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A B S T R A C T

A clay sample, off-green color, from Vitória da Conquista, northeastern Brazil was size fractionated by dispersion
and centrifugation. Three different grain-size fractions with different colors (pink, red and light green) were then
isolated. The aim was to characterize the physical and chemical properties of the raw clay and the resulting
grain-size fractions in order to evaluate their use in cosmetic products. X-ray diffraction, Attenuated Total
Reflectance - Fourier Transformed Infrared, scanning electron microscopy, X-ray fluorescence spectroscopy,
inductively coupled plasma-atomic emission spectrometry, cation exchange capacity measurements, oil ab-
sorption and swelling capacity, plastic and apparent viscosities and microbiological tests were used to char-
acterize the samples. The grain-size fractions are composed of smectite and kaolinite, without the presence of Si-
polymorphs (α-quartz or cristobalite), and showed attractive colors, good swelling capacity, good oil absorption,
microbiological safety and chemical inertia. These characteristics make these samples potentially interesting for
applications in pharmaceuticals and cosmetics.

1. Introduction

Clays are abundant, low-cost and environmentally friendly mate-
rials that have a wide range of applications in diverse fields of industry
(Madejová et al., 2010; Murray, 2007; Stucki, 2006). Raw clay deposits
are rarely pure and most are composed of two or more clay minerals
thoroughly mixed with one another, and variable amounts of non-clay
minerals in the form of associated minerals (such as quartz, feldspars,
carbonates, oxides and hydrated oxides of iron and aluminum), amor-
phous materials and organic matter (Bergaya and Lagaly, 2006;
Rautureau et al., 2017).

The technological criteria for choosing clay raw materials for a
particular technological application, such as clay-polymer nano-
composites, catalyst supports and filler materials on polymers and
paper, depend on the degree of purity and the properties of the clay
minerals present, described as mineral composition, size particle dis-
tribution, reactivity and catalytic activity, specific surface area, swel-
ling capacity and cation exchange capacity. For applications on the
health field, such as active principles, adsorbents, fillers and excipients

in pharmaceutical and cosmetics formulations, other requirements must
also be satisfied to avoid potential risks to human health. In these cases,
stability, chemical inertness, low or null toxicity, and safe micro-
biological activity should be in accordance to the limit recommended in
the international Pharmacopoeia Standards; even as good adsorptive
capacity, pleasant colors, neutral odor, softness, and appropriate
rheological properties (Barkat et al., 2003; Carretero, 2002; Konta,
1995; López-Galindo et al., 2007; Murray, 2000; Shah et al., 2013; Silva
et al., 2011).

The main clay minerals used in the pharmaceutical and cosmetics
industry are kaolinite, talc, smectites (montmorillonite, saponite and
hectorite) and fibrous clays (palygorskite and sepiolite) (Carretero and
Pozo, 2010; Khurana et al., 2015; López-Galindo et al., 2007). Natural
deposits of these clay minerals are rarely pure and may exhibit sig-
nificant variation in their chemical composition. Some materials, such
as kaolin, talc or sepiolite have small variations from the ideal com-
position; others, such as smectites, have a broad compositional range as
a result of the considerable isomorphic substitutions in their structure,
together with the different types of cations present in their interlayer
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space (López-Galindo et al., 2007; Sandri et al., 2016). Before use, the
clay raw materials are usually beneficiated using different techniques to
eliminate accessory minerals, improve their physicochemical proper-
ties, and increase their quality. Clay beneficiation involves different
physical and chemical treatments, such as bleaching and magnetic se-
paration, flotation and selective flocculation, drying and calcinations,
size fractionation and chemical modification and activation (Carrado
et al., 2006).

Size fractionation is a simple and gentle method commonly used to
separate the clay minerals from the larger non-clay minerals (such as
quartz) that could be trapped between the non-exfoliated aggregates
(Carrado et al., 2006; Van Olphen, 1963). Size fractionation can also be
used to separate and to isolate different types of clay minerals present in
common clays that usually contain different types and proportions of
clay minerals (Bush and Jenkins, 1966; Halma, 1968; Moore and
Reynolds, 1989). Some clays, such as kaolins, are composed pre-
dominantly of one clay mineral and other clay minerals as impurities,
and are commonly beneficiated by size fractionation at industrial scale
to obtain relatively pure clay minerals; normally, no> 90% enrich-
ment is achieved (Bergaya and Lagaly, 2013; Murray, 2001). Other
materials, such as common clays, contain mixtures of different clay
minerals, including kaolinites, smectites, micas and mixed-layer clays
(Harvey and Lagaly, 2013; Murray, 2007) which are very difficult to
separate and isolate into pure clay minerals. Nevertheless, these clays
have a wide range of physical and chemical properties thus making
them suitable for manufacture, generally without previous enrichment,
of a diverse variety of products, including expanded aggregates, hy-
draulic cement, and mainly structural clay products, such as bricks and
tiles (Keith and Murray, 2006; Murray, 2007).

Common clays have been used in cosmetics and health applications
since the earliest recorded history and their physical and chemical
properties have been studied by many authors (Carretero et al., 2013;
Carretero and Pozo, 2010; Legido et al., 2007; Mattioli et al., 2016;
Rautureau et al., 2017; Roselli et al., 2015; Williams and Haydel, 2010).
Common clays are generally used without any enrichment processing;
in some cases, however, it is necessary to remove certain associated
minerals (mainly calcite, dolomite, quartz, feldspars and heavy metals)
that can exceed the pharmacopoeia requirements or modify the ap-
propriate mineral properties. Size fractionation is a simple, low-cost
enrichment technique that can remove accessory minerals and ad-
ditionally lead to separating the clay into different grain-size fractions,
each fraction with a different chemical composition and different
physical properties. The aim of the present study is to describe the size
fractionation by dispersion and centrifugation of a clay sample from
Vitória da Conquista, State of Bahia, northeastern Brazil and to char-
acterize the physical and chemical properties of the clay and the re-
sulting grain-size fractions to evaluate their potential use in the cos-
metic industry.

2. Materials and methods

2.1. Materials

The clay analyzed in this paper comes from Vitória da Conquista
city, south-central part of Bahia state, northeastern Brazil, located in
the eastern Brazilian pegmatite province (EBPP). The pegmatites pre-
sent in this region are related to the granitic magmatic developed
during the Brasiliano Pan African cycle. Vitória da Conquista pegmatite
are lenticular and venular, embedded in metamorphic rocks of medium
to high grade (mica schist and gneisses), with muscovite low in Li, beryl
(aquamarine), columbite-tantalite, monazite and samarskite (Dardenne
and Schobbenhaus, 2001; Viana et al., 2003). Clay deposits in this re-
gion are currently used for oil and gas extraction exploration, building
construction, and other traditional applications (Silva, 2014; Soeiro,
2014).

A raw clay sample, off-green color, was ground and dried in an oven

at 60 °C. The dried raw clay (VM) was sieved through a 200-mesh sieve
(0.074 mm) and stored for later use. Analytical-reagent grade chemicals
and distilled water were used to perform all the experimental proce-
dures.

2.2. Methods

2.2.1. Fractionation of raw clay
The dried raw clay sample (VM) was enriched by separating dif-

ferent grain-size fractions by dispersion and centrifugation. 30 g of
dried VM clay was added to a 600 mL metallic vessel containing 300 mL
of distilled water, then the dispersion was stirred in a Hamilton Beach
mixer at 14,000 rpm, for 20 min; the dispersion was then transferred to
a 600 mL beaker and left to rest overnight at room temperature. After
the resting time, we observed that the beaker presented three phases of
different colors, each corresponding to a different grain-size fraction,
namely, a first supernatant of pink color (VMF1), a second intermediate
sedimented phase of red color (VMF2), and at the beaker bottom, a
third sedimented phase of light green color (VMF3). In order to isolate
each grain-size fraction, the dispersion was stirred again, centrifuged at
1500 rpm for 15 min, and the supernatant, VMF1, was then transferred
to a beaker. The intermediate fraction, VMF2, and the last fraction,
VMF3, were gently separated from each other with the aid of a spatula
and transferred to different beakers. After partitioning, each grain-size
fraction was washed three times with 300 mL of distilled water and
centrifuged for 10 min at 1500 rpm for VMF2 and VMF3, and at
8000 rpm for VMF1. All the isolated clays were dried at 60 °C for 24 h.

2.2.2. Chemical analysis
The chemical composition of the raw clay sample (VM) and their

separated grain-size fractions (VMF1, VMF2, and VMF3) were de-
termined by X-ray fluorescence spectroscopy (XRF), following the
method described by Mori et al. (1999), using a Philips PW2400 se-
quential WXRF spectrometer, with rhodium anode. The concentration
of toxic heavy metals arsenic (As) and lead (Pb) in the samples were
determined quantitatively, after initial digestion with hydrochloric acid
(US Pharmacopoeia, 2007), using inductively coupled plasma atomic
emission spectrometry (ICP-AES) (Spectro Brand Model Arcos, SOP).
The mercury (Hg) presence was determined by Flow Injection Mercury
System (FIMS) using a Perkin Elmer apparatus, model FIMS-100.

2.2.3. X-ray diffraction (XRD) and Rietveld refinement
The mineralogical analysis of samples VM, VMF1, VMF2, and VMF3

was performed by powder X-ray diffraction, using a Philips X'Pert MPD
diffractometer with CuKα radiation, operating at 40 kV and 20 mA, at
2θ step scan of 0.1°/s. XRD samples (VM, VMF1, VMF2, and VMF3)
were obtained by sedimentation techniques. An aqueous suspension of
each sample (1.0 g of dry sample in 15 mL of distilled water) was
transferred with a pipette onto glass slides, allowed to air dry and then
subjected to the following treatments: solvation in ethylene glycol
vapor and heating at 500 °C for 4 h.

The Rietveld method (Rietveld, 1969), using the program TOPAS-
Academic v5, was employed to quantify the mineral phases in the
samples. The XRD patterns used for the quantitative analysis were ob-
tained from randomly oriented samples prepared by grinding clay
samples in mortar and pestle, sieving and filling a specimen holder with
a glass slide. The pertinent crystal structure information for smectite
(Viani et al., 2002) and kaolinite (Bish and Von-Dreele, 1989) were
extracted from the Inorganic Crystal Structure Database (ICSD). The
following structural parameters were refined for all patterns: scale
factor, zero point shift, background using Chebyshev approximation
polynomial, unit cell parameters, preferred orientation and the aniso-
tropic temperature factors. The residual factors of the refinement,
weighted profile R-factor (Rwp), expected R factor (Rexp) and the
goodness-of-fit (GOF) were used as criteria of fit (Toby, 2006; Young,
2002).
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