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The ceramic tile industry is a big consumer of feldspathic rocks and further raw materials
able to act as flux during firing. This demand is currently fed with the recourse to a wide
range of sources of igneous, sedimentary, metamorphic and metasomatic origin. The
main geological features of flux deposits actually exploited by the ceramic industry are
reviewed. The chemical and mineralogical composition is described to have a general
picture of raw fluxes as well as average data and compositional perimeter for deposits of
different origin. Overall beneficiation routes are drawn to trace the compositional path
from deposit to commercial flux. The technological behavior in tile-making is shortly
overviewed and new experimental data are provided on flux fusibility (by hot-stage
microscopy). A chart is proposed to discriminate fluxes according to different fusibility.

Keywords: ceramic tile; feldspar deposit; flux; fusibility.

INTRODUCTION

Fluxes are fundamental ingredients of bodies and
glazes used in the production of ceramic tiles, where
they are mostly employed in vitrified and semivitrified
bodies, like stoneware and porcelain stoneware (Singer
and Singer, 1963; Dondi et al., 2014; Dondi, 2018a).
Fluxes have the primary function to melt during firing
and provide an adequate amount of liquid phase that is
essential for viscous flow sintering (Kyonka and Cook,
1954; Cambier and Leriche, 1996; Zanelli et al., 2011).
Alkali feldspars, particularly sodic plagioclase and
K-feldspar, are quintessentially considered the ceramic
fluxes (Sanchez Mufioz and Garcia Guinea, 1992; Dill,
2010) even though a wide range of minerals can play
as flux - including feldspathoids (nepheline, leucite),
micas (muscovite, sericite), lithian silicates (lepidolite,
spodumene, petalite), magnesian and calcian silicates
(tale, chlorite, diopside, wollastonite) and zeolites -
besides their fusibility may be far from that of feldspars.
Therefore, many kinds of ceramic fluxes are present on
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the market, which composition and properties depend on
geological sources and specific features of the various
deposits under exploitation (Dondi, 2018Db).

There is a general knowledge on ceramic fluxes, since
several reviews were dedicated to deposits of feldspar
(Potter, 2006), pegmatite (London, 2005; Dill, 2015a),
nepheline syenite (McLemore, 2006), talc (McCarthy
et al., 2006) and wollastonite (Robinson et al., 2006).
Despite this body of literature, some sources are still
neglected (metamorphics, epithermal deposits) or
their actual relevance for the ceramic tile industry is
underestimated (albitites, acid volcanics). Nevertheless,
an exhaustive picture is still lacking, as the link between
geology of deposits and composition of raw materials,
and technological behavior in ceramic tile-making does
not stand out from the literature.

Thus, the goal of the present paper is to overview sources,
compositional features and technological properties of
feldspathic fluxes and alternative raw materials utilized in
the manufacturing of ceramic tiles worldwide.
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EXPERIMENTAL APPROACH

The experimental approach follows a rationale
consisting of four steps:

i) to collect literature data on raw and beneficiated
fluxes used by or proposed to the ceramic tile industry;

ii) to elaborate the raw composition according to the
various flux sources;

iii) to gather information on the technological behavior
of beneficiated fluxes, integrating literature with new
experimental data on the various sources;

iv) to draw a global picture linking geology of deposits
with composition and technological behavior of ceramic
fluxes.

An overall review of the literature and available
industrial data on fluxes used by or proposed to the
ceramic tile industry was carried out by gathering
geological features of deposits as well as chemical and
mineralogical composition of fluxes. For this purpose,
over 1,100 literature sources were consulted; only the
most relevant are cited here, while the whole body of
references is reported in Dondi (2018b).

Thechemical compositionistheonlypiece ofinformation
always made available in the literature on ceramic fluxes.
In order to compare fluxes recovered from the various
lithologies, having a different mineralogical composition,
a primary distinction was done between alkaline and
alkaline-earth fluxes, the latter being those with the sum
MgO+CaO>6%wt. This threshold was arbitrarily chosen
as the best to discriminate the fluxes based on sodic and
potassic minerals (feldspars, feldspathoids, sericite) from
those characterized by magnesian and/or calcian minerals
(anorthite-rich plagioclase, talc, wollastonite, diopside,
chlorite, tremolite, carbonates). Chemical data were
elaborated to make easier the comparison of different
sources; the following parameters were calculated:

* The equivalent feldspar amount (Fd,) is the
percentage of feldspars corresponding to the Na, K
and Ca oxides, expressed as: Fdo=(OreqtAbe tAng).
The equivalent amounts of K-feldspar (Or,y), Na-
feldspar (Ab,,) and Ca-feldspar (An,) are calculated
from the weight percent of K,O, Na,O and CaO,
respectively, in the chemical composition of a given
flux:

Or,=%K,0%5.91 (i.e., 100/16.92%wt. K,O in the
nominal Orthoclase, KAISi;0g);

Abg=%Na,0%8.46 (i.e., 100/11.82%wt. Na,O in the
nominal Albite, NaAlSi;Og);

Ang=%Ca0x4.96 (i.e., 100/20.16%wt. CaO in the
nominal Anorthite, CaAl,Si,0g);

this refers to one atom of alkali in the case of K,O
and Na,O.

* The alkali ratio (AR) is expressed as the fraction of
the equivalent amount of K-feldspar with respect to

the sum Orthoclaset+Albite in equivalent amounts:
AR=Oro/(Oreqt+Abgg).

e The alkaline-earth ratio (AER) is expressed as the
fraction of CaO with respect to the sum of magnesium
and calcium oxides, by weight, AER=CaO/
(CaO+MgO).

e The chromophore amount is the sum of total iron
oxide and titanium dioxide: Fe,Os3,,+TiO,, where
iron is expressed as Fe,O; o, (FeO+Fe,03) where
divalent oxide was recalculated as trivalent oxide.

As far as the technological properties of fluxes, the
thermal behavior under the hot-stage microscope (HSM)
was considered (Paganelli, 1996; Venturelli, 2011).
Among the characteristic shapes assumed by the specimen
during heating, those corresponding to softening and half
sphere were chosen as the most representative of the
firing behavior of fluxes. Both the softening temperature
(Tsor) and the hemisphere temperature (T,,) of ceramic
fluxes were taken from the literature (Dondi et al., 2001).
This data-base was integrated with new analyses of 56
ceramic fluxes from various sources, actually utilized
by the ceramic tile industry. The melting behavior was
determined with the HSM Misura 3 (Expert System
Solutions, Italy) with 10 °Cxmin’!' of thermal rate, using
a cylindric specimen (height 2 mm x diameter | mm)
obtained by manual pressing of powders (particle size: all
passing 100 um).

RESULTS AND DISCUSSION
Deposits of ceramic fluxes

Feldspathic raw materials and further ceramic fluxes
are recovered from a wide range of deposits pertaining
to different geodynamic environments (Figure 1). The
various sources are arranged in Table 1 (igneous rocks)
and Table 2 (sedimentary, metamorphic and metasomatic
rocks) where a short geological description is given
together with the main lithologies and the type of deposits
industrially exploited. Examples of flux deposits are
reported for each source.

An important set of deposits are found in granitic suites,
where granitoids occur together with the corresponding
extrusive and hypabyssal terms (e.g., rhyolites,
porphyries) along with acid differentiates (pegmatites and
aplites) as valuable flux sources.

Granitoids used in ceramic tile production consist
mainly of syenogranite and monzogranite, with leucocratic
terms sought-after by the ceramic industry. The global
production is estimated to be around 3.6 million tons
per year from approximately 50 mines. Major deposits
are in Italy: Cacciano, Monte Camoscio and Montorfano
(Grisoni and Boriani, 1990); Poland: Stary Lom, Strzeblow
I, Pagorki Zachodnie and Pagdrki Wschodnie (Lewicka,
2004); Brazil: Jundiai, Itupeva, Sorocaba and Mogi das
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FLUXES FOR CERAMIC TILES
-

Figure 1. Geological sketch of sources of ceramic fluxes: 1) Granitoids; 2) Pegmatites; 3) Aplites; 4) Skarn deposits; 5) Acid volcanics (d:
lava domes and flows, py: pyroclastics) and subvolcanics (s: porphyry); 6) Epithermal alterations (pottery stone, eurite, leucophyllite);
7) Arkosic arenites (e: eolic, f: fluvio-deltaic, m: marine); 8) Nepheline syenites and other silica-undersaturated rocks; 9) Syenites and
other intermediate igneous rocks; 10) Metamorphics (g: orthogneiss, p: porphyroid, ph: phyllite); 11) Albitites and products of sodic

metasomatism; 12) Basic (b) and ultrabasic (u) igneous rocks.

Cruzes (Motta et al., 1998); United States: Spruce Pine
and Monticello (Potter, 2006). Greisenized terms occur in
some deposits, like Saint-Austell, Cornwall, UK (Weidner
and Martin, 1987); Montebras, France (Dudoignon et
al., 1988); Krasno, Czech Republic (Jarchovsky, 2006).
A few deposits of alkaligranite (Ahmed et al., 2013),
granodiorite (Venturi and Fiori, 1990; Naga et al., 2012)
and trondhjemite (Sotillo, 2014) have been exploited or
proposed for ceramic tiles.

Pegmatites and aplites are the classic source of
feldspar: about 4.8 million tons are extracted every
year from several aplito-pegmatitic fields all over the
World (Cemy and Ercit, 2005; Dill, 2015a). The nearly
500 active mines represent approximately two thirds of
the total flux deposits in operation (Dondi, 2018a). The
largest pegmatite districts for the ceramic tile industry
are in India: Rajasthan (Joshi et al., 1993) and Andhra
Pradesh (Sarkar, 2001); Thailand: Ratchaburi, Ranong
and Tak provinces (Suwimonprecha et al., 1993); China:
Fujian (Yueqing et al., 1987) and Xinjiang (Zhang and
Chen, 2010); north and centre of Portugal (Antunes et al.,
2013; Neiva et al., 2012); Argentina: Sierras Pampeanas
(Galliski, 2009); Iran: the Sanandaj-Sirjan zone (Masoudi
et al., 2002); Brazil: Borborema-Serido (Beurlen, 1995)
and the Eastern Brazilian pegmatite province (Bilal et
al., 2001); various areas of South Africa (von Backstrom,
1976). Unusual ‘aplite’ deposits - which apparent aplitic
texture stems from some kind of rock alteration - occur

for instance in Italy: granite at Botro ai Marmi, Tuscany
(Loschi Ghittoni, 1972) and in the United States:
anorthosite at Montpelier, Virginia (Potter, 2006); their
production is globally around 0.7 million tons per year.

Acid volcanic and subvolcanic rocks are essentially
rhyolites-rhyodacites with minor dacites and comendites,
all occurring in a wide range of deposits (lava flows and
domes, ignimbrites and other pyroclastics). Hypabyssal
terms are typically porphyry veins or stockwork. The
total production is around 0.6 million tons per year
from about 20 mines worldwide. Acid volcanics are
important sources of fluxes in some countries, such as
Mexico: Ahuazotepec, Puebla (Solana-Lopez, 2012);
Italy: Boca-Lozzolo, Piemonte (Quick et al., 2009),
Torniella, Tuscany (Viti et al., 2007) and Murdeghina,
Sardinia (Bornioli et al., 1995); Germany: Saarland and
Rheinland-Pfalz (Bornhoft and Kleeberg, 2012); Turkey:
Kireg, Bilecik (Kara et al., 2009); Russia: Kostomuksha
and Roza-Lampi, Karelia (II’ina et al., 1999).

Syenoids encompass intermediate igneous rocks, both
silica-saturated and slightly oversaturated types, like
alkalisyenite, syenite, quartz-syenite and monzonite
(intrusive) or alkalitrachyte, trachyte and latite (extrusive).
The annual output might be around 100 thousand tons
on the whole, from few mined deposits. Examples are:
Piranshahr in Azerbaijan Qarbi, Iran (Mazhari et al.,
2012) and Lavrinha, Sao Paulo, Brazil (Enrich et al.,
2005) for syenite; Siedlec, Lower Silesia, Poland (Ociepa
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and Slosarczyk, 1988) and Ilgin, Konya, Turkey (Kayaci
et al., 2010) for trachyte.

Basic and ultrabasic igneous rocks can be incorporated
into ceramic tile bodies, like red-firing stoneware, even
though the actual amount used all over the World is hard
to be estimated (likely around half million tons per year).
A wide range of deposits was proposed, encompassing
intrusive and extrusive lithotypes. The former includes
gabbro (Moertel et al., 2005; Abdel-Aziz and Aly, 2006),
diorite (Anseau and Fierens, 1978; Bobkova et al., 2007),
plagiogranite (Bertolani and Loschi Ghittoni, 1982) and
anorthosite (Gamlem and Lyng, 1974; Philipp et al.,
2010); the latter basalt (Abramyan et al., 1968; Dvorkin
et al., 2000; Murzyn and Dyczek, 2009), andesite
(Gaprindashvili et al., 1990; Aziz and El-Khaliouby,
2007), basanite and tephrite (Naga and El-Maaty, 1994;
Leonelli et al., 2007).

Silica-undersaturated rocks from alkaline complexes
are exploited by the ceramic industry, which looks after
mainly nepheline syenite and its extrusive equivalent
(nepheline phonolite). However, further lithotypes, for
instance juvite, urtite, nepheline gneiss, leucite phonolite
and synnyrite can also occur in flux deposits. About 20
active mines ensure a global output around 1.5 million
tons per year, excluding the amount addressed to the
aluminium production. Nepheline syenite for ceramics is
principally extracted in Canada, Blue Mountain in Ontario
(Payne, 1968), Norway, Lillebukt in the Stjerney island
(Geis, 1979) and Russia, Vishnevogorsk in Southern Urals
(Nedosekova et al., 2009). Nepheline phonolite mines are
in operation at Lages, Santa Catarina, Brazil (Aumond
and Scheibe, 1996); Brenk, Eifel, Germany (Bornhoft
and Kleeberg, 2012); Zelenick)'f vrch, Czech Republic
(Pazdernik, 1997). Ultrapotassic fluxes are known in
Italy, where weathered leucite phonolite and tephrite from
Latium were in use (Bertolani et al., 1985; Bertolani,
1993). Synnyrite and related kalsilite-bearing rocks from
Eastern Siberia, Russia (Kostyuk et al., 1990; Mitchell,
1996) were proposed as ceramic fluxes (Yusupov et al.,
1991).

Feldspathic arenites, mainly arkoses, are important
fluxes for the ceramic tile industry. They are recovered
from sedimentary deposits that can be of aeolian, fluvio-
lacustrine, fan deltaic or marine origin (Table 3). The
World production is estimated to be about 2.6 million tons
per year from at least 35 active deposits. Arkosic sands
are largely employed in Italy, especially in the northern
Apennines (Bertolani et al., 1984) and the Sassarese-
Logudoro basin in Sardinia (De Carlo et al., 1990). Gravel
and conglomerate deposits, proximal to a crystalline
basement source, are exploited in the Czech Republic,
along the Jihlava and Luznice rivers (Stary et al., 2009).
On the other hand, sand deposits in Spain, Carrascal del

Rio and Rio Pirén, Segovia (Sanchez Mufioz and Garcia
Guinea, 1992) and Germany, Hirschau-Schnaitterbach in
Bavaria (Dill et al., 2016) are exploited to get potassic
feldspar as prime product along with quartz-feldspathic
fluxes.

Metamorphics are also utilized by the ceramic tile
industry with a yearly production around 1.1 million
tons, globally, from roughly 20 mines, exploiting various
lithologies. The most important flux is a peculiar type
of phyllite (so-called filito, more or less rich in sericite)
mined in Brazil (Biondi and Marczynski, 2004; de
Andrade et al., 2008) with the major deposits in Sao
Paulo (Itapeva and Pirapora do Bom Jesus), Parana
(Campo Largo) and Minas Gerais (Igarap¢). Sanidinite
deposits formed at high temperature by pyrometamorphic
processes (Grapes, 2010); a mine was in operation at
Piano del Pazzo, Latium, Italy (Gualtieri and Bertolani,
1991). Further sources are: orthogneiss (Karlsen, 2000;
Junkes et al., 2012), acid metavolcanics and porphyroid
(I’ina et al., 1999; Palomba et al., 2010), quartzite and
mylonite (Motta et al., 1999).

Albitites are unique metasomatic rocks formed by the
action of sodium-rich fluids on granitoids and/or acid
metamorphics. Such an albitization process can lead to a
high degree of replacement of albite after plagioclase and
K-feldspar. Albitites represent the major source of fluxes
for the ceramic tile industry with over 9 million tons per
year from about 70 active sites. The largest deposits are
located in the Menderes massif in southwestern Turkey,
where several mines are in operation (Cakir, 2005; Uygun
and Giimiiscii, 2000). Further active mining districts are
in central Sardinia, Italy (Palomba, 2001; Castorina et al.,
2006) and eastern Pyrenées, France (Boulvais et al., 2007,
Poujol et al., 2010).

Epithermal deposits are generated through low
temperature hydrothermal alteration (Allen et al., 1996;
Bove et al., 2007) that provides peculiar fluxes (e.g.,
pottery stone, agalmatolite and eurite) which are featured
by significant amounts of low melting minerals, such as
sericite. The global output is around one million tons per
year by dozens of active mines. Pottery stone is essentially
extracted in the Far East, where the Amakusa and Taishu
deposits, Japan, can be taken as archetypal (Hirano and
Sudo, 1994; Nakagawa and Matsuura, 1994). About
further epithermal fluxes, examples of active deposits
are: Mitsuishi, Japan (Ishihara and Imaoka, 1999) and
Dachyun, Korea (Koh et al., 2000) for sericitic roseki;
Weillenkirchen, Austria, for leucophyllite (Prohaska, 1985,
1991); Quadrilatero Ferrifero, Brazil, for agalmatolite
(Evangelista and Delgado, 2007); the Elba Island, Italy,
for eurite (Maineri et al., 2003; Benvenuti et al., 2006).

Skarn deposits - a general term for the metamorphic
halo around igneous intrusions where carbonate rocks
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are metasomatized (Meinert et al., 2005) - are the source
of ceramic fluxes based on talc, chlorite, magnesite,
wollastonite, and diopside. They feed the ceramic tile
industry with at least one million tons per year from
nearly 80 active mines. Well-known talc, talc-magnesite
and talc-chlorite deposits are: Trimouns, Luzenac, France
(de Parseval et al., 1994); Yellowstone, Montana, USA
(Anderson et al., 1990); Paran4, Brazil (Gondim and Jiang,
2004); Rabenswald, Austria (Prohaska, 1985; Moine et
al., 1989). The largest wollastonite deposits are in China:
Jilin and Liaoning (Yuangui et al., 1983) and in the United
States: Willsboro, New York (Grammatikopoulos and
Clark, 2006). Diopside is extracted in Brazil, Castro Alves,
Bahia (Kuzmickas et al., 2013) and Russia, Slyudyanka
near Irkutsk (Vereshchagyn et al., 1989).

Composition of ceramic fluxes

The diversity of lithologies and genetic conditions
of flux deposits reflects into a vast range of chemical
and mineralogical composition of raw materials. Such
compositional traits are rather well differentiated upon the
above-mentioned sources, as it stands out by comparing

the major elements of raw deposits, as reported in Table
3, which lists the average of available data (one for each
deposit) prior any beneficiation process. In any case, a
noteworthy compositional variability is present even
within the same source, since data are often characterized
by arather high standard deviation of mean concentrations.
The compositional differences between the various
sources can be appreciated in the Figures 2 to 5.

Fluxes obtained from granitoids are characterized
by high quartz (typically 20-40%) with an equivalent
feldspar content (Fd.,) between 60% and 75% (Figure
2C). The main fluxing minerals are both alkalifeldspar
(orthoclase, usually perthitic, and microcline) and
plagioclase (typically oligoclase) so giving rise to mixed
alkali fluxes (AR=0.4-0.6). Some minor components can
play as flux: fluorite, topaz, and carbonates that may occur
in greisenised rocks (Stemprok, 1987) or in miarolitic
bodies in apical portions of batholiths (Thomas et al.,
2009). The amount of femic minerals is relatively low,
generally around 5% or even below 2% in leucocratic
varieties (Table 3). Such a dichotomy reflects in the dual
distribution of the chromophore amount (Figure 3C).
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Undesirable components encompass fluorine-bearing
phases, biotite, muscovite, hornblende, sodic pyroxenes
and amphiboles that can occur in alkaline granites, and
refractory minerals (sillimanite, andalusite, corundum,
cordierite) that may be present in peraluminous granitoids.

Although the extrusive counterpart of granitoids,
acid volcanic rocks have a wider range of chemical
composition (AR~0.1-1 and Fd,, 30-90%, Figure 2C) and
include peculiar K-enriched terms, especially porphyry
(Table 3). Anyway, they plot in the rhyolite field of the
TAS diagram (Figure 4). The mineralogical composition
is complicated by textural issues that depend on cooling
conditions and process of put in place. A given mineral
(for example a pyroxene) can be present as phenocrystals,
microcrystals dispersed in the groundmass, and virtually
as component of a vitreous phase. Although not
accounted for the chemical composition, these distinct
ways of occurrence have important repercussions on both
beneficiation yield and technological behavior. Fluxing
minerals are alkalifeldspars, typically represented by
sanidine or anorthoclase (predominant in rhyolites and
alkalirhyolites) and oligoclase-andesine plagioclases

(main constituents in rhyodacites and dacites) plus in
some cases volcanic glass (Carbonchi et al., 1999) or
zeolites, such as clinoptilolite, mordenite and heulandite
(de’ Gennaro et al., 2003; Palomba et al., 2006). The
undesired components usually range from 5% to 15%
include Dbiotite,
and refractory minerals present in peraluminous (e.g.,
cordierite) or altered rocks, like kaolinite, pyrophyllite,

and

orthopyroxene,

etc (Kirov et al., 2011).

Pegmatites and aplites supply fluxes that consist
basically of feldspars, quartz and micas, plus a more or less
extended suite of rare element minerals (Cerny and Ercit,
2005; Dill, 2015a). The equivalent amount of feldspars
ranges widely from 40% to nearly 100% (Figure 2D).
Both potassic feldspar and plagioclase (most frequently
as microcline and albite) can be present in extremely
variable proportions (AR fluctuates from about 0 to 0.9).
Within this variableness, there are apparently two sets of
pegmatites (Figure 2D): one mixed alkali (0.3<AR<0.6)
and another distinctly potassic (AR>0.7) which is the
most important supplier of commercial potassic feldspar.
In addition, a significant contribution to fusibility can be

clinopyroxene
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provided by lithium minerals (lepidolite or spodumene;
less frequently petalite, zinnwaldite, cookeite) that occur
in the more evolved parts of pegmatites. Undesired
components include muscovite (or biotite-phlogopite in
the less evolved stages), tourmaline and garnets, even
so the chromophore amount is in many cases below 1%
(Figure 3D). Due to variable emplacement conditions
and regional zonation, the mineral assemblages can
change considerably, even in the same pegmatite field
(Norton, 1983; Muller-Lorch et al., 2007). Some “aplites”
utilized by the ceramic industry are in reality granitoids
(or anorthosites) that suffered a more or less accentuated
alteration, mainly by hydrothermal activity (forming
sericite, chlorite, pyrophyllite, etc). They are so called
because these phenomena induced both textural (fine-
grained and homogeneous appearance) and compositional
features (leucocratic character for alteration of femic
minerals) that made them similar to aplites (strictu sensu).

Intermediate igneous rocks contain from ~70%
(quartz-syenite) to ~85% (alkalisyenite) of feldspars:
predominantly alkalifeldspar (perthites in syenites;
sanidine or anorthoclase in trachytes) with some
plagioclase (oligoclase). The resulting fluxes have high
Fd., values, from about 70% to 95% (Figure 2B) and a
mixed alkali character (AR=0.3-0.8) besides extrusive
terms seem to be more potassic (Table 3 and Figure 4).
Undesired minerals usually range from 10% to 30% and
are commonly represented by biotite and hornblende,

while riebeckite and aegirine can be found in alkaline
syenites (Enrich et al., 2005; Rattanakawin et al., 2010).
In the intermediate extrusive rocks, textural issues should
be also considered, having important repercussions on
beneficiation yield, as already explained about acid
volcanics.

Igneous basic rocks provide essentially alkaline-earth
fluxes, constituted by an assemblage of plagioclase and
femic minerals, in various ratios, and sometimes also
alkalifeldspar, feldspathoids or quartz. Plagioclases
(ordinarily andesine-labradorite) are prevailing in diorite
and andesite (55-65%) and particularly in anorthosite
(80-90%) while they are around 50% in gabbro and
basalt. Overall, these sources represent a wide range of
basic lithotypes - as shown in the TAS diagram (Figure
4) - that are featured by intermediate values of alkaline-
earth ratio (0.3-0.95) and alumina fraction (0.1-0.2)
except for anorthosites, which exhibit very high values:
AER>0.9 and AF>0.25 (Figure 5A). The chromophore
amount is always over 5% and often very high (Figure
5B). Since Ca-rich plagioclases have a high melting point,
the fluxing action is mainly exerted by femic minerals,
typically represented by hornblende+pyroxene *biotite
in intrusive rocks and orthopyroxenetclinopyroxene
+olivinethornblende in the volcanic counterparts; also
oxides (spinels, ilmenite, etc) usually occur. For this
reason, no beneficiation process is carried out, barring
feldspar-rich (i.e., anorthosite: Wanvik, 2000) or coarse-
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grained rocks (e.g., gabbro: Mortel et al., 2005).

Silica-undersaturated rocks offer a wide range of
mineralogical compositions, always dominated by
feldspars and feldspathoids: from 60-70% in nepheline
phonolite tefrite up to 90-95% in nepheline syenite and
phonolite. Feldspathoids are typically represented by
nepheline in sodic terms, both intrusive and extrusive,
or leucitetkalsilite in potassic and ultrapotassic suites;
they can be associated or replaced, while increasing
the bulk rock alkalinity, by nosean, haiiyne, sodalite,
lazurite, cancrinite (Allen and Charsley, 1968; Mitchell,
1996). Feldspars are mainly alkalifeldspar (perthites in
nepheline syenite, sanidine or anorthoclase in nepheline
phonolite) but plagioclase (typically oligoclase-andesine)

turns increasingly important moving towards nepheline
monzodiorite and phonolite-tefrite. The resulting fluxes
have a characteristic composition (Table 3 and Figure 4)
with an equivalent feldspar amount that is always very
high (100-150%) and the alkali ratio is mainly between
0.1 and 0.6 (Figure 2B). The Fd., values overpass 100%
because feldspathoids provide more alkalis than the
reference value given by feldspars. The main challenge is
the high amount of undesired minerals (10% to over 30%)
that commonly include biotite+riebeckite+arfvedsonite in
intrusive rocks or biotitetaegirine in extrusive ones. As a
consequence, the chromophore amount is generally high
(Figure 3B).

Arenite deposits exploited for ceramic fluxes represent
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the source richest in silica and amongst the poorest in
chromophore oxides (Table 3). Their mineralogical
composition is strongly dependent on the characteristics of
the source basin: climate, erosion rate, dominant physical
or chemical weathering, distance of transportation, energy
of depositional environment, and principally the lithology
of source rocks (Blatt et al., 1979). Quartz is usually the
main constituent, since the equivalent feldspar amount
is often below 40% (Figure 2D). Arkosic sandstones
include feldspars (alkalifeldspar generally prevailing
over plagioclase, hence AR typically >0.7, Figure 2D)
and lithic fragments (abundant in lithic arenites) along
with cement (carbonatic or siliceous) and sometimes
a clay matrix. A wide spectrum of minerals can be
present in lithic fragments and also as individual grains,
particularly if the source basin was proximal and physical
weathering predominated over chemical alteration. Minor
components are commonly muscovite-sericite, chlorite,
amphiboles, serpentine and calcite (which can enhance the
fluxing attitude). Iron oxides and hydroxides are the major
source of chromophore elements, especially as diagenetic
precipitates and coatings on quartz and feldspar grains, or
phyllosilicates constituting the mud fraction.

Fluxes obtained from metamorphics have a composition
outstandingly varied, because they stem from a wide
range of parent rocks. At any rate, ceramic raw materials
are recovered from sources affected by a very low, low
or intermediate metamorphic degree; thus, the original
mineral assemblages are to large extent retained. For
instance, data for orthogneiss approach those of granitoids
(Figure 2B) or porphyroids resemble acid volcanics (Table
3). A key issue is the stability of fluxing minerals, namely
feldspars and sericite, once pressure and temperature
increase in burial metamorphism. The threshold can be
set at the formation of undesirable components - like
muscovite, paragonite, actinolite, kyanite - for some
deleterious effect (refractoriness, content in chromophore
elements, difficulty in processing, cause of defects in
ceramic tile-making). Phyllites constitute a case apart,
because the Brazilian deposits exhibit unique features: a
fair equivalent feldspar content (Figure 2B) joined with
a strong potassic overprint (AR>0.8) and chromophore
amounts usually between 1% and 3% (Figure 3B).

Fluxes from epithermal rock alteration originate
in a kaleidoscope of environments of formation; this
circumstance translates into an extremely wide spectrum
of mineralogical parageneses (Allen et al., 1996; Bove
et al.,, 2007). In the resulting lithotypes, the fluxing
action is essentially exerted by sericitetammonium-
micatfeldspars, typically present in toseki, roseki,
agalmatolite and eurite (Nakagawa and Matsuura,
1994; Koh et al., 2000; Maineri et al., 2003). Secondary
alkali-feldspars (microcline, low albite, anorthoclase

and sanidine) +chloritetsericite feature episyenite and
potassic alterations (Nishimoto et al., 2014) while Mg-
chloritermicas+feldspars are found in leucophyllite and
magnesium metasomatics (Demény et al., 1997). Such
unusual raw materials can be either alkaline fluxes (toseki,
roseki, agalmatolite, and eurite) or alkaline-earth ones
(leucophyllite). Pottery stone exhibits a potassic character,
since AR is mostly >0.7, and an equivalent feldspar
content below 40% and sometimes <20% (Figure 2A).
The chromophore amount is typically below 1% (Figure
3A). In contrast, eurite approaches the compositional traits
of porphyry (Fd.~70%, AR~0.8, chromophore amount
1-3%). Leucophyllite has distinctive values of alkaline-
earth ratio and alumina content (Figure 5A) combined
with a chromophore amount around 1% (Figure 5B).

Albitites provide fluxes characterized by a very high
amount of sodic plagioclase (mostly albite, An_;o) which
is frequently associated to some quartz, leading to AR
always below 0.1 and Fd,q values from 70% to 100%
(Figure 2A). Biotite, oligoclase, K-feldspar and further
minerals present in parent rocks can be found in partially
albitized terms. Other components (e.g., chlorite, epidote,
kaolinite) may form during weathering or retrograde
metamorphic episodes. This phenomenon can lead to
intensive chloritization in some geological contexts, as
in the Eastern Pyrenées (Boulvais et al., 2007), Sardinia
(Castorina et al., 2006) and Calabria. Albitization is
a selective process, which brings about a massive
enrichment in sodium, along with a strong depletion in
potassium and a partial removal of iron, while further
elements are not mobilized or only to a minor extent.
Although the chromophore amount can vary significantly,
the deposits exploited by the ceramic industry exhibit
values generally below 1% (Figure 3A).

Skarn deposits exhibit an outstanding variety of
minerals and phase assemblages due to the extremely
wide spectrum of geological environments and protolith
composition (Einaudi and Burt, 1982; Meinert et al.,
2005). Overall, alkaline-earth fluxes are obtained
with distinct AER values (Figure 5A): predominantly
magnesian (talc), essentially calcic (wollastonite) and
mixed Ca-Mg (diopside). The chromophore amount is
generally low for wollastonite and diopside skarns, while
it can span widely for talc of different origin (Figure 5B).
Talc deposits contain frequently chlorite and carbonates
(magnesite, dolomite, calcite) that can be associated
to quartz and feldspars (metasedimentary origin) or
serpentine and sulfides (from basic and ultrabasic
parent rocks) or tremolite-actinolite in dolomite marbles
(Moine at al., 1989; Van Gosen et al., 2004; McCarthy
et al., 2006). Wollastonite deposits have often a complex
mineral assemblage, encompassing calcite, diopside-
hedenbergite, garnet (grossular-andradite), quartz,
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tremolite and forsterite (Fernandez-Caliani and Galan,
1998; Robinson et al., 2006). Diopside skarns can include
tremolite, quartz, wollastonite, garnet, epidote, feldspars,
tourmaline and carbonates (Vereshchagin et al., 1989;

Kuzmickas et al., 2013).

Beneficiation paths of ceramic fluxes

The raw deposits above described can undergo a
more or less extended process of beneficiation to get
products matching the compositional and technological
requirements for commercial fluxes. This processing
usually consists of primary and secondary crushing,
washing, milling and classification (Abdel-Khalek et al.,
1994; Amarante et al., 1997; Potter, 2006; Saklar et al.,
2004), but it can entail additional steps, such as attrition,
magnetic separation, electrostatic separation, flotation,
acid leaching, and micronization (Styriakova et al., 2006;
Gougazeh, 2006; Cho et al., 2009; Abouzeid and Negm,
2014). A detailed description of these mineralurgical
treatments goes beyond the scope of the present paper and
here just a comparison of raw versus beneficiated fluxes

is endeavored.

commercial flux (Figure 6).

Mineral processing can vary upon the type of deposit
and the degree of beneficiation needed to comply the
market specifications. It is possible to appreciate, by
contrasting the chromophore amount with the equivalent
feldspar content, the overall beneficiation path, i.e.
the compositional trend from the raw deposit to the

The main target of these mineralurgical treatments is the
removal of minerals delivering iron and titanium oxides,
and at the same time to preserve the amount of fluxing
minerals or even increasing it in the final product. In
presence of high amounts of feldspars and feldspathoids,
beneficiation essentially draws horizontal paths, implying
the separation of iron-bearing minerals with minimal
losses in the equivalent feldspar content, as in the case of
albitites (Figure 6A) and nepheline syenites (Figure 6B).
Mineralurgical treatments of quartz-feldspathic materials
tend to define oblique trends, where the reduction of
Fe,05 and TiO, amounts is achieved together with some
enrichment in feldspars: examples are pegmatites (Figure
6C) and granitoids (Figure 6D). Arenites can be treated
following two different paths: either a strong enrichment
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in feldspars (involving most of the above-mentioned
beneficiation steps) or a conspicuous reduction of
chromophores, without any substantial gain in the Fd.,
values (Figure 6B). Other sources - like pottery stone
(Figure 6A) - are hard to be beneficiated with significant
improvements in the chromophore amount and/or the
equivalent feldspar content. This is connected with the
mineralogical composition (e.g., iron contained in fluxing
minerals) and/or the particle size (too fine particles make
ineffective many beneficiation techniques).

Technological behavior of ceramic fluxes

Ceramic fluxes must comply with several technological
requirements that entail their behavior during the tile-
making processing and the properties they are able to
bestow on the finished product. Although fluxes may
have some effects in every stage of tile manufacturing
(e.g., milling, spray-drying, pressing, drying) their role is
crucial in the firing process. Fluxes are expected to form
a liquid phase at high temperature, so allowing the body
densification by viscous flow, and to create a vitreous
phase embedding fillers in the finished product (Zanelli
etal., 2011).

This fluxing ability is often summarized under the term
fusibility. It must be clear that fusibility is a behavior
and not a property attributable to ceramic raw materials
and batches. In principle, only single phase crystalline
materials do exhibit a melting temperature. In contrast,
vitreous phases gradually soften while the temperature
is increased, as a consequence of the viscosity decrease.
Mineral mixtures do not fuse together, strictly speaking,

but undergo a partial melting, ideally according to eutectic
proportions, even if kinetic factors often dominate in
industrial firing schedules. Thus, the “degree of fusibility”
is an attempt to classify the complex behavior stemming
from crystalline and vitreous phases reacting together as
the temperature is raised.

The degree of fusibility can be evaluated through in-
situ experiments by observing the morphological changes
occurring to specimens during heating (Paganelli, 1996;
Dondi et al., 2001). A typical evolution entails subsequent
steps that can be detected by hot-stage microscopy for
increasing temperature: from sintering to “melting” (a
conventional definition corresponding to the hemisphere
shape) with the intermediate stages of softening and sphere
(Figure 7A). In some cases, an additional stage occurs
between the softening and sphere temperatures (Figure
7B): it consists in a more or less accentuated bloating,
likely connected with some gas release originated by
chemical reactions taking place during firing. The
tendency to bloat has relevant implications in the firing of
ceramic tiles and must be kept under strict control.

Among the various shapes pointed out in Figure 7, the
most useful to define the overall behavior of a flux are the
softening temperature (Tg.5) and the melting temperature
(Tierr)- These parameters are significant for different
reasons: the former is somehow related, in complex
systems, with the incipient melt formation (hence the
solidus temperature). Nonetheless, the latter records
the occurrence of a large amount of liquid phase (thus
approaching the liquidus temperature). It is possible to
appreciate different behaviors by contrasting the softening
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Figure 7. Example of firing behavior of ceramic fluxes observed under hot-stage microscope: A) typical feldspathic material and B)

feldspathic flux showing a bloating stage.
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temperature with the melting temperature. Monophasic
materials exhibit Ty, close to Ty, but the other cases
show a certain distance from the 1:1 line (Figure 8 A). This
happens in polyphasic materials, especially when solid
solutions are present (plagioclases are a very common
example).

The characteristic temperatures depend on the amount
of fluxing minerals. Taking into account the firing behavior
of ceramic fluxes (Table 4 and Dondi et al., 2001) a rough
trend stands out: the larger the equivalent feldspar content
is, the lower both T, and T4 are (Figure 8B). However,
a second trend can be observed, shifted to lower Ty, that
can be attributed to larger amounts of iron oxide, which
seem to lower Ty,; more than T, Refractory minerals,
such as quartz, tend to increase both the characteristic

temperatures (Figure 8A).

Ceramic fluxes from the various geological sources
are characterized by a different degree of fusibility, as
shown in Figure 9A. Although some raw materials from
igneous basic rocks and skarn deposits plot close to the
1:1 line (being almost monophasic: talc, wollastonite,
anorthosite) the remaining points draw an overall,
oblique trend. Many fluxes obtained from granitoids,
arenites, acid volcanics and metamorphics (including
some pegmatites and aplites) exhibit a limited fusibility,
with T,,;>1350 °C and T, >1550 °C. Oppositely,
nepheline syenites and igneous intermediates have an
excellent fusibility, with 1200<T,,z<1300 °C versus

1300<T,,;:<1500

1550

°C. Also,

sodic feldspars (from
albitites and pegmatites) have an enhanced fusibility,
since 1250<T,;<1350 °C and 1350<T<1500 °C.
Further fluxes - mostly mixed Na-K and K pegmatites,
aplites and granitoids, including sericite-based phyllites
as well - plot in the range 1300<T,,3<1400 °C and

CONCLUSIONS
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Overall, the above described degree of fusibility can
be classified, considering also the known behavior of
different fluxes in ceramic manufacturing, according to the
chart of Figure 9B, which discriminates five classes with
increasing fusibility and a zone of high risk of bloating.
Along with fusibility, another important issue for ceramic
fluxes is the occurrence and extent of bloating. This
phenomenon appears to be triggered by the amount of
iron oxide: a direct relationship is conspicuous, as shown
in Figure 10A, even though the correlation coefficient
is rather low (R?=0.3) likely because further variables
play a significant role in the degree of expansion. This
is somewhat linked with the retention of gas bubbles,
which is expected to be positively related with the melt
viscosity that in turn is affected by the silica/alumina
ratio. As a matter of fact, the degree of bloating scales
directly with SiO,/Al,05 (Figure 10B). A repercussion
of these observations is that a given amount of iron will
affect more a quartz-feldspathic flux, since it has a higher
silica/alumina ratio, than a high-grade feldspathic one.
This circumstance may concur to justify the apparently
exaggerate attention that end-users pay to the amount of
iron oxide in ceramic fluxes, which is frequently well
beyond the claimed darkening of the body color. This
because the occurrence of a significant amount of iron
oxide can affect the high temperature stability and related
firing deformations too.
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Fluxes are gaining a growing importance for the
ceramic tile industry with the progressive shift from clay-
based bodies (e.g., red stoneware or porous tiles) towards
vitrified and semi-vitrified bodies (among which porcelain

1550 1600 1650 30 40 50

this work; small ones: data from Dondi et al., 2001.

A P\

—

60 70 80

Equivalent Feldspar Content

100 110

120

249



Dondi M. et al.

250 Periodico di Mineralogia (2019) 88, 235-257

"9)IUOJSBI[OM = [OA\ “O[®) = 9] ‘asejdo1Seld = S[d ‘urjoydou = doN ‘oprsdorp = o1 “@3o[ed = o[ QIO = [y ‘DIq[e = q[y ‘Tedspjojifey[e = pJV :s[eroury -ojqesrdde jou = [] ‘Suneo|q jou = ‘|qu

oM €1 10 10 8'SY 90 €0 0 10> SIS q9u qu (1154¢ orel - - VIS STED oM
[0OM Sl 1'0 1’0 09t 0l 20 S0 1'0> S0s qu qu oyl Gsel - - VIS 9% 'ToM
4D OLL 6 €0 1o S0 0°0¢ 0¢ 011 0 09 qu qu Lyy1 0S¢l - - VIS SO dleL
81d ‘o1 91 10 (4 A 44 L91 91 y'e 10 y'1S qu qu Lel §9Cl - - VIS v doiq
ues [ 0L S'1 01 1’0 0C L'S1 90 £'89 2d! 8vCl 49 SOElL L9L0 £'6S 1d9 AIS 'ueg
qQv L'l ¥l 9°¢ 'l L0 ¥l 'Ll 0 169 60°1 €SL (Ire 4! S8¢l €S1°0 809 qa1v 4L 91V
qv €0 1’0 L01 [43 01 4 6Ll 1’0 8¢9 qu qu SLTI 0611 L00°0 €901 qa1v enel qiv
qv ¥'0 €0 €01 L0 0 10 S8l €0 769 1.0 00 sovl 06¢C1 6100 ¥'16 qa1v pIsL 9V
D ‘arv 8’1 €0 08 L1 0¢ S0 6'L1 S0 €99 8L°0 (127 SS¢el S9tl 9200 VLL qa1v ENS aIv
PAvV 70 L'l 00 10 0 0 0'¢ 10 €76 qu qu 0591 0181 L96°0 S0l RIGIAN @S 210
S1d ‘pAV 8¢ (4% 0 90 0 01 £ol 0 £'89 q9u qu S6S1 G8¢l LE6'0 0°6C LI VPd TAN
31d PV 1'C s 8'C 0 €0 L0 L91 10 81L qu qu gesl geel 996°0 6°'SS LI SPd AN
pPdVv S0 €1 7’0 1’0 0 €0 8'¢ 10 8'06 660 'l 0591 SHS1 0IL0 7! AV LT pus
91D S1d ‘PAV 9T (43 6’1 ST €0 80 06 10 S'6L 96°0 00T SSS1 Seel ws'o 8Ly AV 810D "PUS
doN ‘paV Pl 9 L8 0 1’0 S0 6'0¢ 10> L'19 $8°0 L'11 (124! 0S¢l weo 9Tl dSN 0d dSN
doN ‘PAV €1 1'9 L'L €0 1’0 S0 96l 10> "9 9L0 't 0st1 §scl 95¢°0 [t dSN ddSN
doN ‘PAV 60 YL L8 Sl 1’0 10 9'¢C 10 L'LS 19°0 00 G8¢l 0LTI 9LE0 6°¢Cl dSN NOYV dSN
81d ‘pAvV 60 y'e 99 €1 1’0 L0 691 10 69 qu qu 1941 0sCI 9920 08 HAS sqD 94g
81d ‘pAvV L'l 09 99 01 1’0 ¥'9 081 €0 0°6S 811 €0y Srel 0011 £6¢£°0 196 HAS SN o4S
S1d ‘pAV 90 St 9¢ 6’1 1’0 6°S 8¢l S0 9 SO'1 I S S74! 65¢°0 £¢es HAS SO€ 24g
31d PV 01 L'y 9 I'1 1’0 09 €6l 01 €9 €Tl £'es Sogl 0811 SEE0 6°L8 HAS SOI 24g
31d PV €1 €9 L €0 1’0 90 vol 10> 819 080 L9 SLYl 09C1 18€°0 766 HAS PAS Y
314 ‘ues L'l €L S0 1’0 1’0 60 g£el 10 6°SL STl 09 S6S1 Sovl 116°0 6Ly AHY IS Ay
S1d ‘pAV 4 8’1 I'e 't 'l 4 991 S0 LOL 911 €0L OLYT SOElL ¥6C°0 'ty 1dV TS 1dv
S1d ‘pAV L0 9°C [SS ¥'0 1’0 0 (34! 10> PSL 680 6'S1 0051 08¢l 0520 9°¢9 1dV IS '1dv
1S BId ‘PAY Sl 0L ¥l [ 80 90 191 €0 01L w1 6'L1 sovl 0zel 6LL0 1'6S 1dV Wed '1dy
81d ‘pAvV ¥'C (4! €9 'l €T 91 €81 €0 659 160 9 09¢1 0€Cl 0T1'0 ¥'S9 Ddd NS 'Sod
31d ‘pAvV Sl 9°¢ [ 4 0 80 [44! 10> €SL 91’1 (4 66S1 0911 L¥9°0 £'Cs Ddd S 'Sod
S1d ‘pAV 70 L0 S L1 0 10 (341 10> L'LL q9u qu Sovl SOEl 800 8'8¢ DAd TV 8d
31d PV €0 801 ¥'C 1’0 1’0 10 091 10> 00L 09°0 00 0051 ovel 09L°0 9Y8 DHd AdT 8d
31d ‘pAvV 0 7’8 ST 4 0 10 9vl1 10> I'vL qu qu SS9 09¢1 €0L°0 1L Ddd 1'V'D 3od
81d ‘pAvV 80 6t £€'e 4 0 [ STl 10 69L 611 9'LS S99 0s¢€l 1150 S'LS viaon 7q U
31d ‘pAvV S0 Sy e 80 0 90 011 10 6L 680 6’61 0591 134! 8670 S'LS viaon 0s 'wH
31d ‘pAV L'l 'y 0y 6’1 1’0 'y 0°Cl 0 9°0L 0¢'l 6'LS Se6¢l 00CI1 (4340 8'89 Vian DST 'wH
s[esourw o1 o™ 0%N o®d O3N  fO%d  fOuvV  Ou ‘ors 19 A L YL qv pd adAy 9pod
Surxny urejy (yuaoiod 1yS1om) uonisoduwrod [eoruAY) JotAeyaq SulIL uonedyISSe[) ordwes

‘(3J10M ST} “Byep [eIudWILIddXI) SIXN] OIWRID JO uonIsodwod pue J01ABYSq SUuLll] ‘4 9[qeL,




Deposits and composition of ceramic fluxes

1550

x
Flux sources 10 °C-min-!
DOGranitoids +
1500 1 mAcid volcanics © o
©® Pegmatites §
1as0 ] ©Aplites o x
S Algneous intermediates x §
o ANepheline syenites »00
g 1400 { XlIgneous basics +.l’:(l Ho
® X Arenites o o * % a
15 +Metamorphics e O ]
o ° B
E 191 eAbities 0 © 3 HI a
2 o
pt ©Skarn ° ¢ ¢ qO + oa
£ 1300 A o9 B
5]
2 A oA
3 ° . a oao® L
1250 @ﬁ ﬁAA
Aﬁ A
1200 { wX AO A
*
A
1150

1200 1250 1300 1350 1400 1450 1500 1550 1600 1650

Melting Temperature (°C)

Figure 9. Degree of fusibility of ceramic fluxes from various geological sources (A) and chart depicting the fields of fusibility from

Softening Temperature (°C)

1550

B

Degree of fusibility
10 °C:min-’

1500

very low

1450

1400

1350

1300

1250

1200 higher iron oxide

1150
1200

1250 1300 1350 1400 1450 1500 1550 1600 1650

Melting Temperature (°C)

very low to very high (B) and a zone of high risk of bloating (higher iron oxide).

A ’ ’ B
13 [ ] )
[ J
[ J Y ®
[ ]
° ° ° o ° ° ®
< 1.1 PY °
9 [ ]
2 ° e
o [
£ b °
©
(=}
S o9 ° ° ® . ° °
[ J [}
L ) ¢
07 {® °
T e )
05 - . - . . .
0 1 10 2 3 4 5 6 7 8 9
Fe,0s (% wt.) Si0, / AlLO,

Figure 10. Bloating index in function of the amount of iron oxide (A) and the silica/alumina ratio (B) in samples exhibiting some

tendency to bloat.

stoneware is the leading product) that consist to a large
extent of feldspathic materials. The global production of
ceramic tiles, current deployed around 13 billion square
meters per year, implies a demand of approximately 250
million tons per year of raw materials (including clays,
fluxes and fillers).

The present overview has for the first time put in
evidence the outstanding variety of flux deposits actually
exploited by the ceramic industry. These sources are
no longer restricted to the classic pegmatitic and aplitic
fields, but extend over the entire suite of acid igneous
rocks, encompassing intrusive (granites to granodiorites),
extrusive (rhyolite to dacite lavas and pyroclastics) and
hypabyssal terms (porphyry veins) as well as metamorphic
counterparts (metapegmatites, orthogneisses, porphyroids)

and hydrothermally altered types, mostly derived from
volcanic parent rocks (e.g., pottery stone). However,
the most important flux suppliers nowadays are sodic
metasomatics (albitites) and sedimentary deposits (arkosic
sands) because these sources match some crucial market
requirements: high fusibility (albitites) or low cost (sands)
combined with large reserves and relatively low content
in iron oxide. Nevertheless, further sources constitute
strategic resources for future supply, like sericite-based
fluxes (e.g., phyllites) or silica-saturated and unsaturated
rocks from alkaline complexes (primarily syenite and
nepheline syenite). The full exploitation of these deposits,
having large amounts of femic minerals, represents a
technological challenge still open, as it is the massive
use of alkaline-earth fluxes recovered from skarns, basic

o
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igneous rocks and corresponding metamorphics.

From this standpoint, such a knowledge of current
geological sources and possible alternatives is fundamental
to draw any industrial strategy for the medium- to long-
term supply of fluxing raw materials, particularly in the
case of large-scale users as ceramic tile manufacturers. A
possible impact of this much wider concept of “feldspar
mineral resource” with respect to the conventional
definition entails the following recommendations:

« all the lithologies actually utilized by the ceramic
industry should be taken into consideration in survey
and mapping of industrial minerals to get a more
accurate estimation of resources;

* robustness of the supply chain of ceramic fluxes
should be evaluated accounting for different sources
and technological value to infer the actual economic
and environmental sustainability;

* more studies should be addressed to the
characterization and assessment of mineral resources
suitable as ceramic fluxes, trying to link geological,
compositional and technological aspects;

 potential criticalities in the exploitation of ceramic
fluxes should be approached by considering the
convolution of geological and technological issues,
as those presented here.
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