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INTRODUCTION 

The study of flotation chemistry is basically a study of the electro-

chemical phenomena which occur between a solid surface and a solution. 

The theoretical aspects of the surface electrical phenomena of minerais  

are treated in great details in the literature (1, 2, 3). A brief summary.  

of this theory will be presented here. This report is intended, mainly, 
to describe the method and application of potentiometric titration in the 

determination of the zero point of charge of various mineral surfaces 

such as quartz,. magnetite and chrysotile. 

The information obtained for chrysotile will be presented in 

greater details in another paper as this was part of a general study on 

the properties of a,sbestos. 

Outline of Theory  

A flotation system ha,s three com.ponents, a liquid phase or 
electrolyte; a solid phase, the finely divided mineral particles; and a 

gaseous phase, introduced as bubbles into the pulp. The success of a 
flotation operation depends to a large extent upon the interaction of the 

liquid and solid systems. Thus the nature and the  structure  of the interface 

existing between the solid and solution phases are important elements in 

flotation.. • 

At solid-liquid contacts, charged ionic speeies will be transferred. 

This ionic transfer is either due to the dissociation of the solid with 

resulting passage of ions to solution and/or the uptake of ions by the 
solid from the solution to satisfy charged or "active" sites on the surface. 
The origin of surface charges of broken mineral surfaces has been 
explained by Gaudin and Fuerstenau. Potential determining ions  
determine the sign..of the surface charge of a solid. They are unique for 
each solid. In the case of ionic solids, they are the ions constituting the 

crystal lattice. Itt the case of many insoluble oxide  minerais,  H+ and 0H 
are  the potential determining ions, as for quartz, magnetite, and cassi-
terite. 



(Eq 2) solution 
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There are two opposing forces that govern the tra.nsfer of ions 
across the liquid-solid interface. One of them is the chemical potential 
that represents chemical work gained by the charge transfer and this 
equals the second force, the electrical work that will be spent removing 
a positive charge from a negative surface and placing it in a positive 
phase, or vice versa. 

The equilibrium state between the phases is described by the 
following equation: (Z) 

solid 	solution 	 solution 	solid 	(Eq 1) 

F+ 	-e+ 	ZI.+ e (-.\f/ 	 - 	) 

 0 

which states that at equilibrium, the chemical potential difference of 
the two phases equals the created electro-chemical potential. The terms 
are: 

:= chemical potential 
Z• 	z•--  Valence of charged species 
e = charge of an electron 

.‘if solution -lifsolid re an electrostatic potential  différence due 
to a transfer of electrons. 

From this previous equation, a rearrangement of terms yields: 

solid 	 solid 	Solution 
+ Zi+ e 	• 	= 	 + Z o y 

, 

solid 	solution. 	(Eq 3) 
= e + 

and finally: 

where each side of equation now represents the "Electro-chernical" 
potential of  each  phase. Thus it is possible to relate 'the changes in the 
potential difference to the a.ctivity (or concentration) of the solutè in the 
solution phase (Z). 

The interaction betwee n  a charged solid surface and an aqueous 
solution leads to the development of the electrical double layer. A simple 
illustration of this pSenomenon occurs, for exa,mple, with silica in water, 
where negative charges are fixed on the mineral surface and the solution 
phase has an increased positive charge density in the immediate vicinity 
of the surface.  This  excess charge will degrade with distance from the 
surface, and at the same time it will give rise to diffusion currentS in 
the solution, that will attempt to minimize this ionic concentration near 
the solid surface. 
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When a surface acquires its charge by obtaining ions from the 
solution, the process is mainly controlled by the activity, in the solution, 
of the species in question. Consequently, there must be a concentration at 
which all forces are in equilibrium and the total net transfer of ions 
becomes .zero. When this situation occurs, there will be no excess charge 
on the surface and consequently no cause for the existance of an electrical 
double layer. 

The zero point of charge will occur when this electrical double 
layer is absent and the surface of the solid shows no excess positive 
or negative charge due to the presence of excess electrons or cations. 
It is thus determined by the critical concentration or the activity of 
the potential determining ions in the solution. 

The potential that is developed acro ss a double layer is 
expressed by the equation: 

At the zero point of charge this potential will be zero. However, 
it is important to remember that the total potential difference between 
the two phases is not zero. A certain potential difference will exist 
due to some polarization of water molecules. The double layer created 
by the water dipoles surrounding the solid particles does not involve a 
transfer of electrons. 

Flotation is a process where .  the attachment of the collector ions 
is greatly dependent upon surface electrical characteristics and the 
resulting double layer. In flotation systems there will be more than 
one potential determining ion. For base metals the m.etallic cation or 
the sulphide ion may be considered as potential determining, as well as 
the OH" and H+ ions. The OH- and H+  ions are the most important 
potential determining ions for oxide minerals as well. 

The adsorption of H+  and OH" ions can be found by carrying out 
potentiometric titrations. The end point in this neutralization titration 
is found by direct measurement of the pH of the solution after each 
addition of an alkali or an acid. The pH - neutralization curve is followed 
experimentally and the equivalence point determined. The difference 
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between the titration curve with the mineral present and the one provided 

by a control experiment in which no min.eral is introduced determines 

the amount of charge 'developed on the surface by ionization or adsorption 
of H+ and OH" ions. 

EXPERIMENTAL DETAILS 

(1) Equ.iprnent 

The basic component of this apparatus is a glass cell of 
approximately 500 - 600 ml volume. This cel1 has a suitable inlet near 
its lower part to allow introdu.ctiOn and mixin.g of an in.ert gas. The 
cell must have a large opening at the top to accommodate a stopper 
through which the following items can be in.serted: 

(1) glass and calomel electrodes 	• 
(ii) them-no-compensator for the pH meter 
(iii) burette for acid/base additions 
. (iv) sm.all outlet for gas 	 • 

(v) seal containing the shaft of a mixer 

A cylindrical pyrex glass vessel of a,pproxirnately 4" diameter was 
found to be satisfactory. The assembled cell is illirstrated in Figure I. 
As it is 'Often impractical to use a magnetic stirrer, a rnechanical 
mixer must be used. Both are represented in the, diagram. but only on.e 
would be used at a time. The insertion of a mechanical stii-rer 
presents some difficulties "in a sealed cell. A special mercury seal was 
designed and is shown in Figure 2. 	

0 
• 

The titration process lasts for several hours and it is possible 
that there is. a grinding effect on the solids when. the m.a,gnetic stirrer is 
used. For this reason a mechanical stirrer ma.y be more appropriate. 
However, the application of a mechanical stirrer has disadvantages 
unless the special seal arrangement shown in Figure 2  is used. 
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Figure 1: General Layout of the Potentiometric 
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Mechanical Mixer 



Abrasion was observed with a brass bearing. Even although extreme 
care was used, it is possible that some of the fine brass powder 
contaminated the solution when the mercury seal was not used. 

An aqueous system such as the one used for potentiometric 
titration can be influenced by the CO2  content of the atmosphere. 
Therefore, an inert gas, either . nitrogen or argon, is used to provide 
an inert atmosphere in the cell, above the solution. Very often the 
purity of the commercially available gas is inadequate. In these 
experiments a purifying train was used to remove most of the impurities 
from the gas. The following were part of the purifying train: 

(i) 10% NaOH solution 
(ii) 10% HC1 solution 
(iii) distilled water 
(iv) bottle filled with glass wool 

To control and protect the system from contamination by acid vapours, 
the distilled water was checked for pH frequently and changed if 
necessary. For very accurate results the cell should be immersed in a 
constant temperature bath. 

Other parts of the equipment were: 

(i) a Beckman. Zeromatic pH meter with an accuracy 
of +  0.1. 

(ii) a special abrasion resistant Metrohm glass electrode. 
(iii) a microburette of 0.05 ml accuracy. 

Since this titration method is basically an adsorption process 
it is recorded as a concentration change of the H+ ions in the solution. 
Therefore, a great im.provement was achieved by employing an automatic 
recorder in conjunction with the pH meter. This produced a graph of the 
continuous pH change with good visual appreciation of the end point for 
each addition of acid or base. 

(2) Test Procedure  

(1) Size and preparation  of the samples. 

Samples should range in size from Z to 10 grams. This weight 
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depends mainly on the fineness and thus on the surface area of the 
mineral in question. The total volume of the system should be 

approximately 400-50.0 ml. In preparing a mineral, surface purity is 

most important. The samples were cleaned by ntunerou.s washings and 

decantation whereby the -10 sizes were removed. Exposure of the 
dry samPles to the atmosphere can alter their surface characteristics 
significantly so after cleaning the samples were kept un.der water. 

(2) Titration, without th.e solids  

500 ml of an aqueous solution of an indifferent electrolyte, such 
as KC1 solution, is titrated with an acid (HC104) or a base (KOH). The 
concentration of the electrolyte, the acid ,  and the base are a.ccurately • 
determined. The titration yields .a relationship between the pH of 
system and the volume of aCid or base added. Small additions are 
made to obtain a well-defined curve which is plotted as shown-in 
Figure 3. 

(3) Titration with the solids  

To an identical 500 m1 volume and concentration of the electrolyte, 
the mineral sample of known weight is added. From an initial point - 
the equilibrium point between the electrolyte and the•  solid - acid titration 
is made as in (2) preceding and plotted. Similarly, with an identical 
sample, the basic potentiometric curve is obtained. 

The new curve represents the relationship between the pH of a 
system with suspended solids in it and the volume 'of a,cid or base added. 
By superimposing the two curves of (2) and (3) as in Figure 3 the 
differences in volumes can be obtained by rneasurez-nent at a series of 
pH values. These indica,te the equivalent volumes adsorbed by the 
solids suspended in the electrolyte. 

(4) Specific surface  area  of solids  

The specific surface area of the solids must be determined by 
some accurate method. 

• 	The volume of acid or base of a certain, concentration will be 
equivalent to a number of negative and positive ions. It is assumed that 
the acid HC104  and KOH will be completely dissociated in. a 0.1N aqueou.s 
solution. Thus, from this volume the number of H+ ions or OH -  ions can. 
be calculated (4). With such information the final expression of the surface 
electrical parameter: 

No. of ions 
crna of mineral surface 

can be obtained. 
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RESULTS AND DISCUSSION 

Results of the potentiometric titrations are 
sumxnarized in Table 1 

TABLE 1 

pH Values for ZPC of Minerals at Various 
Electrolyte Strengths 

Minerals Ionic Strengths of KC1 Elect rolyte  
0.1 	11 x 10 -2 16.71 x 10-2  6.71 x 10 -3 1 6.71 x 10 -4  

Magnetite 

Quartz 

Chrysotile 

Results for Quartz 

The specific surface area of the quartz sample was determined 
as 1130 cm2/g. 

Figure 3 shows two adsorption curves, one with and one without 
quartz, with 0.1N HC104 solution. The ionic strength of the supporting 
electrolyte (KC1) solution was 6.7 x 10 -4. Two other tests not shown. on 
Figure 3 were also carried out with 0.1N HC104 solutions at 0.1 and 
6.71 x 10 	electrolyte concentrations. 



without .quartz 
_ with quartz . 

KCL ionic strength 	6.71 x 10-4  

Figure 3: pH Variation of the KC1 Electrolyte 
Solution with and without SiO 
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TABLE 2 

Acid Adsorption Differential at Each pH Value for Quartz 
(ml of 0.1N HC104) 

Ionic Strength of KCI Solt ns  

	

0.1 	6.71 x 10 -2 	6.71 x 10 -4  

pH 	0.1N HC104 	0.1N HC104 	0.1N HC104 

	

ml 	 ml 	 ml  

	

2.4 	Z P C 

	

2.5 	 1.6 	Z P C 

	

2.6 	 2.3 	 1.5 	Z P C 

	

2.7 	 1.8  

	

2.8 	 2,8 	 2.0 	 0.6  

	

2. 9 	2.9 	 0.8  

	

3,0 	 z.6 	 2.1 	 1.0  

	

3.1 	 2.4 	 2.0 	 1.2  

	

3.2 	 2,3 	 2.0 	 1.3  

	

3. 3 	 1.4  

	

3.5 	 2 .0 	 107 	 101  

	

3.7 	 1.8 	 1.5 	 0.7  

	

3.8 	 0,6  

	

30 9 	 1. 3  

	

4.0 	 1.5 	 0,5  

	

4.2 	 0.8  

Sample Weight 	: 45g 
Specific Surface : 1130 cmz/g 
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From Figure 3, the adsorption differentials, at.various pH 

values, can be measured as tabulated in Table Z. The amounts of 

acid adsorbed  correspond  to the H+  ions that were picked up by the 
negatively charged SiOz  surface to satisfy unbalanced surface charges. 

At each 'pH value this is equivalent to the number of active sites on the 

silica. At the intersection of the two curves the acid adsorption 

differential becomes zero and the zero point of charge occurs at this 

characteristic pH value. The ZPC values for silica occur at pH 2.4; 

2.5 and 2.6 for the three different electrolyte concentrations. The 

accuracy of the Beckman Zeromatic pH meter used is 0.1 0 

The plotted results in Figure 4 illustrate the effect of the 
variation of active sites with pH. These curves  inter sect the horizontal 

axis at a pH value characteristic .  of the zero point of charge of the 
mineral. This point occurs at a very low pH value for strongly acidic 
oxides; with increasing pH the surface becomes more and more negative, 
due to the loss of H+  ions to the solution and finally dissolves at high 
pH values. 

Magnetite. 

An identical method was followed in the determination of the zero 
point of charge of magnetite. The specific surface area of the sample 
was 1970 cmz /g. The solution concentration for both acid and base was 
0.01N. Again three ionic concentrations of the KC1 electrolyte were 
used. The adsorption differentials, for the three electrolyte concentrations, 
are tabulated in Table 3, 

In Figure 5 the final cu.rves are plotted fo r  magnetite  show ing  the 
volume  adsorbed versus pH relationship.  Magnétite,  being an arnphoteric . . 
oxide, should have its zero point of chargé in the near neutral pH range. 
Hence it was necessary in this case to cover both the basic and acidic 
sides in titration as shown in Figure 5. Although the absolute amount of 
ions adsorbed is different at various KC1 - electrolyte concentrations, 
the pH value representing the actual zero point of charge is very closely 
duplicated. Thus a multiple assurance for its location is obtained. 

The following pH values were obtained for the zero point of 
charge of magnetite: 5.7, 5.75 and 5.8 which is again well  within the 
accuracy of the instrument. 
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Asbestos 

The asbestos mineral chrysotile is very complex and it is not 
withou.t provokin'g an argument that one can say that its. Z P C was found 
at pH 1007. There can be a number of processes or surface reaction,s 
that may occur simultan.eously with asbestos in aqueous solutions. One 
of them would likely be ion exchange. At the assuxn.ed zero point of 
charge, •therefore, there would exist a complex equilibrium which would 
be very hard to describe qUantitatively. 

TABLE 3 

Adsorption Differentials For Magnetite 

Ionic Stren.gth of KC1 Solutions 
10-. 2 	 6.7 x 10 -3 	6.71 x 10-4  

pH 	O. 01N 	O. OIN 	O. 01N 	0.01N 	O. 01N 	O. 01N 
HC104 	KOH 	HC104 	KOH 	HC104 	KOH 

 	ml 	ml 	ml . 	mi 	ml 	ml  

5.0 	6.8 	 5.5 
5. 2 	 204 
5.3 	 2,5 

1 02 	 0.8 
5.5 	1.4 
5.7 	 Z P C,H  
5.75 	 Z P C 
5.8 	Z ,i) C 

•  6.0 	 0.5 	 0.4 
6.04 	 0.4 
6.5 	 3.5 	 2.4 	 1.8 
7.0 	 6.5 	 5. Z 	 3.7 

, 
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Figure 5: Potentiometric Titra.tion 
of Magnetite 
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CONCLUSIONS 

Studies of surface electrical properties of minerals are very 
h.elpful in forecasting their behaviour in aqueous solutions containing 
flotation.  reagents. 

Values of  Z . ? C obtained from the literature for quartz are 
pH 2  to 3.7; magnetite, pH 6.5; and chrysotile, pH 11.8. Values 
obtained by potentiometric titrations were seen to be pH 2.5 for quartz, 
pH 5.75 for magnetite and pH 10.7 for ch.rysotile. 

Z P C values may be obtained by theee methods: potentiometric 
titrati,.ons, electrophoretic mobilities and streaming potential measure-
ments. While the same end re sUlt iS aimed at, the principles and the 
chara.cteristics of the three methods differ and the values obtained"by 
these methods can. vary. The Z P C values taken frorn the literature 
viererobtained by streaming potential. A prograrri Is now  underway to 
cor,r4atethese,three.methods. It is also-rnost`pfolable that the 
values .„of the Z .,:Pv..0 dependion.thepeevicius.hiStbry of the mineral, 	• 
a variiable which will.;•be .elirninated-b/-suitable procedures. 

The potentiornetric titra.tion method of obtaining surface charges 
and Z P C can attain a high degree of acctiracy by refinement of 
techniques and instrumentation. The Major .drawback is the long 
period of time required to complete one titration. This problem is 
n.ow being considered and will be resolved by automating the titration 
process. 
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