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Abstract

NasVz(PO4)3 (NVP) demonstrates great potential as a polyanionic cathode material in the field of
energy storage. However, its application is constrained by its poor intrinsic conductivity and se-
vere structural degradation. In this study, we fabricate a Zn/Si-dual-doped NVP cathode material
(NazV1.96Zno.04(P04)2.9(Si04)0.1/C) employing a synergistic blend of ball milling and calcination tech-
niques. Additionally, the surface of this material is adhered with a heat-stabilized Al(PO3)s3 layer
through a wet process. The porous NasV1.96Zn0.04(P04)2.9(Si04)o.1/C@Al(PO3)s cathode exhibits excep-
tional stability, retaining a capacity of 90.8% even after 1000 cycles at 5C. Moreover, at the higher rates
of 10 C and 20 C, the cathode achieves initial capacities of 94.1 and 84.89 mAh-g-1, respectively, while
maintaining 86.19 and 76.54 mAh-g-1 after 2000 cycles. The incorporation of Zn/Si co-doping signifi-
cantly enhances the battery’s low-rate performance, while the modification with Al(PO3)s conspicu-
ously improves its high-rate performance. The porous NazV1.96Zno.o4(P04)2.9(Si04)o.1/C@Al(PO3)3 mate-
rial exhibits enhanced rate performance and remarkable cycling stability, highlighting its immense
potential for high-performance energy storage applications. Thus, this research presents a special
approach to enhancing electrochemical performance through surface modification and dual doping
techniques.
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ITAER, BB T FEIAE A 22 S ) V2 N R KN R 7 B R i ke vy, 5 B50M DG AR R 38 [ 1]
R, HRSENE QM EEE, B3 T b (SIB)RILTE B R A 4= & A8 B R A R 85 1T 4% 5% 5 7E
[2]. TE&F SIB IEAA R, NagVa(POs)s (NVP) BRI Sk (184 B3 74 Bir P A 5 K 1) 45 AR PR 1T 4% 52
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RN IR E. BREMTIERIE TG, DL 25 1 Ay S i e IR Y R 25 [4]. 4R, X RPATRH
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TIURAAT IS DI N T i 1) @l 3 g oK AL I 2 FLAER, IR SR AR I R ST i, e
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FBRIOEE A, (R T B BT AR, AR S 7] 3) i 2T R Sio) B NVP &g i POS
ROK U 85 7 L ity (S1B) Hh B R b AE AR ) FLAG 22 1 B o Xl T R B A BOR W] LA iR I 45 M [8] . 1E
ZHTHIBF TR, AT 2R RIS TR B 240 NVP (87 S s ki & SIB fIMERE. N T SEBL SIB
M LSRR, AMTEZR TH Cr. Zr F1 Mg 250K B N J0R& M V JLR K FE[9]-
[11].
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AI(POs)s X R T BEAT O PERS , RN 7 2RI R [14] [15] it B Ak I8 S5 MR R 26 (Si0g ) B AR 14
PO &, AILAA AT NVP 1 i g5t RIL e o T8I 5] N SiO; ™, A KHb AR 1 #e S Ad JR T
PR IAE R, ATTEE ST T Na IGEA7RE J1. UhAh, BIIRREE 246/ A% I RE T A1, I 232 i 3 FL [ 16]
[17]. XFER I IEREA HIG5E NVP AL MERE. o6, Zn B FRIEHR A4 P BB, Mg
B RS TREGR T, KIS AL S E[18] [19]. S5 REEIRASHIEL, Zn? 5 F I $2 5 7 BRI MR,
AR A A AR o 1 SI%E F RIS TRV RE, (BAE S i R B TR EAR 2. N T
fR X L] E, FRATTT AI(POs)s JEAT TR MM, HBANT Zn2H Sitt, DLEE R FARIEAS R BORREEC T
P RE .

X FL A, BATRH T — R Z FLIERA R NasVi.06Zn004(PO4)29(Si04)0.1/C@QAI(PO3)s, FIFH B4
Zn?HR1 S NVP, FFTEH R F#AFEE N Al(POs)s. IXFIRZBER KIEm AR ENE, JHA B0 Hff
JE AR, ARG I R B A T e . AL, MBI H B TR E 2 L4650, s dt s 2 1)
TEVEAL AL AR IS B MRS B BY 58, NS T 1R S AS B E, 25 RFe e tE AR B3R & . LAk, AI(PO3)s
ARG o T IR SRR RE, T Zn/Si RISEB IR B R w1 R AR SRR . IR B 22 AL
NasV196ZN0.04(PO4)2.9(Si04)0./C@AI(POs)s IEM 7w H B 25 & . (HAFERMZ, £ 5C %48 T, 1000 X
TEIR G M ERFEZ N 90.8%. b4, 7E 10 C Al 20 C M A2 T, HILAZE 77108 94.1 mAh-g ™t Al 84.89
mAh-g™, 7£ 2000 KAEI 5 73 AR FFLE 86.19 mAh-g™t Al 76.54 mAh-g .
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T DU ot 0 A Je a1 58 P [ AR R 1), %8, AR — AN IR SR RS i N ©ak 3] — g L 3]
ff) NazCO3, NHsVOs, NHiH:PO4, LALGE BB IR IEAEL, B SiO2 Al CaH1oOsZne = FhAF: it Y BE R EL 53
WA NasVa(PO4)s/C(NVP/C) ff) Na:V:P = 3:2:3, NasZnoosVies(PO4)3/C(Znoos-NVP/C) ] Na:V:P:Zn =
3:1.96:2.9:0.04, NasZno.0aV1.96(P04)3(Si04)0.1/C(SZN0.0s-NVP/C)H] Na:Zn:V:P:Si = 3:0.04:1.96:2.9:0.1. ¥ — &
I — KFT R BRAE Nk B ) A IR O U 43 )8 S5 A7 R R IR BE /R L B8 N 6:5) NN R RE . Bl S,
AT K AN SRIF RS YIET ER AT 2 /N, 2 )5, B RIS IR AR 5 80°C AT
HFEt . BJE, BT RTIE S NE R, RS B, DA 5°C I RS AR AT il
AREE, TRALERIREE A 350°C, HFEA 3 /N,

2.2. Al(PO:): BB

ERHEE AI(POs)s 1 SZNnoos-NVPIC FIEFEH, A 2 wt.%F) Al(PO3)s, FETEZEEH 780 ik £ 30
b BEJE, B 2 BT 10 SZnooa-NVPIC I _EiR i rh, 3t B8Rk 2 /AN IR 52 &35 . 2 )5,
KRBT RN TR A, FH1E 600°C TSI FIBRE 6 /N o B3 3] SZnoos-NVPIC@AI(PO3)3 7= it -

2.3. MRIRIE

FIH X 2475 OKRD)S DU FHRFE 6 dn AR g5 A AT 1 R A1 RAE o F 3 7 2 e (SEM) FILIZ i
FRAE(TEM)H T2 B e S IO S5 - FERS . R et BOE TS (EDS) 2 B Fid sk 1 i & Fon R
(o34 . Bl JEilId X B i RERE(XPS)RLIM T oo (V. Siv Zn AT AL RES, ik Cls o 284.8
eV. itk TGA 45 R LI A Al Mk & &

2.4, BLALEME
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(NMP) T, SRIGITAZESRSE b, 76 80°C FELAS 1 10 /NN o T4 i A0 LR A7) 430 58 s it s 1) 20 ol B
BN 12 ZXRMFEK . HBFEBH NaClOg1 mol LY. EC 1 PC ## 1.1 BRI AT, HAmAT 5
Vol%[t) FEC. {41402 Hiith(CR2032) A BT 3 A EHE F AL 85 1% . {1 NEWARE R4 1E 2.0V~4.0V
B EE R i 1 AR T e A NG PR PR BE o PE IR 22 B (CV) AT EELAL 2% BB 1S (BN S) HH HL Ak 2% T4 3% (CHI760E,
RIS . PEIAMRZIE(CV) IR E VIR 0.1 & 1mV s, HALEFH BT (EIS) M & Z&7E 5 mV
(AR LA FEAT R, J94E 2.0 V 2 4.0 V) LR AT AP

3. BRE5VE

FE 1(a) R T PUFPAS [FIRE & (1) XRD EIRE, R BH R 3¢ 25 A BF 2 A} 77 # & (PDF# 00-053-0018) % 51 117
AL E Y, fiTEE S NASICON HEZE—#([20]. EiEW % XRD KFE, SZnoo-NVP/C@AI(PO3); 1E
20=27° Bt HBL 7 /NI 24 T 0, X6 T NaVP.Oy il NaVO, 24 i A [3] - X S YR B Bl =) Bh T 145 5h 77
SR

1(b)E7R T SZnooa-NVP/IC@AI(POs)s B &A1 EHI XPS 4061 . AT LA B & 1(b) F&H V.Zn.
Al TSI T&R . 7EE 1), V 2p HiEEI/R T KLTE~516 F1~524 eV b HIfE 5UE, X5 V 2ps. f1 V 2py.
MI4EERE—8[21], WESE T =WMHAIFEE2]. B 1(d)ER T Zn2p B XPS ik, 7F 1022 F11045eV 4
B IUEAE, 43 BT Zn2* 2pap F Zn?* 2p1p 45, X — LR K Zn? 3 T 4 S 2 NVP/C &
H[22]. JBILXT SZnoos-NVPIC@AI(POs)s (] 1(e)) i Al 2p Yeilh IANE M EZ, W] LB AR HLIE B Al JCE
TAEJET AI(POs)s JEHIAEAE[23]. BEAL, SZNoos-NVPIC@AI(POs)s £ 5h H Si 2p JeilifE~104 eV HtilL Eon
H— MU S S0, IXUESE 7RSI 1 Si [16].
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Figure 1. XRD patterns of four different samples (a), the XPS full spectrum (b) and the spectrum of V 2p (c), Zn 2p (d), Al
2p and Si 2p (d) for SZno.o-NVP/C@AI(POs3)s

1. MFhAEHESREY XRD Elit(a), XPS £ 5¢ti(b) LA V 2p (€), Zn 2p (d), Al 2p F0 Si 2p (d)7E SZno.os-NVP/C@AI(PO3)s
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HI XRD 1 XPS 7341, AT LAR 81X PR A 9K 2 A AN AI(POs)s PR R [23] - 388 it il 575 BH f A% 11
d %, FAE% d=0.255nm, X5 NVP [£)(300) %t % (PDF#00-053-0018) . iX—45 R %KM, &
Al(POs)s A B NVPIC FIHFFA SR A, X5 XRD FrfER A Mg R—8. K 2(0)%n 1
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Figure 2. SEM images of NVP/C (a), Zno.oa-NVP/C (b), SZno.os-NVP/C (c), and SZno.ca-NVP/C@AI(POs)s (d); TEM images
of SZno.04-NVP/C@AI(POs)3 (e) (f); EDS mapping images of SZno.os-NVP/C@AI(POs)s (g)

[& 2. NVP/C (a) Zno.o4-NVP/C (b)SZno.os-NVP/C (c)F SZno.os-NVP/C@AI(PO3)3 (d)# SEM Bl ; SZno.os-NVPIC@AI(PO3)3
(e) (HHY TEM El1&; SZnoos-NVP/IC@AI(PO3)s (g)&Y EDS EliZ

fE 20 V~4.0 V I HL RS RN, 0 pr AR EAT 7E R AR & . B 3(@) iR T SZnoos
NVP/C@AI(PO3)s 7E A A2 N I MR 7 I HL 2R . 24 SZNno.oa-NVP/C@AI(PO3)s FE it ) Na*/Na Hi K ik
F) 3.4V, ATLEHE—AMHEEKKES. BIETE 20 C R, 1R EMEE T4,

3(b)fHiik 1 0.2 %2 20 C Ja [ N PUMIENR 2668 7T anlE] 3(b) iz, NVPIC E-&41EHE 0.2, 0.5, 1.
2. 5. 10 Al 20 C Z AR [H] LA R A &40 A 83.119. 75.288. 67.908. 62.071. 54.431. 45.444 F 36.142
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mAh-gl. TTDIEH, SHEFM 0.2 CiZ#imE#] 20 C i, NVP/C IEMA A E 2R TR, X1 SZnoos-
NVP/C@AI(PO3)s 1IE#%, #£0.2C. 05C. 1C. 2C. 5CAl110 C FHILLAED N 102, 100.634. 99.427.
98.630. 97.035 F1 94.089 mAh-g 1. SZnoo-NVP/IC@AI(POs)s IEHR I H 258 ik 87.96 mAh-g?, BIAHiE mik
20 C iyl s I T N it (AR, TTRB R IERI ARG A0 T 548 NVP/C 1M, R
W1 3(0) I rHT, AR Zn/Si HLis A R E R R T IR IR MRS, X R NIE I TR B AT
T NVP H) RS M AR, s TN T RIMEAFRE /). T AI(POs)s I SCHE R i 1 FEVAE Ry 5 28 R (1)
PERE, XAy AI(POs)s IELZE, AT LA R H e oiod a2t MDA FRVE P A4 R

3(0)Ean T VU HARAE 5 C R FHIEMERE. 203t 1000 KA JE, NVPIC IEMHIZR M
62.886 mAh-g * BR[& %% 39.157 mAh-gt, HERFFRICH 62.26%. AL, Znoos-NVP/C Fil SZnoes-NVP/C IEFK
2 EAE 1000 RAEFR 520 I 91.722 mAh-g L A1 94.443 mAh-g™t N [%%) 78.499 mAh-g™L 1 83.975 mAh-g 2,
K EIRFFE ST 14 85.5%7H1 88.9%. AHLLZ T, SZnoo-NVP/IC@AI(POs)s IEMK 145 & 97.035 mAh-g 2, i H.
R R R RE, 76 1000 RAEHET5HE (R 90% LA E. & 3(d)#E— R T =MiB 42 IEHAE 10C F16
¥ 2000 Vo I A, 76 10 C R, SZnooa-NVP/C Fl Znoos-NVP/C IEW A BFFEE R %, Bk,
£ 2000 RIEIR G, 2y BIFaELE 77.957 mAh-g™ fi1 79.932 mAh-gt, ZEMEFR /514 81.2%F1 89.6%.
FHZ 5 SZNnooa-NVP/C@AI(POs)s IERKAE 10 C R 42t 2000 VX AiEH )i » 755 M 94.089 mAh-g 4 %2 86.56 mAh-g 2,
HRFFRIEE] 92%. EFERMZ, SZnoos-NVP/C@AI(POs)s IEILTE 20 C HIEifis R FE#H 2000 e, #
P S FE AR R (] 3(e)). VIR SRIAF] 87.96 mAh-g L, TM{ELAZ 2000 KA G, FREgss
TRFFE 75.899 mAh-g . HEIRFFHRIAF] T4 NETRIRZIN 86.2%, &FAA MR &7 AN 0.0068 %.
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Figure 3. (a) Charging/discharging profiles of SZno.os-NVP/C@AI(POs)s at various rates; (b) rate performance of four samples;
(c) long-term cycling performance of four samples at 5 C; (d) long-term cycle performance at 10 C of Zno.os-NVP/C, SZno.os-
NVP/C and SZno.os-NVP/C@AI(PO3)s; (e) long-term cycle performance at 20 C of SZno.os-NVP/C@AI(PO3)s

[ 3. (a) FEEET SZnoos-NVP/C@AI(POs)s B FERL/AIEB % ; (b) PUFMAFMANERIERE; (o) IMHERESCT
K TEINMERE; (d) Znooa-NVP/C. SZnoos-NVP/C F SZnoos-NVP/C@AI(PO3)s 7E 10 C REJKIEIRERE; () SZno.os-
NVP/C@AI(POs)s £ 20 C TNHIKIEI 1 BE
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NVP/C@AI(POs)s 1E A% 1) S A IR L IAT 5 25 v, X % H SR L AR Pl (3 3 I 200 X P st T4 iy
P A R B B D R B T AR S R O

Table 1. The CV kinetic parameters and Dna+ values of the four cathodic electrodes

%= 1. BmANEMMEE CV Bh 1580 DralE

FE FE LR TR Dna+/cm?-s7 FE L Dna+/cm?2-s71JEUR
SZno.os-NVP/C@AI(PO3)3 0.0749 —0.05804 3.71x107%0 2.23x10710
NVP/C 0.0545 —0.0476 1.96 x 10710 1.49 x 10710
0.004
2 (a) (b) SZn ,-NVP/C@AI(PO,),
SZng,04-NVP/C@AIPO3)3
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E /
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Figure 4. CV curves with a variety of scanning rates spanning from 0.1 to 1 mV s for (a) SZno.os-NVP/C@AI(PO3)3, (c)
NVP/C; The interrelationship between the square root of the scanning velocity and the peak current (b) SZno.os-NVP/C@AI(POs)s,
(d) NVP/C

4. () SZno.a-NVP/C@AI(PO3)3, (c) NVP/C 3HRFTE 0.1~1 mV s ISEE AT CV #hZ% ; (b) SZno.os-NVP/C@AI(PO3)3\
(d) NVP/C iR E F IR SIEEBRRZ EREEXF

DOI: 10.12677/ms.2025.151017 146 PR R


https://doi.org/10.12677/ms.2025.151017

PRERIE, TP

T AR A ) FFRIE Naty BUREN(Dras), FRATTRT LABE A [ HE 1 Fo AL 2 B AR [3]
I, =2.69x10°n**ACD"?v*"2 (1)

“lp” FoRIEMEHE, n AL C. DRIV ERSEHYER: n LB FR|RMET, AXRBRNEK
MR, C RN Nat ik, D Ry HAS, v R rRAf#ER.
WP 4(b) R 4(d) AR & 1 TR, SZnoos-NVP/C@AI(PO3)s ] Dnas (3.71 x 10710 F1 2.23 x 100 cm?s ™)
i T NVP/C (1.96 x 1071011 1.49 x 1070 cm?s™), X —#EHIHIF Al(POs)s 2 Al NVPIC K &1k 2 18]
S ITE R 1 A B e, TR FE TR EVER, 1458 1 i 1A Nat & 1 I Sl % 4 o

4, g5ig

M, AR T —Fhi i % 92 5L SZnoos-NVPIC@AI(POs)s AWM K, &R T — M A&t

W ZnZfl SIv B EI B 28 B NVP 1, B E— )2 AI(POg)s # iR )2 . XRD il XPS 43 #Hr36iE 1 Zn?*
N SIv T2 2] NVP g rh, I$ e 7 EMR AR E . TEM BUGIE MR, iR 2R T 4
—JRIRAIRZ A PR A A R T AR R, R R ] T AR R R . i CV
T &SRR, SZnoo-NVP/IC@AI(POs)s F il ) DraefH B B AL T JE 45 NVPIC FEdh . £ 5L SZnoos-
NVP/C@AI(PO3)s IEM A B3 (i fb 450, 7E 0.2 C NI 88 102 mAh-gt, BIf#iTFZ 20 C s
2, WELRFFEIA 87.96 mAh-g L A & . [EfHERMZ, 7E5C K, RIEZT 1000 RAGH, ETIREIREE
90.8% B AORFFA . BifiJ5, £ 10 C Al 20 C I3 mfif 3 N EATMNAI, BIZR %S & 23008 94.1 mAh-g 2 il
84.89 mAh-gt. & NETZIRZIMZ, Zid 2000 KIGH G, XK B IR RFFE 86.19 #1 76.54 mAh-g™* It
Ko X TR T A BB AR R R T AR R R e, ARG & SIB s it Re A BRI &

E&WE

AT TS B E 5K [ R 56 42 (22362006) TG [ 4R 27 95 4: (023G XNSFAA026444) il |~ 76 [k
I 4701 H (2022KJIQD36. 2022MDKJ005) ) 7% Bl »

FlzEhze
8 7 AR AL AT 225 R 2 o
E P

[1] Criado, A., Lavela, P., Tirado, J.L. and Pérez-Vicente, C. (2020) Increasing Energy Density with Capacity Preservation
by Aluminum Substitution in Sodium Vanadium Phosphate. ACS Applied Materials & Interfaces, 12, 21651-21660.
https://doi.org/10.1021/acsami.0c03396

[2] Li, P., Gao, M., Wang, D., Li, Z., Liu, Y., Liu, X., et al. (2023) Optimizing Vanadium Redox Reaction in NasV2(POa)3
Cathodes for Sodium-lon Batteries by the Synergistic Effect of Additional Electrons from Heteroatoms. ACS Applied
Materials & Interfaces, 15, 9475-9485. https://doi.org/10.1021/acsami.2c22038

[3] Cheng,J., Chen, Y., Wang, Y., Wang, C., He, Z., Li, D., etal. (2020) Insights into the Enhanced Sodium Storage Property
and Kinetics Based on the Zr/Si Codoped NasV2(PO4)3/C Cathode with Superior Rate Capability and Long Lifespan.
Journal of Power Sources, 474, Article ID: 228632. https://doi.org/10.1016/j.jpowsour.2020.228632

[4] Lim, S.Y., Kim, H., Shakoor, R.A., Jung, Y. and Choi, J.W. (2012) Electrochemical and Thermal Properties of NA-
SICON Structured NasV2(POa)s as a Sodium Rechargeable Battery Cathode: A Combined Experimental and Theoretical
Study. Journal of The Electrochemical Society, 159, A1393-A1397. https://doi.org/10.1149/2.015209jes

[5] Xu, C., Xiao, R., Zhao, J., Ding, F., Yang, Y., Rong, X., et al. (2021) Mn-Rich Phosphate Cathodes for Na-lon Batteries
with Superior Rate Performance. ACS Energy Letters, 7, 97-107. https://doi.org/10.1021/acsenergylett.1c02107

[6] Cao, X, Pan, A, Yin, B., Fang, G., Wang, Y., Kong, X,, et al. (2019) Nanoflake-Constructed Porous NasV2(PO4)a/c
Hierarchical Microspheres as a Bicontinuous Cathode for Sodium-lon Batteries Applications. Nano Energy, 60, 312-323.
https://doi.org/10.1016/j.nanoen.2019.03.066

DOI: 10.12677/ms.2025.151017 147 PR R


https://doi.org/10.12677/ms.2025.151017
https://doi.org/10.1021/acsami.0c03396
https://doi.org/10.1021/acsami.2c22038
https://doi.org/10.1016/j.jpowsour.2020.228632
https://doi.org/10.1149/2.015209jes
https://doi.org/10.1021/acsenergylett.1c02107
https://doi.org/10.1016/j.nanoen.2019.03.066

FRARIE, PR

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

Li, W., Yao, Z., Zhou, C., Wang, X., Xia, X., Gu, C., et al. (2019) Boosting High-Rate Sodium Storage Performance of
N-Doped Carbon-Encapsulated NasV2(PO4)3 Nanoparticles Anchoring on Carbon Cloth. Small, 15, Article ID: 1902432.
https://doi.org/10.1002/smll.201902432

Wang, M., Guo, J., Wang, Z., Gu, Z., Nie, X,, Yang, X., et al. (2020) Isostructural and Multivalent Anion Substitution
toward Improved Phosphate Cathode Materials for Sodium-Ion Batteries. Small, 16, Article ID: 1907645.
https://doi.org/10.1002/smll.201907645

Ma, H., Zhao, B., Bai, J., Li, K., Fang, Z., Wang, P., et al. (2020) Improved Electrochemical Performance of
NasV2-xZrx(POa)s/c through Electronic and lonic Conductivities Regulation. Journal of The Electrochemical Society,
167, Article ID: 070548. https://doi.org/10.1149/1945-7111/ab812b

Li, H., Yu, X,, Bai, Y., Wu, F., Wu, C,, Liu, L., et al. (2015) Effects of Mg Doping on the Remarkably Enhanced
Electrochemical Performance of NasV2(PO4)3 Cathode Materials for Sodium lon Batteries. Journal of Materials Chem-
istry A, 3, 9578-9586. https://doi.org/10.1039/c5ta00277]

Song, W., Ji, X., Wu, Z., Yang, Y., Zhou, Z., Li, F., et al. (2014) Exploration of lon Migration Mechanism and Diffusion
Capability for NasV2(POs)2Fs Cathode Utilized in Rechargeable Sodium-lon Batteries. Journal of Power Sources, 256,
258-263. https://doi.org/10.1016/j.jpowsour.2014.01.025

Wang, F., Luo, Y., Liu, P., Balogun, M., Deng, J. and Wang, Z. (2022) Improved Cycling Performance and High Rate
Capacity of LiNiosC00.:Mno.102 Cathode Achieved by Al(POs)s Modification via Dry Coating Ball Milling. Coatings,
12, Article No. 319. https://doi.org/10.3390/coatings12030319

Zhang, Y., Pei, Y., Liu, W., Zhang, S., Xie, J., Xia, J., et al. (2020) AIPOs-Coated P2-Type Hexagonal Nao.7MnQz2.05 as
High Stability Cathode for Sodium lon Battery. Chemical Engineering Journal, 382, Article ID: 122697.
https://doi.ora/10.1016/j.cej.2019.122697

Wang, K., Huang, X., Luo, C., Shen, Y., Wang, H. and Zhou, T. (2023) Boosting Cycling Stability through Al(POz)s
Loading in a NasMnV/(POs)s/c Cathode for High-Performance Sodium-lon Batteries. Journal of Colloid and Interface
Science, 642, 705-713. https://doi.org/10.1016/j.jcis.2023.04.006

Song, J., Wang, Y., Feng, Z., Zhang, X., Wang, K., Gu, H., et al. (2018) Investigation on the Electrochemical Properties
and Stabilized Surface/Interface of NanO-AIPO4-Coated Li1.15Ni0.17C00.11Mno 5702 as the Cathode for Lithium-lon Bat-
teries. ACS Applied Materials & Interfaces, 10, 27326-27332. https://doi.org/10.1021/acsami.8b06670

Aragon, M.J., Lavela, P., Ortiz, G.F., Alcantara, R. and Tirado, J.L. (2017) On the Effect of Silicon Substitution in
NasV2(POa4)s on the Electrochemical Behavior as Cathode for Sodium-Ion Batteries. ChemElectroChem, 5, 367-374.
https://doi.org/10.1002/celc.201700933

Pal, S.K., Thirupathi, R., Chakrabarty, S. and Omar, S. (2020) Improving the Electrochemical Performance of NazV2(POa)s
Cathode in Na-lon Batteries by Si-Doping. ACS Applied Energy Materials, 3, 12054-12065.
https://doi.org/10.1021/acsaem.0c02188

Ko, J.S., Paul, P.P., Wan, G., Seitzman, N., DeBlock, R.H., Dunn, B.S., et al. (2020) NASICON NasV2(PO4)3 Enables
Quasi-Two-Stage Na* and Zn?* Intercalation for Multivalent Zinc Batteries. Chemistry of Materials, 32, 3028-3035.
https://doi.org/10.1021/acs.chemmater.0c00004

Chen, Y., Tian, Z., Li, J. and Zhou, T. (2023) In-Situ Constructing Pearl Necklace-Shaped Heterostructure: Zn2* Substi-
tuted NasV2(POa)3 Attached on Carbon Nano Fibers with High Performance for Half and Full Na lon Cells. Chemical
Engineering Journal, 472, Article 1D: 145041. https://doi.org/10.1016/j.cej.2023.145041

Shen, W.,, Li, H., Guo, Z., Wang, C., Li, Z., Xu, Q., et al. (2016) Double-Nanocarbon Synergistically Modified
NasV2(POa4)s: An Advanced Cathode for High-Rate and Long-Life Sodium-lon Batteries. ACS Applied Materials &
Interfaces, 8, 15341-15351. https://doi.org/10.1021/acsami.6b03410

Ni, Q., Bai, Y., Li, Y., Ling, L., Li, L., Chen, G., etal. (2018) 3D Electronic Channels Wrapped Large-Sized NazV2(POa)3
as Flexible Electrode for Sodium-Ion Batteries. Small, 14, Article ID: 1702864. https://doi.org/10.1002/smll.201702864

Hu, P., Zou, Z., Sun, X., Wang, D., Ma, J., Kong, Q., et al. (2020) Uncovering the Potential of M 1-Site-Activated NA-
SICON Cathodes for Zn-Ton Batteries. Advanced Materials, 32, Article ID: 1907526.
https://doi.org/10.1002/adma.201907526

Feng, Z., Rajagopalan, R., Sun, D., Tang, Y. and Wang, H. (2020) In-Situ Formation of Hybrid LisPO4-AlPO4-Al(PO3)3
Coating Layer on LiNiosCo001Mno.102 Cathode with Enhanced Electrochemical Properties for Lithium-lon Battery.
Chemical Engineering Journal, 382, Article ID: 122959. https://doi.org/10.1016/j.cej.2019.122959

DOI: 10.12677/ms.2025.151017 148 PR R


https://doi.org/10.12677/ms.2025.151017
https://doi.org/10.1002/smll.201902432
https://doi.org/10.1002/smll.201907645
https://doi.org/10.1149/1945-7111/ab812b
https://doi.org/10.1039/c5ta00277j
https://doi.org/10.1016/j.jpowsour.2014.01.025
https://doi.org/10.3390/coatings12030319
https://doi.org/10.1016/j.cej.2019.122697
https://doi.org/10.1016/j.jcis.2023.04.006
https://doi.org/10.1021/acsami.8b06670
https://doi.org/10.1002/celc.201700933
https://doi.org/10.1021/acsaem.0c02188
https://doi.org/10.1021/acs.chemmater.0c00004
https://doi.org/10.1016/j.cej.2023.145041
https://doi.org/10.1021/acsami.6b03410
https://doi.org/10.1002/smll.201702864
https://doi.org/10.1002/adma.201907526
https://doi.org/10.1016/j.cej.2019.122959

	具有优良性能的三维多孔Zn/Si双掺杂Al(PO3)3涂层负载的Na3V2(PO4)3/C钠离子电池
	摘  要
	关键词
	Zn/Si-Dual-Doped Al(PO3)3-Coated Na3V2(PO4)3/C with 3D Porous Structure Boosting High Performance for Sodium Ion Batteries
	Abstract
	Keywords
	1. 前言
	2. 实验部分
	2.1. Na3Zn0.04V1.96(PO4)2.9(SiO4)0.1/C的合成
	2.2. Al(PO3)3的包覆
	2.3. 材料表征
	2.4. 电化学测量

	3. 结果与讨论
	4. 结论
	基金项目
	利益冲突
	参考文献

