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2.5C 1§
2.1. BHIE28

FERF: RN AT, KAEEF
K, wINEE%E (NHNVO,, AR) « EE (CHO,,
AR) « BZ_E (PEG, AR) « A&/ (V,0;,
AR) FMESEE (LIOH, AR) ¥WH innochem.

FENEE: XFHEMARITEN (XRD, Bruker
D8 ADVANCE) ; # Y fi 2 % & {X (Raman,
Horiba JOBIN YVON LabRAM HR Evolution) ;
i 5 B £ (TEM, JEOLJEM=—2010) ; %) I %
Mf 1% (BELSORP-MAX) ; F £ # ( 7% M B
1% LG1200/750TS) ; M B 78 W B X (R’ X K&
B, CI2001A) ; B R IE P (KFEF IR, SK-
G06123K)

2.2. Li,VO, # 8% &

2.2.1. EAFEHI%E Li,VO,/C KR}

1.7 g NH,VO; # 1.82 g C,H,0,2H,0 JIfi i il
AN65mLEEFKA, MHEAINEEZE 100
mL JI7Kk 2 hF 180 °C TR N 28 ho EAHE
=R EIRARE LMK 3K, 1£80 °C IRFIE
JE7E 400 °C BB IR AR ke 1 h[24]. #rEeE 5
M LIOH (E/RLER 1:6) MAWSETEOHE
A 0.5 mL PEG, HIEE 1 h f&, #£ 60 °C R
FFE8h. ERBIMNHFESREELXFHPTFESRR
PRSP 550 °C g2 h, AHEER, F=YIEH
Li,VO,/C.

222, EEEHIE Li,VO, Gk HE

F&FEREAESH Li,VO,/C, REEM
LiOH —E#ENEFZEARTMA PEG. Z=EA
Li,VO,(N)s
2.2.3. EEEE Li;,VO,

FRRREE/REE 9 16 FREX V,0, (4247 4) A1 LiOH (4>
rah) =5, EMEPHTRSME (1h) FE 550
°C TIERE2h, REE, FHIEH Li;VO,(B).

2.3. Li;VO, 4L 1 RERAE

KA X SLHARLTE N (XRD) WE Li,VO,
B B BN R MR A I RE 21 #E44 Cu (A = 1.54056
A) ., F#ESERE 5°-80°; FIAAIS KX (Raman)
MZE Li,VO, FHFIE D FEMTIRMN A BLIZE,
ME M DR 0.65 cm™; FIHBESTHEEE (TEM)
#7E Li,VO, 25, TIEREN 200 kV; FIAY
IR BRSO A L R E IR R AL AR M AT E R
WMEI S RBRZ BN F2EER, ERERTE

7334 79 Brunauer-Emmett-Teller (BET) %, fL12
37T E 77757 Barrett-Joyner-Halenda (BJH) %.

2.4. Li;VO, IFE IR M4 RERATE

¥ Li,VO, AEEMM R ERBRENFES
FREASERE 2032 BN, HPXNERFSET
MR AESRE, BAMK (Celgard) ERRER, R
E 7 1 molL™" B9 LiPF, fER @& CAFIETRARR
7 EC.DMC:EMC=1:1:1, EC: #xf Z %5, DMC:
ke g, EMC: BB 288 o« WiKBRkAF
FRAEIEERM, Super PIESHF, AME
NMP (N- FE ML EER) AR PVDF (RRELE)
BIRARET, EAiEMMRI GRS, SBFI
[RELL A 75:5:20. M/ X HRAIARFE R BET
MR, F A I FONGR SONR Li,VO, /Y
ZRMEBEEFE. EERE. FRMEEMBIRE S,
FIFARERALZETEWNIR Li,VO, RIFBFTIHERE .

3. £ZRE5VR

3.1. NH,V,0,, M Li,VO, AR LR AT

KR N BB AP XRD EE LA 1(a).
HEATUEREKARNFIENER, ERET
Sig# 5 B4 NH,V,0, HFRESTSIERM (JCPDS
No. 31-0075) ML, EREW&E N E YRS
SHIE R #E7E, ¥ A NH,VO, 1 H,C,0, & 7K # &
B2 A BT % NH,V,O,0 F I 5K 2 T (-225)
mEFTIHE, BE NHV,0,, &K /NE 82
nm, A NH,V,0,, A EBNKREWFRR T
B NHV,O,  ESFHIFHF400°C TEES
MEERNERIZELIE V,0, (XRD K & KL A /N
WEERWE1L (b) Frx) , MES LIOH &
B PEG M&F PEG Am#ER T 2 3l #H1T BRI
EEBETHITEAERKE, B+ & L,VO,/CH
Li;VO,(N), EXRD Ei&5|FE2H. AT #H—
WIE AR KBIAR L E, & V,0; #1 LiOH &
& #8 f2 R2 ) 8 H0 LisVO,(B) BY XRD & i 051 T &
2, XFEE=PHEMSA XRD EIE, ATLA I =F
MR X Y& AT IR # RE 5 E X 2B Li,VO, B9
¥r A PDF + /i (JCPDS No. 38-1247) #H It &g,
YAASE &R A Li,VO, EAERS. =
MR X FEITHIENIEREMRLE, FTALIIH
Li,VO,(B) & Li;VO,(N) # Li;VO,/C £ 38 & & #
BEfX, F[ABHEBA V,0, AifEEEEEEER &1
Li,VO,B) MM B EE RS, MABIKME
il & 99oK NH,V,0,, AT A E 48 A 6 & R m
 Li,VO,(N) M4 mZE Z LA PEG FHI &/
IR Li,VO, #MEM %, WARAKAEFI&EH
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Fig.1 XRD patterns of (a) NH,V,0, precursor and (b) V,O; intermediate

PARBIARFI R PRIZ A 7555 B I F Li,VO, SRR
No FIFABRATNF Li,VO, B (111) 15T IE E3E
TiHHE, B4 Li,VO,B). Li,VO,N) # Li,VO,/C
M BRLA/NS B 113« 93 #1 51 nm, BT
MR EARS THEBREN KX, Eim Li,VO,/C
RS EIM Li,VO, M/ B/ RAEEFF
R/ BEIEFEBREMRHRNSENEE FE
Li;VO, FHI# 8.

& 3 3 Li,VO,/C 1 Li,VO,(N) i Raman Ei&.
AIALI, 7E Li,VO,N) F & H-F 817+ 785 F1328
em” BB REHE VO, X FRE R X FR AL 5
RPN EMNBURIN N TFEMEREY VO, K
IRENSIEM PRSI [25]. M4 Li,VO,/C I S
B (X FE 817 em ™ &L B —NMR/IEY Li,VO, 45
ERSMNE, EREFEMBYHESK, 7 Li,VO,
REWREMYRAES. £ Li,VO,/C fI 2 Bt
1346 #1589 cm™ A LZMANHENR BN, o
IR TR DT (sp’ Z61k) FIG T (sp” Z&1k)
R L,VO, RE LHRIKZENFE. BE, AL

Li,VO,/C
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l Li;VO,(N)
—~
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Fig. 2 XRD patterns of Li;VO,/C. Li;VO,(N) and Li;VO,(B)
samples
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Fig. 3 Raman spectra of Li;VO,/C and Li;VO, (N) samples
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F#x D % G HREMELE (/) kRERR-EAE
AREL [26]0 Ip/l; FOE#/NG RERM B A 2 LA
E#E, RzASBUEEER. Li,VO,/C MK
B I/Ic BB 0.62, AR RIRRIEE
MARUEERS, BFTRS LLVO,NETFS
B

3.2. Li,VO, B8R4

AT #H—F B L,VO, X HixRIEEMN
SRAMEE, % Li,VO,N) # Li,VO,/C S 3IHIE T
TEM B E, B 4FR. HE4 (a) 1 (b)
KESFHNEESF 100 MFRER, FAEKEZEH
NFEEEEFET EENEER, ATFEEARMA
PEG HY Li;VO,(N) 112 43 75 £ 66-120 nm 2 [§]
i M0 A PEG g £ B HJ Li;VvO,/C (B4 (b) ) 4
KRLF K/ 35-64 nm Z 8], 15 AR IS BT 72
i PEG 22 BB B AT LAB R PR LE Li,VO, AL FHY
KX, B TREIER, AmMEEIEIRER/NG
Li,VO,/C 90K #L, RS XRD I ERFEH &
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Fig.4 TEM images of (a, c) Li;VO,(N) and (b, d) Li;VO,/C samples. The insets show the corresponding size distribution curves

L A/NE—F. Xt Li;VO,(N) #1 Li,VO,/C #—
HMAREHBABRTE4 () # (d) #. ME4 (c)
M (d) HYALE (FK) ZUEMMNSE R, &
L a4 54 041 nm A 0.31 nm, 5 Li,VO, HJ
(110) 70 (111) REEEENN. EEIENE, B
4 (d) HHARTDXIFEMIEFOEEXNREM, BE
mARNBSEAUER BRI —REE N 24 nm §Y
WEYSBEEE LLVO, kA, H—FIERA T
M T kBRI Li, VO, 454,

3.3. Li,VO, M LLRER R AL BB HHT

A THEE Li,VO, i BET tERERFFLEHE
B, X Li,VO,/C. Li;VO,N) F Li,VO,(B) 2> 5 i
TTRSYMEREEM LR, SEIMNERMZL
5t c. A LAEH, Li,VO,/C 1 Li;VO,(N) Hi &
BRI ATERFFIRM IV KL, RPXEMH

RAHFEENFLE. 1ZH Barrett-Joyner-Halenda

(BJH) B9 7355 X4 fit B B £ BE4T 2 4T 18 i Li,VO,/
CHMBMNIREESHTAES30nm 28, FL&
A 012 cm>g”’, Li;,VO,N) MR HAREE S
1E 1728 nm Z &, FLAFH 0.05 cm>g s W
Li,vO,B) 2EM B BB M I KR ERL, &4
5(c) B F Li,VO,B) NALE D& AT FE 7
BHELVESHRENIAM AR, FLERNA
0.02 cm®g ™' FJ Brunauer-Emmett-Teller (BET)
M EXN =M RN EERERET TIHE, SHEH
B4 57 3049« 26.42 F120.93 m*g's HMEAR
MR EH =R P, Li,VO,/C HLERER
IR R AR T FLATHL

3.4. BRI

Li;VO, A fEfE B F B AR R T RE 2]
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Fig. 5 N, adsorption-desorption isotherms of the as-prepared (a) Li;VO,/C, (b) Li;VO,(N) and (c) Li;VO,(B). Insets: the pore size

distribution curves

I E AR 2 Y 2032 B0 RN A . B 6
2 Li,VO,/C. Li;VO,(N) # Li,VO,(B) = Fh#f R 1E
02-3V BESEEAMNFTHEMREMZ. ME 6 (a)
F (b) RAIMEH, 0.1 CT, Li,VO,N) HIH
B EAEHN 368 mAh-g”, SR Li,VO,/C AIKHE
RE N 456 mAh-g”', Li,VO,(B) WA E N 353
mAh g7, Li,VO,/C WEBMBEERK, KEHK
Li' R A EESEE RN 0.5-1 V (BLLI/LI" AStt),

5B [27]. Li,VO/C Bk EE _BMABR
B 438 mAhg”, EE—EHRET 18 mAhg”,

XA ERHETEERBRAE (solid electrolyte
interface, SEI) BRAEHZKEFRMER. FHib,

Li,VO,/C IR BAEZELL Li,VO, NIERXRE (394
mAh-g”) ¥5, REEMXEPHS Li,VO, NE
AVt AEBHUERENSSE, BHMEEAL
AR FE (28, 29]0 Jian EHFR T Li;VO,/ A2 &M
RAEEEFHRBAR, AAEBEERLENSSE
AR AESBEFINAEEREN [30]. £
MNZAREN SRR EITIR S B TSR Z R 2
BRERMME L,VO, REBLIEIREMNER [31].

XEBIX L= R TR AEE, & Li,VOy/
CEMEEAEFERAMNKIRZZERS T L,VO,
NENKRKEMSBEBREERNEMEARNES

HIERERTE M AL A K BB S R 7 Super P X REFHR
MIZER

6 (b) 79 Li;VO,/C. Li;VO,(N) # Li,VO,(B)
=SNG ERML. TLER LLVO/CES
MEETEE W E Lk Li,VO,(N) # Li;VO,(B) &
HAB. £01C. 05C. 1C. 5C. 10CH 5
T, LiVO/C I & &2 4 5 73 435, 428.
401« 356 #1302 mAh-g™, T Li,VO,N) I ER
£ 4 % 7 350~ 337. 313. 243 1 188 mAh-g”,
Li,VO,(B) I E &4 7 7 329. 311+ 259. 201
133 mAhg', EEMEBRLEMNE 20 C A,
Li;VO,/C FIM B E MR RIFTE 280 mAh-g”, MM
Li;VO,(N) A Li,VO,(B) M| % 5 B& = 138 mAh-g
53 mAhg”, ZHEIMT Li,VO,/C #8} H §I B
FRIFIEAESRREETHNRE.

AT #— % E Li,VO,/C. Li,VO,(N) X
Li,VO,B) T FRE MV GF IR, X =F IR RLE
5C THBI#1TT 50 BARMBMERNIK, ERA
6 (c) Firme AILAEE], X2 Li,VO,/CIEZ
Li,VO,(N) X Li,VO,B) # B B2 & HI 1B IR M &E,
FEMMNEBEBEIR 100% B ELBE. Li,VO,/C
HARIEER 50 B /E AR A 8 7 323 mAhg ', it
AR AEM 923%, b Li;VO,(N) (213 mAhg",
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Fig. 6 (a) Galvanostatic discharge and charge profiles at 0.1C, (b) rate capability performance and (c) cycle performance of Li;VO,/C,
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87.3%) M Li,VO,B) (152 mAhg", 760%) KA
F0EIAHETELTERFEBES. XARE
2B FLL,VO,/C REWRREERS T Li,VO, B
BFSEM, MMENT TR R P TRER ISR
KHZE. B9, REKBRIENFEBRRIET
Li,VO, LBk F R N IREHPEMNRE. Fit,
Li,VO,/C E=FHERMHHEERSNHEETE
FEERPERE .
3 ¥% Li,vO,/C 1 Li,VO,N) R FEH E 3
V, FRERERH#HTHRAZETIEERNINRHE—
SH#E LL,VO,/C MH ik RIEMTER, SRW
7 Bione HE 7 (2) AILLVEY , S BEPUEREZ
B —MME SRR R gAY R A1 — %29 45° Rt
FIRNZRAR . FRNFER BRI BREEEAME
(Ry) MEMAMATH (CPE AL FH R EHERE
EEXHVEAEZAR) AN, RENEEREFE
Li,VO, FRL A H B8 Warburg BAHT. XTEER
Uitk B # TS T LB E Li,VO,/C F1 Li;VO,(N)
HRA B EBEM R, 257854 Q88 Q, ¥t
A Li,VO,/C AR F iR BN FEMmB/NT
EEFHRA/ RS REPR BB AR, Bk
TEEFELLVO, FITA/BEENHE, BAmig

587 Li;,VO, RIRETE T # MERE.

ETFREUEMRMKE (R 1.0 Hz) IRk,
BYEFNX 2 MEFK Q) JUBIESFENKRE
PEY B R

Z =R +R 0,02 (2)
. RT

U AL A e 2 3)

HHEXLQMEXEG) F, RMR, AEME

TXMENZESE; w@n) 2RAMBHE; R AX
BEH; THARNBITHARE; A ARKBERM
E; n ARRRNHEEREEMREZI BT
¥B; FAENEEH, CHESTHERRE.
#| F Li,VO,/C F1 Li,VO,(N) 8 4% 4 BB $1 g
BR#HE Ao X2 fER, BEE7 Ob), 5t
ERPEEHTEAENEHEEERX 3) HHE
ABEE L,VO/CEHRFEBEFHNT E RS
4.91x107%, T Li,VO,(N) BIRPEEE FHT AR
#1.07x10"%. #EF# Li,VO,/C T B AZHE
EEfE Li,VO,(N) K, BRaEEFi 8l R EERB
IR EA B T8 74 Li,VO, PR Bmsr &t
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Abstract

LisVOs, as a promising anode material for lithium ion batteries, has been widely studied because of its low and safe
voltage, and large capacity. However, its poor electronic conductivity impedes the practical application of LizVO4
particularly at high rates. In this paper, carbon confined LisVOs nano materials (LisVO4/C) were synthesized by
hydrothermal and solid-phase method, and for comparison, the LisVO4 (N) nano materials without carbon confinement
and Li3sVO4 (B) materials were also synthesized by pure solid-phase method. The composition, structure, morphology and
specific surface area of the three samples were studied by XRD, Raman, TEM and N adsorption-desorption tests. It was
found that the grain size of LisVOs in LisVO4/C was the smallest, which is 51 nm, the grain size of LizVO, in LisVO4 (N)
was the second (93 nm), and the grain size of LisVO4 prepared by pure solid-phase method was the largest (113 nm). The
thickness of carbon confinement layer in LisVO4/C was 2-4 nm, which was uniformly coated on the surface of Lis3VO4. And
the specific surface area and pore size distribution of the three samples were measured by BET and BJH methods. It was
found that the samples prepared by hydrothermal and solid-phase method had mesoporous structure, and the LisVO4
prepared by a simple solid-phase method had the least porous structure. The BET specific surface area and the pore
volume of the carbon confinement sample were larger than those of the sample without carbon confinement layer (30.49
m2.g-1 vs. 26.42 m2.g-1 and 0.12 cm3.g-1 vs. 0.05 cm3-g-1), which is in agreement with the smaller grains of LisVO4/C by XRD
analysis, indicating that the carbon layer limits the growth of LisVVO4 grains, so as to increase the contact area between
active material and electrolyte when the sample is used as the anode material of lithium ion battery. The charge-discharge
performances of the synthesized samples as anodes of lithium ion battery were studied. It was found that the LizVO4/C
electrode displayed faster lithium ion storage performance than LisVOs4 (N) and LisVO4 (B) electrodes. At the rates of 0.1
C,05C,1C,5C, 10 C and 20 C, the discharge capacities of LisVO./C were 435, 428, 401, 356, 302 and 280 mAh-g-,
respectively. In particular, after 50 cycles at 5 C, LizVO./C still maintained 92.3% of the initial capacity, which fully reflects
the characteristics of larger capacity, higher rate capability and better stability of Lis\VO4/C electrode. By analyzing the
relationship between morphology and electrochemical properties, it is considered that the carbon confinement layer
reduces the ohmic polarization of LisVOs in the processes of charge and discharge, the large specific surface area
improves the penetration efficiency of electrolyte, and the small particle size shortens the diffusion path of lithium ions. At
the same time, the synthesis method in this work presents a universal strategy for the preparation of other transition metal
oxide salts with porous structure and small particle.

Key words: Carbon confinement; LisVO,; Hydrothermal and solid phase method; Anode material; Rate capability



