UDC 66.091:661.888.2

Liangbiao Wang*, Qianli Shen, Hengfei Qin, Dejian Zhao,
Weigiao Liu, Jianhua Sun, Binglong Zhu, Quanfa Zhou*
*Jiangsu Key Laboratory of Precious Metals Chemistry

and Engineering, School of Chemistry and Environment Engineering,
Jiangsu University of Technology, Changzhou, P. R. China
*Ibwang@jsut.edu.cn

**labzqfl@jsut.edu.cn

Chemical synthesis of niobium diboride
nanosheets by a solid-state reaction route

A new process was developed to synthesize niobium diboride (NbB;)
nanosheets with the dimension of about 500 nm and thickness of about 10 nm by using
metal niobium, iodine and sodium borohydride as starting materials in an stainless
steel autoclave at 700 °C. lodine was used to facilitate the exothermic reaction between
metal niobium and sodium borohydride and the formation of NbB,. X-ray powder diffrac-
tion pattern indicated that the obtained product is hexagonal phase NbB, with the cal-
culated lattice constants a = 110 4 and ¢ = 3.2929 A. The obtained product was also
studied by thermogravimetric analysis. It had good oxidation resistance below 400 °C
in air.

Keywords: solid state route, X-ray diffraction, niobium diboride,
nanosheets, chemical synthesis.

INTRODUCTION

Niobium boride (NbB,) is an important ceramic material and has
been used in many fields for their excellent mechanical properties, such as high
melting point, high chemical stability, good electrical and thermal conductivity,
and high hardness [1-4]. In addition, Nb; ,B; (x = 0-0.48) was a superconductor
with the maximum superconducting transition temperature at 9.2 K [5].

Up to now, several synthetic methods had been developed to synthesize NbB,
materials, such as, the carbothermal reduction of niobium pentoxide, boron and
cornstarch at 1700 °C [6], borothermal reduction of niobium pentoxide and boron
at 16001650 °C [7], borothermal reduction of niobium chloride, boron and acetic
acid at 1300 °C [8], self-propagating high temperature synthesis (SHS) [9], mecha-
nochemically assisted preparation [10], solid-state reaction of noibium and boron
[11]. NbB; nanorods were prepared by a solid-state reaction of niobium chloride
and sodium borohydride at 550-650 °C [12]. Ran et al. have prepared NbB,
nanocrystallines by borothermal reduction of niobium pentoxide and boron in mol-
ten salt at 800—1000 °C [13]. A general rout towards metal boride nanocrytals had
been developed by ionothermal process at a relatively mild temperature (500—
900 °C) [14]. Torabi et al. developed a mechanical-thermal approach to synthesize
NbB,; powder from Mg/B,03/Nb powder mixture [15]. Herein, NbB, nanosheets
were prepared from metal niobium and sodium borohydride via an iodine-assisted
synthesis process at low temperature of 700 °C in a stainless steel autoclave.
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Experimental procedure

All the reagents used in the experiments were purchased from Shanghai
Chemical Reagents Company. All manipulations in our experimental were carried
out in a glove box purged with flowing argon gas. In a typical procedure, metal
niobium (0.23 g), iodine (0.60 g) and sodium borohydride (1.00 g) were mixed and
load into a stainless steel autoclave with a capacity of about 20 mL. The autoclave
was sealed and heated in an electric stove with a heating ramp rate of 10 °C/min
from room temperature to 700 °C. The autoclave was kept at 700 °C for 10 h, and
then followed by cooling to room temperature in the furnace naturally. The product
collected from the autoclave was washed by absolute ethyl alcohol, distilled water
and dilute HCI aqueous solution for several times to remove the impurities. Finally
the final product was dried under vacuum at 60°C for 10 h for further
characterization.

X-ray diffraction (XRD) pattern of the obtained product was performed with a
Philips X'Pert X-ray powder diffractometer using CuKo radiation (A = 1.54178 A).
The microstructure of the obtained product was investigated with a field-emitting
scanning electron microscope (FE-SEM, JEOL-JSM-6700F), a transmission elec-
tron microscope (TEM, H7650), and a high-resolution transmission electron mi-
croscope (HRTEM, JEOL-2010) with an accelerating voltage of 200 kV. Thermo-
gravimetric analysis (TGA) profile was performed on a Shimadzu-50 thermoana-
lyzer apparatus under flowing air below 700 °C at a rate of 10 °C/min.

RESULTS AND DISCUSSION

XRD was used to check the crystal structure and the phase purity of the
obtained product. A typical XRD pattern of the obtained product was shown in
Fig. 1. All the peaks in Fig. 1 of the (001), (100), (101), (002), (110), (102), (111),
(200), and (201) reflections can be indexed to pure hexagonal NbB, with lattice
constants of a= 3.1170 A and ¢ = 3.2929 A, which were consistent with the
reported values of hexagonal NbB, (Joint Committee on Powder Diffraction
Standards (JCPDS) cards, No. 35-0724, a = 3.1113 A and ¢ = 3.2742 A). No
impurity peaks were detected in Fig. 1, suggesting the NbB, product with the high
purity. All peaks with strong diffraction intensity indicated the obtained NbB, with
excellent crystallinity.
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Fig. 1. XRD pattern of the obtained NbB,.

FE-SEM, TEM and HRTEM were used to investigate the microstructure of the
obtained NbB, product. The FE-SEM image of the obtained NbB, nanosheets was
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shown in Fig. 2, a. The FE-SEM image revealed that the obtained NbB, product
was composed of nanosheets with a dimension of about 500 nm. The TEM image
(see Fig.2,b) of the NbB, product showed the average thickness of NbB,
nanosheets was about 10 nm. The HRTEM image of the obtained NbB, was shown
in Fig. 2, c. Well-resolved lattice fringes of the NbB, nanosheets were observed in
Fig. 2, ¢ with an average distance of 0.33 nm, which corresponded to the (001)
planes of hexagonal phase NbB,.

0.33 nm
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c
Fig. 2. SEM image of NbB, nanosheets (a), TEM image of NbB, nanosheets (b), HRTEM image
of NbB, nanosheets (c¢).

The oxidation resistances of materials determine their application conditions.
To investigate the oxidation resistance of the obtained NbB, product, the
thermogravimetric analysis (TGA) was carried out from room temperature to
700 °C with a heating ramp rate of 10 °C/min under flowing air. The TGA curve of
the NbB, was shown in Fig. 3. The TGA curve showed that the weight of the
product had not changed below 400 °C. The onset of the oxidation of the NbB,
product is found to begin at about 400 °C. The oxidation rate is very slow within
400-550 °C, which may be due to the produced oxide (niobium oxide and diboron
trioxide) layer coating on the surface of the product. When the temperature is over
550 °C, the weight gain increases significantly. This may be due to the formed
protective oxide layer is destroyed and the oxidation rate increases rapidly. The
result of the TGA demonstrates that the obtained NbB, has a good oxidation
resistance below 400 °C.
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Fig. 3. TGA profile of the NbB, product under flowing air.
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CONCLUSIONS

In summary, we have developed an iodine-assisted approach to prepare NbB,
nanosheets with the dimensions of about 500 nm and thickness of about 20 nm in
an autoclave through the reaction of metal niobium, sodium borohydride and io-
dine as reactants. The exothermic reaction between sodium borohydride and iodine
was favorable for the final formation of NbB, nanosheets. The NbB, nanosheets
obtained by our designed route have anti-oxidation under 400 °C.
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Pospobneno nosuii npoyec cunmesy nanowiapie oubopudy Hiobito (NbB,) pos-
mipamu ~ 500 um i moswunoio ~ 10 Hm 3 BUKOPUCMIAHHAM MEMANiYHO20 Hi0bi0, 1100y i 60p2iopudy
Hampio AKX UXIOHUX Mamepianie y asmokiasi 3 nepacagioyoi cmani npu 700 °C. Hoo euxopucmo-
8y8aIU OJIs1 NOJIC2UIEHHS eK30MEPMIYHOL pearyii misc memaniunum Hiobiem i bopeiopudom Hampiio
ons1 ymeopenns nanowapie NbB,. Penmeenospama nopowiky nokazana, wjo ompumanuii npooyKm €
ecexcazonanvholo gazoio NbB, 3 pospaxosanumu xoncmanmamu pewimxu a = 1104 i ¢ =
3,2929 A. Ompumanuii npooykm maxosic 6UeUanu mepmMopagiMempuyHuM ananizom. Bin mae
2apHy cmitiKicms 00 OKUCHeHHs1 8 nosimpi 3a memnepamypu Hudicue 400 °C .

Kniouosi cnosa: meepoomineHuii wiisix, peHmeeniecvka ou@paryis, oubopuo
HI06I10, HaHOWAPY, XIMIYHUT CUHME3.

Paspaboman noswiil npoyecc cunmesa Hanocaoes oubopuoa nuobusa (NbB,)
pazmepamu ~ 500 um u moawurou ~ 10 HM ¢ UCNOTIL308AHUEM MEMANIUYECKO20 HUOOUS, 1100d U
bopaudpuda Hampus 8 Kauecmee UCXOOHbIX MAMePUAIO8 6 ABMOKIABe U3 Hepiucaseowell Cmaiu
npu 700 °C. Hoo ucnonvzosanu ons obnecuenus sK30mepmuueckoli peaxyuu meicoy 6opeudpu-
00M Hampus u Huobuem oA noxyuenus nanocioee NbB,. Penmeenozpamma nopowika nokasana,
Ymo NonyyeHHwlll NPOOYKm npedcmasasiem coboll eexcazonanvuyio ¢asy NbB, ¢ paccuumanmbi-
mu nocmosuuimu pewtemku a = 110 A u ¢ = 3,2929 A. Honyuennviii npodykm maxice uzyuani ¢
HOMOWbIO MmepMopasumempuyecko2o ananuzd. On umen Xopouiyio CmouKocms K OKUCIEHUIO Ha
6030yxe npu memnepamype Hudice 400 °C .

Knrouesvie cnoea: meepoomenvHuiii nymov, Ouppaxyus peHmeeHo8CKUx ry-
uetl, OUOOPUO HUOOUSA, HAHOCIOU, XUMUYECKULI CUHME3.
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