
Journal of Electrochemistry Journal of Electrochemistry 

Volume 24 Issue 3 

2018-06-28 

CoCo33(HCOO)(HCOO)66@rGO as a Promising Anode for Lithium Ion Batteries @rGO as a Promising Anode for Lithium Ion Batteries 

Heng JIANG 

Jing-min FAN 

Ming-sen ZHENG 
State Key Laboratory for Physical Chemistry of Solid Surfaces, Department of Chemistry, College of 
Chemistry and Chemical Engineering, iChem (Collaborative Innovation Center of Chemistry for Energy 
Materials), Xiamen University, Xiamen 361005, China;, mszheng@xmu.edu.cn 

Quan-feng DONG 
State Key Laboratory for Physical Chemistry of Solid Surfaces, Department of Chemistry, College of 
Chemistry and Chemical Engineering, iChem (Collaborative Innovation Center of Chemistry for Energy 
Materials), Xiamen University, Xiamen 361005, China;, qfdong@xmu.edu.cn 

Recommended Citation Recommended Citation 
Heng JIANG, Jing-min FAN, Ming-sen ZHENG, Quan-feng DONG. Co3(HCOO)6@rGO as a Promising Anode 

for Lithium Ion Batteries[J]. Journal of Electrochemistry, 2018 , 24(3): 207-215. 
DOI: 10.13208/j.electrochem.170412 
Available at: https://jelectrochem.xmu.edu.cn/journal/vol24/iss3/2 

This Article is brought to you for free and open access by Journal of Electrochemistry. It has been accepted for 
inclusion in Journal of Electrochemistry by an authorized editor of Journal of Electrochemistry. 

https://jelectrochem.xmu.edu.cn/journal
https://jelectrochem.xmu.edu.cn/journal/vol24
https://jelectrochem.xmu.edu.cn/journal/vol24/iss3
https://jelectrochem.xmu.edu.cn/journal/vol24/iss3/2


!"

#

$%!&&'

(

)*+& !"#$%&'

()*+,-.

! "!#$%!&'(

!

!)*+

!

!!"#$%&'()*+$,-./012" !"#$+$+3$4+$5"

6789:;<=>?" @A !"

"#$%&'

#

/0!()*+

89BCDE=FGHIJKLKM89NOPQRSTUVW

, -

BXYZ[\]^_`

./

"

01.))2

#

abcde

34)

!fag+hij$klmn

./

"

51.))2

#

634)

op89

78

`

./

"

51.))2

#

634)

B

CHIJKLcM89"q

'&&-9:

%

;

<=

GKrstuKrvwKxy

=&&

z{"|}~��

>?#89:@

%

;

<=

G��

�"�'�n��G���6

78

xy��U

A<

���KJ6���'�"

./

"

51.))2

#

634)

89kG

./

?B

U��

�evwKZ�>�����GK+$��

78

��; ¡¢[\]^_p£G

./

"

51.))2

#

G��¤¥��"

34)

¦P§+���GK+$��GB¢";¨©ª«¬

./

"

51.))2

#

G���6

78

`

()*+

89­

34)

opC

®+

()*+

89GKL�6¯°¬D±=²³

78

123! ./

"

51.))2

#

634)

&

./

"

51.))2

#

&���&cM&HIJKL

45678! )#C#88888888888888888888888888888888888888888!!!!!!!!!! !

9:;<=! :!!

´µ¶·'

?%=D<%C<=?

"¸¹¶·'

?%=D<%#<%D8888E

YºBX"

FGHI80J#<'>?2?$J'>%'

"

K<9LMHI8NOP/Q;6R9S,GPS,TQ

"

9+U@GQ;6R9S,

GPS,TQ

>D"

»¼

5V/7-?&='.W?'==&?2

U,-½}¾$¿À»¼

5V/7-X="&'?C#

"

V/7-?=#D"=>#

"

V/7-?=#?=&>=2

ÁÂ

,-.

Y)XZV:[-)*-K[K.FZ).1K(\]FZ^

Ã

?C

Ä Ã

"

·

?&=J

Å

#

Æ

_/H,8?C888V/,8"

YSQ,88?&=J

,&-! =&,="?&J`a,GHGTb3/T@G9,=D&C=?

8!./0 /1.2I8!,8"#$%&'(%)$*,83456c8+,5"2I8?%D<?='88888888888888888888888888888888888888888

7*/.89: -,!=%%#<"CD=5?%=J2%"<%?%D<%>8

88888888888888888888888888888888!%//;IddGHGTb3/T@G97R9S7GPS7TQ

ÇÈÉE�y~ÊËG¶Ì.Í( ÎÏ67

ÐÑUÒÓÔÕG�Ö" É×�Ø�6Ù65Ú

GÛÜÝÞÝ#

e=f

78

HIJKLBCßàáâãG

K+$Ù6Uäå5Ú"æ�QRG�¢çè"é

êëpìíîï(ðKìñî(òó6Uôí�K

Ù6(KõÙ6(Kì3æqö÷6øùú

e?f

78

hi

BCûü+GHIJKLGcM89" ý���

�þÒ

5"D?89:@

%

;

<=

2

" ÿ!HKb"#$%À&

H"'(vK)Ò*vK+��),H*�-.�

�/01

78

23"hiG[45��6"e7Ó�

8j9úÒ*K:\>+��;I<=��>?

78

@A"V�æ�Ø��(BCD(�/�EG=F

cMqFGhiEÓcMHIÞG�ÖJK

78

¼à" LÓcM89MNK+$��O*P

QRC!SF89( pÀ+F89Uä+F89

78

!SFcM89TUg+)EÙHb/V" ��

þÒ

78

pÀ+F89TW¿(X¿úcM89YZ

e&[\]þ#U^_`ab�ÒúÊË

78

BC

DcdFGä+FcM89" ZeÀ&g+)5

�f!SF89" gfÀ&§�>?höiKJ

��"æ��ØG���

78

}N"ZeÀ&g+)

YZexyjk�U���6þ6úÊË

e"f

7

%ÅÞ"�O89£CHIJKLcM89G

D±VWl/

78

gfæ�RJ¤mi (���þ

Ø( ÎÏy~U£nÒoú®/p£CDc�Ö

àqþ�GcM89

78

evwKZ�>"YZrk

Gs6t��GuvU£v" �O)'�nþ�

GK+$§�

78

e¼àwi¿fx;s6tG�

O)cM89Gyz{|>" �O}�~HOS

Ttþ#GDE89

78:39LQP

ú

eCf

`���HU

�����HBCcM89" e

%7%'.

G���"

àXxy

J%

z{G���C

=?'89:@

%

;

<=

"N{X

xy

'%

z{~��

?"C89:@

%

;

<=

G���

78gLQ;

ú

e'f

`

?c'!

��¿�����H���BCcM8

9�¢fHIJKL>"q

%7=.

!

?C7=89:

%

;

<=

$G�

�uKrvwK

'%

z{G���C

?"?89:@

%

;

<=

78

vwKZ�GO*VW'�" }��kÓgv�

�GuvU£vH�6�Ù6Ga@

78

}N"�¢



! " #

!"#$

!

"#$%&'()*+,!-./01234!5

67829":4;<=>?! @-."#A3

B;5CD!EFG/H;CIJKLMN4

%&

(OPNQRST1UVW82;XY!Z

[\]^_12"#AC*`,<U782!'

abNRST1c"#defghijkRS"

#lm`,"

'()*

#nojpqrstDuv;

C*`,! bNrspqwxy)z{|}<U

+,;C1~5M�! ��UDM�T1C�)

*`,

%&

RS

!

"#lm`,�-j�"#de�

RST1bN���N�fg;�"��D��

��;|���,

+,-

!�"34;����$k�

V�$Uk��$^JKc��V�Z[dej�

� v

+.-

!G¡e¢£

+$-

$¤q

+/-

$¥A¦§

+0"-

$¨D

`,

+00-

$O©`,

+0!-

�ª�"«¬­;®¯�°]

%

±!²! ³j´µ¶·¸

'()*

`,'(�

T1C�)*`,;®¯

%&12

�

+03-

¹

'()40..

'

()*`,! º»C

5"

�¼;VW82½(

0""&

678

%

9

40

!

:;<

�

+0=-

no¾

>;

!

?(@A

!

BC>

`,'(

)*!/G

5D&67

%

9

E0

;CIJK¿ÀÁ

0""

�¼

�Â¾½

,5"&678

%

9

E0

;�82!G

5""&67

%

9

E0

;

CIJK¿! /VW�82(

!0"&678

%

9

E0

%&'()*

)*`,G�82cÃ�DMHÄr"34;Å

{>?

%&

'aGÆ¶·|Ç�"jÈpqrsÉÊu

v;�T1C�)*`,!Z

>;

!F

(RSÉÊ!Ë

%Ì(de!ÍÎrspqwxy!bNÏÐÑÒ

Ósuno

>;

3

?@>((A

,

!

rspqwxyÔÕ`,

&Z¿Ö×(

>;)7GH:(

#

%&

Ø.ÙÚ;Û°#Ü!

ÙÝ.4_12;$%Ì! Þ_12;Ë%ÌV

Z\`,�Â¾ßU;Ý82

%&

rspqwxy

&

H:(

#MG|à�KHÅáÔÕ`,;5CD!â

ãä.`,�Â¾ßå;Ã�DM

+05-

!æÆ!bN

suçèªé�ê;

>;)7GH:(

ÔÕ`, !G

5""&67

%

9

E0

;CIJK¿ÀÁ

0""

�¼!ëìí"

/!,&678

%

9

E0

;Ý82! �"UÝ82c:å;À

ÁîàD

%&

G

5&7

%

9

E0

;CIJK¿ ! �"

5"0&

678

%

9

E0

;Ý82! �Â¾:å;ï�DM

%&

'a

rð]ÀÁñò &

>I

# c

J"

óô©C1Mõ

&

JKL

# ö÷®¯

>;)7GH:(

º»CN�;#Ü!

ø�Ú�\]ÏÐÑÒÓnù;

>;

3

?@>((A

,

&Z

¿Ö×(

>;)7

# {úûÝ

%&

-.

'()*

�,��

üýþÿj�! !´<"¸|Ç"#;nùUD

M�T1C�)*+,;�ªÓ

%&

!

! "

!"!

#$%&'

>;?M(

3

A

!

%

,@

!

(

&_$%#$Ë&&_$%#$Ë%

&_$%#$h'(&_$%#$)*&_$%#$+,

'&&_$% #$-

@

!

L(

=

&_$% #$

MNM(

3

&_$

%#$

O'P(

=

&_$%#$.p,&

3DQ

!_$%#$/,

&_$%# 0�1¥23q456"789'

M#

Ë

Ø:;<*&

M'K

!_$%#$=><Ø?@%A

&

LCBL

!q4%#$BCwx&q4%#0�DEF5

6&HG#"789'5C6

L<RSHEK

&q4%!HI

JKLMNO"789#'

KIC)

&q4%!gÄP

QCRSö"789#' �T1C�"#CTÐ

&XU%!VGWXYC1+,"789#'RS�

&XU%!Z["\RS®¯]#

%

^1

T7

_`89

LCTEU,DD

Úab_$_'

c!Ü489

V29NW<&XYZ26N&[I&J$

óôdó_'c

!ce89

LE=$""

U_fgOó

L\'

'hijc

kM"789�lUmKC�DMn5op'^

1

\:]:

89

!.3&7

qCI

!

qCuCq4L'

r'c!

X1I7>EK@[

89

K@[&5DDD&ISH*N&KH;^S_[[[&

J%

óô©C1Mõ_

%

!"#

()*+,

#

#

>;)7

;Õg

¹ÏT"

3%DD&9

;

>;?M(

3

A

!

%

,@

!

(

;

!5&61

Ë&ÏÐsÎÏT"

!%!.&9

;

$$`

Ë%,ÏÐc

!%DD&9

h'(;

!5&61

Ë&ÏÐ!tu!vwNx

%&

TÊ_Tø]Ë&yz{|A! .

0!D&

;

>

}>~

����A

%&

!

#

H:(

;Õg

�]Å{;

@<66SH*

Ónùpqwxy

%&

�

0&9

b�ÜN;BCwx$

,&9&O'P(

=

c

0&9&MNM(

3

FÎ��É! ¨���¿��F

,D&61

-

@

!

L(

=

!

��Û°Nx

%&

¹Û°Ð��sÎ

!DD&61

�T1

,É!��K�����¼!FÎ

3D`&@

!

(

!

��

ÏÐ-��\��(��\ ! �êpqwxy

&

:(

#ÏÐ

%&

¹

:(

ÏÐTÊ_Tø]�T1,z

��ê��\;��

:(

ù]

%&

�

:(

ÏÐ

3D&61

&�

:(

½

D%!&9

#!���

0DD&61

�ê��\ÏÐ!

FÎ

D%!&9

��tD6

LCBL

¨���

0&8

!]/,

��

R@

 ê

0D

¡¢! �£�,b¤É.

0$D&

;

>

,bÛ°

,&8%&

¹�AN¥! ],c'&z�ø.

,5&

;

>

}>�¦!§¼¹/w.

05DD&

;

>

$

M

!

¡¨¿

!D$

! !



! "#!

!"

#

$%!&&'

(

)*+&

$%&'()*+,-./01

2

#

3

,

4

-,,!"./)*+&

"

!"./

567

!"./,

/

012

84

.345,-,,6"789*,012,:;<<9*=>,"?,!"./,)*+&,;=8,!"./5,@A9,

>3BCD;<98,>:9E<*CB,"?,!"./,3>,3=EDC8985

9:

#,A

/;<=>#?@

*+&5

#

$

!"./)*+&

/AB

C

FG,B4

/

*+&

5

-5HG,4

/

!"IJ&

#

'

K

%

(%

K

&

DE

#G,BL

FGH&IJKL

KA5,

CMNOPQR

ESTU

-5-F,4

/

MMN

FVWSQ5

-5GGO4

XY

Z/

KG,BL

FGSQ&[\&]^_`

5,

'ab'

cdFGefghi&j

-KG,

"

!

klmno?pi

5,

!"#

!"#$%&'()

-

$qbr

2P!Q@+/

stuv%!lwwx'

&

K

!

KGN,R,

J

K

!

MGN

$&<yz{!|<}

MGG,

"

!

&~<��%

-G,

"

!

(

B3=

Q-

5,

K

$

0Q

����br

�

!C!

!

$%��&��

"

%

-5HFGH(,!

&��

�%

#H,ST

&���

-H,B/

&����

G5G-(U!

&��

��%

KG!

(

B3=

Q-

&���yz{

H! V,HG!5,

#

$���(���br

����kln�����_�)�� �

��¡M& ��¢£¤/���_¥�¦kl§

¨©ª«¬­®/

6<

�¯°��¢

5,

F

$"��±²�st

C³´µ/¶·�*²^

(,A

�M&¸�*¹

º�»9:st

5,

±²���¼½%

G5GK,V,#5G,T

&

�

-GG,B/

(

4

Q-

/��¾y¿�*9:

H

À±²�

ÁÂ&$%�,/ÃÄ_Å&»�

HGG,B/

(

4

Q-

/)

�¾y9:")�±²)ÁÂ

5,

H

$Æ�¢Çst

C³´µ/¶·)*²^

(,A

�M&¸)*¹

º�»9:st

5,

±²))�¼½%

G5GK,V,#5G,T

&

�

-GG,B/

(

4

Q-

/)�¾y¿)*9:

H

À±²)

ÁÂ& »�

HGG,B/

(

4

Q-

/)�¾y9:")�±

²)ÁÂ

-H

À & È�É^)�¾yÊË@Ì

)

HGG

*

-GGG

*

KGGG

*

HGGG,B/

(

4

Q-

$9:st &Í�C

)�¾yÎÏ@

HGG,B/

(

4

Q-

5,

(

$ÁÂÐÑst!

ÒdÓ�,ÔÕ&�

G5GH,BT

(

>

Q-

/��*

G5GK,

V,#5G,T

/���Öz{×�*/ØÙ�ÖÚ+Û

ÜØÝ��

5,

U

$

0"

��Þ�(Ç8st

¿ßàM/),�.9:

06P

st &ád

/D,!

!

)

-FM(5(,9T

$%âãä&å$æ�%

K#5K,W

&

��|kly

X-G

Q(

,6;5,

çdèé/

!->

)

KMF5H,9T

$

ê$%ëìíîïð�ñòóB/8�ôõ&s

t��/ö85÷øùú/û8�br�.Hù

úüý/þÄ

5,

!"$

*+,-./0

CÃ¢�.*��ÿ

>C:9*Q6

*!"ÿ

6T2.

#

$

UYKY-

/%&'(A&�

JZ6

$%b)ÿ&*+

(,A

?@,.& C-�\./@ßàM& j

-KG,

"

!

0kln�_`&�

KG,Z6;

�J�1�?@,2

5,

3MN,24�5

-5(,EB

*®y%

-,BB

/67&

2b8$%ï,5+,&3

!9D4;*8,KFGG

�9:;

<=$%>=&?

-,B"D

(

L

Q-

,L36.

(

/

[!\2Z!\2[!

)#Ô@A%

-Y-Y-

(A$ SQ$%�TQ& �

/*

wx/BCD´µ

!1,KG-(

¶·�*

5,

%Es±²�_ÅH�./þÄ& ÒdF>

ÖBGst�,�./

06P

84&HIJK�

/*

wx/BCDHLT�*

5,

C

!1,KG-(

¶·�*

LØ�& 3M�,2^j

2Z!

QÔHNOef

#G,B3=

&»C-^jBCDHPn&Qd

5,

%

12345

%"!

!"%67.89

�

*+&

%RÔ& ádSQS)T>Ö+RA

B

!"./)*+&5,

d÷U/ÛTAB

!"./

$%¿

A&ÓV/

012

84W4

-

XY

5,!"./

/��ê

4ád

!"./

Z[/

0#

����\]67?@/

48

]-(^

÷©^&48H_Uã`-ab%÷ &c

dÒdSQS)TBæABMe

!"./5O

AB/

!"./

7jZf[Õ*

"K

-\#

lgh&[ij\%!

$ _O

--5KMHM$F`O$

&

% _Oa5M(aG$F`O%

&

# _O-M5-UaU$(`O&

&

# _O-KU5-a#$K`!

&

& _O-(-#5G$-`O'

#

&

'

E;DE

_-5MFGO4

(

EB

Q#

5O

KGa

! !



! " #

!"#$

!

%&'()*+,

"#$

%&'(

%&'()*+,!-

./012

%&'(-.

34

/01

56789:;'

<= !>?

!2(3

@

4%3

AB !CDEF

566789

'

%&'(

GHICJKLMN2O.PQHR

*+,

STU!VW

:;<

XYRVZ[\!]^_`a

bcd+efRgh[ijkWjl

%&'(

JK

ef2

*+,

UR

%&'()*+,

mWn;

-.%&'(

R

/01

op>?

!4=3

@

4<3

AB!

%&'(

iqrRG

HICR<hs2!CDEF

566.89

RICtu

vw!x#yz'<=

-.

%&'()*+,

@

%&'(

'

>+(

{|>?

?

A

B

-7%&'()*+,

2

@67

&

%

}~����R���!

����/��R������R! 2

?667

&

%

}

~����

%&'(

R��M�!n;l�.�R�

��!�����R��� !2

?@67

&

%7A7@667

&

%

¡l���

*+,

¢£M���R���! ¤¥:

;R¦r§�¨©!ª«jM�

%&

?

,

5

!¬­¦r

®M¯F

56-#B

! °±²³´l

%&'()*+,

0µ

¶rF

!6-$C-.%&'(

R

>+(

{|·2

?66.

&

%

}

~¸�6¹��n;����R.�º�! �¥

¦r»¼½¾¿À!ÁÂ��R¦r!¬­

@?-$C

RªÃÄ¶r$

%&

?

,

5

%Å�

%&'(

R¦r®�

¯»¼6Æ

-

!"!

!"#$%&'(

Å

%&'()*+,

5ÇÈ£ÉÊËXY! Ì$

%&'(

ÍÅ¯

-.

i

D66.9(

"

E

FD

RÈÎÏ�ÅÈÐ5

Ç

@

¹ÑÒÈÓÔÕ£¥! Öi

@6679(

"

E

FD

RÈ

ÎÏ�Å

%&'()*+,

@

%&'(

5Ç×ÈÎÑÒ

ÈÓÔ´Ø>?

5(

ABRÓÔÊË?

-7 %&F

'()*+,

ÙÚÒÈ@ÑÈ¯Ûr�ÜF

D$GH7

9(I

"

E

FD

@

D6HJ79(I

"

E

F#

! ÙÚÑÒÈÝÞF

@H-?C

!

%&'(

ÙÚÒÈ@ÑÈ¯ÛrMÜF

#G667

9(I

"

E

F#

@

#6JG79(I

"

E

F#

! ÙÚÑÒÈÝÞF

@H-$C

!ßàÙÚáâÝÞ%ã!äåRáâÝÞ

$ÙÚÓÔ^æ0:;çu<j

/0K

T#è

-7%&F

'()*+,

@

%&'(

2éêÚÓÔ0J#.�RÛ

rëì! ÓÔ

#6

Úi¥! ÒÈÛrMÜF

J$67

9(I

"

E

F#

@

?!G79(I

"

E

F#

! �¥ßàÛr§�¨©

íî#U�!áâÝÞJïã

#66C

!ç�lðñ

RÓÔ¨©Ê

-7

2ÓÔ

#66

Ú¥!

%&'()*+,

R¯

ÛrF

G!H79(I

"

E

F#

! %¯�ò

#6

ÚRÒÈÛr!

ó¾ÞF

##GC

!�

%&'(

R¯ÛrF

56!79(I

"

E

F#

!

Ûr½¾ÞF

#!!C-7

ßàR×ÈÎÓÔXYç

.!

%&'()*+,

"#�ô �

%&'(

R¯Ûr

-

?

5=

�

%&'()*+,

@

%&'(

RõÞÊË

?

-7

?0�B! öÈÎÏ�÷

@6679(

"

E

F#

ø

@6667

9(

"

E

F#

ùúûq!2

@66

#

#666

#

!666

#

@66679(

"

E

F#

RÈÎÏ�ü !

%&'()*+,

�Ü"#

$#!

#

J!J

#

H?$

@

@6#79(I

"

E

F#

R¯Ûr! �

%&'(

R¯Ûr

�ÜF

5#5

#

!$J

#

GG

@

@J79(I

"

E

F#

-7

ýÈÎÏ�þ

mØ

@6679(

"

E

F#

�!

%&'()*+,

@

%&'(

RÑÒ

È¯Ûr�ÜþmØ

$#679(I

"

E

F#

$

5@679(I

"

E

F#

!

ßàJç�lÅÿ!À£RÈÎR¨"Ê

-7

¯

äßà2

@66679(

"

E

F#

RÈÎÏ�üR¯Ûr!

%&'()*+,

#Ëó¾

@6#79(I

"

E

F#

!�

%&'(

$#

@J79(I

"

E

F#

R¯Ûr! ç.

*+,

R�%#ÝL&

'(:;RõÞÊË

-7

7

?

!77%&'()*+,4(

@

%3

@

%&'(4=

@

<3

R

/01

op

'LE-7!77/017L9MENOP&Q7%&'()*+,74(7M8R7%37M8R7%&'(

4=7M8R7<3

7

?

?77%&'()*+,

@

%&'(

2)**+0R

>+(

{|

'LE-7?77>+(7ST*UNO7Q&*7%&'()*+,7M8R7%&'(7L87ML*7MV9F

&OWIN*N

!D6

! !



! "#!

!"

#

$%!&&'

(

)*+&

$%&'()*+,-./01

2

#

3

!"#

!"#$%&'

%41

!",-)*+&

+,-./)5678

9:;<=>?@

!",-

AB/CDE/FG"$

HIJK

!",-)*+&

L

!",-

/MNOPQR

<ST)UV

!"./

L

!01

BWX

234

YZ

56

;

757869:

#

1

;0

/[\IJ

!",-)*+&

/

!:

QR

]^

8

$

-

%_`"abcMNdef"

!",-)*+&

Wga

05.6:

&

0576:

L

75<6:

hijk/lFm"

noG@

!",-

/lFL

4=>

p/qr"

4=>

ps

ta)u

75?6:

;vqr

@0<A

"

75<6:

/lFmwx

4=>

p/qrLyz{/lF|}FG~�/

56

��

-.a

0586:

�?�/lFmwx@-.��7

8��?B/u���lF��/

56

�5dea

05#6:

L

.5.6:

�hijk/�5m"�8@

!",-

/�578

56

2

0

cMNhi|�jk/�5l

Fm"=f�@

0586:

L

05?6:6B6.5#6:

/��ma

�V/MNdef��u�" aMN��V/2

07

c"

0586:

/lFm���uu�"a

0576:

hi

jk/lFm"a

0506:

hi?�/lFm"|�

lFm?%��" �8@

!"

.C

/lF

5605?6:6B6.5#6

:

�/�5m���

05D6:

" ��m�8@

!"

�

 /�578' 2

.

cMNhi/¡���5l

Fmu@

75?6:

L

05.6:

" =¢£¤f¥¦/§z

{/�5lFmu¨>�$

75<6:

L

0506:

%

@0?A

"no

G@yz{/�5lF78"=f

05.6:

/�5m

a�V/MNfm�©Lmqª5?�"

75?6:

/

lFm�B�u��K

75786:

" m�©«_¬­"

�®i¯�j���maMNdef?%��"

n°�?±

56

;²³´�j"

!",-)*+&

f/

!"

.C

Lyz{aST�defµ¶¢K�5678

56

%41MN��V

!",-)*+&

+,/�5

6789:" IJST�U<ST�MN��V

�·¸¹Wgº»a

#6:

L

757.6:

/,¼/

!"./

L

!01

BWX

234

YZ$^

8

$

E

%L$

!

%%

5

^

8

$

E

%

k`"ST�U"

!"./

#F.

L

!"./

0F.

½m³�YWg

u@

<?75D6G:

L

<D(5<6G:

" a

<?(5(6G:

L

?7.5D6

G:

�/|��mWgw

!"./

#F.

L

!"./

0F.

½m/

¾¿m"ÀÁ¢½mÂ

(6G:

/³�YÃÄw

!"

.C

/

ÅÆ

@0D;.0A

56

ST�MN��V�·¸¹º»a

#6:

/

,¼/

234

YZWm³´¢ST�U/ÇÈ"É

ÊË;

!"

.C

/qÌÍa' ¸¹º»a

757.6:

/,

¼/YZ^a

<<?5H6G:

L

<D#506G:

�hi

!"

�

 m

@0DI6..A

$^fhi

!"

.C

/m¢ÎÏÐ�defÉ

� Ñ�5%

!"

.C

«Ò%

56

Ó²Ô³´¢

!:

IJ

³´C?" �jMN��V�a

0576:

L

05D6:

/

���5lFm�8Õ

!"

.C

/�5lF78

56

�

!01

BWX

234

YZWm/³´]^

8

$

!

%_`"hia

.?H586G:

/m�8@~�Ö

1J;

/G*63

L

*+&

²/×Ø5Ù"

.?85(6G:

�/moÚ

@Û³Ö

3:K,

$ÜÝÞßà%/

!%

.

@.#;.HA

"

.?(5<6G:

�/m�8@

!;&

�á

@.8A

"yz{²/Ùa

.??5(6

G:

@.#A

"

.D7506G:

/m�8@

4=>

pf/

LM

.

!&

#

L

N&!&

.

LM

@.8A

"

.D75D6G:

�/moÚ@Û³Ö

3:K,

/

!,

.

@.HA

56!",-)*+&

aST�U�Ía

4=>

p"

Gâ

.D7506G:

�ã«m

56!",-)*+&

/yz{a

ST)ULST)V)·¸¹º»a

#6:

/ÎÏ

/³�Yäa

.??5(6G:

"åST)V)·¸¹º»

a

757.6:

/,¼"=>�8/m���

.??576G:

"

�jyz{alFdefqræ/ç " =aS

T�MNfèén°/�5678

56!:

QRfM

6

^

H66-56!",-)*+&

L

!",-

a

87769-

(

O

;0

/�©êëv/MN�YLìíîï'

E56!",-)*+&

L

!",-

a�ð�©

êëv/ñï�Y

,MO56H66-56!PQRMSO6/G*T"*9USQG6USV6Q"JR"9WMQ6GTTMQMGSQP6QJ*XG16"T6!",-)*+&6USV6!",-6UY6U6QJ**GSY6VGS1MYP6"T687769-

)

O

;0

Z6

E56NUYG6/G*T"*9USQG16"T6!",-)*+&6USV6!",-6UY6VMTTG*GSY6QJ**GSY6VGS1MYMG1

.00

! !



! " #

!"#$

!

"#$%&'

%&$'(

(

)&!'(

)*+,-./0+

123456,-./71

&'

89:;<=> !

*+,-./01

'?@AB

CD! E(345FGHI=J6A-K71

&'

*+,-./01

LM

2!3'4-5

"

6

7)

6NOP8

*+

!8

(

3456=J71QRST! U"VWXYD6

Z+,-./0[\+12]Z^71

&'

9

%&%9'4(

"

:

7)

6_`ab

*+,-

)

*(

XY

cd

3

#

-

$ef!'ghU"D![\'

)&!'(

%

)&"'

(

(

"&;'(

ijkl)./0!=mno

*+,-

6

./(

<=>

p6qr!'

)&?'(

stu6./0v

8owxyz71{|tL6}~��./��

6

&'

,-BC'

)&?'(

(

)&2'('@'!&!'(

sijkl

6,-0! +1o

*+,-

6,-71

&'

��hU"

'

%&3'(

(

)&?'(

�

)&?'(

(

)&2'('@'!&!'(

sij

Z+,-./0!�D

)&2'('@'!&!'(

sij)v*

^��),-A��0

&'%&3'(

(

)&?'(

6*+,

-./0'�%6U"BCD0A����u�

��%��!ykH�+1671=J|�!]v

*+,-

�A�?@A��OP�`��6��/

n�*& s'

)&?'(

6./0'�%6U"BC

D!����A}� !¡0���¢£!�%'

U"#$6�

)%

h¤¥*^

%&3'(

¦§)�0&

'

)&2'('@'!&!'(

sij��),-A��0'�

%)U"BCD0���¢¨! U"#$%)�

)%

h!�0}o

)&%'('@'!&A'(

)©ª«

&'

U"#$

%}o

%&3'(

(

)&%'('@'!&A'(

),-./0+1

o

*+

!8

),-./71! H

*+,-./01

�

)%

h

)

*(

XY¬N! =9­j%®¯iI

%&$'(

(

)&!'

(

]+0! °±

*+,-./01

6NOPLo

*+,-

6��/n

&'

²³

BC<

´µab?@A¶�?@A#$%

'

d

9''D-E'*+,-./01

'

"&"94(

'

:

7)

6_`·6U"VWXY&

*+,-./01

'?@A¶%6

FGE

L[¸

*+!H

¹(

F*E

L[

¸

*):

¹

,I6&'9''F-E'*JKLIK'M+LNO44+6/O4:PF*(:E'+Q'*+,-./01'ON'O':KOR'/ONS'+Q'%&%9'4(

"

:

7)

T'FGE'*+!H'BC<':HSKN/O'ORU'F*E'*):'BC<'

:HSKN/O'+Q'*+,-./01'VSQ+/S'ORU'OQNS/'VONNS/J'NS:NIR6

!#!

! !



! "#!

!"

#

$%!&&'

(

)*+&

$%&'()*+,-./01

2

#

3

,

4

(,,$-.,!"/-

5

0102,34

"

5

67

/678/9:;<=>#

!"/-

5?@ABC/

$8.

DEF

!"9:

GH

$!.

DEI

!75

G

/;<1,(,,$-.,!=>?;>,@"?AB33"<*B35,C!45.,"D,!"/-,BA,B,5>BE,*BAF,"D,0102,34

"

5

67

G,H8.,!"9:,IJK,5:F>A*B,BEL,$!.,!75,IJK,5:F>A*B,

"D,!"/-,MFD"*F,BEL,BDAF*,MBAAF*=,AF5A;E<

AJKLEMNO5

#,4

H

0109,4

/

!"/-

,P

/

!"9:

H

!75

DEI

IJK

QG$4

(

$

8

%H$

!

%%

1,

4

(

$

8

%RS&?@ABH?@A9:TUCKL

NO5

#,4

/,P/

!"9:

QGVWXYZ[

!"

9N

/

!"9:

#O9

H

!"9:

7O9

\H]^/_`\

1P

a?

@ACAJKLNO5

0109,4

/QG4bXY

!"

cd\&[e

!"

9N

fg)hijk&lg9:

TUC/

!4

=>mnopq

1,

r

!75

DEI

IJK

QGE\/mns4

(

'

!

%tS&E\uvg

!"6

/-)*+&

/ow

1,!"/-

5?@ABxy5

KQR

z&{|

9S017,F4

}~�\

1,!"/-

?@A9:TU

CAJKLNO5

0109,4

H

#,4

/QG4RS&r

k�������(/m�Q�L��

9TT1(,F4

&

~�eR/��&[e���5

!"/-

?@A��

V~����h&����xfg)hijk

1

���mn��&

!"/-

V/�5?@)��

V���h��jk

!"

9N

,N,9F,! !"1,

��lp�

hjk��&

!"/-

/��� ¡%

#(0,3-U

"

<

67

&

g¢£¤

V09,3-U

"

<

67

¥¦ '§¨/� g©A

ª

5W:F*,J

/� «¬�­ %&

!"/-

9:TUC

/

!4

=>�/pr�h��\�rk®�/�

hjk

1,

r¯

!"/-)*+&

/°±mn���Y&

*+&

/²³´hµ���/Ahijk

1

!

! "

¶�·¸¹º»¼

!"/-

��+½5

*+&

�

�¾X/

!"/-)*+&

¿�-.$%&'()*

+,-.&À�D/�Á¯� &Â[YXÃÄ/

9:TUÅHÆÇÅQ

1,

��01[e&

!"/-)*+&

/

!"

9N

H���WQ�ÈÉQ/$Ê&

*+&

/²

³ËDµ-./ÌÇÅQ/wÍ& �´hµ��

�/Ahijk

1,

#$%&

"#$%$&$'($)*+

X7Y,,-*3BEL,Z[,\B*B5>"E,],Z1,8W;?L;E<,MFAAF*,MBAAF*;F5X]Y1,^B6

97#

! !



! " #

!"#$

!

%&'()*!++$)*,-./0.0123*4-!54-06

7!89*:;&*<*=

!"#$"

)*>?9@

!%&"

)9A&BC9D9E/

'()

2)9(%9BF69

G?C5HBI(J9 BFFKL9 BCKJ(9MB%('?BFI9 NK'* F?%;?&M* ?KC* HB%%('?(I

7@86*O'KP'(II*?C*:;(M?I%'LQ

*+,-

2)*!+.!)*!0Q$23*.,445

.,046

7R8**S&BCP*D*>)*TBCP*U*V)*D&*<)*(%*BF6*SKMKP(C(K&I*:KW*KC*

P'BX;(C(*NK'*H?CJ('5N'((*BCJ*&F%'BFKCP5F?N(*F?%;?&M*?KC*HB%5

%('?(I7@86*YJZBC[(J*\&C[%?KCBF*EB%('?BFI)*!".R)*!RQR-23*

,R,-5,R-R6

7,8**Y'MBCJ*E)*]'&P(KC*^)9_(`?C9S)9(%9BF69:KCa&PB%(J9J?[B'5

HKbLFB%(9BCKJ(I9NK'9>?5?KC9HB%%('?(I7@869cB%&'(9EB%('?BFI)9

!++1)9$Q!239.!+5.!-6

7-899TBCP9^)9TBCP9>)9V;BCP9d)9(%9BF69W'PBC?[9>?

,

:

$

S

!

W

4

9CBCK5

I;((%I9NK'9F?%;?&M5?KC9HB%%('?(I7@869cBCK9>(%%('I)9!+.R)9.R

Q1239,,+,5,,+16

74899>KCP9@9U)9ABP;?9W9E69G;(9X('ZBI?Z(9[;(M?I%'L9KN9M(%BF5

K'PBC?[9N'BM(eK'fI7@869:;(M?[BF9^K[?(%L9U(Z?(eI)9!++1)9

R$Q-239.!.R5.!.,6

70899d(9\9^)9T&9A9^)9<(CP9S69E(%BF5K'PBC?[9 N'BM(eK'fI9NK'9

F?%;?&M9?KC9HB%%('?(I9BCJ9I&X('[BXB[?%K'I7@869@K&'CBF9KN9^KF?J9

^%B%(9:;(M?I%'L)9!+.-)9!!RQ^.239.+15.!.6

7$899>?&9A)9TBCP9V9g)9V;K&9S9:69U([(C%9BJZBC[(I9?C9[B'HKC9

J?Kb?J(9[BX%&'(9e?%;9M(%BF5K'PBC?[9N'BM(eK'fI7@869]'((C5

;K&I(9]BI(I39^[?(C[(9BCJ9G([;CKFKPL)9!+.!)9!Q,239!R15!-16

71899 TBCP9 V)9 :;(C9 ])9 <?CP9 d69 ^(FN5I&XXK'%(J9 [B%BFLI%I 7@869

:;(M?[BF9U(Z?(eI)9!++1)9.+1Q!239R!!5R-16

7.+899_BFF(%5U(P! E)9=BFBI9\)9Y'[KI9<69E(IKXK'K&I9MB%('?BFI9

NK'9J'&P9J(F?Z('L 7@869YCP(eBCJ%(9:;(M?(9 hC%('CB%?KCBF9

iJ?%?KC)9!++0)9,4Q,+2390-,$50--$6

7..899EK%KfBeB9c)9EB%I&CBPB9^)9GBfB?I;?9^)9(%9BF69U(Z('I?HF(9

MBPC(%?IM9H(%e((C9BC9 BC%?N(''KMBPC(%9 BCJ9B9 N(''KMBP5

C(%9 '(FB%(J9 %K9 IKFZB%?KCjJ(IKFZB%?KC9 ?C9 B9 'KH&I%9 FBL('(J9

7U&

!

8

!

G:ck9[;B'P(5%'BCIN('9 ILI%(M7@86 9 @K&'CBF9KN9 %;(9

YM('?[BC9:;(M?[BF9^K[?(%L)9!+#+)9#R!QR,239##1,R5##1-#6

7#!899>?&9d)9AK&9S9O)9V;(CP9A9S)9(%9BF69\B[?F(9BCJ9'BX?J9NBH'?5

[B%?KC9KN9M(%BF5K'PBC?[9N'BM(eK'f9CBCKH(F%I9BCJ9[KFK'5

%&CBHF(9X;K%KF&M?C(I[(C[(9X'KX('%?(I7@869@K&'CBF9KN9EB5

%('?BFI9:;(M?I%'L)9!+#+)9!+Q#4239R!0!5R!016

7#R899>?9D)9:;(CP9\)9V;BCP9^)9(%9BF69^;BX(5[KC%'KFF(J9ILC%;(I?I9

BCJ9 F?%;?&M5I%K'BP(9 I%&JL9 KN9 M(%BF5K'PBC?[9 N'BM(eK'fI9

VC

,

W Q#)R)-5H(C`(C(%'?H(C`KB%(2

!

7@869 @K&'CBF9 KN9 OKe('9

^K&'[(I)9!++4)9#4+Q#239-,!5-,06

7#,899]K&9>)9SBK9>9E)9^;?9A9D)9(%9BF69WC(5XK%9ILC%;(I?I9KN9B9

M(%BF5K'PBC?[9N'BM(eK'f9BI9BC9BCKJ(9NK'9>?5?KC9HB%%('?(I9

e?%;9?MX'KZ(J9[BXB[?%L9BCJ9[L[F?CP9I%BH?F?%L7@869@K&'CBF9KN9

^KF?J9^%B%(9:;(M?I%'L)9!+#,)9!#+Q#239#!#5#!,6

7#-899 ^&9 \9 A)9 AK&9 :)9 S(9 A9 =)9 (%9 BF69 \F(b?HF(9 BCJ9 XFBCB'9

P'BX;(C(9 [KCJ&[%?Z(9 BJJ?%?Z(I9 NK'9 F?%;?&M5?KC9 HB%%('?(I

7@869@K&'CBF9KN9EB%('?BFI9:;(M?I%'L)9!+#+)9!+Q,R23914,,5

14-+6

7#4899TBCP9V)9V;BCP9=)9d&'MKK9E)9(%9BF69^LC%;(I?I9BCJ9[;B'5

B[%('?`B%?KC9 KN9 B9 XK'K&I9 MBPC(%?[9 J?BMKCJ9 N'BM(eK'f)9

:K

R

QS:WW2

4

)9BCJ9?%I9c

!

9IK'X%?KC9[;B'B[%('?I%?[7@869 hCK'5

PBC?[9:;(M?I%'L)9!++-)9,,Q-239#!R+5#!R06

7#0899]&K9 @9:)9>?&9k)9TBCP9:9^)9 (%9 BF69 hC%('J?IX('I(J9 BMK'5

X;K&I9MCKb5[B'HKC9 CBCK[KMXKI?%(I9e?%;9 I&X('?K'9 (F([5

%'K[;(M?[BF9 X('NK'MBC[(9 BI9 F?%;?&M5I%K'BP(9 MB%('?BF 7@869

YJZBC[(J9\&C[%?KCBF9EB%('?BFI)9!+#!)9!!Q,239$+R5$##6

7#$899TBCP9>9O)9EK&9:9D)9^&C9A)9(%9BF69^%'&[%&'(5X'KX('%L9KN9

M(%BF9K'PBC?[9N'BM(eK'fI9[BF[?&M9%('(X;%;BFB%(I9BCKJ(I9

NK'9 F?%;?&M5?KC9HB%%('?(I 7@869iF([%'K[;?M?[B9Y[%B)9!+#-)9

#0R39!R-5!,#6

7#1899d;BII?C9Y9Y)9A&'?(ZB9G9E)9dB?[;(Z9_9_)9(%9BF69E(%BF5

I&XXK'%9 ?C%('B[%?KCI9 ?C9 [KHBF%5BF&M?C&M9 [K5X'([?X?%B%(J 9

[B%BFLI%I39DO^9BCJ9:W9BJIK'X%?KC9I%&J?(I7@869@K&'CBF9KN9

EKF([&FB'9:B%BFLI?I9Y39:;(M?[BF)9!++#)9#0-Q#j!239#$15

!+,6

7!+899dK[?aBC9Y)9E?FK!(Z9 h)9 O?;FB'9=69:KHBF%5HBI(J9 BFFKLI9 NK'9

K'%;KXB(J?[9 BXXF?[B%?KCI9 I%&J?(J9 HL9 (F([%'K[;(M?[BF9 BCJ9

DO^9BCBFLI?I7@869@K&'CBF9KN9EB%('?BFI9^[?(C[(39EB%('?BFI9

?C9E(J?[?C()9!++,)9#-Q42394,R54-+6

7!#899\&9 >)9 >?&9 V9E)9 >?&9A9k)9 (%9 BF69 =(BJ(J9 [KHBF%9 Kb?J(9

CBCKXB'%?[F(I9 BFKCP9 [B'HKC9 CBCK%&H(I39 GKeB'JI9 MK'(9

;?P;FL9?C%(P'B%(J9(F([%'KC?[9J(Z?[(I7@869YJZBC[(J9EB%('?5

BFI)9!++-)9#0Q!239!#05!!#6

7!!899:K&F%('9d9i)9^B&F%9Y9]69iNN([%I9KN9B[%?ZB%?KC9KC9%;(9I&'5

NB[(9 X'KX('%?(I9 KN9 I?F?[B5I&XXK'%(J9 [KHBF%9 [B%BFLI%I 7@869

@K&'CBF9KN9:B%BFLI?I)9#11-)9#-,Q#239-454,6

7!R899 ABCP9 V)9 D&9 D)9 >?BCP9 D)9 (%9 BF69 Eh>5-R Q\(25P'BX;(C(9

CBCK[KMXKI?%(I39iNN?[?(C%9Z?I?HF(5F?P;%9X;K%K[B%BFLI%I9NK'9

%;(9I(F([%?Z(9Kb?JB%?KC9KN9BF[K;KFI7@869YXXF?(J9:B%BFLI?I9

=39iCZ?'KCM(C%BF)9!+#4)9#1$39##!5#!R6

7!,899^?ZBX'BfBI;9^)9EBa&MJ('9^9=69^X([%'KI[KX?[9BCBFLI(I9KN9

+6->?7c?

+6$

:K

+6#-

V'

+6+-

8W

!

5+6->?7>?

#jR

EC

!jR

8W

!

9[KMXKI?%(9[B%;5

KJ(I9NK'9F?%;?&M9'([;B'P(BHF(9HB%%('?(I7@869^KF?J9^%B%(9hKC5

?[I)9!+#+)9#$#Q#-j#42390R+50R16

7!-899>('KL9^)9EB'%?C(`9S)9<(J'LZ"'(9U)9(%9BF69hCNF&(C[(9KN9%;(9

F?%;?&M9 IBF%9 CB%&'(9 KZ('9 %;(9 I&'NB[(9 N?FM9 NK'MB%?KC9 KC9 B9

P'BX;?%(9 (F([%'KJ(9 ?C9>?5?KC9 HB%%('?(I39YC9DO^9 I%&JL 7@869

YXXF?(J9^&'NB[(9^[?(C[()9!++0)9!-RQ##239,$1-5,1+-6

!#,

! !



! "#!

!"

#

$%!&&'

(

)*+&

$%&'()*+,-./01

2

#

3

!"

#

$%!&&'

(

)*+& ,- , .*"/0-012 31"45 6"* 70890:/ ;"1 <,885*05-

,-./+0%123405./0,6237862409%:/+0;6237<12

=

40>&/+0?@A27B123

=

C!"#"$ %$& '()*+#"*+& ,*+ -.&/01#2 3.$40/"+& *, 5*206 57+,#1$/8 9$:(+"4$;" *, 3.$40/"+&8 3*22$<$ *,

3.$40/"+& (;6 3.$401(2 =;<0;$$+0;<8 03.$4 >3*22()*+("0?$ @;;*?("0*; 3$;"$+ *, 3.$40/"+& ,*+

=;$+<& A#"$+0#2/B8 C0(4$; D;0?$+/0"&8 C0(4$; #(DEEF403.0;('

3=-8*,>8?

;1GAH7"*3A26I0B*A81J"*K0L;&5M06<0A0K62NO"B02"P1H01H1IG*"N108AG1*6AH<0B"*0H6GQ6@806"20RAGG1*61<S0%1*140A0I"8T"<6G10

8AG1*6AH0!"

#

$%!&&M

(

)*+&0JA<0<U2GQ1<6V1N0B"*0GQ10B6*<G0G6810RU00; /0"7 H"AN6230"B0!"

#

L%!&&M

(

0"20*+&0L*1N@I1N0"W6N103*ATQ121M0

GQ*"@3Q0A0<"H@G6"20IQ186<G*U081GQ"NS0.<0A20A2"N108AG1*6AH0B"*0H6GQ6@806"20RAGG1*61<406G01WQ6R6G1N0A201WI1HH12G0IUIH10<GAR6H6GU0A<0J1HH0

A<0A0HA*310*1P1*<6RH10IATAI6GU0"B0XY(08.Q

"

3

7D

0AG0A0I@**12G0N12<6GU0"B0FEE08.

"

3

7D

0ABG1*0DEE0IUIH1<0J6GQ620GQ10P"HGA310*A2310"B0ESEY0Z0

#SE0[0P<S0\6]\6

^

OJ6GQOAO3""NO*AG1OIATAR6H6GUSO_Q1O*1<@HG<O"BOIUIH6IOP"HGA881G*UOA2NO`abO81A<@*1812G<O*1P1AH1NOGQAGOR"GQO!"

Y^

OA2NO

B"*8AG1O6"2<O62O!"

#

L%!&&M

(

)*+&OO@2N1*J12GO*1P1*<6RH1O1H1IG*"IQ186IAHO*1AIG6"2<ON@*623OGQ1OIQA*31OA2NON6<IQA*31OT*"I1<<1<SO

!"8TA*1NOJ6GQO!"

#

L%!&&M

(

O<U2GQ1<6V1NOGQ*"@3QOGQ1O<A81O81GQ"N4O6GOJA<OB"@2NOGQAGO*+&OI"@HNOAIG6PAG1OGQ1O1H1IG*"IQ186IAHO*1AIG6"2O

"BOB"*8AG1O6"24OJQ6IQO68T*"P1NOGQ1O!"

#

L%!&&M

(

O*AG1OT1*B"*8A2I1SO.O21JO*"@G1OJA<ON18"2<G*AG1NOGQ*"@3QOGQ6<OJ"*KOG"O12QA2I1OGQ1O

<T1I6B6IOIATAI6GUOA2NO*AG1OIATAR6H6GUO"BO;&5<ORUO62G*"N@I623O*+&S

@5A B"*4-?

!"

#

L%!&&M

(

)*+&cO!"

#

L%!&&M

(

cOB"*8AG1O6"2cOA2"N1cOH6GQ6@8O6"2ORAGG1*61<

YDF

! !


	Co3(HCOO)6@rGO as a Promising Anode for Lithium Ion Batteries
	Recommended Citation

	tmp.1677607708.pdf.phsQW

