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Abstract

With lithium-ion battery being widely used, lithium-ion battery
cathode material is always a research focus. e VOPOQO,; compound which
has a advantage of high theoretical capacity, high volt and high con-
ductivity during many new different type of lithium-ion battery cathode
materials is attracting attention. At present, there is few research re-
port on it and the paticle of the eeVOPO, reported was very big. The
crystallinity and the electrochemical performance of the e-VOPO, re-
ported are poor. Even it’s difficult for the e-VOPO, reported to dis-
charge at high current density. Therefore, it’s a great significance in
theory to press on with studing on it. In this work, two nanostruc-
tured e-VOPQO, material, nanostructured e-VOPO, from tetragonal H,
VOPQO, and nanostructured e-VOPQO, from monoclinic H, VOPO,,
were prepared and extensively investigated. Also, we first designed
and synthesized the modified compound B-VOPO, /e-VOPO, and stud-
iedits mechanical properties and electrochemical properties of the modi-
fied compound completely. The main contents are as follows:

(1) We identified the synthesis process of the nanostructured
e-VOPO, from tetragonal H, VOPO, through orthogonal test. Tetra-

gonal H, VOPO, precursor has been synthesized through 16. 7mL H;
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PO, and 3.6 g VCIl, together put into 20ml. deionized water being
heated under 180°C with pH equal 2, and then the nanostructured e-
VOPQ, from tetragonal H, VOPO, has been obtained through the tet-
ragonal H, VOPQO, precursor being heated at 500 “C. The nanostruc-
tured e-VOPQO, from tetragonal H, VOPO, shows top performance in
many aspects under this synthesis condition. The scanning electron
microscope test demonstrates that the particle size of the nanostruc-
tured e-VOPQO, from the tetragonal H, VOPO, is 30 nm in the surface
of the particles. X-ray Diffraction test demonstrates the nanostruc-
tured e-VOPOQO, from the tetragonal H, VOPOQ, is the purest under the
condition. Electrochemical test shows that the initial capacities reach
208.4, 204.5 and 106.8 mAhg 'at the current densities of 0.082,
0.164 and 0.41 mAcm *, respectively. The electrochemical capacity
conservation rate has been raised to 61. 4% after 146 cycles at current
density of 0. 082 mAcm ?. The electrochemical capacity conservation
rate has been raised to 48. 6% and 39. 6% after 200 cycles at current
density of 0. 164 and 0.41 mAcm %, respectively. In order to under-
stand its mechanical properties and electrochemical properties com-
pletely, we have done 6 kind of comprehensive tests, such as CV
test, EIS test, Ex-Situ, In-Situ, FTIR, EDS. The test result
shows that the synthesis process of the nanostructured e-VOPO, from
tetragonal H, VOPQO, is concise, the product is single, the particle
size is small. The difficult of discharge at high current density has been

sloved. Also the electrochemical performance has been improved.
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(2) Also, we first synthesized nanostructured e-VOPQ, from
monoclinic H, VOPO,. Monoclinic H; VOPO, precursor has been ob-
tained through hydrothermal method at 180°C with 1.9 g VCl;, 0.9 g
P,0; and 30mL anhydrous ethanol with adjusting pH to 2.2. The
nanostructured e-VOPO, {from the monoclinic H, VOPO, has been got-
ten by heating the monoclinic H; VOPO, precursor at 600°C. Electro-
chemical test indicates that the initial capacity reaches 226. 7 mAhg !

at current density of 0.082 mAcm *.

The electrochemical capacity
conservation rate is 71. 6% after 100 cycles at current density of 0. 082
mA/cm?. The electrochemical capacity conservation ratesare 75.7 %
and 58% after 200 cycles at current density of 0.164 and 0.41
mAcm ?. XRD test agrees with the report. SEM test shows the parti-
cle size of the nanostructured e-VOPO, from the monoclinic H, VOPO,
is 100 nm. The effect ofthe nanostructured particles improved conduc-
tivity and lithium ion transfer rate of the nanostructured e-VOPO,
from the monoclinic H, VOPQO,, Li-ion diffusion coefficient of the
nanostructured e VOPQO, from the monoclinic H, VOPO, is 6. 92 X
107" em*s !'. Nanostructured particles could help overcome the low
capacity and retain the thermal stability of the phosphate polyanion, it
is better for inserting lithium-ion inner the nanostructured e-VOPO,
from the monoclinic H, VOPO, particles, it would improve the capaci-
ty and the cycle performance of the nanostructured e-VOPQO,. We have

done many comprehensive tests in order to understand it completely.

The result shows that the crystallinity of the he nanostructured e-VO-
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PO, from the monoclinic H, VOPQ, is perfect. The purity of the phase
is high and the particle size is small. The electrochemical property has
been improved significantly.

(3) Finally, we first designed and synthesized modified com-
pound B-VOPO,/e-VOPO, . Rietveld refinement result indicates the
ratio of B~-VOPO, and e-VOPO, in the modified compound of 3-VO-
PO,/e-VOPO,is 2 : 1. The scanning electron microscope (SEM) test
shows the particle size of the modified compound of B-VOPO,/e-VO-
PO, is 0. 5pm. EDS test shows that the ratioof V, OandPis1:1:
5. The initial capacity reaches 207.5 mAhg ' at current density of
0.082mAcm *. The electrochemical capacity conservation rate is 58 %
after 100 cycles at current density of 0.082 mAcm ?. The electro-
chemical capacity conservation rate has been raised to 54. 3% after 480

cycles at current density of 0. 41 mAcm ?.

Li-ion diffusion coefficient
of the modified compound B-VOPQO,/e-VOPO,is 3.5X 10 " em?s '.
Finally, we also have done many comprehensive tests in order to un-
derstand the modified compound B-VOPO, /e-VOPO, completely. The
result indicates the electrochemical performance of the modified com-
pound of B-VOPQO,/e-VOPQO, has been improved. The research design
is successful.

e-VOPO, has advantage of high volt, high capacity and stable
strﬁcrure. In this work, we found the novel method of synthesis nano-

structured e-VOPO, materials from both phases and the modified com-

pound B-VOPO,/e-VOPO,. The synthetic methods we reported could
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develop the comprehensive performance of those materials. They
would reveal more roader market prospect as lithium-ion battery mate-
rial, and it promote their practical applications to 4 V Li-ion batteries.

KEY WORDS Lithium ion battery, e VOPO,, modified com-
pound B-VOPO,/e-VOPO,, nanostructured size, electrode process

kinetics
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