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Abstract
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Bauxite residue or red mud (RM) is an industrial hazardous waste generated from
alumina production using the Bayer Process. At present, it is one of the most abundant
industrial wastes. Currently, 300 million tons of RM are generated per year worldwide,
and already there are about 3 billion tons stored in ponds or dried mounds. Consequently,
is of the utmost importance to tackle this problem and change this paradigm.

This work aims to valorize red mud by using it as a coloring agent in stoneware
ceramic pastes. For this purpose, RM in several different proportions (0–10 wt.%) was
added to ceramic paste. RM was firstly dried (at 120 ◦C) and, afterwards, used as received
and calcined at 600 ◦C—for a heating rate of 10 ◦C/min and a dwell time of 30 min. To
prepare the ceramic suspensions, the stoneware paste and RM were mixed with water
and Dolapix using a turbo diluter to obtain a density of ≈1720 g/cm3 and a viscosity of
≈30 s (Ford cup with 4 mm diameter), which are industrial values. The slip was sieved
at 425 µm and cast in gypsum molds to obtain parallelepedic samples (of approximately
12 × 2 × 1 cm3) and cups (height = 7.3 cm and diameter = 7.2 cm). After drying, the cups
were industrially glazed with a bright opaque white glaze. The specimens and cups were
sintered in a laboratory furnace with air ventilation. Through chemical characterization, the
RM was found to be, as expected, mainly composed of iron oxide (48 wt.%) and alumina
(19 wt.%), and presented a loss of 11 wt.% on ignition. The properties of the obtained
products were analyzed. The developed stoneware products with RM exhibited a reddish
color and the increase in the RM content increased the color difference value. Furthermore,
all the technical characteristics (firing shrinkage, weight loss, water absorption, density and
flexural strength) of all the prepared specimens were within the industrial limits. Leaching
tests were performed with cups prepared industrially and all the obtained values were
found to be below the maximum permitted values for iron, cadmium, and lead. Lastly, a
life cycle assessment was performed that involved replacing the pigment used with RM.
It was concluded that, if the RM was used as received, the carbon footprint of the system
would decrease by 18% when the RM was incorporated in the stoneware paste. Therefore,
this work provides a viable alternative for the management of this waste and reduces the
environmental issues associated with RM disposal and carbon footprint associated with
the ceramic production process. Moreover, these results prove that the bauxite residue, a
hazardous waste, can be valorized in stoneware products as a coloring agent, promoting
the concept of the circular economy.

Mater. Proc. 2022, 8, 14. https://doi.org/10.3390/materproc2022008014 https://www.mdpi.com/journal/materproc

https://doi.org/10.3390/materproc2022008014
https://doi.org/10.3390/materproc2022008014
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/materproc
https://www.mdpi.com
https://orcid.org/0000-0001-6418-0352
https://orcid.org/0000-0001-8881-3564
https://orcid.org/0000-0003-4782-1685
https://orcid.org/0000-0002-5174-7433
https://doi.org/10.3390/materproc2022008014
https://www.mdpi.com/journal/materproc
https://www.mdpi.com/article/10.3390/materproc2022008014?type=check_update&version=2


Mater. Proc. 2022, 8, 14 2 of 2

Author Contributions: Conceptualization, I.S.V., M.P.S. and A.C.D.; Data curation, I.S.V. and A.C.D.;
Funding acquisition, M.P.S. and A.C.D.; Investigation, I.S.V. and A.C.D.; Methodology, I.S.V. and
A.C.D.; Project administration, M.P.S. and J.C.; Supervision, J.C., C.P., J.A.L. and M.P.S.; I.S.V. and
A.C.D.; Writing—original draft, I.S.V. and A.C.D.; Writing—review & editing, J.C., C.P, J.A.L. and
M.P.S. All authors have read and agreed to the published version of the manuscript.

Funding: This work is financed by Portugal 2020 through the European Regional Development
Fund (ERDF) in the frame of the Operational Competitiveness Internationalization Programme
(POCI) in the scope of the project ECOGRES + NG-POCI-01-0247-FEDER-033853 and in the scope
of the project CICECO-Aveiro Institute of Materials, UIDB/50011/2020 & UIDP/50011/2020, and
CESAM, UIDB/50017/2020 & UIDP/50017/2020, financed by national funds through the Portuguese
Foundation for Science and Technology (FCT)/MCTES. A.C. Dias acknowledges FCT/ MCTES for
the research contract CEECIND/02174/2017.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.


