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DETERMINATION OF THE POINT OF ZERO CHARGE  
OF ALUMINA BY BATCH EQUILIBRATION METHOD 

Ž. N. Todorović and S. K. Milonjić 
Vinča Institute of Nuclear Sciences, P.O.Box 522, Belgrade, Serbia&Montenegro 

 
 

Abstract 
 In this work we present the points of zero charge, pHpzc, of five commercial alu-
mina samples, of an alumina/solution ratio of 0.100g/25 ml, obtained by batch equili-
bration method. As an inert electrolyte, KNO3 of 0.001 - 0.1 moldm-3 concentration 
was used. The obtained points of zero charge values are about 7 and they are inde-
pendent of KNO3 concentration, except the sample labeled as ICN (Alumina B). In this 
case, the increase in electrolyte concentration (from 0.001 to 0.1 moldm-3) leads to a 
decrease in pHpzc (from 7.5 to 6.7) indicating specific sorption of K+ ions on the sam-
ple.  
 
Introduction 

The point of zero charge of a solid, pHpzc, represents the suspension pH value at 
which an immersed solid surface has zero net charge or the amounts of positive and 
negative charges are equal. The isoelectric point, pHiep, is defined as the pH at which 
the ζ-potential = 0. If there is no specific adsorption of ions on the oxide surface, these 
two points will be equal. Specific adsorption of cations shifts pHpzc and pHiep towards 
lower and higher pH values and the specific adsorption of anions shifts these two 
points to the opposite directions [1,2]. 

The point of zero charge can be determined by several methods. The most widely 
used are the batch equilibration method described by one of the authors [3], acid-base 
potentiometric titration [4], mass titration [5], electrophoresis, and electroosmosis 
method [6]. 

In this work, we present the results of the point of zero charge, pHpzc, of alumina 
obtained by batch equilibration method, for five commercial alumina samples.     

 
Experimental 

Five commercial alumina samples 
were investigated and the results are 
given in Table 1. All alumina samples 
were used as received, purity more 
than 99.5%. All other chemicals were 
of analytical reagent grade. 

The pHpzc were investigated in 
aqueous KNO3 (as an indifferent elec-
trolyte) solutions, concentrations 0.1-
0.001 mol dm-3. Samples of alumina 

 

Table 1. The point of zero charge of stud-
ied alumina samples 

 
No Al2O3 samples differ-

ent producers 
pHpzc  

1 Merck 7.0 
2 Kemika 6.6 
3 ICN(Alumina B) 6.7-7.5 
4 ICN (Adsorbentien) 6.8 
5 Alcoa A16 6.9 
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Figure 1. Determination of pHpzc of 
ICN (Adsorbentien) alumina sample in 
KNO3 solutions of ○-0.001, ∆-0.01 and 
■-0.1 mol dm-3 concentrations (pHi-
initial value, pHf- final value) 

pHf

pHi

(0.100 g) with 25 ml of 0.1, 0.01 or 0.001 
mol dm-3 KNO3 solution of different pH 
values were shaken in PVC vials for 24 h. 
Initial pH values were obtained by adding a 
small amount of HNO3 or KOH solution 
(0.1 mol dm-3), keeping the ionic strength 
constant. The amount of H+ or OH- ions 
adsorbed by alumina was calculated from 
the difference between the initial and the 
final concentration of H+ or OH- ions. A 
Beckman pH-meter was used to determine 
the concentration of H+ or OH-.  

 
Results and Discussion 
 

 Experimental results obtained for pHpzc 
of ICN (Adsorbentien) alumina sample are 
illustrated in Figure 1. As can be seen, the 
final pH (pHf) is presented as a function of 
initial pH values (pHi) of the solution, for 
three different KNO3 concentrations. pHf 
are pH values of filtered solutions after 
equilibration. The point of zero charge, 
pHpzc, represents the pHf level where a 
common plateau is obtained. The pHpzc 
value for this alumina sample is 6.8.   
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Table 1 presents the pHpzc values ob-
tained for all investigated alumina samples. 
They are all close to 7. 
  pHpzc of alumina is very sensitive  to 
surface treatment, synthesis process, pres-
ence of impurities, etc. A literature review 
showed that the measured pHpzc vary sig-
nificantly from 5 to 9.4 [7]. As found in our 
previous study [8], the point of zero charge 
of alumina depends on the solid/liquid ra-
tio. Increase in alumina/solution ratio (up to 
2.00g/25ml) leads to an increase in pHpzc 
value. All results presented in this work 
were obtained for the solid/liquid ratio 
0.100g alumina/25 ml KNO3.  
 Also, determination of pHpzc in KNO3 
solutions of different concentrations gave 

the same results. It means that pHpzc is independent of the ionic strength of KNO3 solu-
tions. The same results were obtained for other investigated samples, except ICN 

 

Figure 2. Determination of pHpzc of 
ICN (Alumina B) alumina sample in 
KNO3 solutions of ∆-0.001, ○-0.01, and 
■-0.1 mol dm-3 concentrations.    
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(Alumina B).  The pHpzc of this sample is dependent on KNO3 concentration (KNO3 is 
not an indifferent electrolyte). An increase in electrolyte concentration decreases the 
pHpzc, and leads to the specific sorption of K+ -ions on the sample (Figure 2). pHpzc is 
7.5, 7.0 and 6.7 for KNO3 concentration of 0.001, 0.01 and  0.1mol dm-3 , respectively.    

 
Conclusion 
 The points of zero charge of five commercial aluminas are determined by the batch 
equilibration method in KNO3 solutions. For solid/liquid ratio of 0.100g/25ml, the ob-
tained pHpzc values are around 7. KNO3 is an indifferent electrolyte for all used com-
mercial samples except ICN (Alumina B). In this sample, K+-ions are specifically 
sorbed on the alumina surface. 
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