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SYNOPSIS 

Certain physicochemical and mineralogical properties of different talc and pyrophyllite samples were 
measured to show whether differences in floatability could be related to these properties. An indication 
of the expected hydrophobic nature of the samples was obtained by X-ray-diffraction measurements. The 
various samples were characterized by measurement of their zeta potentials, contact angles, suspension 
stability, and flotation behaviour in small-scale flotation cells. All the talc samples proved to be highly 
floatable and therefore only small differences in recoveries were observed. However, there was some 
indication that the suspension stability was related to the X-ray-difraction measurements of the hydrophobic 
nature of the samples. No trends were observable from the zeta potentials and contact angles measured. 

SAMEVATTING 

Sekere fisies-chemiese en mineralogiese eienskappe van verskillende talk- en pirofillietmonsters is gemeet 
om vas te stel of verskille in flot.eerbaarheid met hierdie eienskappe in verband gebring kan word. Daar 
is 'n aanduiding van die verwagte hidrofobiese aard van die monsters deur X-straaldiffraksiemetings verkry. 
Die verskillendc monsters is gekarakteriseer deur die meting van hul zetapotensiaal, kontakhoeke, 
suspensiestabiliteit, en flottasiegedrag in kleinskaalse flottasieselle. Al die talkmonsters net geblyk hoogs 
flotteerbaar te wees dus is daar slegs klein verskille in die herwinnings waargeneem. Daar was egter 'n geringe 
aanduiding dat die suspensiestabiliteit met die X-straaldiffraksiemetings van die hidrofobiese aard van die 
monsters verband hou. Die zetapotensiale en kontakhoeke wat gemeet is, het geen tendense openbaar nie. 
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1. INTRODUCTION 
In various mining operations in Southern Africa, valuable sulphides containing nickel, gold, or platinum 

are separated from takose gangue by means of froth flotation. The natural floatability of the takose gangue 
is usually reduced by the addition of polymeric depressants, and the mechanism of tak depression has received 
some attention1'2. Samples of takosc-gangue minerals and pure tak are often different in structure, and 
the effect of the variation in structure on flotation behaviour is of interest. The study described here was 
undertaken to show whether differences in the floatability of talc and pyrophyllite samples could be related 
to their physicochemical and mineralogical properties. Some indication of the hydrophobic nature of the 
samples was obtained by X-ray-diffraction measurements. The various samples were also characterized with 
respect to zeta potentials contact angles, stability in suspension, and flotation behaviour in small-scale 
flotation cells. 

2. PHYSICOCHEMICAL AND MINERALOGICAL PROPERTIES OF TALC 
Pure talc is a hydrated magnesium silicate with the formula Mg^OHhCSijOsh- In pyrophyllite, the 

magnesium atoms have been replaced by aluminium atoms. A schematic representation of the talc structure 
is given in Figure 1, and details of the mineralogical composition of tak were given in a previous publication'. 
As a result of various lattice substitutions, pure talc very seldom conforms in practice to the theoretical 
composition of the above formula. Furthermore, talc particles generally occur as crystal aggregates and 
would be expected to exhibit mixed surface characteristics 
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FIGURE 1. A schematic diagram of the structure of talc 
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FLOTATION OF TALC 

The structure of talc is a determining factor in the behaviour of the mineral in aqueous media. As 
shown in Figure 1, the outer part of the talc layer consists of uncharged Si-O bonds, and the inner part 
consists marly of brucite (Mg(OHfc). The layers are stacked on top of one another with Van der Waals 
forces acting as the binding forces between layers. The weak nature of these forces causes the easy cleavage 
of talc in the [001] direction, and during such cleavage large surfaces with few exposed ions are created. 
The build-up of crystals in talc layers is more extensive in a horizontal direction, and the characteristic 
shape of a talc particle is a platelet. These platelets float very readily, the uncharged basal cleavage plane 
having a weak interaction with surrounding water molecules. However, the charged edges of the platelets 
are hydrophilic, owing to the strong interactions of the ionic sites with surrounding water molecules. The 
floatability of this type of particle should, to a large extent, depend on the area of the basal plane relative 
to the edge exposed during milling, and the following relationship can be considered to apply: 

Hydrophobichy oc 1 »" exposed uncharged surface sites , e ( 1 ) 

E all exposed charged surface sites 

. . . . . . . E 001 planes exposed <•>» 
Hydrophobicity oc — - > **» 

E [hkl] planes exposed 
where [hkl] represents the hydrophilic surfaces caused by breakage in any direction that is at an angle with 
the [001] plane and that traverses the Mg2* sheets. This ratio can be determined experimentally from 
measured intensities (I) of the 00.12 and 060 X-ray reflections, and can be defined as the orientation ratio: 

Orientation ratio = S ^ — <3) 
A». 12 + /06O 

The larger this ratio, the greater is the fraction of uncharged surfaces exposed and the higher is the expected 
hydrophobicity. 

Investigations of the surface chemistry of talc have shown that H * and OH ~ ions are potential 
determining ions for talc, the OH " ions being more successful in wetting the talc than H' ions are' - 5. 
In the acidic region6, the charge on talc is caused by the dissolution of Mg 2 f ions, and, in the alkaline 
region, by the availability of hydroxyl ions, which can adsorb on Mg2 * sites. The zero point of charge 
is estimated to be at a pH value of less than 1.0. Talc is thought to hydrate via physical adsorption of 
water on the cleavage plane, amphoteric dissociation of silanol bonds, and the formation of hydroxide 
at the talc edges5. These proposed hydration mechanisms have been discussed elsewhere1. 

3. MATERIALS AND EXPERIMENTAL METHODS 
3.1. Mineral Samples 

The following samples of pure talc were used in the study. 
(a) Local talc: a locally (South African) mined talc, very pale green in colour. 
(b) Fibrous talc: mined in the Cunningham Mine, near Barberton, Transvaal, South Africa, with a 

fibrous appearance and dark green in colour. 
(c) Foliated talc: a high-grade pure talc mined near Kaapmuiden, Transvaal, South Africa, pale green 

in colour. 
(d) New York talc: supplied by Ward's Natural Science Establishment, and flaky with a creamy lustre. 

The samples of fibrous and foliated talc were supplied oy the South African Geological Survey in Pretoria. 
The samples supplied in small quantities (the local, fibrous, and foliated talcs) were ground by hand 

with an agate mortar and pestle. The New York talc was ground in a porcelain ball mill. After being ground, 
the samples were sized into a fraction suitable for small-scale flotation tests (between 107 and 38 pm), and 
a fraction smaller than 38/tm (used for the determination of the orientation ratios, zeta potentials, and 
suspension stabilities). 

Two samples of pyrophyllite (V and DV) were obtained from Swaziland. They were subjected to bench-
scale flotation to provide frother concentrates (VI, DVI), paraffin concentrates (V2, DV2), and flotation 
tailings (V tailings, DV tailings). It was hoped that this method of preparation would result in the production 
of three samples with different hydrophobicitles or floatabilities. The first frother concentrate was expected 
to contain the most floatable pyrophyllite, the second concentrate (obtained with the addition of paraffin) 
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FLOTATION OF TALC 

would contain material of lower hydrophobicity, and the pyrophyllite remaining in the tailings would have 
the lowest hydrophobicity or floatability. However, the possibility remained that the use of reagents could 
result in the adsorption of these reagents onto the pyrophyllite particles, which would alter their floatability 
in relation to their actual surface-chemical properties. 

Two series of ore samples containing talc were included in the study. These samples were upgraded 
by bench-scale flotation. The BT3 series consisted of a natural (or bubble) flotation concentrate (conct. 
I) and a frother concentrate (conct. 2). The WP series consisted of a natural (or bubble) notation concentrate 
(conct. 1), a frother concentrate (conct. 2), and a concentrate produced by use of a frother and paraffin 
(conct. 3). The tak content of the tailings from these samples was too low for further study. 

The samples of pyrophyllite and ore were sized to give fractions between 107 and 38 pm and fractions 
smaller than 38 /tm. The amounts of material between 107 and 38 pm obtained for all the pyrophyllite samples 
and concts. 1 and 3 of the WP scries were sufficient for small-scale flotation tests to be carried out in the 
Partridge and Smith cell, but insufficient for tests in the Fuerstenau cell. 

3.2. Chemical Analyses 
The samples were analysed by use of emission spectrography. 

3.3. Mineralogical Analyses 
Mineralogical analyses were conducted by use of X-ray-diffraction measurements on powdered samples 

(particles smaller than 38 /*m). Minerals present in concentrations of less than 5 per cent may not have 
shown up in the diffractograms. Determinations of density were made with toluene as the immersion liquid, 
and variations in temperature were corrected for. 

In the determination of the orientation ratios, a slurry consisting of a small amount of powder in a 
drop of water and Teepol was made on a glass slide and allowed to settle and dry. This amount was used 
in the X-ray-diffraction analyses. The scanning speed was 1°20" per minute, and the peak area and peak 
height of the 00.12 and 060 reflections were determined for the talc samples. For pyrophyllite, only the 
two peak heights were determined. 

3.4. Measurement of Zeta Potentials 
Zeta potentials on particles smaller than I5/im were measured by microelectrophoresis, and those on 

larger flotation particles by streaming-potential measurements. 

3.4.1. Microelectrophoresis Experiments 
Measurements were made in a Riddick Zetameter fitted with an automatic sample-transfer unit. The 

ionic strength was maintained at 5 x 10' ' mol-dm "' with appropriate amounts of sodium perchlorate as 
the supporting electrolyte and perchloric acid or sodium hydroxide for the adjustment of the pH value. 
Distilled water with a specific conductivity of 1,6 x 10" 'mho-cm "' and analytical-grade reagents were used 
throughout. The samples were equilibrated for at least twenty minutes prior to measurement. The pH value 
of the solution was constantly monitored with a Radiometer TTT2 titrator, and adjustments were made 
by the use of 0,01 M perchloric acid or 0,01 M sodium hydroxide. Twenty readings were made per run, 
and the average value was taken for the calculation of the zeta potential by use of the Helmholtz-
Smoluchowski formula7. 

• 
The zeta potentials of particles used in the determination of orientation ratios and suspension stabilities 

were measured direct by this technique. 
3.4.2. Streaming-potential Measurements 

These measurements were made on the fraction between 107 and 38 pm, the ionic strength being 
maintained at Sx I0~ 4mol-dm"\ This lower ionic strength was used so that more-accurate voltage 
measurements would be obtained across the streaming-potential cell. The apparatus, which was similar to 
that described by Joy et al.*, has been described in detail elsewhere'. The potential that developed across 
the cell was measured with a high-impedance Keithley 616 digital electrometer. The conductivity was measured 
by use of a Wayne-Kerr model B642 conductivity bridge. 

Twenty readings were taken in each experiment, with ten readings in each streaming direction. (The 
flow was reversed after each reading.) The results for each streaming direction were used independently 
in the calculation of the zeta potentials with a linear-regression programme. Details of the calculation of 
zeta potentials by the use of streaming-potential measurements are given elsewhere1'. 

.1 



FLOTATION OF TALC 

This technique has the advantage that the zeta potentials of particles »ised in flotation experiments 
can be measured direct, without any further change in the particle surface by grinding. 

3.5. Measurement of Contact Angles 
Polished samples of at least 1 cm2 were prepared for the measurement of contact angles. A sample 

of approximately 5 cm2 was cleaved to produce the natural basal cleavage plane of the talc. Samples of 
New York and foliated talc cleaved easily, and sufficient planar area was exposed to permit the polishing 
of the basal cleavage plane. The samples were subsequently cut perpendicularly to the cleavage plane.". he 
new surface would approximate the talc edges, and was also polished. 

The samples of local and fibrous talc did not expose enough basal planar area after cleavage to permit 
the polishing of only the cleavage plane. After the 5 cm2 sample had been cleaved, the resulting surface 
was polished, irrespective of whether it consisted of both basal planar and edge areas. 

Contact angies were measured with an NRL contact-angle goniometer, model A100. After being 
polished, the samples were cleaned in an ultrasonic bath so that dust and traces of polishing agent were 
removed. The solutions were similar to those used in the microelectrophoresis experiments. An equilibration 
time of 30 minutes was allowed. 

An air bubble was attached to the polished surface with a microsyringe. Both receding and advancing 
angles were recorded, and average values of twenty measurements at different locations on the polished 
surface were reported at pH values of 5,0, 7,0, and 9,0. 

The samples of pyrophyllite and talc ores were received in the form of fine powders, and were unsuitable 
for investigation by this technique. 

3.6. Settling Tests 
Settling tests were used as a measure of the stability of the suspensions of various talc samples. The 

technique involved the dispersion (by ultrasonic agitation) of a fixed mass of material finer than 38 /im 
in a graduated cylinder. This was followed by gentle hand-inversion of the suspension. A settling time of 
30 minutes was allowed. An aliquot portion was withdrawn from a predetermined depth, and the absorbance 
in the visible region was measured at 500 nm. A stable suspension absorbed the light more strongly to give 
a high absoibance value, and an unstable suspension, which absorbed much less light, gave a low absorbance 
value. More details about this technioue are given in a previous publication'. 

3.7. Small-scale Flotation Tests 
Flotation tests were conducted in small-scale flotation cells consisting of a modified Partridge and Smith 

cell and a Fuerstenau cell. A detailed description of the cells has been given elsewhere1. 
Approximately 2,5 g of mineral was used in both cells. The fraction between 107 and 38 pm was deslimed 

ultrasonically prior to use, and was stored in distilled water for periods of up to 3 days. Before being floated, 
the samples were conditioned in aqueous solutions with an ionic strength of 5 x 10"3 mol dm ~ ' and the 
appropriau pH values. The conditioning period was 30 minutes. No frother was added to the Partridge 
and Smith cell. The flowrate of nitrogen was controlled at 280cm'min ~' by means of an 08 Schutte and 
Koerting rotameter. The impeller speed was maintained at the minimum speed necessary to keep the solids 
in suspension but not so large as to cause carry-over. The flotation time was 3 minutes, and the percentage 
recovery was determined by the weighing of the concentrate and the tailings. 

In the Fuerstenau cell, Dow froth 250 was added as a frother, and the froth was removed by hand-
scraping at a rate of approximately forty strokes per minute. All the other parameters were similar to those 
used in the Partridge and Smith cell. 

4. RESULTS 
4.1. Chemical Analyses 

The chemical analyses of the various samples as determined by emission spectrography are given in 
Table 1. 

The samples of local, fibrous, and foliated talc had a significant iron content, and there was some 
evidence of the substitution of aluminium, calcium, and titanium cations. 

All the samples of pyrophyllite exhibited the expected high levels of aluminium, with indications of 
the substitution of calcium, iron, magnesium, and titanium cations. 

The analytical results for the BT3 series were not typical of talc. High levels of calcium, aluminium, 
and titanium were obtained, in addition to a high concentration of iron as the result of a magnetite impurity 
(Table 2). 

4 



FLOTATION OF TALC 

TABLE 1 

Chemical composition of mineral samples 

Sample Al Ca Fe Mg Si T i 

Pure tak: 
Local W / M w s VS s vw/w 
Fibrous M w s vvs s vw/w 
New York W / M M/S M vs s w 
Foliated W W / M s vvs s w 
Pyrophyllite 
V-conct. 1 VS W / M W w s M/S 
V-conct. 2 vs W / M W w s M/S 
V-tailings vs W / M W w s M 
DV-conct. 1 vs W / M W vw/w s M/S 
DV-conct. 2 vs W / M M w s s 
DV-tailings vs W / M M w s s 
Talc ore 
BT3-conct. 1 s VS VS 

t/1 M/S M 
BT3-conct. 2 s VS VS s s M/S 
WP-conct. 1 s 

t/i VS vs s M 
WP-conct. 2 s S VS vs s M 
WP-conct. 3 s s VS vs s M 

VW = very weak 
W = weak 
M = moderate 
S = strong 
VS = very strong 
VVS = very very wrong , 

(less than 0,0141 
(0,01 to l,0«b) 

(greater than !*•> 

TABLE 2 

Mineralogical composition of samples 

Sample Mineralogical composition 
Relative 
density 

Pure laic 
Local 
Fibrous 
New York 

Foliated 

Talc 
Talc, traces of serpentine, chlorite 
Talc, traces of serpentine, tremolite, and 
unknown </-spacings at 18,5 and 6,2 

Talc, with unknown «/-spacing» at 18,8 and 6,2 

2,75 

2,73 

Pyrophyllite 
V-concl. 1, conct. 2 ) 
V-taihngs Í 
DV-conct. 1, conct. 2 

DV-tailings 

Pyrophyllite and quartz, with minor amounts 
of muscovite and kaolinite 

Pyrophyllite, with minor amounts of 
kaolinile, muscoviie, andalusite, and quart; 

Andalusite and pyrophyllite, with minor 
amounts of quartz, kaolinile, and muscoviie. 

Talc ore 
BT3-conct. 1, 2 

WP-conct. 1, 2 

WP-conct. 3 

Tak, with minor amounts of serpentine, chlorite, 
tremolite, calcite, dolomite, clinopyroxene, 
magnetite, and pyrrhotite 

Tak and orihopyroxcnc, with minor amounts 
of calcite, tremolite. chlorite, serpentine, and 
phlogopite 

Onhopyroxene, lak, and minor constituents as 
given for WP conct. 1, 2 

2,80 

2,80 

2,80 

The WP series contained high levels of iron and magnesium, and significant levels of aluminium, calcium, 
and titanium. 
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FLOTATION OF TALC 

4.2. Mineralogical Analyses 
The minTalogical compositions of the various samples are summarized in Table 2, and the orientation 

ratios are given in Table 3. 

TABLE 3 

Orientation ratios for various samples 

Sample Orientation ratio 

Pure talc 
Local 
Fibrous 
New York 
Foliated 

I 6 ± 4 
6 9 ± I 0 
92±2 
9 5 ± l 

Pyrophyllile 
V-conct. I 
V-conct. 2 
V-tailings 
DV-conct. 1 
DV-conct. 2 
DV-tailings 

IJ 
18 
13 
29 
23 
9 

Talc ore 
BT3-conct. 1 
BT3-conct. 2 
WP-conct. 1 
WP-conct. 2 
WP-conct. 3 

SO to 61 
47 to 51 
28 to 40 

40 
9 to 14 

The orientation ratios for the samples of pure talc range from 16 for local talc to 95 for foliated talc. 
The orientation ratios for the various samples of pyrophyllite range from 9 to 29, and those of the talcose 
ores from 9 to 61. 

4.3. Measurements of Zeta Potentials 
The zeta potential of the talc increased in the negative direction as the pH value increased (Figure 2). 

No zero point of charge was measured, but extrapolation of the results indicates that the zero point of 
charge would be at a pH value of 1,0 for the local and New York talcs and between 3,0 and 4,0 for the 
fibrous and foliated talcs. In regard to the behaviour of the zeta potential, the local sample resembled the 
New York sample and the fibrous sample was similar to the foliated sample but slightly different from 
the local and New York talcs. 

The zeta potentials of talc obtained from the streaming potentials differed considerably from the values 
obtained by microelectrophoresis (Figure 3), particularly for fibrous and foliated talc. The zero points of 
charge for local and New York talc were estimated as being at a pH value of 1,0, for foliated talc at pH 
below 1,0, and for fibrous talc at pH 4,0. Some difference between the streaming-potential and 
microelectrophoresis results would be expected owing to the lower ionic strength used in the streaming-
potential experiments. 

The zeta potentials of the V pyrophyllite sample are shown in Figure 4. The zeta potentials increased 
in the negative direction as the pH value increased. No zero point of charge was measured, but by 
extrapolation the zero point of charg- can be estimated to occur at a pH value of 2,0. Maximum negative 
values of zeta potential occurred for the frother concentrate at pH values between 6 and 8. There was very 
li'tle difference between the zeta potentials obtaineci for the various concentrates, but the tailings sample 
was slightly more negative at alkaline pH values than either of the other two concentrates. 

The zeta potentials of the BT3 ore sample increased in a negative direction as the pH value increased 
(Figure 5). Those for the natural concentrate were slightly more negative than those for the frother concentrate 
over the entire pH range studied. Extrapolated values of the zero point of charge are at a pH value of 
about 1,0 for the natural concentrate and about 2,0 for the frother concentrate. 
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FIGURE 2. Zeta potential of talc versus pH (electrophoresis) 
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FIGURE 3. Zeta potential of talc versus pH (streaming potential) 
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FIGURE 5. Zeta potential of BT3 talc ore versus pH (electrophoresis) 
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All three concentrates of the WP or? sample showed simiia' zeta-potential behaviour as the pH was 
increased (Figure 6). The zeta potentials increased in a negative direction with an increase in the pH value, 
and extrapolation of the results indicated that the zero point of charge lay i'i the pH range from about 
1,0 to 2,0. 
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- 4 0 
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c u 
O a. 
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60 
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lOOl -

pH 
_ l _ 

10 12 

(3s-

J ^ Natural conct. 
P"| Frother conct. 
Q Frother + paraffin conct. 

FIGURE 6. Zeta potential of WP talc ore versus pH (electrophoresis) 
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4.4. Measurements of Contact Angles 
Measurements of the contact angles of polished talc sections are summarized in Table 4. The results 

represent the average of twenty measurements at different locations on the sample. 

TABLE 4 

Measurements of contact angles for samples of pure talc 

laic 
sample 

Contact angles, degrees 

laic 
sample 

pH = 5.0 pH = 7,0 pH = 9,0 laic 
sample Receding Advancing Receding Advancing Receding Advancing 

Local 30 61 32 70 30 60 
Fibrous 25 55 27 51 23 44 
New York (BCP) 23 49 24 52 25 50 
New York (E) 24 50 28 52 27 57 
Foliated (BCP) 26 53 29 59 22 50 
Foliated (E) 25 56 27 51 23 41 

BCP = Basal cleavage pi 
E = Edge of talc 

i 
The receding angles for local talc were close to 30°, and the advancing .ngles ranged between 60 and { 

70°. The corresponding angles for fibrous talc were lower, the receding angles ranging betweer 23 and 
27°, and the advancing angles between 44 and 55°. Surprisingly, there was no difference for New York 
talc in the angles measured on the basal cleavage plane and the edge. The receding angles were between 
23 and 28°, and the advancing angles between 49 and 57°. The measurements on the basal cleavage plane 
and the edge were very similar for foliated talc, and values between 22 and 29° were obtained for the receding 
angle and between 41 and 56° for the advancing angle. 

No clear effect of variations in pH on the contact angles was apparent from the results. 

4.5. Settling Results 
The stability of the four samples of pure talc is reflected in Figure 7. The absorbance of an aliquot 

portion withdrawn from a measuring cylinder after a predetermined settling period is regarded as a measure 
of the stability of the suspension. 

The local talc formed a very stable suspension in aqueous medium. Suspension stability was achieved 
at pH values as low as 5,0, and there was very little change in the stability as the pH value increased. 

Between pH values of 3,5 and 8, the behaviour of the New York and fibrous talcs was very similar, 
and a moderate degree of suspension stability was achieved for both samples of talc. The suspension stability 
of the New York talc increased significantly at pH values above 9,0, a slight decrease being apparent at 
pH values greater than 12. 

At low pH values, the suspension stability of foliated talc was very similar to that of the other samples. 
From a pH value of 6,0, it became apparent that foliated talc formed the least-stable suspension of the 
samples considered over the remainder of the pH range. 

4.6. Small-scale Flotation Tests 
Small-scale flotation tests carried out in the Partridge and Smith cell in the absence of a frothe, are 

summarized in Table 5. Tests carried out in the Fuerstenau cell in the presence of a frother are summarized 
in Table 6. Tests were conducted on all the samples in the Partridge and Smith cell, but there were insufficient 
quantities of the required size fraction of the pyrophyllite samples and the WP concentrates to permit flotation 
tests to be carried out in the Fuerstenau cell. 

All four samples of pure talc were highly floatable in the presence or absence of a frother. The recovery 
of talc in the Partridge and Smith cell did not vary significantly over the pH range considered. In general, 
the recoveries from the fibrous and foliated samples were slightly higher than those from the other two 
samples. 

12 



FLOTATION OF TALC 

2,(M 

Local talc 

Qpj^ New York 
^ ^ talc 

9 
yÓ A Ó 

O .*'hi/S ^ V .,--^-x* Fibrous talc 

Foliated talc 

6 

PH 

10 12 

FIGURE 7. Suspension stability of samples of pure talc 



FLOTATION OF TALC 

TABLE S 

Small-scale flotation tests in the Partridge 
and Smith cell 

Conditions: 
Particle sizes between 38 and 107/im 
No frother 

Sample 

Recovery, 1» 
Sample pH = 3.0 pH =6,0 pH = II.O 

Pure tak 
Local 
New York 
Fibrous 
Foliated 

82.3 
83.4 
92,4 
95,4 

88,0 
87,8 
91.0 
94,8 

89.0 
91,7 
93,5 
88,5 

Pyrophyttile 
V-conct. 1 
V-conct. 2 
V-tailings 
DV-conct. 1 
DV-conct. 2 
DV-tailings 

81,4 
69,2 
65.6 
68,2 
45,2 
15,0 

76,3 
78,9 
62,4 
76,1 
24,1 
11,0 

80,9 
74,8 
67,5 
68,3 
52,5 
22,7 

Tak ore 
BT3-conct. 1 
BT3-conct. 2 
WP-conct. 1 
WP-conct. 2 
WP-conct. 3 

56,5 
79,3 
55,9 
68,6 
13,1 

54,8 
83,3 
48.9 
44,3 
23.5 

54,9 
79,9 
47,9 
37,4 
19,7 

TABLE 6 

Small-scale flotation tests in the 
Fuerstenau cell 

Conditions: 
Particle sizes between 38 and 107 ̂ m 
Frother added 

Talc sample 

Recovery, 1* 

Talc sample pH = 3,0 pH = 6,0 [ >H=ll,0 

Local 
New York 
Fibrous 
Foliated 

91.5 
80,1 
82,9 
88,1 

78,7 
81,4 
81,0 
91,1 

47,2 
76.2 
86,9 
84,9 

BT3-conct. 1 
BT3-conct. 2 
WP-conct. 2 

33,7 
55,8 
21,7 

28,6 
49,8 
28,9 

30,5 
49,8 
20,5 

Recoveries in the Fuerstenau cell were generally lower than those in the Partridge and Smith cell. The 
recovery of local talc decreased at high pH values, whereas none of the other talcs showed a marked variation 
in flotation behaviour with variation in the pH value. 

The flota'ion of pyrophyllite samples in the Partridge and Smith cell was also not dependent on the 
pH value used. However, concentrate 1 was always more floatable than concentrate 2, which in turn was 
more f oatable than the tailings sample was. This was particularly noticeable in the DV series, and in general 
the V series was more floatable than the DV series. The DV tailings sample was not naturally floatable, 
whereas recoveries of over 60 per cent were obtained with the V tailings sample. 

14 
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The concentrates from the talcose ores BT3 and WP did not behave in a similar manner in the Partridge 
and Smith cell. Although neither sample showed any significant dependence on the pH value of the float, 
the BT3 sample appeared to be more floatable than did the WP sample. In addition, it is interesting that 
concentrate 2 of the BT3 sample was significantly more floatable than concentrate 1. This would not be 
expected owing to the manner in which the samples were upgraded. This was also apparent in the tests 
in the Fuerstenau cell (Table 6). On the other hand, the floavability of the WP concentrates decreased in 
the order of their original flotation. The recoveries obtained for concentrate 3 were very much lower than 
expected since this was already a flotation concentrate and because small-scale flotation tests tend to favour 
high recoveries. 

5. DISCUSSION 
It is probable that no single property of a mineral surface can adequately describe the flotation behaviour 

of that mineral. Each technique used to characterize a property of the surface reveals only an aspect of 
the whole, and the results obtained by different techniques must be reviewed critically and combined so 
that the overall flotation behaviour can be better understood. 

5.1. Mineraiogical Characterization of the Samp'es 
If the orientation ratio is used as a measure of the hydrophobic nature of the various samples, the 

samples of pure talc can be arranged in order of increasing hydrophobicity as follows (with the ratios shown 
in brackets): 

local talc (16) < fibrous talc (69) <New York talc (92), foliated talc (95). 

The orientation ratios of the two pyrophyllite concentrates of the V series were low (in the region of 18), 
and were very similar to that of the tailings sample (13). The two pyrophyllif concentrates of the DV sample 
also had relatively low ratios (DVI, 29 and DV2, 23). However, these were significantly greater than the 
orientation ratio of the DV tailings sample (9). 

It would therefore be expected that, if the orientation ratio gives an indication of the hydrophobicity 
of a sample, very little difference would be observed in the floatabilities of the three pyrophyllites in the 
V series, whereas .he two concentrates of the DV series would be expected to be more floatable than the 
sample of DV tail ngs. However, the presence of reagents (i.e. frother and paraffin) in the preparation 
of the samples may have altered their surface properties. 

The orientation ratios of the two BT3 concentrates were both in the region of SO, and they should 
therefore possess similar hydrophobicities. On the other hand, the orientation ratios of the first two 
concentrates of the WP ore (about 40) were significantly higher than that of the third (paraffin) concentrate 
(9 to 14). Again, however, the presence of reagents could have altered the surface hydrophobicity. 

There is no apparent correlation between the orientation ratios of the four samples of pure talc and 
the recoveries obtained in the small-scale flotation cells since the samples were all extremely floatable in 
the Partridge and Smith cell at all pH values. However, in the Fuerstenau cell at high pH values, the sample 
of local talc, which had the lowest orientation ratio, showed a significant decrease in recovery. 

For the pyrophyllite concentrates, there was no correlation between orientation ratio and floatability. 
On average, the concentrates of the DV series had higher orientation ratios than did the concentrates of 
the V series, whereas the floatability of the V series was greater than that of the DV series. Only in the 
instance of the DV tailings sample were the orientation ratio and the floatability low. 

No distinct relationship between orientation ratio and floatability was observed with the samples of 
talcose ore BT3 and WP. However, in general the BT3 concentrates with the higher orientation ratios were 
more floatable than the WP concentrates, and WP concentrate 3 had the lowest floatability and orientation 
ratio. 

Although no direct correlations were obtained, there is some indication that orientation ratio does 
have a bearing on fioatability. The talcs with the highest ratios (greater than 90) were definitely more floatable 
than were the samples with low ratios. 

5.2. Zeta Potentials of Talc and Pyrophyllite 
Because of the platelike nature of the samples, the zeta potentials of talc and pyrophyllite are not 

indicative of surface charges that are uniformly distributed across the mineral surface. Chander and his 
co-workers10 suggested that the basal cleavage plane would have a narrow, ill-developed double layer, but 



FLOTATION OF TALC 

that, on the hydrophilk edges of the talc and pyrophyllite, the double layer would be well developed. The 
basal cleavage planes and edges are therefore not expected to contribute equally towards the zeta potential1'. 
The dectrophoretic mobility and streaming potentials measured during the dectrokinetk experiments reflect 
the average charge developed on a platelet of talc or pyrophyllite. Although workers in this fíek? are well 
aware of this, dectrokinetk measurements continue to be reported as zeta potentials'*-10. 

The value estimated for the zero point of charge for New York and local tak agrees with a value reported 
by McHardy and Salman5. The pH value between 3,0 and 4,0 estimated for foliated and Fibrous tak is 
considerably higher and suggests the presence of more-positive surface sites. The chemical analyses suggest 
that the additional positive sites could have their origin in the higher magnesium content of the foliated 
and fibrous samples. 

At alkaline pH values, the tak surface would resemble the surface of a magnesium hydroxide species, 
and the samples of fib.ous and foliated talc should exhibit a more negative zeta potential owing to their 
higher magnesium content. The presence of Fe'' in the fibrous and foliated samples would emphasize this 
trend. The more-negative zeta potentials of fibrous and foliated tak were obtained experimentally, confirming 
the above effects. 

According to Ney\ pure pyrophyllite shows a marked maximum in negative zeta potential at pH values 
between 6,0 and 7,0 and at 11,5. In the present study, a similar maximum in negative zeta potential was 
obtained at pH values between 6,0 and 7,0 for the frother concentrate (V series i.onct. 1). The paraffin 
concentrate and tailings did not exhibit similar behaviour. The estimated values of the zero point of charge 
for all three samples of pyrophyllite agree with the pH value of 2,0 'hat has been proposed by other workers6. 

The zeta potentials for the first concentrate of the BT3 composite talc sample were consistently more 
negative than those of the frother concentrate (conct. 2). Chemically, there was no distinction between 
the two samples; the reason for the difference in zeta-potential behaviour is not apparent from the available 
data, but the difference may be due to the adsorption of reagents. Samples of the WP composite talc sample 
were similar in chemical composition and zeta-potential behaviour. 

Several attempts have been made to correlate the zeta-potential behaviour of a mineral with its 
hydrophobic character12'14. Gaudin and Sun12 considered that mineral behaviour in flotation and in 
electrophoresis is determined by chemical properties and collector adsorption at the mineral surface. This 
approach and a subsequent expansion of the theory by Wen and Sun13 are not applicable to hydrophobic 
solids, which float without the aid cf a collector. Derjaguin and Shukakidsw-14 considered the relationship 
between the zeta potential and the floatability of hydrophobic solids, and derived an expression for the 
calculation of the zeta potential at maximum recovery. However, the relationship described only the behaviour 
of antimonite, and not of the ot.ier hydrophobic solids. 

Maximum flotation of talc and pyrophyllite should occur at high ratios of basal-plane to edge areas. 
A high ratio of basal-plane to edge areas would imply a low zeta potential on the assumption that the basal 
plane makes only a minor contribution to the zeta potential; therefore, samples with low zeta potentials 
would be expected to be more hydrophobic than samples with high zeta potentials. 

No correlations were observed between the zeta-potential values and the floatability of the various 
talc samples, which indicates that zeta potential cannot be used as an indication of the hydrophobicity of 
talcose samples. The zeta-potential characteristics appeared to be more dependent on the chemical 
composition of the samples. 

5.3. Contact Angles on Talc 
Chander and his co-workers'0 have suggested that contact angles on talc are not dependent on pH 

value. In the present study, there were no significant changes in the contact angles in the pH range 5,0 
to 9,0. For New York talc, for instance, the zeta potential changed from - 36 mV at a pH value of 5,0 
to - 53 mV at a pH value of 9,0. On the basal cleavage plane of New York talc, the advancing contact 
angles ranged from 50 to 57°. A change in the zeta potential was therefore not accompanied by a change 
in the contact angle. 

An example of the difference obtained between contact angles on the basal cleavage plane and on the 
edge of a talc sample has been given by Klassen and Mokrousov". In the present study, where these two 
talc surfaces were polished, the contact angles in both areas were almost identical for the samples of New 
York and foliated talc. The polishing procedure used in the present study therefore did not maintain the 
individual characteristics of the planar and edge surfaces. Alter being polished, the exposed surface consisted 
of both hydrophilic and hydrophobic surface sites, and the measured contact angles reflected an average 
value for the mixed surface. 
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Because of the large planar area required for measurements of contact angles, this technique did not 
distinguish between the hydrophobic character of the samples of pure tak studied. 

5.4. Suspension Stability of Talc 
In aqueous solutions containing hydrophobic solids, interaction of the hydrophobic surfaces with 

adjacent water molecules is not favoured, and the dose approach of hydrophobic particles will lead to 
coagulation of the r-artkles via the interaction of the two hydrophobk surfaces". It is likdy that this 
coagulation would be more extensive for particles that have a greater proportion of the surface present 
as a hydrophobk basal plane. For a less-hydrophobic tak, interaction between hydrophobk surfaces becomes 
less important than interaction of the tak edges with adjacent water molecules. The suspension stabilities 
of the four samples of pure tak decreased in the following order: 

local talc >New York tak, fibrous tak > foliated tak. 

The resulis therefore imply that the local tak was the least hydrophobk sample and the foliated tak the 
most hydrophobk, with the New York and fibrous taks having hydrophobkities between the two extremes. 
Qualitatively, the settling data agree with the order of hydrophobkity suggested by the orientation ratios. 

The stability of a suspension of New York tak as a function of pH value is unique in that a pronounced 
increase in suspension stability was apparent at alkaline pH values. For all the other samples of tak, a 
constant susper sion stability was achieved at pH 6,0, and no change in stability occurred as the pH increased. 
The reason for this difference could lie in the fact that New York talc was ground in porcelain whereas 
all the other samples were ground in agate. Owing to the extreme softness of talc, some transfer of cations 
(particularly aluminium cations) in trace quantities to the New York tak cannot be ruled out. The effect 
of such cations would be to decrease the suspension stability to some extent, particularly at low pH values. 

6. CONCLUSIONS 
The measurements of contact angles and zeta potentials did not give any correlation with the flotation 

results. The orientation ratio of a sample could be correlated with its stability in suspension and to some 
degree with the floatability of the sample. 

The samples of pure talc were all highly floatable, <md small differences in flotation behaviour were 
not apparent in the small-scale tests. Although the orientation ratios of the pure-talc samples ranged from 
low to very high, the percentage of basal planar area was sufficient to ensure virtually complete recovery 
of the talc in the small-scale tests. 

Differences in the hydrophobic nature of various sanples would possibly emerge in the presence of 
organic talc depressants, and the flotation recoveries would be reduced significantly. This aspect will be 
investigated in the near future. 
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