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Bauxite ‘red mud’ in the ceramic industry.
Part 1: thermal behaviour
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Abstract

Samples of red mud, by-products of alumina production from bauxite, are studied in the 120-1400°C interval. An extensive
characterization was performed by thermal and X-ray diffraction analyses. The identification of gaseous species released upon
heating was carried out by coupling the thermal analizer with a gas-chromatographic/mass spectrometer. Density evolution was
also determined as a function of the heat treatment. Results indicate primary H»O release from aluminium hydroxides, followed by
carbonate decomposition with CO, evolution below 900°C. Alkaline oxides, mainly CaO and Na,O, lead to the formation of
Ca3Al,06 and NaAlSiO,4 between 900 and 1100°C. At the highest temperatures, reduction of Fe*™ to Fe? ", involving O, release,
promotes the formation of Fe,TiOy4, with the disappearance of the rutile-TiO, phase. The various solid state reactions, ascertained
at different stages of the heating process, and possible mass balances are discussed with reference to the state diagrams of principal
red mud components. © 2000 Elsevier Science Ltd. All rights reserved.
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1. Introduction

The activity of primary industries often yields sub-
stantial amounts of by-products. The disposal in the
original industrial site is favoured by economic rea-
sons—energy savings, transport, management and pro-
ductivity —though traditional storage in nearby dumps
can be impractical owing to the considerable masses
involved and environmental restrictions. The local exploi-
tation of these by-products is therefore a growing tech-
nological aspect of basic industries and one tenable option
is their re-use as starting materials for other productions.

An emblematic case is the ‘red mud’ discharged by
industry producing alumina from bauxite: alkaline
digestion of 2.5 t of bauxite affords alumina and ~1.5 t
of red mud,' so that an average Al,O5 productivity of
5x10° t year~! involves a mass of by-products of
~7.5x10° t year~! discharged as slurry retaining variable
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water contents. This amount is composed of Fe and Ti
oxides, behaving as chemically inert matter, with vari-
able percentages of nominal SiO,, Al,O5; and Na,O. The
material is available as a watery mixture which settles
slowly and may easily be conveyed from station to sta-
tion by continuous fluid-carrying machinery.

Several re-use plans have been advanced. Some fun-
damental studies concerning the extraction of single
oxides— Fe,03 or TiO,—are economically unsustain-
able.?? As an example of possible applications requiring
simple dewatering, we quote the use as acidic amender
or bottom sealant (after stabilization with lime) in the
construction of disposal sites.>%’ The recycling of the
mud, after curing or high temperature annealing— up
to 1200°C—for large-rate daily mass consumption
industries such as bricks and tile kilns has been put for-
ward in a number of papers.>33-12

Most of the above reports appear fragmentary and, to
some extent surprising, characterization work is limited
to the clemental analysis of the raw material and the
identification of the crystalline phases in dried samples.
However, the definition of thermal behaviour in a wide
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working range of temperatures appears mandatory for a
feasible exploitation of the mud in high temperature
applications. Indeed, the reactivity of red mud compo-
nents on heating may promote ceramization and
shrinkage and, apart from other qualities, may affect the
mechanical features of clay-based items fabricated with
bauxite-waste addition.

Accordingly, we focus here on the thermal behaviour
of the mud, the solid-state transformations and solid—
liquid phase transitions within the interval 120-1400°C.
The use of thermal analysis coupled with a gas—mass
spectrometry for detecting possible gas release, and of
X-ray diffraction methods seemed well suitable for the
problem at hand. The present study is a part of a long-
term project on the exploitation of red mud as a clay
additive for the ceramic industry or as a compound for
self-binding mortars in the fabrication of stoneware.
The results collected in this work regarding the evolu-
tion of various crystalline phases, occurrence of liquid
phases and variations in colour will be used in the sec-
ond part of the paper!? more specifically addressed to
technical aspects.

2. Experimental procedure

The red mud studied in this work was supplied by
Eurallumina (Porto Vesme, Cagliari, Italy) as a mixture
containing about 60% of solids, obtained immediately
after alumina recovery from the digestion process. This
material was heated for 2 h at 120°C, affording a red-
dish-orange powder.

Chemical analysis was performed by X-ray fluores-
cence (X’ Unique II, Philips, The Netherlands).

Thermal analysis was performed on a Netzsch (Ger-
many) STA 409 simultaneous analyser. Thermogravi-
metric (TG) and differential thermal (DT) analyses were
performed in the range 20-1400°C (helium flow =100 ml
min—!, heating rate =10°C min—!). Measurements were
carried out in 0.3 cm? volume alumina crucibles using -
alumina as reference, analysing ~100 mg of dry sample.

Mass spectrometric analysis was performed using a VG
QMD 1000 quadrupole mass spectrometer (Carlo Erba,
ITtaly). Mass spectra were obtained by electron impact at
70 eV with vacuum of 1073¢ mbar and ionization cham-
ber temperature equal to 200°C.

Thermogravimetric and mass spectrometric analyses
were coupled according to a reported procedure.'®!3
Thermobalance and mass spectrometer were connected

Table 1

by a hollow silica glass column (length =10 m, diameter
=0.32 mm) kept at 120°C permitting a continuous
sampling of the gas phase released during the thermal
treatment (scans from 3 to 400 amu every 0.9 s, delay
time =0.1 s). This allowed the record of the total ion
current and of the ionic current of each m/z signal (m
and z being the mass and the electrical charge of each
ion, respectively) as a function of time/temperature.

Powder batches of about 50 g were treated for 8 h in
air in the temperature interval 300-1400°C. A platinum
crucible was used above 1200°C, owing to sample soft-
ening and the treated samples were subsequently milled
to obtain a powder for successive analyses.

Density measurements were made with a helium
picnometer (Micromeritics, Model 1305, USA).

X-ray diffraction (XRD) analysis was carried out on a
Rigaku (Japan) D/MAX diffractometer (CuKa), equip-
ped with a graphite monochromator in the diffracted
beam. Crystalline phases were identified using the data-
base of the International Center for Diffraction Data-
JCPDS for inorganic substances.'®

3. Results

The chemical composition of red mud dried at 120°C
is reported in Table 1.

The thermogravimetric (TG) plot [Fig. 1(a)] shows a
continuous weight loss distributed in the 100-1350°C
interval. The high modulated trend of the TG derivative
(DTG) curve [Fig. 1(b)] reveals the different contribu-
tions in detail: a broad band is centered at 140°C, fol-
lowed by two intense peaks at 285 and 320°C and a
plateau up to about 500°C (weight loss =8.6%); a sec-
ond, less pronounced weight loss, characterized by a
plateau up to 680°C and a broad band centered at
835°C; a third range above 900°C with an evident signal
at 1190°C (weight loss =3.6%).

The DT curve [Fig. 1(a)] shows two small peaks: at
290°C, corresponding to the most intense peak of the
DTG curve, and at 1250°C.

Three complementary pieces of information were
gained from TG-MS experiments: (i) the presence of
gaseous products evolved during the heat treatment,
from the trend of the TIC curve; (ii) the chemical species
released by the sample, from the recorded mass spectra;
(ii1) the relative abundance of gaseous species as a
function of time, from the trend of the ion current cor-
responding to specific m/z signal.!*!13

Composition of red mud heated at 120°C (LOI =loss of ignition at 900°C): (a) wt%; (b) mol%

F€203 A1203 SIOZ TIOZ NaZO CaO

CI‘203 P205 SO3 Zr02 Cl Other LOI

(a) 35.2 20.0 11.6 9.2 7.5 6.7
(b) 222 19.8 19.5 11.6 12.2 12.0

0.4 0.3 0.3 0.3 0.2 0.6 7.3
0.3 0.2 0.4 0.3 0.6 - -
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The trend of TIC as a function of time/temperature
(Fig. 2) shows features closely corresponding to those
already observed in the DTG curve. The TIC curve is
described by a first interval below 500°C with a broad
band centered at 120°C, two strong sharp peaks at 290
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Fig. 1. (a) Thermogravimetric (TG) and differential thermal (DT)
diagram of dried red mud; (b) derivative of TG curve (DTG).
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and 320°C and two medium-intensity bands at 450 and
515°C. A second interval presents a plateau up to
675°C, two small bands and a broad band centered at
840°C. Above 900°C, the sharp signal at 1190°C pre-
sents an asymmetric shape and the TIC curve shows a
modest increase up to the highest temperatures.

The mass spectra recorded in correspondence of the
TIC maxima below 675°C show the typical signals from
H,O (m/z=18,17,16) and CO, (m/z=44,28) only [Fig.
2(a)]. The TIC broad band at 840°C reveals the exclusive
presence of CO, [Fig. 2(b)]. Spectra at the 1190°C TIC
peak indicate the simultaneous evolution of SO, (m/
z=064, 66, 48, 50), O, (m/z=32), HCI (m/z= 36, 38, 35)
and traces of CO, [Fig. 2(c)]. The exclusive evolution of
O, is recorded from the mass spectra at 1370°C [Fig. 2(d)].

Fig. 3 shows the ion current traces pertaining to the
single chemical species evolved during the thermal
treatment of red mud, namely H,O, CO,, SO,, HCI and
0..

Up to 320°C, H,O evolution shows an ion current
trend directly proportional to the TIC curve (Fig. 3); at
higher temperatures a plateau up to 510°C is observed,
whereas the final water release occurs below 720°C. The
evolution of CO,, detected by its molecular ion at m/z
44, is more complex owing to the contribution of four
similar peaks: three partially overlapping signals, at 270,
480 and 670°C and the last at 840°C. HCI evolution
presents a single broad peak at 1120°C. SO, evolution is
described by a sharp peak at 1190°C. Molecular oxygen
(m/z=32) release starts at 1150°C with the first small
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Fig. 2. Total ion current as a function of time and temperature. Mass spectra of the evolved gas mixtures at (a) 290, (b) 840, (c) 1190 and (d) 1370°C
are reported in the insets.
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band at 1190°C followed by a continuous increase with
temperature. The TIC signal at the highest temperatures
can be assigned to the evolution of oxygen molecules
only.

The density change as a function of temperature is
shown in Fig. 4: a decrease is observed up to 350°C,
followed by a progressive increase, more pronounced
between 900 and 1100°C.

Results concerning crystalline phases produced by
heat treatment and identified by XRD analysis are
summarized in Table 2. The number of crystalline pha-
ses in each sample is impressive: typical spectra are
shown in Fig. 5.

Hematite constitutes the fundamental phase up to
1100°C. Above this temperature, the Hematite decrease
parallels the occurrence of Fe,TiO4. TiO, is found as
Rutile and Anatase below 800°C. Aluminum com-
pounds show a sequence of phase transition: low-tem-
perature hydroxides (Gibbsite, Bohmite and Bayerite)
evolve with dehydration to x-, n- and y-Al,O3; below
900°C. y-Al,O5 is observed at 1100°C. Above 900°C,
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Fig. 3. Ion currents as a function of temperature for single gaseous
species. Dashed curve corresponds to the total ion current recon-
structed as the sum of the five single ion currents.

corundum and 0-Al,O3 are the main aluminum oxide
phases. Aluminium is also present in Ca;>Al;4O033,
Na,,Ca;_ Al,O4 and Ca3zAl,Og. Silicon oxide is always
found in Quartz form. Hydroxy-silicate and two carbo-
nate-silicates are present in the starting specimen dried
at 120°C. These compounds decompose to NaAlSiO4
(tricline) which affords Nepheline at 900°C. Two other
NaAlSiO,4 phases, similar to nepheline, can be detected
in samples treated at 1200°C. The presence of other
Nepheline-like compounds of general formula K,Nay.
Al4O16 cannot be excluded. Minor components, such
as Na,Si,O5 and CazFe,Siz0;,, are detected at higher
temperatures.

The colour evolution of samples fired in air is shown
in Fig. 6. Red mud dried at 120°C appears orange—red.
The colour turns dark red at 1000°C and brown at
temperatures higher than 1200°C.

4. Discussion

The large amount of information resulting from the
complementary techniques employed allowed a com-
prehensive view of the red mud behavior under heating.

As an introductory comment one notices a high reac-
tivity essentially due to the extreme dispersion of red mud
particles still observable in the powder dried at 120°C.
Grain dimensions do not exceed 0.1 um as shown in Fig.
7. This appears to be an ordinary feature of red mud
obtained by alkaline digestion of bauxite, as observed in a
number of cases.® 10

In the following sections, possible solid state reactions
in the explored 120-1400°C range will be discussed
referring to three main intervals identified by the thermal
analysis: (i) up to 900°C, characterized by H,O and CO,
evolution, (ii) between 900 and 1100°C, where the ther-
mal effects involve separation of CaO- and Na,O-
refractory phases and (iii) above 1100°C, a temperature
range marked by Fe3* reduction to Fe?™ with evolution
of 02.

3.6
3.4- /?\\é
320 _ . v

30f %

density (g/cm?®)

28k

PR | | TS S N SN S S S T | | |
0 200 400 600 800 1000 1200 1400
T (°C)

Fig. 4. Density evolution as a function of firing temperature.



Table 2

Crystalline phases detected by XRDA as a function of firing temperature. JCPDS'¢ reference numbers are also reported

Dried in air 120°C 300°C 600°C 800°C 900°C

Phases JCPDS Phases JCPDS Phases JCPDS Phases JCPDS Phases JCPDS Phases JCPDS
Chantalite 29-1410 Chantalite 29-1410 Chantalite 29-1410 Cancrinite 34-176 NasAl;CSis) 5 15-0469 Ca;Al,0¢ 38-1429
Cancrinite 34-176 Cancrinite 34-176 Cancrinite 34-176 NasALCSi;045 15-0469 Nn-AlLO; 04-875 %-AlLO; 13-373
N35A13C5i3015 15-0469 Na5A13CSi3OI5 15-0469 N35A13CSi3015 15-0469 'I']-A1203 04-875 X-Ale} 13-373 "{-A]zo:; 29-63
Bayerite 20—11 Gibbsite 33-18 n =AL0; 04-875 1-AlLO; 13—373 v-AlLO3 29-63 Hematite 33-664
Gibbsite 33-18 Bohmite 21-1307 x-Al,O4 13-373 v-AlL,O3 29-63 Hermatite 33-664 Rutile 21-1276
Bohmite 21-1307 Hematite 33-664 Boymite 21-1307 Hematite 33-664 Rutile 21-1276 NaAlSiO,4 33-1203
Hematite 33-664 Rutile 21-1276 Hematite 33-664 Rutile 21-1276 Anatase 21-1272 Nepheline 35-424
Rutile 21-1276 Anatase 21-1272 Rutile 21-1276 Anatase 21-1272 Quartz 33-1161 Corundum 42-1468
Anatase 21-1272 Quartz 33-1161 Anatase 21-1272 Quartz 33-1161 NaAlSiO4 33-1203 Quartz 33-1161
Quartz 33-1161 - - Quartz 33-1161 - - - - - -
1000°C 1100°C 1200°C 1300°C 1400°C

Phases JCPDS Phases JCPDS Phases JCPDS Phases JCPDS Phases JCPDS

Ca3AlL0¢ 38-1429 CazAl,0¢ 38-1429 CazAl,0¢ 38-1429 Ca3Al,04 385-1429 Ca3Al,0¢ 38-1429

Y-A1203 29-63 'Y-A1203 29-63 Naszarg_xAle(, 26-959 NazXCag_xAle(, 26-959 NaZXCa3_xA1206 26-959

hermatite 33-664 Hermatite 33-664 Hematite 33-664 Hematite 33-664 Hematite 33-664

Rutile 21-1276 Rutile 21-1276 Ulvospinel 34-177 Ulvospinel 34-177 Ulvospinel 34-177

Nepheline 35-424 Nepheline 35-424 Andradite 10-288 Andradite 10-288 Andradite 10-288

Corundum 42-1468 Corundum 42-1468 Nepheline 35-424 Nepheline 35-424 Nepheline 35-424

0-Al,05 35-121 0-Al,03 35-121 NaAlSiO4 33-1204 (Nay0)0.033NaAISiO4 39-101 Corrundum 42-1468

Quartz 33-1161 Mayenite 09413 Corundum 42-1468 Corundum 42—1468 0-Al,0O3 35-121

0-Na,Si,Os 22-1397 0-Na,Si,Os 22-1397 0-A1L,0; 35-121 0-AlLO; 35-121 Mayenite 09-413

- - Quartz 33-1161 Mayenite 09413 Mayenite 09-413 o-Na»Si,Os 22-1397

- - - - 2-Na,Si,Os 22-1397 0-Na,Si,Os 22-1397 Quartz 33-1161

- - - - Quartz 33-1161 Quartz 33-1161 - -
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For readers’ benefit the results collected in Table 2 are
summarized in a more significant form in the general
Diagram 1. We also refer to Table 1 where the compo-

sition of the material heated up to 900°C is
weight and mol percent.

4.1. Behaviour up to 800°C

Quartz and hematite are not affected by the heating

quoted as

aluminium hydroxide transformations yielding m-, %-
and y-Al,O;, accompanied by an endothermic peak in
the DT curve [Fig. l(a)]. AI(OH); phases (Bayerite,
Gibbsite and Bohmite), originated during bauxite che-

mical digestion,!” evolve on heating similarly to sol-gel
AIP" materials which are involved in dehydration,
together with solid-state topotactic transitions.!®2! This
tenable parallelism is further confirmed by the collapse

to Corundum observed above 900°C; enjoying the high-

process. The most important phenomenon is that of est stability and inertness, a-Al,O3 can be regarded as a
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refractory product so that, in the temperature interval
here considered, intermediate alumina phases should be
considered as reactive species towards alkaline oxides.
The TIC trend, almost completely attributed to H,O
evolution (Fig. 3), agrees with this interpretation. The
trend of density as a function of temperature in the 120-
600°C range (Fig. 4) may also be explained by AI*™*
hydroxide dehydration, as aluminium oxide phases dis-
play densities ~0.3 g cm~3 higher than bayerite, gibbsite
and bohmite.!”-?!

In this temperature range TiO,-anatase completely
transforms into rutile as expected on the basis of TiO,
state diagram.?>23

Decomposition of Chantalite, Cancrinite and
NasAI3CSi;0;5 below 900°C corresponds to CO, evo-
lution, as observed by TG-MS experiments (Fig. 3): the
process produces definite amounts of alkaline oxides
which are engaged by NaAISiO4 and incipient Nepheline.

4.2. Thermal effects between 900 and 1100°C

This temperature interval is dominated by the occur-
rence of Nepheline and Ca3;Al,O¢. The Nepheline pre-
sence fits quite well with the decomposition of
NasAl;CSi30;5, Chantalite and Cancrinite. NaAlSiOy4
forms initially, while definite amounts of sodium silicate
(Na,Si,Os) are produced later at higher temperatures
(=~1000°C), as expected from the state diagram. It is
important to observe that the availability of Na,O (12.1
mol%) exceeds the SiO, total content (19.3 mol%)
potentially engaged in NaAISiO4 formation, thus
revealing the presence of additional sodium oxide spe-
cies not detected by XRD analyses. In addition, Nephe-
line occupies a definite field in the SiO,—Al,03—Na,O
state diagram®* ultimately explaining the presence of
these components as reactants in excess for a correct

Fig. 6. Colour evolution of red mud fired at increasing temperatures:
(a) 120, (b) 800, (c) 900, (d) 1000, (e) 1100, (f) 1200 and (g) 1400°C.

stoichiometric balance of reactions leading to NaAISiO4
and Nazsizos.

The formation of Nepheline from Cancrinite deter-
mines the separation of CaO which is involved in the
formation of CazAl,Oq:

3CaO+A1203 — Ca3A1206 (1)

According to the Al;03/CaO state diagram, an excess
of CaO is required to form Caz;Al,O¢ by reaction (1).
Considering the actual content of Al,O3 (19.8 mol%), a
preventive total separation of CaO is needed for the
subsequent reaction with Al,O3 resulting from hydro-
xides and aluminium carbonate-silicates decomposition.
Only at higher temperatures (1100°C) Mayenite is
formed as expected on the basis of the availability of
CaO (12.0 mol%) and Al,O3 content.?’

It is noteworthy that Ca;Al,Og4 displays a moderate
setting character, with density of 3.04 g cm?>. The density
increase from 600 to 1100°C (Fig. 4) may be due to the
progressive formation of crystalline phases with higher
densities (TiO,-rutile 4.45 g cm—3, y-Al,O3 3.2 g cm?, 0-
Al,O5 3.56 g cm?, nepheline 2.62 g cm—3).16

An intriguing aspect of the thermal behaviour of this
very reactive interval is the absence of CaO/Al,05/SiO,
and CaO/Al,O;/Fe,O;3 ternary species. A possible

Fig. 7. Scanning electron micrograph of dried red mud particles.
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Diagram 1. Evolution of crystalline phases as a function of firing temperature

explanation may be advanced on the basis of the limited
reactivity of «-Al,Os, Quartz and Hematite, so that the
occurrence of NaAlSiO4 and CazAl,Og should be ruled
by the decomposition products of the aluminium-sili-
con carbonates.

In the present temperature range, the colour of red
mud turns red-brown. This behaviour is related to the
transformation of some white compounds (Bayerite and
Gibbsite) into colourless phases such as Ca3;Al,O4 which
causes the prevalence of the iron oxide (III) colour.?®

4.3. Thermal transformations above 1100°C

Reduction of Fe®* to Fe?" characterizes thermal
behaviour above 1100°C and promotes important che-
mical transformations. Hematite reduction to FeO is
expected by Fe,Os/FeO state diagram?’3! and is evi-
denced by molecular O, evolution in TG-MS results
(Fig. 3). The absence of Fez0y is due to for by the for-
mation of Ulvospinel Fe,TiO,4, with immediate utiliza-
tion of the entire TiO, load (11.5 mol%). The process
occurs on the basis of the following reactions:

Fe, O3 — 2FeO +0.50, (2)

2FeO + TiO, — Fe,TiOy (3)

Like the formation of CazAl,Og previously discussed,
as only Ulvospinel is formed, reaction (3) must occur in
excess of FeO.?3! In this temperature interval, iron

oxide (III), not involved in reactions (2) and (3), reacts
with CaO to produce andratite:

3Ca0 + Fe,O3 + 3Si0, — CajzFe,Siz04, (4)
As a matter of fact, some CaO becomes available, as

part of the Ca3Al,Og either transforms into Ca;,Al;4033
according to:

7C3.3A1206 — C312A114033 4+ 9CaO (5)
or reacts with Na,O:
Ca3Al,O¢+ Na,O — Na,,Cas_,Al,Og + xCaO (6)

It may be pointed out that the evolution of gaseous
HCI and SO, recorded by TG-MS at 1100°C is related
to the decomposition of alkaline salts, namely NaCl and
Na,SO4, which make Na,O available for reaction (6).
Above 1200°C, the reactivity of crystalline components
such as Ca3Al,Oq4, Fe,O5; and SiO; is due to the pre-
sence of a well-developed liquid phase, mainly com-
posed by Nepheline and sodium silicate.

The presence of definite amounts of Na,Si,Os and
nepheline accounts for the record of a solidus—liquidus
transformation in the DT plot (7 = 1219°C; Fig. 1)
which is also related to the softening of the red mud
powder observed above 1200°C. This effect, connected
to the evolution of gaseous species, namely O,, HCl and
SO,, can be used to define a temperature upper limit for
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some applications which require the maintainance of the
initial shape of the body.

The density decrease observed above 1100°C (Fig. 4)
reflects the occurrence of ulvospinel (density =4.79 g cm?)
and andratite (density =3.86 g cm~3) from hematite
(density =527 g cm™3).!° This decrease is partly
compensated by the increase in corundum (density =3.99
g cm~3) from low-density alumina phases.!”

Thermal effects above 1100°C are visually indicated by
a definite change in colour which turns from red to brown
(Fig. 6). This phenomenon is associated with the Fe3"
(3d5, high-spin electronic configuration) reduction to
Fe?* (3d6) in Ulvospinel (dark grey!®), allowing photo-
nic absorptions at lower energy.

5. Conclusions

The thermal evolution of bauxite-derived red mud
was studied in this work by different complementary
techniques. Dried red mud is substantially inert up to
900°C, the loss of H>O from aluminium hydroxides and
of CO, from silico-alumino-carbonates being the only
detectable effects. At 900°C red mud is dark red in col-
our. In the 900-1100°C interval, samples are involved in
the formation of Nepheline and Na,Si,Os which are
responsible for the softening of samples at ~1200°C.
Fundamental components (Fe,O3; and TiO,, ~50% of
the original mass) maintain their original state. Fe,O;
and TiO, are reagents for Fe,TiO4 occurrence with O,
evolution above 1100°C. This reaction is responsible for
the brown colour observed above 1200°C.

The obtained results represent a fundamental starting
point for any re-use of red mud as raw material for the
ceramic industry. The moderate reactivity up to 900°C
makes the red mud useful as an inert component in the
fabrication of traditional clay-based ceramics, such as
tiles or bricks, which are usually fired at temperatures
lower than 1000°C. In this case, the red colour and the
extremely fine particle size of the mud represent an
interesting factor. At higher temperatures, red mud can
constitute the source of low melting point sodium
silicates thus promoting liquid phase sintering in
ceramic bodies which can result in higher strength and
lower porosity. Also in this case, depending on the
firing temperature, different colour gradations can be
produced.
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