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Progress in preparation and application of carbon microsphere material
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Abstract Carbon microspheres have excellent physical and chemical properties. They have unique advantages
and broad application prospects in many fields, such as physics, biology, electromagnetics, chemical industry, catalyst
carrier,adsorption carrier and so on. Several preparation methods of carbon microspheres were reviewed, such as
chemical vapor deposition, solvent ( water) thermal method, template method, emulsification method, thermal
condensation method, pyrolysis at high temperature, ultrasonic method, suspension method, reduction method, arc
discharge method, mechanical ball milling method, etc. The advantages and disadvantages of different methods were
compared. At the same time, the latest research progress of carbon microspheres prepared by different methods was also
introduced and applied in the fields of lithium ion battery electrode materials. electrochemical capacitor electrode

materials, hollow spherical material template,adsorption materials,fuel cell catalyst carrier,hydrogen storage materials
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and so on.

Key words carbon microsphere, preparation,application

B B 0 3 20 R AT 4k A1 AR B RO S T
RUBR ARG Bz 6 . 20 2 o, 2 AR R
Wi DT F pe I AR e BT — Al v () AR /N Bk BV
PR . B CRR R — 2 2 B A4 ORE, ELARAE 100nm~
lpm Z [, B ROREEH IR B R, AT G/, & 3
PERELS . R BUR . Al 22 FoUE 1k RS E PR AL S5+ 1)
ZE R e A 1 Bk TIOKGE B R R 1Y HL L
oA LA BOGEYERE ) BH T R AR A R
R R AR A i e T 70 20 A TR R 8 45 4T
itk K 4 ) B i A A A 2 SR DR R L
RO BGES OB AA Y B FLAk s A

HETH BHEARBEES (21473126) ;WL E #F T H H (B2014094)
YEHE B A F 219965 .4 0+ BF 98 A 35 BN 55 T e R AL T0F 98 T8,

BB AEPIRA977) J L BRI STT  h E REREIRAL T.

GRIE R B IE R IR E
B I R LRI R4

1 BRBEKE S & 7%

1.1 ESHERRE

V45 R M B R A A Ay 1 A A 2 e sk ) 3
FREFR J AL 22 ARV (CVD) B, CVD ¥ 25 1T 14 1
FWAER A T3k . CVD 2k B A5 J2 i 45 19 Bk 1ol 2R
A BB AR B A L e M (E A A T RAK L S
FAFTTZ) B e A B I L AR AR R R i b
. CVD ¥ X 43 o fb il CVD i F A i 4k 5



%5 M R BRAOR AR A5 B BT S © 59 .

CVD ¥,

TAEAR T CVD 5 2 48 104 2 R (I N, Ar
PRI AN R AR s e T A S R AT
5 U A A B B R . A A B TR R v
T PR S B a3 AR i R R AR U B, 2
PR EM . Sun Y DUIRZEACNERIE R A CVD
BB R 2R R T AR T DURRAE Si0, B sk
U, 0 o A HRUR 1 v AR T R BR SiO., B b AR .
il & T 458 A 7 K AL B B i ek . Jin SETUTOR
FTAEALT] CVD . 43050 FHERECH 2~ 8 1Y ik S 4k
EYIVE BRI, £ TR IR , 45 9T 5% W B SRR AR
BCERAMERE AR R . SE a0 25 SRR W] . A& W b Ak 2 5
F18) 235 ) TR J5 T e B 52 i S R, DR SRy A AR R
LRI P4 25 iy ]3R5 5 R 0 A DA Al 0 3 3 4%
Pk R | Rk A ] L S 7 At T R L A e i 4 i R
BRoRifE

AT CVD LR TE R I AERTR , fi
TE U Bl 72 b 55 4 b 500 3R T84 ke, DT AE i A6 5 Y
VERITR 43 fift 6 U 0K o 1 30— i 0 5% 5 0 4
&GS RS RA SR SR ALY E. FEX
LR CVD ik 4T T #F 57, Mehraban %57 L)
Eh-TE- A FLEE R 58 (Co-Si-MES) AL H , £ B Jy i
Uil A R Bk . Miao T LA WA, LR
St R i 0 AR G i U 4 O A Ak T A B
ER
1.2 & (k) #iE

VR OO BIE R AR LE R 2, SR B GO
M Ry N ZR 5 A 8 Tl 8 R 45 1 RO il & i Tl Bk
5 1 o KR JT B AR AAE T 2 XEVE SO I )
J5T AT ATE K ISR A RV 1 R A2 SO . W 3 (KO 34
2R FH B B R — R BB AR L 2L Sl S
ICRBEMIR G W AF . PR M5 LR b o U8, @
TR RO PR B AF IR ER . Wen 280 DL 2 B
B UR SR S 7R K CHRO I SE il 48 th R TR E A 88
Je PR A SR T HE— 2 Ak e 2 AR RLAR 7
JLAAK B UK 19 2 53 80 258 gk . Wang 555
SR S ) RO #4034 T B B Bk S Bk (HCS) . #
TR R0 LR 2 W SR e T 3 s K A T A R AR
300nm Zc A7 A BRL A3 BRI Rk

VTR KO #RTE B 77 238 i AR L R SR A I
F W) E R A T E SR AR %07 AR AR bR T
1A RS A A B EGEm T H AR,

1.3 #EiRiE

S T — PP H L AT A R8E A RHE 35
BT . AR ik A B ok, T AR A
S EE SR RN R AR A N AR AR L £ S A ORLAR
TSR A Rk ik . B A, © 28 F H 45 R AR il 4%
2SO R K | S0 i Bk R 22 L TBR A . AR
P A 0 B TR B T A AT 4R R AR 3 — AR AL A, R
SR T A AR A B

BEMR V5 A3 Sy B AR A 32 R BRORE Al . R Al
T 5 BRIV FH R SR~ A TP A A o 8 itk A BR 1
b7 N (ORI e NS TLO P/ AN
AL O, R+ R EWHOK AL RN, AL AR 2% i
M ik Ok AT TR S 0] 5 H 38— 77 RAE L %
D5k BT AL B A 7 B Ok W T . Al AR
L BEAR AN R T BRI RS L B GO 0 A i A S S
SR 80 SRR ) B AR . Jang A8 B AR
SiO, /INERVEREAT , 1 15 25 0o i S % . Song 45 4l
AR WA T — R I Peoon R W A ik
fEk .

L@ TSl I A N o) | /NS SR (TR0
o BT BRI LR e TR A T g g 3 3 1
PRSI AT LA ] e R BR % R0 A%, DA 42 o LR A N
AR A BT AR AR 1 OB Al ik T 2D R R X 1
B BB B . Wou SRR ORI 32, 5 4
K AR A 2 B Y 8T 0 7 IR s S AR B A AL g L T
JSCER T e 5 RGE, 5 26 9 7 Jg B 2% TR AL TR B T Y
S 7 ) DK AR BURE 1)k K
1.4 FLiE

LA T I o e R A AE AR E A BT, TG R
V5 38 3 BOAZ B B A K B B R A B B
K . SRR AT R A A R A R U AR AR T
PR3 HOSU/INER B9 R AT vh Uk, TR LR AL S
5 3 Bk K

FLAL T HL A P R A O X R R TE Ll
TR m R AW 00 7 B S — AT 45, il
IR R, (i ERERE R T2
BB, WA R W 2, HLAS B 0 Bk ek R B AL R
RT3 4% A Tl A= 7=, Kodama 2524 L b ] 4
Wil R, R L Ak 0k 38 ik A P 8 4 e o) 5 e
BRI ML HE 2 B A B/ Bk
Y SN 7 SRR AR AR R 0 B R SR e Tk
BRI R T



< 60 - o T BB ow 5 48 &

1.5 BiE&

FLAL I il 25 Rk T BR 75 5 AT B, TR A Tl
AT TEFLAGE B R A T R TR R, BRE
SRV R Hhon A 2% TH IS T A R A3 BN AR VR AR
KRA B, AR % 7RG ER . BiRk
(20 B8 55 2L Ak AL, X 7E 1 G iV VR AT
FHEEMEN . Yoon 551 (M BIF 5T 2R B, A R 181 I 1
7 B4 A AT DA D Bk SRR 0 AT R S B IRIE AL B
ETHUCET AL A RS H T2 3% 7 A
MU T i — 2 F S IR AT
1.6 HftAE

P IO P 3 LA A R R L AR I O R
J 0 O A, SR R S PR A A o R R ES F J  Ae £ 7)
TSI B9 ERFIRS A 1) LU 481 A5 AN 5 452

R R ELAT B A W BN R R R B A
JER M R R £ il 0 Rk OskORE A% LT B0 A HE DL 4
il .

IAE R AR R T Aot AR
I Al 2 B B Al 3ok R o 2 o B8 A0 i AL 22 5 R 1)
Tt g YHk 7R P 15 A EL ) A 1) e Ok R o A AN 357, I
WA IE A KA E 7=

o T A 0 B R R . IR R U DL AR
il o TR0 BN T AL L E A A o A A AR
FHAT & 5% L B SRR A2 R 5 1 1

2 ERfSEKHI R A

2.1 RERRME

Hh 2 BORAARE B AT L/ | LR T AR 2 A
R LA S 09 A A A 8 32 P9 N BRI . BREAR
Je P SE 23 0 BROIR ARV RE B9 32 2 IR R L B O B A
I 2o A B AT 25 B A D2 DAL T sl o e B A
Sun FFPYLi S5 Shen 45 R F A A 2 A
e K A5 T E AT 1Y MRS IR B R D AL 0 S o A TR
A5 = E A R AR = A A5 55 A O B K
i ek PR 4 B 1 5 TROIR Bl Rk 2 i A B BE
A (—OHD il i S W T8 8 2 8 4 16 2 B P 3 22 T
A S i B F B RS o e TR SR A ) £ B B R R
O BRI B B 7R 23 SO BBE - BR 25 R A A B 67 480K
Wi b 2SR sk . ZRad ik — 20 Ak PR AT A5 3 6 2
b Al & W (0 B A Bk . Sun GE5Y DL 4 ik o Bk A Sy
AR 38 o 2 1 R 1Y 3 T R R 3 A5 B B =
DBRER

2.2 FAEBEmHM

G L 25 A — R B A RE R AR A7 R & L I L
1L Ge b2 i 5 5 i F L 2R AR IR I A IR 2 R )
B P38 AR 00 M ) S AR R AR B
AP HPER 2 A I BHACK AR A AR M RN B
R, Zhang S5 3R FHZK - A ST LR 460 B 1
S IR L E ALY 1T 33 Sk s B AR A
B A R IOER . A O BRI ER 5 Al R 2 A
B HL A RE Ak 2 M BE DU R B L B A R T
PR RE DL S . AR B AR DL S W 1 W i (PF)
SRR S FE v B R 6 SR 2K 2 M (PS) Bk ik 47 it Ak i
£, PF 07 78 PS ek . ¥ PF/PS & & ek
AR NaOH 4% — 7 B & iR A, il i o T
b, 153 80 s ZAL IR

R T FHAE Ak 2% F 25 4 AR A ) 22 A ik ek
R R B b AR A R, RS T A
JH % 2 K TG AL AR L 7 s A | AT A R
I TR e O R N PN 7o G S Y W P
N R0 L . 7R R T T R, R A R
Xof H v RS 2 B AN R R AR B A R . BRAUER
BS540 R AT HES (0 B8 2 R HLAR B RE & 25 v
R B A0 &5 R ml R | R e i L R Ee SR T R LA
i At T PR SRR A A B A R O R T AR
FHIM . Wang 5557 0F 58 T SR FHAE 0T sk fl ok 1 1 5
- H b F AR B L Y RT AT L S & R R W, A
e Tt BRAE FL AR A ) A 481 8 Al oty L RT3 5 R R L
TEAPERE K. 76 6k ek & 3ok B 8 5 &
Jei B LS A i R B R A R T Y A S 4R
(SR RER X EZ WSRO SR P S R RS (I N2
A, Lee %5 il £ 17 AT LA AL B 94 K B UKL 1)
23 U B AWK o DT fif DR T 40 K8 UKL 5 W3 Ak L 5 T 3R
TR, I A B 45 i R R R L ik TR . 2 4 R
By e AR R R (5 A T Rt LA R ) IR R RE
BE o A IR AET LA R) R R R R R TR R K
TRt PR Tk L S PR RE AL R AR B r e A
e A4t
2.3 F1ES M BE IR B A1 R

T i A B R BUR L TE R et TR e 4
P34, VB N W B A ) 22 1 Tl Rl B A
U FZ 5 R R0 8 1Y B 05 2 e i B Bk BE
1B T84 K A% AR ek 1) Hh B0 78 AR KRR B I fige ok
TRk — [, Su SR B ek b 2 T LR L AL
T3 A B 5T 0 B0 3, B AR Sy Wi B A St . 2R 4k



%5 M R BRAOR AR A5 B BT S © 61 -

FEAENY DL KOH Ry i M, il & T L 2% 1w AL ik
2775m” /g WHB GO PR SIOER % R R B A R
it S MERE . VIR AR DY R CVD Ik AR ik ek
TERERIE AL IS - LA AgNO, 3 W0 JFURE, ) 45 H 4%
FELEM Ag@ BRI ER . BEE AgNO, ¥ B B 1k
A KSR A Ag@BRTMER RO E S0 & &R ARk . i
PE A R 2% AT LA AN ) RS L 40 oK R 0k 43
MBI E A ER . X PP E A WRMER & 9K R
SR, T A A AR 22 80 A T EL A BRI B ) XL
HIRL.
2.4 FEREFIHE

AR TR 2R B 2 52 e i AR Y e e MR H
AT RN A IF 5% 48 22 1 A AR ) 3R £ A SIO, .
AL O, BEB AW 2.0 B BBk 2R A 58 A R
B O VEDLBEES 6 S 44 RRE L+ WS LG
PEIR A . Wi AORR LA R Y b 3 T BRI A s A AR
Al T2, A K A Ak 3R BORE T R 5 A e sk 2R
DAL AT 3 B AR R B R R R BRI 24, BT
T AW R HE 5] 4 55 | 45 A T A 35— T LA T 17 T Bt
645 V8 8 2850 B S PR AT T T P R R 3R KT
DL o LA Ry PR AR R R 1 e kL. R
X IREE T E B B B R R R
TR R AR YR . i b 2 AR L A L
W T B3 P R L i I A TR R T S RS,
TR 235 K T o %85 B e o A S AR Rl b ) e Ak R 2R A
B TE ] AR

Xu S DU 0 AR iR, SR H CVD ¥ il £
B AR » LA HP T R 308 R AR i ok V52 T30 A 1 7 i R
FTE AR PR, 25 R IYK P BORLTE ik
TR FTH 43 A1 ¥ 51 Ok A R IR D HE IR

R S5 R FEHH L 7E 1. Omol/L MIERER A1 2. Omol/L

R BR A W T FE AL 0.7V A8 A7 3R I 4R AL
W (T, 35 D o 5 1) A TR0 X Y B R R G 0 L A A
PERE.

B3 7 A v v i A 70 28R b L Bk Bl kil AT
JS7 P T A A A 53 2 AR DI e T 7R 280 L 7 B
BR/TIO, JH T 58 G} i 0 Al 2 e e 2 ot
Leskey 8 FERR (i Bk b 5188 Pd AL R T 2 4%
FEAR I S R ] B B B Bk 0 4K Pd AR5 AT L
) i 58 g S AR
2.5 R{EEAMIhREM#

B T bR R A e fosk ) O — B A R A
oA e SRR LR SR TE SR Y ORI R ISR AR A

AR BN A2 P T SR R A T R e S
Rl . Bk 7 A5 7 A s RO A Ly T
HERE S, AFCF" R CVD %, L CH,
B R, Ar SR AR ) A% TR Z0IR R 0 RN e B BR O
WE5E T HEAL 306 7= 1 5 i)

T B Ak BURE 5 (5, LA BP0 8 FE ' R, e e R i
Pk R S HL A K BH A H St v % 18 B R e £k
WA REZ B i B OGN Rk A e e e LA
FosE ok R S A O R A A K AR N A HLR
BH B PR 9t ' A0 A8 22 114 FRL 1 A2 (A L R HL A% B+
BRI Y L i 5

e R EL AT A S5 1) 85 A R AR ) R L R
T OKO Bk il & iRk ek, R g fE A £ 5 . 8
7 OV b B SRR T N T Rl B AT 4 B AE Bk Bk 3R
T A5 DO RE VR IR o AT S L 2 A A ik VL o
BRI B HAE R AR I % T Ag/BR R BT
B, 25 R Ag/ Bk SER BT BR 700 X 4 B €0 B8 2 Bk
BRI K WA FE TR A I 08 B B RECR S B 1 B B R
FN R R R & BB (PET) s o il 4 T Ag/
WK PLE PET S REREKL .

3 GiEERE

B ER B ) £ J7 ik B 22 AL B4 S Hodh CVD
5 G OKO FAE TS 6 T HAB T L T & 4
AR B RS T o D3 A Ll 7 e ek
BB BA A QA A AR B T T T L A B Bk L
TR T REVE UKL, T Lk 31 B W A o i 8 1 S
TR ZHACR A TIHRELRY . BEAb  iEk
s AT T T LB T AR A R O BRR
PBHE R AR 25 . AT ARG U R I T AT AR R
P i I At T DLk — AP e i HL A A T L BRIORR
T A ) 5S8R ) 107 FATS A AR R Y A e 25 )

2% 3k

[ 1] Sun H,Li S.Preparation of novel ordered macroporous carbon
spheres by chemical vapor deposition method and their char-
acterization[ ] |.Chemistry & Bioengineering,2018,35(9):22-
24,29.

(2] BRFBH.REZ, L85 MO E 6 &01]. 2
BT K 22 4], 2018,44(1) 1 6-10.

[3] Zhang HJ,Ye F.Xu H F,et al. Synthesis of carbon hollow
particles by a simpleinverse-emulsion method [ ]J]. Materials
Letters,2010,64(13) :1473-1475.

4] B RE B ME AL 12 G BUA B8 AL B R B I W Bk i



. 62 .

& T BB OB

548 %

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

FELI] MR T4, 2015, 29(8) . 17-21.

B R A = O RS 4R S Bk S ok 1 T A5
L FALLD]. by AR TR 24, 2015,

2 A ) I, R TG b T R e BOR ) h A S PERELT K VD L
TR 220 FARBEAE AR . 2013,10(2) :89-92.

Hou H Q.Schaper A K, Weller F,et al.Carbon nanotubes and
spheres produced by modified ferrocene pyrolysis[ ] ].Chemis-
try of Materials,2002,14(9) :3990-3994.

AT 7 A R I Rk 2 R A W R R OB S [T Tk v 4
TR .2011,24(3) :292-296.

Yoon S, Park Y. Preparation of carbonaceous spheres from
suspensions of pitch materials[ J].Carbon, 1992,30(5);781-
786.

VEIFAL, BB B/ B sk S & BRI ) A FRAELT ) P E
R, 2009,2(1) : 23-25.

BRARZF o E ik o ), 55 SRE — 25 K B 0B 1o 3R T 4 1R A
A 27 2 K R[] ] A2 2 4], 2014, 72(4) :502-507

Wang Yunpeng, Qiu Jieshan, Wang Dehe, et al. A novel form
of carbon micro-balls from coal[ ]J].Carbon: An International
Journal Sponsored by the American Carbon Society,2003,41
(4):767-772.

K KR B TR 1 K BT B U RE A Y (DL WA IR i . R R
TR 2,2008.

R R AR A L A T R R B R A A i SR 1
% ,200810055382.2[ P].2009-02-25.

JinY Z,Gao C, Hsu W K, et al. Large-scale synthesis and
characterization of carbon spheres prepared by direct pyrolysis
of hydrocarbons[ J].Carbon,2005,43(9):1944-1953.
Mehraban Z, Farzaneh F, Dadmehr V. Catalytic chemical
vapour deposition synthesis of carbon spheres[]]. Materials
Letters,2009,63(20) :1653-1655.

Miao J Y, Dennis W H, Chang C C, et al. Uniform carbon
spheres of high purity prepared on kaolin by CCVD[]]. Dia-
mond and Related Materials,2003,12(8):1368-1372.

Wen Z H, Wang Q. Zhang Q, et al. Hollow carbon spheres
with wide size distribution asanode catalyst support for direct
methanol fuel cells [ ] ]. Electrochem Commun, 2007, 9:
18671872.

Wang Qing.,Li Hong,Chen Liquan, et al.Novel spherical mi-
croporous carbon as anodematerial for Li-ion batteries[ J].Sol-
id State Ionics,2002,152:43-50.

o AT JBAE T O B8 AR R AR S AOHS i T T A o ) 1 B 4
2EPERE AT S L) ] MU TR 5 H0R . 2018,7(5) : 328-335.
Jang J,Lim B.Spatial fourier-transform analysis of the mor-
phology of bulk heterojunction materials used in plastic solar
cells[J]. Advanced Material.2002,19:1390-1398.

Song Yanyan, Li Ying, Xia Xinghua. One-step pyrolysis
process to synthesize dispersed Pt/carbon hollow nanospheres
catalysts for electrocatalysis[ J]. Electrochemistry Communi-

cations,2007,9:201-205.

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

Wu Shuying,Ding Yunsheng, Zhang Xiaomin, et al.Synthesis
and characterization of carbon thin wires linked carbon hollow
spheres encapsulating Ag nanoparticles[ J ].Materials Letters,
2008,62:3301-3304.

Kodama M, Fujiura T.Preparation of mesocarbon microbeads
with an arrow size distribution[ ] ].Carbon, 1988,26(4):595-
598.

Liu Boyang, Meng Qingchang, Jia Dechang. A novel method
for preparation of hollow carbon spheres under a gas pressure
atmosphere[ J ]. Carbon: An International Journal Sponsored
by the American Carbon Society,2007,45(3) :668-670.

Pol V G,Motiei M,Gedanken A,et al.Carbon spherules:syn-
thesis, properties and mechanistic elucidation [ J ]. Carbon,
2004,42(1):111-116.

Cai P J, Feng L. Synthesis of hollow carbon spheres by one
convenient method [ ] ]. Materials Chemistry and Physics,
2008,108:1-3.

Liu J,Shao M, Tang Q,et al. A medial-reduction route to hol-
low carbon spheres[J].Carbon,2003,41(8) :1682-1685.

Yang Qing,Xu Ligiang,Zhang Wanqun.A novel route to hol-
low and solid carbon spheres[J]. Carbon: An International
Journal Sponsored by the American Carbon Society,2005,43
(5):1090-1092.

Luo Tao,Gao Lisheng,Liu Jianwei, et al.Olivary particles: u-
nique carbon microstructure synthesized by catalytic pyrolysis
of acetone[ ] ]. The Journal of Physical Chemistry B, 2005,
109:15272-15277.

Sun X M, Li Y D.Ga;03 and GaN semiconductor hollow
spheres[ J].Angew Chem Int Edit,2004,43(29):3827-3831.
Li X L,Lou T J,Sun T J,et al.Highly sensitive WO3; hollow-
sphere gas sensors[J].Inorg Chem,2004,43(17) :5442-5449.
Shen W H,Zhu Y F,Dong X P,et al. A new steategy to syn-
thesize TiO;-hollow spheres using carbon spheres as template
[J].Chemistry Letters,2005,34(6) ;:840-841.

Sun X M, Li Y D.Study of the temperature-programmed reac-
tion synthesis of early transition metal carbide and nitride cat-
alyst materials from oxide precursors[ J]. Angew Chem Int
Ed,2004.,43:597-601.

Zhang Feibao, Li Hulin. Synthesis of hollow carbon micro-
spheres in ionic liquids andtheir electrochemical capacitance
characteristic[ ] |. Materials Chemistry and Physics, 2006, 98
456-458.

KW, %5 & KA. . NaOH 15 fh il £ v 23 i fof ek & v Ak
SEPERERT S]] L IR AR, 2018, 42(11) :134-137.

Wang Q.Li H,Chen L. Q.et al.Novel spherical microporous
carbon as anode material for Li-ion batteries[ J].Solid State I-
onics,2002,152-153:43-50.

Lee K T.Jung Y S, Oh S M. Synthesis of tin-encapsulated
spherical hollow carbon for anode material in lithium seconda-
ry batteries[ J].Journal of America Chemistry Society, 2003,
125(19) :5652-5653.

(F#% 66 W)



