
E M E R G E M AT
3rd International Conference on Emerging Technologies in Materials Engineering

29-30 October 2020 - Bucharest, Romania

Mechanical alloying and spark plasma sintering of AlCrFeNiMn high 
entropy alloy reinforced with graphite particles

Gabriela Popescu1, Mihai Cojocaru1, Mihai Branzei1, Cristian Popescu1, Roxana Trușcă1, EugeniaVasile1, Mihai T. Olaru1,2* and Dumitru Mitrică2

*Corresponding author: o.mihai@imnr.ro

Abstract: High entropy alloys are a novel multi-component solid solution-based alloys with enhanced strength to weight ratios and high temperature
mechanical and oxidation resistance. The standard processing routes of these alloys are mainly based on melting and casting technique. Mechanical
alloying followed by spark plasma sintering are notable processing routes for HEAs due to homogenous alloy formation. Present paper describe a new
composite AlCrFeNiMn/Gr composite successfully synthesized in stainless steel vials. Microstructure, mechanical properties and composition of the
resulted alloy were investigated along with its alloying behavior. During the alloying process for different time periods, both BCC and FCC structures
occurred inside a supersaturated solid solution. The resulted milled composite was further processed by spark plasma sintering at 900℃. Same two cubic
phases along with carbides and no intermetallic phases were obtained in the sintered composite. Plastic deformation behavior is characterized by
compressive strength of 2250MPa along with 900HV microhardness for the final samples.
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Realizing a high entropy composite using an equiatomic AlCrFeMnNi high entropy alloy (HEA) as matrix and graphite particles (Gr) as
reinforcing material by Spark Plasma Sintering.

Investigating the AlCrFeMnNi/Gr composites by optical metallography (OM), scanning electron microscopy (SEM), X-rays diffraction and
mechanical properties.

AlCrFeMnNi/Gr wt(%) Al Cr Fe Mn Ni Gr

actual 12.58 15.74 22.24 20.23 29.22 3.5

nominal 10.86 20.92 22.47 22.11 23.62 3.4

SEM micrographs of AlCrFeNiMn/Gr composite after SPS

■ SEM micrographs revealed fine structure, with rounded IMCs with different sizes. These IMCs decrease in size with pressure increasing. 
■ On the consolidated high entropy composites XRD analysis indicate the presence of two FCC phases (1 and 2) as well as of a carbide phase, M7C3

■ Vickers microhardness measurements revealed an increase with around 15% both for the matrix and the IMCs with pressure increase. 
■ Compression tests revealed good values, with a shorter percentage around  36 -40 %.

Microhardness of AlCrFeNiMn/Gr composite

Stress/strain curves of AlCrFeNiMn/Gr composite

Raw materials
--------------------------------------

Al, Fe, Cr, Ni, Mn, Gr

Milling
----------------------------------------------------------
Matrix: 5, 15, 20, 25 and 40 hours
Composite: 40 hours
Speed: 300 rot/min
Ar atmosphere
PCA: n-heptan

Spark Plasma Sintering
------------------------------------------------------
Heating: 150℃/min to 600℃
75℃/min from 600℃ to 900℃
Maintaing time at 900℃: 14 min
Ar atmosphere
Furnance cooling

XRD Pattern of sintered sample
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