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Surface properties of talc and their effect on the behaviour of talc suspensions E. Burdukova University of Cape Town, Cape Town, South Africa



J.S. Laskowski University of British Columbia, Vancouver, Canada



D.J. Bradshaw University of Cape Town, Cape Town, South Africa ABSTRACT: The rheological behaviour of aqueous suspensions of New York talc has been investigated as a function of pH and polymer dosage. The polymers used were: DEP 267, a typical anionic carboxymethyl cellulose (CMC), and CZD 519, a typical uncharged guar gum. The behaviour of the aqueous suspensions was evaluated using rheological and titration techniques. The rheological behaviour of talc suspensions indicates that the faces of talc may carry a negative charge, which is inconsistent with current theories regarding the nature of the surface charge of talc. Rheological measurements also showed that electrostatic attraction may play an important role in the adsorption of CMC’s onto talc. 1 INTRODUCTION Talc is a mineral that commonly occurs as gangue in South African platinum bearing ores, beneficiated by flotation. Talc is naturally floatable so it readily enters the froth, decreasing the grade of the concentrates. Furthermore, due to its plate like structure, talc has a tendency to stabilize the froth, further decreasing flotation selectivity. In order to render talc and other gangue minerals non-floatable, polymeric depressants such as guar gum and carboxymethyl cellulose (CMC) are commonly utilized. Various studies have shown that the structural and chemical differences between guars and CMC’s play significant roles in their effectiveness as depressants under different conditions. However, despite these differences, these polymers are used interchangeably in industrial situations. 2 BACKGROUND 2.1 Talc behaviour Talc is a layered silicate that consists of octahedral magnesium hydroxide structures sandwiched between sheets of silicon-oxygen tetrahedra. Figure 1 shows the layered structure of talc, pointing out faces and edges which are indicative of the anisotropic nature of talc. Talc faces are mildly hydrophobic (contact angle ≈ 60º) while the edges are hydrophilic (Fuersteanau & Huang 2003). It is assumed in many publications (Fuerstenau et al. 1988) that the faces, made up of 1 E. Burdukova, J.S. Laskowski, D.J. Bradshaw



fully compensated oxygen atoms, present a very low electrical charge. However, electrokinetic tests reveal that the zeta potential – pH curves for talc are rather comparable to those of silica (Brien & Kar 1968) .



Figure 1 – Structure of talc (Flegmann & George 1975) Based on electrokinetic measurements the isoelectric point (i.e.p.) of talc was estimated to be at pH ≈ 2.5 (Steenberg & Harris 1984, Rath et al. 1997, Shortridge et al. 2000, Morris et al. 2002, Fuerstenau & Huang 2003, Wang et al. 2005) but since talc is an anisotropic mineral, this i.e.p. must be treated as an apparent one. It must be noted that if the faces were really neutral and only the edges were electrically charged it would be impossible to explain the position of the i.e.p. at pH ≈ 2.5. There have also been strong suggestions of the presence of metal hydroxy-complexes on the faces of talc (Rath et al. 1997, Liu et al. 2000).



The findings pertaining to the floatability of talc in the absence of depressant as a function of pH vary. Some studies showed that the recovery of talc by flotation was completely independent of pH (Rath et al. 1997, Morris et al. 2002). However, Fuerstenau & Huang (2003) found that the floatability of talc decreased with increasing pH. None of the studies observed a floatability peak at the electrophoretic isoelectric point and this was attributed to the anisotropic nature of the talc particles. 2.2 Polymer adsorption onto talc Guar gum is a non-ionic polymer. Numerous studies have been performed to determine the mechanisms of adsorption of this polymer onto talc. The general consensus is that the adsorption occurs by means of hydrogen and hydrophobic bonding, primarily onto the faces of talc (Steenberg & Harris 1984). Electrostatic attraction has been ruled out as a possible adsorption mechanism, since the adsorption of guar gum failed to reverse the zeta potential of talc suspensions (Steenberg & Harris 1984, Wang & Somasundaran 2005, Wang et al. 2005). The adsorption of guar gum onto talc was found to be largely independent of both pH and ionic strength of the suspension medium (Rath et al. 1997, Wang et al. 2005). CMC is an anionic polymer; the possibility of the existence of electrostatic bonding mechanisms onto the talc surface is more likely, and has therefore been widely investigated. Several studies (Steenberg & Harris 1984, Morris et al. 2002) ruled out this possibility on the basis that the adsorption of CMC onto talc failed to reverse the zeta potential of talc particles. The suggested bonding mechanisms were hydrogen and hydrophobic bonding. However, a recent study (Wang & Somasundaran 2005) showed a change in the apparent isoelectric point of talc suspensions as a function of CMC dosage and suggested a stronger presence of electrostatic forces in the mechanism of CMC adsorption. An acid/base interaction mechanism was also proposed (Liu et al. 2000), whereby polymer molecules interact chemically with metal hydroxide sites present on the talc surface. The adsorption of CMC onto talc was found to be dependent on pH (Morris et al. 2002). The adsorption isotherms of CMC onto talc exhibit a sharp increase in acidic pH, resulting in a decrease in the floatability of talc. A similar effect was noted for solution ionic strength (Morris et al. 2002, Parolis et al. 2004), whereby the adsorption isotherms increased dramatically with increasing ionic strengths of the suspension medium. Both of these effects were attributed to the increased degree of coiling of CMC macromolecules. 2 E. Burdukova, J.S. Laskowski, D.J. Bradshaw



2.3 Rheological measurements and behaviour of mineral suspensions



colloidal



Rheological measurements are used to study colloidal behaviour of both mineral suspensions as well as polymer solutions. Rheological descriptors such as yield stress are commonly used as indicators of the degree of aggregation/dispersion of suspensions (Schofield & Samson 1954, Nguyen & Boger 1983, 1985, Johnson et al. 1999). These measurements have been utilised to study the behaviour of suspensions with regards to both polymer adsorption as well as the nature of the surface charge of minerals. Yield stress curves as a function of pH have been used to determine points of zero charge (p.z.c) for both isotropic minerals such as zirconia (Johnson et al. 1999) and anisotropic minerals such as kaolinite (Street & Buchanan 1956, Rand & Melton 1976). According to DLVO theory (Derjaguin & Landau 1941, Verwey & Overbeek 1948) a suspension of isotropic particles (or anisotropic particles where only one of the planes carries an electrical charge) exists in a state of maximum aggregation at the point of zero charge of the particles. At this point, the only interparticle forces present are the attractive van der Waals forces. An example of such behaviour is that of zirconia, where both the isoelectric point and the point of maximum coagulation fall in the pH range between 7 and 8 (Johnson et al. 1999). For anisotropic particles, the nature of the electrical charge varies between the particle planes. In the case where both planes of the particle carry an electrical charge, the point of maximum coagulation occurs not at the apparent point of zero charge, but at the point where the attractive electrostatic force between oppositely charged particle planes and edges is at its maximum. The coagulation process is hence referred to as “heterocoagulation”. Such behaviour is exhibited by kaolinite. Kaolinite is a layered silicate mineral, the structure of which is similar to that of talc (Flegmann 1975). The apparent isoelectric point of kaolinite lies at pH ≈ 3.5, while the point of maximum heterocoagulation of kaolinite lies at pH ≈ 6 (Schofield & Samson 1954, Street & Buchanan 1956, Rand & Melton 1976, Williams & Williams 1977, Johnson et al. 1998). The faces of kaolinite were shown to carry a permanent negative charge due to isomorphic substitution of Si+4 ions with Al+3 ions in the siliconoxygen tetrahedra. The presence of Al+3 ions causes a proton deficiency and therefore results in an overall negative charge on the faces of kaolinite (Van Olphen 1951, Swartzen-Allen & Matijevic 1974). The above example shows that rheological measurements provide an accurate description of the colloidal behaviour of mineral suspensions. This behaviour can then be evaluated in terms of DLVO



theory to provide insight into various factors such as particle surface charge distribution and the effect of pH and polymer adsorption on suspension behaviour. 3 OBJECTIVES Since the theory of electrophoresis of plate-like anisotropic particles does not exist, the objective of this work is to measure the apparent point of zero charge and the point of maximum aggregation of talc suspensions using rheological and titration techniques. Talc colloidal behaviour is then compared to that of both isotropic and anisotropic minerals in order to gain further information regarding the surface charge distribution of talc. Another objective is to use rheological measurements to infer the mechanisms of adsorption of both CMC and guar gum depressants onto the surface of talc particles.



4.3 Point of zero charge measurements The apparent point of zero charge of talc minerals was determined using the Roberts-Mular titration method (Mular & Roberts 1966). In this method, the pH of a suspension is measured at different ionic strengths of the solution. The difference in the initial and final (after increasing ionic strength) pH values is measured and plotted versus the final solution pH. The point where the ΔpH value equals zero indicates the pH of the apparent p.z.c of the mineral. The supporting electrolyte used in these tests was KCl, and the concentration was varied between 10-2 and 10-1 M. The solution pH was adjusted using hydrochloric acid. 5 RESULTS AND DISCUSSION 5.1 Effect of pH on the talc surface charge



4.1 Materials used New York talc was obtained from Wards Minerals. The magnesium content determined by XRD analysis was 10.3 %. The talc was ground in a titanium ring mill to yield a p50 of 23 μm with the top size not exceeding 100 μm. The guar gum depressant chosen was CZD 519 (supplied by Chemzyme), while the CMC used was DEP 267 (supplied by Akzo Nobel). The two depressants were chosen for their relatively similar molecular weights (mw≈ 350 000 g/mol).
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4.2 Yield stress measurements



2



Yield stress measurements were performed using a Physica MC 1+ Rheometer, in conjunction with a double gap measuring geometry. The gap size used was 0.5 mm. Talc was placed in 10-2 M KNO3 solution to make up a suspension of 60 wt % solids content. The solution pH was varied from pH 9.5 to pH 2 by the addition of hydrochloric acid. Rheograms were generated in the shearing rate range between 50 and 150 s-1. The obtained curves were fitted with the Casson model (Eq. 1) and the yield stress values were extrapolated.



τ = τ C + ηC ⋅ γ



The initial rheological tests were performed in the absence of polymer. This was done in order to gauge the general colloidal behaviour of talc particles in suspension. The results are shown in figure 2.



Yield stress (Pa)



4 EXPERIMENTAL DETAILS



(1)



τ - Shear Stress (Pa)



τC - Casson yield stress (Pa)



γ - Shear Rate (s-1)



ηC - Casson viscosity (Pa s)
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Figure 2 – Yield stress curve of talc suspensions as a function of pH. The results demonstrate that the suspensions of talc exhibit a yield stress peak (indicative of the point of maximum aggregation) at pH ≈ 5.5. This differs significantly from the accepted apparent electrophoretic i.e.p value of pH 2.5. Figure 3 shows the results of the point of zero charge determination by means of the Roberts-Mular titration method. Figure 3 indicates that the ΔpH = f(pH) curve intersects the X axis at pH ≈ 7.7. This differs significantly from both the apparent i.e.p. of talc as well as the point of maximum yield stress.
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Figure 3 – R-M titration of talc (concentration of electrolyte varied between 10-2 & 10-1 M) Table 1 reports the colloidal behaviour of talc suspensions as compared to that of both isotropic and anisotropic minerals. These results indicate that the behaviour of talc is similar to that of kaolinite. This information is not consistent with the premise that the faces of talc carry no electrical charge. Table 1 – Colloidal behaviour of minerals pH
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5.5



6.5 6
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If the surface charge of talc is indeed completely neutral, the colloidal behaviour of talc would resemble that of an isotropic particle. In this case, the p.z.c, the i.e.p and the point of maximum coagulation should all converge on the same value, as it does in case of zirconia (see section 2.3). The shift of the maximum coagulation point away from the i.e.p indicates that there exists an attractive force between oppositely charged planes of the particles, i.e. heterocoagulation is taking place. If this is the case, the electrophoretic isoelectric point can no longer be used as an adequate representation of the point of zero charge of the mineral and must therefore be referred to as an apparent isoelectric point. These observations point to a strong possibility that the faces of talc are not neutral, but carry a negative charge. It is proposed that the negative charge on the faces of talc arises from isomorphic substitution of Si+4 ions in the silicon oxygen tetrahedra with metal ions of a lesser charge, similar to that of kaolinite (SwartzenAllen & Matijevic 1974). The presence of ions of a lesser charge results in a proton deficiency on the talc faces, rendering them permanently negative, 4 E. Burdukova, J.S. Laskowski, D.J. Bradshaw



Figure 4 – Proposed charge distribution on the surface of talc irrespective of pH. This hypothesis is consistent with earlier suggestions of the presence of metal hydroxide species on the faces of talc (Rath et al. 1997, Liu et al. 2000). It follows that the edges of talc serve as a source of positive charge that is responsible for the shift of the point of maximum aggregation away from both the i.e.p and the p.z.c. The p.z.c was found to be at pH ≈ 7.7. The point of maximum aggregation was found to be at pH ≈ 5.5. It is therefore proposed that the edges of talc undergo a change from positive to negative at 5.5 < pH < 7.7. A schematic representation of the proposed surface charge distribution of talc is shown in figure 4. It is important to note that no attempt has been made to quantify the magnitudes of the surface charge on either faces or edges of talc. The diagram is merely a representation of the possible charge configuration. 5.2 Effect of CMC addition on talc suspensions The yield stress of talc suspensions was evaluated with the dosage of CMC varying from 0 to 400 g/t of solids. The results are shown in figure 5. The addition of CMC decreases the yield stress of the suspension, which is indicative of the increased degree of dispersion and it is likely to result from adsorption of CMC and increasingly negative electrical charge of the interacting particles. Figure 5 also shows that when CMC dosage is 400 g/t, the yield stress of the suspension is higher than that for 200 g/t dosage, and at this stage we do not attempt the explanation of this observation. The results presented in figure 5 indicate that the colloidal behaviour of talc was only affected by the addition of CMC at pH below ≈ 8. This pH value coincides with the apparent point of zero charge of talc found by means of a titration (fig. 3). This suggests that adsorption of CMC takes place largely in the pH range where the edges of talc particles carry a positive charge, i.e. a lower pH, and that it decreases again when the ionization of CMC
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Figure 5 – Effect of CMC addition on the rheology of talc suspensions



Figure 6 – Effect of guar gum addition on the rheology of talc suspensions



macromolecules decreases (below pH ≈ 4) .This is consistent with the observations made by Morris et al. (2002), who showed that the adsorption of CMC increases dramatically at low pH values (although this may result from the fact that over lower pH ranges the CMC macromolecules are not ionized and coil). It is also consistent with the observations made in section 5.1 and with the proposed distribution of charge on the surface of talc. These findings are a strong indication that electrostatic attraction could play a large role in the mechanism of CMC adsorption onto talc.



with the observations made by Wang et al. (section 1.2), and is therefore consistent with the premise that guar gum adsorbs onto talc by means of hydrogen or hydrophobic bonding as opposed to electrostatic attraction. It is important to note the shift of the point of maximum aggregation with increasing guar gum dosage. At a very high dosage (400 g/ton), the point of maximum aggregation begins to approach the measured point of zero charge (pH ≈ 7.7). In other words, at high dosages of guar gum, the colloidal behaviour of talc begins to approach that of an isotropic mineral. This phenomenon is once again consistent with the observation made in section 5.1 and with the proposed distribution of charge on the surface of talc. These results indicate that the adsorption of guar gum could take place primarily on the faces of talc rather than the edges. The “masking” of the negative charge on the faces would be expected to dampen the effect of the particle anisotropy on suspension rheological behaviour. This is consistent with the findings of Steenberg et al (1984) as well as Wang et al. (2005), who stated that the adsorption of guar gum onto talc takes place primarily on talc faces.



5.3 Effect of guar gum addition on talc suspensions Similar tests were performed with varying dosage of guar gum, where the dosage of polymer was once more varied between 0 and 400 g/ton of solids. The results are shown in figure 6. The addition of guar gum had an effect of increasing the yield stress of the suspension which is indicative of the increased degree of aggregation of particles. It is important to note that unlike CMC, the addition of guar gum had an effect on the suspension yield stress in the entire pH range and resulted in the shift of the yield stress peak towards a more alkaline pH. Rheological measurements performed on talc suspensions as a function of guar gum dosage show that the addition of guar increases the yield stress of those suspensions. This result is expected since guar gum is known to have coagulant/flocculant properties. The adsorption of guar gum is thought to “mask” the charge on the surface of particles and hence decrease the electrostatic repulsion between them, causing the suspension to coagulate. The results shown in figure 6 indicate that addition of guar gum had an effect on talc rheological behaviour in the entire pH range. This is consistent 5 E. Burdukova, J.S. Laskowski, D.J. Bradshaw



6 CONCLUSIONS The findings of this study can be summarised as follows: • The rheological behaviour of talc suspensions was studied. It was found that the point of maximum aggregation of talc suspensions lies at pH ≈ 5.5, while the apparent point of zero charge of the tested talc suspensions lies at pH ≈ 7.7



• The rheological properties of tested talc suspensions are inconsistent with current theories regarding the surface charge distribution on talc particles, because the obtained values do not coincide with the apparent electrophoretic isoelectric point (pH ≈ 2.5) • The behaviour of talc was found to be similar to that of kaolinite. Hence it is proposed that the faces of talc carry a permanent negative charge (probably due to the isomorphic substitution of Si+4 ions with metal ions of a lesser charge). It is also proposed that the edges of talc undergo a change from positive to negative in the pH range between ≈ 5.5 and 7.7, and only further research can determine the exact point of zero charge of talc edges. • The addition of CMC was found to have significant effect on the rheological behaviour of talc suspensions in the pH range where the talc particles carry a positive charge. This suggests that electrostatic attraction is likely to play a major role in the adsorption of CMC onto talc. This is reenforced by the fact that the effect of CMC on the talc suspension yield stress decreased at lower pH values when CMC is not ionised. • The addition of guar gum was found to have a significant effect on the rheological behaviour of talc suspensions in the entire pH range. The results suggest that the tested guar gum flocculates talc suspensions in the entire pH range. • The increase in the dosage of guar gum was found to shift the point of maximum aggregation of talc towards the point of zero charge of talc. This suggests that the adsorption of guar gum takes place primarily on the faces of talc, bringing the talc particles closer to the state of isotropy. 7 REFFERENCES Brien, F. B., Kar, G., An electrophoresis study of the flotation properties of talc minerals, The Trend in Engineering Journal of University of Washington, 20, 8 - 12, (1968) Derjaguin, B. V., Landau, L., Theory of stability of strongly charged lyophobic sols and the adhesion of strongly charged particles in solution of electrolytes, Acta Physiochim, 14, 633 - 662, (1941) Flegmann, A. W., George, R.A.T., Soils and other growth media, (1975), AVI, Westport, Connecticut Fuersteanau, D. W., Huang, P., Interfacial Phenomena Involved in Talc Flotation, XXII IMPC, Cape Town, (2003) Fuerstenau, D. W., Huang, P., Interfacial Phenomena Involved in Talc Flotation, XXII IMPC, Cape Town, (2003) Fuerstenau, M. C., Valdivieso, A., Fuerstenau, D. W., Role of hydrolyzed cations in the natural hydrophobicity of talc, International Journal of Minerals Processing, 23, 161 - 170, (1988) Johnson, S. B., Franks, G. V., Scales, P. J., Boger, D. V., Healy, T. W., Surface Chemistry - Rheology Relationships in Concentrated Mineral Suspensions, International Journal of Minerals Processing, 58, 267 - 304, (1999) Johnson, S. B., Russell, A. S., Scales, P. J., Volume Fraction 6 E. Burdukova, J.S. Laskowski, D.J. Bradshaw
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