
Journal of Electrochemistry Journal of Electrochemistry 

Volume 26 
Issue 1 Special Issue: Experimental and 
Computational Methods for Electrochemical 
Interface and Reactions 

2020-02-28 

Lithium Storage Performance of High Capacity Material Si@CLithium Storage Performance of High Capacity Material Si@CPZS PZS 

in Lithium Ion Batteries in Lithium Ion Batteries 

Qing-nuan ZHANG 

Fang-fang ZHANG 

Hong-xia LI 

Bing-jun YANG 

Xiao-cheng LI 

Juan YANG 
1. Lanzhou Institute of Chemical Physics, Chinese Academy of Sciences, Lanzhou 730000, China;, 
yangjuan@licp.cas.cn 

Recommended Citation Recommended Citation 
Qing-nuan ZHANG, Fang-fang ZHANG, Hong-xia LI, Bing-jun YANG, Xiao-cheng LI, Juan YANG. Lithium 
Storage Performance of High Capacity Material Si@CPZS in Lithium Ion Batteries[J]. Journal of 

Electrochemistry, 2020 , 26(1): 121-129. 
DOI: 10.13208/j.electrochem.190226 
Available at: https://jelectrochem.xmu.edu.cn/journal/vol26/iss1/4 

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/vol26
https://jelectrochem.xmu.edu.cn/journal/vol26/iss1
https://jelectrochem.xmu.edu.cn/journal/vol26/iss1
https://jelectrochem.xmu.edu.cn/journal/vol26/iss1
https://jelectrochem.xmu.edu.cn/journal/vol26/iss1/4


!"#$% !"#$

%&!

&'()*+,-

.'/012

!"#

!"#"$

!!$$

!"#"$

!%&'

!

!()*

!

!

%+,

!

!( -

!%

!

!&'

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

()****

#

#&'

!01$%2$"34

!***+*

$

34! 56789:;<=

!

>=?@ABCDE

",",-.

FGHIJKAL)%

/01

&MNO78PQRSTUV

WXYNZ"[\]^_`ab];

1234

cLde

&'

7fghijkNZXY;

1234

/01

;lmnopq+,"

rstQVW

/01

uvNwkM

!*'56

xyz{|;lmno" }~8��

#7*

�;�B�������P

7,*'689

'

:

.!

"�}��

;

��u���(��(�VW������������� ¡g¢£pq_b]¤¥

���

&'

¦6p§¨©

1234

/01

cLdeªM«¬;­®¯" b°V±

)*<

;

1234

/01

c²de³©«¬´µ;

��¶·¸

(**'689

'

:

.!

&

567! 1234

#´µ#m¹º�»#«¬­®¯

,89:;! =>,>

#

?@!(,''''''''''''''''''''''''''''!!!!!!!!!! !

<=>?@! 8!!

¼½¾¿)

#*!7.*#.#>

"ÀÁ¾¿)

#*!7.*).##''$&'

ÂiÃ§ªÄ

&'%

7ÅªÄ

"'?ABC'

!

+>

&

!+!D#*+!++#"'E.6$2BC'F$5:GH$53B2IJ&I$K&I5

ÆÇÈ�1$ÉÊËÌ!

LM&'#!D()#>D

"

LM&'#!+*D#7#

&ÍÎ

./0

N=OPL8Q'=R'EQE4?P=4SETU1?PV

Ã

#>

Ï Ã

!

¿

#*#*

Ð

#

Ñ

WMB&'#>'''LM&'!

RAX&''#*#*

'()! !*&!)#*+YG&ABAIZ[MI9A6&!7*##>

'*"+, +-".C'!&'"#$%&'(%)$*&'/0/0"'+,\!]C'!#!.!#7'''''''''''''''''''''''''''''''''''''''''

12+"34, )'!!**>.),(!\#*#*]*!.*!#!.*7'

''''''''''''''''''''''''''''''''!5++6CYYABAIZ[MI9A6&^6H&A_H&I5

m¹º�»yzo�ÒkÓ(�ÔÕÖ�(×

ØnÙ�ÚÛ"ÜÝÞß�à7á(â7(�ãl

o�äåæç

`!a

&'

èé1êvë;rì"íîgl

oïð;ñòhó¶ô" ôo�Òk@õ��Ô

ÕÖöm¹º�»rì;÷ñøù

`#a

&'

´úM«¬

\)(#'689

'

:

.!

]

(ûúMmÊüý

\b'!(*'689

'

:

.!

]

;

þÿm¹º�»7!yz"#;���@õ"$

;�»o�Òk

`)a

"M_p§¨¶·m¹º�»;

o�Òk" %ryz&ô���;�úde¸'

�ñ

&

Ì("C)de;*+,-ûú;���Ü¶

·¸

!7*'689

'

:

.!

" p§¨¶·;./ú0z1

`,a

"'

+rô���;´úde[M¶ôm¹º�»o

�Òk;�ñ23ø4

&'

5Ð6"7809ô;*

:���

\)D(7'689

'

:

.!

'Q2

!D

12

,

]

("$;;<m�

=¤>?;l�@ABCÌ" DEMöF§Gm

¹º�»´ú;HIde

`Da

&'

�@"7deP;<

mxJKLMô�

)**<

"92;JKLM©N*

O�úVW

1EU

PQR�v(deSM(ën)T

UVWJ;X�§YZ[\" ]@^_"$;`

abc¤"d;�Ôe�n

`>a

&'

fg"7ªMhi

J" 0�ºþic

\!*

.)

'1

'

I6

.!

]

¤¹ºjkYl

\!*

.!,

'c'!*

.!)

'I6

#

'

K

.!

]

"$"�º¤

Q2

d

P7H�úd

e!;mnoc"p" q�1r_7´úde;

scno

`(a

&'

P7JY!*+i�ntÙ;Nde³@¶

ô7�ú;i�n�u27P;<m8v!;J

Kwx[\" p@¶·7´ú;y²lmno

`+.7a

&'

Ì(" 2äl+,zª78P7Nde!*+/

{M7;wx¶|./" p@¶ô7;�Ôe�

n

`!*a

&'

+,Ä}^_~�

#

�ab}

`!!a

(I��Sb

}

`!#a

(�«�°��

`!)a

(��°��

`!,a

�b}"��

b}2�k¶ô_7H�ú;�Ôe�n" ix

�*+_�;[\" ��) /{;}^�ñ,�

12=

#

���"����x�ñ,�

SR

���nM

$�£

`!Da

"8vc�}��Ô�#ix"/{;�P

N�#de;��Òk"h�àJK��;r�#

fg"7UN //{;�P",¡

12Y4

;¢£W

Kz1"h�à�ú;scno

&'

8¤"¥¦§å

9:(ô���(ôsc}yz��Ôe�n7N



! " #

!"!"

!

"#$%&'()*

#$

+,-./0123456789":$%

&

#$

;<=>

!

?>&@AB6C

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

$D

EFGHI0JKLMNO

",-,!#

PQRSTUK

VW

%./0+

!

./0

XYZ7[\][^_`7ab

cAB6DE!Hdefghij$

0123

kVl

:

#$

m

./0

n^7op4q$7l:efrY$

sZtuvwxyztu{|}~��$v[�

��!��efr�$v[������!��

��ztuv�v9��l:

4567

#$

efghij$

0123

kVl:$4q<���

5

��!v[��

�D�i���! �kVl:efI$�L��

m�Y��z��

#$

!

! "

!"!

#$%&'

!""

 6C "

01

! ¡¢£¤¥¦f§¨© !

889

#$ª«"

3:

&

;:

!¬­®¯°±¤[�f§¨

©!(²³%$MK´[NO"

3<

6

=

&

.

&

!

01>*?@?<AB1CD

!

(²³%$

,-,E$

SµRST¶"

3

5!

:

5"

;

,

0

!

01>*?@?<A@

B1CD

!(²³%$M·¸"

3

6

:

5(

=

!¬­®¯°±¤[

�f§¨©!(²³%

#

¹º�_»¼½yij;<¾¿vÀ

%FGH

!

IGJ$

FKC)?1$I&"-$L*KB1C?+

ÁÂD�&¹º�WÃij;<

M

¿ÄCÅÆ¿Ç

%MNO

!

3P

È

!

!

¿Ä!

.L=?<QR1@

C?<@G*SQBK?)-$=KRDKB<?)AT

!

" U$"#5(,5VW$)*+

ÁÂÉ

Ê!ËÌvÍ

,"$XY

!vÎ

&"$*L

!ËÌÏÐ^

5""

'$8""

& ¹º�7Ñ�;<Ò)(²ÇcÓÔÔÕ

ÖÁÂÉÊ!Z×ÏÐ^ØsZÙZÚ

W""$"3

!Ù

ZÛx

5"$"3

'

*1)

@5

& `ij;<ÜDEb(²Ç

%L0L.$!"!"+

ÁÂÊ�

#$

ÝÞ

ZL=O

ß;àv�Ê

¥áâ"

3F!""5L

%y

3:J66"G

v[�ãnä"¡

¢å°%Ê¥v9��

#

!"# $%&'

()$

()*

æ

5""$*>

AB

01

Cçè(é@ª«=êÖ!

@ëì�íîïæ

!"$*Z

Ñf

("$*>$%5""$*>

$

5("$

*>+

MK´[NOy

55&$*>$%!!6$*>

$

&&8$*>+,-$,E%

PQRSTU�ª«=êðñòó¡ôÑ

01

�õ

öêÖ

#$($*1)

\!òó

5$*Z

M·¸�ëìíî

5W$

D#$

÷øiù\æaúWÁÂtû! �Þª«=ê

üý! þ\ÿó!Ó"#Ö

W"$"3

ÁÂ!Ó$%!

&'

012./0

kVW

#$

æ()Ü*$

012./0

kV

W+c,-.Ö!Ó/0ï

8""$"3

7[

!$D

!�&

M1¹º12MK´[NO$3ò�(456^

0123

./0$("

$

0123

./0$5""

y

0123

./0$5("

#

!"*

+,-.#

æ4q&'$

0123

./0

7·89$¢:;<=

i¦>?

V[![5

$Ü*7@AV!BCDE4dF

:GH@IJ¡!

55"$"3

!Ó$%

5!$D#$

IJ¡K

�WL8M�N^

5#"$*>

(

C*

@!

! mOPzQ^R

v9 !

3K<>?BA!&""

S ^ T S !

5$ *\<

(

Z

@5

$ Z1I.

6

$ ]$

$

�

5$$0123./0

$4q�U�

I1>#$5$$.BKS?B?R1\)$B\PRK$\^$0123./0

5!!

! !



!"#$!%&'()

!"#$

%&!

*+,-./012+3456

7

'

8

($)*($+','-!)!.-/-0123-4(5-/-'6712389$

9.:

;"<

!":$

%&!

=>()9?@.A"BCDEF

GHI

;<=;

JKL.M"56N2+34"OP

.QRS9

<6<'-9->8'60<8968

@9TU1VWX

Y"Z[\]

!":5

%&!

VW'1TU@9^3_`

abcd#efghijXkl

?,','

1mnop

.Aq1rs" tkl]u1vwopJK.M

1xG

68

!

!"#$%

!"#

&'()*+!,*-

y

;+@.

9

!":5

%&!

8

0<

#

!":5

%&!

8

'<<

z

!":5

%&!

8

'0<

{|u}1

AB*

~�

68

u}*

;?67!

#

7C6=!

#

0D6'!

#

DE6'!

#

CD6=!

z

??!

���1�9�1���" ��

�~

!"+'''.

#

+;;<.

#

+=''.

#

+7<<.

#

+=='.

z

+7;;.

��

68

��"*

;<! >8;0!

��[���1�"�~�

%&!

�>_�%������I1���

68

����

��" { u}01�Z'��9

=603

#

'76?3

z

;C603+

¡y

;+F.

¢£

.68

*u}1

GH

¤¥0"

0<<8!$8

>C<<8!$

��1`'¦§�~�

%&!

¨©�*ª

«01�:

68C<<8!$

�¬u}`'­®¯°W1

±²"�9

!"

*%�³´�1�µ

68

<

!":$

%&!

8

'<<

u}9n¶��u}0�1·¸

¹º"y

;+$.

9

!":$

%&!

8

0<

#

!":$

%&!

8

'<<

z

!":$

%&!

8

'0<

{|u}1

I

;

$�»¼½¤¥" N¾~�¿��

9

776'8J

;

$

K

L'

%

'D;8J

;

&

K

L'

z

;';6D8J

;

&

K

L'

68

À<Á

¯"¤¥Â97

M

Ã$�¤¥"*

")"

<

8N-<6<'->-<6'<

ÄÅF[�Æ1ÇÈÉ�®Ê" ËÌu}FÍÂ

[�Î1Ï·jÐ

6-

��

OPQRS2TLUS1SVPW

'

OU

(Ñ

OÒÏ·�Ó"jÔ¡y

;+*.

¢£"ÕÖ ·¸�

Óy0À<×® " �~�Øs

%&!

¨©�¬ "

!":5

%&!

-

'<<

u}*

'-XJ

�¯®Ù'1Ï·" ÚÌ

ÛÏ·�1Ü*

6-

9ÛÝÞß

!")$

à)1áâz�~��ã1

äå"æ

!":$

%&!

-

0<

%

!":$

%&!

-

'<<

z

!":$

%&!

-

'0<

opÛ

çè.ézêë.é~�"¡y

=

¢£

6-

Õ{ u

}1ìílqÀ<Á¯ "

!":$

%&!

-

0<

%

!":$

%&!

-

'<<

z

!":$

%&!

-

'0<

{ u}1îï��9ðñï%òïz

dï"~Ìu}01�Z'ó¶óÎ

6-!(Y

lqô

£{ u}1õöÂ9÷øjÐ" ùÙúû�®

Ê

6-

ü

G(Y

~�yÀ<Áý"

%&!

�Âþ1Øs

* � ÷ 1 ~ � " t ÿ

!":$

%&!

-

0<

%

!":$

%&!

-

'<<

z

!":$

%&!

-

'0<

{ u}~��ã1äå��9

7-XJ

%

'<-XJ

z

;<-XJ6-

ÖËÌ�~��ã1äåÀ<�

�!"

%&!

�>_1#$VW'¶%&

6-

!"!

./01234+*-

9ÛOP'[\]äå�ãu}12+3

4"æ

!":$

%&!

-

0<

%

!":$

%&!

-

'<<

z

!":$

%&!

-

'0<

{ u}

opÛ()1.�í34OP

6-

y

7 +@.

9u}

!":$

%&!

-

'<<

1*+,-¤¥

+$9.

y"çè.�

<6<'-

9->-'60<-96-

*/0çè0"

'6'-9

z

<600-9

�¯®

1 ���"Ö1 �*¬¶1*+�µ02§"

À49ùÒ3�~�44ûa

Z"

/

1\À567

z

!(M

81á9�µ

['C\

6-<6<'-9

���1��~�

+,-:;�$�á9

Z"'

0

!"

7

><1�µ

['?\

6-

*

=A�µ0"

<6=;-9

z

<60'-9

�1��~�

Z"

#

!"

1¼+�µ

['E\

6-

>�çè0?1°W"�1@åA

B°Ù"ËÌ**+�µ0.Aà)ABC^�

6-

y

7+F.

9{ u}1/DEF.¤¥"u}

!":5

%&!

-

0<

%

!":5

%&!

-

'<<

%

!":5

%&!

-

'0<

1/DF.¾&''k^3_

`G`'HIJý( ��9

=<?'-J@T

$

K

L'

%

;D7=6=-

J@T

$

K

L'

z

;;;'67-J@T

$

K

L'

" /DKLMN��9

?767]

%

?<6D]

z

C?6<]6-

ÀO" >��Z'1°W"

!":5

%&!

=>à)1¾&'­PQ1±²

6-

R�".

Aà)1/DKLMN>�

%&!

¨©�Z'1S

%�ATPQ"ÖUVWüB�~�44ûa.:

;1\À567X91"tÿ"�YZ9à)1¾

~�¿óÙ"á91

!(M

8óÎ"/DKLMN[

\óQ"y

;+5.

1¾~�OPjÔ[ÚÌÛÖ�]

6

'[\]�ãäå1{ u}1*+^Ò3

_&'`aN¡y

7+5.

z

+*.

¢£"*

0<<-J^

$

K

L'

1.bcå³"u}

!":5

%&!

8

0<

'[�d1*+^

Ò3"��

;E=

0*+¬"¾&'9

CC78J@T

$

K

L'

68

u}

!":5

%&!8'0<

**+

;<<

0Y'[�%1&'

eaN" fW*

;<<

0�¬&'gh[Wi1±

²"*+ý

;7<

0Y"¾&'jk

???8J@T

$

K

L'

68

�

]u1vw³u}

!":5

%&!

8

'<<

��

;E<

0�l1

*+¬&'mnea

E7<8J@T

$

K

L'

" o®Û�p1

*+^Ò3

68!":5

%&!

8

'<<

1*+^Ò3qB

!":5

%&!

8

0<

z

!":5

%&!

8

'0<

1rs*B" t

!"

~�

%&!

¨©�

1äå9

'<8XJ

Y\u�À<[Mvw:EF.

Yx¶17y"Õ�z{jÐ1|}z

!(M

816

=©9"eÚ.A�l1*+^Ò3

68

y

0+@.

%

+_.

%

+5.

9

!":5

%&!

8

0<

.A*+¬1.Aáây) y

0

+*.

%

+(.

%

+4.

9

!":5

%&!

8

'<<

.A*+¬1.Aáâ

y)y

0+H.

%

+O.

%

+M.

9

!":5

%&!

8

'0<

.A*+¬1.

Aáây

68

À<Á¯

!":5

%&!

8

0<

.Au}[Ìô1

';=

! !



! " #

!"!"

!

#

"

!##$%&#'()*

+,'

-

."

!

'()*

+,'

-

/""

#

'()*

+,'

-

/."

-

$

012

"%

3-

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

$4&-'()*

+,'-."

!

'()*

+,'-/""

#

'()*

+,'-/."

$

56

23"

7*&'()*

+,'#."

!

'()*

+,'#/""

!

'()*

+,'#/."

4

'(

5678$

8

!

9:;<=23"

72&#'()*

+,'#/""

4

'(

5678$>?@A23

3#

B"'C"DEF./$0C"

3

#9(:3#!##7%&#012#;<==>?@A-BC-'()*

+,'-."

D-'()*

+,'-/""

-<@E-'()*

+,'-/."

3-F@A>=-(A-=G>->@H<?:>E-I(>J-BC-*-K<@EL- $4&-56-MN?I>A#BC#'()*

+,'#."

D#

'()*

+,'#/""

#<@E#'()*

+,'#/."

L#7*&#8

!

#<EAB?;=(B@OE>AB?;=(B@#(AB=G>?PA#BC#'()*

+,'#."

D#'()*

+,'#/""

D#'()*

+,'#/."

#<@E#'(#8+AL#72&#5G>#

;B?>#A(Q>#E(A=?(KN=(B@#MN?I>A#BC#'()*

+,'#/""

#<@E#'(#8+A3#F@A>=R#=G>#>@H<?:>E#I(>J#BC#=G>#;B?>#A(Q>#E(A=?(KN=(B@#(@#=G>#?>:(B@#

(@E(M<=>E#KS#=G>#E<AG>E#H(@>3

GHIJ# KLMN-OPQRSTUVWIX

Q>Y

D#

Z[

T#@P

X\$(]^_`ab

'(

-<

cdefg$ah$ ijklmnUo$Mpq

rs$ tuXv$STwxl

3#'()*

+,'

#

/."

MN-

yz{|}$~����$��$ ���z{�

�78����#GH$IJ$ ���4gj�

|Q$

'UF

���

3#

�$���D$�g(��P

Qe$�E�$��MN��� $¡�E�(¢

Qtu(D$£�¤¥¦M§¨D$

V(

W

¢Q$�

�MN��©r

3#'()*

+,'

#

/""

MNOPXª$ST

V$«¬�­®$IJ$�|�z$�¯{klm

n°±²³���¯$´µH#<¶$·J$°4

¸¹º²³X}$Mp»

3#

¼½$ �

'(

¾�

+,'

�g(¿À'

/"#@P

e$ Á®��Â�ÃÄ$S

Tl�

3#

Å½UÆ$

'()*

+,'

#

/""

Ç¾IÈ�ÃÄ$É

Êl�$Ë"

T7U&

,Ì$�M¹ÍÀ'

"3!#%

%

:

O/

!

"3.#%

&

:

O/

'

/#%

&

:

O/

!

!#%

&

:

O/

!

X#%

&

:

O/

#

#

.#%

&

:

O/

e $

'()*

+,'

#

/""

$Î��@Ï'

!!XY3.#P%G

&

:

O/

!

/YXZ3T#

P%G

&

:

O/

!

/T"Z3T#P%G

&

:

O/

!

Z[.#P%G

&

:

O/

!

[\!3.#P%G

&

:

O/

#

TY"3T#P%G

&

:

O/

3#

�M¹ÍÀrÐÑ

"3!#%

&

:

O/

e$

'()*

+,'

#

/""

MNÒIÈ

/YYT#P%G

&

:

O/

$ÓÎ��$

ÓÔ

'()*

+,'

#

."

#

'()*

+,'

#

/."

MN

3#

ÕP4Ö�×ØÙÚ$�ÛÜ(Á®Ý�Þ

Î$ß×àá$

'()*

+,'

#

/""

MNÝ�$l�âÔX

Óã�

7

Ë¾

/

,Ì

&3#'()*

+,'

#

/""

$ÓÎ��!äS

Tåæ`çX}$ÉÊl��èÔÆ]éê$�

>(

3#

(ëìíîéê-Ü78¾�$ïðÜ4M

§¨ñpp»$ rò�óôa$õgKö÷�Ü

/!T

! !



!"#$!%&'()

!"#$

%&!

*+,-./012+3456

7

'

8

(

9

)((*+

"

,

"

-

"

./(!"01

%&!(23

#

45

"

6

"

7

"

8/9!"01

%&!('33

:

41

"

:

"

;

"

</(!"01

%&!('23

1;<=>#

!6=

9?:

>6=

9?

:"?@9)99ABC"DEFG9!6=9EHI9>6=9"JE?KL9MN(!"01

%&!(23

(4+G(,G(-G(./G(!"01

%&!('33

(45G(6G(7G(8/(EHI(!"01

%&!('23

(41G(:G(;G(</@

1@ABC$DEFGHIJKGL"MNO

!"O1

PQ1RSNT" UVWXBYZ[I*\]^

_01R`ab$ cd"

%&!

eSfghijk1

lmR`noO,-pqrs" Xtu+,-v

wx^DyHz{1I|k}C" ~��%�)

1��34

P'QR

@(

!"# $%&'

()$

!"#$%&'(

x����" ID�)���������

�������1&'

@(

*�"�����56O

!"#1

%&!

�S�)�������*��01C

�

@(

��S2+34� 1

!"#1

%&!('33

��¡��

0" ��

!"O1

�S�)P¢1����2+34

£9

S

¤¥

@(

¦��'�

'3T

#

U3T

:

)3T

�"�

�&'U§

)23(J+V

%

?

W'

��¨

X)3(J+V

%

?

W'

#

2X3(

J+V

%

?

W'

©¨4ª¡

Y33(JZV

%

?

W'

V«" ¬­®¯

B�*\]°±P¢Uª¡

QQT

V«" ¦��'

�

U3T

�"*

U(Z

%

?

W'

1.²³T�"��´ID�

�1&'X

'S[@[(JZV

%

?

W'

" µ¶����&'

&

2U@U(JZV

%

?

W'

'1

)

�

@(

·�"�����

!"01

%&!

�S�)4¸p¹����1��º¡»¼1�

�"½¾¿O

!"01

%&!

�S�)À 1C�ÁÂ

@

#

) *

ÃÄx^ÅÆeS¬DÇ1ÈÉÊËY*I

ÌÍÎÏJKÐÑkÒOÓ�ÔT1lmD

@(

5

6|¾"��+,-.Õ���)"

!"

JKÖ×

'3(

HJ

ÔT1

%&!

ØkD�ÙX�Ú1�S2+3

4!Û^

UQ3

±ÀÜ1\]¢"

!"01

%&!('33

&'4Z

Ý*

QX3(JZV

%

?

W'

"­®¯B�%ª

QQ@[T@(

Þ�S

�)U����1���"

'3T

#

U3T

:

)3T

1�

�'4�ßà����1&'§

)23(JZV

%

?

W'

�

�¡

X)3(JZV

%

?

W'

#

2X3(JZV

%

?

W'

:

Y33(JZV

%

?

W'

"½

¾¿á 1C�ÁÂ

@(

'U2

! !



! " #

!"!"

!

"

#$

#$%&'()*

%&'(

+,-./0123

)*+,$-$$./012341506&1*/$7038436*910$1467*3&:49$48$250$;*3&4<:$%&=($14674:&20:$>&25?1430@:50//$43$A4/B@:50//$:23<12<30

$

4

C$$DEF?%&G(

HI%?-""

?

/

(J

4!5678

KL!?6J

"

:

@#

#

%&G(

HI%?MK

$

%&G(

HI%?#KK

9

%&G(

HI%?#MK

:

DNF

;<=>?$

O(F

@A01$

DPF

BCDE8$

D.F

F801

Q&RL?C??DEF?(J?1<3;0:?48?%&G(

HI%?-""

?*2?*?:>007?3*20?48?"L!?6J?:

@-

S?DNF?)50?8&3:2?15*3R0=T&:15*3R0?7348&/0:S?D(F?(A1/0?7038436*910S?

DPF?250?14330:749T&9R?1*7*1&2A?302092&49?*9T?D.

%

3*20?1*7*+&/&2A?1<3;0:?48?%&G(

HI%?M"

U?%&G(

HI%?#KK

?*9T?%&G(

HI%?#MK

L

%*67/0 (*3+49?:4<310 %&?1492092=>2V

(<33092?T09:&2A=

D6E

!

R

@#

F

(*7*1&2A=

D6E5

!

R

@#

F

W08030910

%&G(

HI%?#KK

HI% XML! MKK YCKD!YK?1A1/0:F )5&:?>43B

%&G%&Z

!

G( R/<14:0 [M -M" --""D\"?1A1/0:F ]!-^

-!\

! !



!"#$!%&'()

!"#$

%&!

*+,-./012+3456

7

'

8

(

9

)((*+,

"

*-,

"

*.,(!"/.

%&!()0

.:;<=1

!12

9>#

34,

"

31,

"

35,(!"/.

%&!('00

.:;<=1

!12

9>#

36,

"

37,

"

38,9!"/.

%&!(')0

.:;<=1

!12

9>

:

(5";:()((!12("<=;>?9@A93+,B93-,B93.,9!"#.

%&!9)0

B934,B931,B935,9!"#.

%&!9'00

9=CD936,B937,B938,9!"/.

%&!9')0

9>E>FGH@D>?9=AG>H9GI>9FJFE"C;9

KH@F>??:

9

9

L99!"#.

%&!9'00

?@'A

'0M

$

N0M

B

O0M

CDEF.:1;<34

*+,

BGH34

*-,

P5";:9L993+,9.JFE>9K>HA@H<=CF>9=CD93-,9H=G>9K>HA@H<=CF>9FQHR>?9@A9GI>9;H=KI"G>ST=?>D9=C@D>?9U"GI9GI>9!"/.

%&!9'00

9=DD"G"@C?9@A9'0VB9

N0V9=CD9O0V

!=<KE> .=HT@C9?@QHF> !"9F@CG>CGWUGV

.QHH>CG9D>C?"GJW

3<+

!

;

S'

,

.=K=F"GJW

3<+I

!

;

S'

,

X>A>H>CF>

!"#. =F>GJE>C> ') N)0 LOY3N009FJFE>?, Z'[\

!"#R@"D#.

!"#'0.

D@K=<"C>

KI>C@E"F9H>?"C?

])

^':]

'00

)00

^0[3)0PFJFE>?,

'00L3)00PFJFE>?,

Z''\

ZN0\

'N]

! !



! " #

!"!"

!

!"#$

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

#$%&&'()*&+&,-&./()*&0-&'12&3-&45&(67&8/4&9:64;&:<&*9(=/4)4&1)&

(>?()@4>&'1A1:)&/BC91>&;2=49@(=(@15:9;#+%7&+:29)(6&:<&D)49A

*B&E/4F1;59B-&!GHI-&!JKHLM&NOAPQ7

#!%R&E(;1F19&S-&./()*&T-&U*:V4&U-&45&(67&W161@:)AC(;4>&():>4;&<:9&

615/12FA1:)& C(554914;M& D<<4@51?4)4;;& :<& F(5491(6;& ;B)5/4;1;&

()>&464@59:>4&=94=(9(51:)#+%7&X():&D)49*B-&!"HQ-&!JM&OPYA

OJQ7

#O%&& '44& +& Z-& U/& E-& Z1F& X-& 45& (67& [(51:)(6& >4;1*)& :<& ;161A

@:)AC(;4>&@:F=:;154;& <:9&/1*/A4)49*B&;5:9(*4&>4?1@4; #+%7&

+:29)(6&:<&\(5491(6;&E/4F1;59B&S-&!GHQ-&N]HPLM&POQQAPOIN7

#N%&&,::&W&^-RT()R+RT-RZ1FRZR+-R45R(67RW29<(@4RF:>1<1@(51:)RCBR

;26<(54>R _19@:)1(R :)R /1*/A@(=(@15BR )1@V46AC(;4>R @(5/:>4R

F(5491(6;R<:9R'1A1:)RC(554914;#+%7RD64@59:@/1F1@(RS@5(-R!GHP-R

HPOMRHHPAH!H7

#P%RR./:2R0-RT()RZ-R +1()*RT-R45R (67RT1*/A9(54R ()>R 6:)*A@B@64R

;161@:)`=:9:2;R)159:*4)A>:=4>R@(9C:)R():>4R?1(R(R6:aA@:;5R

<(@164R =94A54F=6(54A@:(51)*R (==9:(@/R <:9R '1A1:)R C(554914;

#+%7RD64@59:@/1F1@(RS@5(-R!"HJ-R!NPMRHNA!N7

#Q%RRT(;;()R bR\-RD6;(B4>RSR[-R E/(C:5Rc-R 45R (67R W2C4254@51@R

*9:a5/R :<R ;1)*64A@9B;5(6R ;161@:)R )():a194;R *9:a)R :)R ()>R

a9(==4>Ra15/R*9(=/4)4R)():;/445;MR/1*/A=49<:9F()@4R()A

:>4RF(5491(6R<:9R615/12FA1:)RC(5549B#+%7RSEWRS==614>R\(54A

91(6;Rd&e)549<(@4;-&!G$N-&Q]$QLM&$OJPJA$OJQN7

#J%&&'12&'&T-&'B2&+-&'1&8&T-&45&(67&,466A@:);592@54>&;161@:)AC(;4>&

F(5491(6;& (;& /1*/A=49<:9F()@4& 615/12FA1:)& C(5549B& ():>4;

#+%7&X():;@(64-&!G$Q-&I]!LM&JG$AJ!!7

#I%&&f()*&8-& '1&0-& 81()&0&g-& 45& (67& h94=(9(51:)& ()>& 464@59:A

@/4F1@(6&=49<:9F()@4&:<&W1iE`W1U

!

(;&():>4&F(5491(6&<:9&

615/12FA1:)& C(554914; #+%7& +:29)(6& :<& e):9*()1@&\(5491(6;-&

!"HJ-&O!]JLM&QYYAJ"N7

#Y%&& 3(1& 0& +-& '12& E-& T:2& \-& 45& (67& W161@:)`EX8;`^9(=/4)4&

<944A;5()>1)* &():>4 &F(5491(6 & <:9 & 615/12FA1:) & C(5549B #+ % 7 &

+:29)(6&:<&e):9*()1@&\(5491(6;-&!"HJ-&O!]JLM&J"PAJH!7

#H"%&&./:2&'-&./2()*&.-&./(:&T-&45&(67&e)591@(54&/:66:a&;592@A

5294;M& @:)59:664>& ;B)5/4;1;& ()>& (==61@(51:);& 1)& 4)49*B&

;5:9(*4&()>&@:)?49;1:)#+%7&S>?()@4>&\(5491(6;-&!"HJ-&!Y

]!"LM&HQ"!YHN7

#HH%&&h()&'-&,()*&T&3-&^(:&g&E-&45&(67&b(@164&;B)5/4;1;&:<&B:6VA

;/466&;592@5294>&W1AE&)():@:F=:;154;&(;&():>4;&<:9&615/1A

2FA1:)&C(554914;#+%7&E/4F1@(6&E:FF2)1@(51:);-&!"HN-&P"

]NNLM&PIJIAPII"7

#H!%&&W/4)&8-&01(&0&T-&014&g-&45&(67&D)@(=;26(51)*&;161@:)&)():A

=(951@64;&1)5:&F4;:=:9:2;&@(9C:)&<:9F1)*&=:F4*9()(54A

;592@5294>&F1@9:;=/494;&(;&(&/1*/A=49<:9F()@4&():>4&<:9&

615/12F&1:)&C(554914;#+%7&+:29)(6&:<&\(5491(6;&E/4F1;59B&S-&

!"HJ-&P]!!LM&HHHYJAHH!"O7

#HO%&& j'12&X-& '2&.&g-& ./(:& +-& 45& (67& S& =:F4*9()(54A1);=194>&

)():;@(64&>4;1*)&<:9&6(9*4A?:62F4A@/()*4&615/12F&C(5549B&

():>4;#+%7&X(5294&X():54@/):6:*B-&!GHN-&Y]OLM&HIJAHY!7

#HN%&&./()*&'-&[(k(*:=(6()&[-&^2:&T-&45&(67&S&*944)&()>&<(@164&

a(B&5:&=94=(94&*9()(>166(A61V4&;161@:)AC(;4>&():>4&F(54A

91(6;&<:9&'1A1:)&C(554914;#+%7&S>?()@4>&b2)@51:)(6&\(5491A

(6;-&!GHQ-&!Q]OLM&NNGANNQ7

#HP%&&,2&T-&E/()&^-&E/:1& +&,-&45&(67&W5(C64&@B@61)*&:<&>:2A

C64Aa(664>& ;161@:)& )():52C4& C(5549B& ():>4;& 5/9:2*/& ;:6A

1>A464@59:6B54&1)549=/(;4&@:)59:6#+%7&X(5294&X():54@/):6A

:*B-&!GH!-&J]PLM&OHGAOHP7

#HQ%&&./()*&+&,-&T2()*&0&3-&,41&T-&45&(67&D)/()@4>&464@59:A

@/4F1@(6& =9:=49514;& :<& =:6B45/B64)4& :l1>4AC(;4>& @:FA

=:;154& ;:61>& =:6BF49& 464@59:6B54;& a15/& =:9:2;& 1):9*()A

1@A:9*()1@& /BC91>& =:6B=/:;=/(_4)4& )():52C4;& (;& <16649;

#+%7&+:29)(6&:<&W:61>&W5(54&D64@59:@/4F1;59B-&!GH!-&HQ]HLM&

HGHAHGJ7

#HJ%&& '1)&X-&./:2& +&3-&,()*&'&3-& 45& (67& h:6B()161)4A(;;1;54>&

;B)5/4;1;&:<&W1iE`[^U&(;& ():>4&F(5491(6& <:9& 94@/(9*4A

(C64&615/12FA1:)&C(554914;#+%7&SEW&S==614>&\(5491(6;&m&e)A

549<(@4;-&!"HP-&J]HLM&N"YANHN7

#HI%&&g2&b&T-&X1&f-&f4&,()*&f-& 45& (67&^944)& <(C91@(51:)& :<&

;16Va:9F&@:@::)A61V4&;161@:)AC(;4>&@:F=:;154&<:9&/1*/A

=49<:9F()@4&'1A1:)&C(554914;#+%7&SEW&X():-&!"HJ-&HH]YLM&

IQ!IAIQOP7

#HY%&&g2&b&T-&X1&f-&,()*&f-&45&(67&^944)&<(C91@(51:)&:<&;16Va:9F&

@:@::)A61V4&;161@:)AC(;4>&@:F=:;154&<:9&/1*/A=49<:9F()@4&

'1A1:)&C(554914;#+%7&SEW&X():-&!"HJ-&HH]YLM&IQ!IAIQOP7

#!"%&&'2:&,-&,()*&f&0-&E/:2&W&'-&45&(67&E9151@(6&5/1@V)4;;&:<&

=/4):61@&94;1)AC(;4>&@(9C:)&1)549<(@1(6& 6(B49& <:9& 1F=9:?A

1)*& 6:)*& @B@61)*& ;5(C1615B& :<& ;161@:)& )():=(951@64& ():>4;

#+%7&X():&D)49*B-&!"HQ-&!JM&!PPA!QN7

#!H%&&T2&f&W-&g4F19AE(V()&[-&815191@1&\&\-&45&(67&W2=491:9 &

;5:9(*4& =49<:9F()@4& :<& (& W1iW1U

!

`E& )():@:F=:;154& (;&

():>4&F(5491(6&<:9&615/12FA1:)&C(554914;#+%7&S)*4a()>54&

E/4F14&e)549)(51:)(6&D>151:)-&!""I-&NJ]YLM&HQNPAHQNY7

H!I

! !



!"#$!%&'()

!"#$

%&!

*+,-./012+3456

7

'

8

!"#$"%& '#()*+, -,).()&*/0, (. 1"+2 3*4*0"#5 6*#,)"*7 '"83

9:'

"/ ;"#2"%& <(/ =*##,)",>

&()*+,-"./0.12.

34542

4,&()*+,62./782./

34542

49:;,(<./7="2

3

"

>)*+9?"./7@1.

3

"

:;9A"2<7BCD./

'

"

>E*+9F12.

3G

H3I,!"#$%&' (#)*+*'*, &- .%,/+0"1 2%3)+0)4 .%+#,), 50"6,/3 &- 70+,#0,)8 !"#$%&' JKLLLL4,.%+#"M

,5I,9#+:,;)+*3 &- .%+#,), <0"6,/3 &- 70+,#0,)4 =,+>+#? 3LLLNL4O.%+#"P

?@>#)*0#A

Q2RS<.,T2UDRV9W"XC9Y"88DRD.X9XC"BZ.DVVDV9WDRD9".XR<Y1BDY9".X<9XCD9V1R82BDV9<89V"T"B<.9H!"P9.2.<[2RX"BTDV9SU9V<T7/DT9

\DXC<Y91V"./9[<TU9HBUBT<XR"[C<V[C2]D.D7B<7^4O^_!V1T8<.UTY"[CD.<TP92V9XCD9B2RS<.9V<1RBDI9`DBC.<T</"DV9<89A7R2U9Y"88R2BX"<.49XCDR\<7

/R2a"\DXR"B92.2TUV"V49?R1.21DR7b\\DXX7`DTTDR92.Y9XR2.V\"VV"<.9DTDBXR<.9\"BR<VB<[U9WDRD9D\[T<UDY9X<92.2TU]D9XCD9VXR1BX1RDV92.Y9

B<\[<.D.XV9<89XCD92V7[RD[2RDY9!"c$

%&!

9B<\[<V"XDVI9bTDBXR<BCD\"B2T9[DR8<R\2.BD9<89!"c$

%&!

9W"XC9Y"88DRD.X9B2RS<.9XC"BZ.DVVDV9W2V9

VX1Y"DYI9`CD9RDV1TXV9VC<WDY9XC2X9!"c$

%&!

9W"XC9B2RS<.9XC"BZ.DVV9<893L9.\9[<VVDVVDY9XCD9SDVX9[DR8<R\2.BDI9;XV9B2[2B"XU9RD\2".DY9d^L9

\EC

#

/

73

928XDR95dL9BUBTDV91.YDR9eLL9\E

#

/

73

I9EV9XCD92YY"BX"aD49XCD9/R2[C"XD7S2VDY92.<YD9B<.X2".DY9KLf9<89!"gQ

%&!

9B<\[<V"XD9B<1TY9

2BC"DaD9XCD9V[DB"8"B9B2[2B"XU9C"/CDR9XC2.9JLL9\EC

#

/

73

I

B,5 C()D>A

!"gQM92.<YDM9T"XC"1\9"<.9S2XXDRUM92YY"BX"aD9<89/R2[C"XD

35h

! !


	Lithium Storage Performance of High Capacity Material Si@CPZS in Lithium Ion Batteries
	Recommended Citation

	tmp.1676249285.pdf.KmrZU

