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Abstract

As the anode material of lithium ion battery, tin-based materials have severe volume expansion
effect, which seriously limits its practical application. In this paper, Sn-MOF precursors were ob-
tained by coordination reaction, and Sn/Sn0/Sn0,@C multiphase composites were prepared by
carbonization. The morphology, phase composition and lithium storage properties of the products
were studied by means of X-ray diffraction, scanning electron microscopy, transmission electron
microscopy, galvanostatic testing and cyclic voltammetry. The analysis of phase and morphology
exhibits that the composites prepared by Sn-MOF precursor consist of multiphase with high crys-
tallinity, including Sn, Sn0O, Sn0; and graphite carbon. With the increase of organic ligand, the pore
structure and tin content of the composites gradually increase. Electrochemical tests indicate that,
for Sn/Sn0/Sn0,@C composites with porous structure, the specific discharge capacity reaches
1066 mAh/g at the current density of 100 mA/g, and the capacity retention rate remains 83.6 %
after 35 electrochemical cycles at the current density of 1000 mA/g. Due to its rich pore structure,
sample 2 has more outstanding rate charge/discharge performance. At the current density of
2000 mA/g, the specific capacity of delithiation reaches 108.1 mAh/g.
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BEMEEHE Sny SnO. SnO, KB & 4%, EFHBARR. hEF & MRS IR S, B
FIRN R — AR B 1 BB OB R 1] [2] [3] [4] [5]- Sn #T LAY Li FE R &R 1A14L &4 Lis,Sns, HIB LA
&N 994 mAh/g, NASIB LA RN 2 f5 0L b 7RSS AT R B R R K £ 260%, 77 AR EL )
AT, M8 SRR G 1) ), TR XN 1A, S EAR E R RRL AR . RIVEFI R
. HATE R =4 LIRS M[6]. 99K0[7] [8]1E & 446[9] [10]5E0E, DLRGAFIEIKARL, (REFE T
MEHOIFRE M. Ye SN[ CAHES AR = A MIBHAR Ve N R, A Ak 2= B ORI AR 002t B P 4 LA
WAL AR EE, 1SR4k Sn PURHR A BIBRAPKFT S G AR 25 R R Sn/C YUERATTE 5 Alg FLIRE B T
HiLb 2884 380 mAh/g, 1 A/g HURLEEE R4t 1500 BITEH G CE Eb A BT iA 3] 560 mAh/g, JERHE R
UFHI RS2 R RRFIOE AL RE . Xu S8 A[12] K FH A& & A HUAE 2240 &0 A T Ok Ads, 7RI iR A0 AT S0 3R T AR
Kt FeSny/FeSn/Fe 4K EEW). 1£ 5 Alg B FE FBUR LA &N 665 mAh/g, £ 2 Alg HIRE L 4
I 1200 FEE PR LS IR AN 0.025%/ B8, I HH A0 57 (1 s e M RE AN 5% HA K R B A e 1

F—TJiTH, BEAAI(SnO, SnOy) BT M ER LA B AR R T 2090, (HH TR SR, A3
K E, BRI SEPR N . B R BN RO F N R, IR G &, TN A RO
Ji 1R R R E A B

Li+Sn0/Sn0, — Li,0 +Sn (1)
xLi+Sn = Li,Sn(0<x<4.4) 2)
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F— B RIURR L. TEVISG AR R, AR SR e N, Hizd BREATTN, S8
BrAA B E RS ZS B IGN. [RII 35— 20 IR R4S B (R 9K RORL 23 BUE B B A . B8 DR
WA, W5 AEES SR, K LiSn 4. Lt ERBEWSNG, Sn BN R EEE 1%
PEVIIR, SRR DR AR5 PR 0 7 PR 25 (R R T (I P A, 9% S BURLAARRIZIK . Tan 25 A[13]%
FH A 45 JRIE S o 8 55 1) S AR BRI 22 77 V220 4 SRS A SnOy/ A SRIG &), 16 1 Alg HIEE N4
it 420 PBIPERR JG R LE 2R B AT AR FRAE 573 mAh/g, 10 A/g HLIRZEE T 808 LA 8 242 mAh/g. Xia
NSRRI GE R S N AL AL B 515 3] SnO/Sn0,@C E &YW, ZE AWt &l ik 3
1407.2 mAh/g, 7E 800 mA /g FIHLZJE T &L 400 BTG G A R IRFFE N 84.6%, JHH LA 8N 668.66
mAh/g. GRS IREEAATE B AW S G A ALY RV BRI — AN BRI, T ARl B A 3
SV HE B IER E AR IR — AN BN A SCRA SR AVAEZ A ATk, @i kb
T35 5 58U Sn/SnO/Sn0,@C MR AM R ZR6 R X SHEATH . Hifiss. B bs. fHlR
D S AE AR 22 FEMNREE A A PR RV REIEAT T PE4BA 75

2. S
2.1. SCIRJRR}

ARSI AT E BRI K @A . X2 R A B TR A A R AR, B thaig, HAZ
HE—P b,

2.2. SEWFE

2.2.1. R

BEEIREEA 10101 1:2:20 1:3:3 EAL IS . X8R — RS S AN 7 M ZAFREE N 121 I SR
LB F RPN GRS, EFIR NI 8 h SRR A EUE, Wik A B yiie H OB 2
BS TR AT AT B OB, BRI S =N B T84 80°C N E AT 12 h J5 135 Sn-MOF
AT ORAA o 4 T8 J5 1) Sn-MOF 1if 344 75 B B b i B85/ 26 N33, IO s DAL SUER B, 7E 500°C
THHT 1 /NS BRAAC R RR AL AR BRSO RIS, SRJEFH 200 H TR 4, 0 N AR A TSR
MBS ME. AR, MR4E SnCl, AN H — FEREE /R LLF] 1:1. 1:2 A1 1:3, Kb A2 )5 fr i
By IRRE A 1. 2 A1 3 R .

2.2.2. BERHHESHAR

B E A Super P 5 HL IR B R (w4 £ 5 (PVDF)i% i fE bb 8:1:1 #HATIR & I RS B k. AR
R A1, FSeK PVDF I R AE N-F L% Bl (NMP) o W04 HE 4 /N, BEZRIBEHS, B
PR — 58 T AN VE I RTAR FORE o K B0 ) 47 (9 SRR PR AT 28 35 S0 IR B4R 8 b, IR B )R FE# I 4E 120 pm,
B 5 B I3 A B AR S AE 110 C R LIRS N T8 12 . EFRWE SN T B, KIEEEREAE
HLR T, R IEIEA TS - Atk - BREE - £ - By - 9 - SONSR BT 4 B R 2025 A4
th o
2.2.3. 148, EHREBAFEERENR

VIR TIE X PFHERATHHU(XRD-6000, HZABE) Fifi7, #4n, X $23KHN 1.5406 nm, EHIE
N30 kV, EHFN 30 mA, HFGEEN 47/min, HRTEEDN 10°~80°. FF 5SS K ST L
(FESEM, ZEISS Sigma 500)_F#1T.

E FE I AE ECPOE FL CT2001A M4 EdEAT, el liimdz i C 5 UE, 1C=1000 mA/g, 7
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BCE L EVEEA 0.05~2.5 Vo JEMARZMERTE Ll R T/EuE CHIG60E L#tfT, HMEREN
0.05~2.5V, HA#EE N 0.2 mVi/s.

3. BR5Te
3.1. ST

1 R R ) XS AT S G . WA AT R BT AR 32 B Sn SnO. SnO,. C MM ZHHE
GMRE. BTG ECNREL, R SR A . ERIS B nT DUE HFES 3 78 17.1°, 28.2°, 41.6°
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Figure 1. XRD patterns of the samples
[ 1. #& XRD Ei%

3.2. SR HT

2 RER I SEM IR . BRSO AN A B AR, 2T IR B F IR BHIRA/INBTRL. [RI, Bf
i 2 ISR s R T KR = 2 LI S5
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Figure 2. SEM images of the samples (a) sample 1 (b) sample 2 (c) sample 3
2. #aRE0 SEM El(a) #aa 1 (b) i 2(c) Hm3

B3 NFER 2 B9 TEM BIE . 19 3(a) R RE S R 0 A o4 2], RSF R 30~40 nm, JREffAAE— €/
RIS, BIRBRkNSTE 100 nm 4. K 3(b) RN 2 FIEE48Us, mimEeE d 5 0.335 nm, 5
SnO,(1 1 0)/ T [A] FEAH 77 .

Figure 3. TEM image of sample 2
& 3. #& 2 TEM EBf%

3.3. BLEMEESHT

3.3.1. EURFERE R

B 4 RS VR TS 28 72 0.1C (100 mA/g, 1C = 1000 mA/g) I 76 i L FI 46 B R, BEAD 1.2
3 VOB EE R R BN 1099, 1060 mAh/g Fl 448 mAh/g, B IREEAE R 73 HIN 54% 67%F1 56%.
15 KL 0.75 V A BA —AMIRGT &, X5 SnO, #38JFA Sn LA SET K S 55, E g4
A 1) B 4 S S S SET B P A 5 BV FE R BB S, AATTIASEE 1 A T ot 25 o o

3.3.2. fEERMRE

KIS 2R 1. 23 37E0.1C 0.5C. 1C 1 2C HIHLE B T AR 2 EREMNASE . MBI LLE H,
1E2C I, Feih 2 BB LA EIAF) 108.1 mAh/g, BHR & TREG | A1 3 XA EL A & 78 A F i 2 B
TNAHE, FRS 2 FRERIL S m A LA, AR K IR R S, B 2 7E 0.1C T
B A= ANIRERE K B B 545.3 mAN/g. X 7] BE2& B TFEdh 2 I = 4EFLIR 25 0 BB I B st T2
(IEIE, G TS TIEE, MR SRR T R R
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Figure 4. First charge/discharge curve of the samples
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Figure 5. Rate performance of the samples

B 5. HmiERMeE

3.3.3. L IEERMERE

Bl 6 2ffan 1. 2. 3 BIEIRTEREN 4. 75 1C BIHRE T, FEM 1. 20 3 &0 35 IRIEH G, Ji0h
ELZF R 99.6. 314.1 F1 137.9 mAh/g M % F] 83.5. 263.0 F1 66.5 mAh/g, Xf N2 ARFER 55
N 83.8%. 83.6%M1 48.2%. Ffdh 1 Al 2 RILVHELFPEIRFRE 1, TFEsh 3 A PEREE %, X EZRH
THES 3 P EA N Sn SR, AEEE R R B BN N R, B EUE R TE AL E IR o
15 V5 G ™ 5 TR

3.3.4 EHRREHYE

7 RFER 1 24 3 PERM Rt 2. R HRERIEEDY 0.05 V~2.5 V, HEiERE N 2 mV/is. ERK
EFEHRRMEFRES, ZFFERTE 0.8 V~1.0 V A IER IS IR IE, 1E 0.7 V~0.8 V M HAFTEA 155 1L
JRUE. BT TR SnO. SnO, B JF AR Sn, J& & A SEI BEMITE G FE, 1% AN R 3 B AN nf 1 25 i 401 2k ) =
FEREK. 0.6 V~0.05 V HIL— AT KRG, STN Sn 1A S0 SN FRRIE AR A B B[ 14] [15]. B
FHER, 0.6 V~0.8 V I — AN LI, XM Li-Sn RAEEMEG SN MIEHRR % i
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Figure 6. Cycle performance of the samples
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Figure 7. Cyclic voltammetric curves of the samples
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4. i

ASCH FHEC AL [ M43 3 Sn-MOF Jif R4, 281 itk A B2 %% 7 Sn/SnO/SnO,@C E Ak 45
KW, DL Sn-MOF AT AT & M E &M B AL SRS ZMEEY, B4 Sn. SnO. SnO, KA
B, BEEAHAARLLEIREN, MBS L, & FZHIE . B =R R
B, B 2 L4541 Sn/Sn0/SnO,@C B &M BHE 100 mA/g I L% FE R, il FE E 28 205 3 1066 mAh/g,
£ 1000 mA/g HL N2 35 B AL EIE I 5 A R IRFF Ry 83.6%. FHACTHEM 1 F13, TR
HHEEEMRE I, 2 MmN R H, 7€ 2000 mA/g HIRE T, Hh A

E7%%) 108.1 mAh/g.
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