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A engenharia de materiais e os conceitos ambientais, vem cada vez mais 
ganhando espaço nos estudos das grandes empresas e de pesquisadores. Esse 
aumento no interesse se dá principalmente pela escassez de matérias primas, a 
necessidade de novos materiais que possuam melhores características físicas e 
químicas e a necessidade de reaproveitamento dos resíduos em geral. Assim em 
um cenário cada vez mais competitivo, desenvolver novas maneiras de melhoria nos 
processos industriais, bem como para o próprio dia a dia da população é uma das 
buscas constantes das áreas de engenharia.

Nesse livro conceitos voltados a engenharia do meio ambiente, apresentando 
processos de recuperação e aproveitamento de resíduos e uma melhor aplicação 
dos recursos disponíveis no ambiente, além do panorama sobre novos métodos de 
obtenção limpa da energia.

Ainda traz assuntos voltados ao desenvolvimento de materiais, buscando 
melhorias no processo e no produto final, sendo uma busca constante a redução e 
reutilização dos resíduos. 

De abordagem objetiva, a obra se mostra de grande relevância para 
graduandos, alunos de pós-graduação, docentes e profissionais, apresentando 
temáticas e metodologias diversificadas, em situações reais.

Aos autores, agradecemos pela con iança e espirito de parceria. 
Boa leitura!

Henrique Ajuz Holzmann
João Dallamuta
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ABSTRACT: Steels used for aeronautical 
purposes, such as the X22CrMoV12-1, are 
normally employed in the production of steam 
turbines. Studies that evaluate the obtaining of 
powders of this steel and their characteristics 
are non-existent. In this research, scraps of the 
X22CrMoV12-1 steel were subjected to high 
energy ball milling with the addition of vanadium 
carbide (VC), in order to obtain powders with 
granulometry on a submicron and / or nanometer 
scale. Processing times of 80 and 100 hour were 
used. The results obtained indicate that, after 
80 hours of milling, there is no further decrease 
in particle size. Only a small increase in the 
volumetric fraction of the smaller particles is 
observed.
KEYWORDS: X22CrMoV12-1 steel; Vanadium 

Carbide; High Energy Ball Milling; Particles Size 
Analysis.

INVESTIGAÇÃO DA EFICIÊNCIA DE 
MOAGEM DO AÇO X22CrMoV12-1 COM 

VC APÓS 80 E 100 HORAS
RESUMO: Aços utilizados para fins aeronáuticos, 
como o X22CrMoV12-1, são normalmente 
empregados na produção de turbinas a vapor. 
Estudos que avaliam a obtenção de pós deste 
aço e suas características são inexistentes. 
Nesta pesquisa, cavacos do aço X22CrMoV12-1 
foram submetidos a moagem de alta energia 
com adição de carboneto de vanádio (VC), 
com o intuito de obter pós com granulometria 
em escala submicrométrica e / ou nanométrica. 
Tempos de processamento de 80 e 100 horas 
foram utilizados. Os resultados obtidos indicam 
que, após 80 horas de moagem, não ocorre mais 
diminuição no tamanho de partículas. Apenas 
um pequeno aumento na fração volumétrica das 
partículas menores é observado. 
PALAVRAS-CHAVE: Aço X22CrMoV12-1; 
Carboneto de Vanádio; Moagem de Alta Energia; 
Análise do Tamanho de Partículas.

1 | 	INTRODUCTION
The demand for materials that support 

operations under high temperatures and high 
steam pressure, mainly in power generation 
plants, stimulated the improvement of materials 
that met these requirements. The efficiency of 
steam turbines can be improved by increasing 

http://lattes.cnpq.br/5343820532259748
http://lattes.cnpq.br/1598312330444780
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operating pressure and temperature. Therefore, there is a trend in the development 
of materials with greater efficiency (HU, 2012).

Thus, martensitic stainless steels with chromium content between 9 - 12% 
have been developed, as they offer the best combination of high creep resistance, 
high resistance against thermal fatigue, high resistance to oxidation, low cost and 
good machinability (CLARKE et al., 2003; HALD, 2010; VIGNERON et al., 1988).

X22CrMoV12-1 steel is a stainless steel used as a constituent of steam turbine 
components. Its creep resistance surpasses that resistance of ferritic and martensitic 
steels from previous generations. It is used for long periods of work, without any change 
in its mechanical properties. It happens due to the stability of its microstructure, even in 
constant contact with overheated vapors, while the high resistance to oxidation is due 
to its chemical composition (ENNIS & FILEMONOWICZ, 2002).

The remaining scraps of metal products are usually recycled by melting, a 
process that destroys the microstructure and consumes a substantial amount of 
energy. On the other hand, if they are transformed into metallic powders by mechanical 
milling, the amount of energy consumed in the recycling process can be significantly 
reduced. In addition, the homogeneous microstructure of the original material can 
be maintained and used in a final product. Beyond these benefits, due to the plastic 
deformation during machining and milling, it is possible to obtain powder particles 
with ultrafine structure or nanostructure. Thus, favorable and low-cost sources of 
powder materials are obtained for the manufacture of metallic materials (LIANG et 
al., 2014).

High energy ball milling is a technique in which the powders in solid state are 
processed, under different conditions. It is characterized by repeated welding and 
fracturing of powder particles agains the milling spheres, over high milling speeds. It 
enables the synthesis of supersaturated, metastable solid solutions, quasicrystalline 
phases, nanostructures and amorphous steels (SURYANARAYANA, 2004; FURLANI 
et al., 2014).

The use of carbides during the milling process, such as the vanadium carbide, 
increases the milling efficiency of metallic materials. It happens because hard 
particles of ceramic materials help to break down the ductile particles, because it 
creates a region of concentration of tensions over the interlamellar spacings of these 
ductile particle. This mechanism accelarates the milling process of metals in general 
(SURYANARAYANA, 2001).

Given these facts, the recycling of scraps of the X22CrMoV12-1 steel with 
VC through high energy ball milling appears as an alternative route. In this, the 
production of powders in submicrometer and / or nanometric scale is objectified, for 
future uses in industry. 
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2 | 	MATERIALS AND METHODS
A billet of X22CrMoV12-1 steel with dimensions of 15 x 28.5 mm was machined 

at low speed to avoid oxidation. The scraps obtained were milled in a Noah Nuoya® 
NQM 0.25 L high energy ball mill, with speed of 350 rpm, with mass/sphere ratio 
of 1:10, downtime of 15 minutes/hour and times of 80 and 100 hours. Vanadium 
carbide (VC) with particles size of 3 - 4 µm was purchased from H. C. Starck®. The 
percentage of VC addition used in the milling process was of 3 %. 

After the obtainment of the powders, the particles morphology and size were 
defined using scanning electron microscopy (Carl Zeiss® EVO MA 15) and laser 
granulometry (Microtrac® S3500) tests. 

3 | 	RESULTS AND DISCUSSION
Figure 1 shows the micrographs of the X22CrMoV12-1 steel scraps with VC 

addition after 80 and 100 hours of milling. As it can be seen in Figure 1a, after 80 
hours, the particles assumed morphology mostly rounded, with only a small volume 
with irregular shape. With respect to the surface, the particles presented rough 
aspect (SIMS & BROWN, 1998).

 Increasing the milling time from 80 to 100 hours (Figure 1b), were not noted 
differences in morphology or surface. However, it can be observed a higher volume 
of particles with size between 5 to 1 µm, when compared with the steel milled during 
80 hours. 

Fig. 1. Micrographs of the X22CrMoV12-1 steel scraps with VC after high energy ball 
milling during (a) 80 hours (b) 100 hours
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This result can be confirmed through the analysis of laser granulometry 
(Figure 2). The particles size are related according to the volume of particles to 
different sizes. After 80 hours of milling, it is verified a volume of 24.5 % of particles 
with size between 100 - 85 µm, 55.7 % of particles with 10 µm and 19.8 % of particles 
with 3 µm. Increasing the milling time from 80 to 100 hours, it is observed a volume 
of 13.8 % of particles between 100 - 85 µm, 56.9 % of particles with 10 µm and 29.3 
% of particles with 3 µm. 

With this, it is noted that, from 80 to 100 hours, the particles did not present 
reduction in their size. What happens is a small increase in the volume of smaller 
particles. In the range of 100 - 85 µm, it is noted a reduction of 43.67 % in the volume 
of particles, which is considered interesting, once that these particles are considered 
the largest obtained during the milling process. Already for diameter of 10 µm, an 
increase of 2.11 % in volume of particles was observed. Finally for particles size of 3 
µm, 32.42 % of increase in volume was verified. 

Fig. 2. Granulometric analysis of X22CrMoV12-1 steel with VC after 80 and 100 hours 
of milling

After both analysis (micrographic and granulometric), it was possible to 
attest that the use of VC in the milling of the X22CrMoV12-1 steel promoted the 
comminution of the particles to a submicrometer scale. However, it was not possible 
to obtain nanoparticles neither with 80 nor with 100 hours of milling. 

It proves that milling times above 80 hours are not considered economically 
viable for production in large scale, once that there are no more reductions in 
the diameter of the particles, or modifications in morphology or surface. Also, the 
volumetric fraction that increased from 80 to 100 hours in the smaller particles is not 
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considered enough to justify the energy inserted in the process. The most significant 
result found in terms of particles size from 80 to 100 hours was the 43.67 % of 
reduction in volume of particles with size between 100 - 85 µm. 

The absence of more reductions in particles size after 80 hours is due to 
the fact that, from a certain milling time, the action of the ceramic particle of the 
carbide under the ductile steel particle stops occurring. Thus, the action of VC over 
the X22CrMoV12-1 steel is no longer efficient in the ductile-brittle milling system 
(SURYANARAYANA, 2001; SURYANARAYANA, 2004).

4 | 	CONCLUSIONS
After the analysis of the X22CrMoV12-1 steel with addition of vanadium 

carbide produced by high energy ball milling, it was possible to observe that from 80 
to 100 hours of milling, no significant changes are observed. With this, the time of 
80 hours of milling is considered the most appropriate to production on large scale.
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