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Abstract: In this study, polyvinyl pyrrolidone (PVP) is used to optimize the core-shell V@C precursor
structure, and the precursor is heat-treated to obtain vanadium nitride (VN) up to the National Standard
VNI16 grade of China. The addition of PVP promotes both the uniform dispersion of the carbon powders
in the vanadium rich solution and facilitates the hydrogen bonding of ammonium polyvanadate (APV)
ions, which are adsorbed on the surface of carbon powders for nucleation and growth. The as-prepared
precursor by adding PVP has better encapsulated and stable carbon powder core and APV shell with
uniform and moderate thickness, as well as small and homogeneous particle size distribution. In the ni-
tridation and reduction process, the phase transition from precursor to VN is as follows: APV — V,0;
— V,0,; — V,0,; - VO, — V,;0; — V,0; — (VC) — VN. Due to its more stable core-shell coating
structure and more uniform particle size distribution, the optimized precursor forms a more stable phase
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reaction interface and more active reaction sites, which reduces the reaction activation energy (F,) at
each stage, and makes it more efficient in reducing and nitriding and easier to transition to low-valent
VO, and VN. In comparison with current carbothermal reduction process, the reaction time is shortened
by 75%, and the flow rate of N, is reduced from 300 mL/min to 200 mL/min, the usage of N, is reduced

by 40%, significantly reducing production costs.
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Fig. 1 SEM-EDS images of precursors under different conditions
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Fig. 2 Particle size distribution of different precursors

1.2 PVP 520 A% 50 BN ik £, 22 Rip SR AR 25 44 12 h
PUK S

A 3 T, SR PVP SRR 32 fish st



-4 - N

2024 45 45 4

SITEJETEAE TR T WS E R R IR B — 2R
PPIEE, A A5 BEL L By U 2 [) ) B i, AR MR
RBAR HIORL ] IR g o [RIES, BT PVP KA 1A
(23 ()5 BEARONE , BELAG: 1 Al ks UL 22 ] ) R BSR4,
B SIRE ST & . s3SIk BA
ORI R TR, i APV B FHEUEE 20 R fiiE o
67 p3, A HC 22 T AR e i W B e e A 2 1 b, A3 R
APV B FTEWRY R4S "™ . LAk, PVP itk
PEECTR (1) N IR AT S5 UTTEFERR KD R T APV ik
1) 5 VR RE T S AL T TR E APV R0, A 35
il APV A% T8 BR AT UK 2% 11 4 1k B A 4G, SEBN
APV SR B B, B 1 i sl SR 5
M fe b R A AL B2 . R, V@C,, BRI 53 A 3
SJH A, APV S5t Stk N AR R B R,
H APV SPSEIEEE ARG o R TSI 4 B A ks
TE & PUA I AR, 80 T APV BRI 7
S B B AT IR AR AR K HLTE AR AN FLIN, 25 5 n
E 3(a) Fi7so
R 1 OBIREKEEERES TS

Table 1 Laser particle size distribution parameters of dif-
ferent precursors

i WEREM  DB,2) D@E,3) Dv(50) Dv(90)
AL /(m*kg™) /um /um ‘/]um ypm
V@C,  326.523 18.38 76.33 46.54 147.03
vV@C, 127247 4.92 29.07 10.92 40.53
2% Ak 2 A% 5T A 4L B B 3 A AR
VN

SR FH A A B A% 5 AU AR f) 5 A IR AR vk 7E
250 mL/min f4 N, Jii 5 A1 1150 C B W iR E T,
XFHTRIR V@C,, F1 V@C,, i JFE AL 60 min, 175
() VN 7= A2 2 BURN & i a2 2 Biom . #AKb 3
V@C, M V@C,, fil# 1 VN ™4 455 Eir GB/T
20 567-2020 1 VN16 [ br i, H B Fh VN
b V&R IEARME, B V@C,, il &1 VN 7§
AT V@C, M 1174 F 48 8 ik & R A%
1.16 N E /. AN, V@C,, Hil %1 VN 72 5 i
TR S P /DT v@c,, Fl& R VN 7=,
2.1 RGR AR A B 3 AR AN A A Ak 5 s T 1Y)

Kl 4 S AS TR BT X HTSR AR B AL 3 60 min BT
=R XRD 1. A 4 a7, AT IRk BB R £
R (APV) . 4 B Bl FHE 3] 550 °C
i, 5 V@C, H ke, V@C,, B R A7 XRD &3 i Bk

T V,0 f1 V,0,; AN, IS T V MAERE VO,
V30, P, OB EETHR 2 650 °C, V@C,, K
M WHIFE R V,0,. V505 LUK VO,, Tl V@C,,
IR & AT AR BERIF I V,055. 950 C K V@C,,
PP LA V,0, fZAE VN, 1l V@C,, 7= Yk &
A V,0s0 HVIREFHEE] 1150 C B, V@C,, )
FEYI A VN, T V@C,, = PE 5 A DR V,0;.
FRNFEARRIE R BALIREE T, V@C,, Y a2 & f
MASFERN VO, &, PVP (Y51 AT A F FRTIRAE
JRARA R RS VO, Fil VN B6AE

A% i) APV éﬁﬁw&% SR B
R PUTE Here R SR A

W PVP (1)
LR HIPIRE
@ BT @ Wik @ TRk PVP

(@) V@Cy: (b) V@C,,
B3 BRARERIRENEHIE

Fig. 3 Synthesis mechanism of core-shell precursors
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Table 2 Chemical composition of vanadium nitride %

VNJ= i \Y% N C S P
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