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Abstract 
This paper presents a methodology for the obtaining of an abrasive ceramic as the main product and an iron alloy as a byproduct, using 
industrial solid residuals as raw materials and aluminothermic processing. By using rolling mill scales and aluminum chips, high-hardness 
ceramics are obtained, using the ceramic itself as a diluent. The processing results are first evaluated using a mass balance, determining 
that the ceramic should be formed by 58 % FeAl2O4 and 42 % Al2O3, while quantitative characterization by XRD allows to establish that 
the ceramic phase is mainly composed of hercynite (62 %), corundum (22 %) and small amounts of non-stoichiometric crystalline (≈4 %) 
and vitreous (≈11 %) phases, feasible to be used in the manufacture of abrasive wheels for polishing floors and terraces. 

Keywords: mill scale; aluminothermic; hercynite. 

Síntesis aluminotérmica de cerámicas, del sistema hercinita-
alúmina, a partir de cascarillas de laminación y virutas de aluminio 

Resumen 
Se presenta una metodología para la obtención de una cerámica abrasiva como producto principal y una aleación de hierro como 
subproducto, mediante procesamiento aluminotérmico y usando como materia prima residuos sólidos industriales. Mediante el uso de 
cascarilla de laminación y virutas de aluminio se obtienen cerámicas de alta dureza, utilizando la propia cerámica como diluente. Los 
resultados del procesamiento se evalúan primero mediante un balance de masa, determinando que la cerámica debe estar formada por 58 
% FeAl2O4 y 42 % Al2O3, mientras que la caracterización cuantitativa por DRX permite establecer que la fase cerámica está compuesta 
principalmente por hercinita (62 %), corindón (22 %) y pequeñas cantidades de fases cristalinas (≈4%) y vítreas (≈11 %) no 
estequiométricas, factibles de ser utilizadas en la fabricación de discos abrasivos para el pulido de pisos y terrazas. 

Palabras clave: cascarilla de laminación; aluminotermia; hercinita.

1. Introduction

Metallic oxides with spinel-type crystal structure have
many technological applications due to their various 
structural, electrical, and magnetic properties [1]. Spinel can 
be of natural, synthetic, or mixed origin [1-3]. Synthetic 
spinels can be generated as by-products of various industrial 
processes, such as iron spinels associated with 
aluminothermic process slag [4], or spinel-type compounds 

How to cite: Perdomo-González, L., Quintana-Puchol, R., Alujas-Díaz, A., Perdomo-Gómez, L.A., Ruíz-Pérez, R. and Cruz-Crespo, A., Aluminothermic synthesis of ceramics 
from the hercynite-alumina system, using mill scale and aluminum chips. DYNA, 90(229), pp. 106-113, October - December, 2023. 

present in steelmaking powders generated during steel 
production processes [5,6]. The synthetic formation of 
metallic oxides with spinel-type crystal structure generally 
occurs in association with high-temperature processes 
involving mixtures of aluminum or its oxides with different 
precursors such as metallic oxides or metallurgical process 
slags [7-9]. 

Hercynite is an Fe and Al oxide with a spinel-type crystal 
structure and a developed chemical formula:  
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where the values of x and y depend on the stoichiometric 

Fe/Al ratio and the degree of inversion of the spinel structure 
[10]. Hercynite can also be found naturally as a dark green or 
black mineral with a vitreous luster. The iron and aluminum 
content of this mineral exceeds 30 % by mass, with 
magnesium being the most common impurity. It occurs 
naturally in iron-rich clay sediments with a high degree of 
alteration, in mafic and ultramafic igneous rocks, or in 
surface mineral deposits with a high degree of alteration. 
Hercynite is characterized by its high hardness (7.5 on the 
Mohs scale) and its high melting temperature (1780 °C), so it 
can be used as a component in abrasive mixes or in the 
formulation of refractory bricks. The occurrence of natural 
deposits rich in this mineral is relatively scarce in the earth's 
crust, but it can be obtained synthetically from its constituent 
oxides by solid-state reactions at high temperatures or by the 
electrofusion method [11,12]. 

Among the industrial by-products that can be used as 
precursors in the synthetic obtaining of hercynite is steel 
rolling mill scale. This material is produced during the hot 
rolling process of steel and is made up of a mixture of iron 
oxides with small amounts of metallic iron and other 
impurities [13]. Globally, 13.5 million metric tons of rolling 
mill scale are generated each year, representing 
approximately 2 % of the steel produced on a global scale 
[14]. Its chemical composition may vary depending on the 
type of steel and on the rolling, process used, but generally 
has a high iron content (~70 %), accompanied by traces of 
non-ferrous metals and alkali compounds [15,16]. 

High-temperature self-propagating synthesis (SHS) has 
been used to produce a variety of hard and wear-resistant 
powders and composite materials. This type of synthesis has 
the advantage of being able to be performed on small-scale 
processing units and does not require large investments in 
equipment and facilities. Previous research has proposed the 
use of aluminothermic reactions for the treatment of iron-rich 
byproducts from the steel industry, verifying that corundum, 
hercynite, and metallic iron are among the most common 
final products of the SHS reaction between aluminum and 
iron oxides [4,17]. 

The aim of this work is to propose a methodology for 
obtaining abrasive ceramics through aluminothermic 
processing of steel rolling mill scale and aluminum chips, 
intended for its use in the manufacture of abrasive wheels for 
polishing floors and terraces. 

 
2. Experimental part 

 
2.1 Raw materials 

 
The raw materials used in this research are steel rolling 

mill scale and aluminum chips, from the hot rolling process 
of steel carried out in ACINOX-Tunas and the cutting and 
machining processes of aluminum laminates in the Empresa 
de Antenas de Santa Clara, respectively, whose chemical 
composition is shown in Table 1. The aluminothermic 
ceramic (slag), added as an inert component, was obtained in 
the same process and under similar working conditions. 

Table 1.  
Chemical composition of raw materials. 

Aluminum shavings, m-% 
Si Fe Mn Cu Mg Zn Cr Ti Al 
0.5 0.2 0.1 0.1 0.2 0.2 0.1 0.1 98.5 

Mill scale, m-% 
Fe2O3 Fe3O4 FeO Fe Impurities 
25.74 50.06 17.01 3.45 3.74 

Source: Own elaboration 
 
 

Table 2.  
Conformation data of each of the charges (g). 

Charge Mill 
scale  

Al 
(shavings) 

Ceramic 
(slag) 

Total 
(g) 

Increment  
(times) 

1 (base) 150  50  15 215 1 
1G 1800  600 180 2580 12 
2G 5400  1800  540 7740 36 

Source: Own elaboration 
 
 

2.2 Formulation of the reacting charges 
 
With the chemical composition data of the raw materials 

(Table 1), the reacting charge formulations are made based 
on feasible chemical reactions (reactions 1, 2, 3, and 4). 
Considering that all the iron present in the mill scale is 
reduced during the aluminothermic process, the base charge 
1 is prepared, to which 15.7 % excess Al is added. Additional 
charges (Table 2) were prepared from the base charge, 
progressively increasing the amount of processed charge. 
Thus, charge 2G is 36 times greater than the initial charge, 
maintaining equal proportions between the components of 
the mixture (1). 

The theoretical mass balance for the process is carried out 
from redox reactions 1, 2, 3, and 4, as shown below: 

 
3Fe3O4 + 8Al = 9Fe + 4Al2O3  

ΔH = -795.66 kcal, ΔG = -780.58 kcal (1) 

Fe2O3 + 2Al = 2Fe + Al2O3  

ΔH = -200.59 kcal, ΔG = -197.77 kcal (2) 

3FeO + 2Al = 3Fe + Al2O3  

ΔH = -205.23 kcal, ΔG = -198.73 kcal (3) 

Fe2O3 + 3Mg = 2Fe + 3MgO  

ΔH = -233.02 kcal, ΔG = -229.41 kcal (4) 

 
From the calculations of the heat release for each of the 

reactions, the chemical composition of the raw materials (Table 
1), and the mixing data (Table 2), it is determined that the mixture 
must be able to generate 736.2 cal/g of mixture during its 
processing, so that the reaction is capable of self-sustaining over 
time by exceeding 550 cal/g as indicated by Zhemchuzuy [20]. 

As a result of the mass balance, it is determined that after 
processing each of the charges, the final product will consist 
of an iron-rich alloy and a ceramic product, according to the 
quantities shown in Table 3. The theoretical composition of 
the metallic product is 93.70 % Fe, 5.90 % Al, and 0.22 % Si, 
while for the ceramic product it is 99.80 % Al2O3 and 0.20 % 
MgO. 
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Table 3.  
Potential results of formulated loads (g). 

Charge Theoretical metal mass Theoretical ceramic mass 
1 113.49 95.80 

1G 1363.01 1148.47 
2G 4089.03 3445.41 

Source: Own elaboration 
 
 

2.3 Synthesis of Ceramics and Alloys 
 
The different components of the charge, once weighed 

according to the established proportions, are added to the 
mixer in the following order: aluminum chips, ceramic, and 
steel rolling mill scale. Mixing is carried out in a rotary mixer 
for 30 minutes, and then subjected to preheating in an oven 
at 250 °C before being processed in a graphite reactor. The 
reaction is initiated by the action of the electric arc, and the 
feeding of the charge to the furnace is carried out quickly and 
uninterrupted in the same proportion as the reaction 
progresses. Once the melting process is completed, the 
mixture is allowed to cool, and the metal and ceramic are 
extracted, with the metal at the bottom and the ceramic at the 
top. The obtained ceramics were ground in a steel ball mill to 
achieve a fineness lower than 1 mm in particle diameter. 

 
3. Results discussion 

 
3.1 General considerations 

 
The classic reaction of thermite between iron oxides and 

aluminum produces high temperatures (≈3000 K), above the 
melting point of both reactants and even the intermediate and 
final products of the reactions [16,21]. Generally, inert 
components are added to the mixture to solve this difficulty, 
which consume part of the energy generated by the redox 
chemical reactions [22-24]. The choice of additional components 
can be evaluated according to the goals of the process, using, for 
example, fluxing elements in alloy production processes [20] and 
ferroalloys for aluminothermic welding [25].  

Orru, et al. [17] studied the incorporation of alumina and 
silica as a diluent of the mixture, evaluating the influence of 
each one on the process and the products, and Perdomo, et al. 
[26,27], have studied the use of mixtures of high-purity 
minerals or concentrates with other minerals or solid 
industrial residuals as a way to recover the metallic elements 
present in both minerals and industrial residuals.   

In the present work, the obtaining of a ceramic with the 
required hardness for the manufacture of abrasive powders is 
studied, using only solid industrial residuals as raw materials. For 
this reason, ceramics generated from the same aluminothermic 
process are selected as the inert component (diluent), which 
allows reducing the amount of heat generated per unit mass while 
maintaining stability in the chemical composition and properties 
of the new ceramics obtained. 

 
3.2 Results of metallurgical processing 

 
The results of the processing of each charge in terms of 

the amount of metal and ceramic are summarized in Table 4, 
while Fig. 1 shows photos of the products obtained in each of  

Table 4.  
Results of aluminothermic processing. 

Mixture Obtained 
metal (g) Yield (%) Obtained 

ceramics (g) 
Yield 
(%) 

1 100 88.1 112 116.9 
1G 1114 81.7 1393 121.3 
2G 2865 70.1 4585 133.1 

Source: Own elaboration 
 
 

 
Figure 1. Products obtained in the castings: A: metal, B: ceramic, G: big. 
Source: Own elaboration 

 
 

 
Figure 2. Totally filled graphite reactor. 
Source: Own elaboration 
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the processed charges. In all cases, the ignition process of the 
charges was adequate, maintaining the reactivity of the 
mixtures self-sustained until the end of the process, achieving 
a good separation between the metal and the ceramic, as can 
be seen in Fig. 1. This aspect allows us to confirm that the 
amount of inert component (ceramic) added to the charge was 
appropriate. 

Table 4 shows that the metal yield decreases as the 
amount of processed mixture increases, while the ceramic 
yields increase. It should be noted that in the case of charge 
2G, the reactor was completely filled with melted material 
once the process was concluded without any spills of molten 
material outside, as shown in Fig. 2. 

The combustion products of Fe2O3/Al thermite comprise 
at least one heavy metallic phase (reduced metallic iron and 
intermetallics) and a light ceramic phase (Al2O3). Since these 
phases are mutually insoluble and have very different 
densities (metal/ceramic density ratio ≈1.9), phase separation 
occurs during cooling, which influences the structure of the 
final products. In none of the processed charges was there any 
evidence of unreacted mixture, so it is considered that the 
process design favors the formation of iron-aluminum 
spinels. The decrease in the contents of the metallic fraction 
in the final products is associated with an increase in the iron 
content in the ceramic fraction, mainly forming iron spinels. 
Although different types of spinels could be formed during 
aluminothermic processing depending on the composition of 
the raw materials that make up the initial charge, in the case 
of the studied mixture, the amount of present magnesium is 
low, so a mixture of Al2O3 (corundum) and FeAl2O4 
(hercynite) should be obtained as the primary ceramic 
product, and a heavy metallic phase. 

Multiple mechanisms have been proposed to study the 
reduction processes of iron oxides with aluminum. Orrú et al. 
[28] analyzed the mechanism proposed by Korchagin and 
Podergin, which suggests the occurrence of several chemical 
reactions as shown below:  

 
3 Fe2O3 = 2 Fe3O4 + ½ O2 (5) 

Fe3O4 + ⅔ Al = 3 FeO + ⅓ Al2O3 (6) 

FeO + Al2O3 = FeAl2O4 (7) 

½ Fe3O4 + Al = Fe + ½ FeAl2O4 (8) 

2 FeO + Al = 3/2 Fe + ½ FeAl2O4 (9) 

½ FeAl2O4 + ⅓ Al = ½ Fe + ⅔ Al2O3 (10) 

 
Although in their work Orrú et al. [28] ruled out the use 

of equations 8, 9, and 10 due to the lack of evidence of the 
presence of metallic phases in their process, in the case 
studied in this research, a metallic phase was obtained, so all 
reactions can occur, and the extent of each one depends on 
the processing conditions. Based on these reactions and the 
chemical composition of the raw materials (Table 1), a new 
mass balance is performed, allowing the determination that 
the process will result in a ceramic with a theoretical 
composition of 56.1 % FeAl2O4, 43.7 % Al2O3, and 0.2 % 
MgO and an alloy consisting primarily of 87 % Fe and 13 % 
Al. Additionally, the theoretical amounts of metal and  

Table 5.  
Results for formulated loads (g). 

Mixture TM  
(g) 

OM  
(g) 

Y  
(%) 

TC  
(g) 

OC 
(g) 

Y 
(%) 

1 100.22 100 99.8 109.07 112 102.7 

1G 1202.69 1114 92.6 1308.79 1393 106.4 

2G 3608.06 2865 79.4 3926.38 4585 116.8 
TM: theoretical metal, OM: obtained metal, TC: theoretical ceramic, OC: 
obtained ceramic, Y: Yield. 
Source: Own elaboration 

 
 

ceramic that will be obtained are calculated, which allow 
determining the yields of metal and ceramic for the new 
evaluated conditions. These results are provided in Table 5. 

If the results of Tables 4 and 5 are compared, it can be 
observed that the mass balance performed based on the 
formation of spinels allows obtaining results closer to reality. 
Naturally, the same tendency to increase ceramic yields as 
the amount of processed material increases while decreasing 
the amount of metal is observed. 

If highly exothermic aluminothermic reactions are 
considered as the active agent in a quasi-adiabatic process, since 
they only exchange heat with the walls of the reactor, the energy 
source will depend only on these reactions. Therefore, adding 
more reactant mixture will only increase the amount of heat 
generated and the time it takes for the heat to transfer to the 
crucible (the cooling time of the molten material). As a result of 
the reduction process, a phase rich in metallic and intermetallic 
compounds and a ceramic phase (slag) with very different 
densities are generated, causing the metal to immediately go to 
the bottom while the ceramic stays on top. This temporal 
phenomenon favors the consolidation of the ceramic component 
formation reactions at their different stages, since these have a 
solidification temperature much higher than that of the metal, 
favoring the formation of spinel-type compounds from the longer 
time spent in the liquid state, which coincides with the lower 
presence of metal in the ceramic. This behavior explains the  

increase in ceramic yield and the decrease in metallic 
content as the amount of processed load increases. 

If hercynite is decomposed into the oxides it contains, 
it can be obtained that the ceramic will be composed of 
approximately 77 % Al2O3 and 23 % FeO. If this 
composition is placed on the FeO-Al2O3 phase diagram at 
point A in Fig. 3 [29], it can be seen that at temperatures 
of approximately 1870 °C, corundum crystals begin to be 
released, producing a mixture of corundum and liquid 
until reaching the eutectic point (≈1750 °C) where the 
mixture crystallizes completely. As a result of this 
process, a solid phase composed of the previously 
mentioned corundum + spinel mixture must be generated, 
which due to its chemical and phase composition and slow 
cooling conditions will have refractory characteristics 
(melting temperature between 1750 - 1860 °C) and 
abrasive due to its high hardness, greater than 8 on the 
Mohs scale. 
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Figure 3. Al2O3-FeOn system. 
Source: Slag atlas, 1995. 

 
 

3.3 Characterization of the ceramic by XRD 
 
Fig. 4 shows the X-ray diffraction pattern of the ceramic 

product obtained in the aluminothermic process of the 
Fe2O3/Al system. The diffraction pattern was obtained using 
a Panalytical Empyrean diffractometer employing CuKα 
radiation and a Pixel1D solid-state detector. The diffraction 
patterns were obtained between 5 and 65° (2θ), with an 
angular step of 0.017° and a time per step of 80 seconds, 
using a high-definition X-ray mirror to improve the 
 

 
Figure 4. X-ray diffractogram of the ceramic product obtained by 
aluminothermy from aluminum chips and mill scale. 
Source: Own elaboration 

Table 6.  
Results of the quantitative analysis by XRD of the ceramic product obtained 
by aluminothermy from aluminum chips and mill scale. 

Phase Amount S.D. Al2O3 Fe2O3 SiO2 MgO MnO 
Hercynite 60.9 0.5 56.1 43.9    
Corundum 21.7 0.4 100.0     

Solid Soln. of 
Spinel and 
Hercynite 

2.2 0.3 80.8 11.7  7.4  

Zeolite 3.0 0.2  72.7 27.3   
Al – Mn 0.8 0.2 67.9    32.1 

Magnetite 0.5 0.1  100.0    
Amorphous 10.8  1.8      

Estimated Chemical Composition 
of the total crystalline phases 65.2 33.3 0.9 0.2 0.3 

S. D.: Standard deviation 
Source: Own elaboration 

 
 

monochromaticity of the X-ray beam. Phase identification 
and quantitative analysis using the Rietveld method were 
performed using the XPert HighScore Plus 3.11 (2010) 
software and the ICSD 2009 database. The content of 
amorphous phases or those with very low degrees of 
ordered crystalline structure was estimated using the 
external standard method from the calculation of the K 
factor using a reference sample of high purity and 
crystallinity α-Al2O3 whose diffraction pattern was 
obtained under the same experimental conditions. 

The results of the quantitative phase analysis are 
presented in Table 6, along with the estimated chemical 
composition for the sample. This chemical composition 
was calculated from the chemical formulas of the different 
crystalline phases detected in the XRD analysis and 
therefore does not include the contribution of those 
chemical elements that may be part of the amorphous or 
poorly crystalline phases present in the analyzed material.  

Table 6 shows the results of the quantitative phase 
analysis using the Rietveld method, where a high degree 
of agreement was obtained between the experimental 
diffractogram and the calculated X-ray pattern, with a 
goodness of fit index of 1.84. The results obtained are 
consistent with the theoretical analyses performed on the 
occurrence of the process. The main products obtained, 
hercynite and corundum, constitute more than 80 % by 
mass of the ceramic obtained. The similarity between the 
densities of hercynite and corundum contributes to a 
greater homogeneity in the distribution of the ceramic 
phases during the crystallization process. In addition to the 
main phases, small amounts of non-stoichiometric 
crystalline substances (≈ 6 %) and vitreous (≈ 11 %) are 
present, which make up approximately 15 % of the 
ceramic obtained.  

Based on the quantitative results of the XRD analysis, 
it can be estimated from the FeO-Al2O3 binary diagram 
that the fusion temperature of the ceramic is between 1750 
and 1800 °C (point B of Fig. 3), which has a high degree 
of agreement with the values estimated from the mass 
balance considering the formation of spinels. In the case 
of the vitrified phase, it is very likely to be composed of 
alumina and iron oxide (II) and will be distributed 
throughout the ceramic mass of the aluminothermic 
reaction, acting as an interface binder between the 
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corundum and hercynite grains, which guarantees its use 
as an abrasive material. Overall, the results obtained are 
promising for the use of the ceramics obtained in the 
manufacture of abrasive wheels for the polishing of floors 
and terraces, which was confirmed under real production 
conditions. 

In liquid-phase products of aluminothermic reactions, 
alumina and Fe spinels with contents > 58.7 % alumina are 
the first phases to crystallize, and depending on the 
experimental conditions, especially the spinel, can 
continue to crystallize during the evolution of the ceramic 
phase, varying in composition and morphology [30][31]. 
Variations in their composition and morphology, 
combined with the fact that they are relatively refractory, 
very hard, and weather-resistant, have made them useful 
abrasive, polishing, and cutting tools, which is an 
incentive to study the variations in the chemical and 
physical conditions of the aluminothermic ceramic from 
the conditions under which they crystallized. 

 
4. Conclusions 

 
• The study of the composite charge of steel slag (70 

%), aluminum chips (23 %), and ceramic (7 %) 
allowed, through the appropriate selection of raw 
materials and aluminothermic processing, the 
obtaining of an iron-aluminum alloy and a ceramic, 
self-sustained (Q = -736 cal/g of mixture) with 
adequate separation of the metal and ceramic, which 
improves with the increase of the pyrometallurgical 
charge mass processed. 

• The use of mass balances to evaluate the results of 
pyrometallurgical processing offers more extensive 
forecasts when formulated from the chemical 
reactions of complex compound formation (such as 
hercynite), determining that as a result of the process, 
an alloy consisting of 87 % Fe and 13 % Al and a 
ceramic formed by 56.1 % FeAl2O4 and 43.7 % Al2O3 
should be obtained, with a melting temperature 
between 1750 – 1860 ºC. 

• During the aluminothermic processing of the 
formulated mixtures, it was observed that the ceramic 
yields increased as the amount of pyrometallurgical 
mixture processed increased, while the metallic yields 
decreased, which is associated with the increase in 
hercynite content in the ceramic obtained, which is 
related to the increase in real heat released and the 
increase in solidification time of the obtained ceramic. 

Based on the results of XRD, it was established that the 
ceramic phase is essentially constituted by hercynite (61 
%), corundum (22 %) with small amounts of non-
stoichiometric crystalline substances (≈ 6 %) and vitreous 
substances (≈ 11 %), which corresponds to a hardness on 
the Mohs scale of around 8 and a melting temperature 
between 1750 and 1800 ºC, results equivalent to those 
obtained with the mass balance. It is feasible to affirm that 
these ceramics can be used in the manufacture of abrasive 
wheels for the polishing of floors and terraces. 

 

References 
 

[1] Montoya-Carvajal, J.F., Chavarriaga-Miranda, E.A., Villada Gil, 
S., Muñoz-García, A.M., y Restrepo-Baena, Ó.J., Síntesis y 
caracterización de la Espinela FeCr2O4. Producción + Limpia, [En 
línea]. 10(1), pp. 64-72, 2015. Disponible en: 
http://revistas.unilasallista.edu.co/index.php/pl/article/view/775/5
28 

[2] Bosi, F., Biagioni, C., and Pasero, M., Nomenclature and 
classification of the spinel supergroup. Eur. J. Mineral. 31(1), pp. 
183-192, 2019. DOI: http://doi.org/10.1127/ejm/2019/0031-2788  

[3] Henares, S., González-Jiménez, J.M., Gervilla, F., Proenza, J.A., 
Chang Rodríguez, A., y González-Pontón, R.B., Las cromititas del 
Complejo Ofiolítico de Camagüey, Cuba: un ejemplo de cromitas 
ricas en Al. Boletín de la Sociedad Geológica Mexicana [En línea]. 
62(1), pp. 173-185, 2010. Disponible en: 
http://dx.doi.org/10.18268/BSGM2010v62n1a10 

[4] Kallio, M., Ruuskanen, P., Mäki, J., Pöyliö, E., Lähteenmäki, S., 
Use of the aluminothermic reaction in the treatment of steel 
industry By-Products. Journal of Materials Synthesis and 
Processing [Online]. 8, pp. 87-92, 2000. DOI: 
https://doi.org/10.1023/A:1026569903155 

[5] Borda, J., López, F., Torres, R., y Parra, M., Reciclaje de EAFD a 
través de la lixiviación selectiva de zinc con soluciones de citrato: 
comparación con un ácido inorgánico. Tecnura [En línea]. 25(69), 
pp. 131-149, 2021. DOI: 
https://doi.org/10.14483/22487638.16965 

[6] De La Torre, E., Guevara, A., y Espinoza, C., Valorización de 
polvos de acería, mediante recuperación de zinc por lixiviación y 
electrólisis. Revista Politécnica [En línea]. 32(1), pp. 51–56, 2013. 
Available at: 
https://revistapolitecnica.epn.edu.ec/ojs2/index.php/revista_polite
cnica2/article/view/12/pdf  

[7] Chun-Liang Y., and Yin-Chien, C., Combustion synthesis of 
NbB2–spinel MgAl2O4 composites from MgO-Added thermite-
based reactants with excess boron. Crystals [Online]. 10(3), 2020. 
DOI: https://doi.org/10.3390/cryst10030210  

[8] Meng J., Chen, W., Zhao J., and Liu, L., Study of the High-
temperature synthesis of MgAl2O4 spinel refractory raw materials 
from chromium slag. High Temp. Mater. Proc. [Online]. 37(6), pp. 
581–586, 2018. DOI: https://doi.org/10.1515/htmp-2016-0254 

[9] Radishevskaya, N.I., Yu-Nazarova, A., Lvov, O.V., Kasatsky, 
N.G., and Kitler, V.D., Synthesis of magnesium aluminate spinel 
in the MgO-Al2O3-Al system using the SHS method. IOP Conf. 
Series: Journal of Physics: Conf. Series [Online]. 1214, 2019. DOI: 
https://doi.org/10.1088/1742-6596/1214/1/012019   

[10] Chung, K.C., and Dickon, H.L., Fabrication of magnetic iron-
hercynite composites by reaction sintering. Key Engineering 
Materials [Online]. (334-335), pp. 309-312, 2007. DOI: 
https://doi.org/10.4028/www.scientific.net/KEM.334-335.309 

[11] Junhong, C., Jindong, S., Mingwei, Y., Shulei, Y., and Wenna, L., 
Two methods of synthesizing Hercynite. Applied Mechanics and 
Materials [Online]. (543-547), pp. 3830-3833, 2014. DOI: 
https://doi.org/10.4028/www.scientific.net/AMM.543-547.3830 

[12] Chobtham, C., and Kongkarat, S., Synthesis of Hercynite from 
Aluminium dross at 1550°C: implication for industrial waste 
recycling. Materials Science Forum [Online]. 977, pp. 223-228, 
2020. DOI: 
https://doi.org/10.4028/www.scientific.net/MSF.977.223 

[13] Gaballah, N.M., Zikry, A.F., Khalifa, M.G., Farag, A.B., El-
Hussiny, N.A., and Shalabi, M.E.H., Production of iron from mill 
scale industrial waste via Hydrogen. Open Journal of Inorganic 
Non-Metallic Materials [Online]. 3(3), pp. 23-28. DOI: 
https://doi.org/10.4236/ojinm.2013.33005 

[14] Bugdayci, M., Alkan, M., Turan, A., and Yücel, O., Production of 
Iron based alloys from mill scale through metallothermic 
reduction. High Temp. Mater. Proc. [Online]. 37(9-10), pp. 889–
898, 2018. DOI: https://doi.org/10.1515/htmp-2017-0073 

[15] Ahmed, B., Khalifa, M., and Abd El Momen, S., Effect of partial 
replacement of iron ore by mill scale on the sinter process. Journal 
of Petroleum and Mining Engineering [Online]. 23(1), pp. 6-11, 
2021. DOI: https://doi.org/10.21608/jpme.2021.49775.1058 

https://dialnet.unirioja.es/servlet/revista?codigo=15722
https://dialnet.unirioja.es/ejemplar/590252
https://dialnet.unirioja.es/ejemplar/590252


Perdomo-González et al / Revista DYNA, 90(229), pp. 106-113, October - December, 2023. 

112 

[16] Sanin, V.N., Ikornikov, D.M., Andreev, D.E., Sachkova, N.V., and 
Yukhvid, V.I., Mill scale recycling by SHS metallurgy for 
production of cast ferrosilicon and ferrosilicoaluminium. IOP 
Conf. Ser.: Mater. Sci. Eng. [Online]. 558, 2019. DOI: 
https://doi.org/10.1088/1757-899X/558/1/012041 

[17] Orrù, R., Simoncini, B., Virdis, P.F., and Cao, G., Self-propagating 
thermite reactions: effect of alumina and silica in the starting 
mixture on the structure of the final products. Metallurgical 
Science and Technology [Online]. 15(1), pp. 31-38, 1997. 
Available at: 
https://www.fracturae.com/index.php/MST/article/view/1026 

[18] Colectivo de autores, Balances de masa y energía. Métodos 
clásicos y técnicas no convencionales. Editorial Feijoo, Santa 
Clara, Cuba, 2001. 

[19] Perdomo-González, L., Quintana-Puchol, R., Rodríguez-Pérez, 
M., Cruz-Crespo, A., y Gómez-Pérez, C.R., Balances de masa y 
calores de reacción para evaluar la extracción de vanadio a partir 
de catalizadores agotados en el proceso de obtención de ácido 
sulfúrico. Tecnología Química [En línea]. 38(3), pp.495-507, 
2018. Disponible en: 
http://www.redalyc.org/articulo.oa?id=445558835005 

[20] Riss, A., and Khodorovsky, Y., Production of ferroalloys. Ed. 
Foreign languages publishing house, Moscow, Russia, 1975. 

[21] Durães, L., Costa, B.F.O., Santos, R., Correia, A., Campos, J., and 
Portugal, A., Fe2O3/aluminum thermite reaction intermediate and 
final products characterization. Materials Science and Engineering 
A [Online]. 465(1-2), pp. 199–210, 2007. DOI: 
https://doi.org/10.1016/j.msea.2007.03.063 

[22] Kinsey, A.H., Slusarski, K., Woll, K., Gibbins, D., Weihs, T.P., 
Effect of dilution on reaction properties and bonds formed using 
mechanically processed dilute thermite foils. J Mater Sci [Online]. 
51 pp. 5738–5749, 2016. DOI: https://doi.org/10.1007/s10853-
016-9876-9 

[23] Mishra, S.K., Rupa, P.K.P., Das, S.K., Shcherbakov, V., Effect of 
alumina diluent on the fabrication of in-situ Al2O3-Ti/ZrB2 
composite by self-propagating high temperature synthesis dynamic 
compaction. Metallurgical and Materials Transactions B [Online]. 
37, pp. 641-647, 2006. DOI: https://doi.org/10.1007/s11663-006-
0048-1  

[24] Grupo de trabajo GT-200, Norma, ADIF, Soldadura 
aluminotérmica de carriles. Ejecución y recepción de soldaduras 
[En línea]. Madrid, España, 2018. Disponible en: 
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=we
b&cd=&cad=rja&uact=8&ved=2ahUKEwi-
3OW9loOCAxUpBzQIHb-
JDJUQFnoECCUQAQ&url=http%3A%2F%2Fdescargas.adif.es%
2Fade%2Fu18%2FGCN%2FNormativaTecnica.nsf%2Fv0%2F45
F696B52B31945FC12582D3004C3160%2F%24FILE%2FNAV%
25203321_Soldadura%2520aluminot%25C3%25A9rmica.pdf%3
FOpenElement&usg=AOvVaw3uStly15t03hjyDfHexhxi&opi=89
978449 

[25] Branzei, M., Cojocaru, M.O., Coman, T.A., and Vascan, O., A 
Model of optimization and control the Thermite Kit for 
Aluminothermic welding. Solid State Phenomena [Online]. 254, 
pp. 83-90, 2016. DOI: 
https://doi.org/10.4028/www.scientific.net/SSP.254.83 

[26] Perdomo-González, L., Quintana-Puchol, R., Rodríguez-Pérez, 
M., Rabassa-Rabassa, D., y Cruz-Crespo, A., Recuperación del 
vanadio contenido en catalizadores agotados de la Fábrica Patricio 
Lumumba mediante aluminotermia. Min. Geol. [En línea]. 37(3), 
pp. 303-317, 2021. Disponible en: 
https://www.researchgate.net/publication/366365710_Recovery_
of_vanadium_from_spent_catalysts_using_aluminothermy_at_Pat
ricio_Lumumba_Factory 

[27] Perdomo-González, L., Quintana-Puchol, R., Rodríguez-Pérez, 
M., Herrera-Artíles, A., Cruz-Crespo, A., ybGómez-Pérez, C., 
Recuperación del vanadio de los residuos catalíticos de la 
producción de ácido sulfúrico mediante aluminotermia. Centro 
Azúcar [En línea]. 43(2), pp. 43-56, 2016. Disponible en: 
https://biblat.unam.mx/es/revista/centro-
azucar/articulo/recuperacion-del-vanadio-de-los-residuos-

cataliticos-de-la-produccion-de-acido-sulfurico-mediante-
aluminotermia 

[28] Orru, R., Simoncini, B., Virdis, P.F., and Cao, G., Mechanism of 
structure formation in self-propagating thermite reactions: the case 
of alumina as diluent, Chemical Engineering Communications 
[Online]. 163(1), pp. 23-35, 1998. DOI: 
https://doi.org/10.1080/00986449808912342 

[29] Allibert, M., Gaye, H. Geiseler, J., et al., Slag atlas [Online], 
Verein Deutscher Eisenhüttenleute (VDEh), Germany, 1995. 
Available at: https://dokumen.tips/download/link/slag-atlas-
55d475ae27209.html 

 
 

L. Perdomo-González, is researcher at the Welding Research Center of 
the Central University "Marta Abreu" of Las Villas (UCLV), Cuba. 
Graduated the BSc. Eng. in Chemical Engineer and MSc. from UCLV. 
Dr. in Technical Sciences from the Mining-Metallurgical Institute of 
Moa, Cuba. He has made several postdoctoral stays in Brazil. He is a 
member of the Doctoral Committee of the Metallurgy and Materials 
Program of the Moa University. He has tutored several doctoral and 
master theses, related to the development of ferroalloys and 
consumables for hardfacing. He is the author of several invention 
patents. He has led research projects, nationals and internationals. He 
has several awards, including five Annual Awards from the Cuban 
Academy of Sciences. He teaches undergraduate and postgraduate 
courses in Corrosion. 
ORCID: 0000-0002-3425-1487 
 
R. Quintana-Puchol, is professor at the Welding Research Center of 
the Central University "Marta Abreu" of Las Villas (UCLV), Cuba. 
Emeritus professor at UCLV. Graduated the BSc. in Chemistry and a 
PhD in Mineralogy and Geology from the “Ernst-Moritz-Arnt” 
University of Greiswald, Germany. Dr. of Science from UCLV. Member 
of the Geological Society of Cuba. Tutor of several doctoral and master's 
theses related to the development of new materials for engineering. 
Author of several invention patents. Leader of various research projects. 
Author of several awards, including five Annual Awards from the Cuban 
Academy of Sciences. Author of the X-Ray Diffraction book for the 
bachelor’s degree in chemistry. 
ORCID: 0000-0002-8861-0270 
 
A. Alujas-Diaz, received his BSc. in Chemical Sciences in 2001 and his 
PhD degree in Civil Eng. / Construction Materials in 2010, both from 
the Universidad Central de las Villas, Cuba. From 2011 to 2012 he 
carried out a postgrad formation in sustainable cementitious materials at 
the Ecole Polytechnique Federale de Lausanne, Switzerland. Since 2016 
he has been acting as technical advisor for several cement companies in 
Africa and Latin America for the development and application of LC3 
cements. He has been awarded four times with the National Prize of the 
Cuban Academy of Sciences and is an active member of the 
International Union of Laboratories and Experts in Construction 
Materials, Systems and Structures and of the Innovandi Global Cement 
and Concrete Research Network. Currently, he is associate professor 
and head of the Laboratory of Chemistry of Materials at the Center of 
Applied Research in Chemistry, Universidad Central de las Villas, 
Cuba. His research interests include the survey of mineral deposits and 
industrial wastes as source of SCMs, the design of revalorization 
strategies for mining tails and industrial wastes, the formulation and 
assessment of low-clinker cements, mortars and concretes and the 
development of technologies for Carbon Capture and Use.  
ORCID: 0000-0001-7012-9414 
 
L.A. Perdomo-Gómez, is graduated with a BSc. in Chemistry in 2020, 
from the “Marta Abreu” Central University of Las Villas, Cuba, with a 
gold degree. She works as a professor at said university, teaching 
organic chemistry and general chemistry and is studying the Master's 
program Technological and Environmental Safety in Chemical 
Processes, of the Faculty of Chemistry and Pharmacy. Her research is 
related to the processing of industrial waste and Cuban minerals, based 
on their use for the manufacture of new materials: grinding wheels, 
welding consumables, among others. She participates in research 



Perdomo-González et al / Revista DYNA, 90(229), pp. 106-113, October - December, 2023. 

113 

projects and technology transfer contracts with companies in the 
territory.  
ORCID: 0000-0002-8374-3015 
 
R. Ruiz-Pérez, received the BSc. Eng. in Engineering Agricultural in 
the year 2013, in the University Central ‘‘Marta Abreu” de Las Vilas, 
Cuba; where is plays as teacher until the date. Specifically, in the 
Faculty of Constructions, Department of Engineering Hydráulics. 
Imparting disciplines related with the irrigation and the drainage. Since 
of year 2021 left towards the Republic of Angola under a contract of 
work provided for the company Antex.SA and its university of origin; 
where is found at present working as teacher in the university Lueji 
A’Nkonde – ULAN, Lunda Sul – Angola. Imparting disciplines as 
hydráulics applied, hydráulics general, hydrogeology among other. At 
present is found in the face end of the culmination of a work of research 
related with the recovery of metals with the objective of opt for the 
degree scientist of master.  
ORCID: 0009-0000-5178-1917 
 
A. Cruz-Crespo, received the BSc. Eng and the MSc. in Ferrous 
Metallurgy in 1989, from the Moscow Institute of Steel and Alloys, 

URSS, as well as, the MSc. in Mechanical Engineering "Welding 
Mention" in 2001, from the Central University "Marta Abreu" of Las 
Villas (UCLV), Cuba, and the PhD in Metallurgy in 2002, from the 
Mining-Metallurgical Institute of Moa, Cuba. From 1989 to 1996 he 
worked for the steel production company "Antillana de Acero", for the 
Steel Research Center and for the bicycle production company of 
Fomento, of the Ministry of the Steel and Mechanical Industry and since 
1996 for the Central University "Martha Abreu" of Las Villas, Cuba. 
Currently, he is a full professor in Welding Research Center of the 
Central University "Marta Abreu" of Las Villas (UCLV). He is 
executive secretary of the Territorial Program of Industries of the 
Ministry of Science, Technology and Environment of Villa Clara, Cuba. 
He has led several research projects. He is the author of several 
invention patents. He has several awards, including five Annuals Prize 
from the Cuban Academy of Sciences. His research interests include 
obtaining ferrous alloys by reduction of minerals and residuals, 
obtaining materials for welding and surfacing using minerals and 
residuals, characterization of welded joints and welding deposits and 
abrasive wear studies.  
ORCID: 0000-0003-0227-9853

 


	1. Introduction
	2. Experimental part
	2.1 Raw materials
	2.2 Formulation of the reacting charges
	2.3 Synthesis of Ceramics and Alloys

	3. Results discussion
	3.1 General considerations
	3.2 Results of metallurgical processing
	3.3 Characterization of the ceramic by XRD

	4. Conclusions
	References

