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AERE (EE) L2, E, MERRAE (BF) 8 ERATO ZARTWINEHIEE JSPS
SMEFAR . 2010 FE 2016 &, FEImLT—FRABEMMRFIEH TIERRE, thE 7 T588F
Bt B XA E R RAVER ABAA ., thif1385 Paul Scherrer TRRFRAISTE, F EKEEER T
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IT 4R
A RIRENER

ARHFITLT EEZEBFBEMTUSSENGRATRS. FESHESEBERETRNSERR
MRFNERN BRMRRNAERARRRKR. BTEERRRENHERETHERE N BB
FIZIFDM, HHT MNERHHIXBEBSNPIRF[OER.

ZIREZFEBFEMEX TREITTENTERAER (REN) . TERSEARRITERAE
BT E AR RAE IR mA KB WA E,

FESE5ENENRNTEINDE: A KFHD: B) RFHRNFHNED. EEME: C) REM
RE; D) AMUERNE, FI%EM; E) RECA (BTFRIEHER) ; F) BSSFESES 7RI
a R

AT ESERXRENNZFIRE, B BAIEDb-science.netE FEHIKI LT (FAEX
D) BHE,

HE A

28 FEMNAEAGUNTE 1 fir. 8TEBBETEES TR HR,. — T ERRIHE
W, UR—THEXMTERSANEEFSE. EREXE, RKEH—MEERE. E8F%
RERRNSILRIRAN, NEBSHERE.

AREFRE AREEM B ENSERE (BEETH) Am, T8HFE (EAZHERT) S8
BOARIIFIAIMG S (FERLER THR) .
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1: R FHENEH

AARTE IR AL IEARE R R

BSBERRER (FHk) BSERRER (FHiE)

i RiiE

ZFL.BRAR
RIFELZFHE, SRADRANEBLIEZEARMERPRBESEBERER, UBLERASR
R BEEM R ZEEM LSRR, LERESET) , MRARRRIETHNEER
MR LABBR B FN Li- B iR Z BB FESE,

A RENaE

KEABSK, NERENRABE—ERBEENNRMY, BX:

fAEHRA 340-370 mAh/g ISHEFE (BEEZT, NMC/NCA IEEFRMHNETELH 200
mAh/g) .

B ARNBEAEAEEM, 0V vs. Liv/li,

AERMESECHER, THEABM BET SSA (1.5-3 m%/g) MREAZ (hEW
CVD) ,

AESREBHBEREAREN SEl (BSBBRAE) =E.

Li RN BEPNEEL 10% AR, ZBERINEHE.
ARSI AR HIEHEAEL201TH (HOneD Battery Sciencesffif0iAE: AZREMEM
B R 8.9 v/~ FT, BREMBT R 6.85 ZTHIMA)
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AEMIRICBTEMMRA 372 mAh/g, BELlt, IREH—FRESEERE, MUTNEFTHRRAE
SREENMHETEBNAE,

7B B ZS A B 7S BB AR B xS S AR 1R RS2 0

MEBEFEN (BFEENRENE) FESTNESEBEROADFRNBWAE N, TERER
¥ 5-10 FAHEERE (51,000 mAh/g BE) LIRIIAHMERN A, IR WRTARERRS 2
ERAMPERBIN EERXR) BXGERE. ERABERREMNTR, ERTRILARE,
AEABERS SiOx (X=1,5-12 RE%) —EMARNENAFNEZFEMRND . HTHRAR
RE, REABERBHPNEEAREZATIENAR (FASENHEAMZTTH. FIFEIR
&) .

= BE TR B AR R R A

THOEARRRMARFEIANEEEN, BEAABOEERIAATHNENRIE, BEEENN
AP RBEIGEFNIRA“REDIRER"NEARGE, 5 2020kIREELERIN/EROBOUIECE
e AJIAEF 2020 FH 2019 FHLRIRS ARG E 2 A RIS (E)HESE,

3: JREM - SiOx X = 1) (GRIIFE)

SiOx (X=1) SHHIEK ]\ - if/A;Z;izos &Si

M5

AR FHR
-584E8

5
- TZ%f% <1,400 °C, 10 Pa
-4 nm BEBBRT

FRfE T

i
SiOx (X = 1) .
n4sH —zo REHNESH a
< (BRiERE) ] . e

HERAHR (ATL)
[REEEPY 2B — SiOx Rl E

MGlInnovation
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SEESIOXHIEW (U453, AMBF LS8, BB T) MIKE (U453, tbIa MGEIF, AT,
EARBHNBLER) / RE (T MEHBEZIAINEE. TESSEERNRBEZMMNSE
(D453, FEAET) . AIMRIR, SEZSREXTZHEE, AEKE/RE L ZMABIR
(BEZ, FREEEERARK, RESPLKE/MEDLAEERAERE) . XMAENTZ
BAZRUFRSRTERNZREN, ELEZMRBRANAE, XAEZERNTELIZR
VSR, B M LERIE Si 4KE, £ SiO. EERomENS, BEM FAE, URBEEF
KEBRZAKFRITENESINSERYY D FRoaTRNENTEEE (B 4. 5) . &I, M
TEOS RIBG M SiOx UFHAANAFRXBRSIANITZiERE, AgERETHARENNRETEOCS
MERBENSMtERLE EXEHENRSTERN) .

ET 2% RIEl Mx T RR 5!

b-science.net & 7 —FERENNEEI HERHEEMNOELAEXY, HEE57T—1"8xhE

FESR, MARIRBIFERIELEH), ZAEFEBIEAUNTE. @dXMAiE, BEmRaMoE
TERTER FRIMARE LN ASINET,

& 2 JIHET 447 RPE (FEHFEESEANR) B 2017 FLSRAFNEWARXAREF RAER

=

==

&fa, Tk 2 REEFHEA, EMEREN 20 FEANBRBMIRTRNAEREREIETEE
B, SZHNHRAHEANRRNESKTELRS.

*x 3 gashth (FaEEREMNR) N¥ESHESEERBEXNENHRE, XEEZMNEEMT
AN A5 S S RELRE B THRER
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& 2: 2017 £ 1 BE 2017 FEEWAAXNERF RN AIRE IR/ SCAMEHE2021 £ 11
B 18 B (B—THREMRALK, TEEEEENR)
SSB: SESHFESER FRIMEXNEN HIF
RE: BN E/TRESEHRNE
BE: RS
RE: KFEHIRENAE] (EPRBERT, UHeRETER)

N EzxR 2017 2018 2019 2020 2021 (& 2018- BA&EFIRE
18.11) 2021
LG BEVRRRIRS R / BE 91 79 111 80 57 327 - GS Energy
LG 1% (SSB) - SJ Advanced
=) W= Materials

ER2H, LT B2017F AK445K N8 R RIS B UAAX IR EM RIREE,

TR BHE R P

ERFER, HRTNL——EFEER——ZAHBEIEESNEWEREN, HEEHRE
Bt AR,

1242 - HE
ELAYET

R (http://www.shanshantech.com) 2 ARFERE (NMC F1 LCO) AKX EBAZRFAYMH
N, EAMRESRESRaE, RAA S, /ER EEMEL

JRYSHIRES) . BIBEEBZEREMMNSIO, FEMIENSAENE SR,
B2 BARBEBRSEBRRNESN, XATERALETTEMHTNREZHBTESHE
i, MEMEX LR, XA —MEENT A, FI0 156 HXEAES Siox 'R,
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ARAMAH (RIREEREM) AIRTREHM

HA 3 E%EM SiOx (X = 0.9):

2 1) Li2SiOs,

£ 2R) B (10nm, FIEHFBEXREEH) ,
2 3) MgO (5 nm),
mzAARENamhsaREsts (BS8) .

Mzl BB AR A R

WISl Super P SExE (ZIHAAEMR) .
&% CMC/SBR,

BftasiidR?

2021 &£ 8 B, ©AZE®H 71 12.4{ZEThRIREITHI, FH 10 HI/FRAE AR EE =
BETT ROEAN E, FEI8hn 20 50/ ARSI == 8L

202170, FEEMKREMHRMELRE2.5RMASE,

EAZNERITEET 2020 FRIRENEM LEHRN, —M~RENeS6MiEs (SERERK
R) FMEE (BINE) EUEMA, BEHIX600 mAh/g, SHMTRIEIRIIE <3 m2/g BET SSA,
RHR T RS HORIN R AETR AJ e FEEFE A9 BET SSA, M milHE LEREE—1E
HWHEEEXRAASFETEMEEMNS., SELITREAKREMETBETEHH.

MABXBNRRRAER
A= @B K AR # BUFR -

AE 1 FEEHITHARESHASFENERTRALZ (EFEZHE) (RELHEMEH
—SREERENHE, BZIEEEATNENRBRENARK) .

HE 2: FRALIZHEH, RS SiOx FHEERE X = 0.9), AMERBINESAEE
BERHARE X, ARNMEIZHE.
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AE3: FRAR SRESFRESEMA (SIKESIOx) . RBACELEETGmAE RS T IR
EEMH, FERCELEBINELTRNDARTSIO-RESY (fill, BAFmIELE
TISEMEGABIEEIKIH BIRE ERARTAL)

B 23: AE-SiOx (X = 0.9) EEFEMMHNIHIETZ, REIZSRIEFEN (1242)

)+ Gormvwim)
|

HORRE

!

(wcos )+ ( sowssimER) )+ (towm GEEW) )

ERFEIPRER S TR (750 °C)

!

( A#L.soummNSOEE )

I
1) BAESERRRE (28R, 1,000°C, 7 O/N2 SFFRE)
2) MgOLESABMIRIRE (REMLE)

8% 32 LbSOu/B (10 nm, SIEEHERREEM) / - BHHE
[ MgO (5 nm) /B SiOx Bkl ] +( aeEm )+ [ (50% T EB%) J

|
1) BEES, LLSiovAB/AMHE
2) 42 (| 650 °C, HRST)

v

[ A2 siox FRZENESHHE, AR 3 /E LiSiOu/bk ]

(10 nm, FIEEFHERREER) /MgO (5nm) 7=

Zl-

EREARDMIBES BB R TSI TR0 3 2 SiOx (X = 0.9) AR (B 23) , HETNED
B9 MgO ERMUTERETZS A FEREMEANIE R THRIa@EI SEl, X522 Mih_EimRagre
miFE— (TEEMER) . MEFRASTRBESENAE5SIOMRIFhES B2 NE—
s,

EAETIRFEAR S SRR R EARENE, 11 T2 EEEEAETRT B r9EEbR
ESMRNEERZ.,
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I AT ERIE
AZREE ER=PFEBREEF:

FESMTIIRIREDIE Mg # Li AR SiOx (X = 1) A, 2L Z A geER TR EME T AS
S EEE/E EREM L,

SiOx (X =~ 1), AEMAHHFTNEN, REHITSRLE, MRSEFREY (FEFIEET
REINEFMN)

MXene-Si EEMHIERK .

EBRAZEGNE, FREARNERSZEFMEMN,

—RREFAEHIE

B 2018 UK, M7 132 MSEEFREMARBEXNIMEN XK. S%H8 GrEFRE
RIBRFTRTRRTE . 2021) FILREBEMMREIR (FEFREN&EHRAMIIE: 2019) BXEHIE,

EHAGTBG

A

o

=3%)

RBFEE AR RERIEHEER21, REEEFEFF): Si, SiO2, Mg (1 : 1: 0.1 &R

11) SE&FIN# (1,000-1,400 °C, 0.01-5 Pa), AIG7E 700-800 °C TimsEeFIEKEE (1,200 rpm,

h), REEREFFRAARESMA (900 °C, @SE5) VEMERKRE (X5 RE%) .

SIZMESLIOH (5FRE%) BE, ARFHTHRLE (600°C, @E55F) ., AREMHSD (200

B) MREBEAELAIMgINELEMR (BE1R5.2um) , ZMHNEIESERN 1,414 mAh/g,

A ORBIBER 91.3%, 50 REREHNEERITERN 98% (F8i) .

XIMTEREA, A27E SiOx (X = 1) EMMBPERERIRSEIRBRUENDTERTFTE,

AT, FAEBESLIOHRELEEH D EERANE,

23 R REMAREARMBRESITAE. ZIREM(2020, REEEFIERR

q:): SiOo.s (56 um EH1Z, 1 kg), Li2COs (476.8 g), FT1RER (5 g) /£ Ar FEIEERIPH T 750 °C T
, FAEBRIAER SO HILISIOx/iF . XEFAE 600 °C TH—TRESRAE/NS.

FRSMRIRIIE 1,430 mAh/g RIIERE. 89% KIENRTBIBEMN 88% B 500 BEAER

1R,

XINTAER] AR RIS BEM R R RS B 2 AR RIS,

& Ll
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23 HEfE: 2EEFENSIOXERME. SIEHEREREFBIER019): Si (PER
3 um) Ml SiO. (FAIERR 5um) (EERLE 1:1) EXRSEPIREE 1 um $2, IMATHSH
BRIHEESIIES. BE 550 °C, MEZE 4 ym, ALIEZE 1,050 °C, MRTEIFRELY
R 78%, RXRIAFEIIMOLSE (FIMNEML) SREBGHH,

B) KIFHKFMEN . EEMH

23 TR ME—SHE-AEESRMME. HIEHEMA21): R T ENESIOKF]
ABZ AN -FRER (NBRNSEEREE) , WMEMLSIOx (MEEE: 1,404
mAh/g, E—REIFRER: 84.2%, 5% : 3008) #HITTABEESEESRTSAELGS
(D50: 14 pm, B E: 355 mAh/g, E—RBEHBE: 93%) HAEMHE (50% %88
Bk, SiOx/ A%/ AMAELE: 1:10:04 RE) . ARKREMEREIPPHRLE (B5°C/
minFHEZE300°C, RIFFEE4NM, BA3°C / minFHEE6S50°C, RIFEEANN, HEEAS
T) . WE 24 FiiR, WERE Siox MASTHI 2 EMNERER, SELERNHE/ALEN
ER T RESIOMAZNEIRIELE, FHEtbATRIFNBEHREN. TMEIIRIZRESRIN
E, XA A LZRAHILMBIREE,
XM TEIRA T SERRPREESMEMELE, ERIREEMAEFE SioOvaREE MR
fb, BFEYEEEMEFIRERFORR, RSB ITEESIINE (B 24) .

24: SIOVAEESHMHN SEM B (£) M5 SioOvAZMKRESY (1242) HEREELeE
HBIREE

110.0%

100.0%

i 90.0% -

b

o T
K 500% —- )

60.0%

50.0%

0 10 20 30 40 50
IR

MXene-itE G AR F. SHEMXene-iEE G ARMFIEIEBM . MXene-tEE 5 R R BIH
B|HIEMMA2021): IGTUIRAY MXene TisCo RETHBAIKAIE (250 W, 30 7%) , AfF
DHERESEMAER (KR 1 BE%, BNTF TisCo A 30 MEX) HE—TiEBFELE
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(200 W, 30 %8h) . 484K Si (50 nm #i12) #BF (200 W, 2 h) 7BESE/K/ER (Z

HAREZRESMNE) (PDDA, HEXFRMEMN 1 FE%, BT Sikl 30 RE%) F. W
KESFRZFHEARINE MXene EIFRTF, AEHTEERLE (200 W, 2 /M) , XEHK
TEEFEARISIE, BEFRBOHRETIE (-80°C 3K) BUIKIEMXene-lEEEFEMMH., 7
AR, MERE 66% WEIXEIHRNE, EFBMFBEIF 100 RE, AESEM 1,407
mAh/g TE£ZI 928 mAh/g,
XM TR T — MRS M S L EBNAR TR, BHESHRATEASH—SNT
fE. BRINERAELRE SR, XRAGWINIE (TUEREMEEN) BXMTESENE
Z.

- EEFEMERARERESIRSEE019): EEMR (D50 = 3 pm, 300 nm L2, EF
WA SPKRERR (D50 = 200 nm WEEEL, fEMPH—SIRE) BE, AEEEMH
hE (BR1Em35°C) (FmELE350:25:150) , TEMERE TINHRES0°C, AFHESIX1,100°C
MBS T, AEMEZEDS0 = 85K, MIRMBEEN526mAh/g, MIIRKBNENR
86.5%,

XIMTERA, JEM4 R BB ROERE SRR B ERRI MR,

C) REHIRE
& 23 p9diE: ERARR ; || & AU B F F5th(2020, SREEEFE
) - —EMAERIRSMHEIT CVD KR, EE/ESS (RRREEXR 1:9) HiHRE 1,000
°C FEENRENZE 400 °C, FIfSEMM BRI BUHER 7 8.
RIMTER AR ETRMEEE (WRRBIAZRFT)

23 RN TE: REEMEEME R EHIFHA(2020): 38 Si/ SiO2 / Li:COs (EE/REE 5 : 3 :
1) FURETE Ar THIIRE 2,600 °C HEIERH, ABRMREGRE (10 nm, CVD, 900 °C,
2/ ZE8), F1 MgO ERYITTAR (5 nm, CVD, REME).

HF{E# 7 RER SEl BRI, XIMTER] RS E —RIBIFIRNE,

D) KFMERIE, IS
BEFIRBMAMREEME. EEFIRBMAAML. BB FRBMRERFTREHM
AREMMRANETHEQ021): EAZE (AEAEEFWNEIT @) BIWMRENMRE (LHI-
150, FIRESREMIFIEIMATIZIRE), AEABMEIREELE (ZR0709, FIgERB#AIER
fAFR) EPRHMETANL, FRSRIAMBIEMYRSERN 0.4 ppm. BEZMBSHEMEE (9 &

E%) BREHEREN (ZSJ-600, HNERAF) FLE, AFHKHE (1,200°C, 5 /)
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i) . FRISMEIIEIRBIFNER 91.5%, HMEBAERN 349 mAh/g,
XIULEIRBR 7 WS AR AR TR F RN ANEA SRR IR TER FRIPHNAESR
S|EMEM L

LR DM AES KL

RRRENEFESEICERRCNEFF (EPO) , b-science.net FIEIBRES K TKE LK 100
ZPENBHE 1980 FLRARIBIT220 5 NEF BRI, HEifsHERE S mith"—
18, SPEESEEEEXA CPC (B1EEFIDX) 5 IPC (EFEFIDE) K5 HOIM (B
MRt t) 38 HO1G (BEEE) . FEARIRESR, HART 2017 F1 H 1 HE 2021 £ 11 B
11 BzBEERBHNENRE (RENEANRERENLSHE) . £ EPO BIBEEFRBERNNE
FIREEADNBEIEN (IFE. HE. BEA) . —LHEANSRINFZFESFHELEN. BB
WHEXHEBEFEBANR (FEERERBRR) EXTHNHEES ML KRB, ERXERIBREF
Kk, FERBNN ML EE#TES. NAT 40 A9 ML BXMo8#EE (100: JEEME
*, 00 FEx) . IFLEHATR 2, FRE 35 3 45 ZEMNDH, HEDERTLIEFRIEME/
FREAME., ARSI, BEN/FESEREFRINBERN ML RESEEFRNARME (FEEE
BEMR) B ML RELEEEFEA, DURBISXATEBXNEN K. SiTPXEFEMAELA
GIR

ZFAE BT AT BT 2020 F4 2021 FRRMEMEKKZHIT 7IIE, SRIHI K 20 &
KRR FNARRBXEN, FIERXEZHREN ML 28 #=40 (STIRFE) . 1 TMLED
7 44 NEARFHNAERNTEX (REAYK, EEEER) . BUHIEKES 60 NEFIZRER
Fr)ARNAER, FERME ML 58 <40 (RTIRFE) .

RTFEH

BAVR D TR H AL X RHESREMNRSS, ERNFERERNNIRS KRB EIRI T,
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