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Microstructure and Kinetics of Intermediate Crystallization State of Amorphous Nb,Os

SHEN Xingmei'?, ZHU Zongjian', XU Zhiyuan®, WU Xingrong', CAO Fabin', LI Liaosha'
(1. Key Laboratory of Metallurgical Emission Reduction & Resources Recycling of Ministry of Education, Anhui University of
Technology, Maanshan 243002, Anhui, China; 2. AnHui Province Key Laboratory of Metallurgy Engineering & Resources
Recycling, Anhui University of Technology, Maanshan 243002, Anhui, China)

Abstract: Nb,Os has a variety of crystalline states. However, the intermediate process of forming a long-range ordered
structure is still unclear. Nb,Os precursor was prepared by a sol-gel method. The intermediate-state samples in the
crystallization of amorphous Nb,Os were obtained at 460 ‘C—520 ‘C. The crystal structure, morphology, pore structure and
crystallization kinetics of the intermediate-state samples were investigated. The results show that the atomic ordering process
of the sample is from 1.0 nm short-range order with an amorphous state, to 1.0 nm short-range order with a small amount of
crystal and amorphous mixed state, to 1.5 nm medium-range order with a pseudo hexagonal and amorphous mixed state, and
then to more than 2.0 nm long-range order with a pseudo hexagonal, orthorhombic and a small amount of amorphous mixed
state. The crystallinity of the samples at >495 °C increases rapidly from 20% to 86%. The samples are formed due to the
crisscross accumulation of massive flaky particles and a small amount of rod-shaped particles. From a short-range order to a
long-range order, the growth process of flake particles is the main process, while the rod-shaped particles have little change.
The particles are mesoporous, and the size of the main pore becomes 10 nm as the calcination temperature increases. The
Avrami index (n) of the samples is 1-2, and the main nucleation mode is the surface nucleation. During the transformation
from short program to medium program, there exists a crystallization incubation period. This study provides a working basis
for the investigation of Nb,Os crystallization intermediate state.
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Fig. 1 TG-DSC curves of Nb,Os precursor
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Fig.2 XRD patterns of Nb,Os at different calcination temperatures
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Table 1 Crystallinity of Nb,Ojs at different calcination temperatures and calcination times

Crystallinity/%
Calcination Temperature/"C
60 min 120 min 180 min 360 min 480 min 720 min
475 2.19 4.71 8.21 14.33 25.24
490 6.74 21.42 22.51 22.29 50.44
505 10.59 43.47 83.47 85.64 91.70
520 16.69 54.88 86.72 93.99 (240 min) 95.17 (300 min)
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Fig. 9 Double logarithmic plots of Nb,Os at different
calcination temperatures
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Table 2 Avrami index (#) and constant of crystallization rate
(b) of Nb,Os at different calcination temperatures

Calcination temperature/C n b/min™"
475 1.2830 4789 0x10™*
490 1.060 4 8.508 3x107*
505 1.662 2 3.043 6x107°
520 1.828 4 7.072 0x107
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