3 · and Th ITeD3 

of the exchangers prepared are present in Table 1. The 

external appearance of the material did not change with the 

difference in the mixing ratio. From the chemical analysis 

the molar composition of zirconium(IV) selenite shows that 

zirconium(IV) and selenium are present in the ratio of 1:2. 

A similar result was also found for the molar composition of 

thorium(IV) tellurite where thorium(IV) and tellurium are 

present in the ratio of 1:2. The IR spectrum of sample Nos. 

I and 4 dried at 40 °c was obtained by KBr disc method 

(Figs 17 and 18). 

+ IR spectrum of zirconium selenite in H -form exhibits 

stron absorption bands in the 

1700-1600 cm- l , 800-650 cm- l , 

regions 3500-300 
-1 and 400-500 cm. 

-1 cm , 

The broad 

peak in the region 3500-300 cm- l may be due to presence of 

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

1700-1600 cm- l with a maximum about 1640 cm- l can be possibly 

assigned as characteristics of interestitial water molecules. 

The third peak in the region 800-650 cm- 1 may be 400-500 cm- 1 

may be asoribed to Zr-O?l The IR spectrum of thorium tellur-
+ ite in H -form revealed absorption bands in 

3500-3000cm- l , l700-1600cm- l , 800-600 cm- l , 

the region 
-1 400-350 cm . 



-1 
The broad peak in the region 3500-3000cm mHY be due to the 

presence of water molecules and OH groups. The second peak 

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

due to interstitial water present in the polymer molecules. 

The third peak in the region 800-600 cm- 1 may be due to ionic 

2- 90 -1 tellurite Te03 . The fourth peak in the region 400-350 cm 

may be ascribed to Th-0. 91 

The IR spectrum of the gelatinous precipitates obtained 

by addition of hydroxyl ions to solutions of zirconium oxy­

chloride and thorium nitrate,92 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 absorption band in the 

region 800-650 -1 which cm 

2-(Se03 ) is not exhibited 

hydroxide. Similarly the 

800-600 cm- l which is due 

is due to the ionic selenite 

in the IR spectru~ of zirconium 

absorption band in the region 
2-

to Te03 is absent in the IR 

spectrum of thorium hydroxide where as the broad peak in the 

region 3500-3000 cm- l which is due to the presence of water 

molecules and OH groups is revealed in the IR spectrum of 

both hydroxides. 



Table 1: Synthesis an~ Ion E~change Properties of 

the Exchangers 

A. Zirconium Selenite 

ZrOCI Z,8H2O Na2se03 Hydrogen ion 

Sample f101arity Molarity ~1ixing liberation 

(mole/liter) (molelliter) ratio capacity 
No, meq/g 

1 0.Z5 0.50 0.50 1.20 

2 0.10 0.10 I 0.96 

3 0.081 0.054 1. 50 0.76 

B. Thorium Tel1urite ---_. 
. 

Th(NO~)4·6HZO Na 2TeO Hid!"ogen ion 
Mixing iberation Molcrlty Molartty capacity 

(mole/liter) (malo/liter) ratio meq/g 

11 0.10 0.20 0.50 1.12 

5 0.10 0.10 1 0.88 

6 0.20 0.133 1.50 0.30 



4.2. Solubility of the Exchangers 

Both exohangers (molar ratio 0.50) dissolvod completely 

in ooncentrated nitrio aoid, sulphurio acid, perchloric aoid 

(60%1 and hydroohlorio acid after 12 hr at room temperatura. 

Detailed studies on the solubility of the exohangers were 

carried out in different solvents at room temperature 

(Table 21. No ohange in the form or oolour was observed 

when immersed in dilute mineral acids. Tabla 2 shows the 

solubility of both exchangers in various mineral acids at 

different concentrations. The exchangers are stable in dilute 

nitric acid, sulphurio aoid, hydroohloric acid, (less than 1 N) 

but they ~ra fairly unstable in basic solution, that is, they 

dissolve or peptize even in 0.1 N sodium hydroxide solution. 

The solubility stUdies indicate that both exchangers are not 

very stablo in alkaline medium in which a loss of selenite 

and tellurite groups ooour. The differing solubility in the 

various acids oan be related to the different complexing 

power of these acids towards thorium and zirconium~7,3B Very 

low solubility values in dilute and weakly complexing aoids 

can be noted. The exchangers are relatively stable in nitric 

acid compared to other mineral acids. Thus dilute HN03 solut­

ion can be employed to regenerate salt forms of these exchang­

ers without appreoiable dissolution of the material. From the 

solubility studies it seems that zirconium selenite is 

chemically more stable than thorium tellurite. The stability 

of both exchangers decreases remarkably when the concentrations 

of the respective solvents inorease. 



Sel" 

No 

I 

2 

3 

4 

5 

6 

7 

6 

9 

10 

11 

12 

Solvent 

1 M Hel 

0.5 M Hel 

1 M HN0
3 

0.5 M HN03 

1 M H2SO4 
0.5 M H2SO4 
0.1 N NaOH 

0.01 N NaOH 

4 M aoetic 

8 M aoetio 

4 N NH3 

01 N NH3 

Molar ratio· 0.50 

Equilibration time • 12 hI" 

Quantity of exohanger • 0.10 g 

Volume of solvent • 50 ml 

aoid 

acid 

Ziroonium 
dissolved 

(mg/SO ml) 

0.150 

0.074 

0.135 

0.038 

0.210 

0.118 

0.174 

0.063 

0.042 

0.089 

0.162 

0.124 

Selenite 
dissolved 

(mg/50 ml) 

8.29 

2.76 

4.73 

1. 97 

23.68 

6.97 

29.2 

22.6 

3.94 

5.92 

34.6 

24.8 

Thorium 
dissolved 
(mg/50 ml) 

0.22 

0.120 

0.190 

0.107 

0.30 

0.131 

0.202 

0.141 

0.061 

0.100 

0.26 

0.150 

Average deviation· 0.1 - 0.30 

Number of analysis • 3 

Tellurite 
dissolved 
(mg/50 ml) 

12,76 

6.38 

8.93 

5.10 

56.7 

30.6 

66.4 

51. 04 

28 

42.1 

44.6 

25.5 



G~nerally. the exchange capacity of a weakly acidic 

catton exchanger must be determined with an alkaline solut~ 

" 54.55 Z" " l"t d th " t 11"t h lon. lrconlum se enl e an orlum e url 8 exc angers 

however are unstable in alkaline solution. Therefore. a 

measure of exchange capacity was taken as the amount of 

hydrogen ion liberated by a neutral salt. suoh as sodiunl 

chloride. The hydrogen ion liberation capacity also depends 

on the concentration of ~he neutral salt solution.5.37.53 

The effect of the concentration of neutral salt solution on 

the hydrogen ion liberation capacity of the exchangers is 

shown in Figs I and 2. For both exchaogers a c~nstant 

exohange capacity was obtained for sodium chloride solution 

of ooncentration greater than 2 M. The hydrogen ion liber-

at ion capacity was found to be strikingly dependent upon the 

ratio of anion to metal in the products) namely the greater 

the ratio. the highel~the capacity. Table 1 shows that 
4+ 2-sample No. I with l~wer ratio of Zr /Se03 (molar ratio~0.5) 

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

result suggests that the exchangeable protons in ~irconium 

selenite decreases with an increaoe in the Zr:Se ratio. which 

indicates that the exchangeable protons originato from the 

selenite group. 

Similar behaviour was also observed for thorium tellurite 

hydrogen ion liberetion C::lr::::l:::'~~Y ',;:Iere sample No.4 with 

lower ratio of thorium to tellurite (molar ratio a O.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 exchange 

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 
H' a more rapid increase in p 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 10, the order becomes Li +> Na +> K+, This reversal in select­

ivity observed for amorphous zirconium selenite 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 

zirconium arsenate 64 and zirconium phosphate25 , Therefore 

the same explAnatinn given for zirconium arsenate and zircon-

ium phosphate ion-exchange properties can be applied to the 



prOBsnt res:.lt. Representing b~th exchangers with the same 

model, we suppose that these amorphous exchAngers, due to 

their disordered structur~, exchange hydrogen with other 

counter ions through channels or cavities widely differing 

in size. Larger cavities may have enough room for ions to 

be hydrated. but more and more dehydrated ions must be 

exchanged with hydrogen as the size of the cavities decreases. 

In the course of the titration, larger cavities are involved 

first and the exchangers will prefer the counter ion with 

the smallest hydrated volume! since smaller and smaller 

cavities have to be involved as the conversion proceeds, the 

affinity order will gradually change and the exchangers will 

finally prefer the ion with the smallest orystalline radius. 

4.5. Distribution Coefficients (Kd ) 

Distribution coefficients of metal ions on ziroonium 

selenite and thorium tellurite were determined in the pH 

range from 2 to 6.5 (Table 4). H At P 2 the adsorption of 

metal ions on zirconium selenite show the followinB select­

ivity series Pb>Co>Mn>Ni>Cu>Zn>Cd, between pH 3 to 6 the 

H order becomes Pb>Co>Mn>Ni>Cu>Cd>Zn, while at p 6.5 it changes 

to Pb>Zn>Mn>Cu>Cd>Co>Ni. The selectivity series of metal 

ions on thorium tellurite at pH 2 was found to follow the 

order Pb>Cu>Zn>Mn>Co>Ni>Cd', betwBen pH 3-6 the order is the 

same as pH 2 except for some seleotivity differenoe of Cd 

and Ni, i.e. Pb>Cu>Zn>Mn>Co>Cd>Ni, while at pH 6.5 the 

order is Pb>Cu>Mn>Ni>Co>Cd>Zn. Table 3 shows that ziroonium 

selenite has higher affinity for Pb and Co while thorium 



tellurite 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 values 

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, Ll< Na< K ,and 

Mg2~ Ca2~ 8a2+ was observed on thorium phosphate. 52 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 Thorium Phosphate for 

Bivalent and Univalent Cations 

Hydrated Ionic Ion-Exchange 
Metal Radius (AO) Capacity 

Ion mcq/g 

Li+ 3.4 0.38 

Na 
+ 

2.76 0.74 

K+ 2.32 1.12 

Mg2+ 7.00 0.54 

Ca 2+ 6.30 0.89 

f 
8a2+ 5.90 1.50 



Some inoI-Banic ion-exchanger such as C-SbA or Mn0 2
55 

show size perference selectivity for ions having specific 

ionic radii. but no such correlation was found between the 

Kd values and effective 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 earth 

metals.) alkali metals. 

This behaviour is not shown by the insoluble salt of 

inorganic acids, e.g .• zirconium and/tin phosphate gels. 5• 7 

which exhibit considerable overlap in the selectivity between 

three groups of the ions. The selectivity of zirconium 

93 phosphate for transition metal ions have been reported to 

be in the order Ni<Co<Mn(Zn<Cu. Where as the selectivities 

of thorium phosphate 53 for transition metal ions and lead 

at pH 5.5-6.5 have been reported to be in the order 

Pb)Cu)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 moment it is not possible to work out 

the structure of these exchangers, since these materials are 

obtained as amorphous powder. However. like zirconium 

selenite and thorium tellurite. some inorganic ion-exchangers. 



Table 4: Distributian Coefficient of Metal Ions on the Exchangers (Molar ratio;: 0.50) 

r1e'l:al 

Ion 

C 2+ 
d 

M 
2+ n 

Kd values 

at pH ;: 2 

A B 

1 
5298 6072.831 

35075;~77174B7.931 

8650 25931.98
1 

8660.95 53498.77 

Ni2
+ 18418.5 10194.11 

Co 2
+ 40597.67 13492.23 

Equilibration time = 14 hr 

Quantity of exchanger = 0.10 g 

Volume of $olutiQn • 10 ml 

Concentration of·metal ions a 1. X 10-3 M 

Kd values 
H· at p ::; 3 

A B A 

219.46 257.40. 277.17 

521. 69 415.16 714.74 

186.31 625.31· 239.20 

267.11 809.14 309.150 

317.211 191. 25 429.301 

942.315 332.53 ·1012.47 

B 

386.50 I 
607,12 I 

815.20 \ 
I 

1021. 30 t 
I 

275.33 I 
468.36 

A 

Kd values 

at pH '" 6 

B 

I 

Kd values 

at pH = 6.5 

A B 

372.84 512.120 1 5298 3498.97 
1 

I 912.61 825.16 ~7474.60 5054.63 

315.63 1020.at 34.725 7086.85 
! 

435.21 1596.120 130;:3:;213::9283.37 

526.16 414.60 

1678.11 556.27 

2445.42 4142.42 

3474.16 4066.45 

Pb
2

+ 165776.70 56810.5618356.23 5221.30 I H31.11 8341.42_l..1_3_5_0_1_.2_0_9_3_4_6_._20_....l-6_3_5_36_.3_6_1_4_54_4_.35 

A - Exchanger Zirconium Selenite 

B - Exchanger Thorium Tsllurite 

Average deviation =: 8 

Number of analysis = 3 



53 ~ 
e.g. thorium phosphate and cerium phosphate, showed 

high selectivity for lead. 

4.6. Chromat~aphic Separation 

In order to ascertain that ziroonium selenite and thor-

ium tellurite could be used as typical ion-exchangers and 

to investigate their properties of seleotivity, an attempt 

was made to separate a mixture of lead and some other tran­

sition metal ions. It is evident that separations of metal 

ions are achieved on the basis of differences in Kd values~3,55 

On the basis of distribution studies some representative 

separations of analytical interest have been achieved. As 

zirconium selenite and thorium tellurite showed extremely 

high selectivity f~r Pb(II), the separation of Pb(II) from 

divalent tr8llsf,tion metal lior.ls was oarried out; 

Typical plots of the elution curves of the metal ions 

from Pb(II) in Fig. 7 and 8 for both exchangers show the 

separation of Pb(II) from other metal ions is complete. As 

shown in figs. 7 and 8. the separation of PbIII) by the use 

of 2 M NaN03+0.15 M HN03 as an eluent is very sharp except 

for a slight failing of some transition metals. This failing 

is. perphaps, due to slow rate of exchange corresponding to 
5 the prolonged elution of hydrogen, Improved recovery for 

these metal ions was observed with a yield higher than 99% 

Table 5 and 6. An attempt was made to separate Cu(II) from 

Zn(II), and Mn(lI) from Ni(II) on zirconium selenite column 

and Co(II) from Cd([I) and Mn(lI) from Ni(!I) on thorium 



tellurite oolumn by increasing 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 

elution curves, it seems possible to separate micro-amounts 

of Cu(II), Mn(II), 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 Pb(II) on thorium tellurite Fig 12 were 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 elso attempted on 

the oolumns 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 development on columns of both exchangers 

is not complete, event hough they may show relatively large 

differences in their Kd . This might be due to that different 

metal ions may have different equilibration time in order to 

be adsorbed on the aotive 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 may come out leading to overlapping of 

elution curves~O 



4.7. X-Ray Diffraction (XRO) 

X-ray powder diffraction was taken using 

CuKa radation. The X-ray diffractogram indicates 

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



5. CON C U L U S ION 

From studies of the fundamental properties of zirconium 

selenite and thorium tellurite, these materials were found 

t~ be promising cation exchangers. The high salectivity 

of zirconium selenite and thorium tellurite for PbCII) can 

be compared with fibrous cerium phosphateSO , thorium 

phosphate,53 lead and tin antimonates 55which exhibited 

high selectivity for Pb(II). In summary, ,zirconium selenite 

and thorium tellurite can be utilized for the separation 

of trace amounts of lead in a wide variety of minerals and 

matertals. 
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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 

Packed height = 3.5 em 

Diameter = 0.69 em 

Mixture Separated Eluent Effluent Taken Found Collected 
(ml) (mg) (mg) 

1 Pb(II) and CdCII) 0.01 M HN0 3 25 2.60 2.55 

2 M NaN03+0.15 M HN03 40 2.65 2.61 

2 Pb(II) and ZnCII) 0.01 M HN03 25 1. 50 1.49 

2 M NaN03+0.15 M HN03 40 2.65 2.60 

3 Pb(II) and Cu(lI) 0.01 M HN03 25 1.49 1.45 

2 M NaN03+0.15 M HN0 3 40 2.65 2.63 

4 Pb(II) and Mo(II) 8.01 M HN03 25 1. 00 1.00 

2 M NaN03 + 0.15 M HN0 3 40 2.65 2.64 

5 Pb(IIJ and Co(II) 0.01 M HN03 25 0.65 0.61 

2 M NaN03+0.15 M HN03 40 2.65 2.64 

6 Pb(II) and NiCII) 0.01 M HN03 
25 1.50 1.48 

2 M NaN03+0.15 M HN03 40 2.65 2.61 

Average deviation .. 0.2-0.5 

Number of analysis = 3 

Recovery 
CO 

98 (Cd) 

98.4 (Pb) 
~. 

99.3 (Zn) ",... 

98 (Pb) 

97.3 (Cu) 

99.2 (Pb) 

100 (Mo) 

99.S (Pb) 

93.8 (Co) 

99.6 (Pb) 

98.6 (Ni) 

98.4 (Pb) 



Table 7: Other Binary Separation on Zirconium Selenite Column (Molar ratio = 0.50 
Flow rate = 0.5 ml/min 

Packed height = 3.5 em 
Diameter = 0.69 em 

Mixture Separated Eluent Effluent Collected Taken Found Recovery 
(mll (mg) (mg) (%) 

1 CuelI) and Zn(I1) 0~2 M HN0 3 30 1. 52 1.50 99.3 (Zn) 

3 M HN0
3 

30 2.10 2.00 97 (Cu) 

2 Mn(Il) and Ni(II) 0.2 M HN0
3 

30 1.60 1. 50 93.7 (Nil 

3 M 30 1. 65 1. 62 98 (Mn) HN03 
----.----------------~~---------------------------------------------------

Average deviation'" 0.3-0,5 

Number of Analysis = 3 

Table B Other' Binary Separations on Thorium Tellurite Column (Molar ratio 
Flow rate n 0.5 ml/min 

0.50) 

Packed height "" 3,5 em 

Diameter'" 0.69 em 

Mix~ure Separated Eluent Effluent Collected Taken 
(mll emg) . 

Found Recovery 
(mg) (%) 

1. Co(II) and Cd(II) 0.2 M HN03 30 2.50 2.00 8tl (Cd) 

3 M HN03 30 1. 60 1. 50 93.7 (Co) 

2. M~(II) and Ni(II) 0.2 M HN03 30 2.20 2.00 91 (Ni) 

3 M HN03 30 1.52 1. 50 98.6 (Mn) 

Average deviation ~ 0.1-0.2 

Number of analysis = 3 



Table 9: Ternary Separation on Zirconium Selenite Column (Molar ratio = 0.50) 

Flow rate = 0.5 ml/mio 

Mixture Separated 

Mn(II),Co(II) and PbeII) 

Packed height = 3.5 em 

Diameter = 0.S9 em 

0.5 

2 

4 

Effluent 
Eluent Collected 

(ml) 

M HN0
3 3D 

M HN0 3 30 

M HN0 3 40 

Average deviation'" 0.2-0.4 

Number of analysis = 3 

Taken Found Recovery 
(mg) (mg) C%) 

2.50 2.43 97.2 (Mn) 

2.10 2.00 95.2 (Co) 

1.70 1. 67 98.8 (Pb) 

Table 10. Ternary Separation on Thorium Tellurite Column (Molar ratio'" 0.50) 

Flow rate = 0.5 ml/min 

Mixture Separated 

Zn(II), Cu(ll) and PbCII) 

Packed height'" 3.5 em 

Diameter = 0.69 em 

Effluent Collected 
Eluent (ml) 

0.5 M HN03 30 

2 M 

4 M 

HN03 30 

HN0 3 40 

Average deviation = 0.1-0.4 
Number of analysis '" 3 

Taken Found Recovery 
(mg) (mg) (%) 

1. 60 1.58 98.7 (Zn) 

LOO 0.98 98 (Cu) 

2.60 2.59 99.2 (Pb) 

~ 
~ 



Table 11: Separation of Mixture of Seven Metal Ions on Zirconium Selenite Column 

(Molar ratio = 0.50) 

Flow rate = 0.5 ml/min 

Packed height = 3.5 em 

Diameter ~ 0.69 em 

Effluene 
~~xture Separated Eluent Collected Taken Found Recovery 

(mI) (mg) (mg) (% ) 

Zn (II). Cd (II), Cu (II) , NiCII ) 0.04 M HN03 40 1. 00 0.87 87 (Zn) 

"'1n (II). Co (II). and Pb(II) 0.1 M HN03 40 1. 55 1. 50 96.7 (Cd) 

0.5 M HN03 40 1. 70 1. 50 88.2B (eu) 

1 M HN03 40 1.40 1. 31 93.50 (Ni) 

2 M HN03 40 2.40 2.38 99,2 (Mn) 

4 M HN03 40 1.40 1. 37 97.8 (Co) 

5 M HN03 40 2.60 2.49 95.7 (Pb) 

Average deviation • 0.1-El.3 

Number of analysis '" 3 

3-



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

( Molar ratio = 0.50) 

Flow rate = 0.5 m1/min 

Packed height = 3.5 cm 

Diameter = D.S9 em 

Effluent Taken Found Recovery 
Mixture Separated Eluent Collected (mg) (mg) (% J (ml) 

NiCIIL ed(II), ed(II), 0.04 M HN03 40 1. 40 1.30 92.8 (Ni) ~ 
MnCIIL Zn (II)' CuCII), & PbCn) 0.1 M HN03 40 1. 55 1. 51 97.4. (Cd) 

0.5 M HN03 40 1.40 1.30 92.8 (Co) 

1 M HN0
3 

40 2.40 2.31 96.3 (Mn) 
. 

2 M HN03 40 1. 00 0.91 91 {Zn) 

4 M HNO 
3 

40 1. 70 1. 52 89.4 (Cu) 

5 N HN0
3 

40 2.60 2.50 96.2 (Pb) 

Average deviation = 0.2-0.4 

Number of analysis = 3 
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Fig. 17 Infrared Spectra of Zirconium Selenite (Sample No, 1) 
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Fig. 18 Infrared Spectra of Thorium TeHurite (Sample No.4) 
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Fig. 20 Infrared Spectra of the Hydrolysis Product of Thorium. 
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