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Abstract: Vanadium nitride is a kind of microalloying additive with excellent performance, and it also
possesses significant practical value in other fields such as supercapacitors, hard coatings, and industri-
al catalysis. The optimization and innovation of its preparation technology have attracted continuous re-
search attention in the fields of metallurgy and materials science. In this paper, a classified introduction
to the existing vanadium nitride preparation methods was provided, including carbothermal reduction-
nitridation, ammonia reduction-nitridation, carbonaceous gas reduction-nitridation, precursor method,
direct nitridation of metallic vanadium, magnesiothermic reduction-nitridation, and chemical vapor de-
position (CVD). Among these, the carbothermal reduction-nitridation method was discussed in terms of
the two-step method and one-step method. A comparative analysis of raw material selection, process
parameter configuration, and product element content was additionally presented, with a systematic
evaluation of the advantages, disadvantages as well as application scale and scenarios of each process. It
was proposed that the preparation processes of vanadium nitride were characterized by taking the carbo-
thermal reduction-nitridation method as the core, with the ammonia reduction-nitridation method, car-
bonaceous gas reduction-nitridation method and precursor method developing steadily, while other re-
search methods were still in the stage of small-scale exploration. In addition, considering factors such as
cost, environmental protection and product performance, this paper presented the possible directions for
the future development of vanadium nitride preparation technology.
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Table 1 Comparison of VN preparation technologies

VN preparation ~ Main V/C/N Reaction Element . Application scale
. Advantages Disadvantages . References
technology sources temperature/ °C content /% and scenario
Two-step V:72.99 ~78.7  Controllable process Long reaction process,  Small-scale
V,0;, V,0,/C . . . . .
carbothermal ~ 1 400* N:73~13 parameters and product strict reaction industrial [11-15]
. L. powder/N, . . L. ..
reduction-nitridation C:0.95~10.5 quality conditions (vacuum) application
carbothermal ~ NH,VO,/C ~1450  N:10.19~20.98 Stmpieop X precise paran high-volume  [16-35]
. oo . continuous production regulation required for .
reduction-nitridation powder/N, C: 1123 ~7 L : . production
feasibility high quality products
High cost,
Ammonia reduction- V,0;, V,04/ Low temperature, short corrosiveness to
’ s 600~850 N:15.83~174 ’ . -
nitridation without C/NH, time, no residual C equipment, Lab scale [39-42]
environmental pollution
Low temperature, short  Precise parameter
N:142~16.2 ’
Carb(.)nacelogs £as V,0,/CH/N, 900 ~1 150 . reaction process, low regulation required for Lab scale [43-44]
reduction-nitridation C:3.35~4.87 - .
cost avoiding residual C
Precursor of V-
containin; V-precursors Low temperature, Complicated process in Lab scale
£ P 700 ~ 850 nanoscale product p proces production for  [45-48]
compounds or and NH, . . precursor preparation .
. particle size specific fields
composites
Sufficient contact . .
. Vv, C- Complicated operation
Precursor of mixture ’ V:78.93 ~79.32 between V source and . s
d 1100~1150 -
of V source and C precursors an N:1638~17.91  C, low temperature, required for avo‘ldmg C Lab scale [49-52]
N, . agglomeration
short time
Direct nitridation V v Simpl ti 1t High cost, strict
frect mimdaton ¥ ctal/without 1 650%* {ipre Teattion Toutes, - TS cosh, ST Labscale  [53-54]
metal C/N no impurity elements  reaction conditions
Magnesiothermic ~ V,0;, V,04/ 675 ~ 900 (in No residual C, low High cost, c9mp11cated
. o . process in post- Lab scale [55-56]
reduction-nitridation without C/N, molten salt) temperature
treatment
Chemical vapor vCl,, V,04 350~ 650 (VCl,) High hardness and high Hich cost. complicated Lab scale
ge gsitiorfjo without C/N,, or 900 ~ 1 300 stability of VN & cos;o(;zssp cate production for  [57-58]
P NH, (V,05) products P specific fields

* The first step was mainly conducted under vacuum; ** Mechanical grinding in room temperature was also possible.
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