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Abstract

Na-feldspar (albite) and K-feldspar (microcline or orthoclase) are major feldspar minerals with identical
crystal structures and physico-chemical properties. Flotation appears to be a unique method of separating
these minerals. Fundamental studies on an amine/feldspar system in the presence of monovalent salts have
shown that separation of these feldspar minerals by flotation is possible at certain a concentration of
monovalent salts at natural pH. In this study, flotation separation in hydrofluoric acid (HF) mediumin the
presenceof salt wasfound to occur at higher amine concentrationsat natural pH. A general mechanismbased
on differences in the charge of albite and microcline is proposed to be responsible for creating a surface
charge on albite and microcline onto which amine adsorbs.
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Introduction
Feldspars are used for their dlumina and alkali contentsin a
variety of industries, including glasses, glazes, enamels, tile
and porcelain. Albite and microcline are the most important
commercia feldspars, but the marketed products usually
contain varying proportions of the other members of the
system (O’ Mearaetal., 1939). Granites, pegmatites, nepheline
syenites, aplites and feldsphatic sands constitute the fel dspar
reserves of the world. The major impurities in feldspars are
mica, quartz and other color-imparting ferruginous impuri-
ties. Flotation isthe most popular method for removing these
impuritiesinthe order of mica, colored impuritiesand quartz.
A hydrofluoric acid (HF) process has been the most
efficient method found for separating feldspar from quartz.
Hence, a number of studies have been devoted to this prob-
lem, despitethefact that the use of HF suffersfromagrowing
awareness of environmental and health problems. A number
of investigators have developed a mixture of cationic and
anionic collector formulationsin an acidic circuit (pH 2) for
the separation of quartz from feldspar in the absence of
fluoride ions (Katayanagi, 1974; Shimoiizaka et al., 1976;
Malghan, 1981). Other investigators using the same reagent
scheme, but unexpectedly at natural pH, reported the possi-
bility of separating feldspar from quartz (Tang et al., 1988;

Liuetal., 1993; Ardhaand Atangsaputra, 1994; Chenget al.,
1995). Buckenham and Rogers(1954) emphasized that quartz
and soda-potashfel dsparsshow practically identical responses
to solutions of dodecylamine hydrochloride between pH 4
and 12. Suliin and Smith (1966) made similar tests with
concentrated HCI and HF pretreated microcline and showed
that HF pretreatment resulted in activation, while HCI pre-
treatment depressed flotation. Rao and Forssberg (1993)
investigated the fundamental's of quartz/feldspar separation
by asserting that the success of flotation selectivity mainly
depends on the flotation pH at which thereis avariation in
surface charges of feldspar and quartz, so that the amine
cation adsorbs on feldspar but not on quartz.

The majority of feldspar ores, Na-Feldspar (albite,
NaAlSi;Og) and K-feldspar (microcline or orthoclase,
KAISi;Og), arefoundinthesamematrix, usually in quantities
of about 3% to 5% Na,O and K,O. Theobjectiveisto separate
feldspar into pure phases of Na and K, as the latter is more
valuabletotheindustry. Theaim for apractical applicationis
often to raise one of the values of Na,O or K,O above 8%
while keeping the other below 3%.

The separation of individual feldspars using various salts
in HF medium, to the authors’ knowledge, was carried out by
Russianresearchersinthelate sixtiesand early seventies, and
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Table 1 — Complete chemical analysis of the albite and
microcline.

Compound Albite, % Microcline, %
Sio, 66.02 65.30
AlL,O, 19.92 18.72
Fe,Oj 0.04 0.05
MgO 0.04 0.01
CaO 1.74 0.24
Na,O 10.68 2.84
K,0 0.42 11.81
Tio, 0.04 0.01
P,Os 0.49 0.32
Cr,0; 0.022 0.024

avery brief review isgiven by Manser (1975). Y anis (1968)
claimsthat Mg and Caionsin amine flotation with HF act as
depressant for Na-feldspar and thereby concentrate K-feld-
spar. Starikova (1968) conducted differential flotation of Na-
K by fluoride activation in the presence of 15-g/L NaCl and
found an increase in the potassium content of the feldspar
concentrate. Revnivtzev et al. (1968) reported that, while
potassium and ions with similar radii (e.g., Rb, Cs and Ba)
depressed the potassium feldspar, Na, Ca, Sr and Mg de-
pressed the sodium and calcium feldspars. Treatment by HF
was found to both increase the selectivity and decrease the
concentration of required salt depressant. Marius and Laura
(1970) tested V oineasa pegmatites containing equal amounts
of Naand K feldspars using amine collector. The best results
were achieved when Na-feldspar was depressed with NaCl.
Demir et a. (2001) showed that sodium ions depress Na-
feldspar during theflotation of alkali feldspar at natural pH in
the presence of an amine-typecollector called Genamin-TAP.

Despite fragments of such literature avail able on differen-
tial flotation of akali feldspars, the statements are often
unsubstantiated and contradictory. The aim of this study is,
therefore, to systematically investigate the surface chemical
properties of both Na- and K-Feldspars in the presence of
monovalent saltsand HF. An attempt ismadeto shed light on
the mechanism of selective flotation of feldspar mineralsin
the presence of HF.

Experimental

M aterials. Thehigh-purity albiteand microcline samplesused
in these experiments were obtained from the Cine region of
Turkey. The chemical analyses of the samples, Table 1, to-
gether withthe XRD analysisreveal that the samplesconsist of
albite and microcline with albite impurity. The lump-sized
material was crushed using a hammer and ground in an agate
mortar. This was followed by wet screening to produce a
sample (150 x 53 pum) for microflotation studies. The fine
fraction (-53 um) wasfurther groundto obtaina-38-umsample
for zetapotential, solubility and adsorption measurements. The
cationic collector, Genamin-TAP (G-TAP), is a commercial
reagent manufactured by Clariant of Germany. The reagent is
inthe solid form and wasprepared at pH 3, asrecommended by
the manufacturer. The pH was adjusted by HCl and NaOH.
Distilled and deionized water was used in all experiments.

M ethods. Microflotation tests were carried out in a 150-mL
column cell (25 x 220 mm) equipped with a 15-um frit and a
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Figure 1 — Floatability of albite and microcline at HF
medium.

magnetic stirrer. One-gram samples were conditioned for ten
minutesin 150 mL of solution containing the desired collec-
tor. The samplewasthen floated for one minute with nitrogen
gas at a flow rate of 50 cm3/min. The float and unfloat
fractions were dried and weighed to calculate the percent
floated

Adsorptiontestswere carried out in 40-mL Teflon-capped
glass vials. For each test, a one-gram sample of the feldspar
was mixed in 20 mL of surfactant solution at asolid to liquid
ratio of 0.05. The vialswere shaken for one hour on a shaker
and centrifuged for 15 min. The supernatant was analyzed for
its amine content using picric acid in the presence of chloro-
form (Sabah, 1998). Theadsorption density wascal cul ated by

G = (C - C,)V/1,000S (1)

where
C, and C, represent the initial and residual surfactant
concentrations in mg/L,
V is the volume of the solution in mL,
Sdenotes the amount of solidsin grams and
G isthe adsorption density in mg/g.

Results and discussion

Sodium and potassium feldspars show the same crystal-
chemical properties. Subtle differences are respectively am-
plified by the presence of Na" and K* ions in their crystal
lattices. The surface-charge characteristics of the feldspar
mineral surface mainly dependsontheratio of the cationsand
dissociated silanol groups asafunction of pH. Increasing the
pH leads to an increase in the negative centers. Similarly, a
decrease in pH resultsin positively charged centers.

The magnitude and sign of the surface potential, which
determines the extent of adsorption and in turn flotation, are
dependent upon the concentration of Na* and K* cations
(Me"), and pH of solution. Surface potentia calculations
madeby Demir et al. (2001) show that microclineisonly 9mV
more negative than albite. This confirms the flotation data
obtained in Fig. 1, where both minerals in the presence of
amine (G-TAP) and HF exhibit identical floatability. Similar
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Figure 2a —Floatability of albite and microcline vs. salt
concentration with 0.67 mg/L of G-TAP and 5.10°M HF
addition.
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Figure 2b — Percent difference in the floatability of albite
and microcline as afunction of salt concentration under the
conditions of Fig. 2a.

results were previously obtained in the absence of HF and
were explained as follows: Increasing the cation concentra-
tion of the common ion in solution leads to the displacement
of the potential values for albite and microcline to more
positive values and, hence, creates afavorable profile for the
adsorption of cationic collector onto different feldspar miner-
as (Demir et al., 2001).

Figure 2a shows floatability of abite and microcline at
constant amine addition of 0.67 mg/L and 5 x 103 M HF
concentration. Interestingly, albite and microcline systems
exhibit adistinct minimum around 5 x 102 M salt addition as
that of natural pH presented elsewhere (Demir et a., 2001)
and provide the widest window of separation. The percent
difference (%e) against salt concentration given in Fig. 2b
further illustrates that the selectivity between albite and mi-
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Figure 3a — Floatability of albite and microcline against
amine concentration at 5x102M of salt and 5x10°*M HF
additions.
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Figure 3b — Percent difference in the floatability of albite
and microcline as a function of salt concentration under the
conditions of Fig. 3a.

croclineisoptimumaround5x 10-2M salt additionwith better
results obtained in the presence of NaCl.

Figures 3aand 3billustrate the flotation recovery of abite
and microcline with constant salt levelsof 5x 102 M and 5 x
103 M HF but varying G-TAP additions to explore whether
the window of selectivity can be improved. Examination of
Fig. 3aclearly shows that the flotation profile of microcline,
asin Fig. 2a, remains practically the same in the presence of
both NaCl and KCI. Thisvividly exemplifiesthat theflotation
behavior of microcline has not changed much but the float-
ability of albite hasbeen retarded or depressed in the presence
of salt — more significantly with NaCl. The reason for the
depression of abite can be ascribed to theinability of albiteto
undergo an effective ion-exchange process with NaCl and
KCI and thereby remain less negatively charged on the sur-
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Figure 4 — Adsorption isotherms of albite and microcline
in monovalent salts suspensions at natural pH.

face, onwhichtheadsorption of cationic collector isrelatively
hindered (Demir et al., 2001).

The percent difference (%e) between the floatability of
albite and that of microcline in the absence and presence of
HF, Fig. 3b, showsthat at about 0.83 mg/L of G-TAPaddition,
amaximum difference of about 77% is achieved with NaCl;
under the same conditions, KCI imparts a difference of ap-
proximately 14%. Under similar conditions, the data in the
absence of HF at 0.30-mg/L G-TAP concentration yield an
optimum percent difference of about 71% with NaCl and 44%
with KCI. Despite the concentration difference of about three
times (0.30 vs. 0.83 mg/L), the overall resultsin HF and non-
HF systems show about the same results with NaCl, but KCI
salt performs better in the case of natural system. Researchis
in progress to find out whether these results will translate in
the same scale when applied to actual ores.

Results presented in Fig. 3b for HF and non-HF media
indicate that the former system requires about three times
higher amine levelsfor the same flotation recovery. This has
been well illustrated in a study where flotation of quartz with
amineisreported asafunction of pH (Takedaand Usui, 1987).
Itisshown that the required amine concentration for the same
flotation recovery increasesconsiderably with decreasing pH.
The adsorption and flotation of amineisrespectively foundto
exhibit a minimum and maximum in the vicinity of pH 10,
where ion molecular complexes form. In this study, the
adsorption of amine in the presence of HF decreases with a
decrease in pH in line with the above findings.

A critical finding in this study is whether the salt ions
actually adsorb on feldspar minerals. Figure4illustratesthat,
except for the albite/KCl system, the adsorption isotherms
reach plateau values at about 10-2M equilibrium salt concen-
trations, which correspond to the inflection points in the
flotation curves. Because ion-selective electrodes were not
functional at relevant acidic pH medium, the measurements
were conducted at natural pH. These results, although they
reguire further explanation, indicate that both ion exchange
and adsorption are taking place at the feldspar interfaces.

Theadsorption of amineasafunction of salt concentration
inHF mediumisgiveninFig. 5. Interestingly, the adsorption
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Figure 5 — Adsorption density of amine as a function of
added salt concentration in the presence of HF.

of amine exhibits a minimum for albite and maximum for
microcline at salt concentrationsintheregionof 1x 102M to
5x 102M, which correspondsto the optimum salt concentra-
tion and flotation as well. The adsorption of amine on albite
decreasesconsiderably inthepresenceof salt. Such difference
in adsorption for both saltsiswell reflected in the flotation of
individual feldspar minerals.

Thisfindingisinlinewiththezeta-potential measurements,
where microcline had more negative charge and, in turn, a
higher ability tointeract withthecationic surfactant. Similarly,
theion-rel ease measurements determined el sewhereindicated
that K ion showed a maximum around 5 x 102 M salt concen-
tration for microcline but no appreciable ion release was
observed in the case of abite. The addition of salt beyond
about 5 x 102 M exhibits a rather sharp increase in flotation
recoveries for both abite and microcline. This enhancement
was basically attributed to pseudo-hydrophobic effect at high
salinity (Demir et al., 2001).

Theliterature resultsdiscussed abovefor the selective Na-
K feldspar separation seemsto employ only HF medium. The
first mechanism on fluoride activation of feldspar at low pH
wasgiven by Buckenham and Rogersin 1954. They proposed
that fluoride givesriseto sites of charged aluminum/fluoride
complexesat themineral surface onwhich cationic collectors
adsorbs. A second explanation was given by Smith (1965),
who investigated the activation of beryl and feldspar with
fluoride in cationic collector systems. Smith believed that
fluoride attacked the surfacesilicic acid on themineral result-
ing from the adsorption of the fluorosilicate ions on surface
aluminum sites, giving rise to negatively charged sites that
could attract cationic collectors. Smith (1965) also proposed
an alternative mechanism involving the formation of
RNH,;SiFg-complexes in solution, which then adsorb by re-
placing surfacehydroxyls. Theformationof negatively charged
alumina-fluoride complexes at mineral surfacesis one of the
reasons for fluoride activation.

Theexclusiveuseof HF mediumindifferential flotation of
Na-K feldspars in the literature was noted. Whether this is
conscientiously done is not known at present due to difficul-
tiesin obtaining the full text of these references. Irrespective
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of the mechanism of fluoride activation, the use of saltin HF
medium appears to induce no significant selectivity when
compared to natural pH. Because, fluoride ions seem to
equally activate both feldspar minerals.

Conclusions

Selective flotation of Na- and K-feldspars using aminein HF
medium in the absence of salt is not possible due to the
similarities in their crystal and chemical properties.
Microflotation dataindicatethat it is possibleto separate Na-
feldspar from K-feldspar using monovaent salts in HF me-
dium at low pH levels. Adsorption measurements together
with flotation recoveries in the presence of amine reveal an
optimum salt concentration of 5x 102 M. The most efficient
separation of microclinefromalbiteinHF mediumisobtained
inNaCl solutionswith adifferenceof 77% between albiteand
microcline. A mechanism based on the adsorption of common
ions, and ion exchange between the added salt of uncommon
ions and those ions in the crystal matrix and the resultant
surface modification is proposed to be responsible for the
observed selective separation.

Although the use of HF is not encouraged because of
environmental concerns, its success must be compared with
other acidssuchassulfuricacid. Theauthors' recent resultson
feldspar ores show that albite-microcline separation is not
awaysinduced at natural pH if extensive perthitic textureis
present; the performance and limitation of each acid must be
ascertained for commercial applications.
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