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An experimental investigation is described on the zeta potential and surface free energy of the system gale-
na/potassium cthyl xanthogenate. The behavior of the zeta potential of galena with different clectrolytes
and with the pll is also showed. ‘The potential of zero charge of galena was found to be at pll 4.8. The
negative zeta potential, obtained from clectrophoretic measurements of the galena/ethyl xanthogenate
system, increased with the increasing concentration of this compound in solution. This shows that the
adsorption of the cthyl xanthogenate ion onto galena is the responsible of the above mentioned increase of
the zeta potential of the system. ‘The uptake of -S7 group of cthyl xanthogenate by the oxidized products
existing on the galena surface could be the cause of the increase in the negative clectric charge of the
interface. ‘The surface free energy of galena and their dispersion and nondispersion components have been
obtained from the contact angle measurements of both water and diiodomethane liquid drops, onto galena
previously treated with different concentrations of cthyl xanthogenate in solution. While the dispersion
component of the surface free energy of galena increases weakly with the concentration of ethyl xantho-
genate in solution, the nondispersion component has a significant decrease with it. Therefore, the increa-
sing hydrophobicity of the galena can be correlated with the increase in the zeta potential of this mineral,
which is due to the adsorption of the collector.

The study of the adsorption of surfactants on the surface of different minerals is of a
great interest for improving the technology of flotation processes of these systems!. The
behavior of both the zeta potential and the surface free energy of the system provides a
significant aid for the knowledge of the complex physicochemical processes that occur
at the interface mincral/surfactant® = 4

The interaction galena/ethyl xanthogenate has been widely studied. However, there is
still controversy on the interaction mechanism of xanthates with sulfide minerals®, and

, closcly related to the flotation process.

* “The author to whom correspondence should be addressed.

Collect. Czech. Chem. Commun. (Vol. 58) (1993)



260 Espinosa-Jiméncz, Hayas-Barrd, Gonzilez-Caballero:

particularly with lead glance®, duc to both the oxidation of galena surface and the little
stability of the cthyl xanthogenate in aqueous solution”¥,

The adsorption of the collectors onto galena surface is correlated with the changes in
flotation activity of the mineral. However, these results give no information on the
changes of surface free energy, which surely took place during the collector adsorpti-
on’. On the other hand, these changes could be correlated with the behavior of the zeta
potential of the system.

Considering the interest of the study of the above mentioned aspects, the purpose of
the present paper is the determination of the zeta potential of galena/cthyl xanthogenate
system and the correlation of this parameter with the changes of surface free encrgy
and the hydrophobicity of this mineral, that provides their flotation activity.

Firstly, it was carried out the clectrokinetic characterization of bare galena in
aqucous solutions of different electrolytes, i.c. KCI, CaCl,, PbCl, and Th(NO,),, as
well as the effect of pH and the pze of the mineral. The zeta potential was determined
by means of the strcaming potential method. Then, the zeta potential of the system
galena/cthyl xanthogenate was obtained by means of clectrophoretic measurcments.
The polar and dispersion components of the surface [ree energy of galena were
determined from contact angle measurements of sclected liquids on galena surface.
With this method, the effect of the collector on the surface free energy of galena and
their relationship with the hydrophobicity of the mineral can be evaluated.

EXPERIMENTAL

Galena samples of high purity (PbS content higher than 95%). were sclected by hand from Linares (Spain),
and powdcred in a mortar of agate. Then, they were sieved with the help of a vibrator and the fractions of
particles between 200 and SO0 pm and smaller than 30 pm were collected. The obtained samples were
stored under inert atmosphere of Ns. The fraction between 200 and 500 pum was used for the streaming
potential measurements and that below 30 pum was used for the microclectrophoretic measurements.

The clectrolytes used in the experiments were KCL CaCly, PbCly and Th(NO3), of a.r. grade from
Merck. The potassium cthyl xanthogenate was of a.r. grade from Fluka Chemika (Switzerland) and was
used without further purification.

Water with a conductivity of ca 1070 Q7" em™" was used for preparing the different solutions. Porous
plugs with the same galena content and equal thickness (2.90 ¢m) were used in the streaming potential
experiments. The streaming cell and streaming potential measurement procedure have been described else-
where!?.

The zeta potential T was caleulated from the Helmholtz—Smoluchowski equation

C=nCADbs/eRAP, 7)

where C is the streaming cell constant evaluated through streaming potential experiments conducted with
10" mol 1”! KCI solutions at the same temperature, at which the streaming experiments were carried out,
R is the electrical resistance of the galena plug, € and v are, respectively, the diclectric permittivity and the
absolute viscosity of the permeant, Adyg is the strecaming potential generated by the applied streaming
pressurc AP.
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The microelectrophoretic measurements have been carried out by means of a Malvern Zetasizer/2c. The
samples of particles of galena smaller than 30 um were conditioned, before the clectrokinetic experiments,
with diffcrent solutions of potassium cthyl xanthogenate for 24 h, this time being sufficient to attain cqui-
librium. Only the supernatant. with particles of galena with size between 0.15 and 1 pum, was used. The
zcta potential was then caleulated from Eq. (2)

C=4nnyp/e, )

where pu is the clectrophoretic mobility.

For contact angle measurements, galena plates were obtained from selected picces after cleavage by the
exfoliation planes. The surface free encrgy of galena was determined from contact angle measurements
with diiodomethane and water drops onto the uncovered galena plates and afterwards with galena plates
contacted previously with cthyl xanthogenate in solution. The contact angle measurements were carried out
with a Ramé-lart, Inc. goniometer, model 100-00, the device having a thermosttated recepient which
allows us to use saturated liquid vapor during the experiments. The temperature was maintained constant
at 20 = 1 °C. The contant angles measured with this method are within =2 degrees.

RESULTS AND DISCUSSION

Electrokinetic Characterization of Galena

The strecaming potential experiments were conducted with plugs of galena with a defi-
nite conformation. No significant differences were detected between the values of
strecaming potential (Ady), o obtained for cach dircction of flow. Thus, the systems can
be considered isotropic. Figure 1 shows the strcaming potential measured as a function
of the applied pressure difference for KCI, CaCl,, PbCl, and Th(NO;3), clectrolytes in
solution at different concentrations and at constant temperature. The lincarity of the
(ADg),_o — AP plots indicates that the flow of solution through the plug is laminar and
there is no turbulence in the range of applied pressured employed.

The zeta potential values of galena in aqucous solutions of KCI, CaCl,, PbCl, and
Th(NOs;),, respectively, are plotted in Fig. 2 as a function of the clectrolyte concentra-
tion at constant temperature. It can be seen that, while the electrolytes of single and
bivalent cations, KCI, and CaCl,, are not surface activators, the PbCl, and Th(NO,),,
which display specific adsorption, reverse the sign of € for 107 mol 17! in the case of
PbCl, and in the case ol Th(NO;), the sign is positive in the whole range of concentra-
tion. These results agree with the Shulze—Hardy rule. The slight increase of € in the
case of KCl and CaCl, in the higher range of concentration can be attributed to a speci-
fic adsorption of coions (CI7) in these conditions. The increase of positive zeta potential
in the case of solutions of lcad and thorium ions, is mainly duc to the adsorption in the
Stern plane of the double layer of these ions. Hence, the presence of lead and thorium
ions into the flotation bath should have a strong influence on the adsorption of cthyl
xanthogenate onto the surface of galena. This activator effect in the case of lead salts
on the mechanism of adsorption of collector on the surface of the mincral has been
described by other authors!'!.
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Figure 3 shows the dependence of the electrokinetic potential on the pH of deionized
watcr used as permeant. The potential of zero charge (pzc) obtained for galena is at pH
4.8. Yarar and Kitchener'? obtained a pze between pH 2 and 3. This shows that the
physicochemical characteristics of galena and the grade of purity of mincral have a
significant influence of pze. At both alkaline and low pH, T is governed by the prefe-
rential adsorption of OH™ and H* jons, respectively, in the clectrical double layer, while
at pH in the range 5 — 8 it appears an extended platcau with a constant zeta potential
valuc of -3 mV.

Zeta Potential of Galena/Ethyl Xanthogenate System

The zcta potential values of galena/ethyl xanthogenate ion system, obtained from
clectrophoretic mobility measurements, are plotted in Fig. 4 as a function of concentra-
tion of this compound at constant temperature. All values of zeta potential are negative
and a marked increase in || with the increase in concentration of cthyl xanthogenate
in solution can be obscerved. These results reveal that the uptake by galena of cthyl
xanthogenate ion, charged negatively, could be the cause of the strong increase in €
with the concentration of potassium cthyl xanthogenate in solution. This sorption of
cthyl xanthogenate could be carried out on the oxidized products originated on the
galena surface, being the ionized =S~ group of ethyl xanthogenate uptaked by the galena,
probably, the responsible of the strong increase of the charge onto the surface of mineral’.
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Surface Free Energy of Galena/Ethyl Xanthogenate System

The work of adhesion W, of a liquid onto a solid can be expressed by the cquation

Wo=vs + v = Ysi» &)

where yg is the surface free energy of the solid, yp the surface tension of liquid and yg
the frec encrgy at the interface liquid—solid. The energy yg can be obtained by indirect
methods. Most frequently, contact angle measurements arc used for this purpose, being
the Young’s equation which gives the adequate relationship:

V.CoSO = vy - Yy - T, )

where T, is the film pressure, i.c., the decrease in the surface free energy of the solid
duc to the vapor phasce adsorbed on the solid surface.
Il yg < y1, then m, is practically negligible. Therefore,

W, = y.( 1+ cos ©). Q)
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According to Fowkes'?, the surface free cnergy of a solid or a liquid can be

expressed by the following form:
Y=y ey, (©)

where Y4 and y" arc, respectively, the dispersion and nondispersion (somctimes called
“polar”) components of the surface free energy.

Expressing vy as a function of these two componcents (geometric—gecometric mean
criterium, sce refs ¥~ 19) Eq. (¢) may be written in the form:

yeos©® = -y, + 2(WyH'"? + 202D, (7)

where it has been assumed that t, = 0.
If ©, and O, mcant the contact angles measured with liquids L1 and L2 onto the
surface, it can be obtained from Eq. (7) for both liquids”:

Y, (Cos O, +1) - 2y, (*/{“l/y]‘z)'/i (cos O, + 1)
200" = /)"

(9* = , ¥

where the subscripts L1 and L2 refer to water and diiodomethane, respectively.

The value of yg can be obtained from Eqs (6) and (8), using litcrature values of
surface tension of the two liquids (Table I).

The free energy of galena and their dispersion and nondispersion components have
been obtained from the Eqs (6) — (8) by mcans of the contact angle measurcments of
both water and diiodomethance liquids, separately, onto the mincral surface. The mean
values of ys, Y2 and y¢ for the galena are also shown in Table 11, together with the
standard deviation in cach casc.

From Table II it can be obscrved that the surface free energy of galena is less than
surface tension of both water and diiodomethance. Therefore, the hypothesis that &, = 0
is rcasonably well supported.

To investigate the effect of the ethyl xanthogenate ion onto the surface free encrgy of
galena, the minceral was covered with different amounts of this collector.

Tasie |

Values of dispersion (y‘,l_) and nondispersion (y]) components of liquids surface tension (yp) taken from lite-
rature

n d
N Y Y Y
C d Ref.
ompoun ml m ml m~? mJ m~> Ref
Walter 51.0 21.8 72.8 17
Diiodomethane 0.38 50.42 50.8 17
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Figure 5 shows the contact angle values obtained for water and diiodomethane,
respectively, onto galena trecated with cthyl xanthogenate ion, as a function of the
concentration of this compounds in solution. It can be deduced from Figs 4 and S that
while the zeta potential of the system galena/ethyl xanthogenate increases notably with
the concentration of ethyl xanthogenate in solution, the contact angle of water increases
weakly, this being in correspondence (Fig. 5) with the strong decrease in © by the
diiodomethane with the increasing concentration of ethyl xanthogenate in solution. This
suggests a correlation between the behavior of the zeta potential of the system and the
increase in the hydrophobicity of the mineral, which is duc to the adsorption of cthyl
xanthogenate ion onto the galena surface.

In Table 11, the surface free energy of galena as well as its components is given as a
function of the initial concentration of cthyl xanthogenate in solution. It can be seen in
this Table that while the dispersion component of surface free energy increases slightly

TanLe 11
Values of surface free encigy of galena as well as its components as a function of the initial concentration of
cthyl xanthogenate in solution

Concentration e s Ys
mol 17! mJ m™? mJ m™? mJ m™?
0 20.0 = 0.5 7.9 0.5 369 = |
107 41.0 05 105 = 0.5 515=1
1073 45.0 = 0.5 7.0 = 0.5 520=1
107" 46.0 + 0.5 4005 50.0 = 1
10 48.0 = 0.5 2505 505 =1
107 48.0 = 0.5 1.0=0.5 49.0 = 1
100 1
8,° ’//—‘
40
6. 5 ] Q
Dependence of the contact angle © for galena treated o
with cthyl xanthogenate ion as a function on the °
concentration of this compound in solution: @ water: 0 . — -
O diiodomethane 10° 10" c, moll”! 10?2
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with concentration, the nondispersion component decrecases significantly with the
increase of concentration of cthyl xanthogenate in solution. This is in agreement with
the increasing hydrophobicity of the galena duc to the adsorption of the collector onto
the mineral surface.

On the other hand, the surface free energy of galena treated with cthyl xanthogenate
has a ncarly constant value of c¢a 50.6 mJ m~2, being therefore not depending on the

concentration of the collector in solution. The above mentioned value of y is higher

than the value of y of ¢a 36.9 mJ m~2, obtained for the untreated galena. This shows that

the physicochemical propertics of the mineral surface suffer a strong modification with
the cthyl xanthogenate adsorbed onto the galena surface.

The notable decrease in the polar component of the surface free energy of galena
with the increasing concentration of ethyl xanthogenate shown in Table II corresponds
with the increase in the hydrophobicity of the mineral. In this conditions, the flotation
recovery of the galena should be the optimum.

This work is part of a rescarch program on electrokinetic and surface free energy properties of galena
supported by the Excma. Diputacion Provincial of Jaén (Spain). This support is hereby gratefully acknow-
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