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Abstract: At present, it is one of the most effective ways to prepare silicon— carbon composite
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anode materials by compositing the silicon materials with high specific capacity and the
carbon materials with stability. Among the many preparation processes of silicon—carbon
composite anode materials, the silicon—carbon composite anode prepared by chemical vapor
deposition (CVD) has the advantages of high charging/discharging efficiency, good cycle
stability, facile process, and is suitable for mass production. This paper summarized the
research progress of preparing silicon— carbon composite anode materials by chemical vapor
deposition. From the perspective of silicon—carbon composites structure, such as core—
shell structure, yolk—shell structure, porous structure, and embedded structure, the
structural design and battery performance of different types of silicon—carbon composite
anode materials were introduced, and their advantages and existing the problem were
discussed. Finally, the application of silicon—carbon composite anode materials prepared by
CVD was summarized, and we prospected the future of industrialization of silicon—carbon
composite anode materials.
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Fig.1 Schematic diagram of the chemical vapor deposition equipment structure
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Fig.2 (a) Schematic diagram of core—shell structure; (b) Schematic diagram of yolk—shell structure;

(¢) Schematic diagram of porous structure; (d) Schematic diagram of embedded structure
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Fig. 3 Cycle performance curves of SiO—CNF, pSi, and pSi-CNF at the current density of 0. 2 A/g'**’
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Fig. 4 Schematic illustration of the synthesis of yolk—shell structured Si/C nanocomposite' !
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Fig. 5 Schematic illustration of the synthesis of SGC composite'*’!
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Tab.2 Four structural types comparison of silicon—carbon composite anode materials

LM ER - B A

Ak M HBILEFRREEES, ThLEFHE KIEIRE S 5 B A B

S R, TH MR L E R SR REIE F 7 A S N Y
%L RN IHA Lk, RAKR

BN K 25 PERAEEEZ, T T H$ RAEE R FEE R

2 ESHENREANEERARMBHONAERE

AR A5 DU 2 A R IR HE IR AR s it P R R AT s ) B B 2020 4F B 7 R
B F sl 7 i LR B BE 2 300 Wh/kg, R 45 EL BE & ik 260 Wh/kg; 3] 2025 4, 5l 7 H i SR A L
fi 5 35 500 Wh/kgo #7 B8R V34 77 Mk & R JL 3l Jy r v 2 OGS L AH A 5 AR LT R R R AR 4T
SE LA 2 BT BE TR VR AR B RO ST B A RN T L A% S8 Y A B LA EL RE R T BE A
B3 — Hbx, B OGR4 kN 2 0 8K M o Bt P SRR R 2 R G e s £ R A R A R
CVD #il & T MR B AR Z . 5 H il #5500 bR /N BRE Ak 55l Ak 2B 7 1 28 #
AL HHNAF EEATENAR . A2 RN DR 7108 LR DL G R R R A A E A E
B H ARG 5 E GS &£ H UL K E Enevate 558 7] . [N CVD il & T2 0% 5 T E 4h, 52 b A
PR CVD T2 3 2 UK 9 S0 Ak W 9 oK 0K 1] Sk S8 SE M, 7 RE S R 11 CVD UM DT
T — 2 A R r IR 28 vh 2 16 28 oh )2 A0 T R AL B AR S R M R SRR S R A Bk, B A R
) SR Y SR A TE R B B AR (R AR PR RE R R N AR A L E AN R R
— Y CVD ¥ 40 B U0 R, i 23 45 4 WO b a0 99 b L b 00 7 ik oI ) A Rk /B B2 S B R0
PR LN R S o 6 A S R TR Ak BRI A SR ORI b O T B 7 A R T R R AR R S DR T
(PECVD) #4510 R 2 5 088 4l ik Jo AR, SE B T 7 A7 28 T0KE 28 R 3% 1 PECVD UL R 44 K i
A 7R T de K BR B MK 40 K R 38 50 4 A A A BR UR R S T RE LB R R Ak Ab  RE T R B K
REAE 30% , KIg4em T M oEHERE ™ .

Tl B B Rk 107 ) B A A7 BR T BAR o bR S B S 4 i A B M i T A T AR DL A R F
S JCEA A T 2 T A A IR, S EORE AR B0 A R R R R W . H 2021 A DK RR TR LT
A 25 K TR S i VR A b M 4k A 8 R e SR 0 B g R R . REBR SRR R R R I Ak
ity A 8 7 B Tl Ak R R A AS D a0 R A AN T 4R

3 HiE

iz AR 22 SO DO RR v BEAT & PR B0 S5 A0 B R ORGSR T ik BE AT RHA BV AL /Y 18] AL, O HLAS 31



2023 4 5 4 ] THE,F - AFAMAREHSERE S AR B NT AR 13

R AE 1416 0 BE A A i R A R AR 2 T S RE AR B A BB R PP B ST B RO B9 B 5B R R
3 38 2o X5 B ORE G 98 KA R Z LA AN [ A 204 A AT A R T DA B B A R R e O A R
£1 55 M L CNTs Fl CNFs) 45 F B i Th ek fii 52 5 i b B 0 41 36 77 fir MR AL 2 PR e o (H 40 R 1K
1 22 FLAR 1 45 A0 BT ok (9 e 2 T ARUOR R LB 3R S BOPR 92 3 AR, 2 10 C VD 3k i o 1) ik e 2
A SO RE A A A, BRA T B A H Tt Y R R L R P R R R A R A R ELME LR
FUBEAE 72 o I3 Ah RGBSR A VAR TR L A AR A LA B 5 R AL I B TR A B —
9 CVD ¥ J6 2 2 BEoR , 75 B CVD ik 5 H Al T 25 AR &5 & LA KB 2L 1 2080 4 1 Bk 6 ok - 8 R ol
PR A REA R T 2 — A Rl A A= 7 8

SV, X e S A DR B ORE R R M AR S T R R AT A S D TR D R
SRR rb B RS AL T8 R AN [ RO 2 R b A B A/ R B R i R A B FE 2 S IE s @ 5 R
ik 5245 B RE R T IOE 4 3 R S S5 TS 0 R0 SR R A R OR S8 00 O S, b ik — b R R B Y 52 B
P O B A G LE P2 BOR 52 1 F [E b, 7= dh Sk = 17 558 5 J7 o X 48 LA fy i — 2O

2 % 3 ik ( References)

[1] STADIEN P, WANG S, KRAVCHYK K V, et al. Zeolite templated carbon as an ordered microporous elec-
trode for aluminum batteries [ J]. ACS Nano,2017(2):1911—1919.

[2] THACKERAY M M, WOLVERTON C, ISAACS E D, et al. Electrical energy storage for transportation—
approaching the limits of, and going beyond, lithium—ion batteries[J]. Energy & Environmental Science,
2012, 5(7):7854—7863.

[3] SAKABEJ, OHTA N, OHNISHI T, et al. Porous amorphous silicon film anodes for high— capacity and sta-
ble all—solid— state lithium batteries [ J]. Communications Chemistry,2018(1):1—9.

[4] WANG C, WEN J, LUO F, et al. Anisotropic expansion and size —dependent fracture of silicon nanotubes
during lithiation [J]. Journal of Materials Chemistry A, 2019,7:15113—15122.

[5] YANG L, CHEN H S, JIANG H Q, et al. Failure mechanisms of 2D silicon film anodes: in situ observa-
tions and simulations on crack evolution [ J]. Chemical Communications, 2018,54(32) :3997 —4000.

[6] LIX,  COLCLASURE A, FINEGAN D, et al. Degradation mechanisms of high capacity 18650 cells contain-
ing Si— graphite anode and nickel—rich NMC cathode [J]. Electrochimica Acta, 2019,297:1109—1120.

[7] HEY, PIPER D M, GU M, et al. In situ transmission electron microscopy probing of native oxide and artifi-
cial layers on silicon nanoparticles for lithium ion batteries [J]. ACS Nano, 2014, 8:11816—11823.

[8] YU W], LIU C, HOU P X, et al. Lithiation of silicon nanoparticles confined in carbon nanotubes [J]. ACS
Nano, 2015, 9:5063—5071.

[9] ZHU B, LIUG L, LV G X, et al. Minimized lithium trapping by isovalent isomorphism for high initial Cou-
lombic efficiency of silicon anodes [J]. Science Advances, 2019, 5(11) :eaax0651.

[10] LUO F, LIU B, ZHENG J, et al. Review—nano—silicon/carbon composite anode materials towards practi-
cal application for next generation Li—ion batteries [J]. Journal of the Electrochemical Society, 2015, 162
(14) : A2509— A2528.

[11] CABELLO M, GUCCIARDI E, HERRAN A, et al. Towards a high—power Si@graphite anode for lithium
ion batteries through a wet ball milling process [J]. Molecules, 2020, 25(11):2494.

[12] WANG W, KUMTA P N. Nanostructured hybrid silicon/carbon nanotube heterostructures: reversible high—
capacity lithium—ion anodes [ J]. ACS Nano, 2010,4(4) :2233—2241.

[13] TAO H C, XIONG L Y, ZHU S C, et al. Porous Si/C/reduced graphene oxide microspheres by spray dry-

ing as anode for Li—ion batteries [ J]. Journal of Electroanalytical Chemistry ,2017,797:16—22.



14

IR AKFFHRCE KR ZFE ) BE S %

[14]

[15]

[16]

[17]

[18]

[19]

[20]
[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

ZHANG J, CHEN Y, CHEN X, et al. Preparation of graphene—like carbon attached porous silicon anode by
magnesiothermic and nickel — catalyzed reduction reactions [ J]. Tonics, 2020, 26(11):5941—5950.

WAN W, MAT Y, GUO D, et al. A novel sol—gel process to encapsulate micron silicon with a uniformly
Ni—doped graphite carbon layer by coupling for use in lithium ion batteries [ J]. Synthetic Metals, 2021, 274
(1):116717.

XU Y H, YING P, MA Y L, et al. Nanosized core/shell silicon@carbon anode material for lithium ion bat-
teries with polyvinylidene fluoride as carbon source [J]. Journal of Materials Chemistry, 2010, 20 (16) :
3216—3220.

ZHANG T, FU L. Controllable chemical vapor deposition growth of two—dimensional heterostructures [J].
Chem, 2018,4(4):671—689.

A, WX RCE . A R DIRE s AR T S R S [T ], A TR R A R, 2021, 49(11)
59—62.

LIU X, CAO L, GUO Z, et al. A review of perovskite photovoltaic materials’ synthesis and applications via
chemical vapor deposition method [ J]. Materials, 2019, 12(20) : 3304.

VERNARDOU D. Special issue: advances in chemical vapor deposition [ J]. Materials, 2020,13(18):4167.
WILSON A M, DAHN J R. Lithium insertion in carbons containing nanodispersed silicon [ J]. Journal of the
Electrochemical Society, 1995, 142:325—332.

XN, 2 d A, AN AR S L AR SR ST R R A SIC ok gk i FsTlF R [T ). MRS, 2021, 35(11):
11078—11083.

X 2R IE XA, ) Ehobk, 45 . B U A PR AL 2 SORR TTORR A B AL R AL R ) A P e R TR AR SR i i LT ] A
iR #5244 , 2020(3) : 381—390.

LIU B, HUANG P, XIE Z, et al. Large—scale production of a silicon nanowire/graphite composites anode
via the cvd method for high— performance lithium —ion batteries [ J]. Energy &. Fuels, 2021,35:2758—2765.
SUK J H, HONG S C, JANG G S, et al. Two—step deposition of silicon oxide films using the gas phase
generation of nanoparticles in the chemical vapor deposition process [J]. Coatings,2021,11(3) : 365.

HAN J, TANG X, GE S, et al. Si/C particles on graphene sheet as stable anode for lithium—ion batteries
[J]. Journal of Materials Science &. Technology, 2021,80(21) :259—265.

TN W SR 2, TR RER AR CVD AR DT BURE B R Rk Ak B0 B B kL i D7 5 - CNT13957417A [P . 2022 —
01—21.

JINH C, SUN Q, WANG J T, et al. Preparation and electrochemical properties of novel silicon—carbon
composite anode materials with a core—shell structure [ J]. New Carbon Materials, 2021, 36(2):390—400.
SONG S, ZHU M, XIONG Y, et al. Mechanical failure mechanism of silicon—based composite anodes under
overdischarging conditions based on finite element analysis [J]. ACS Applied Materials &. Interfaces, 2021,
13: 34157—34167.

LI X, COLCLASURE A, FINEGAN D, et al. Degradation mechanisms of high capacity 18650 cells contain-
ing Si— graphite anode and nickel—rich NMC cathode [J]. Electrochimica Acta, 2019,297:1109—1120.
TAO H C, YANG X L, ZHANG L L, et al. Double—walled core—shell structured Si@S10,@C nanocom-
posite as anode for lithium—ion batteries [ J]. Tonics, 2014, 20(11):1547—1552.

WU H, CHAN G, CHOI J W, et al. Stable cycling of double—walled silicon nanotube battery anodes
through solid— electrolyte interphase control [ J]. Nature Nanotechnology, 2012, 7(5):310—315.

XIE J, TONG L, SU L, et al. Core—shell yolk—shell Si@C@Void@C nanohybrids as advanced lithium ion
battery anodes with good electronic conductivity and corrosion resistance [J]. Journal of Power Sources, 2017,

342(28):529—1536.



2023 4 5 4 ] THE,F - AFAMAREHSERE S AR B NT AR 15

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

YAN Z, LIU J, LIN Y, et al. Metal—organic frameworks—derived CoMOF —D@Si@C core—shell struc-
ture for high— performance lithium—ion battery anode [ J]. Electrochimica Acta, 2021:138814.

YIN A, YANG L, ZHUANG Z, et al. A novel silicon graphite composite material with core—shell structure
as an anode for lithium ion batteries [ J]. Energy Storage ,2020,2(4): 132.

LIUN, LU Z, ZHAO J, et al. A pomegranate— inspired nanoscale design for large— volume— change lithium
battery anodes [J]. Nature Nanotechnology, 2014, 9(3):187—192.

ZHANG L, GUO H, RAJAGOPALAN R, et al. One—step synthesis of a silicon/hematite@carbon hybrid
nanosheet/silicon sandwich—like composite as an anode material for L.i—ion batteries [ J]. Journal of Materials
Chemistry A, 2016,4: 4056—4061.

ZHANG L, RAJAGOPALAN R,GUO H, et al. A green and facile way to prepare granadilla—like silicon—
based anode materials for L.i—ion batteries [ J]. Advanced Functional Materials, 2016, 26:440—446.

MA Y, TANG H, ZHANG Y, et al. Facile synthesis of Si—C nanocomposites with yolk—shell structure as
an anode for lithium—ion batteries [ J]. Journal of Alloys & Compounds, 2017, 704:599—606.

SOHN M, KIM D S, PARK H I, et al. Porous silicon—carbon composite materials engineered by simultane-
ous alkaline etching for high— capacity lithium storage anodes [ J]. Electrochimica Acta, 2016,196:197—205.
GUO S, HU X, HOU Y, et al. Tunable synthesis of yolk—shell porous—silicon@carbon for optimizing Si/
C—based anode of lithium—ion batteries [ J]. ACS Applied Materials &. Interfaces, 2017,9:42084—42092.
WANG M S, FAN L Z, HUANG M, et al. Conversion of diatomite to porous Si/C composites as promising
anode materials for lithium —ion batteries [ J]. Journal of Power Sources, 2012,219:29—35.

LIUY, GUO X, LIJF, et al. Improving coulombic efficiency by confinement of solid electrolyte interphase
film in pores of silicon/carbon composite [J]. Journal of Materials Chemistry A, 2013,1(45) :14075—14079.
SU J, ZHANG C, CHEN X, et al. Carbon— shell—constrained silicon cluster derived from Al—Si alloy as
long—cycling life lithium ion batteries anode [J]. Journal of Power Sources, 2018,381:66—71.

HUANG Y, LUO J, PENG J, et al. Porous silicon— graphene— carbon composite as high performance anode
material for lithium ion batteries [J]. The Journal of Energy Storage, 2020,27:101075.

HAN X, ZHANG Z, CHEN S, et al. Low temperature growth of graphitic carbon on porous silicon for high—
capacity lithium energy storage [ J]. Journal of Power Sources, 2020,463:228— 245.

MANAWI Y M, IHSANULLAH, SAMARA A, et al. A review of carbon nanomaterials’ synthesis via the
chemical vapor deposition (CVD) method [J]. Materials, 2018,11(5) :822.

FANZJ, YANJ, WEI T, et al. Nanographene— constructed carbon nanofibers grown on graphene sheets by
chemical vapor deposition: high— performance anode materials for lithium ion batteries [J]. ACS Nano, 2011,
5(4):2787—2794.

CUI S, CHEN S, DENG L. Si nanoparticles encapsulated in CNTs arrays with tubular sandwich structure for
high performance Li ion battery [J]. Ceramics International, 2019, 46(3):3242—3249.

LI X, ZHANG M, YUAN S, et al. Research progress of silicon/carbon anode materials for lithium —ion bat-
teries: structure design and synthesis method [J].ChemElectroChem , 2020,7(21) :4289—4302.

SHI Q, ZHOU J, ULLAH S, et al. A review of recent developments in Si/C composite materials for Li—ion
batteries [ J]. Energy Storage Materials, 2021, 34:735—754.

CHARITOS I, GEORGOUSIS G, KLONOS P A, et al. The synergistic effect on the thermomechanical and
electrical properties of carbonaceous hybrid polymer nanocomposites [ J]. Polymer Testing, 2021,95:107102.
ZHANG JY , YANG G, WANG J A, et al. Graphene and carbon nanotube dual—decorated SiO, composite
anode material for lithium—ion batteries [ J]. Energy & Fuels, 2021,35(23):19784—19790.

SUNG J, KIM N, MA J, et al. Subnano—sized silicon anode via crystal growth inhibition mechanism and its



16 TR AFFRCEARZFR) B&ES51%
application in a prototype battery pack [ J]. Nat Energy,2021,6:1164—1175.
[55] JINM Y, GUO K, XIAO X C, et al. Optimum particle size in silicon electrodes dictated by chemomechanical
deformation of the SEI [J]. Advanced Functional Materials, 2021, 31:2010640.
[56] FHL5R . 3 J1 B bR BE IR 40k R eI SC B[ T ). A (4 )@, 2022(9) - 44 —45.
57] KHELIL M, KRAIEM S, KHIROUNI K, et al. Growth of crystalline silicon by a seed layer approach using

[59]

[60]

[61]

[62]

[63]

plasma enhanced chemical vapor deposition [ J]. Physica B Condensed Matter, 2021, 609:412817.

ZHANG W, DUIN A . Atomistic—scale simulations of the graphene growth on a silicon carbide substrate us-
ing thermal decomposition and chemical vapor deposition [J]. Chemistry of Materials, 2020, 32(19) : 8306 —
8317.

LIU Y, HEJ, ZHANG N, et al. Advances of microwave plasma—enhanced chemical vapor deposition in fab-
rication of carbon nanotubes: a review [ J]. Journal of Materials Science, 2021,56(22):12559—12583.

LIU S, CHENG S, XIE M, et al. A delicately designed functional binder enabling in situ construction of 3D
cross— linking robust network for high— performance Si/graphite composite anode [J]. Journal of Polymer Sci-
ence,2021,1:1—10.

LIN G, WANG H, ZHANG L, et al. Graphene nanowalls conformally coated with amorphous/ nanocrystal-
line Si as high— performance binder— free nanocomposite anode for lithium—ion batteries [ J]. Journal of Power
Sources, 2019, 437:226909.

ROZEL P, RADZIUK D, MIKHNAVETS L, et al. Properties of nitrogen/silicon doped vertically oriented
graphene produced by ICP CVD roll—to—roll technology [J]. Coatings, 2019,9(1) :60.

wAME R — P T R R A TR A R B R A T M B A - CN 112768666 A [P . 2021—05—07.

(SUALZi -5 i)



