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Mechanosynthesis of rhenium carbide at ambient pressure and temperature

M.G. Granados-Fitch , E.A. Juarez-Arellano , J.M. Quintana-Melgoza , M. Avalos-Borja  

Instituto Potosino de Investigación Científica y Tecnológica, División de Materiales Avanzados, Camino a la Presa San José, Col. Lomas, sección 4, C.P. 78216, San Luis Potosí, S.L.P, México

Instituto de Química Aplicada, Universidad del Papaloapan, Circuito central # 200, Col. Parque Industrial, C.P. 68301 Tuxtepec, Oaxaca, México

Facultad de Ciencias Químicas e Ingeniería, Universidad Autónoma de Baja California, campus Tijuana, Tijuana, B.C., México

Centro de Nanociencias y Nanotecnología, UNAM, Apdo, Postal 2681, C.P. 22800 Ensenada, B.C., México

Received 4 June 2015, Revised 30 October 2015, Accepted 1 November 2015, Available online 3 November 2015, Version of Record 8 November 2015.

What do these dates mean?

Show less

https://doi.org/10.1016/j.ijrmhm.2015.11.002

Get rights and content

Highlights

• Re C was obtained by mechanosynthesis at 640 min from rhenium and

graphite.

• Polyhedral shape is the preferential growth morphology of Re C.

• Thermogravimetric analysis shows stability of material at up to 800 °C.

Abstract

We report the synthesis of Re C at ambient pressure and temperature. The formation of rhenium carbide (Re C) from the elements was obtained by mechanochemical treatment after

640 min of milling. The microscopy analysis shows polyhedral particle agglomerates with diameters of less than 600 nm. Thermogravimetric analysis results revealed the stability of

material at up to 800 °C as well as chemical and surface analysis of polyhedral particles which show oxidative properties and a surface area of 2.0 m  g , respectively.
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Introduction

Current research in materials science has been directed towards improving material properties [1]. It is known that the structure and constitution of materials can be better controlled by

processing them under non-equilibrium conditions [2] such as rapid solidification, plasma processing, vapor deposition and mechanical alloying (MA) [3], [4], [5]. MA is a technique that

allows the synthesis of materials starting from elemental powder mixtures; moreover, it improves the chemical and physicochemical properties thereof. Carbides are of considerable

interest for industrial applications due to their wear resistance, high temperature oxidation resistance, high hardness, high toughness and resistance to chemical attack. Their current

applications are heat engine components, wear components, armor, corrosion resistant and high temperature burners, among others [6]. Among these, rhenium carbide is one of the most

incompressible materials, which make it suitable for several industrial applications [7]. Nevertheless, it was established that rhenium does not form any carbide, neither at ambient

pressure nor at low temperature. The Re–C phase diagram shows the limited solubility of carbon into rhenium [8]. Maximum solubility is reached at 11.7 at.% C at the eutectic temperature

(2500 °C) and it falls sharply with the temperature (4.2 at.% C at 1800 °C). However, rhenium carbide obtained at high pressure and temperature was reported in 1971 by Popova and Boiko

[9]; they used 6 GPa and 800 °C in a molar mixture of Re:C = 1:1 and determined the crystal structure of ReC by X-ray diffraction. In 1972, Popova et al. [10] reported the synthesis of ReC

with cubic structure, obtained from a powder mixture of rhenium and graphite in a pressure range of 16 to 18 GPa and 1000 °C. In 2008, Juarez-Arellano et al. [11] reported the formation of

a hexagonal phase of Re C  in conditions of 12 GPa and 1400 °C in a mixture of equal parts rhenium and graphite. Moreover, the synthesis of rhenium carbide with a stoichiometry

Re:C = 2:1 is reported in 2009 by Juarez-Arellano et al. [12]; they used laser heating in diamond cells at high pressure (10 to 70 GPa) and high temperature (1000 to 3727 °C) from leaves of

rhenium (25 μm thick) and graphite as starting materials. The Re C phase has been studied by Zhao et al. [13] who in 2010 reported its synthesis under conditions of pressure from 2 to

6 GPa and temperature of 600 to 1600 °C from rhenium powder and carbon black as precursors using a cubic press. Also in 2014, Dyachkova et al. [14] reported the Re C phase, obtained

from the mechanical blending of rhenium and carbon at high pressure treatment of 6 to 10 GPa and at a high temperature of 1800 °C. In summary, high pressure and moderate

temperatures (above 550 °C) are required for the synthesis of Re C. Mechanosynthesis rhenium carbide at room-temperature was reported by Matteazzi et al. in 1991 [15], but only they

obtained a partial carburization of rhenium. In this study, we report the synthesis of rhenium carbide (Re C) at ambient pressure and temperature starting from rhenium powder and

graphite through a high energy ball milling process. The synthesized material was characterized by X-ray diffraction (XRD), scanning electron microscopy (SEM), energy dispersive

spectroscopy (EDS), thermogravimetric analysis (TGA), infrared spectroscopy (FTIR) and surface properties (BET).

a b c a d

a

b

c

d

Share Cite

2

2

2 2

2 − 1

4 2

2

2

2

2

https://www.sciencedirect.com/journal/international-journal-of-refractory-metals-and-hard-materials
https://www.sciencedirect.com/journal/international-journal-of-refractory-metals-and-hard-materials
https://www.sciencedirect.com/journal/international-journal-of-refractory-metals-and-hard-materials/vol/55/suppl/C
https://www.sciencedirect.com/author/18134095500/erick-a-juarez-arellano
https://www.sciencedirect.com/author/18134095500/erick-a-juarez-arellano
https://www.sciencedirect.com/author/7003869469/m-avalos-borja
https://www.sciencedirect.com/author/7003869469/m-avalos-borja
https://www.sciencedirect.com/author/7003869469/m-avalos-borja
https://doi.org/10.1016/j.ijrmhm.2015.11.002
https://s100.copyright.com/AppDispatchServlet?publisherName=ELS&contentID=S0263436815302456&orderBeanReset=true
https://www.sciencedirect.com/topics/materials-science/rhenium
https://www.sciencedirect.com/topics/materials-science/thermogravimetric-analysis
https://www.sciencedirect.com/topics/engineering/ambient-pressure
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/rhenium
https://www.sciencedirect.com/topics/materials-science/carbide
https://www.sciencedirect.com/topics/materials-science/mechanochemical-treatment
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/thermogravimetric-analysis
https://ars.els-cdn.com/content/image/1-s2.0-S0263436815302456-fx1.jpg
https://www.sciencedirect.com/

