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Abstract

Graphene-containing nanomaterials have become an important candidate material for electrode
materials of lithium ion batteries because of their unique physical properties. In this paper, the
latest achievements and applications of graphene and its nanocomposites in the anode materials
of lithium ion batteries in recent five years are reviewed, and the future progress of research and
development of graphene and their nanocomposites are also discussed.
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1. 5|

TR AARETE . ENRFM KSR, OB Z RTS8 77 i 5B sl i
b HTFARERGER S S IR TR R, DR R ) R T i SO S L] B T
T A SRR R Lt Y A R, BRI PERERS A B T I D R S RERE L. H AT i
MO R R B s B BRIREESE . A SRAPRHE Tl EAR R T N, HRE A WK
o BN SRR ILEIR2], BBCONBRAT R, GURBOR . BES S ELAN T BEA R S5 U AR ST 4 R
A BRI T T AN, AMTRTIERE, BATILESH, REFRAE 1B fif 812 1R A B PR
HR RS AL BB IS ;s i TR S0 )2 R AE A MUBRIE R AL J5 B 2, 7T DU 280 v 7 T e e v
R, B LTS B RE X R B, A3 2R R ORI PR REDL R [3], T A v B s 1 e M ) S A
kL

2 ARERESMREER TR GRS
21 HASHEEETRBARTHNEA

T 880 B T LR T (2630 mP/g) [4], 7S HLZE (300 k B £524 15,000 cm®V s ™) [5], i F#R
(Z R T4 3000 W-mK™) [6], A7 547 (FFE 1 LL 75 5 (744 mANG) J LT 40 8010 2 1%, Rkl B BeAE 4
BT HM SRR . BT, AR SR AR S T L R AR AN T B, A [TIRER T
Pl D R A B T Rt B A R, BREMESTE —RMAERG R, BAHSI A =G B2 AR 451
FOEMFLESE M, ZM R RS RIFM B 7S mE, M fLESWaTIRHEE 2 0GR, H s 71
AR AILIEE . /£ 0.5, 1, 2 F1 5 A/g B 7e JECHL AL R I3 1000 R 25 & 43 ) vl AR E 7E 500, 400,
350 F1 250 mAh/g A I, PEAB R HZIT 100%, Hizbbkil& T2, 5T Tl b4~ =& SDI #xX
SAL[8TARF A T LA B A S 2EL A 0 A S8 07 2 4 B SRR A s A S v, SRR B R I RS T AT
AE71 B HZS (744 mANQ) LA K RE R . bAh, S84 L 2 A T LA R b /s 67 R R 1 B P
e FL st i L IAL 574 e 0 AN ik 7 A B T

B2, BT Hth R 1) — AN B RBR R TE LB 21 LAY B A PR 7 Fi R 50 PR S 6 7] B S B i o %
MARReEARE. MUFRBERARGERBRT, BAREITEER, FREPEABCRE TR
WA BN MRE RS, 53R ME] RS G & R T E Re g A SR AR TR, 2
BRSO AR, B AR AL AR T . BRI AL, SR A E 70 I R H B TR A R
R, FEIRIRE R R[], Kk, Ba 800 BB S 1 H it SRR R AR
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22. BRABBEHRESRHARRHNR

LI 50N D1 [10] LA SR 46 iR 45 2 SR A RME 2 T SRR, B 9 25 SR 3R B 45 A B A 1 e 12
M EHA AT 25 s OV RO BB Z2 IR 9K RE 5 52 T 20 - 1 N/ 58 #9338 28 DA B 388 5 80 SR e i A
AR R[11]. Rk, BTN 53R DA 55 S5 0 A SR A EAT 15 Rt BB AR A B T SRR R R . BTN
GOE I BEVE AT TG SR R A SR 0 A B A N T O [12], 12 BT O ER A RS A SR
TRAMETE AR 8 1) LioCo MR HRESE R, [RIth, AR TR RE 0K [13]. T3 An A S84 45 A BRI 1 722
— R USR5 24 . Ma 25 [14] LASE — SR BT S 45 24 A SR 00 10 f P SR P e AT TR P R S P F
WA ER, AL T =R RIEIREE A B, BEIT TSP S R IR AR R, DL T
MUER R VR AR Ak, S5 R0, mibng 2454 i T 25 f v LUk B 1262 mAh/g, T SE6 4045 (1043
MAN/Q). XTI TAE ] LIS E - B it S AR ) v Al S gt A 1As R .

AN SE a6 45 RARAE B 1 BT A 4518 . Wu Z5[15] AR BB T 00 A 8803 15 A Fe i 441 R Y
e T R e B A B B B R UROR R FE B D 50 mAIg IITEIL T, B sRIE A KT 1040
mAh/g (RIS, BEERE, TP 7, HER A R T B A i 2 PR R AL S 1 KA T
TEHME. GnTE IR N 25 mAIg IIIEIL T, BB An BEMMsen 2m AR aEE, 70A
199 mAh/g f1 235 mAh/g. 54« F BIG B MER P 4ESE R . TP RIS &5 ForRa . S aF B/
R FOTRTEAE . BRI TR S UL R B 1 SR, 9 HLL R M R T 2R T AR S T A PR IR A
B R AR RO AR A, AT 1245 A DRI T8 8 A S8 A e B iRk . Li S5 [16]8F 78 3R B 4
B A SR AR R (0 E 25 B o 78 VRS R S PR G T B R RN, R B S 1 r A R,
B2 BTN 455 100 IRIEIRINT EL 25 452 mAh/g, T4 501 RAEHF 5 L 45 4 684 mAh/g, [FIN 5%
A SR AN A A SR AR P, B S AR e AT K b A . 1T Bk PR AR 0 3 B A
KT 845 0 IR TENG A I A2 oA 38 P 1 7 AR B8 2 [ 45 /B . SPRING POWER INT INC [1718F K T —
P RERES TR, A A M. BRCLRBEE TS AR A SIS AR AR R AR, %28 e K
I FE BRI FE 2 R R R . TERNTEL, DA SR R N AR, 28 100 IR IR 5 il
& 407 mAh/g [4 % 269 mAh/g, {RIFEFRAUN 66%; 1M AR 4440 8806 1 2 VE N bR, 1658 —aK
TEHA G B E BR8N 454 mAhlg, &5t 17 IRTERJG A B AR, RS 3 — 0 Rk 1
B, 7E 500 RAGFF G 5L %] 684 mAh/g. Zhan ZF[18]3H i fa] B AL BE 7 vk & LS A4 0 0 SR A, IR IR
BT HEIL I AR R . SRS STV, BRARG A m A E(ERREE N 100
mA/g 55 T 4 1690 mAh/g), L UF 1 AT EH (L 200 YRIGHE JE AT RECRAF 92.6% 1) R 25 &) R 5 (1) i %
PERE . B3I SBIE A0 5 1 FELAG A M R A TR T U 7 (9 2 S50 280 di i . RPN 5] N IE FLeT 25 B 1Y)
Ak, Shan S5 [19]LA—Fh i 50 5 VR IR K sl & A BlvRs 2 FLINCIR G M BRI BB 2 2 AL A S0,
RS EAN 1.50 wt%, B EN 15.11 wt%e, HBUR 7 EEIEM M RE R 2 RE . BIfEFE 800 mA/g )
L E TR, 4 400 YRGS LLE AR AEIS 3545 1109.8 mAh/g (s T A, EE AT T X5 245 T4
FLAEFE T4 3800 DL S 2 FLES R I R S A% i

PLEBRFRaE R B, RJE RGNS 7oA SRR, R E 2 G, I RET)
BRI, B F I RS AL T T 2 RS iE], B m el e

23. ARBEAMREERFREMARTHNA

FT A SRIE I GO BB A R i A A A, HETEBRA T AR YIIRES
R BARIE IR AF GG . Oy 1 IR SR AR BRI, A0 8806 R DR S s SR A g oKoh 1 ]
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, FERXEE SPGB AT S R AT DASR A 0 [ R 2 B A KO A e 3 HL B R AT
RAFREA ) S 45 W mT DASR e X SE UKL (1) H AR A PR S, AR AT DA ROt iy LE 4R KOk AE 2 78 B i A
HIARTRZ AR M A AN SR AR, RIS, A2 sl oK JBURE A B8 R WA R BRI 284 Fr AR E, T fRA5 e
MR G ER T, IFE— @R BRI T S S B T S AT RO R AP BE o Hh T HUARRT HE
T BRI A, AP RA R P I R A B A AR K. Ik, mT DA 28R
IR BRI S8 A 45 SO0, TS BLR A SOBUES SRR AN 3 ra P RE (0 A 820 2 A W B8 - Wit A
R

231 ER/ABKEEMH

YRGS BWEY, W Sn, Co, AlFIShZEnf LS #En ¥ R N B & 4. R, K2
BIA AT A BN EAIELERE, e AR K. BEA ez, AU REER &%, DLTEE
B AR NI R A P I g R A P I R R A FH 55

1E IV e T, Sn Xt EEME N B R, 2 BEAR S M R &1tz —, BT Sn i Li z[ak@id
LR R: 4.4LI° +Sn+ 4.4 o Lig,Sn, LA 4 LiglSn i B A B EE A E; HAEELEF, Sn
TR ARLIA 2] 259%, FHABRIAPEREE Z; Sn Flf SRR & LS BE R 3% 0% Sn FURAT RN AR R AR 4k,
NI 2 HAE PR M RE o fells, Wang 25 [20]38 ik 44 2 gh K 5 URL RN A SR AR 9K B () = gk g5 4, Horh S
YPORFURLAE BB ES ), Be R0 B A0 SR R Tk 21 B A AL A M R . SO0 B IE B 481 55 1 RN 85/ 4 28
IHAKE MR Z MR RN AT . R, = 4EgeR M PRI AT /R 8 5 1 vt . R R 2R AR
CERIERRRR g p

A S P LA ) e T N R R AR BT S AL R RE AT A TR R R R, (H S TR
RS AR TR LR VP 2 [ . Cao S5[21]42 H PA—ANHAT 40 4k 2 LS5 MR v] e A R PR K = 48 22 LA S d/ il
RER, AR R TGRSR B 5 1 r it UM Bl o 2 RAE 2 FLA SR IE RS TR, 7R R B 0.05
Alg T, %89 900 mAh/g, 1AFRZE )y 358 mAh/em®, 14k, FEHLTEE N 1 Alg i T4t 1300
AT A WG, HREEVSRIZEAE 163 mAhem®, X RRE T HAIMG 2 RN 90.5%. HLE T, %
JEAEZ LA SIS I L R, B R EE AR R LRI R R A
MEIR R E T

BN — P BTIS I S R, L3S EE 25 8 1600 mAh/g, 78 = 35 T 84 1 L 5 R 29 2 fE 11 104
B, B AR T B B R AR R R T SO EE I 400 %, DR, BEASRIEH TR sh R T, E
&, 4R FUSORL 2 BITE 70 5 R R BRI R i AR RS A B SR AR R S R % i LS
RS e E R . R, R A SRR AR SR YUK R AT BB R i G, N SR AR TG IR
IR AR RN, AR, A7 SR ANK T BB IS 5 G K B8 T it FEURG PR, 3940 oK 12 W FL 5 SR R PRk
FCEYERE, BA R R EIRR[22]

SRR S E KA RNAR Li-Al &4, BRI LA R AN 993 mAh/g), AIERNHEE
T FRAT R 23] B a4 8 EE A AR B T it SRR, RS S N FE R 2 5 TR A 7 T o
FERRA, HIBE R ZE . M AL SR [2410 K T — P T R A SR IR IR T A TURM R, i fk
PR A A S AR B LA 1:0.1~100 41k, 221k 600~1200 mAh/g. LAAT 880148 B & Sl AT kL %%
(ER B I S R I 800 mAh/g, T PERELT; T LAZEER Ny (oAb el i) 4% AR 25 - Fth, 23k
ANFBCRIEA PG, B EAERE, FEJLTHGE 0 mAhg, JESR M 1Mo LASif 8845 S Suilop R
HA B B, ERUESE A, AL 300 mAh/g BAEFRAEREZE . AN, A BEASE A Uk
MBI 2 S ANEIAE RE A OO = T 288 R AliA 805 SR RL, i B i T B B A i Sl R, 5

DOI: 10.12677/ms.2018.83022 191 PR R


https://doi.org/10.12677/ms.2018.83022

HLEER

T M.

232. EBENWY/ABRBEESMH

& A A A RS B e v T A B, RR AR RO R ) R R, R G SR AR Dy SR A R
FE 78 ORI RE 2 B R B AR R RORE « HE [) [ SR R 5 Pl R A 2 ) A, X e ™ i PR A T 4R AUk
YITER T IR N . B SR A S A SBEIERE &Y, LRSS Rk, i, aRk
&R AR NS R 2R, BRAS A SR A R IR, WA S AR e ss, Bk, &
&AM BIGE A AMRL R RG-S R A Pt Re, BA B i 2 AR E G A MR .

Co30, HIHI A E 44 890 mAh/g, NAEMFLG, & FERAERSIEESBEME, 6Kk
REEAFE R G ER, (FR AR R A BT, 2 LY AR, 2 SBEE &R
FLM B, AT S0 28 OB R B0 RS B 1t . Wu 25 [25 LA B 9 Kb T 5 1 BB IR T U S a6 kL, BN
T B B F Y e R R, L EBERORI T A R R IR AR L 2 RIS 3 R . R
W AL SR R R N A ] E A 30 1 B 8 KOk 1 (1) LA 2 8 PR R E = M RE T B S 1 r
b Fo Li SE[26] DU S IR 4 1) Cog0,@ A1 520 B G AR E 9/l B8 7 FEth SRR RE, FUAE K IR 25
WG FA 941 mAh/g BIFTi A&, 60 MEH SR A A 740 mAhlg, XTNT Co0,@F =GB &
MEHAIBERAA 88.3%, X JHF T3 8 Fr Al Co30, 4KKLF 2 [AIIAH ELAEH .

MngO4 BAGIREA L, FHo A =M B 1 e A A R I S AL B b BT LT R
HERY, AR RS T o5 DY A S B, =R BT 7\ TR A 25 B . MingO, A1 Li 22 IRLI I PR SR : 8L + MngO,
+8e <> 3Mn + 4Li,0. Wang %5 [27]#F 1 T LA BV UM R BETE B MngO, 534 SR F S8 07 A AL P VR A AR
FERR RS T HUIB AT R o MO, K BURLAEIE [ A7 S8 S EIE BRI AR, M2 MngO, 4K ki i
IHR R T R A SR X 7 A T . MIngO G KobE 138 J5 A B4 A AL ) R B HE W& 900 mAN/g (1) LE 2%
&, ML AEeAEE, BARIMMGRERMENREE, RRARER. MBA. HARIEEFH
b SRR () i3 e 41 .

Sun S5 [28] 9 A B T FLIH MnO SR RIS 7 I A7 B R s M AN 6 B 07 1 1] /1, 1 & MInO 442K &
AR S A BIAH A RMOESMEL Bl &1 MnO/A 84 U IE LI 4 200 mA/g R4 150
R/ FE LR R, AT A Ak 2014.1 mAh/g, R R AR EE I (78 3000 mA/g oA 625.8 mAh/g), UL
A8 B AT 75 3R 14 (843.3 mAh/g, BIf#7E HL i A 2000 mA/g 1L R, 4 400 AN R /FE B A I, BAMERR
A 0.01%M) 75 S5 %) » 45 T B, MO/ 58075 F B 1) 28 4 2 1 [ e A S B, ZE IR i 2R I R
TE RS A2 1A S 0 S PR 2 S8 AL BRI K IR I AR oK 45 4, T 77 A — A T iy AL 5 1 F vl B A A e
Zhang S5 [29]F 78 T HH— /N7 BRI 7 VA G B MO/ U5 25 A 38 05 T A A0 A B, MnO R kL 35 &) 4 e 7E
BB A BIGE L, TR — A B8 TR S SRS, X AR A 40K S MITE IR E 2 100
mA/g FEFF 90 W, R Bk 22 (R A7 A 25 B ik 772 mAh/g, DLRYE R LR S 5 Alg R, B 202
mMAh/g [R5 MERE . R MnO/&I5 44 A1 S0 T VR & 0 S A 8 1 FLV AR AT R IE A L 2 —

BETRIVE FegOy /2 HT I (1 RE 55 1 Hith SRR B () — A, 8 5, AR ok B % AL ML EE, FesO, + 8L
+8e — 3Fe0 + 4Li,0, HFL L&l 924 mAh/g, tb B4 AL A 5851 22 (372 mAh/g); H Ik, Fes0,
GO AL A S, BRI T PR 7o i e i A b & SR AR D URR IV FE 2 A 1) . HEAh, FeaOg IR i 2 Fi 7
e A LB R YE . SR, FesO, 7B 257 FEth SRR B FH Hp [ Bl JLAE B B8 4 N i i 72
HhO I SR AR AN B R AR A S AN RAG AL REATFEAS . A T e iR LR A, Y% FeOy 4K E A
BHFIGN K 45 M A 22 3RE  FAR A K] o Zhou 25 [30138 3 iR AL 34 J5 A S8 I 4K 1 2 [B] 1) Fe(OH); 5 B FesO,
Wi BIEAK . BEALARIGFHIFMEE ST ZEAMEERREE N 35 mA/g I 45t 30 4
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FEFR 5 7] 35 L 25 B W]k B 1026 mAh/g, 7E FLIfA 700 mA/g I 4eid 100 MEFRJE 1534 F 580 mAh/g, H A
O PG IR AS E MR S 5 R M B . A SRIB YUK FrIFes0, AR 2 iR tE AR R : 1) £ SR J5 490
K RAE “TVE2E” TR ALEE FegOq WKL, FLrT LA IE RS FIR T 1) FesOq AR TRAE, NI ALK FELA 1)
TER s 2) ASBIEAK N FegOq K 070 UM SR BEECR IR I AR, HAE I —A R I 00T H57),
DAPRAE T AR, R A 3) FesO, UKLy B A1 s 9ok i Ry b HL BT 2R 4 4) i B ) 58
YK A FesO, R I ALBR R G FI T B Fizk. HERE, 1EAME T FmA R, 585
[FesO, & MR M T M FRE M. Wang Z8[31WF 7T 138 J5 A K Bk & UK = 482 AR 1 FesOul Fi
BIGEEGMEL. 45BN A BG S BN 38.0%(E &)1 E &M ELE A T2E % & 650 mAh/g, 7£ 0.0~3.0V
HE FIEFE 100 G H B RIEK, EAMES FeO, HHELE B B EMmM A 1. EoMEh A
IEDUR I AU ENEAFAETEPEMRL, A T 5 B R 0T DACSGE 1Y) FesO, I LA 25 1 BB

Zhu S5 [32] 38 b 5 AH FEUTTE DA s 4 S 340 S 2 ) 46 00 R A SR 07 | A [Fe,03 E & AT RL, 1B NERES T
LI AR AL, 38 5 A SR 0 S IFe,03 B & W 78 B 25 &40 il 9 1693 mAh/g i 1227 mAh/g, T Fe,0;
0 76 i EL 28 540 S 1355 mAN/g FiT 982 mAh/g, B A WIEA RIFRITERERERfE R MR 3F LR R A
I B Fe 05 AP I L 25 i T 38 R A BRI S A A R Fe,05 9KRL T 1R EL 28 22 R0, o B3 A S0 4
TN FenOq Xt HL AR 25 11 B 112 5 77 AR R P b 1R 80 o

IR L], FT SnO, A &M BHE & 1 il AR R R 2 —, SRTT, 442K SnO,
A B S RIERN A] 3 TR AR 2o B B S b W TR R A B A A (IR M RE, BRAR
(G DLAE SnO, & s, DWRHAES SRR aittEm . SR, 1EIXLE SnO, FlIEH BB BH S &
MEL, BRI SnO, & &l # AT 25%. Zhang Z5[33]F & T —Fh SnO, 44K A A= K78 B 25 S0 F i )
M EME, RS GMEML S 600%(FH &) 5738 SnO, 40K &, W& 1) SnO, & ERE/EH 1
FEL I SRR R R R R BE . Yao 25 [34] AR AL Ak 2 A i 7 V1) 45 16 SnOo A SRIG 9K A4 kL, 9N
KE A PPRE S — a3 B I B AT B 5 A7 28 5 765 mAh/g, XA Tk & ARG =i 1.
Wang 535 T Fh 74 Bh /K #vA Kkl 48 41 820 SR I SnO, AKA%, Bl 5 LALGKIRIR 2 1R 78 TE RIS O
S5Ke. AE R T DA AN REYR S FH P (E Sk, TR 70 JZ 9K 45 M B AE A e 7 il 1419 mAh/g, =
TPAERE S R RIEBRIF 25 T4 E KSR B R 2N . Wang 25[3610F 7 T SnO./ 41 25 H A4k, Z &4
BHE N AR BHE 2 U0 R AR S M RN = PRI AR B I, A BA S BN 24%(EE)NESM A&
TP AL SR RE, 0N TR A MRE R N 67 mAlg T 78 R A AEEA 30 WG AT RS L s
840 MAh/g(86% 7 EARFFR), "E/E L E A 400 A1 1000 mA/g '~ 78 B LG R 50 VG Al {4 8F 75
=7 5128 590 F1 270 mAh/g. Wang Z5[37]#1] 4% T &I 44 1 82 05/1Sn0, — VR R G ML, 1E MR R 1 ith
MR RME R, MRR I KR & SR REAL T G R M o IR B B AT RE 0 10 57 1 Fi e 2
PERERRYR T8 IR I RR M . A R AR SRR TR I 2 450, BRARER 2 1 I L1 9 3 8
K, DL N AR A M AR FRAS (b (3 25 18] . Chen 25[38] P22 FLAT 88 S Bk I /E 0/ B8 7 HE L 1)
. 12 SBIR AR AR R R RE, QS AR, BRI E A2 a8 /). 75 600°C T,
TARARAG G U R A SR A B R Z TR Sn-C-O #E RIS Ja s [FIVE T, $ % T HAk B R RE

H T SR ARG, ALY MoO,) M FIFHL = . e M Al 35 6.50/em ), il 432 0E
JO7 FH PR AR B8 7 F i 57 AR R, 9K 458916 MoO, 4 REEAT R 25 &, SR, 618 2 KA A 45 4y (W1>50
)R 25 B (A1>500 mAN/g)ff] MoO, AR BE MR ki i . MR FE e Bi N IR S, 5T MoO, FiiK
MEHERCR 78 A B 20 R LR, HL8E JLR sl e B ER nT e I 28, HREEIRM™E., N TR
AWHEK K AR FIRER TR, HIEEILT MoO, k&5 Mt m & B AK 5 ay A kL 2 BEE I 75 B Ry
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J& . Sun &5 [39] 38 1 VA VRUAH Ab BRANIA R EH 0 A4 A SR A S A A RS B B H A5 Z MoOL/ i S 9K 451 o
MoO,/f1 5 44 K 52 E WINE B B T H i R R, AN LA e w00 25 et LA 00 e AR A A 1 i DL
RAF ke .

EACHI(CUO), BT HEIMIRAE R Mt WAL B, FTEAE &8 1 51 it 5ol
Mkl —, AR[RRE™ = U AR FI PRI 7S B Bk . A 51 B8 S, TRgkE &M
BHE RN SR B R T S BRI TGS, A SR Em T A o e VA 45 T A A B A R 57 1)
ML S, 6 RT CART b SO RHE AR B i N R e i 2 1 DA SR AR B SR Rl AR g i 3
FIFEVER o Li Z5[40] AR Ak I 9 R S5 R4 Bty vV RE A AR 85 7 LI () FELRROPE R, T Bk 5] N = 4 S04
28 NI U4 B E A I KT M o BRI S8 00 52 B MR A e A BT — AN IR 7, RIS
55 VR4 B 7 Bt B OB A R R 4 CuO M AECIR S5 AR L, CuO/ A BB J7 4K &2 & b R I 25 2 v L L
PG PE REAN S 2R MERE . 7E 65 mA/g IR E R, 43t 100 IRFe R JG, A AL/ 5897 B Al AT LA
R sE PR AL AT 3 A B4 600 mAh/g. £E i FLIT S 6400 mA/g R, AL B 9k B A ARG LS
HA R EA 150 mAh/g, AR TEAE R 1 IR B T LT A LR A & . AR RE 4R = mT LA
AT KGR = 4E ) S R

TiO, H T HAMMACHR . 2 515 31 LA KPR B AU 455 T OB BS T SRRV & i ikl 2 — . TiO,
TR R A T NSO B R TiO, + xLi* + xe” o Liy TiO,, EHREMHEER. i
AACER I R BRI N 335 mANW/g, S5 S BIREIR N EARIL . BT Lit B AR A s A2
DA S FH 348 5 P 5 P ) PR PR P R B A X 5, 992K THO, 1A S AR Rk 0 08 1IF B 5 2 v L v A 2
REo SR, TiOp ANKMURL AR AT K} 52 3] 78 /s B A A o R KO 45 SR AA 52 PH, B s T A
LR PG T B R — SR AR AR 5 L (~107" Scom ™) BRI, PR IE 76 = Sh Rt 5 T
IRLFT, T Z R T OE S (6 Tio A B IER A 9UKEAMEL, AR Tio 4Kk TR k. Li %[41]
T3 AN TiO, 9K BTN 0 HUE A7 BB R T, THO, 40KbE TE A SRR T AR . A K BB NS &
43 TiO, 4K S 7RI B84 R A DAL A B A 43 BUBLERE 9K KL (20 5 9K), R (<3 J2), HH
AR E R HA~229 mPlg, T HLAE A SO BRI H AR 5 (0 SR M B AR A ML R . 7EZ0 59 SCIARENAS
LA 5~94 mAh/g, IXRHUIR A TiO /A 82d A M EHIF £5(~41 mAh/g). Qiu ZE[42]1F 5T T TiO/
IR BB It R R RL, AR =Y SR B AT SR A R B LTS e, FReiR R
JETH T ARSI T  EEME =45 2 2 LM 2 IR s ZUHE BAE R80T &3 ik miE A,
ARG UL AR E RN PE RS . Cao Z5[43] A K T TiO iR JE A SIS EM IR S B MR %90k E
B EAHERT T TiO, 3 58 w8 B T RN HAT N I A r s A B v A &, B4 MEHE 5C(HH 4 T
1000mAh/g) ] i 7t FiL %6 N 28 100 (X AGP J5 4] 46 AN RT3 25 R ] 300 25 543 il v 386.4mAh/g 1 152.6mAh/g,
1M TiO, M43 552 69.5 F1 9.7 mAh/g. TiO/i& J5 A s i S A S & AR A S B A 27 PR e A TR T30 J5 A 58
WA SN, FER AT TiO, UKL /N RSE, T4 5 P AN 55 1 R0 B IR R 4, FRICR
FA - FELAR R PR ek TR, AT S BUE A MR B8 2 r s

Wang S5 [441Ed Y22, Bk IR T EUIRSR @A S @ TiO, e a4, 1E AN T
HIVB ) AR RL, A SR AN THO, 1T LAYE 78 F RSO AR i XU PRI K 41 4 . @ 305 @ ALK
SEMEME R TR E) 2, A MRIEETE % E v 100 mA/g T, 45l fR#F 1050 mAh/g(100 X
A JE) A1 182 mAh/g(250 IRFEING), om H s 2 A R IF IO Fa e M. Mai S5 [45 ik A AL &
Fi NiO/ 1 #4552 A AP BHE L B FEMLIK SRR RE, 35 N 8806 )5 B 2 35 2 NiO (MG H1 A% 8 PE AN £
HVERE: NIO/A S5 2 & HRAE 100 mA/g HREE R, £ 35 AMEH 5 H A 646.1 mAh/g A&, X
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T 86.3%M A BARFE R M I INE 400 mA/g A1 800 mA/g I, BT IR FEE 1125 &4 7 509
mAh/g 1 368.5 mAh/g. £ A\ A7 s AT LLAR 7> AR B FE it 2 8 0 Fi it ) SRS F LR AR AL, ANAMHE R
HLRLAE A PITIAR F NIO LA F 3 AL B FE S 45 R

233. BEEASEKEESVH

HE T s DRI (4200 mAh/g), A S R 5(372 mAh/g), FEELA 2 H 25 38 i es 1
I RE A R B N —RBOR I 1, g 2 S E S R B AR TR SR AR B T I
(1) 25 BRI 2 5 P B AR FR 1 PR b R AR AR A 5 B0 A - R AR AR 2 TR P AN R M, I ELREEVE N Bt
A SR I FH 52 3147 25 - 7E i N R I R b 51 RS 1) K AR R AR 4K (>3009%0) 5 BIURE 94 K B0RE 11 Jai] 274
R BRI 25 B PR SRR D R FLAIC 5 F A 9 B e 17 7 52 L [46] 0 DR T 5 IROK L8 i) 85, R ek R R S R e
EVERE, A R SRNE 75 BT LARRIRE A AR AR (R, (REF R e8P, R4t 7 Stk
Zhou Z5[A7138 I — AR AR T AN G JFAH 25 6 (1 77 15 BRI K e R oK SURLFE N A 580 s 5 e iR
KFRIAA L, VR B T Bt SO R R SR IE 9K B A AR B 5 B W PR PR R R AN A5 R k. Luo
S [48]3E I Hh A SR SE A 0 B R G ORI B ORI B, 5 R SREERURI AR P s, & e Bk
NS T R ) A R S R PRI R e MR ORI IR ORI . Fu 25 [49] LUR A7 AR KA1 #GE
T 6 B A S G OK G ARL, BEAUAE R, BARN 10 YOKEEGUREURL, $55) /0 A fE A 3B )k
i ETES— AN e R R NS . TR S A FONATE IS B 2 Alg P48 500 IR AR TBCRAIE I S
RIS TBOR A N 592 mAh/g, FEHLN 8 Alg IF, RIS AR RN 429 mAh/g, LR IIEIAPERE AT 2 e
JIPRE B AE A — P RGER . A A0S f i D 3 BB T Bt S RO R . Bai S [50]458 FH 2k TV 1)
e R R D M S A R IR 2 AL = 4 SR IE /KB IR 5 A 9K R (FE@SIOXIGH), Hih 2L =4 5
WIREA BN SioxX 2. & 71%(FE &) Si@SiOx I Si@SIOX/GH i tlAtBHE i3 % N 4 Alg K, %
N 1020 mAh/g, TEHVEE RN 0.1 Alg T4 140 IRIEHF G 7 fl 25 0 1640 mAh/g. R U5 AL 2= g
ATARE T A SR B ) 2 L JFFLI = 4E 45k, BT — DKM PSR, TR0 RE G K BURL ) &
FRAAR AL o LU 2R T AR () 22 L = 4 45 ) o VPR B8 7 DROH T ORI L T 2% 2 iGlB 03

N T B R O OB R AR E M A ) B, Hassan ZE[S1]HEH 1 I FE Hh At e R 5 # G B RV BEAK K
A5, R EER AN AE AR 515 2200 S @ RO R I G, AR BERR B I AR S5 4 o X N oK &5 44 Ak [
TRER R, TEHRMEE N2 Ag T, il 2275 ANMEPRE 5 7T 18 25 &5 A8k #1] 1000 mAh/g. BEAt,
YR LG R BT PR FE AR P AR ) B T AR, AN ELH 99.9 %6 1415 P IR A R RE Bl s 1 A e
Zhang %5 [52] il — o B4 1 JORG B 8 R S AT SRR IRE I A Tl . AR CIO R 5k 4
A S84 2 2 TR AR AR KORLTE (1 R Y ) J rh S 5 O B VR o 0l SR SR A SR SR A
v, BRI PR R AR AR A S T E R TR . DL 66.7% IR B B 134 R A A SR A
BETMBAEEER N 0.2 A/lg F, &4 1931 mAh/g, 1E 50 IRIEH G R M4 22 & 1) 92%.

TSR T — Pk A b, RS T it S L R P, RERREE R A MR SRR
AR e A vERE: MRS B A AR TR I S B DRGSR B U i e S 2 A A RHE 1)
AL I e sk s 25 B v I VR LT, A o SRR [SATRIF R T — P B T F it il R 2 & SUbds Bl
NWIRE AR50, R A GURRERORL Y ik T 25 O A BR300 P 2 2 BRI I 45480, b e AR SR K
R P AE U RE L 2 A SR : 5 ER I BEOL 57 (300 VRO 28 S R RE R AE 90% LA b)) B YRR 1 (>90%),
UEAMERE &AM R LU RE B RSB P, BRI AC = D) 3R % PR B RV I 75 SR o AT R A 55 [B5] 8
T R SR R A URATRL, SEUEHRM L, Z AR R R R, IR R, 78 200 mA/g
HLIR N AT TER 70 B R, 30 KA J5 1) AT 25 TG 7E 1502 mAh/g, 25 & PR FF3 A 98% . FEE
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VAL K222 [S6]HT T 1 AN RSE /N 1 ORI A siAd A0 B R K JURE F) i 38 0 it b AR, £
2 VIFEHUEAT 1 Ag 1 HIIR S B T 22 20 IRIEIA G PE B RCR 0N 99%, AT BAT A i i3 e e PEAn
PRSI

234 €ERE/ABRBEEMH

& R — P TE A S T H b ST RL . BRER 4K . MnCOs3. CayGe;046 55— 284 J& £k CUE N ik
el BAERELAE, (2l TR ez, 75 RICE R0 SEng o Fgh 47 oobk e il bk i) .
Wang %5 [57 38 ] 5 7K #ak G ie— MR IR SR 00 BB R B/ A1 SR IR 9K A A RE, I VR B 1 Mt
bl . AL 22 RS R W], A MBI L 25 S AE L% N 0.2 C N4 85 G JE 5T 1015.9 mAh/g,
TEHLN 1.0 C MBI N4 100 IRIEIF 5 Z S HURFF N 683.5 mAhg. [k, ZEAMEE LA RGN
HPERE . D0 R AR A A R T A 00 5 B A BRI R K P 468, X AT AN 2 7 FEA A P A
Ji 2 (AR RS AR, i HLARAE T RS IR LAV E B TR A A M B T R AP A = .
Ah, FBIEACK R BONIREm E A MR S . Bk, MnCOy/f1 SRyK B &R A B R /1
BT E I AR Li ZE[S81WF AL T LA S0 B P L L Ca,Ger 006 WK ERTE L — 4k Z 4K &
MIRIAKE EREL . BT & i Ca,Ge,O16 4K 2/ A 820 Fr 4K & A R I HH & L 8 & (£ 100 mAJg 1) HL
LA BE TN 2950 mAh/g) . R AT BRI S R A% 2 B 71 (1E 320 mA/g | LI 2 FE T 2924 400 mAh/g) .
XL T A R BE, — 7, A SR 7 R R SRR B 4, DAY BRI 3 Ca,Ger046 400K
25, NI R IR 2 T IR N I 0 A B R AR A RN oK SR [ SR 465 59— 77T, Ca,Ge;046 4
KERAUA 58I A ke e P AR F A RT3 K L 3R T AR SR A S 68 A7 51 LA S0V B 20 0t 499 K Sk
TR 2 B 2 () DA% b 30 B R 7 P R A IR R AR fb . XL T = e R A A B RIF S, JfF
T I 7™ B R RO 1 1 P A PR R ) 3 (1 R o FHRE RS SR [BOTRIF AT T — ot FH T4 5 7 FL I 7 B A )
MBRIR R A SBIEE G RL, LU E S IE L, A TR 7 it S e B R B (1 R R T 5%

235 ABRBESTTFEEMH

FA A SBIEVE A B IE AT AR YA B RTIKAA, ] 5 A TRE e S BAEAN AR AR (U
nen VEF . B AR P ) T OB 0 0 R R o 2L 20 76 2 DR R 10 2 IO 00 LA B e AT 1 S T AH LR
Refig v EAMEMERE, HARAKMATI LA B, BT BCE R MR K E A fa e, "k
AR S R SO R . Wang S5 [60 138 i 1 55 6 ) R T I AR I R A SR 0 00 S S ), b
PERE SR AL RSP 2 18], A0 SR 2 Ae s PR (it o S vt R DAGE JBURE 2 1) R e, IR idt B8 P9
BORIAL 5. 1% A AR R KR &, 75 20 mA/g (RS R, il %4 &N 302 mAh/g, 7E 100 mA/g
FEE R, Az RN 231 mAh/g, £l 200 MEH, HA ARIEE L F4ERRE 99%LL I, #F—
ARSI FOE AR B A R 3 . Guo SF[61] LA —Fh T LI A B PTMA A S8 A4 K, Jodprig
FBIGVEN TP PN R, EAMBERRSE N 1 C A& miA 222 mAh/g, I+ H B 7E B
W JEN 100 C NREZ ] 20,000 /N EBHLL EREKIER G, ST HAL R AR, EH 4w, PTMA/
S0 2 G MR B AE N AE H AL S e B AE I % . Mukkabla £ [62]BF 7T T 3R (3,4- £ ¥ A
Wy )(PEDOT) £ % Bi,Syf A1 5 M H AL ¥ (GO) & M B R Z, & R AE 8L & 7 s b i AR b4 K o
Bi,Ss/GO/PEDOT A MR e sl F- iith 5 8L IR AE 5 Wl , WL A &8 1300 mAh/g, &4k
BRI RITERR RS E PEANTE AP i s e itk Be . A SR S IR iy B e B, (S /ORI AR P R T
WR SR, 15T K Bi,Ss B TR iE J13F HIEK N 7 53 M ft . PEDOT W] B L7214 24 11 18] AR
WEMEIR S, BT Bi,Sy/GO/PEDOT & & W if FIEHM e g PEI . FRARZEZE[63]0F K | — P Es 1
i S A UM R, TEVRAC B M PIRER A A R 34- L _EEm A BIENEEME, FIHS
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HREYIR 3,4-24% W ) S e 50 SR 007 UL R4S S R B a5 ikl H3 5 E
TG A MR EER T, AT DUA R B DO R A RS E PR A R e R . RS R AR T
SR RENS U R SR F AL A MR RE TV D B 28 7 e b e A R T B BB B o AR fRT 8, (HAER
WA, PONERZ DIRENEIE AT LAY & 2466 A A KR &5 F B4 1 it

2.3.6. HitARBE SR

JEARGEH ) MoS,( - BRALEH) (B8 25 B 134 5] 1000 mAh/g LL_E[64]. MoS, BB 5T i s R 25 8 LA
FAEHREE, SRR BB Sehr TAE SRS, BT MoS, FIRAR K 2 it B2 B2k, 50 FL b Fr) B4R 1
At AT IEEE R TR MEERE B, 4 MoS, 5t B2 & T RESGE, Hh 5 A BI6 Y RS & 7tk
MEE, HIEHREE A RIRESRTE, a1 Chang Z5[65]4 IR MoS,/ 0 S IG E &1, % E AMIE NS
T HL I TR AT R SRS MR S ) AL R, 7E 100 mA/g IR EE R, Mo:C BE/REL R 1:2
G A B AEIA F] 1100 mAh/g, FEA TR BITE M Fe e PEA m (2 1tk e, AL S ik 2 PR RE R
IETHF K E AW RS R 5 )2 AL SRR S8 0% 2 (B A B[R 208 . Cao Z6[66] A—AMET # CVD ik
G R IR IR AT I SR W 5K, LI SR A R, AR D BRAAE A DO R T L
AL T IEVURR I MoS, Z IR R UF Bzl . BiACAE A S0 — 42 & 7 FH AR 4 B 1 vt 1) SAlebt L
SR A S AL TR R, AR HLEE N 100 LA 500 mA/g K, 4 50 IRIEIR G, B AT i 2
539128 877 mAh/g #1665 mAh/g, WosH RUFMIEAIERE. ok, ZBAGEE A =G =45 5 RHE R
LS B E R R R AR, WITE 4 AVg mFEIREE T, 10 TG S5 R 466 mAh/g 45 &

WRANKAE « BT SRS R R E T4 B 7 r R, TR A 380 S I S i R 52 6, R Fr SR 0y
PRI 2450, Be G MR ) S PR RE AN L T Be /), SR LT Z (0K F] . Fan S8 [67]i8 T 7EALIR
SRV LA CVD J5 20K — YERR G K 27 4 A KA A0 880 P 2 = BT A k), JLR BRAR AT 4E B 1
2, NEE TR T2 EMOGEF SN HRERERNE, ZAREARTEE TV, S 4EHE
KR B IE A I R R AR . DRI, BRGOR AR 4 SR R A M R EOR B m T 4R 667
mMAh/g). fEFMEREFITE I FR e, XM Taia M. RIRAEFRGIKE . Dufficy S5[68]H % & A #4
E R A BB IR KT G E & bk, Hop, 5% (ER)ARBEMMNRES R, SHYSKE4ML
B, AEHIRE BEN CI24(15.6 mAWQ) T, BB —IEM A Bt 7 150%, fEHREREA2C T, HE
P T 400%. AEFRTHAE TSR E 0 A B . ZRGE A SEBRANK AT YT S TE R
MERN2C T, 2200 MG EEAS I EE R
3. &g

LR G SR 03 AP VARSI o € SR RN sk B e 8K B R (B e Sk .1 R B £ 322 9 17 e
ML AR ANE BE EL 5 BRAS R OGBEROAR [/ B, g an B R e Ak, bk
FEFA AP BE AT BR K — E870o  IEAETF IR EA R 7 LAR AR 2dih, I BRASBIRECR,
B THES B T B R I HED o 0 T A0 S8 A AR SO R (K B AT RE T T I O Bk, B
PR, WA SIG AR BT A (0 SO R BAT LU R 58, 9K T (99 KRR i oK £6) vl RE R
IR SRR I RE P B s 55, A SR AR BT LEAORIURL (KR AR 20) AE BRI M ST 1] ) R4 2 =,
A 2R A VKT 1 0 ) T R T AR et ) EL

e, A SR L2 BE NS SR VR IR I RE P (0 SR A RHARRAZ AL, Wi BEAR FE AR A RBR - S 034
RBANTERE . I, TR EMBRIGURM R A S80% BB ARE Q22 SEBL 1 AR 10 1 i i SR A R o B2
FFRAE T BRIy EEMEHINERIE B SR AN . ERTRNAAIF-B R, B RTR
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TR TE O B PERERURE R . AR, SRR A A R T EAT S B A E B R E S
FORHARRAT L, T — 0 5 i B 7 A i Ve R . 2) R 8 S8 2 G ADRER I VF 2 J0URe IR B 1)
P, A7 SIEAMAERI R Z R IR, RS SEIRZIBAR & 0 SBA R SR R PE AL B 5 BN THIE Z AT
KF o BYANAMEI R RO LA S K JoRE RS AR A A7 I e [ OAH SR, X S kb L adkk&
JRATSERRN SRR T o 4) A SR AR RIUBE A o IR A DL R A P AR A S 0 35 A s bl B2 5 R 182
MZEREE. CVDIERM TSR DARKEARN . B —iocE = &0 S0 A L. T
TEBRAE 2 . Ao B R RN B SR R AR AR B ATV, T s RN 5 T LB IR T AT, il
R vy it SR S A FROAS Rt IR 7 A 7 BT A IR S BR 2R T

SE3CH

[1] Nishi, Y. (2011) Lithium ion Secondary Batteries; Past 10 Years and the Future. Journal of Power Sources, 100,
101-106. https://doi.org/10.1016/S0378-7753(01)00887-4

[2] Geim, A.K. (2009) Graphene: Status and Prospects. Science, 324, 1530-1534. https://doi.org/10.1126/science.1158877

[31 Wu, Z.S., Zhou, G.M,, Yin, L.C., Ren, W.C., Li, F. and Cheng, H.M. (2012) Graphene/Metal Oxide Composite Elec-
trode Materials for Energy Storage. Nano Energy, 1, 107-131. https://doi.org/10.1016/j.nanoen.2011.11.001

[4] Chae, H.K., Siberio-Perez, D.Y., Kim, J., et al. (2004) A Route to High Surface Area, Porosity and Inclusion of Large
Molecules in Crystal. Nature, 427, 523-527. https://doi.org/10.1038/nature02311

[5] Bolotin, K.1., Sikes, K.J., Jiang, Z., et al. (2008) Ultrahigh Electron Mobility in Suspended Graphene. Solid State
Communications, 146, 351-355. https://doi.org/10.1016/j.ssc.2008.02.024

[6] Balandin, A.A., Ghosh, S., et al. (2008) Superior Thermal Conductivity of Single-Layer Graphene. Nano Letters, 8,
902-907. https://doi.org/10.1021/n10731872

[71 &g, WREeak, U6, =%, oy, B, PR, BT Mol A0 8 1 dith S ke R i 4 07 v
Ft A [P]. HEEFI, CN102623685[A], 2012-08-01.
[8] SAMSUNG SDI CO LTD. (2012) Galvanized Element [P]. US Patent No 2012251881A1.

[9] Wang, G.X., Shen, X.P., Yao, J. and Park, J. (2009) Graphene Nanosheets for Enhanced Lithium Storage in Lithium
lon Batteries. Carbon, 47, 2049-2053. https://doi.org/10.1016/j.carbon.2009.03.053

[10] Weydanz, W.J., Way, B.M., Vanbuuren, T. and Dahn, J.R. (1994) Behavior of Nitrogen-Substituted Carbon (Nzcl-Z)
in Li/li(nzcl1-Z)6 Cells. Journal of the Electrochemical Society, 141, 900.

[11] Zhang, D.Y., Zhang, G.Y., Liu, S., Wang, E.G., Wang, Q., Li, H. and Huang, X.J. (2001) Lithium Storage in Polyme-
rized Carbon Nitride Nanobells. Applied Physics Letters, 79, 3500-3502.

Wu, Y.P., Jiang, C.Y., Wan, C.R., Fang, S.B. and Jiang, Y.Y. (2015) Nitrogen-Containing Polymeric Carbon as Anode
Material for Lithium lon Secondary Battery. Journal of Applied Polymer Science, 77, 1735-1741.

[12] Ferre-Vilaplana, A. (2008) Storage of Hydrogen Adsorbed on Alkali Metal Doped Single-Layer All-Carbon Materials.
The Journal of Physical Chemistry C, 112, 3998-4004. https://doi.org/10.1021/jp0768874

[13] Fan, X.F., Zheng, W.T. and Kuo, J.L. (2012) Adsorption and Diffusion of Li on Pristine and Defective Graphene. ACS
Applied Materials & Interfaces, 4, 2432-2438.

[14] Ma, C., Shao, X. and Cao, D. (2012) Nitrogen-Doped Graphene Nanosheets as Anode Materials for Lithium lon Batte-
ries: A First-Principles Study. Journal of Materials Chemistry, 18, 8911-8915. https://doi.org/10.1039/c2jm00166g

[15] Wu, Z.-S., Ren, W. and Xu, L. (2011) Doped Graphene Sheets as Anode Materials with Superhigh Rate and Large
Capacity for Lithium lon Batteries. ACS Nano, 7, 5463-5471. https://doi.org/10.1021/nn2006249

[16] Li, X., Geng, D. and Zhang, Y. (2011) Superior Cycle Stability of Nitrogen-Doped Graphene Nanosheets as Anodes
for Lithium lon Batteries. Electrochemistry Communications, 8, 822-825. https://doi.org/10.1016/j.elecom.2011.05.012

[17] Sun, X., Li, X., Geng, D. and Yang, Q. (2012) Secondary Lithium Batteries Having Novel Anodes. US Patent No
2012177995 Al.

[18] Zhan, Y., Zhang, B. and Cao, L. (2015) lodine Doped Graphene as Anode Material for Lithium lon Battery. Carbon,
94, 1-8. https://doi.org/10.1016/j.carbon.2015.06.039

[19] Shan, H., Li, X. and Cui, Y. (2016) Sulfur/Nitrogen Dual-Doped Porous Graphene Aerogels Enhancing Anode Per-

DOI: 10.12677/ms.2018.83022 198 PR R


https://doi.org/10.12677/ms.2018.83022
https://doi.org/10.1016/S0378-7753(01)00887-4
https://doi.org/10.1126/science.1158877
https://doi.org/10.1016/j.nanoen.2011.11.001
https://doi.org/10.1038/nature02311
https://doi.org/10.1016/j.ssc.2008.02.024
https://doi.org/10.1021/nl0731872
https://doi.org/10.1016/j.carbon.2009.03.053
https://doi.org/10.1021/jp0768874
https://doi.org/10.1039/c2jm00166g
https://doi.org/10.1021/nn2006249
https://doi.org/10.1016/j.elecom.2011.05.012
https://doi.org/10.1016/j.carbon.2015.06.039

HLEER

[20]

[21]

[22]
[23]

[24]

[25]

[26]
[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]
[37]

[38]

[39]

[40]

formance of Lithium lon Batteries. Electrochimica Acta, 205, 188-197. https://doi.org/10.1016/j.electacta.2016.04.105

Wang, G., Wang, B. and Wang, X. (2009) Sn/Graphene Nanocomposite with 3D Architecture for Enhanced Reversible
Lithium Storage in Lithium lon Batteries. Journal of Materials Chemistry, 44, 8378-8384.
https://doi.org/10.1039/b914650d

Cao, H., Zhou, X. and Deng, W. (2016) A Compressible and Hierarchical Porous Graphene/Co Composite Aerogel for
Lithium-lon Batteries with High Gravimetric/\Volumetric Capacity. Journal of Materials Chemistry A, 16, 6021-6028.
https://doi.org/10.1039/C6TA00064A

BRKZE. — A SRR GG A K UL & A # R & 715 [P]. B &F), CN104979533A, 2015-10-14.

Homan, Y., Brousse, T., Jousse, F., et al. (2001) Aluminum Negative Electrode in Lithium lon Batteries. Journal of
Power Sources, 97-98, 185-187. https://doi.org/10.1016/S0378-7753(01)00616-4

AL, WAE, BT E, B BE FEMNA EG/EE S SO R & % 7P R E LR,
CN101937994 A, 2011-01-05.
Wu, Z.-S., Ren, W. and Wen, L. (2010) Graphene Anchored with Co3O4 Nanoparticles as Anode of Lithium lon Batte-

ries with Enhanced Reversible Capacity and Cyclic Performance. ACS Nano, 6, 3187-3194.
https://doi.org/10.1021/nn100740x

Li, B., Cao, H. and Shao, J. (2011) Co;0,@graphene Composites as Anode Materials for High-Performance Lithium
lon Batteries. Inorganic Chemistry, 5, 1628-1632. https://doi.org/10.1021/ic1023086

Wang, H., Cui, L.-F. and Yang, Y. (2011) Mn;O,-Graphene Hybrid as a High-Capacity Anode Material for Lithium
lon Batteries. Journal of the American Chemical Society, 40, 13978-13980.

Sun, Y., Hu, X. and Luo, W. (2013) Reconstruction of Conformal Nanoscale MnO on Graphene as a High-Capacity
and Long-Life Anode Material for Lithium lon Batteries. Advanced Functional Materials, 19, 2436-2444.
https://doi.org/10.1002/adfm.201202623

Zhang, K., Han, P. and Gu, L. (2012) Synthesis of Nitrogen-Doped MnO/Graphene Nanosheets Hybrid Material for
Lithium lon Batteries. ACS Applied Materials & Interfaces, 2, 658-664. https://doi.org/10.1021/am201173z

Zhou, G., Wang, D.-W. and Li, F. (2010) Graphene-Wrapped Fe;0, Anode Material with Improved Reversible Capac-
ity and Cyclic Stability for Lithium lon Batteries. Chemistry of Materials, 18, 5306-5313.
https://doi.org/10.1021/cm101532x

Wang, J.-Z., Zhong, C. and Wexler, D. (2011) Graphene-Encapsulated Fe;O, Nanoparticles with 3D Laminated Struc-
ture as Superior Anode in Lithium lon Batteries. Chemistry: A European Journal, 2, 661-667.
https://doi.org/10.1002/chem.201001348

Zhu, XJ., Zhu, Y.W., Murali, S., Stollers, M.D. and Ruoff, R.S. (2011) Nanostructured Reduced Graphene
Oxide/Fe,O3; Composite as a High-Performance Anode Material for Lithium lon Batteries. ACS Nano, 4, 3333-3338.
https://doi.org/10.1021/nn200493r

Zhang, L.S., Jiang, L.Y., Yan, H.J., Wang, W.D., Wang, W., Song, W.G., Guo, Y.G. and Wan, L.J. (2010) Mono Dis-
persed SnO, Nanoparticles on Both Sides of Single Layer Graphene Sheets as Anode Materials in Li-lon Batteries.
Journal of Materials Chemistry, 26, 5462-5467. https://doi.org/10.1039/c0jm00672f

Yao, J., Shen, X. and Wang, B. (2014) In Situ Chemical Synthesis of SnO,-Graphene Nanocomposite as Anode Mate-
rials for Lithium-lon Batteries. Electrochemistry Communications, 10, 1849-1852.

Wang, D., Yang, J. and Li, X. (2013) Layer by Layer Assembly of Sandwiched Graphene/SnO2 Nanorod/Carbon Na-
nostructures with Ultrahigh Lithium lon Storage Properties. Energy & Environmental Science, 10, 2900-2906.
https://doi.org/10.1039/c3ee40829a

Wang, X., Zhou, X. and Yao, K. (2011) A SnO,/Graphene Composite as a High Stability Electrode for Lithium lon
Batteries. Carbon, 1, 133-139. https://doi.org/10.1016/j.carbon.2010.08.052

Wang, X., Cao, X. and Bourgeois, L. (2012) N-Doped Graphene-SnO, Sandwich Paper for High-Performance Li-
thium-lon Batteries. Advanced Functional Materials, 13, 2682-2690. https://doi.org/10.1002/adfm.201103110

Chen, Z., Li, H. and Tian, R. (2016) Three Dimensional Graphene Aerogels as Binder-Less, Freestanding, Elastic and
High-Performance Electrodes for Lithium-lon Batteries. Scientific Reports, 6, Article No. 27365.
https://doi.org/10.1038/srep27365

Sun, Y., Hu, X. and Luo, W. (2011) Self-Assembled Hierarchical MoO,/Graphene Nanoarchitectures and Their Ap-
plication as a High-Performance Anode Material for Lithium-lon Batteries. ACS Nano, 9, 7100-7107.
https://doi.org/10.1021/nn201802¢

Wang, B., Wu, X.-L. and Shu, C.-Y. (2010) Synthesis of CuO/Graphene Nanocomposite as a High-Performance
Anode Material for Lithium-lon Batteries. Journal of Materials Chemistry, 47, 10661-10664.
https://doi.org/10.1039/c0jm01941k

DOI: 10.12677/ms.2018.83022 199 PR R


https://doi.org/10.12677/ms.2018.83022
https://doi.org/10.1016/j.electacta.2016.04.105
https://doi.org/10.1039/b914650d
https://doi.org/10.1039/C6TA00064A
https://doi.org/10.1016/S0378-7753(01)00616-4
https://doi.org/10.1021/nn100740x
https://doi.org/10.1021/ic1023086
https://doi.org/10.1002/adfm.201202623
https://doi.org/10.1021/am201173z
https://doi.org/10.1021/cm101532x
https://doi.org/10.1002/chem.201001348
https://doi.org/10.1021/nn200493r
https://doi.org/10.1039/c0jm00672f
https://doi.org/10.1039/c3ee40829a
https://doi.org/10.1016/j.carbon.2010.08.052
https://doi.org/10.1002/adfm.201103110
https://doi.org/10.1038/srep27365
https://doi.org/10.1021/nn201802c
https://doi.org/10.1039/c0jm01941k

HLEER

[41]

[42]

[43]

[44]

[45]
[46]

[47]

(48]
[49]
[50]
[51]
[52]
[53]
[54]
[55]
[56]
[57]

[58]

[59]
[60]

[61]

[62]

Li, W., Wang, F., Feng, S., Wang, J., Sun, Z., Li, B., Li, Y., Yang, J., Elzatahry, A.A., Xia, Y. and Zhao, D. (2013)
Sol-Gel Design Strategy for Ultradispersed TiO, Nanoparticles on Graphene for High-Performance Lithium lon Batte-
ries. Journal of the American Chemical Society, 49, 18300-18303. https://doi.org/10.1021/ja4100723

Qiu, B., Xing, M. and Zhang, J. (2014) Mesoporous TiO, Nanocrystals Grown in Situ on Graphene Aerogels for High
Photocatalysis and Lithium-lon Batteries. Journal of the American Chemical Society, 16, 5852-5855.
https://doi.org/10.1021/ja500873u

Cao, H., Li, B., Zhang, J., Lian, F., Kong, X. and Qu, M. (2012) Synthesis and Superior Anode Performance of TiO,@
Reduced Graphene Oxide Nanocomposites for Lithium lon Batteries. Journal of Materials Chemistry, 19, 9759-9766.
https://doi.org/10.1039/c2jm00007e

Wang, X., Fan, L. and Gong, D. (2016) Core-Shell Ge@Graphene@TiO, Nanofibers as a High-Capacity and
Cycle-Stable Anode for Lithium and Sodium lon Battery. Advanced Functional Materials, 7, 1104-1111.
https://doi.org/10.1002/adfm.201504589

Mai, Y.J., Shi, S.J. and Zhang, D. (2012) NiO-Graphene Hybrid as an Anode Material for Lithium lon Batteries. Jour-
nal of Power Sources, 204, 155-161. https://doi.org/10.1016/j.jpowsour.2011.12.038

Yu, Y., Gu, L., Zhu, C., et al. (2010) Reversible Storage of Lithium in Silver-Coated Three-Dimensional Macroporous
Silicon. Advanced Materials, 20, 2247-2250. https://doi.org/10.1002/adma.200903755

Zhou, X., Yin, Y.-X. and Wan, L.-J. (2012) Facile Synthesis of Silicon Nanoparticles Inserted into Graphene Sheets as
Improved Anode Materials for Lithium-lon Batteries. Chemical Communications, 16, 2198-2200.
https://doi.org/10.1039/c2cc17061b

Luo, J., Zhao, X. and Wu, J. (2012) Crumpled Graphene-Encapsulated Si Nanoparticles for Lithium lon Battery
Anodes. The Journal of Physical Chemistry Letters, 13, 1824-1829. https://doi.org/10.1021/jz3006892

Fu, C., Song, C. and Liu, L. (2016) High Reversible Silicon/Graphene Nanocomposite Anode for Lithium-lon Batteries.
International Journal of Electrochemical Science, 1, 154-164.

Bai, X., Yu, Y. and Kung, H.H. (2015) Si@SiOx/Graphene Hydrogel Composite Anode for Lithium-lon Battery.
Journal of Power Sources, 306, 42-48. https://doi.org/10.1016/j.jpowsour.2015.11.102

Hassan, F.M., Batmaz, R. and Li, J. (2015) Evidence of Covalent Synergy in Silicon-Sulfur-Graphene Yielding Highly
Efficient and Long-Life Lithium-lon Batteries. Nature Communications, 6, 8597. https://doi.org/10.1038/ncomms9597
Zhang, W., Zuo, P. and Chen, C. (2016) Facile Synthesis of Binder-Free Reduced Graphene Oxide/Silicon Anode for

High-Performance Lithium lon Batteries. Journal of Power Sources, 312, 216-222.
https://doi.org/10.1016/j.jpowsour.2016.01.106

TV HERE AR Bt AR A [P]. H B EF], CN102891290[A], 2013-1-23.

HE TS, BRE, EEE, AT, MR T IR A ORI & DT VE R [P]. B,
CN103682287[A], 2014-3-26.

A, M7, K, SR R R SR S A OO R B % TTVALP]. R, CN102306757
[A], 2012-01-04.

Univ. Northwestern (2013) Crumpled Graphene-Encapsulated Nanostructures and Lithium lon Battery Anodes Made
There from. US Patent No 2013344392 A1, 2013-12-26.

Wang, S., Li, Q. and Pu, W. (2016) Development of Monodispersed MnCO,/Graphene Nanosheet Composite as Anode
for Lithium-lon Battery by Hydrothermal Synthesis. lonics, 6, 771-778. https://doi.org/10.1007/s11581-015-1615-8

Li, W., Chen, D. and Shen, G. (2015) Encapsulating Ca2Ge7016 Nanowires within Graphene Sheets as Anode Mate-
rials for Lithium-lon Batteries. Journal of Materials Chemistry A, 41, 20673-20680.
https://doi.org/10.1039/C5TA04175A

FH:E, %, BT, IR A S5 G pRL S H ) 4 T AR [P]. & R), CN103840132[A],
2014-6-4.

Wang, L., Liu, Y. and Chong, C. (2016) Phenolic Formaldehyde Resin/Graphene Composites as Lithium-lon Batteries
Anode. Materials Letters, 170, 217-220. https://doi.org/10.1016/j.matlet.2016.01.062

Wei, G., Yin, Y.-X,, Xin, S., Guo, Y.-G. and Wan, L.-J. (2012) Superior Radical Polymer Cathode Material with a
Two-Electron Process Redox Reaction Promoted by Grapheme. Energy & Environmental Science, 5, 5221-5225.
https://doi.org/10.1039/C1EEQ02148F

Mukkabla, R., Deepa, M. and Srivastava, A.K. (2015) Enhanced Lithium-lon Storage Capability of a Bismuth Sul-
fide/Graphene Oxide/Poly(3,4-ethylenedioxythiophene) Composite. ChemPhysChem, 15, 3242-3253.
https://doi.org/10.1002/cphc.201500515

DOI: 10.12677/ms.2018.83022 200 PR R


https://doi.org/10.12677/ms.2018.83022
https://doi.org/10.1021/ja4100723
https://doi.org/10.1021/ja500873u
https://doi.org/10.1039/c2jm00007e
https://doi.org/10.1002/adfm.201504589
https://doi.org/10.1016/j.jpowsour.2011.12.038
https://doi.org/10.1002/adma.200903755
https://doi.org/10.1039/c2cc17061b
https://doi.org/10.1021/jz3006892
https://doi.org/10.1016/j.jpowsour.2015.11.102
https://doi.org/10.1038/ncomms9597
https://doi.org/10.1016/j.jpowsour.2016.01.106
https://doi.org/10.1007/s11581-015-1615-8
https://doi.org/10.1039/C5TA04175A
https://doi.org/10.1016/j.matlet.2016.01.062
https://doi.org/10.1039/C1EE02148F
https://doi.org/10.1002/cphc.201500515

HLEER

[63] RHZE, L, Z5pm, £, BB, 2008, SR, . —FE T b E A SRR % Tk
[P]. *HE%A], CN104835963 A, 2015-8-12.

[64] Zhang, L. and Lou, X.W. (2014) Hierarchical MoS, Shells Supported on Carbon Spheres for Highly Reversible Li-
thium Storage. Chemistry—A European Journal, 18, 5219-5223. https://doi.org/10.1002/chem.201400128

[65] Chang, K. and Chen, W. (2011) L-Cysteine-Assisted Synthesis of Layered MoS,/Graphene Composites with Excellent
Electrochemical Performances for Lithium lon Batteries. ACS Nano, 6, 4720-4728. https://doi.org/10.1021/nn200659w

[66] Cao, X., Shi, Y. and Shi, W. (2013) Preparation of MoS,-Coated Three-Dimensional Graphene Networks for
High-Performance Anode Material in Lithium-lon Batteries. Small, 29, 3433-3438.
https://doi.org/10.1002/smll.201202697

[67] Fan, Z.-J., Yan, J. and Wei, T. (2011) Nanographene-Constructed Carbon Nanofibers Grown on Graphene Sheets by
Chemical Vapor Deposition: High-Performance Anode Materials for Lithium lon Batteries. ACS Nano, 4, 2787-2794.
https://doi.org/10.1021/nn200195k

[68] Dufficy, M.K., Khan, S.A. and Fedkiw, P.S. (2015) Hierarchical Graphene-Containing Carbon Nanofibers for Li-
thium-lon Battery Anodes. ACS Applied Materials & Interfaces, 2, 1327-1336.

Hans X
MR RN FEF TR

1. FTFF40M T http://kns.cnki.net/kns/brief/result.aspx?dbPrefix=WWJD
TNRFIRAEES:: [ISSN], FAWIT] ISSN: 2160-7613, EJnJ 5]
2. FTFFHIPIE T http://enki.net/
Ao« B BRSCHEREE” BEN, HIANSCEbRE, BRI

AEE S http://www.hanspub.org/Submission.aspx
WITIMRAE : ms@hanspub.org

DOI: 10.12677/ms.2018.83022 201 PR R


https://doi.org/10.12677/ms.2018.83022
https://doi.org/10.1002/chem.201400128
https://doi.org/10.1021/nn200659w
https://doi.org/10.1002/smll.201202697
https://doi.org/10.1021/nn200195k
http://kns.cnki.net/kns/brief/result.aspx?dbPrefix=WWJD
http://cnki.net/
http://www.hanspub.org/Submission.aspx
mailto:ms@hanspub.org

	A Review of Potential Applications of Graphene Composites in Anode Materials for Lithium Ion Batteries
	Abstract
	Keywords
	石墨烯复合材料在锂离子电池负极材料中潜在应用综述
	摘  要
	关键词
	1. 引言
	2 石墨烯及复合材料作锂离子电池负极的研究
	2.1. 纯石墨烯在锂离子电池负极中的应用
	2.2. 掺杂石墨烯材料在负极材料中的应用
	2.3. 石墨烯复合材料在锂离子电池负极中的应用
	2.3.1. 金属/石墨烯复合材料
	2.3.2. 金属氧化物/石墨烯复合材料
	2.3.3. 硅基石墨烯复合材料
	2.3.4. 金属盐/石墨烯复合材料
	2.3.5. 石墨烯/高分子复合材料
	2.3.6. 其他石墨烯复合材料


	3. 结语
	参考文献

