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Abstract

The Mo-Nb;05/C nanosheet materials were prepared by hydrothermal method. Then, the struc-
ture and morphology of the Mo-Nb,0s5/C anode material were analyzed by XRD, SEM, TEM and XPS
characterization techniques, and their electrochemical performance for the sodium ion battery
was tested and discussed. The results indicated that the electronic conductivity of Nb,Os nano-
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sheet materials was improved by molybdenum-doped and carbon composite, thus improving the
electrochemical properties of Nb;Os materials. The 3% Mo-Nb;0s/C-8 composites had the best
electrochemical properties. The discharge specific capacity was 172.8 mAh g-1with a capacity re-
tention rate of 84.9% after 100 cycles at a current density of 100 mA g-! and a voltage range of
0.01~3.0 V. At a high current density of 500 mA g-1, a discharge specific capacity of 119.2 mAh g-1
was achieved after 500 cycles, with a capacity retention rate of 76.0%.
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1. 3]

FEIT 2 (LA B, BB U (LIBS) (5 20 F T P e T S o JRTT, HAER B AR BERAE 6
B, SEMKES, RETHRRE. Fik, A0 R T DB AR T R T
(SIB) R H AAG s BABEIR AT A T2 MR AT R[] 2810, Na'H TR A8 K (R = 1.02 A >Ry
=0.76 A), SEUNE T HRILEK AT AR FE AR B 22 . THIL, FHEE T Na N HH BN AL
HMRAFEREE, NbOs MEMEN Rl SR BNNE AR, AALAE SRR R Th B BRI AR
S SR F AR PE[2] [3], B B T RGRIE SRSy B A5, fVF B FAEIEA a-b P bhEiEHy, =4
200 mAh g (IR EEIE LS B [4]. [RIE, NbyOs ARHIL B A 92— Fh AR A3 N FH B 5% (40 85 1 Rt frob b
Blo HHTF NbOs T HIVEAR, BRI 7 HAE KM RE RGP R sehrmi (5] [6]. BB, AAIEUHT ks
Nb,Os I FEAL 2P BE, SIS TS BI 2R . LRk FRRAIERIE) . GORMFNS: BT3B N Sk
H AT R 52U BRI SRR b RbAR 45 4 Sl 3 s i vt M B2 7] [8] [9]-

AR K BGER % T 4B 2 A0 Mo-NbOs/C 4K = &Rkl o B & A RHIE AT 45 K
TSR RAE, BFF T SLAE RN ES T fa it GO AR B AL 22 R RE . 5 Nb,Os 442K Fr A BT EL, Mo-Nb,Os/C
UK E AR A R R, IR A

2. SELRERSY
2.1, BIFLER

Table 1. Experimental instruments
1 XN

][l

XA TR iR AP
X SR B R AT X Rigaku MiniFlex 600 H A 2 A F]
EEE IR TAT G Sigma 300 TR R R B A
7 55T L SR OB Talos F200X G2 % E FEBR G R B A F]
X LT Re Rk Scientific K-Alpha 2% FEE G H R B A F]
FETBCER IR A LAND-CT2001A PO AL T RH A PR A
LAk 2 T AR, CHI660E i RS AT R A ]
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TLFEABE(NDCL). FLE AL EH(MOoCls) DY H JE S AL 82 (25% /K iR) . To/K LB 81 & HEAD HY RS R
AR J3Hral, seitd fErh S AR, EFRAibAbFE,
ASZIG BT AN S I 1 BT .

2.2. $RIBFKRE S Mo-Nb,0s/C i RIHI &

Mo-Nb,Os ¥ £ il % B 3 mmol NbCls F1— 32 &) MoCls A F 36 mL oK ZEEH, #E. ik
fEIVAE, SR A; HC10 mL DY RS AN E] 16 mL EB 17K, 33 B. IE K
B WINENAW A B, Bide, IR RSB B, 240°C KRR 12 he #2511 5 77 H
TooK BRI 25 B K5 B OB =k, KT UTIEsE 80°C FE AT 12 h, HUSiE TR HIFESHE Ar
A 500°CHBsE 4 h, AHIEEESF] 3% Mo-Nb,Os 49K Atk Hirh Mo 5 Mo #1 Nb BB (1 BE /R
3N 3%,

3% Mo-Nb,Os/C & &ML % FREL 0.3 g FHHEGK A A SRR A B INNF] 50 mL 781K, $Hidk
IR A Y 5T, SR 5 R A [R] 5 PR A B AR I N AZ I8 H 4k 2245 4 (Mo-Nb,Os 1 7 4 & Lol 1:4.1:8.
1:12), R E AN N ES, 160°C KM 12 he WEIE =R 5 0K CRER 2288 17K 5 i B
OV =R, W FTRUTIEAE 80°C FE T 12 h, Ar 4 500°CHEEE 4 h, AR EEGET 3%
Mo-Nb,Os/C-4. 3% Mo-Nb,0s/C-8 1 3% Mo-Nb,0s/C-12.

2.3. FHZA AR AL MR

BB A R & A8 0 AOTE AT R . RS B (KB) ARG 45 77 (PVDF 5 N-HH S AL s e JR 6] ot B b oy
1:19) U EEEL 8:1:1 HERAFREL . SRJE IS MEAT RN KB 7EFSHSHIT R rh it B 45 5], B35 44 HC B 4 1) PVDF
5B RR G AMRERY, RGBT, BETW R it 24 h, fHmaHHENS. ¥
G TR KRR B E b, R IR SR IRAE B R, B S TON BT R4, 60°CT 4 12 h,
W R BE ) BBTEAR  DABEE A

AL ERWESTFERT, HEBHAKMAESESIKT 0.1 ppm, 43E CR2016 A415K
Mt BARPIRN: SoSE T ) RBRANEER I, FRR il . AR E N sl e,
W 1~2 i 1 mol L™ NaCIO, (EC:DEC = 1:1 Vol%) HifRi, SNFRIECR ZMSMALIR), BN & % b
BHOHER . BTN 5 mm BER&ER S, &M EARGE. Bl TFEM B 2 & AT E 1,
ARG LSS /N P EAT 2 0

AL AR (0 Ak 7 AR 45 (CHIGB0E) #EAT CV I 2k, HiE X [H] 0.01~3 V. HLHH) 7
TR 2R . PEPAE AR AN R M B I LAND-CT2001A i f il R Ge it 47003

3. XRHER5TTie
3.1. Nb,Os Fatlk#4 R FTRAE

K 1 AR A ELAFI ) 3% Mo-Nb,Os/C #4KHK) XRD M4t . v LLE H, 3% Mo-Nb,Os #1 KT
St 540 Nb,Os T HTIEFE A —B, WA RIUBHIATHIIE, XU Mo MBI A ERE M, HE
BT I 2> IR R Nb,Os f1(001) (100). (002)F1(102) 1 . 3% Mo-Nb,Os #4KH 11 (001) & i i % B FrIAT
ST 20 MR WAL, AT RAS T FERT AN, 54k NbOs Lk, 3% Mo-Nb,Os f i (A Bk /1N, 3B
Mo #EINI B N Nb,Os [ s A EE . 3% Mo-Nb,Os 5 C E &5, FEMATHIE M B %A KA,
R UUE R EAIKLLG, 15 20 5 28.6 fl 46.2°4b, fiT5fE B3 A80, XU E &%, Xt
T J6 7 B A A 85485 ¥ (002) A11(100) 11 [10] -
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Figure 1. XRDpatterns of 3% Mo-Nb,Os/C with different C content
1. FREIBRE AR 3% Mo-Nb,Os/C #5489 XRD

K 2 B8 T 3% Mo-Nb,Os Al =F & & E A5 ] Mo-Nb,Os/C 44K Fr & & #4 KHE) SEM . M 2(a) R A
B, 3% Mo-Nb,Os 442K i Ak B K S 7 i HE S E — i 2B PURERSE M, NRIBERLN
2~3 um. AIE 2(b) AT A HBRER C 2 URTE PR BR A B A, 1] 2(c)~(d)is i i e th Bl B i 2T 0 2 6 &
B, BRI, I FARERRAR HBRER, ik 3] — ek as KA R, X Mg
AFIT 3% Mo-Nb,Os/C 9K AR AL = B 2 Tt . 5 F0 e DU FA R LE 3% Mo-Nb,Os/C-8 44
KA FRRIR A EI 5, BERRAREE, AR T4 Na W #is e, MEEME iR LT,

Figure 2. SEM images of 3% Mo-Nb,Os/C with different C content
B 2. FEHE A 3% Mo-Nb,Os/C #1445 SEM &

K 3 FB7n T 3% Mo-Nb,Os Fil 3% Mo-Nb,0s/C-8 41K v & & A BHI A R AU A5 54 TEM & M IA 3(a)
FIE 3(b) T LLE M 2] 3% Mo-Nb,Os A4EHH 7 ULZE BH (188 i K 4R, 1 AN ] 3(c) A 3(d) & Hiik
BRIGSIM r AERE A K b, AR T AR B R S 2 5 8 E R BI[11], 5 SEM Bl —5L.
3(e) ¥ 3% Mo-Nb,Os/C-8 412K J1 & &4 K1k X Ha A7 I (SAED), MATHH G AT DU, Hh IR 40 1)
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FTETPE UM AU, AR B RIATH B A, BEURE db i A A E B BRI EAL A AP AT S B RUE [ O [
Wb, UiEAMELRA 2 . ARHEE X R AT BB AT AR, BT A B RHE R X SRR AR
JPPE, (HEEMCKRE R T 2 d AR [12]. A HRTEM BE W 3(f), AT LLMERRMNA — 5> B A 1S I fn A% 5%
40, HAHTHAEE N 0.39 nm, X F Nb,Os(001)fh1Hl, 5 XRD &5 5. ] LUE HIEGK R B B A K
MR R, X SRR A TE AT B2 HE— D ISR A A, NS T IS i 0 B 2 RS T EE .

Figure 3. (a, b) TEM images of 3% Mo-Nb,Os, (c, d) TEM, (c) SAED and (d) HRTEM images of 3%
Mo-Nb,0s/C-8

[ 3. (a, b) 3% Mo-Nb,Os HIiESTER$EE]; (c, d) 3% Mo-Nb,O5/C-8 HUiESTEE$EE], SAED EF(d)
S YRESTERRE

(@) . - — (b)
i —— 3% Mo-Nb,0,/C-8 C1s
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— © o — 284 eV
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Figure 4. (a) XPS survey spectra of 3% Mo-Nb,Os and 3% Mo-Nb,Os/C-8, (b) Cls, (c) Ols, (d) Mo 3d,
(e) Nb3dXPS spectra of 3% Mo-Nb,0s/C-8

[& 4. (a) 3% Mo-Nb,Os #1 3% Mo-Nb,O5/C-8 #4#L#] XPS £ i&[E, 3% Mo-Nb,O/C-8 ##LHY XPS &
YMiE[E (b) C1s, (c) Ols, (d) Mo 3d, (e) Nb3d

Kl 4(a)~(e) 9 3% Mo-Nb,Os #1 3% Mo-Nb,Os/C-8 #1 £} XPS 4= 3 | 1 3% Mo-Nb,Os/C-8 41K 54k}
1) C 1s. O 1s. Mo 3d. Nb 3d ] XPS #&4i i il . MIE] 4(a) 1T ELUE H 3% Mo-Nb,Os 1 3% Mo-Nb,Os/C-8
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MRS Co Oy Mo Al Nb PUFHTGE, {H 3% Mo-Nb,Os # KL IR 4975 4%, 1T 3% Mo-Nb,0s/C-8 14
B RN R AT BERTAERR . K 4(b) A C Ls 1) XPS REVS P, 17F 284 eV A1 285.4 eV HILFIANFAEIE, 537
XfRF C=C Fil C-O ##. 5] 4(c)y O 1s XPS eIk I&l, 440l & 15 2 W MRFEVE, JLH 529.8 eV Ab il
X NT Nb-O 87 O, 532.7 eV AL 5 —ANEHN C-0 B fY O [11], C-O BRI AU A IRIFAR FE A
WHIRIh SR 4, i HAR RS 4 B A 47 2 A (R AH A 2 DA 22 S sUAPAE 1Y, XA R TR
SHEZER R EME . 14 4(d)y Mo 3d XPS REi&], 231.9 eV Fll 235.3 eV (K& % Mo 3ds), A1 Mo 3ds, #LiH,
IEM] T Mo LL Mo i\ A74E . €] 4(e)>u Nb 3d XPS AERE, 1E 206.8 eV 1 209.5 eV (1 PIANFFEIE Xt 3
Nb,Os ' Nb 3ds, 1 Nb 3da, #LiE[13].

3.2. Nb,Os MR R (L 4 BERAE

5(a) @ T ANFIE A I 3% Mo-Nb,Os/C 449K & & 4K 3% Mo-Nb,Os #1 KL 7E 0.01~3 V HLJE
XA, 100 mA g™ HLIE % RN F R PG A RS, 3% Mo-Nb,Os/C-4. 3% Mo-Nb,Os/C-8. 3%
Mo-Nb,0s/C-12 1 3% Mo-Nb,Os #1155 — & s bbb 45 870 ) v 157.1. 203.6. 207.3 #1152.2 mAh g™,
25t 100 BIIEH S, DURAHRHOBOR FE AR &2 508 99.8. 172.8. 121.1 M187.1 mAh g™, X i (75 B {4
Iy 5N 63.5%. 84.9%. 58.4%F1 57.2%. HH1, 3% Mo-Nb,0s/C-8 #EL A A e m AR IRFFH, HAR
3% Mo-Nb,Os/C-12 #1 4} I FF4h i H L 728 B 55 T 3% Mo-Nb,Os/C-8 #1K}, {H 2% 5t 100 FEEH G, &
FEPREEHRL, X Ui C B & R/ st 2 AR T4 bk e Ak 2 B OB T o 9 5(b) A2 PURATRHE 500 mA gt
(THRLE 25 B N K AR IR 1 A I, 463 100 PEIIEIR i, iR b 28 & 43 51 53.0+ 119.9. 91.1 11 59.7 mAh g™,
M4 500 PEIKAGFF i , T8 EE 25 823 70y 41.9.119.2.77.0 F1149.8 mAh g 1. 31, 3% Mo-Nb205/C-8
MBHE s S B 4277 500 PEITEHN 5 B om 1 et e K A e e e, ik r bl 5 i v ELPE O R0 %
1T 100%. Xt 3% Mo-Nb,Os #1 K FIA R 5 & L1 1) 3% Mo-Nb,Os/C 442K 5 & A RHEEAT 15 2 ML RE DI,
mE se)fn. SHEMEMEL, 3% Mo-Nb,Os/C-8 45K 5 &8 kT AL M Rk fg . 3%
Mo-Nb,Os/C-8 4k 5 &4 BHE 25. 50. 100. 200. 500 11000 mA g * I N H T LA &
N 362.3. 274.8. 232.2, 191.9. 150.6 f1 120.7 mAh g™ 4 LI 25 [ B YT 4R HR 5 25 mA g i, HF
RHF O LA L 5 245.8 mAh g, REE] T EK Y 68%. 1IESE T 3% Mo-Nb,Os/C-8 4K A 4RI

&= IpUN L S Ea
(a) 600 - (b) 500 (C) 600 -
= 3%Mo-Nb,0y/C-4 ® 3%Mo-Nb,0y/C-4 . Curentdensity:mag"® ® | 3%M-Nb,05C-4
5001 © 3%Mo-Nb,0,/C-8 400 © 3%Mo-Nb,0,/C-8 500 o 3%MoNb,04iC-8
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Figure 5. The cycling capability and the rate capability of 3% Mo-Nb,Os and 3% Mo-Nb,Os/C materials at 100
mA g (a), at 500 mA g * (b), from 25 to 1000mA g * (c)

[& 5. 3% Mo-Nb,Os F1 3% Mo-Nb,Os/C #1#}(a) 7E 100 mA g * B8R B B TNEOEERMEAEE, (b) £ 500 mA g
HREE TRTEIREEER, (¢) 7 25, 50, 100, 200, 500 #1000 mA g ' B E T RIM KA 5 R M 4EE

6(a)F1 5] 6(b) &7 T 3% Mo-Nb,Os 1 3% Mo-Nb,Os/C-8 #1KL7E 100 mA g (i HL T %5 T I 78 U
mhek. MR LLE, IXPREH ZE OB - ZAH L, $ERT C MR &AM Mo-Nb,Os M1 KHE HiAL
S NITFE . AL, IEFTLAE H 3% Mo-Nby,Os Fl 3% Mo-Nb,Os/C-8 14 & il Fi Lb 25 540 il oy 471.2
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1209.0 mAh g%, X R 78 HEL HL 25 5y 143.2 1 266.1 mAh g b, FHRE A 3020 i 30.1% 0 22%, X
PRFPAA R} AR U6 P 25 2R LA E T PR O A R [ 4 P A I (SN I T2 B 5 B [14] [15]- B 6(c) An &
6(d)A 3% Mo-Nb,Os 1 3% Mo-Nb,0Os/C-8 #1 K 25~1000 mA g HL %5 B N HIFS i HL B2k . MBI TP a] bA
B, XHEAMEAEA A BB EETFE, 5 3% Mo-Nb,Os #RHHEL, 3% Mo-Nb,Os/C-8 4k
A MRHEAF M R E R a2 R R R S i b2 &, R s 2% 24 %) 1000 mA
gl Al DURRF A 120.7 mAh gt R LA B, TEBZATRLE G T R A fE R B

a) sof 3%Mo-Nb,O; b 3.04 1 3%Mo-Nb,O5C-8___
. 1st ) [ 5?;
h | -
2.5 —?:)th 2.54 ' 1 —— 10th
——50th t | ——50th
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Ke) o
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Figure 6. GCD plots of the different cycles at a current density of 100 mA g 2. (a) 3% Mo-Nb,Os, (b) 3%
Mo-Nb,0s/C-8 and GCD plots at different current density, (c) 3% Mo-Nb,Os, (d) 3% Mo-Nb,0Os/C-8

[ 6. 100 mA gt B EERE E T A RTEEFEDR B 7o AR B2k (2) 3% Mo-Nb,Os, (b) 3% Mo-Nb,Os/C-8
FAERREE AL, () 3% Mo-Nb,Os, (d) 3% Mo-Nb,Os/C-8

RT3 3% Mo-Nb,Os/C A HARM BB /122478, % 3% Mo-Nb,Os #1 3% Mo-Nb,0s/C
AHM AT EIS TR, ME 7(@) R T BAE H, 3% Mo-Nb,Os fi 3% Mo-Nb,Os/C £ Fil#4KH4R 2 i i X
(1 2 [ AR AT X ARG i, B 7(0) & iR BT B & 3 i . S HEAREZ BT 3%
Mo-Nb,Os/C # EHH L, 3% Mo-Nb,Os/C-8 44K H A4 FHI) H far % 8% HaBH R«(638.3 Q)IAK, UEHiZE &
R fr A SR, P R . & 7(c) A1 7(d) AR 3% Mo-Nb,Os Al 3% Mo-Nb,Os/C F 5144 K}
{17 1 A 26~ AR AR ORI SR BELAE AU A SR I i 2%, @ LA i T 3 2R % 0. H, 3% Mo-Nb,05/C-8
YR EEMEIRE o /D, UWIZE MR E IR Na™ Huk .

N TIRANITE 3% Mo-Nb,Os/C iR AL G T R, RATEIR 2L (CV)HEAT 1 K. 14
8 °N 3% Mo-Nb,Os 1 3% Mo-Nb,0s/C Z 511 R4 0.01~3.0 V HEJEE M, HAERN 0.1 mV s IR 4
Bl CV HiZk 8. MEH T LA H, 3% Mo-Nb,Os FIAN A 5 & L 51 1) 3% Mo-Nb,Os/C #1EHK) CV il £k KA
—B, B UIERAE AR HA RN R, RUE 15 V LB T SEl K, S8 7 A
HEBURM4]. 1.0 V LTI 9EE R IE S Nb,Os 1) Na'#k A (Nb,Os + xNa'—Na,Nb,Os); 1M 7E bl J& [
T, 1.0 V2 AT H B A A 04 T 5 i Bt FE A 5% (NagNb,Os—Nb,Os + xNa¥) [16], 1% -5 78 it H i 28
SR AR PR BRI B EE R, PRI L BB, UM R A R N A
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Figure 7. (a) Nyquist plots and corresponding fit curves, (b) the equivalentcircuit diagram, (c) the
linear relationship of Z’ and w-1/2, (d) partial enlarged detail of the Z’ and w-1/2 linear relationship
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Figure 8. CV curves of Mo-Nb,Osand Mo-Nb,Os/C materials for the first four cycles at 0.1 mV s*
scan rate
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