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Ion-exchange processes CI’jNO~ and SOi-/NO; were studied by calorimetric 
mcasurcments. Experiments were so prformed to obtain stoicbiometric equi!ibrium 

concentration in order to calculate equilibrium constant.., and the beat studied 

ion-exchange reaction. As a result - I i-03 and - 21.70 kJ mol- ’ values were obtained 
for standard cnthalpy changes of Cl-/NO; and SOi-/NO; ion exchange processes, 
respectively. 

Thcsc values, together with these obtained from distribution measurements 
were used for calculation of free energy and standard entropy changes of investigated 
prms. 

Hydrous zirconia has been shown to have anionic ion-exchange properties in 
acid media’-‘_ For this reason, it is a very attnctive anion exchanger especially at 

higher temperatures. Literature dealing with distribution measurements is abundant 
but that on thermodynamics is scarce. The data on thermodynamics obtained in the 

reant work indicate true thermodynamic exchange. 
The aim of the pment work was to determine the heat of the Cl-/NO; and 

SOi-/NO; iontxchange reaction on hydrous zirconia by calorimetric mcasuremcn’J. 
Another aim of the pwnt paper was to cornparr: the values for cnthalpy changes 
obtained by distribution data at various temperatures and by calorimetric mcasurc- 

ments. 

- 

l TlliSWO~ reprsulls a part of M5c. Thesis of the ZIlJbr _M.I_T_, to uhom tznrmqmdclec should 
IYcaddrcscd_ . 



304 

Prepara don of tqxirous zirconia 

The method used has been described earlie?. 

Calorimetric iidcrmination 

An isothermal differential microcalorimeter was used for the determination of 

the heat of the ion+xchangc reaction’. It was calibrated by determining the heats of 

KC1 dissolution in water. The integnl heat, obtained 8~ infinite dilution in our rims, 
AlI -- 175.33 i 0.18 Id moi” (3190 :i 44 cal mol”), is in good-a_greement with 

litcnturc valuess’. The heat of ion-exchange reactions was measured as follows: the 
calorin:cter vessels were filled with 250 ml of the solution, which was a mixture of 

hydrochloric and nitric acid in the case of the Cl-/NO; iontxchanse reaction or 

sulphuric and nitric acid in case of the SOi-iNO, ion-exchange reaction, at the 
constant ionic strength (I == 0.154). In order to avoid the heat of immersion in the 
solution 0 A-1.0 ,r of hydrous zirconia. together with 0.5 ml distilled water were 
measured and sskd in th e gl,lass ampoule. Catibrztion was performed by electric 

heating. after estabilishing :empenturc equilibrium in the calorimctcr. The ampoule 
was then broken and hydrous zirconia poured in the solution where the heat wits 
developrtd by the exchange reaction. The quantity of the cxchznged ion wasdetermined 

from the difference between the initial concentrations and concentrations of ions 
after the ion-exchan_ee reaction in the calorimeter vessel. Chloride and nitrate were 
determined by Mohr’s method’ and spcctrophotometrically’O, respectively. The 
cocccntration of sulphate ions MS determined usins the Perkin-Elmer 403 at,omic 
absorption spectrophotometcr_ 

a5 
xcr 

Fiq. 1. Isatkrm for the Cl-/Mb- ionusbangc process on hydrous zirconk (0) Data obtained 
by OistrihAcm mca5a ranam’; (0) &!r obtaiiatd by calorimctxic musurcmmtr 

Fiy. t. lsothcrms for the SO?IXOZ- ioacxchangc praxss on hydrous ziramia (0) Data obtaid 
by ciistribution mcasura~~~; (0) data obtdd by orlmimctric mcasurcnlcnt~ 



- .----__.-- _- - -_---__-- 

Reacrion K ReJ2rence 

25°C -- 5o’C 
._--. _-._ 

&7’C 

Cl-/hOS- 0.985 0.91 0.386 8 
Cl-fNO3-- 0985 - -. this work 
SQI=-jSO~- 1.789 - - this’work 

\ 
. 

Fs 3. Partial hat of the ionuchange prooss stndkd as a fumztion ofC!l- ion mole fnaion in the 
=J=e=- 
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RESULTS ASD DISCZ;SIOS 

Cakzdation of thenmdywnic equilr’briium constmts 
Changes of stoichiometric concentration during calorimetric measurements 

were caSculz&d in order to obtain the quantity of exchanged anions. Along with the 
data for distribution mcasu_~~ents given in our earlier papers, the obtained values 
are presented in Fig. 1 and 2 as isotherms for Cl-/NO, andSO:-[NO,’ ionexchange. 

It is evident that the results obtained in these two runs are in good agreement 
for Cl-/NO,’ ion-exchange process. However, there is discrepancy . bztwcea the 
muits obtained in the present and our previous work8 in the e&e-of the SO:-/NOi 
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ion-exchange process. Repeated calculation of experimental results from curlier 
work* has shown that mistakes were made in calculation of the uptakes of SOi- ions 
on hydrous zkconia. No-w calculation results fit very well with data obtained by 
calorimetric measurements. 

As in the previous pape?, thermodynamic quilibriumconstants were calculated 
from the isotherms shown in Figs. I and 2, by both the Hiigfeldtx2 method and the 
method developed by Ruvarae and Ve~tly’~. These values and the results obtained 
in the previous work’ are given in Table 1. 

Measuremen; oJ the heat investigated ion-exchange reaction 
Enthalpy changes of CI-jNO, and SOi’/NO,’ ioncxchangc reactions were 

mwured directly, at 25OC, using a diiferential microcalorimeter. The plots of directly 
measured heats of partial change of Cl’ and SOi- ions with NOi ions as a function 
of the mole fraction of Cl- (or SO:-) ion in the ion exchanger are shown in Figs. 3 
and 4. 

Differential hea& of exchange: 

dH =: 6(AIIlj6XM (Where M is Cl’ or SO:-) 

can be obtained from such plots by applying the Chord-area methoci’3. Integral heats 
of exchange per mole of exchanging ion zue defined by the relationship: 

1 

0 

In this work, no correction was made due to relative apparent moJal heat contents 
because of small value of the corrections in comparison with the integral heats of the 
exchange per mole of the exchanging ions’ ‘_ The values of the relative apparent 
molal heat contents are estimated to be about 50 J mol’- *, which is approximately 2% 
of the heats of the ion-exchange processes studied1 ‘. 

Caicdation of thermodynamic functions 

Other thermodynamic functions were calculated by calculating the standard 
free ener_q change, AGO, from distribution data according to equation: 

AGO = -RTln K 

In order to obtain values for standard entropy changes, Ap, the values for AGo were 
combined with those obtained by calorimetric measurements for AH’, by using the 
equation: 

The data obtained in tic same way for the thermodynamic function are presented in 
Tab!e 2 together with other literature values for investigated systems. 
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TABLE 2 

‘THIZLUODYSAUIC FGXCIXX FOR X’iIOS EXtXAXGE PROCESSES 5IlDU? OS HYDROUS ZiRcOSIA 
_,__.___ .__ __._ - -. -_ -._ .-.-- -- ----._ .---.__ --______ 

&acl#k A?fQ A6.P AJQ Reference 
(kJ md-‘) (kJ I&-‘) (J I&-’ h-1) 

-- -- _ _ ____ ____ -----_ ---.--- -- 

Q pea- - 0.02 - 4 
Cl-,WCh- - 16.97 0.01 - 13.61 8 
cI-,WOJ- --11.05 Oh4 -33.12 this work 
SOi=-/NOS- -21.70 --O-W - 67.70 this work 
m-,- .-- . . . - - -mm-_- _- _.I._ -_-_---.-_---_.-_---_- 

It is obvious from -tibic 2, that the cxzunincd processes are cxothcrmic. The same 
conclusion has been drawn in our previous paper* from distribution data for the 

Ci-/NO; ion-exchange reaction. There are differences between the vah.~es for the 
heats of examined reactions obtained in these two ways. 

The indirect way for calculation of the heat of ion-exchange reaction from 
distribution measurements produces considerable errors of the final value for AH*. 
Errors could be made in two steps of the procedure. First, as it has ken mentioned 
above in the method used for calculation of the equilibrium constants, K, when by 

using gaphical integation over the whole tange of the exchanger composition”, 
their values were alEcted by relatively low precision of the experimental data in the 
ranges of X, < 0.1 and X, > 0.9. where the curves of the functions to be integrated 
often have asymptotic character and require limiting values of the function at X,, 17 
0 and X,, = 1 are sometimes hard to obtain. The second source of the error would 

be graphical determination of dIl* where the function of InK is presented versus 
temperatures. In the caIotimetric measurements performed in this work, experimental 
errors were calculated to be 5 “/_ and 8 “/, for Cl-INO; and SOi-/WO; ion-exchange 
processes, rcspectivcly. These vaiucs WC in ,sood ageement with those given by the 
calcrimeter producer7_ 
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