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1

110 UNIFORMLY MIX SILICON POWDER, SILICON DIOXIDE POWDER, A SIMPLE SUBSTANCE POWDER
AND/OR A OXIDE POWDER ACCORDING TO THE REQUIRED AMOUNT, AND PLACE IN A VACUUM
FURNACE

120 AFTER DEPRESSURIZATION OF THE VACUUM FURNACE, HEAT THE SAMPLE TO 1200°C-1700°C
TO OBTAIN A MIXED VAPOR CONTAINING SILICON, OXYGEN AND ELEMENT A

130 IN A PROTECTIVE ATMOSPHERE, INTRODUCE A CARBON-CONTAINING GAS SOURCE TO THE
VACUUM FURNACE TO PERFORM A GAS-PHASE MIXING REACTION WITH THE MIXED VAPOR
FOR 1-24 H

140 COOL THE MATERIAL OBTAINED FROM THE GAS PHASE MIXING REACTION TO ROOM
TEMPERATURE, AND THEN CRUSH AND SCREEN THE DISCHARGED MATERIAL TO OBTAIN THE
SILICON-BASED COMPOSITE MATERIAL SICXAYOZ HAVING CARBON UNIFORMLY DISTRIBUTED
AT THE ATOMIC SCALE

(57) Abstract: A uniformly modified silicon-based composite material, as well as a preparation method therefor and an application
thereof. The general formula of the silicon-based composite material is SiCxAyO,, 0<x<20, 0<y<10 and 0<z<10. A is one or more of
B, Al, Mg, Ca, Fe, Co, Ni, Cu, Zn, Ge, Sn and L1, C is uniformly dispersed in the particles of the silicon-based composite material at
an atomic scale, and no agglomerations of carbon atoms larger than 20 nm are present; a part or all of the catbon atoms are combined
with the silicon atom to generate
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disordered Si-C keys; in a focused ion beam-transmission electron microscope (FIB-TEM) test of the silicon-based composite material,
energy spectrum scanning of the particle section shows that the elemental silicon, elemental carbon, elemental A and elemental oxygen
are uniformly distributed in the particle; the microstructure of the silicon-based composite material is a multiphase dispersion structure;
the average particle size D5 of the silicon-based composite material is 1 nm-100 pum, and the specific surface area of the silicon-based

composite material is 0.5 m?/ g-40 m’/ g; the mass of the carbon atoms accounts for 0.1%-40% of the mass of the silicon-based composite
material; the mass of the A atoms accounts for 3%-40% of the mass of the composite particle.
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EEBT, WRATHTEMH &, BHETFOXNHGRATMRE L
50CTABRNFRAMFHT 2 0/E, RFTAH 8X8m M A, £AE TR

P 100CTMAZKT 104D, FHRFBEHOMA, M4 NF£4H
PR R A E L,

Md bty ERALESH Sk Ar AAWFERAEIT, AEEER
A RAR, =T EARMF NCM811 st AR, A B4 & A LiLlaZr,0, (LLZO)
hBESERA, AFEATAEREESAtet b, SHABRITAE, T
Mg, ERHARENETEAARECENNK, RERECLERN
0.005V, RELHELEA 1.5V, H—FRMELMK C/10 © it F LT &#AT,
B e MR A C/10 Wik AT #4T. M3 E, 0.1C T A&, 0.1C
REETHIAERMNKXEZERI TR P,

5 11

T dkg 2. dkg A AL, 2kg ANLAHREHRKETESF P, 4
F % Z 100Pa, 7o A B E17000CEH AR, AR TUA TR HFLEENO0. 9L
BT R 1L 2L B9 R 1L TL B R RS AR AT R L 6 B, A E TR,
A B RIFR N EAE, PMAEARTRPATHE > FORE TS
At BB AT UMK L PR A E A 3. 6%,

o 3t AT R LR, Wby A2 6 09 Ske S HECER AT AE 42 M8 20:1 A9 1L
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PliETEMER, HF6IHBRAIEM. IBEHERAERT, HE
FTHEBF P, £900°C, RAKRY AATIHREIIELE 2 /0, LH5E
TR, T, PIFESHOFE ENEEESMH, KT ELS&EEN
6. 5%,

P LR s E AL L SMMERN RBRMH, 5FERPHF
%2 (SP) , HEFEMBACH (PVDF) #M LA 95%: 2%: 3%ik &4,
EERBTF, TR TR E. BHEIFORABORA TRE L
50 MR EBAET AR TR THT 2 0B, T H 8X8mm d9M 4,
EAEETFTHRAFI0ZALBEETHATRT 10D BT ESORA,
M HSNTFEHR TS A A RAREE L,

B ey ERAAESE Sk Ar ARG FEHANET, ALAER
VBN R, ZTEMMA NCMB1T A3t AR, ARME B R ERKRE ST B R
BEAFBELBA, AFEMATHAERFAEAteil, SHEFTAE,
WA RR. R ARENFTEALKERE XK, AELRELE
#0.005V, AEHREELEHN 1.5V, F—F ALK C/10 €IRE LTt
T, &R ENAAEC/MN0 LRF R TdiT. MEEE, 0.10 T KL=,
O.1CERTHIFBEAMXERINT L1 P,

5 ) 12

¥ 3kg A4y F2 bkg —ANEREHRETAEZNF A, A F E 150Pa,
eI EE1500CEAZX L AR VATHREEZEEN1 7L Fiz, 1.5L
AR RES UREAT R 3N, A ETIER. SRR N
TF AR TR R e s A A Ko B BRAR AT LI 3K 3 o 4% 8
=4 1. 5%,

FF RGN AL EF AR TRY GRS H G REHHH A el
B BERILE: 1 RAH, ZBEHE12000C T #HAE 4 I E, F2 A
B TF . BALENEL L SMH.
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ROARAR R 69 H i AR, B RE AR R X E ) 1. R
0.1CTH# R F, O.1CRETHIAMABMKXLERINTE1T Fo

5 36.45] 13

¥ akg 7, 4kg — A ALEE, 2kg RGO RSB RETATY P, M
A% Z100Pa, m#H B E1700CE AKX A, AR VA TEIRENEL L Hein
5L LMt RER, RERL 6 DNIBEAIETIR, 4GRS AR
BRAE . BUEUR TR GIRB AL T &M AR AN
KA F &S EH 3%,

ROARAR R 69 H i AR, B RE AR R X E ) 1. R
0.1CTH# R F, O.1CRETHIAMABMKXLERINTE1T Fo

5 36.15] 14

P kg Ay fo bkg — AR BREHAET AT A, WA T E 150Pa,
o IHEE1S00CE AZK Lo AR UATRHEREN2L T M Ut
FRE 4N, AXNEEER, LA ENFIATHELEUARTEN Y
TRECH AR Gy R K A A Ko R AR AT K L P a2 A2 H 0. 5%

TEAF B 69 N 30 a L& VAR T R ¥ 8 TRELS R 69 5 A AR KA B AL
EBERILS: 1 REHY, 2B HE10000CTF ALE 2 /e, 3243
BERTLE . AL F MRS S MAH

ROARAR R 69 H i AR, B RE AR R X E ) 1. R
0.1CTH# R F, O.1CRETHIAMABMKXLERINTE1T Fo

ST Eb A7) 1

B kg sy A kg —ANERESHAE TASY ¥, WEST ZE 50Pa,
He # AR E 1500°CE A K . B A B R R AL IR 2 R AR ZJE 3
KT B, ¥ 2kg WA E TEH P ARy LA B THEE 1000C, #
WAL 1 1 BARAAAHEETALE, RE2 XA ANLR. &
mAH S RIE, PIAFE SO B EL A RMH, P& S EHR 3%,
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ROARAR R 69 H i AR, B RE AR R X E ) 1. R
0.1CTH# R F, O.1CRETHIAMABMKXLERINTE1T Fo

st b 7] 2

¥ 1kg s 4, kg — A a4 0.3kg ALWMBREH RETATY +,
Fh B2 £ 50Pa, AR E 15000CE AR R, RAE I NG, A EER,
R By A G BP AT B N E04R T E VAR T ) TR A 9 B AL AR R MM
Fro BN HEBITHROE., FokgwHETEHHY AR AABRTHRE
1000°C, #HAAL 1: 1 BAR A A HETAMOE, RE 2 DHXFAE
AR BB RE, RE RO EEN AT E QI HMH, LP
%o w A 3%

ROARAR R 69 H i AR, B RE AR R X E ) 1. R
0.1CTH# R F, O.1CRETHIAMABMKXLERINTE1T Fo

st b 7] 3

T kg A Fo kg ZANHENRENRKE T AT T, AT E 50Pa,
Ak SR E 1500CE RN AR, MEBEARAALALATREEENT. 6L Fit
HATRE 3 I, AHNEEER. BHHABERFR AR T EFARTERY
O FRAS 6 AR AE G AR AR AT KL P RS EA 1. Th
Z ST AT LB . T 2kg WA E TR ALK AEE T HIRE 1000
C, B 1: 1 BARAARHERTAAMCE, KIE2DIHXAAMA
Bo MBBFSBE, TR SHOLE AN AR RBMH, b ES
e 4 The

ROARAR R 69 H i AR, B RE AR R X E ) 1. R
0.1CTH# R F, O.1CRETHIAMABMKXLERINTE1T Fo

F R AP 1-14 ARSI B] 1-3 F 69 0 ARM A+ A2 AT #0486 205 .0, 1C
THERFE, 0.1CHFETHALAFNRL R T

15
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MIEHFE | 0.1CTHEE | 0.1CHEFET |0.1C4£FT 500
(mAh/g) 100 B PR 2% B PR aF 2%
5 45 1 84.17 1445 91 78
5 3615 2 84. 91 1438 93 80
5 #.15) 3 84.93 1406 91 76
52 #.15) 4 84.92 1435 88 75
53615 5 85. 09 1463 87 73
5315 6 84.98 1326 89 76
5 315) 7 85.13 1378 86 78
5 #.15) 8 84. 75 1493 90 77
K15 9 83.96 1471 89 75
5 36.145] 10 83.15 1465 87 73
545 11 84. 46 1434 88 74
5 5] 1 82.29 1467 92 79
ﬁ-mmﬁ]13 82.16 1492 85 72
53617 14 82.03 1450 87 75
3+ Eb 47 1 79. 74 1749 76 41
st e fp] 2 85. 31 1420 72 35
st Eefp] 3 76. 21 1540 88 76
* 1

B R 1-3 A9 RAE T AA B, LA 2 3 AR T AT
FH R, METAA 1 AIRAT BRBE, BRABEFERBINT 5 %
ST 3 3 AL ARAT T HRAEF NS AR, ME T 1 AR T H
FEERFE, BRAREAAKXBENTRHUG S B, Flp] 1-14 BT 2
MAETHEAE. ALZTWHRMB R, BT HERBGF L, HMH
GBIKRRET E TN, BINR;ATHIGERIREREILEF S,

A LT ey BARE T X, STARAG B, BRI EhF S8R
TiH— T i, PTG, A AT KR A6 BARE 577 M
e, FRRTRERLAGRP R, LEKRKBGHEAFRUNZ A, P
BT, FRIRE, ZAtF, HEESERRKANEFEEZIA,

16
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® F 2 K P

T, —f[ Bty AR oM, L4 E T, Ttk 8 o4
MK A SiICAD,; 0<x<20 ; 0<y<10; 0<z<10;

#¥, AH B, Al, Mg, Ca. Fe, Co, Ni., Cu. Zn. Ge. Sn, Li F#)
— M REA, CUARTREHGHRE» A EELT S OBE A, B
K 20nm A L6y s A E AR o RMHERT 5 HR T LS REF
Si-C4; AHATAOMHORERTR-EHE4FIB-TEM WX P, Hk
MBWREBREETRENNELE. ALEF. ALE. ALTFHISH;

P i ik K S A AR AL S5 % e TR A S A

PR B AR B A M AT B 69 F 42 42 Dso A 1nm=100 um, bk @ARA
0.5m/g-40m’/g; FTikex B F 89 M = &K 5 &M AR &89 0.1%-40%; A7
HALEWRE S L AHARE 8 3%-40%.

2. RABMAZRL AR T SMHH, B4 EET, HARLS &
MG N T ERAHOE &, A EZNOME S TEEE T &M R
# 49 0-20%.

3. REMA LR 2 TR AT SHH, L IEET, TAKRTY
R &AL E SMA R 289 0.5%10%; Arika 8 Ea) R & & Pk
A B SMA R EH 0-10%,

4, —F EAERF| B K 13—k ay3 B a sk B 8 S MR H &
Trik, RAMFEAET, RS E T EOE—F AR ERRE T AR ARK,

5. WRERAEK 4 TR E & Tk, ERIEET, FE—F AMIAR
kAR

BHE R/ ah K. ZRER K. 20 AR KF/3 A 8k K
REHO, FETAEAZK P,

ARV RARE, kK E 12000C-1700°C, FE4HTE, AL E. ATE

B R R AL

#

17
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BERFPAAT, aEZFFPENGHE LR, SHARSALHTAMR
A B 1-24 /)N

TP ik AARRA R LA B0 A RN EE R, Fh AR S, P2
A E VIR T R O RHy 4 SiCA0, & 5 & 44,

6. HRABEMAEK 4 A H &7k, BFIEET, AR S MR
el RN

HEEREREL K, —AER RRAHY, FETAEAZFT;

EEWRAEE, ik E 1200°C-1700°C, FE b1k, ALEWREK

A

ERTP AT, AASF PEANSR AR, HSHERASARALMITAMR
A B 1-24 )it

TP ik AARRA R LA B0 A RN EE R, Fh AR S, P2
B TLER ART R G W3 6y SiC.0, &4 4t

T SiC0. 5 Ay KA/ A G ENIH KREHI, ETHEW T,
f£ 600°C-1500°C #& &L 3¢ 2-24 /)\iF, BRIl L& R FRAMH QREL,H
4 SiC.A0, 2 2L 5 & #ts

7. BRAFERFZKE R 6B H & Tk, AFIEET, TESHAR
B T, A, T, T, TH. A, T HR—8ksda—
GEE R

8. WRBMAEZKDE X 6ATAEMF & T &k, HA4FIEE T, EIFPTEDH
AREER, FHRBRARLZE, MERNET AL OE: WHAERLSE
A AT O E P, RO F O AHOE. REOE. BM
OETHES—F,

9, — AP eLtE LR A B R N34 — P a9 Gt ey s R B S A
RARA .

10, — M EFELAERAZRKI LG AMA BELL,

18
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