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Synthesis of orthorhombic chromium boride
by solid state reaction

Chromium boride is characterized by interesting properties, like high
melting point, hardness, and corrosion and abrasion resistances. In this paper a novel
synthesis of chromium boride micropaticles via a solid-state route at 600 °C is
reported. The X-ray diffraction pattern taken from the reaction product indicated that
the product was orthorhombic chromium boride. The CrB particle size (about 1~2 um)
is confirmed by FESEM and TEM images. Solid state reactions that were carried out in
sealed autoclave systems provide an alternative, convenient, and environmentally
friendly pathway for the fabrication of CrB.
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INTRODUCTION

Metal borides have been considered as advanced structura
materials because of their high melting point, high hardness, oxidation resistance,
excellent thermal and electrical properties [1-5]. Among these borides, chromium-
boron is known for its application as anticorrosive, superhard coatings of high
chemical stability. In the chromium-boron phase diagram, several binary phases
(CrsB3, CrB, Cr3B4, Cr,Bs, and CrB,) are known [6]. Among these, chromium
boride CrB, and CrB are the most important due to its interesting properties, like
high melting point, hardness, resistivity, corrosion and abrasion resistances [7, 8].
One of the issues with chromium boride is the difficult synthetic condition and
presence of other binary borides as secondary phases. Synthesis of chromium
boride has been carried out earlier by methods like combustion synthesis [9, 10],
pulsed magnetron sputtering [11], and thermal evaporation process [12]. Qin and
co-workers have synthesized chromium boride nanocrystalline via a solid-state
reaction carried out in an autoclave by using CrCls, Mg, and MgB, as the reactants
[13]. Ma and co-workers have prepared chromium boride nanorods by reduction-
boronation route at 650 °C in molten salt in an autoclave [14]. Solid state reactions
carried out in sealed autoclave systems provide an alternative, convenient and
environmentally friendly pathway for fabrication of a wide range of non-oxide
compound nanocrystals, for the systems can be isolated from air [15, 16]. CrB has
interesting properties like high melting point, hardness, resistivity, corrosion, and
abrasion resistance. In thiswork, CrB microparticles were successfully prepared by
the reaction of Cr,O3; and NaBH, in an autoclave at 600 °C for 10 h. XRD pattern
indicated that the product was orthorhombic CrB. The sizes of CrB micropaticles
were about 1-2 um.
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EXPERIMENTAL
Preparation of CrB micropaticles

All the chemical reagents were purchased from Sinopharm Chemical Reagent
Co., Ltd. and used without further purification. In a typical procedure, Cr,O3
(0.50 g), and NaBH,4 (1.50 g) were mixed and added in an autoclave of 20 mL
capacity. The autoclave was sealed and heated in an electric stove with a heating
ramp rate of 10 °C/min and maintained at 600 °C for 10 h, and then it was cooled
to room temperature naturally. The precipitates in the autoclave were collected and
washed with absolute ethanol, hot dilute hydrochloric acid, and distilled water
several times to remove the impurity . The final product was dried in vacuum at
60 °C for 6 h.

Characterization

Powder X-ray diffraction (XRD) measurement was carried out with a Philips
X’ Pert diffractmeter (CuKo. A = 1.541874 A; Nickel filter; 40 kV, 40 mA). Field
emission scanning electron microscope (FESEM) images were taken on a JEOL
JSM-6300F SEM. Transmission electron microscopy (TEM) images, high-
resolution transmission electron microscopy (HRTEM) images and selected area
electron diffraction (SAED) were performed on a JEOL JEM-2010 microscope
operating at 200 kV.

RESULTSAND DISCUSSION

The Powder X-ray diffraction (XRD) pattern of the sample prepared at 600 °C
is shown in Fig. 1. The diffraction peaks (110), (021), (111), (130, 040), (131,
041), (200), (002) and (221) are completely consistent with the standard card of
orthorhombic CrB (JCPDS PDF No. 89-3587, a = 2978 A, b = 7879 A, ¢ =
2.934 A). No evidences of the impurities such as Cr, B, and Cr,O5 can be found in
the XRD pattern.
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Fig. 1. XRD pattern of orthorhombic CrB micropaticles.

The morphology and structure of the as-prepared sample were further analyzed
by FESEM. The CrB micropaticles were synthesized on a large scale, as revealed
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in Figs. 2, a, b where a panoramic FESEM image of the product is displayed.
Figure 2, ¢ presents a middle magnification FESEM image of the product,
exhibiting that all particles were dense. The high magnification FESEM image
(Fig. 2, d) indicates that the sizes of CrB micropaticles were about 1-2 um. The
result confirms that this method can be used for preparing particles with
homogeneous structures.

Fig. 2. An overview (a) low (b), middle (c), and high (d) magnlflcatlon FESEM images of
orthorhombic CrB micropaticles.

Figure 3a shows an overview TEM image of the dispersed CrB micropaticles at
low magnification. Figure 3, b presents a high magnification TEM image of the
sample, revealing that the CrB architecture is about 1 um. The HRTEM image
recorded on a single orthorhombic CrB particle is shown in Fig. 3, b (marked with
acircle). The average distance between the neighboring fringes (shown in Fig. 3, €)
is about 0.236 nm, corresponding to the (021) plane of orthorhombic CrB. The
corresponding SAED pattern (Fig. 3, d) could be indexed as orthorhombic CrB
(021) (221) and (200) planes. HRTEM and SAED examinations of other CrB
microparticles show a similar result, which unambiguously implies their single
crystalline nature.

CONCLUSIONS

In summary, CrB micropaticles were successfully prepared by the reaction of
Cr,03 and NaBH, in an autoclave at 600 °C for 10 h. The XRD pattern indicated
that the product is orthorhombic CrB. The structure and morphology of the
obtained product was derived from FESEM, HRTEM and SAED. The sizes of CrB
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micropaticles were about 1-2 um. Solid state reactions carried out in seded
autoclave systems provide an alternative, convenient and environmentally friendly
pathway for fabrication of metal borides, for the systems can be isolated from air.
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Fig. 3. TEM images of the CrB (a, b), HRTEM image obtained from the region labeled in (b) (c),
corresponding SAED pattern obtained from the region marked in (b) (d).
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Togioomnsicmocst npo Hosuil meepoominbrull memoo cunmesy npu 600 °C
6opuda xpomy CrB, axuii xapaxmepuzyemocsa maxumu yikagumu 61ACMUBOCAMU, 5K BUCOKI
memnepamypa niaeieHHs [ meepoicmb, onip Koposii I abpaszuenozo 3nocy. [iacpama
penmeeHiscbkol dugppaxyii npodykmy peaxyii ceiouuna npo me, wo NPOOYKmM € opmopomouye-
ckum 6opuoom xpomy. Posmip (~1-2 mrm) uwacmunox CrB niomeeposcyemovcs FESEM i TEM-
306pacicennsamu. Teepoominvhi peaxyii, npogedeHi @ 2epMemudHux aemoKIaAeax, 3a0e3neyuiu
anbmepHamueHull, 3pyuHuUll, eKoa02iuHo yucmuil wisx eupoonuymea CrB.

Knrouoei cnosa: meepoominvui peakyii, 6opio xpomy, cunmes.

Coobwaemcs o Hosom meepoomenvHom memooe cunmesa npu 600 °C bopu-
0a xpoma CrB, xomoputii xapaxmepuzyemcsi maxumu uHmepecHuIMu C8OUCMBAMU, KAK BbICOKUE
memnepamypa niaeleHus u, meepooCcmyb, CONPOMUSIEHUE KOPPO3UL U AOPA3UEBHOMY UZHOCY.
[uazpamma penmeeno6ckoll Oupakyuy npoOyKma peaxyuu ceuoemenscmeosad 0 mom, Ymo
npodykm npedcmagisiem coboti opmopomouyeckuti 6opud xpoma. Pasmep (~1-2 mxm) vacmuy
CrB noomsepoicoaemcs FESEM- u TEM-uzobpasicenusamu. Teepoomenvhvie peaxyuu, npoge-
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OEHHble 8 2ePMEMUYECKUX ABMOKIABAX, 00eCNe UNU AlbMEePHAMUBHBLL, YOOOHDbI, FKOI0UYECKU
yucmolii nyms npouzsoocmea CrB.

Kniouesnie cnosa: meepoomenvhvlie peakyuu, 60puo Xxpoma, CUHmes.
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