2023

UNIVERSITAT POLITECNICA DE CATALUNYA

BARCELONATECH ﬂ
Escola Politécnica Superior d’Enginyeria b i)

de Manresa

Reuse of kaolinitic
materials from several
bauxite mines of
Catalonia, Spain

TREBALL FINAL DE MASTER. MASTER UNIVERSITARI EN
ENGNYERIA DE MINES
ARNAU MARTINEZ ALCALA

Directores:
Maria Pura Alfonso Abella

Maria Teresa Garcia Valles



Agraiments

Voldria agrair a les directores d’aquest treball final de master, Pura Alfonso Abella i Maria
Teresa Garcia Vallés, pel suport i la orientacié a la hora de la realitzacié d’aquest treball a la

vegada de donar-me impuls per entrar en el mén de la recerca.

Agrair al company Cristobal Bahamonde Padilla, pel seu suport i que gracies a ell es van
trobar alguns afloraments que es trobaven amagats, sent mostres de gran interes per aquest
treball.

També agrair als meus pares igualment pel suport que m’han donat de forma incondicional.

Finalment, aquest treball s’ha realitzat a partir del projecte presentat per la obtencié de
Beques de Col-laboracié d'estudiants en departaments universitaris destinades a estudiants que
vagin a finalitzar els estudis de Grau o que estiguin cursant primer curs de Masters
universitaris oficials (curs 2021-2022), amb Resolucio de la Secretaria d’Estat d’Educacio
presentat en el BOE nim 132, de 3 de juny de 2021, amb resolucié de la Comissio d’Ajuts
Universitaris el dia 15 de desembre de 2021.



Index

FAY o A [ PSPV TOPRTPR 4
LRT=E] 0 o o PSP PPPP 5
LRY=E] 0 0 1= o PP PPPP 6
INEFOAUCTION .ttt sttt et b e b e s bt e st e et e e nbeesbeesaeesanesane 7
[oTor: | =Y dTo] o FHU TP P PP OUPROPRRRPRR 8
[CT=To] [0} 4V AP UUPPPR 10
Materials and MEthOdS ......cocuiiiiiiiii et st s 12
IMLAERIIAIS .ttt s bt sttt et e bt e s bt e sae e sat e et e e b e e be e e be e sneeeateeneereen 12
F AN T 11V ot | W g =1 o Lo Lo Ly PR 14
RESUIES @Nd iSCUSSION.....uviiiiiiiiie ittt ettt ettt st e st e et e s b e e sbee e sabeeeneeas 16
(0 1= oY Tor-1 I @oT 0 aT'e Yo 1Y 4 o T o [PPSR 16
Mineralogical COMPOSITION ......ccccuiii et e e et e e e e bre e e e abee e e e abeeaeennses 19
24 YY) [oT={Tor= 1 W o] foY o 1<Y o Y-SR 23

o] P Ty T 1 4 SRR 23
ThermMal PrOPEITIES......coi ittt et e e e e et e e e s ab e e e e e tbee e e e nreeeeentaeeeennseeeeensens 24

ATD TG ottt sttt et et h e st st st e b e bbb e st n et e r e e e sanesane e 24

(B ]] =] o] 0 o114 VSR 26

Dilatometric COBTFICIENT...couiiiiieii et 28

Hot stage microscopy (HSM) or optical dilatometry.........cccoeeeeciiiiiiciiieecceee e, 28

D T=T 0 LY 1 A PP PP PPPPPPPPPPPPPPPPPPRt 30
B =TolgTgTe] foT=dTor=1 I o] o o =] o =TSRRI 31
GreSifiCAtION CUMVES.......iiiieiieiieite ettt sttt e b e s bt saeesaee s neebeenreennees 31
(070] (o o 15014 20U UURSR 34
CONCIUSIONS ettt st e sa e st e b e e s bt e s ne e e s nbeesabeeesabeesabeeeneeesareeennens 36
RETEIEINCES. ... ettt sttt et e b e s bt e sate st e s bt e b e e e e sme e st e e neereens 37
Y 0T U 43
Sample localization/field deSCriPtiON ......c.uiccuiieeeecetee ettt et e 44



KRE CaliDration .o nnann 49

Chemical COMPOSITION ....iiiiiiiiee ittt e et e e e e tte e e e et e e e e ebteeeeebteeessseeeeesseneaeanns 60
Y =T | Lo -V PP 61
LI o] 1 TSR 61
Mineralogical COMPOSITION ... .ciiiciiiiieiiee et s e e s e e s s e e e ssasreee s 70
o I 1 U PRROPPPRPPPRTRPO 71
0 TT R AT I o o] oY= o A =R 74
AT DTG i, 74
(D] =1 o] 0411 4 VR 79
[ I 1Y PO PPPPPPPRRN 80
B =Tol gl gTe] fo Y= or= I g e o T=T o = PSPPI 87
GresSifiCation CUMDES.. ..o e e e e ee e e e 87



Abstract

Bauxitic materials from outcrops, dumps and tailings often contain high amounts of
kaolinite that is susceptible to be exploited. This study provides a characterization of materials
from outcrops, tailings and dumps of two abandoned bauxite mines located close to Sant Joan
de Mediona and Peramola, Catalonia, Spain. Mineralogy was determined by X-ray powder
diffraction (XRD) and Fourier transform infrared spectroscopy (FTIR). Thermal properties were
measured by differential thermal and thermogravimetric analysis (DTA-TG), and dilatometry.
The crystalline phases are 25-68 mass% of kaolinite, 15-54 mass% of boehmite, 10-15 mass%,
hematite and minor amounts of anatase. Kaolinite has a medium-high crystallinity, with a
Hinckley Index of 0.51-1.39. DTA show two endothermic peaks produced by the
deshydroxilation of minerals; the first peak, at 527-538 °C, belongs to boehmite and the second
peak, at 564-570 °C, corresponds to kaolinite. An exothermic peak, at 950-978 °C, is associated
with the mullite crystallization. TG curves show a total mass loss from 10 to 13 mass%. The
FTIR spectra show the characteristic peaks of kaolinite at 3696 and 3620 cm, corresponding to
structural water and AI-OH stretching, the 1100 and 990 cm™ bands corresponding Si-O
stretching, a 920 cm™ band represents the Al-OH bending vibrations, and the 790 to 750 cm™?
bands are attributed to OH deformation. Boehmite bands at 3295 and 3090 cm™ correspond to
Al-OH stretching, at 1160 and 1067 cm™ are produced by H-O-H stretching and at 624 and 490
cm™ are caused by the Si-O-Al stretching. The dilatometric analysis show a shrinkage at 530-
550 °C, which is produced by the loss of OH" groups, at 550-580 °C the transformation of a to f3-
quartz is recorded, at 875 °C the transformation into spinel structure occurs, and around 1010 °C
mullite is formed. The thermal coefficient of expansion ranges from 3.8 -10% to 7.3 -10° °C™.
The viability of these resources as ceramic raw materials is limited because of their low
amounts of phyllosilicate minerals, low plasticity and high working temperatures. Even so, their
use as raw materials of Portland cement substitutes is possible however it has to be studied in

further investigations.



Resum

Els materials bauxitics procedents d'afloraments, runams i esterils solen contenir elevades
quantitats de caolinita susceptibles de ser explotades. Aquest estudi proporciona una
caracteritzacio de materials procedents d'afloraments, estérils i runams de dues mines de bauxita
abandonades situades prop de Sant Joan de Mediona i Peramola, Catalunya, Espanya. La
mineralogia es va determinar mitjancant difraccié de raigs X (DRX) i espectroscopia infraroja
per transformada de Fourier (FTIR). Les propietats termiques es van mesurar mitjangant analisi
termic diferencial i termogravimétric (ATD-TG), i dilatometria. Les fases cristal-lines sén 25-
68% en massa de caolinita, 15-54% en massa de boehmita, 10-15% en massa, hematites i
guantitats menors de anatasa. La caolinita té una cristal-litzacié mitjana-alta, amb un index de
Hinckley de 0,51-1,39. EI ATD mostra dos pics endotérmics produits per la deshidroxilacié dels
minerals; el primer pic, a 527-538 °C, pertany a la boehmita i el segon, a 564-570 °C, correspon
a la caolinita. Un pic exotérmic, a 950-978 °C, esta associat a la cristal-litzacié de la mullita. Les
corbes TG mostren una pérdua de massa total del 10 al 13% en massa. Els espectres FTIR
mostren els pics caracteristics de la caolinita en 3696 i 3620 cm™, corresponents a l'aigua
estructural i a I'enllag Al-OH, les bandes de 1100 i 990 cm* corresponents a I'enllag Si-O, una
banda de 920 cm™ representa les vibracions de flexié Al-OH, i les bandes de 790 a 750 cm™
s'atribueixen a la deformacié OH. Les bandes de boehmita a 3295 i 3090 cm™ corresponen a
I'enllag Al-OH, a 1160 i 1067 cm™ sén produides per I'enllag H-O-H i a 624 i 490 cm™ s6n
causades per I'enllag Si-O-Al. Els analisis dilatometrics mostren una contraccié a 530-550 °C,
que es produeix per la pérdua de grups OH", a 550-580 °C es registra la transformacio de o a -
quars, a 875 °C es produeix la transformacio en estructura espinela, i al voltant de 1010 °C es
forma mullita. El coeficient termic de dilatacié oscil-la entre 3,8-10° i 7,3 -10° °C*. La
viabilitat d'aquests materials com a materies primeres per a ceramiques és limitada a causa de
les baixes quantitats de fil-losilicats, la baixa plasticitat i les altes temperatures de treball. Tot i
aixo, el seu Us com a materies primeres de substituts del ciment Portland és possible, encara que

ha d'estudiar-se en posteriors recerques.



Resumen

Los materiales bauxiticos procedentes de afloramientos, escombreras y estériles suelen
contener elevadas cantidades de caolinita susceptibles de ser explotadas. Este estudio
proporciona una caracterizacion de materiales procedentes de afloramientos, estériles y
escombreras de dos minas de bauxita abandonadas situadas cerca de Sant Joan de Mediona y
Peramola, Catalufia, Espafia. La mineralogia se determind mediante difraccion de rayos X
(DRX) y espectroscopia infrarroja por transformada de Fourier (FTIR). Las propiedades
térmicas se midieron mediante analisis térmico diferencial y termogravimétrico (ATD-TG), y
dilatometria. Las fases cristalinas son 25-68% en masa de caolinita, 15-54% en masa de
boehmita, 10-15% en masa, hematites y cantidades menores de anatasa. La caolinita tiene una
cristalinidad media-alta, con un indice de Hinckley de 0,51-1,39. EI ATD muestra dos picos
endotérmicos producidos por la deshidroxilacién de los minerales; el primer pico, a 527-538 °C,
pertenece a la boehmita y el segundo, a 564-570 °C, corresponde a la caolinita. Un pico
exotérmico, a 950-978 °C, esta asociado a la cristalizacion de la mullita. Las curvas TG
muestran una pérdida de masa total del 10 al 13% en masa. Los espectros FTIR muestran los
picos caracteristicos de la caolinita en 3696 y 3620 cm™, correspondientes al agua estructural y
al enlace Al-OH, las bandas de 1100 y 990 cm™* correspondientes al enlace Si-O, una banda de
920 cm™ representa las vibraciones de flexion Al-OH, y las bandas de 790 a 750 cm™ se
atribuyen a la deformacion OH. Las bandas de bohemita a 3295 y 3090 cm™ corresponden al
enlace Al-OH, a 1160 y 1067 cm™ son producidas por el enlace H-O-H y a 624 y 490 cm son
causadas por el enlace Si-O-Al. Los analisis dilatométricos muestran una contraccion a 530-550
°C, que se produce por la pérdida de grupos OH-, a 550-580 °C se registra la transformacion de
a a B-cuarzo, a 875 °C se produce la transformacion en estructura espinela, y alrededor de 1010
°C se forma mullita. El coeficiente térmico de dilatacion oscila entre 3,8:10°y 7,3 -:10° °C. La
viabilidad de estos materiales como materias primas ceramicas es limitada debido a las bajas
cantidades de filosilicatos, la baja plasticidad y las altas temperaturas de trabajo. Aun asi, su uso
como materias primas de sustitutos del cemento Portland es posible, aunque debe estudiarse en

investigaciones posteriores.



Introduction

Climate change represents one of the major problems currently affecting the world is. One
of the main causes of this change is the high amounts of CO, that are continuously emitted into
the atmosphere (Rehan & Nehdi, 2005). Therefore, the measures to be taken to mitigate this
change, those aimed at reducing CO, emissions as much as possible are a priority. In this
respect, it should be borne in mind that a significant percentage of the CO, emissions is
produced by the cement industry. Concrete is a widely consumed material in the world, with
production of approximately 26Gt per year (Miller et al., 2018). Between 6-8% of CO;
emissions are produced by the cement industry (M. Schneider et al., 2011). Between 60-85% of
these emissions are due to the decomposition of limestone, which is the main component of the
cement formula, during heat treatment and combustion of fossil fuels in the pyroprocessing unit
(Benhelal et al., 2021; de Brito and Kurda, 2021; Sanjuan et al., 2020). It is therefore urgent to
find cleaner ways of manufacturing cement, in line with the Paris Agreement targets of zero net
carbon emissions by 2050 (Fennell et al., 2022)

Alternative binders to Portland cement are now beginning to be developed that are
manufactured in a way that does not produce such high CO, emissions. A wide literature
Examples of such binders under development include fly ash/natural pozzolan-based cement
and clay-based cements (Assi et al., 2018; Fransen et al., 2021). However, in recent years,
granulated blast furnace slag and coal fly ash, which are currently in significant shortage (Li et
al., 2022). Therefore, there is a need to explore novel and sustainable cementitious materials.

Kaolin is considered of great economic interest due its viability to be used as a raw material
to make agglomerate materials that can partially substitute the Portland cement and then, they
can contribute to reduce the CO; emissions produced during cement fabrication (Di Mare et al.,
2021; Negrdo et al., 2021).

Kaolin can be used as a supplementary cementitious material added to the conventional
Portland cement to reduce the CO, emissions or as an alternative cementitious material due its
reactivity properties when is heated and transformed into metakaolin (Mafiosa et al., 2022). The
use of kaolin to obtain low emissions concretes was highly studied during this decade. Some
cases are the use of Egyptian kaolin to obtain a geopolymer concrete (Abbas et al., 2020), or as
substitute of cement together with limestone (Du and Pang, 2020). Kaolinitic clays show high
pozzolanic reactivity after heat treatment, while some other clay minerals, such as
montmorillonite and illite, show low reactivity or even remain inert after heating, thus, kaolinite
is the most efficient for binder applications (Baki et al., 2022).

In addition, it should be considered that kaolin already has many traditional applications,
such as in ceramics, pharmaceutical and medical applications (Murray, 2000; Prasad et al.,

1991). Therefore, finding new kaolin reserves is of high importance. For this purpose, different
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possible sources have to be considered. Among these are bauxite deposits, which usually
contain high kaolin amounts. The abundance of kaolinite in these materials enables them to be
used for the manufacture of ceramics by addition of other clays or for obtaining geopolymers.

Another important aspect for the environmental protection is the need for a low generation
of mining wastes; in this respect, the use of materials from mining wastes contributes to the
waste removal from the environment, where they produce various types of impacts. On the
other hand, this reduces the volume of materials that must be extracted from their natural
position and thus reduces the energy required for extraction and the formation of new waste.

In Catalonia there is a limited amount of kaolinitic resources. these are largely found in the
south, near the border with the Valencian and Aragonese communities (Garcia-Valles et al.,
2020, 2022). It is therefore also necessary to consider the possible sources of kaolin obtained
from bauxite deposits. In the north-east of Spain multiple occurrences of bauxitic materials have
been reported, a general presentation is shown in some reports (Closas i Miralles, 1949; Galan,
1981; Molina, 1991), others are dedicated to an specific area, such as La Llacuna (IGME, 1972;
Romero & Prats, 1995), the Catalan Coastal ranges (Reinhardt et al., 2018), and from the Teruel
zone (Yuste et al., 2015, 2017). Some of these mineralisations are large enough to be considered
exploitable, however the scale of these deposits is generally small. Some bauxite deposits were
mined in the past, leaving a large accumulation of wastes in their surroundings. Much of this
waste may still be of economic interest. This is important because of the many applications of
bauxite and kaolinitic materials today.

The bauxite mining tailing studied are localised in Catalonia, near the Peramola and Sant
Joan de Mediona villages. Both were exploited until the 20th century. The aim of this work is to
characterise the materials of these bauxite dumps to determine their ability for possible

industrial applications.

Localization

The study area is located at Catalonia, north of Spain (Figure 1). Two areas in this region
have been selected for this study, one of them is Peramola, situated at the south part of
Pyrenees, near Oliana (Figure 1) and the other is Sant Joan de Mediona, which is located in the
Prelitoral range, near Igualada (Figure 1). The access to the sampling points can be done by car
through a path until the final part of the approach. The main dumps are most accessible
materials, and to reach outcrops a bauxitic materials it is necessary to move forward through
some trails that in some cases could be more difficult to access, as the case of some outcrops of

Peramola samples.
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Figure 1. Localization of then study areas. a) Regional localization. b) Peramola localization. c) Sant Joan de
Mediona localization.



Geology

In Catalonia there are several locations with bauxite mineralisation. All of them have a
karstic origin. The deposits occur in the contact of carbonate rocks of Mesozoic age with tertiary
materials. They are close to the limits of the Ebro Basic with the Catalan Coastal Ranges or the
southern Pyrenees. The Peramola bauxites are located in the South-Central Unit of the Pyrenees.
This unit is divided from north to south, into the Boixols, Montse and Sierras Marginales sub-
units (Vergés and Mufioz, 1990), being the Peramola bauxites in the Sierras Marginales sub-
unit. The Sierras Marginales unit is composed of Mesozoic rocks overlain by Tertiary detrital
rocks.

The Permola bauxites occur in the boundary between the SW end of the Oliana anticline,
and the Middle Jurassic materials (Lias). This is a boundary formed through complex thrust
tectonics. This specific boundary corresponds to the Segre thrust, which delimits the South-
Central Unit of the Pyrenees with the Ebro depression (Burbank et al., 1992). The Oliana
anticline is oriented NNE-SSW and constituted by Eocene materials. The materials in the area
correspond to Jurassic limestones of the Lias period, followed by massive dolomites of Dogger
age and limestones and marls from Malm age. They are covered by Upper Cretaceous rocks.
These materials are in tectonic contact with materials from the middle Eocene, corresponding to
the lgualada marls, of Bartonian age, which are found in the core of the Oliana anticline
(Burbank et al., 1992). In the study area above them are Upper Eocene detrital materials, formed
by ochre-coloured sandstones and clays from the Priabonian. These materials grade towards the
west to coarser materials, with conglomerates coming to the surface. Massive alluvial
conglomerates appear on top of them. The Peramola bauxites (Figure 2) are hosted in
limestones from the Middle Jurassic (Closas i Miralles, 1954; Molina, 1991). At this site, the

thickness of the bauxite layers is variable, from few cm to 10 m.
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Qt0, Qtl, Qt2. Fluvial terraces. Holocene

Qga2. Glacis associated with Qt2. Clays, silts and sandstones . Pleistocene —Holocene
Polg. Silts with sandstone and conglomerate interbeds. Molassa de Solsona Fm. Oligocene
Pogac. Sandstones, clays and conglomerate channels. Rupelian. Lower Oligocene

PEPb. Breccias. Proximal alluvial facies. Priabonian. Upper Eocene

Pecgs. Massive conglomerates. Lower Berga alluvial System. Priabonian, Upper Eocene
PEPgac. Sandstones, clays and conglomerates. Priabonian, Upper Eocene

PEPga. Sandstones and clays. Priabonian, Upper Eocene

PEm1. Sandstones, marls and clays. Marls of Vic and Igualada. Bartonian. Middle Eocene
PEm. Fossiliferous blue marls with red siltstones. Bartonian. Middle Eocene

Kmca. Sandy limestones. Campanian - Maastrichtian. Upper Cretaceous

JMec. Limestones,calcareous marls and marls.Malm. Upper Jurassic

JDd. Brown massive dolomites. Dogger. Jurassic

JLch. Limestones, with algal and oolitic laminations. Sinemurian-Pliensbaquian. Lias Jurassit

(HNEREERaURCD

Figure 2. Geological map of the Oliana anticline, woth the location of the bauxite from Peramola. Inset image of the
Pyrennees with the location of the main map.

The bauxites of Sant Joan de Mediona are located in the Prelitoral range. This is an area
with abundant evidence of bauxites, including those of La Llacuna, Santa Maria de Miralles and
Sant Quinti de Mediona. In this area the bauxites are found in karstic pockets within Mesozoic
carbonate materials, which in some cases correspond to the Lower Muschelkalk and in others to
the Upper Muschelkalk (Molina, 1991), and even in the Keuper units (Closas i Miralles, 1954) ,
such as the Sant Joan de Mediona (Figure 3).
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Figure 3, Geological map of the Sant Joan de Mediona bauxites.

Materials and methods
Materials

The bauxitic materials studied come from two old bauxite mines in Catalonia. The
Esperanza mine from Peramola, is located in the Pre-Pyrenean range while the mine from Sant
Joan de Mediona is in the Prelitoral range, both located at the limit of these units with the Ebro
depression In the both cases the sample have been obtained by aggregating material from
different points so the sample is representative of whole waste or the geological unit in which
the deposit is located (Ordofiez, 1977).

The materials obtained from the field can be divided first of all by area, using the prefix
PER for the materials from Peramola and JM for the materials form Sant Joan de Mediona.
Peramola samples were taken from a gallery of Esperanza mine, from dumps of this mine and
from bauxite outcrops in the nearby area from the mine entrance (Figure 4). The Esperanza
mine has been exploited by means of small galleries and trenches. The type of materials found
at the area are grey sandstones and yellow and brown clays, with spots of conglomerates (Figure
5). The samples taken have different origins. On one hand, some of them, PER-1, PER-3, PER-
12, PER-14 and PER-15, come from dumps created during the operation of Esperanza mine.
There have been spotted three different dumps. The first one is located in front of the gallery
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entrance from mine, samples PER-3 and PER-14-2, these materials. The second one can be
found nearly 20m below the gallery entrance, where probably the material from the mine was
taken to be prepared for its transportation. The samples taken there are PER-1 and PER-15,
being materials mixed with organic materials as plants. Also, at that point an outcrop could be
spotted. The third one can be found in upper levels, between the mine entrance and the upper
outcrops. The materials are distributed heterogeneously through the area, some of them are
spotted at a side of the path of access, were PER-12 was taken. On the other hand, up to three
outcrops could be found, the biggest one, PER-10, is located at the top side of the mountain.
PER-10 V is a red material, PER-10B is a white material and PER-10G is a yellow material in
contact with the white material, and this one is in contact with the red material. Near the first
outcrop is located the second one, PER-11, being PER-11A the material spotted at the front side
of the outcrop and PER-11B the material at the back side of the outcrop. Finally, material from
inside the mine gallery was taken, PER-2 and PER-14-3. The material found there had large
amount of clay and crystals of calcite could be spotted.

In the case of Sant Joan de Mediona, materials were taken from different outcrops. They
belong to the area of la Llacuna, where the first bauxitic deposits from Spain were reported.
Sant Joan de Mediona samples have been taken from abandoned dumps and from an outcrop
close to the underground activity were extracted during the life of the mine.

The outcrop and the dumps from where the samples have been taken have a relatively small

scale, being difficult to be industrially exploited.

Localization §

Samples localization
Peramola

Detail view

Figure 4. Localization of samples of Peramola bauxites.
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Figure 5. Pictures of places from samples were taken. a) PER-10, b) PER-11, ¢) PER-2 and PER-14-3, d) JM.

Analytical methods

The chemical composition was obtained by Inductive coupled analysis (ICP) in the ALS
Global laboratories. Additional chemical analyses have been made with X-ray Fluorescence
(XRF) with an Epsilon 1 equipment of Malvern Panalytical company, detecting from Na to Am.
Thanks to this device standardless analysis could be done for a first approach to the materials
composition when this were unknow. The standardless analysis are possible thanks to the
software of the device, with previous theorical standards loaded. The results given by this
automatic analysis sometimes is not enough to achieve good results for elements quantification,
in that case is important to create standards to generate a program of analysis for the specifics
materials that have to be analysed. Due to the similarity of some samples could be useful
generate an specific analysis program with its own standards. For this reason, is necessary to
have some samples previously analysed through other analytical methods. After knowing the
composition of the standards in order to know how much difference exist between the chemical
composition obtained from a trusted laboratory and the EPSILON 1 XRF equipment. The
results given by the automatic program of the XRF devise are similar as the results obtained by
ICP, the standards have to be prepared. It has been necessary check the different compositions
from 5 to 10 samples.
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Between them, the elements of interest such as silica, aluminium and iron, have to be
represented with multiples concentrations, from the lower levels until the maximum
concentration that could be found. Having the multiples standards with enclosed limits and
others values between the limits, the calibration for a specific analytical program could be
carried out. Ich standard is introduced into the device where it will be analysed while the known
concentrations are introduced into the software, which will correlate the signal of cps/eV
detected and the concentrations introduced. After all the standards have been introduced into the
software, to end with calibration program, the final step is creating a correlation line for ich
element. Finally, the calibration program for these specific materials can be considered done
and to prove the calibration is have been done correctly, some samples of known composition
are analysed and the results are compared, if they are the same the calibration can be considered
correct.

Mineralogy of the materials sampled was determined by X-ray powder diffraction (XRPD)
using oriented aggregates. Fourier transform infrared (FTIR) and scanning electron microscopy
(SEM) completed the characterization. XRPD measurements were taken using an automatic
X’Pert PANalytical diffractometer with graphite monochromator, automatic gap, Ka-radiation
of Cuat L = 1.54061 A, powered at 45 kV and 40 mA, scanning range 4-100° with a 0.017° 20
step scan and a 50 s measuring time. In addition, oriented aggregates of the samples were
prepared following the standard XRPD procedures (Moore and Reynolds, 1989). Calculation of
the Hinckley crystallinity index of kaolinite was obtained according to (Plancon et al., 1988).
The XRD patterns were obtained for oriented samples after the following pre-treatments: air
drying at room temperature, saturation with ethylene glycol and after heating 550 °C for 1 h
(Moore and Reynolds, 1989). Identification and semiquantitative evaluation of phases were
made on PANanalytical X’Pert HighScore software, Version 2.0.1.]. FTIR spectra were
obtained using a 2000 FTIR Perkin—Elmer spectrometer. Vibrational spectra were obtained in
the 4004000 cm™ range. Back-scattered electron images and qualitative chemical analyses of
the kaolin samples were obtained using a Hitachi TM-1000 table-top SEM equipped with an
energy dispersive X-ray spectrometer (EDS).

Plasticity was determinate by the Atterberg limits: liquid limit (LL), plastic limit (PL) and
plasticity index (PI), using the Casagrande Cup test following the method described in Spanish
standards (AENOR, 1976, 1993) standards.

Thermal analyses of samples were obtained by simultaneous Differential Thermal Analysis
and Thermogravimetry (DTA-TG), using a TASCH 414/3 equipment. Analyses were carried
out in the temperature range from 25 to 1300 °C under air atmosphere, at a constant flow rate of
80 mL/min, in an alumina crucible and at a heating rate ramp of 10 C/min. The sample analysed
was about 150 mg of powder. The dilatometric curves of the raw samples were measured using

a L76/1550 Linseis dilatometer. The test was carried out from room temperature to 1300 °C, at
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a heating rate of 10 C/min and cooling was registered in a static-air atmosphere. Dilatation
coefficient connect volumetric variation and temperature variation. To calculate it for ceramics,
and fired clays it is used the expression (1).

_ 1 d(ALy)
aphys(k) = L ar

K=(1...N) 1)

Where: L, is the dilatation of the sample at 20°C; and AL: is the variation of dilatation for
a Titemperature

To determine the water absorption and linear shrinkage tests pieces have been made
following the UNE-EN ISO 10545-3 standard (AENOR, 2018). Firstly, the raw bauxitic clays
were air-dried and then oven-dried up to 105 °C. Then test pieces of 10x6x1 cm were prepared.
These pieces were sintered in an electric furnace at several temperatures between 1050 and 1300
°C. The increase of temperature was at a a rate of 1 °C from room temperature to 70 °C and at
1.5 °C up to the sintering temperature, where a holding time of 120 min was applied before
cooling. The textures in the test pieces were observed by SEM.

The firing curves were obtained from the dilatometric data following the method indicated
in (Vasi¢ et al., 2017). The colour properties were measured in the fired samples using a CM-
700d Konica-Minolta spectrophotometer over the visible range(Garcia-Valles et al., 2022) .

Results and discussion

Chemical Composition

Chemical composition of samples is presented in

Table 1. SiO, content is ranges between 10,39 and 48.00 mass%, except or one sample of
7.91 mass%. The Al,O3 content vary between 10.42 and 59.67 mass%. Alkali content is very
low in the two locations, with. Na,O ranging between 0.04 and 0.20 mass%, and KO is
between 0.02 and 3.14 mass%. The Fe,Os content is highly variable, from 8.44 to 27.70 mass%.
TiO; is between 1,14 and 3.98 mass%. Respect to the major elements, the most important of
them are Si, Al and Fe. In addition, some samples show presence of Ca, probably because they
include a part of enclosing material. In the matter of rare earth elements (RREE), they have been
analysed but their concentration is lower than the XRF limits, showing less than the minimum
concentration satisfactorily. In this case, it can be considered that the concentration of these
elements are low enough to be considered as not interesting or suitable to be analysed with more
detail.

According to the Fe;03-Al,03+TiO,-SiO; ternary diagram (Bardossy & Aleva, 1990) the

San Joan de Mediona materials are clayey bauxites whereas those from Peramola plot also in
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the bauxitic clay to the iron-rich bauxite (Figure 6). However, the composition of the materials
analysed have high variability, having multiple types of material but a great part of them can be
considered iron-rich bauxites and clayey bauxites. The samples can be group according to this
chemical composition, obtaining sample families that will help for further discussions. At first
sight, the groups formed agree with the origin of the sample and the location from where they

were obtained (Figure 7).

Comparing with other bauxite locations (Reinhardt et al., 2018) it can be seen that part of
the studied materials from the present work have similar chemical composition to other bauxitic
materials around Catalonia (

Table 2). The most important difference is that the iron and aluminium concentrations in
some samples are higher than the bauxitic materials of other points of Catalonia, having the

highest concentrations some outcrops from Peramola area, especially the reddest samples such
as PER 1 or PER-10V.

Table 1. Chemical composition, mass%,of major elements from Peramola and Sant Joan de Mediona.

Oxides PER-1 PER-2B PER-3 JM-1 JM-2
Si02 9.51 48.00 30.50 24.00 23.43
Al203 47.20 27.10 34.60 42.80 16.69
Fe203 27.70 8.44 19.40 18.00 8.21
CaO 0.15 0.32 0.32 0.16 24.52
MgO 0.07 0.64 0.10 0.10 0.43
Na20 0.04 0.20 0.04 0.05 0.06
K20 0.02 1.99 0.10 0.02 0.06
TiO2 2.16 1.14 1.71 2.39 0.95
MnO 0.00 0.00 0.01 0.01 0.01
P205 0.05 0.06 0.02 0.06 0.08
LOI 12.40 11.85 12.95 12.85 25.10
Total 99.30 99.74 99.75 100.44 99.54
Table 2. Chemical composition, mass%, major elements (Reinhardt et al., 2018).
Oxides MM-1 MM-2 MM-3 MM-4 MI-0 MI-2 RU-1
Si02 15.12 34.17 31.03 38.31 24.62 38.39 35.08
Al203 48.98 29.55 26.73 32.57 39.43 34.18 29.45
Fe203 19.57 22.71 28.66 13.33 19.95 12.56 14.97
CaO 0.08 0.12 0.11 0.13 0.14 0.20 2.53
MgO 0.03 0.04 0.04 0.08 0.07 0.05 0.45
Na20 0.02 0.02 0.02 0.03 0.03 0.04 0.06
K20 0.02 0.03 0.02 0.14 0.13 0.06 0.49
TiO2 2.34 1.59 1.43 1.96 2.21 1.74 1.86
MnO 0.01 0.04 0.04 0.08 0.07 0.05 0.45
P205 0.09 0.05 0.04 0.10 0.14 0.10 0.07
LOI 12.77 11.55 10.67 12.78 12.36 12.96 14.77
Total 99.03 99.87 98.79 99.51 99.15 100.33 100.18
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Mineralogical composition

The mineralogical composition of waste materials from the studied locations is presented in
(Figure 8). In Peramola the mineralogy is quite variable. In general, kaolinite is the predominant
mineral, accounting for up to 68 mass% of the deposit, except in one area where kaolinite
accounts for 23 mass%, in which case boehmite is the major mineral, with 61 mass%. Hematite
is found in the range of 4-22 mass%. Calcite is found in minor amounts, less than 1mass%.
from absent to 25 mass%. Minor amounts of rutile and anatase are also present, generally
around 1-3 mass%. However, these materials are found together with calcite-rich materials. In
the case of Sant Joan de Mediona, kaolinite can reach up to 60 mass%, while boehmite is
around 25 mass%. Another sample from San Joan de Mediona has presented up to 54 mass% of
calcite, probably because the sample taken had contiguous material, being the main mineral
calcite.

Also comparing with (Reinhardt et al., 2018), the mineralogical composition has more
differences than the chemical composition. Peramola and Sant Joan de Mediona samples are
less kaolinitic than the samples of bauxites presented on (Reinhardt et al., 2018), instead,
boehmite concentrations are higher and hematite are more less the same, around 16 mass%.
Compared to other bauxitic materials (Earnest et al., 2018; Rivas Mercury et al., 2010; Wang et
al., 2015), the amount of aluminium minerals is higher in our materials. The concentration of
iron oxides is lower than the red muds but these samples are more kaolinitic than them.
Compared to kaolinitic materials (Alfonso et al., 2022; Garcia-Valles et al., 2015, 2020, 2022),
more used for ceramic applications, our samples contain less kaolin compared to the most
kaolin rich samples but more kaolin compared to the least rich samples. Also, Peramola and
Sant Joan de Mediona materials have much less quartz than these others materials, including the
lack feldspar presence.

Due to the presence of clay minerals, orientated aggregates have been made been made
(Figure 9). Thanks to them only the presence of kaolinite could be detected on all samples
analysed. In addition, in only one sample could detected another clay mineral, in this case illite
in the sample PER-2B. Other clay minerals as chlorite or smectite could not be detected. The
mineralogical results are suitable to the chemical composition obtained previously.

In the case of samples PER-2A and PER-2C, due to their difference with other samples and

that their composition is far from the target compositions, they will not be considered.
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With the results obtained through XRD, in the samples that show presence of kaolinite has
been calculated the Hinckley Index (HI) (Dill, 2016; Hinckley, 1965) to determine the
crystallinity of kaolinite. Higher values represent better degree of crystallization, a value near 1
or above are considered crystallized meanwhile lower values like 0.5 implies low grade of
crystallization of kaolin (Aparicio and Galan, 1999). The samples show different types of
crystal qualities, from samples with and HI near 1 and some other samples with an HI of 0.5
(Table 3). The samples with lower crystallinity grades belong to areas where the materials have
been more altered, meanwhile the values of 1 or higher coincide with less altered samples. The
samples with lower values are the ones which are nearer to the contact material, for these
samples, calcite. Nearly all the remaining samples have an HI near 1, symbolising the good
crystallization of kaolin, however, there is an exception, PER-10V, showing 2.14, value that
could be considered out of range because. For further discussions it will be considered as well
crystalized. The results of crystallinity index for kaolinite are very similar to the results
presented on (La Iglesia and Ordofiez, 1990) of other kaolin around bauxitic deposits of NE

Spain.
Table 3. Results of Hinckley Index for JM and PER samples.

Sample HI

JM-1 1.02

JM-2 0.52

PER-1 1.39
PER-2B 0.51

PER-3 0.96
PER 10 B 112
PER 10 V 2.14
PER 11 A 0.95
PER 141 1.06
PER 143 122
PER 151 1.28
PER 15 2 0.86
PER 153 0.97
PER 154 0.94

Through the observation of the samples with SEM, textures can be determined. Kaolinite
occurs as regular lamellar hexagonal flakes crystals and in some point of the samples halloysite
can be spotted al tubular crystals between 1 and 10 um, being a minority (Figure 10). Similar
textures were found from the kaolinitic clays of the Camarillas Formation (Bauluz et al., 2014).
Kaolinite is the major mineral and halloysite is a in minor amounts. Due to similarities of

kaolinite and halloysite in composition and the pattern in XRD, is difficult to differentiate them
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through these analytical methods, however through SEM it is possible to differentiate the
crystals of ich mineral (Garcia-Valles et al., 2015; Worasith et al., 2011).

Figure 10. SEM images from representative samples from Peramola and Sant Joan de Mediona, showing presence of
kaolinite (Kao) and halloysite (HlIy).

FTIR spectra confirm the XRD results, being kaolinite and boehmite the most abundant
minerals. Therefore, these are the minerals that will have the greatest influence on thermal and
rheological behaviour of these materials. Bauxitic materials from Peramola and Sant Joan de
Mediona present the typical bands of kaolinite (Alfonso et al., 2022; Ekosse, 2005; Farmer,
1968; Garcia-Valles et al., 2022; Guatame-Garcia and Buxton, 2018; Martinez Manent and
Ballbe Llonch, 1985; Vaculikova et al., 2011), corresponding to structural bonds: SiO4 — Al,O3
bonds (Si O-Al), octahedral aluminium bonds (Al-O and Al-OH) and tetrahedral silica bonds
(Si-0). In the rank between 3800 and 3600 cm™ the most characteristic absorption bands appear,
which are related to Al-OH stretching. Also, appear coincidence in 1120 and 945 cm™ regions
corresponding to Si-O stretching. The same happens with boehmite as with kaolinite. However,
only the Sant Joan de Mediona sample is fully represented, in other samples only part of the
stretching are detected, this could even be related to the concentration of boehmite. The
stretching band detected are Al-OH and H-O-H, corresponding to boehmite bonds (Figure 11)
(Balde et al., 2021; Kloprogge et al., 2002).
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Figure 11. IR spectra from representative samples from Peramola and Sant Joan de Mediona.

Rheological properties

In this section, only plasticity will be showed. After dilatometric results, density results will
be presented because the samples used to calculate the materials density are the materials tested

previously in dilatometry test.

Plasticity

The plastic limit (PL), liquid limit (LL) and plasticity index (PI) are shown in Table 4 and
the Casagrande plasticity chart in Figure 12.

Table 4. Table of plasticity indexes from Peramola and Sant Joan de Mediona Samples.

Sample PL (%) LL (%) Pl (%)
PER-1 20.22 26.35 6.14
PER-2B 26.45 50.26 23.81
PER-3 25.00 31.76 6.76
JM-2 26.42 32.18 5.76
PER-10V 20.87 23.70 2.83
PER-10B 30.13 30.27 0.14
PER-11A 25.29 27.51 2.22
PER-14-3 26.18 35.45 9.27
PER-15-1 21.79 22.09 0.30
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The Atterberg limits showed by the main part of the samples have very similar limits. The
values obtained are low, for plastic limit (PL= 20.22-30.13) and liquid limit (LL= 22.09- 50.26)
(Day, 1999; Garcia-Valles et al., 2020). The plastic index is also low for the main part of the
samples (PI= 0.14- 23.81). The plastic behaviour is different depending on their mineralogical
composition. The plasticity index increases with kaolinite and other clay minerals contents;
however, high crystallinity index of kaolinite implies lower plasticity (Bartolomé, 1997). As
well as decrease with the quantity of oxides, hematite and boehmite growth. Nearly all the
materials tested give very poor plasticity index, according to the amounts of different types of
oxides, as boehmite and hematite.

PER-2B, PER 14-3 and JM-2 are medium plastic materials. Other samples are even less

plastic.
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Figure 12.Casagrande plasticity plot (Casagrande, 1948). The bauxitic materials studied are low plastic, except for a
few which are medium plastic.
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Highly plastic

Thermal properties
ATD-TG

The differential thermal analysis and thermogravimetric analysis (DTA-TG) curves of the
bauxitic materials indicates the changes produced with the temperature (Table 5). Two
endothermic peaks are observed in the DTA curves. The endothermic peak at 527-538 °C is
produced by the dehydroxylation of boehemite to form y-Al,Oz (Bokhimi et al., 2001; Filho et
al., 2016). The endothermic at t 564-570 °C is produced by the dehydroxylation of kaolinite. An

exothermic peak occurs at 950-978 °C due to the transformation of metakaolinite and y-Al,O3
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into mullite. The first derivate of DTA plot is useful to detect picks which can be hidden due to

the lack of sufficient differentiation (Figure 13).

The mass loss at a temperature up to 110 °C is produced by the release of humidity, and it is

about 1.34 mass%. The loss associated with the release of the hydroxyl groups is about 10.5

mass% (Figure 14) (Foldvari, 2011; Ramachandran et al., 2002; Todor, 1976).

The results obtained through DTA-TG are according to the mineralogical results. The

difference of the amount of kaolinite and boehmite can be seen with the highest pick, where if

the 530 °C is the highest mean that boehmite is predominant and if the 560 °C pick is the highest

means that kaolinite is predominant (Figure 15).

Table 5. Characteristic picks from DTA-TG from representative samples from Peramola and Sant Joan de Mediona.

Temperature / 2C

Weight loss / %

endothermic exothermic structur
adsorbed
Sample 1 2 . al water  related to 2
. 06- AlbO3 »  mullit water .
boehm  kaolinit - ALO <2000C 400- endothermic
ite - Albs € - 5502C
Per-1 538 568 - 978 0.48 5 5.5
Per-2B - 547 950 1.89 4 4
Per-3 530 568 952 972 1.49 6 5
JM-1 536 564 -- 966 0.31 5.33 6
PER-10B 530 547 954 970 1.91 7.24 7.4

a)

b)

DTA /uV mg?

DTA /uV mg?
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Figure 13. DTA and first derivate of DTA plot. a) PER-1, b) PER-3.
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Figure 15. Comparison between boehmite rich sample (PER-10B) and kaolinite rich sample (JM-1) DTA plots.

Dilatometry

The dilatometric curves from the bauxitic clays show that during firing three main stages of
shrinkage are produced (Figure 16) (Garcia-Valles et al., 2015, 2020; Gippini, 1979). The first
stage is produced between 515-535 °C a contraction is due to release of the structural hydroxyl
group of boehmite with the formation of y-alumina (2):

2 AIO(OH) - y-Al,03 + H,0 (2

Later, at 950 °C spinel-like structure lead to a shrinkage and finally, at 1010 °C a new

shrinkage is caused by sintering and densification processes with the formation of a-Al203.
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Figure 16. Dilatometry from representative samples from Peramola and Sant Joan de Mediona.

Samples PER-3 and JM-1 show very similar patterns, PER-1 show as well shrinkage at

similar temperatures but the deformation is lower than the other samples. They show their main

shrinkage near 600 °C, 1050 °C and 1200 °C, associated to boehmite transformations, in

addition can be seen shrinkage near 890 and 1010 °C due to transformations of kaolinite. The

most different sample is PER-2B, only showing the transformations of kaolinite. The shrinkage

that could be identified are (Figure 17):

- Related to Kaolinite
Shrinkage (890 °C) produced by the collapse of metakaolinite into a spinel-like structure.
2Al5(Siz0s) (OH)s > 2(Alx032Si0;) + 4(H20) > SisAliO1, + SiO;

Metakaolinite Kaolinite Spinel-like structure

Shrinkage (1010 °C). at the beginning of the sintering, when the spinel-like phase is

transformed to mullite and amorphous SiO2.

3(SizAl:012) 2> 2(3Al,052Si0;) + 5SiO;

Metakaolinite Mullite

- Related to Boehmite

a) Shrinkage (600 °C - 1000 °C) due to departure of structural hydroxil group of boehmite

with the formation of gamma-alumina:

2 AIO(OH) - y-Al,0; + H,0
b) Shrinkage (1050 °C) due to necking formation between particles.

¢) Shrinkage (1200 °C) due to sintering and densification processes. Formation of a-Al,O;
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Figure 17. Dilatometry from representative samples from Peramola and Sant Joan de Mediona.

Dilatometric coefficient

Samples with higher amounts of boehmite show less deformation, being represented through

the thermal dilatometric coefficient (Table 6).

Table 6. Dilatometric coefficient from dilatometry tested samples.

Sample Dilatometric Coefficient (°C™?)

JM-1 5,8:10°
PER-1 3,8:10°
PER-2B 7,3-10°
PER-3 4.7-10°

Hot stage microscopy (HSM) or optical dilatometry

All test arrived to 1450 °C, with a heating ratio of 5 °C/min. Only one sample melted and
showed all the different stages, from the first shrinkage 763°C, softening 1320 °C, the formation
of ball shape 1328 °C, half ball shape 1366 °C and flow 1378 °C (Figure 18). This sample is the
one which had more amount of calcite, being Ca a flux making easier the material melting. All
the other samples analysed only presented some notable shrinkage from around 900 °C and
above, without reaching the softening point at temperatures of 1450 °C (Figure 19). This fact
can be attributed to the main presence of kaolinite well crystallized, Hinckley Index near or
above 1, and high amounts of boehmite (Rivas Mercury et al., 2010).

Results obtained through HSM show similar results to the results obtained from dilatometry,
having shrinkage at nearby temperatures and similar shrinkage. Figure 20 shows the two plots
for comparison. Their units are different, however they show qualitatively the variation of the

linear shrinkage data obtained with HSM and dilatometry.
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8)

Figure 18. HSM images from JM-2. a) 763°C , First shrinkage; b)987 °C; Shirnkage stop; c¢) 1206°C, Shrinkage;

d)1320°C, Softening; €)1328 °C, Sphere; f)1366°C, Semiesphere; g)1378 °C, Flow.

a)

b)

c)

g)

Figure 19. HSM images from PER-3. a)246°C, Beginning; b)297°C, First shrinkage; ¢)700 °C, Shrinkage; d)950 °C,

Shrinkage; e) 1000 °C, Stop shrinkage; f)1050 °C, Shrinkage restart; g) 1450 °C,End.
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Figure 20. Comparison between shrinkage detected through HSM (optical dilatometry) and dilatometry. PER-3
sample.

Density

The densities obtained depends mainly on the mineralogy of the materials, being the densest
the richest in boehmite. These correspond to the materials obtained inside the Peramola mine,
samples from the waste material have similar density, 2.9 g/cm? (Table 7). The materials treated
at 1300 °C. Compared to other samples bauxitic samples, the Peramola and Sant Joan de
Mediona samples are heavier than other materials, such as the 2.65 g/cm?® of (Rivas Mercury et
al., 2010) red mud. Except for PER-1 sample and PER-2B, the other samples are near the
density, the little difference, apart from mineralogical composition, could be due to the thermal

treatment were the samples have been compacted.
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Table 7. Density of the Bauxitic materials from Peramola and San Joan de Mediona.

Sample Density, g/cm®
PER-1 3.26
PER-2B 2.45
PER-3 2.88
JM-1 2.89

Technological properties

Gresification curves

To analyse the behaviour of the samples through different temperatures and determine the
viability of these material as raw material for ceramics. Gresification curves are the
representation of linear shrinkage and water absorption respect the temperature in the same plot
(Baccour et al., 2009; Garcia-Valles et al., 2022). This representation helps to predict the
optimal firing temperature of the raw material and allow to determine the balance between
hardness of the ceramic and the minimum porosity achieved, minimizing the processing costs.

The analysis has been made until 1300 °C. with an increase of 2°C/minute and a final dwell
of 1 hour. There were prepared 9 tiles for ich sample analysed and ich one has been tested until
a certain degree is temperature (

Table 8). The results obtained of firing shrinkage and the water absorption are showed
through Figure 21Figure 21. Gresification curves of bauxitic materials from Peramola and Sant
Joan de Mediona. a) PER-2B, b) JM-2, ¢) PER-3.. The relationship between firing shrinkage
and water absorption has an inverse correlation, whereas linear shrinkage increase, water
absorption decrease. Samples show a progressive shrinkage, (PER-3), In the case of JM-2, from
around 1150 °C shrinkage ratio increase. For PER-2B sample there is a first shrinkage until
1175 °C and from this point start an expansion stage. At the same time, water absorption does
the opposite, for all samples exists a decrease of water absorbance while the temperature
increase, except for one sample. PER-3 show a progressive decrease of water absorption from
the starting point until the end. For JM-2 sample, as it happens with the lineal shrinkage, water
absorption ratio also decreases faster after around 1150 °C (Cargnin et al., 2015). Finally, PER-
2B sample, at 1150 °C achieve the minimum water absorbance until around 1200 °C. This
minimum is near the 0% of water absorption, implying that a ceramic material fired to this
range of temperature would be a waterproof layer.

Thanks to these graphics, sintering temperatures can be determined searching for the
intersection between the firing shrinkage and the water absorption plots. The optimal sintering

temperatures would be near 970 °C for Peramola samples and near 1190 °C for Sant Joan de
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Mediona samples. The decrease of water absorption can be also seen through SEM images
where intergranular porosity decrease at higher temperatures (Figure 22). The closing porosity
is due to the anisotropic expansion of clays during heating (Celik, 2017; Darbari et al., 2017;
Garcia-Valles et al., 2022). The loss of intergranular porosity if proportional to the firing
shrinkage, which also has similarity to the dilatometric curves observed previously. The
samples show a uniform structure in a macroscopic observation. With SEM observation, the
image of 1250 °C show the samples sintered, meanwhile the previous images were not sintered
yet. The traces of hematite can be spotted in all temperatures (Figure 23), but the amount of it
decrease when temperature increase. Also, mullite can be seen in the samples, from near 1150
°C (Montoya et al., 2010)

In mineralogy affairs, changes through temperature increase have been shown. The samples
have an appreciable amount of amorphous phase, meaning that from XRD results it is not
possible to obtain accurate quantification results. Also, the mineralogical characterization is
more difficult because of the amorphous phase, hiding and distorting characteristic picks of
other minerals. For the sample with calcite, JM-2, from 900 °C appear gehlenite, anorthite and
some traces of hematite. At 1200 °C appear hedenbergite, and hematite cannot be spotted. For
Peramola sample, PER-2B, at 900 °C can be found quarts, sillimanite and traces of hematite and
rutile. At 1100 °C and above, mullite can be added in the list. For this material, the sample
tested at 900 °C is when metakaolinite has to start converting into mullite (Montoya et al.,
2010), but they cannot be detected because of the amorphous phase. In each case exists
minerals, such as spinel group minerals or cristobalite, which should appear according to the
mineralogical transformations described at dilatometry, however, most probably these materials
can be found inside the amorphous phase, not being able to detect them through XRD analysis.
The only sample with quartz is PER-2B, so this sample should show presence of cristobalite
(Lyu et al., 2021; H. Schneider et al., 1986).

Sample PER-1 has been also tested but the tiles prepared started to separate with the first

thermal treatment, most probably due to lack of plasticity and cohesion.

Table 8. Table determining Temperature for each tile for gresification curves.

Temperature (°C) Tile number
900
1000
1050
1100
1150
1175
1200
1250
1300

O©CoOo~NOoO oIk, WwWN -
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Figure 21. Gresification curves of bauxitic materials from Peramola and Sant Joan de Mediona. a) PER-2B, b) JM-2,

¢) PER-3.
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Evolution of the texture with the firing temperature

Figure 22. Texture evolution through different firing temperatures. a) PER-2B, b) JM-2.
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Figure 23. Hematie formation in a fired sample from Peramola.

Colorimetry

Due to the firing temperatures and the transformation of minerals, tile colour change. n. The
colour of the tiles principally depends on Fe;Os and TiO, content, but mineralogy also have
influence. In all cases the tiles got darker with the temperature increase, caused because of the
change of mineralogical composition. Colour can be described through parameters L*, a* and
b*(Barba et al., 1997):

- L*=100 is white and L*=0 is black
- a*>0isred and a*<0 is green
- b*>0is yellow and b*<0 is blue

At first stages colour is conditioned by the amount of hematite that can be found inside. In
Peramola sample the increase of a* chromatic coordinate after 1200 °C due to the destruction of
illite structure, where Fe®*" is liberated, forming new phases or crystalize into hematite
increasing the reddish colour (Figure 24) (Bouzidi et al., 2014; De Bonis et al., 2017). The
decrease of a* coordinate can be associated to the formation mullite, which can absorb part of
hematite leading to whitter colours. In both materials, Peramola and Sant Joan de Mediona
materials, L* coordinate decrease due to formation of iron and/or titanium oxides. In the case of
Sant Joan de Mediona sample, the results coincide with the typical carbonated clay. At first
instance show a reddish colour due to the presence of hematite, later the calcite reacts with other
silicates and alumina, forming calcium aluminosilicates, such as gehlenite and anorthite,
increasing the L* and b* coordinate, giving a whiter colour to the sample until near 1150°C,
after this temperature, amorphous phase increase and the L* and b* coordinate decrease (Figure
25).
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Conclusions

Materials from bauxite deposits, dumps and tailings of Peramola and Sant Joan de Mediona
could be a potential resource of raw materials for the ceramics industry or could be a potential
raw material for geopolymers or cementing materials. They show appreciable amount of
kaolinite and boehmite, mixed with lower quantities of hematite, and sometimes mixed at some
points with calcite, being similar to other bauxites from the NE of Spain, Catalonia. Due to this
mineralogy, their density is a little higher than other material such as kaolinic materials,
crystallinity index of kaolinite are high and their plasticity is low, being hard to work with them.
This samples show the typical deformations which appear with presence of kaolinite and
boehmite and having the melting point over 1450 °C, except for the samples that include calcite.
Finally, the sintering temperatures of Peramola bauxites is 970 °C and for Sant Joan de Mediona
bauxites is 1190 °C.

The materials studied cannot be used directly to make ceramics and they should be mixed
with additional raw materials due to their low phyllosilicates content, lack of plasticity and high
working temperatures. Another possible application is the production of geopolymers cementing
materials. The composition of these bauxitic materials is similar to raw materials for cementing
materials production. To know if they are suitable for this application, it is necessary to conduct
additional experiments which will be carried out on further investigations. Even though, if there
could be a possible application, the industrial usage would be difficult because of the lack of
enough material for a sustained production. Also, there is the problem of homogeneity of the
composition all along the dump, that combined with the lack of material makes it unlikely to be
profitable. However, this work could be a starting point for characterization of bauxitic

materials and study their viability for industrial use.
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Annex

In the following pages can be found some additional data which can be useful to understand
some of the results exposed and the discussions followed.
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Sample localization/field description
Sant Joan de Mediona

- JM-1 and JM-2: Samples taken nearby the entrance of the old mine.

Peramola

- PER-1: Samples from a dump around 30m below the gallery entrance
- PER-2: Materials from inside the gallery. Presence of calcite and clays
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- PER-3: Materials from the dump in front of gallery entrance

- PER-10: Materials from upper outcrop
o V: Red materials, main ore body, bauxite
o B: White material, inside main ore body
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o G: Yellow material, contact material with main ore body

- PER-11: Material from a second upper outcrop, around 20m westside from PER-10
outcrop.
o A: Bauxite, front side of the outcrop
o B: Red material, back side of the outcrop

T
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- PER-12: Materials found at the sideways of the main path. Dumped material from upper
levels. Found few meters above the gallery entrance.

- PER-14: Material from the main gallery zone
o 1: Tailing material, took from inside mine build debris.
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o 2: Material from the dump in front of gallery entrance, like PER-3 sample
o 3: Material from inside the gallery. Clay materials.

- PER-15: Material from the same dump as PER-1, around 30m below the gallery
entrance.
o 1: Random rocks taken from surface.
o 2: Mixed material taken randomly from different point of the dump.
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o 3: Red rock, in situ material, found in an outcrop between limestones.
o 4: Red mud, from the outcrop of PER-15-3.

XRF Calibration

Calibration graph and reports

The following figures show the calibration graph and reports done with Epsilonl XRF from
Escola Politécnica Superior d’Enginyeria de Manresa (EPSEM). Samples JM-2, PER-10, PER-
11, PER-12, PER-14 and PER-15 have been analysed with this device. JM-1, PER-1, PER-2B,
PER-3 were analysed by inductive coupled analysis they were used as standard for calibration
procedure.
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Fe - BauxitePer calibration graph
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Mg - BauxitePer calibration graph
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Na - BauxitePer calibration graph 28-Apr-2823 15:17:086
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Si - BauxitePer calibration graph

28-Apr-2823 15:17:33
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Al - BauxitePer calibration report

Parameters

D value | -14.2603
E value | 0.005300
F value | 0.0000000
Ratio channel | None
K factor | 0.343090
RMS value | 2.179011
Correlation coefficient | 0.980296
Nr Standards - Coefficients | 4-2
Concentration unit | %
Ident | Qual | I (cps) | Calc | Chem | Diff | D/RMS | L.Ov | Matrix
M1 High | 10370.3 [ 40.70 | 42.50 | -2.10 -0.96 | 0.000 | 1.000000
PER1 High | 11924.6 | 45.94 | 47.20 | 1.74 0.80 0.000 | 1.000000
PER2b | High [ 8007.44 [ 28.18 | 27.10 | 1.08 0.49 0.000 | 1.000000
PER3 High | 9039.64 [ 33.65 | 34.60 | -0.95 -0.44 | 0.000 ] 1.000000
Ca - BauxitePer calibration report
Parameters
D value | -0.11749
E value | 0.000159
F value | 0.0000000
Ratio channel | None
K factor | 0.076805
RMS value | 0.049216
Correlation coefficient | 0.908123
Nr Standards - Coefficients | 4-2
Concentration unit | %
Ident | Qual | I (cps) | Calc [ Chem | Diff | D/JRMS | L.Ov | Matrix
M1 High [ 1817.61 [0.17 | 0.16 | 0.01 0.22 0.000 | 1.000000
PER1 High | 1734.33 | 0.16 | 0.15 | 0.01 0.13 0.000 | 1.000000
PER2b | High [ 2373.79 | 0.26 | 0.32 |-0.05 1.24 | 0.000 | 1.000000
FPER3 High | 2952.65 | 0.35 | 0.32 | 0.03 0.63 0.000 | 1.000000
Fe - BauxitePer calibration report
Parameters
D value | 0.173555
E value | 0.000037
F value | 0.0000000
Ratio channel | None
K factor | 0.160635
RMS value | 0.760127
Correlation coefficient | 0.997190
Nr Standards - Coefficients | 4-2
Concentration unit | %
Ident | Qual | I (cps) | Calc | Chem | Diff | D/RMS | L.Ov | Matrix
JM1 High [ 492865. | 18.40 | 13.00 | 0.40 0.52 0.000 | 1.000000
PER1 High | 722454, | 26.83 | 27.70 | -0.82 -1.08 | 0.000 | 1.000000
PER2b | High | 218806. | 8.27 544 |-0.17 -0.23 0.000 | 1.000000
PER3 High | 5345826, | 19.95 | 19.40 | 0.55 0.72 0.000 | 1,000000
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K - BauxitePer calibration report

Parameters

D value | -0.00473
E value | 0.000225
F value | 0.0000000
Ratio channel | None
K factor | 0.033482
RMS value | 0.015766
Correlation coefficient | 0.999930
Nr Standards - Coefficients | 4-2
Concentration unit | %
Ident [ Qual | I (cps) | Calc |Chem | Diff [ D/RMS | L.Ov | Matrix
JM1 High | 97.855 | 0.02 | 0.02 | 0.00 -0.17 ] 0,000 | 1.000000
PERL High | 76.308 | 0.01 | 0.02 [-0.01 -0.48 | 0.000 | 1.000000
PER2b | High |8831.8311.98 | 1.99 [-0.01 -0.64 | 0.000 | 1.000000
FER3 High | 546.940 | 0.12 | 0.10 0.02 1.15 0.000 [ 1.000000
Mg - BauxitePer calibration report
Parameters
D value | 0.658745
E value | 0.015803
F value | 0.0000000
Ratio channel | None
K factor | 0.1913582
RMS value | 0.097118
Correlation coefficient | 0.966262
Nr Standards - Coefficients | 4-2
Concentration unit | %
Ident | Qual | I (cps) | Calc | Chem | Diff | D/RMS | L.Ov | Matrix
JM1 High | -34.026 | 0.12 | 0.10 | 0.02 0.22 0.000 | 1.000000
PER1 High | -32.819 | 0.14 | 0.07 | 0.07 0.72 0.000 | 1.000000
PER2b | High | -6.466 | 0.56 | 0.64 | -0.08 -0.86 [ 0.000 | 1.000000
PER3 High | -40.476 | 0.02 [ 0.10 |-0.08 [ -0.83 |0.000|1.000000
Mn - BauxitePer calibration report
Parameters
D value | -0.00229
E value | 0.000057
F value | 0.0000000
Ratio channel | None
K factor | 0.018401
RMS value | 0.005973
Correlation coefficient | 0.536306
Nr Standards - Coefficients | 4-2
Concentration unit | %
Ident | Qual | I (cps) [ Calc [ Chem | Diff | D/RMS | L.Ov | Matrix
JmM1 High [ 194,575 | 0.01 | 0.01 0.00 -0.21 [ 0.000 [ 1.000000
PERL | High |136.345 | 0.01 | 0.00 | 0.01 0.91 |10.000]1.000000
PER2b | High | £3.845 | 0.00 | 0.00 | 0.00 0.22 0.000 | 1.000000
PER3 High [ 107.460 | 0.00 | 0.01 |-0.01 -1.04 | 0.000 | 1.000000
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Na - BauxitePer calibration report

Parameters

D value | 0.069065

E value | 0.003792

F value | 0.0000000

Ratio channel | None

K factor | 0.183248

RMS value | 0.09932

Correlation coefficient | 0.025599

Nr Standards - Coefficients | 4-2
o

Concentration unit

Ident | Qual | I (cps) [ Calc | Chem | Diff | D/RMS | L.Ov | Matrix
M1 High | 0.280 | 0.07 [ 0.05 0.02 0.20 0.000 | 1.000000
PER1 High | -1.568 | 0.06 | 0.04 0.02 0.23 0.000 | 1.000000
PER2b | High | -1.180 | 0.06 | 0.20 [-0.14 -1.36 0.000 | 1.000000
PER3 High | -2.061 | 0.06 | 0.04 | 0.02 0.21 0.000 | 1.000000
P - BauxitePer calibration report
Parameters
D value | -0.15974
E value | 0.000527
F value | 0.0000000
Ratio channel | None
K factor | 0.054907
RMS value | 0.020550
Correlation coefficient | 0.470610
Nr Standards - Coefficients | 4-2
Concentration unit | %
Ident | Qual [ I (cps) | Calc [ Chem | Diff | D/RMS | L.Ov | Matrix
JM1 High | 416.070 [ 0.06 | 0.06 | 0.00 -0.02 | 0.000 | 1.000000
PER1 High | 395.2858 [ 0.05 | 0.05 | 0.00 -0.05 | 0.000 | 1.000000
PER2b | High | 373.915 | 0.04 | 0.06 [-0.02| -1.10 |0.000 ) 1.000000
PER3 [ High [375.364 [0.04 | 0.02 [0.02 | 0.89 [0.000]1.000000
Si - BauxitePer calibration report
Parameters
D value | 2.545477
E value | 0.001112
F value | 0.0000000
Ratio channel | None
K factor | 0.227522
RMS value | 1.139906
Correlation coefficient | 0.993351
Nr Standards - Coefficients | 4-2
Concentration unit | %
Ident | Qual | I (eps) | Calc | Chem | Diff | D/RMS | L.Ov | Matrix
JM1 High | 18115.6 | 22.63 | 24.00 | -1.32 -1.16 | 0.000 | 1.000000
PER1 High | 6469.36 | 9.74 9.51 0.23 0.20 0.000 | 1.000000
PER2b | High | 40930.0 [ 45.10 | 42.00 | 0.10 0.08 0.000 | 1.000000
PER3 High | 25954.3 | 31.39 | 30.50 | 0.89 0.78 0.000 | 1.000000
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Ti - BauxitePer calibration report

Parameters
D value | 0.281302
E value | 0.000056
F value | 0.0000000
Ratio channel | Nane
K factor | 0.059225
RMS value | 0.090115
Correlation coefficient | 0.991057
Nr Standards - Coefficients | 4-2
Concentration unit | %

Ident [ Qual | I (cps) | Calc | Chem | Diff | D/RMS | L.Ov | Matrix

JmM1 High | 36257.4 | 2.31 2.39 [-0.08| -0.90 0.000 | 1.000000
FER1 High | 35276.0 | 2.25 | 2.16 | 0.09 1.04 0.000 | 1.000000
PER2b | High | 15389.7 [1.15 | 1.14 [ 0.01 0.08 0.000 | 1.000000
PER3 High | 250159 | 1.68 | 1.71 |-0.03| -0.30 | 0.000 | 1.000000

Some elements such as sodium or manganese show poor calibration accuracy. For this reason,
this calibration is used only for major elements as Si, Al, Fe and Ca

Standard XRF analisys through calibration
JM-1 (Standard) IM1 IM1/2022/12/01/ IM2/2022/12/01/ IM2/2022/12/05/

Sio2 24 24.17 25.13 26.06 23.43

% % % % %
Al203 428 41.4 43.81 24.75 16.69

% % % % %
Fe203 18 18.99 19.27 9.28 8.21

% % % % %
CaO 0.16 0.16 0.16 22.01 24.52

% % % % %
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The raw data obtained through the automatic program from Epsilonl XRF is

Nr 1 2 3 4 5 6
Ident | PER-1 omnian PER-2B omnian PER-3 omnian JM-1omnian JM-2 omnian PER-14-2 omnian
Na20 C 0 0 0 0 0 0
Unit ppm ppm ppm ppm ppm ppm
MgO C 0 0.425 0 0 0.449 0
Unit ppm % ppm ppm % ppm
Al203 c 44,742 26.723 31.76 37.114 21.752 40.617
Unit % % % % % %
Sio2 C 9.489 42.759 28.221 22.157 19.805 9.733
Unit % % % % % %
P205 C 0.361 0.343 0.348 0.367 0.358
Unit % % % % %
SO3 C 0.18 0.265 0.119 0.113 0.102 0.116
Unit % % % % % %
K20 C 305.4 2.186 0.137 385.8 0.591 297
Unit ppm % % ppm % ppm
CaO C 0.358 0.417 0.435 0.288 24.156 0.4
Unit % % % % % %
TiO2 C 2.433 1.194 1.747 2.498 1.491 2.315
Unit % % % % % %
V205 C 0.113 319.7 615.9 0.102 520.8 0.104
Unit % ppm ppm % ppm %
Cr203 C 753.4 206.2 414.9 666.4 412.5 710.1
Unit ppm ppm ppm ppm ppm ppm
MnO C 138.1 58.4 0 145.1 171.8 155.6
Unit ppm ppm ppm ppm ppm ppm
Fe203 C 26.505 7.098 18.182 16.615 11.387 29.449
Unit % % % % % %

59



Chemical Composition

Chemical Composition, Major Oxides Table

Oxides JM-1 JM-2  PER-1 PER2-A PER-2B PER-2C PER-3 PER-10V PER-10B PER-10G PER-11A PER-11B PER-14-1 PER-14-2 PER-14-3 PER-15-1 PER-15-2 PER-15-3 PER-15-4
Sio2 24.00 23.43 9.51 83.56 48.00 2.35 30.50 791 25.58 42.46 29.10 47.03 15.24 11.30 37.87 10.46 24.88 10.39 16.75
AI203 42.80 16.69  47.20 7.56 27.10 0.67 34.60 47.95 59.67 10.42 33.13 12.66 30.95 47.17 31.26 37.57 38.64 46.14 41.64
Fe203 18.00 8.21 27.70 0.15 8.44 1.81 19.40 37.56 1.84 4.09 24.74 5.85 29.08 34.20 13.71 44.57 21.20 35.91 24.80
CaO 0.16 24.52 0.15 0.40 0.32 49.74 0.32 0.35 0.39 1451 1.02 8.69 9.81 0.46 0.34 0.75 2.68 0.61 4.76
MgO 0.10 0.43 0.07 0.33 0.64 4.76 0.10 0.00 0.00 0.59 0.00 0.73 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Na20 0.05 0.06 0.04 0.00 0.20 0.00 0.04 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
K20 0.02 0.60 0.02 6.08 1.99 0.22 0.10 0.04 0.06 2.87 0.08 2.88 0.17 0.00 3.14 0.06 0.32 0.01 0.23
TiO2 2.39 0.95 2.16 0.00 1.14 0.00 171 3.07 3.98 0.52 2.00 0.82 2.06 2.69 1.64 2.42 2.28 2.89 2.65
MnO 0.01 0.01 0.00 0.00 0.00 0.01 0.01 0.00 0.00 0.00 0.00 0.02 0.02 0.00 0.00 0.00 0.00 0.00 0.00
P205 0.06 0.08 0.05 0.44 0.06 0.33 0.02 0.48 0.50 0.43 0.41 0.42 0.41 0.42 0.41 0.44 0.43 0.46 0.42
LOI 12.85 25.10 12.40 1.48 11.85 40.12 12.95 2.65 7.98 2412 9.52 20.93 12.27 3.75 11.63 3.72 9.57 3.60 8.76
Total 100.44 100.08  99.30 100.00 99.74 100.01 99.75 100.00 100.00 100.00 100.00 100.02 100.02 100.00 100.00 100.00 100.00 100.00 100.00

Chemical Composition, Minor elements Table

Ba Ce Cr Cs Dy Er Eu Ga Gd Hf Ho La Lu Nb Nd Pr Rb Sm Sn Sr Ta Tb Th Tm U \Y w Y Yb Zr

Samples | ppm _ppm _ppm _ppm _ppm _ppm _ppm _ppm _ppm _ppm _ppm _ppm _ppm _ppm _ppm _ppm ppm _ppm _ppm _ppm _ppm _ppm _ppm ppm _ppm _ppm _ppm _ppm _ppm _ppm

Per-1 236 271 430 018 579 406 065 651 373 17 132 79 067 508 8.6 198 15 256 33 483 41 082 436 066 114 665 8 368 439 646

Per-2b 540 88.8 140 19.05 12 6.73 28 382 129 65 246 67.7 091 262 669 16.35 1225 13.65 14 1325 23 193 225 1 393 199 11 80.3 6.06 242

Per-3 395 774 240 079 711 445 116 476 56 139 154 229 0.76 40 25 6.16 5 556 14 413 22 108 316 073 7.27 344 7 407 462 546

JM-1 204 60.8 430 0.07 775 528 093 679 499 164 178 337 089 528 183 5.65 0.5 3.2 13 166.5 41 107 456 091 592 553 6 496 581 636
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Mineralogy

Thin plate

JM-1

Low order, Immature stage, high percentage of kaolinite.
Greywacke—> Lithic greywacke
Variable particle size, from few millimetres to lower than 63um.

For the matrix can be spotted kaolinite and some quarts. Iron and aluminium oxides are the
majority of bigger particles (which can be seen clearly in these images). Iron (red) and
aluminium (white) are found most of the together, having a zonation generally from aluminium
inside to more iron outside.
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PER-1

B el e L Lk e e

PER -A

Very similar to JM-1 but the amount of iron oxide is higher, giving a redder colour. Big
particles are bigger than in JM-1. Is very difficult to find quartz
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A sample different from previous ones. Iron and aluminium oxides are less important. The main
minerals spotted are quartz and a micritic matrix which is most probably a kaolinite and/or other
clay minerals. Particle size is lower than the other samples, looking as a more altered sample. At
some points feldspars can be observed, being a minority.
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Mineralogical composition

Semiquantitative analysis from XRD interpretation (mass%)

Kaolinite group Quartz  Bohemite Hematite  Rutile  Anatase K-Feldspar  Calcite  Muscovite  Biotite  Zircon  Gypsum Sericite  Dolomite

PER 3 68 15 13 4

JM-1 59 25 12 4
PER 11 A 59 12 14 4 4 3 4
PER 10 B 45 49 2 4
PER 2B 43 50 4 3
PER 14 3 42 1 3 2 3 49
PER 15 2 41 4 25 11 3 4 10 3
PER 151 40 31 22 4 3
IM-2 32 8 6 54
PER 141 30 31 16 3 20
PER 154 30 6 35 12 3 3 11
PER 1 25 54 14 3 4
PER 10V 24 49 20 4 4
PER 153 23 61 15 1
PER-2C 14 5 1 80
PER 10 G 9 60 1 3 7 14 6
PER 11 B 5 42 1 6 39 7
PER-2A 85 15
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FTIR

Theorical Theorical
Kaolinite | bohemita PER PER 10 | PER10 | PER11 PER11 PER15
+ autors + autors PER-1 | PER-2A | PER2-B | PER-2C | PER-3 IM-1 10B G v A B PER14-1 | PER14-3 1 PER15-2 | PER15-3 | PER15-4 Assigment
3940.58
3670-56 3693.49 | 3695.08 | 3698.64 | 3696.49 | 3695.47 3696 3694.6 | 3696.69 | 3693.19 | 3694.68 | 3697.44 | 3694.23 | 3697.35 | 3693.21 | 3695.28 | 3694.23 | 3693.83 stﬁalt-c%mg
Al-OH
3668 stretching
3645 3653.77 | 3648.17 | 3654.2 3655 3654 3653 3648.03 | 3654.52 3654.15 | 3651.94 | 3652.17 | 3654.98 | 3651.19 | 3654.5 stﬁalt-c%mg
3620 3622.07 | 3620.51 | 3625.2 | 3621.43 | 3623.03 3622 3622 3621.4 | 3620.68 | 3622.52 | 3622.51 | 3622.05 | 3622.86 | 3621.08 | 3622.43 | 3622.47 | 3622.31 stﬁalt-c%mg
3402.18 3459.37 3598.97
3295 3301.63 | 3299.19 3300 3300.26 | 3301.85 | 3296.52 | 3296.34 3298.3 3290.32 | 3298.04 | 3302.49 | 3297.01 st'rot;lt-ccl?i_r!g
3090 3103.3 3104.26 3037 3101.34 3105.02 | 3101.24 3099.2 3093.46 | 3100.08 | 3107.1 | 3101.46 st'rot;lt-ccl?i_r!g
2983.92 2985.62 2987.37
2875.37 2876.75 2875.98
2515.06 2511.87 2512.43 | 2513.76 2515.72 2517.35 (Calcite)
2237.17 2228.21 2228.48
2136.72 2134.86 2137.14 | 2098.59
2090.1 2075.09 2088 2089.09 2093.16 | 2083.45 2094.68 | 2086.73 | 2095.02 | 2094.99 C=0
1969.59 | 1991.94 1939.94 1970 1970.57 | 1973.29 | 1971.34 | 1935.54 | 1973.71 | 1970.35 1970.34 | 1970.84 | 1970.3 | 1970.45
1870.99 | 1822.67 1823 1824 1820.91 | 1869.32 1822.18 | 1870.76
1782.58 | 1790.59 1800.06 1796.15 | 1795.32 | 1821.53 | 1815.71 | 1799.04 | 1815.33 | 1796.11
1681.67 1795.27
1638 1637.69 | 1611.64 | 1638.71 | 1629.43 | 1638.07 1639 1638.72 | 1617.09 | 1636.49 | 1640.62 | 1624.83 | 1640.37 | 1638.18 | 1638.32 | 1640.49 | 1642.24 | 1638.83 stt:e-t(c)r;:_r'm
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Thermal Properties
ATD-TG

Plots generated from measuring devise.

DTG /(%/min)
TG /% DTA /(uV/mg)
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Temperatura /°C
|Adminisuador_2022-0428 13:68_wain
Instrument: NETZSCH STA 409 C/CD _ File: C: 5\MAITE\Arnau_Martinez\JM_1.sss
Proyecto: Bauxites Material: Bauxita Segmentos: 1
Identidad: IM_1 Fichero de Correccion: Crisol: DTA/TG crucible Al203
Fecha/Tiempo: 09/02/2022 15:49:56 Temp.Cal./Fichero.Sens: Tcalzero.tcx / Senszero.exx Atmésfera: Nitrogen/80 / -/--- [ ---/---
Laboratorio: FACULTAD DE GEOLOGICA Rango: 25/10.0(K/min)/1100 TG Corr/M.Rango:  000/500 mg
Operador: Arnau Muestra Car /TC: DTA(TG) HIGHRG 2/ S DSC Corr./M.Rango: 000/500 pV
Muestra: JM_1, 150,600 mg Modo/Tipo de Medid.. DTA-TG / Muestra
DTG /(%/min)
TG /% DTA /(uV/mg)
e
0
100.00 1.48 %
1]
\ |
~ e T T 0.00
- o~
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Temperatura /°C
2022:04:281200_wain
Instrument: NETZSCH STA 409 C/CD _ File: C: ITE\Arnau_Martinez\PER_1_aire.sss
Proyecto: Bauxites Material: Bauxita Segmentos: U1
Identidad. PER_1_aire Fichero de Correccion Crisol DTA/TG crucible Al203
Fecha/Tiempo: 10/02/2022 13:38:45 Temp.Cal./Fichero.Sens: Tcalzero.tcx / Senszero.exx Atmésfera: aire/80 / --/--- | ---|---
Laboratorio: FACULTAD DE GEOLOGICA Rango: 25/10.0(K/min)/1100 TG Corr./M.Rango: 000/500 mg
Operador: Arnau Muestra Car./TC: DTA(TG)HIGHRG 2/S DSC Corr./M.Rango:  000/500 pV'
Muestra: PER_1_aire, 149,500 mg Modo/Tipo de Medid. DTA-TG / Muestra
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|Adminisuador 20220428 14:83_wain
Instrument: NETZSCH STA 409 C/CD _ File: C: 5\MAITE\Arnau_Martinez\PER_3repe.sss
Proyecto: Bauxites Material: Bauxita Segmentos: 1
Identidad: PER_3repe Fichero de Correccion: Crisol DTA/TG crucible Al203
Fecha/Tiempo: 28/04/2022 12:47:38 Temp.Cal./Fichero.Sens: Tcalzero.tcx / Senszero.exx Atmosfera: oxugen/80 / -/~ [ -~/
Laboratorio: FACULTAD DE GEOLOGICA Rango: 25/10.0(K/min)/1100 TG Corr./M.Rango:  000/500 mg
Operador: Arnau Muestra Car./TC: other DTA(ITG) / S DSC Corr./M.Rango:  000/500 pV
Muestra: PER_3repe, 77,700 mg Modo/Tipo de Medid.: DTA-TG / Muestra
DTG /(%/min)
TG /% DTA /(uV/mg)
e 0
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Temperatura /°C
20220028 1221 wain
Instrument: NETZSCH STA 409 C/CD _ File: C: ITE\Arnau_MartinezZ\PER_3.sss
Proyecto: Bauxites Material: Bauxita Segmentos: 1
Identidad: PER_3 Fichero de Correccion Crisol: DTA/TG crucible Al203
Fecha/Tiempo: 09/02/2022 10:16:09 Temp.Cal./Fichero.Sens: Tcalzero.tcx / Senszero.exx Atmésfera: nitrogen/80 / ---/--- | ---/---
Laboratorio: FACULTAD DE GEOLOGICA Rango: 25/10.0(K/min)/1100 TG Corr./M.Rango: 000/500 mg
Operador: Arnau Muestra Car./TC: DTA(TG)HIGHRG 2/S DSC Corr./M.Rango:  000/500 puV/
Muestra: PER_3, 150,500 mg Modo/Tipo de Medid.: DTA-TG / Muestra
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TG /% DTA /(uV/mg)
[1] PER_10_B_aire_2.sss | exo, g
100.00 — TG
3.15% DTA
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Temperatura /°C
Admiistador_2023:03:31 1805 _wain
Instrument: NETZSCH STA 409 C/CD _ File: C: 5\MAITE\Arnau_Martinez\PER_10_B_aire_2.sss
Proyecto: Bauxites Material: Bauxita Segmentos: n
Identidad: PER_10_B_2 Fichero de Correccion: Crisol: DTA/TG crucible Al203

FechalTiempo: 31/03/2023 14:25:13
Laboratorio:  FACULTAD DE GEOLOGICA
Operador: Amau

Muestra: PER_10_B_2, 150,100 mg

Temp.Cal./Fichero.Sens:  Tcalzero.tcx / Senszero.exx
Rango: 25/10.0(K/min)/1200
Muestra Car./TC: other DTA(TG) /S
Modo/Tipo de Medid.. __DTA-TG / Muestra

Atmosfera aire/80 [ /- | -1
TG Corr/M.Rango:  000/500 mg
DSC Corr./M.Rango: 000/500 pV
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Plots Generated from .txt files.
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Dilatometry
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HSM

PER-1

d)

360 °C First shrinkage.

b)571 °C Begining of expansion.
c) 775 °C Max. expansion.

d) 1439 °C Softening.

€)1439 °C End.
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PER-2B

a)

a)265 °C Beginning.
b) 954 °C Shrinkage.
€)1000 °C

d) 1325 °C Final Shrinkage.

€)1450 °C Softening.

b)
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Tables

PER-1
Imatge T (2C) Area Max Lon Max hight Area Dif Stage
1 299 8.95 3 3.11 100.000%
3 329 8.92 2.98 3.11 99.665%
5 360 8.86 2.95 3.1 98.994% First shrinkage
10 435 8.66 2.92 3.06 96.760%
15 510 8.56 2.89 3.03 95.642%
17 541 8.53 2.87 3.03 95.307%
18 556 8.53 2.86 3.03 95.307%
19 571 8.49 2.9 3.04 94.860%
20 586 8.52 2.88 3.06 95.196%
21 601 8.61 2.87 3.09 96.201%
22 616 8.71 2.89 3.11 97.318% Beginning expansion
25 661 8.89 291 3.15 99.330%
28 707 9.23 2.95 3.25 103.128%
30 741 9.79 3 34 109.385%
40 744 9.81 3 3.39 109.609%
106 760 9.97 3.03 3.48 111.397%
166 775 10.05 3.01 3.54 112.291% Max expansion
226 790 10.01 3 3.52 111.844%
266 800 10.01 3 35 111.844%
326 815 9.98 2.97 3.52 111.508%
366 825 9.98 2.99 3.449 111.508%
466 850 9.93 3 3.51 110.950%
666 900 9.73 2.96 3.44 108.715%
866 950 9.45 291 34 105.587%
1066 1000 9.26 2.89 3.4 103.464%
1467 1100 8.64 2.75 3.26 96.536%
1867 1200 7.98 2.67 3.15 89.162%
2267 1300 7.34 2.55 3.01 82.011%
2367 1325 6.93 2.47 2.95 77.430%
2467 1350 6.4 24 2.79 71.508%
2567 1375 5.81 23 2.66 64.916%
2667 1400 5.03 2.15 2.45 56.201%
2767 1425 4.27 2.02 2.19 47.709%
2825 1439 3.84 1.95 1.99 42.905% Softening
2831 1441 3.78 1.94 1.98 42.235%
2867 1450 3.46 1.84 1.89 38.659%
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PER 2B

Imatge T (2C) Area Max Lon  Max hight  Area Dif Stage
1 265 7.35 3 2.47 100.000%
9 384 7.35 3 2.47 100.000%
20 549 7.35 3 2.46 100.000%
30 699 7.31 2.95 2.46 99.456%
350 800 7.3 2.95 2.47 99.320%
550 850 7.31 2.96 2.44 99.456%
750 900 7.31 3 2.46 99.456%
950 950 7.31 3 2.46 99.456%
962 953 7.29 2.99 2.46 99.184%
966 954 7.27 2.99 2.46 98.912%  First shrinkage
970 955 7.25 2.99 2.46 98.639%
990 960 7.23 2.99 2.46 98.367%
1030 970 7.21 2.97 243 98.095%
1151 1000 6.95 2.92 2.38 94.558%
1551 1100 6.3 2.8 2.28 85.714%
1951 1200 5.49 2.61 2.11 74.694%
2351 1300 5.11 2.56 2 69.524%
2420 1317 5.07 2.55 1.99 68.980%
2432 1320 5.07 2.55 1.99 68.980%
2452 1325 5.07 2.55 2 68.980% Softening
2552 1350 5.11 2.59 2.01 69.524%
2752 1400 5.81 2.59 2.35 79.048%
2952 1450 5.93 2.62 2.38 80.680%
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PER 3

Imatge T (2C) Area Max Lon Max hight Area Dif Stage
1 246 9.53 3 3.22 100.000%
5 297 9.44 2.98 3.18 99.056% First shrinkage
10 361 9.41 2.97 3.14 98.741%
21 501 9.15 2.92 3.11 96.013%
519 700 9.03 2.91 3.11 94.753%
897 800 9 2.89 3.11 94.439%
1275 900 8.95 2.85 3.13 93.914%
1369 925 8.81 2.84 3.09 92.445%
1464 950 8.57 2.8 3.09 89.927%
1653 1000 8.38 2.76 3.05 87.933% Stop Expansion
1842 1050 8.31 2.76 3.04 87.198% Beginning shrinkage
2031 1100 8.09 2.72 2.97 84.890%
2220 1150 7.43 2.61 2.86 77.964%
2409 1200 7.07 2.55 2.77 74.187%
2598 1250 6.84 2.5 2.77 71.773%
2788 1300 6.43 2.46 2.66 67.471%
2977 1350 6.11 2.37 2.59 64.113%
3166 1400 5.64 2.26 2.51 59.182%
3355 1450 5.16 2.24 2.36 54.145%
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JM-2

Imatge T (2C) Area Max Lon Max hight Area Dif d t t/d max W/maxH Mhi/MH1 Stage
1 295 7.12 3 2.37 100.000%
30 729 7.11 3 2.34 99.860% 1.282 0.987
100 763 7.05 3.03 2.32 99.017% 1.306 0.978 First shrinkage
500 863 7.02 3.02 2.35 98.596% 1.285 0.991
530 870 7.05 3.03 2.34 99.017% 1.294 0.987
550 875 6.99 3.01 231 98.174% 1.303 0.974
600 888 6.86 3 2.29 96.348% 1.310 0.966
650 900 6.69 2.98 2.24 93.961% 1.330 0.945
700 912 6.49 2.9 2.22 91.152% 1.306 0.936
800 937 6.02 2.83 213 84.551% 1.328 0.898
900 962 5.93 2.8 2.12 83.287% 1.320 0.894
1000 987 5.84 2.79 2.09 82.022% 1.334 0.881
1050 1000 5.84 2.79 2.09 82.022% 1.334 0.881
1400 1087 5.9 2.8 2.1 82.865% 1.333 0.886
1850 1200 5.84 2.78 2.1 82.022% 1.323 0.886
1875 | 1206 5.77 2.78 2.07 81.039% 1.342 0.873
1900 1212 5.77 2.78 2.07 81.039% 1.342 0.873
2000 1237 5.68 2.75 2.07 79.775% 1.328 0.873
2100 1262 5.26 2.67 1.99 73.876% 1.341 0.839
2200 1287 4.6 2.49 1.85 64.607% 1.345 0.780
2250 1300 4.08 2.33 1.76 57.303% 1.323 0.742
2300 1312 3.72 2.26 1.67 52.247% 1.353 0.704
2321 1318 3.78 2.25 1.68 53.090% 1.339 0.708
2331 | 1320 3.87 2.28 1.75 54.354% 1.302 0.738 Softening
2349 1325 4.46 2.29 211 62.640% 3.35 2.92 0.871 1.085 0.890
2363 | 1328 4.7 2.61 211 66.011% 3.36 2.88 0.857 1.236 0.890 Ball
2443 1348 3.62 2.33 1.87 50.843% 1.245 0.789
2512 1365 3.25 23 1.69 45.646% 1.360 0.713
2513 | 1366 2.19 3.05 0.99 30.758% 3.080 0.417 Half Ball
2515 1366 1.96 3.26 0.88 27.528% 3.704 0.371
2520 1367 1.79 3.29 0.8 25.140% 4.112 0.337
2550 1375 0.97 2.98 0.48 13.624% 6.208 0.202
2564 | 1378 0.73 2.98 0.37 10.253% 8.054 0.156 Flow
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PER-1

Comparison between HSM results and dilatometry results.
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Technological Properties

Gresification curbes

Tiles before test

Tiles after firing test
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