50 %
2021 4¢

WEERMBS IR
RARE METAL MATERIALS AND ENGINEERING

4510
10 A

Vol.50,
October

No.10
2021

SN KA EL ATIEH & R B F TR
Ramp 12, & il Romt, & ot

(1. TEIRMBESERE, THE )1 750021)

(2. THEHRE MM LESE, TE )] 750021)

o OE: LR CHTTER P R IR AR A O B T R GO BT TR s o B, REFE BRI AR T
E XM (~300%) #1297 HAEH 7 Hib b R o 90K Ak R A pe ek ok T A A AR I 1) — ol 8007 2 o AW 9T
A v BE HL T R ACUTAR M UORT B8 P 25 ik, LA el o JEURHAI 25 17wl BT T i i REAEE B 77 M RO A0 K ik @ 1 SEM 2347,
RYLTE (=1 RE BT SR AR A R UG Rl 28 R 5 R DU R R TE 40 nm 245 IREGUR EF 4, i30T SR EE R QR 2R AR . Xt
FARERUBAT B i, AR AU R I A BN 9 50 o AL 2 0 BT 5 SRR, R REFE 2B B 99.96% U ERITEHL T, 78
JHCHLIAL S D9 100 mAVg I, RIS B 1292.4 mAh/g, LT R TP G E 9 51.36 Q. LIRS KK, JRhIT
T DA i S AN R A ) T S AR AL i %, 9 T LI I R IR RO kAL A T R — B HIR R R X

KR KRR REAL; H4%; AL MERE
hE%ESZES: TB383 Xk FRIRAD: A

X EHE: 1002-185X(2021)10-3739-06

BB FHEMOE N T &M, [EHEH
A%, I H B AR R R R, BT I
PRSIV 2 F ) A A 1 52 A, (FL: BB R
MABEEH T EAEN. KEWGSEREREm TR, H
AT LA BB S AR O S Rn L
WRBNR (BiEAE 372mAhg) BT, Bk
BRI ER . REVE SN E Al O 0 B e R S AR A )
(HE & 4200 mAh/g) Bl T #F 58 N 1 i R ok
Ho BHE N RTERES B E A, FEE RS M,
P e B A R T RS T T T K& AR, FREL
BT et e, (H R R A R i Kk
FUEZRK (KT 300%) Flob A0 BR il 7 H 7647 25 it
IR o T X — ) /R, B 70N A E RE B4 K AL
R T RETAE, FEMEGEKE N T ELIG S
FE Ay JEURH ) 46 9 KRk o BT 45 (0 40 K Ak W] DA R B
R Ak R JB0 A i AR U K S H 2 7 X R AT %
T ERI2 R MR R B, R KA T A K M
Pl /N LA R, T PR AR AR A R 4L, L,
FEE 10 0 K A T 2 BRCA L B0 F FL I B AR A R I — A 2
WEFE 7 1800 R KRk (1) T 42 0 AR A, 1) 4% A J 82 S 30 LA
YUK N MR A R i S R T A
Tk 3 A7 B A BRI T (R el

ERIEP R il ge o A = ST N = e A
(2 B9 e — A R EL 0 5 iR AR HUIR R SRR K

%5 HEA: 2020-10-27
HEWME: TEEAREESE (2020AAC03007)

/NS I b T T 32k 1) 75 SR Ay R IR0 R R R
TR B A5 1) D7 VE X REVE AL B AT o s R, E
YU 5 1305 B 7 R SH R A K e R P02, g T
HKH, X2 BT O A& T TR UK RN,
FE R Dt A TR B AR A R, R TR
ke B2, fERHIX 2 Fog ikl & aeRat g
i rp B 77 7 — U B A 1), B, WL A 1 1
A DA G K g AT K AL E ) &, (2 BT 1e R4k
T WORLAAAE RST 0 A58, WORLTESRAS Gy A i
T BB S A OB T T ) 4% TR 90 KR SR T 55 L
g, RO Ao, AR IR Fh 7 32 1 i 4 24
EIAK,

AWFFN T 7R FIH LA L 2 FPO7 ik AR &, Ak
Fof S, I T R 2R R TR RN R, 4 & 6 1) 5
ST RSE A TR AT R M GOK R RORL 1) £, HL
ZOTERA RO AT AT o X 459 ) 4R K e
BIgEAT 77T . fEHR R (CVD. Rt E ik
VR M, TEAOKEEZE IR E] 99.96% LA F 1) 1E Bl
T, FEMCHI R FE N 100 mA/g B, O AT I R
A 1292.4 mAh/g, HREFEALE 0.2V BLF.

1 % I

P 12 R R o L2 A . i U CY-SiD
e i A (RES B KT 99.9%), K J5URHE# 15 £

YEE T : T, 5, 1981 424, 1A, T E RSEHM TP, 75 R 750021, Hiifi: 0951-2062002, E-mail: zhangdp@nxu.edu.cn



« 3740 - WA & EMEE TR

%50 &

N B BSOS R R T R AR N
FERER ARG . IR 28 R R R T SRR T i e P, @
T A B (A H SEBL T R B UTRRE BK HOIR TR
(C-Si), HtHmW R zZ& KMt &EE i 2 & fE (D-SiD.
B AR VTR R R T E 1) T2 S 8 mim . Ry ek
VB S 00 IR AR B R A TR A R SE R 9K E (nm-SiD o
B2 RHCRWBEMTIARER. BFRNT
(EBM) RIERE %M T, MHE A~ ET,
Zomik . AR AR E N 10°~10° Wiem? [ H 4i 3
W, mE OBER 60%~70%) iRk km, I
TE R RIS TR P, K FL 7 14 3 6 OR824 7R,
5 ) U g o o S RR FE IS B LT3R IR, BUE A k)
Jei B A A Bl 7 B SRR B A R AR R o A
HIE 107 ~107 Pa ], A ThE A 300 KW (%),
FOREEA O FE BB PR E S B
V77 1) %5 R ESHGEAT ], ST Al ) 28
R ZR R AR R TR B g7 i ], R
W LT A VA ) R G ARAE FOIR TR RE B T AR K
HY AT UL, OB AR TE e LT AR IR B R SR T U
REE, BEF AT ARSI, R ESAE
R AR R A, AN RENERT,
ZRRRELE P BELS DL UUR A BTN B

Polysilicon Molten y Deposited |
powder silicon silicon

\lanosilicon

o ¥

- Control of vacuum, Mec”!ﬁmcjﬂ crushing,
ngh SOetsy electron. temperature, electron ball grinding, high- W

~beamdirection ~  energy grinding

K1 gekakl s T 23R

Fig.1 Preparation process flow chart for nanosilicon

Observation Electron
window Beam gun

Evaporated

Electron silicon

N 4 U

s i, 48
e

0 ® )
8y
o ° Crucible « e
. b

Vacuum

Deposited

silicon

K2 FCRVIPREMTRUR 2 1E

Fig.2 Deposition schematic diagram of beam deposited silicon
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battery with nanosilicon as anode
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Controllable and Large-Scale Preparation of High-Purity Nano-Silicon and Its
Electrochemical Performance

Zhang Dianping™?, Li Jin*, Su Shaopeng®, Li Yang*
(1. Ningxia Key Laboratory of Photovoltaic Materials, Yinchuan 750021, China)
(2. School of Mechanical Engineering, Ningxia University, Yinchuan 750021, China)

Abstract: Silicon (Si) has become one of the hot spots in the research of anode materials in lithium-ion batteries (L1Bs) for its highest
lithium intercalation capacity among known elements. However, the large volume expansion (~300%) of Si due to the lithium intercalation
restricts its application in LIBs. Nano-crystalized is an effective solution to resolve the volume expansion. In this study, nano-Si which can
be used for high energy storage lithium-ion battery was prepared from metallurgical Si by two steps method of high-energy electron beam
evaporation and deposition and mechanical grinding. According to scanning electron microscopy (SEM) observation, the molten Si
deposits into Si nanofibers with a linear diameter of about 40 nm after evaporation under the action of high-energy electron beam, and then
the nanofibers gather into Si nanobundles. And the size distribution of nano-Si particles is uniform after mechanical grinding. The results
of electrochemical tests show that the first reversible capacity is 1292.4 mAh/g, and the charge transfer impedance fitting value is 51.36 Q,
under the condition of the nano-Si purity reaches more than 99.96% and the discharge density is 100 mA/g. The experimental result
indicates that this method can be applied to the controllable and large-scale preparation of nano-Si, and has certain guiding significance for
Si in the future industrial production of LIBs.

Key words: nano-silicon; scalable; preparation; electrochemical performance
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