
Journal of Electrochemistry Journal of Electrochemistry 

Volume 26 
Issue 2 Special Issue：High Temperature 
Electrochemistry 

2020-04-28 

Direct Carbon Solid Oxide Fuel Cells Direct Carbon Solid Oxide Fuel Cells 

Jiang LIU 
School of Environment and Energy, South China University of Technology, Guangzhou 510006, China;, 
jiangliu@scut.edu.cn 

Xiao-min YAN 

Recommended Citation Recommended Citation 
Jiang LIU, Xiao-min YAN. Direct Carbon Solid Oxide Fuel Cells[J]. Journal of Electrochemistry, 2020 , 
26(2): 175-189. 
DOI: 10.13208/j.electrochem.191148 
Available at: https://jelectrochem.xmu.edu.cn/journal/vol26/iss2/4 

This Review 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/iss2
https://jelectrochem.xmu.edu.cn/journal/vol26/iss2
https://jelectrochem.xmu.edu.cn/journal/vol26/iss2/4


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

! "

!

!#$%

!!"#$%&

"

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

#$%%%&

#

-.

!

01234*567

'(

890:7;<=>?@A!

)*+,-.*

$1BC8DEF:70G>?4*5HI

JK"LM@<&NO"

)*+,-.*

PQ0RSTU<&*8DVWXYHIZ@*"HI[\]"^_4

*-

/

`

a]"bcdefgXh#

'(

ijklYmn

)*+,-.*

4opqZ%$rst%uvwxfyz{|"2}mn~

r���q�

)*+,-.*

uv��UZ�f�z"���@Af@AqUu�%�F_=�0f��G>?�U

�*f

)*+,-.*

��@�^�UOF��

'(

/01

!

890:7;<=>?@A&@<&;<&

012312453

NO&_=�0&��&�@�^

23456

! -&6&

&

789$/(((((((((((((((((((((((((!!!!!!!!!! !!!

789:;

! :!!

����'

/%/%+%$+/;

"����'

/%/%+%<+$/((!

L�r�

"(7=>?(

(

;&+/%

$

<9<;$/%$"(@A4BC>A2DEF2G'=32'FB

��� ¡&¢£¤¥)

H1'(9$I6#/%<"(H1'(J$&%$/%I

$%-.¦§¨©ª«¬¤¥!

H1'(/%$6K7%#H/%%

$­®

&'(

L-JMH:N(-.(ONO*7M-*PO8Q,7MR

¯

/&

° ¯

/

�

/%/%

±

6

²

S1>'(/&(((H1'(/

:T5'((/%/%

"#$! $%'$</%;U@'=>=FG51FV=W'$9$$6;

(%&'( ')&*?(!'("#$%&'(%)$*'(+,+,"(+,X/Y?($I#+$;9(((((((((((((((((((((((((((((((((((((((((

-.'&/0( $"!$%%&+<6I$X/%/%Y%/+%$I#+$#(

((((((((((((((((((((((((((((((((!1''2?UU=>=FG51FV=W'ZW2'=32'FB

¥³´µEFU%¶·>?¸T¹º»U

0" ¼ P½_*+f¾*¿�ÀÁ*+Âp�

Ã¹Äy23UYÅ"Æ�PÇÈU¿É"ÀÁU

*+Ê¿Ë»T0U<Ì>?GÍ

[$\

'(

ÎÏÐÑÒ

ÓU1" Ô�Ë��GÍU*+Âp�ÕgÖ×

ØUBÙ�ÚÛÜÝÞß

'(

 V"àlU>áy@

�â"ãäåy@"Üæ[\ç"è^_é5Uê

ë="ìí;<=%î;<=ï¹ð�7&ñò"ó

c[\ç"ôõö÷�7

*-

/

øù5é"úûüý

�þß<

[/\

'(

ÿñ"!"��fyz][#$EF

0¢*+U%&"ÎÏ1y@%&

[<\

'(

>?@A1BCLM@<&NOU�â¿>

?U<&*][YHIZ@*Uy@%&

'(

'±

É()EF0>?U>?@Auv*+,U-Ø

{|

[6+$$\

'(

./8DEF0G>?U>?@A01

G8D0>?@A!

3A5=FG(F45]1B(^2=>(F=>>"()*.*

$"

)*.*

Uµ2P3EFU@4�Ü5É6·"@4

���78¾;<=!

W1>G=B(V_351ZA3=

$

[$/+$6\

%78

09:!

W1>G=B(F45]1B4G=

$

[$#+$I\

f:7;<=!

E1>A3(

1ZA3=

$

[$;\

'(

�EF:7;<=@;�U

)*.*

uv

M<�" uv�è�=>÷�F7809:?�

@ABC"ËúD:70E=>FÚUà�D\"

pZRGUHI2!

V_]5A3

$

)*.*

[$9+/I\

'(

 V"./

]ö@A=�U§J-ú~@AopUHK�

'(

Gñ"´L()

P=

rG6�

[/;\

?

*-

/

rG�<M

Nz~uv

[/9\

'

r���qO

/%%9

±Pzü:A8D0:7

;<=>?@A!

)*+,-.*

$uv

[$I\

".C

)*+,-.*

Q"RS@7Tm?�7" UF:7;<=>?

@A!

,-.*

$$röaV=>Wy_U

*-

@<&

;<NO^_U

*-

/

" wX¿0>?H<Z

*-

"

O V Y Z E F 0 > ? ] [ y @ U ¥ U

'(

[

)*+,-.*

JK\�" ]^�*]" ^=G]`a

*-

/

" _c

*-

/

de?`a

'(

5�"

)*+,-.*

Ub

cÜ"3d" ¹ePyZ][UfFc�ghi

y@U%&

'(

óc0>?U]*5jafkü�

Ël

)*+,-.*

U>\op!m¹RS�7JK$"

'�P¿nNyZoF@+?pq@+

'(

V�2

}mnr���q�

)*+,-.*

uy��U$r

'

3

<=>?

rstu"

)*+,-.*

v18DEF:70G

>?U

,-.*

" n¢iopìw

$

Rx

'(

n� "

,-.*

óyz{@>�Ú|B}õjU@4�q

Z" 0>?Kc=>÷

'(

~>NOE

,-.*

U�ü

Bõ"�$röaV"�ì

;%%(

1

*

";Oò@��Ñ

@��Z;��!�<!

$

$$"[;���<&Å�

arFV"�Màô;��U@4�ZY=>

'

-

/

(`(6=(a(/-

/+(

(((((((((((((((((((((((((((((((((

!

$

$



! " #

!"!"

!

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

23456786

#$

9:;

!

;3<*+=>67

?@AB4CDE3F!GHIJKLM?@!N

O;

"

;3F4?@PQRST! NUVWXYZ

[\4"]^_! ,-.`abcde)fgh

ijkl!RmnUo:pqN]^_4rs

#$

t

u!vw7xyz{|}!~�4)�8,��&

4���(��U�

%&

��4"�

!

#

#$

����

'""$

(

%

�! ����(��a

%&

��

')*

!u

%&

�R23,-.�8E�0156786?

@1�

%&

!

!��5�����5�"��"

!

$$

#

%&+,$&

!-

$.+%&

!

+,+!/+++++++++++++++++++++++++++++++

%

!

$

5�� �!-.`¡4

%&

R�9¢£,-.`

4¤�"G&5�� ¥!-.`QB¦§¨©ª

¤�$�)«¬,5�­®��&1�!N¯

%&

°±?@%

!

$²1�4

%&

!

³´�)«¬/!01

µ¶

0(12(1342

?@!1�·¸

%&

&

%&

!

+,+%+.+!%&++++++++++++++++++++++++++++++++++

%

5

$

A1�4

%&

³´�-.! 0156786?@

%

!

$

#+

N¹!º»?@%

!

$�%

5

$4¼½!n¾¿ÀQ

ÁÂÃ)�¶�Äo54»Å

#+

Æt!

6%-7&8%

0

5�QB¦)«¬�-.K2343F! Ç�

9

AÈ

#

�/

6%-7&8%

4­®ÉÊ ! ËX9

:3;3-

<3=3

�

>?@A23

ÌÍ

B5"C

#+

®\Î_Ï4­®Ð*¸

�Ñ>}ÀN"ÉÊ

B9'D59-5!C

#+

ÒÇ!®\MÓbcÔ

Õ-.?@ %

!

$4Ö6×

E6%

%ØÙ86Ú !

%/

"#'

E2

"#!

&

9#)

$�ÔÕµ¶

0(12(1342

?@%

5

$4Ö

6×

8/

!H

F7G

%ÛÜÝ686Þ$5pßàá4

6%-7&8%

4ÄÍâmÌ�ÀC

9"

ã

B59C

#+

®\äå

xÀ"]bc

%&

«¬æç

6%-7&8%

-.?@

4¾è!z{|}!bc

%&

�«¬4

7&8%

âm

�

6%-7&8%

4âméê§¨"ë

B5!C

#+

N¯¾èKw

ì>}À

6%-7&8%

4íînUº»?@ %

!

$�

%

5

$4¼½¾¿4

#

�/ï?@%

9

$'"

!

$'"

5

$ðñ!ò�4ó?@

U&

%+,+&

!

+.+%&

!

+++++++++++++++++++++++++++++++

"

H

$

ô:õ?@4«¬5�4Êö÷ø "?@4ùú

ûü9mý6

#!

±?@þ

$"

4ÿ$!"#$:

9""*

!NU9:?@"

H

$,*%4��&'¡"Ò

Ç&

"I9"""+

%

%

$! �(ý

&#

�)

#+

9:

'" .+(! ,+

$)#

!?@"

H

$U]ü04*v?@!

*"

�

+!

+

�,-!./ùúûü9mý6

,!

4ª0-$:

þý

-"#+

N123!Êö/!"¯�Lv�"

% .+

$.#

$Rº»?@"

H

$234565m

#+

|

9

7ÍÀ

"¯ð84vw79:

#+

/ÑÐvw7��;�rsÀ

6%-7&8%

4

Rîâ!tu!,¾<4íîa!5�4âmä=

 w7.>?@

#+

AB!º»-.?@"

!

$�14

%&

!

¦C�³´�)«¬/!D�,)«¬/01

4µ¶

0(12(1342

?@P@õ~EF! G�14

%&

¦mEC�ì³´�-.!Æt!N]»�4K

÷â�-.�)«¬HI4DEK8

#+

0/ w7

»�4JKxy�æçP>}À

6%-7&8%

4Rî

â

B55-5HC

#+

�

5

AÈ�

6%-7&8%

,QD4)«¬±

-.DE

&

�4ÄÍ5LM�"

J

$�NøM�"

0

$

±5�5O48P"

'K"+

(

%

$!RQ!5�4âm4R

S3

&

4T$uUV!WD�P>}

6%-7&8%

,

+

�

9++6%-7&8%

4­®ÉÊÈ1�

8A<#+9++7L@/M3NAL$AOO1?N43NA(P$(Q$=(4;AP<$R4APLARO/$Q(4$6%-

7&8%

$

�

!$$

»�4)�84���(6Mvw7xyz{

8A<#$!$$ST1AOAU4A1M$<3?$L(MR(?ANA(P$Q(4$3$?V?N/M$(Q$/WL/?-

?AX/$ L34U(P$ 3P2$ (WV</P$ U3?/2$ (P$ N@/4M(2VP3MAL$

L3OL1O3NA(P

9YZ

! !



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

0

!

1

"

2

#""

345678&,-9:5;<

!

=

$%&'()%

>

*+,"

-

%

?@ABC5DE!"

.

#FGHBIJ$%

/

&KLMNO

./.P5QR

0#12

")345"#""67789:"-7";<-=8&:-&9;>?-<"=3@:;<98A"!B"-<":C8"-D:ED:"E8>7->F;<98"-7";"$%&'()%"-E8>;:8=";:"*+,"

-

%G"H.I"%D>>8<:"=8<@3:J"K@5"

K-L:;48M"H/I"N-O8>P=8<@3:J"K@5"K-L:;48

0#12

5

!

S

+"FF

T5BCUVWX%Y5

0#12

5

Z[67\]5^_`abcdefghi

jk' l./mnop5qrstuvS

%(

'w

xyz{'./mnop5r(|mn%

!

&8%

#

&

5}~�LM�}Q

5"

��67mn%

!

&��

%(

8op

%(

!

5�L

"

Q

WX����./��.�

���'�!

"

Q

"R"#S!)"HF-L

(

@

&Q

I""""""""""""""""""""""""""""""""" H+I

Z[�

"

!

�����

%(

!

8op

!%(

5�

�

/-D=-D;>=

mn�L'��67\�r(uvC

��:��Pfhi'l./op

%(

5�LS!

"

%(

"R!"

!

"&""

Q"

""""""""""""""""""""""""""""""""""" HTI

op

%(

!

5�LS!

"

%(

!

"R""

Q

"&""

!

"""""""""""""""""""""""""""""""""""" HUI

�

"

!

"!,5+"

Q

�'./��

%(

op'�A5r(S

%(

!

$x�

"

!

"" "

Q

"

�'./��

%(

!

op'�A5r

(S�5

%(

' S '

$%&'()%

¡W�dpo

%(

5r.¢o

0#!2

5"

��d£.�'S¤./5¥*¦

L§¨©'nª§¨«¬./5��.�'4�­

N®¯��

/-D=-D;>=

°n5�L$ °9' Z[

$%&'()%

5st±5Vpo

%(

' lt§¨«²

��

/-D=-D;>=

°n5�L'4�­³´µ��.

�

0##2

5

!

!"#$

!"# $%!&'(%

%&'(!)

¶w

$%&'()%

5��·¸>

QV**

¹º»A

�¼

0#,2

'½ ¾¿

!,

¹]}Q5ÀÁ��ÂÃ

5"W!>

Ä>

QVV!

¹=

$%&'()%

ÅÆ¼ÇÈÀÁ

0#+2

'½�

�ÉÊËS

$%&'()%

5Ì¸V)rÍ�.ÎÏ

ÐÑ7ÒÓ�67' OÔd67\5&£p$%

)*°n'S¤o+r(ÕÖ×pu

%(

!

'ÉÊ¡

HØÙ&,-5ÚNÛÜ

5"

�ÝVÞd=°nÌ

¸5ßà¸Î'ÉÊ5��áV�Øâ5'ÅãÈ

äå¼

'()%

W$%æ�&,-çÆ

5"!,,*

¹'É

Êè»A¼ãé�*êë

$%&'()%

ìÔ'æ�í

rÙ&îïÅ

'()%

]' >

V,,"

!

%

ð�¼ñ�

!,"

FX

(

9F

&!

5@A' ½òdír>67\óôÛÜ

¼�¦,-rõ%

%(

&5ö³'¤ð÷ø.Pù�

,5T+"Y

0!*2

5

¶w

Z;[;4;O;

8

\@C3=;

»A5

$%&'()%

m

�

Q""

úûjk%Pf

Q,,"[N;

&?&5üý.*g)*mn5þ`efgÿ!

];?5"Q""'8L89:8="@:;<=;>=":C8>F-=J<;F39"=;:;"HD<=8>"Q,,"[N;I"7->"9-FEL8:8"-^3=;:3-<P-7P9;>?-<

]8FE8>;:D>8S

-

% "$SH[_

!

F-L

&Q

I #%SH_

!

`

&Q

!

F-L

&Q

I $&SH[_

!

F-L

&Q

I %&S&$

U,, &#V15+1 Q5#Q &#V+5*! Q,,51#a

U+, &#V15T+ Q5!Q &#V+5** Q,,51!b

*,, &#V15U+ Q5QQ &#V+5V1 Q,,51,b

*+, &#V15*T Q5,Q &#V+5VV Q,,5#*b

QUU

! !



! " #

!"!"

!

#

"

$##%&'()*

#$%&'()*

+,')-.,

!

/

"+,-

0$"#

1

,

'./0123!

2

"

34!5

#.&678$##/#%&9()*#:;1<=9>?@@1AB=<8C1;=9>D:@=<8+,9)-.,8E/F8:;<8&B>81?B@?B8@=AG1AH:;C=8:B80$"8

1

,8I2F

34!5

45678+9:;<=>?@ABCD# E-

FGBHIJKLMNOPQRCST

3J"5

#UHV

WXYZ#$L

,-

B[\# ]^_`ab01

7#

!""K

!# cdefghijklQmnop>?

CD@AB

()*

aqr%sB)*

+,9)-.,

#t

"

4

uv#OPwxy$j#$#z{OP|}x

~�#-

0""#

1

,

��Q

4L#HM

B./!p���

NO

$7P#CH

!

"#��a\��

"70$#Q

3JR5

7#

��#cdOP

�0���|}~�# ��Q{�

P#Q

B��a

\#����H�Q-��a���a

JL#D

#�H

Q

+,9)-.,

B���0

3JL5

7#

���

+,9)-.,

 4

56B6q#cd-#$OP¡¢

,-

£¤ 4B¥

¤¦

S+,

!§¨B£¤©"#ª

+,9)-.,

-

0""#

1

,

B

./01]

4#HM

$

CH

9!

@«�

!4#HM

$

CH

9!

#-¬�

­W# -®~�L¯°¡¢±²

21?<1?:A<

 4B

£¤³¥¤¦# ªabB./��

4$#HM

$

CH

9!3JP5

7#

¡¢±²

21?<1?:A<

 4B¥¤¦´Q

.=

µ>#

cdMOPQ

,1

%

%&

3J05

j

,:

B£¤¶·®¸¹

3JK5

7

º�

()*

aqr)Bhi# cd»Q¼½¾

¤¿c

7#

-

()*

aqrLÀÁ

4TB7U

B

/V

!

-

J

#O

PÂÃÄhi#OP

W)X

!

W:

"7L

)A

"7J

X;-

J

"

9()*

!Å

ÆÇx

RY4

"y$#

/69S+,

!ÅÆÈx

LYJ

"#$#a

bBp���!y$��"x

P7!8CH

!

Z8

¯°

$TB7U.=

B�0�~�#-

0""8

1

,

��Q��a\x

P7"K8Q

#

ÉÊËÌÍÎx

P$08HM

$

CH

9!

#

0$"8

1

,

B��a\

jÉÊËÌÍÎ[Ïx

P7PP8Q

j

!$!8HM

$

CH

9!34"5

78

ÐÑÒÓªPB

()*

aqr# ÔÕ-£¤j

MÖC×�ØÙÚÛ�# E,£ÜÝÞaÌßà

«# Wá

()*

aqr%&B)*

+,9)-.,

âã

ä#åæçèéêaëB¼ìµW

78

xí#cdî

lQOPïpð«£ÜÝÞaÌBaqrñ�

W:

"7K

)A

"7P

S:

"70

X6

"7!

-

J9!

!

W)SX

"#PÂÃÄhiòaq

r)#

/69S+,

!ÅÆÈ

4$Y$$

"cy$j#$ñ�#

hiQp���x

P7K8CH

!

B)*

)-.,

# OP¯

°

$TB7U.=

B�0�~�# -

0$"8

1

,

B¿cóÎ

�#��

J0J8HM

$

CH

9!

B.ô#Èõö¿÷øù�

hiB

()*

aqrab«ô

J"U78

ëúûüýþ

ÿ#!dB"Ï#<$�åæaëBßö

34P5

7

xY%aqrBåæaë&òBçè# M'

µ(,)*¤

78

cdhiQ

%&9()*

#$%sB(

)*

)-.,

# +,()B-�./>01x

P7P8N8

P7!8CH

#%�./B>01x

P7"8N8P7P8CH

#)21

x

P7!8N8P7$8CH

#aqr3B4Î1

!"8!H

#+ab

Bp���x

!7J8CH

!

78

OP

"7!86

¯°

$TB7U8.=

B�

0�x~�#-

0$"8

1

,

��B��a\x

P7P8Q

#5

-.ôËÌÍÎ��

4!48HM

$

CH

9!

# t"

$

uv

34!5

78

6ab-

"7$8/

B�a���aä# 78a\

N8

8

"

488

)*

+,9)-.,

klJKv9"

3JR5

8.&678488)CD=H:B&C8&VV?>BA:B&1;81G8B=>B&;68>=B?@8&;8:8B?[?V:A

+,9)-.,

3JR5

PL0

! !



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

0

!

1

"

2

#""$%

345678

&'()*+'

9:;<=>?@A

B.CD;E8F*

,-./

"+%01"#""*23%4"567%789:46;97"9"<=:48%>:;><;863?6598=56;@=5%:0;

78958%:0; >?6598%>:; ><; 9; $%(A976@; 9:>@6(7=??>586@;

&'()*+'

,-./

B1CD;E

"DGHIJK"

F

LMG"NOKP

G;B1#D;

E

" DGQRKST

1;

UVWX>Y8Z[\]^

D_&8`a",-8bcdFL",-efg8

hi

H>=@>=95@

jklg8

'*

mnopqN/

9rst8uNvJwx

1;

yz{|UV>?8

}N~�S

B1D;I

#

2

" ��&,-`aS�N�>

?��"&,-8����S

!JK1

��456�8

&'()*+'

" 9

$%(L)M

45

@����)*�" y��4567(8���

� " ���./8���P��

1;

 ¡b¢ "

$%

B1N

+6

B1F

*

!

(L)M

$£¤M

$%

B1N

+6

B1F

*

!

¥

L)M

8¦�§

S

FOF

%45678¨©

&'()*+'

$ª«cd

B1DP43

!

%

9

JBB;

>

'

8¬­®�¯|y°P

G;D.B;3Q

&

43

(!

"

±./²³

!1D;0;DR81S+6

´*µ8¶�·,-"

9

B1F"I

&

43

T!

8u.v¸EJq¹}.°

FD"2

"}

.º»¼½9

B1J#"E

,-./

1

$%TL)M

456�8

&'T)*+'

9<=M¾m

¿[ÀÁÂ�ÃÄÅ45@8

$%*

Æ\Ç

$%

"9

&'T)*+'

:;>Y@"

$%*

y$%È45Élg

8

'*

Æ\"UV>?ÊËÌ

&'T)*+'

8jkÍ

Î!ÏN/:PÐt;EM"45É@ÑÒ8ÓÄ

Ô&,-jkgÇ

'*

"ÕÖ×ØÙÚÖz{8�

Ûb¢"Ï;E�Ì

-BB"

>

'

M"

$%*

Ü�È

'*

Ý

ÞÆ\Ç

$%

!

$%*"U"'*"V;$%;U;'*

!

;;;;;;;;;;;;;;;;;;;;;;;;;;; ;WJX

r g Ç 8

'*

!

ß à P & , - á " f g h i

H>=@>=95@

jkgÇâã

'*

"äå"æ>jk$

.

%

çjk$

J

%8èé"y ê459

&'T)*+'

@8

êëÆ\

1"

ìí8 ¡î¡ïðUñ!2

#

ròS

$%TL)M

456�8

&'T)*+'

9:;>Y@8A

B.Cçó.C8F*ôõ"Ï./;E:P

JBB"

>

'

M"AB.Cçó.C�öKPð

B1!BJ"!

&

43

!"

ç

B1D!D""

&

43

!

"¥ÃÄJwx8./÷Ï"ï¢

45îøÝÞÆ\

,-./

1"

&'T)*+'

8��ÆyoùM���ç.5

úcûxü*"Â�

Y)Z[

ý-"ÁÅþ£¤Ç

ÿcã!"#@$%Ð&'¸&8(©��")

G 9 ÿ c 8 ã ! * # @ Â � + , - £ ¤

)5+6

B1CD

[>

B1!D

*

.T!

$

)+[*

%.5"£¤Ç../0E

G"

FC"#3

8�1.5

)*+'

"Â�23

D"R81\+6

8¶

�·,-"9

JBB"

>

'

M�P

B1#."Q

&

43

T!

8®�¸

E

,--/

1

!"!

!"#$"

#$!%&'$

%&'

ìí45671'ØÌ89:%©

)*+'

.

/68;£"î<Ç=>8?@

,-DTDC/

1"

ÅAV89

©

)*+'

:B"./68óª«cdS

D1!"43

!

"Å

F1!"0

C3

+6

´*µ8¶�·D�9©./6²"

þ¯|��ä2

C

rò"9

JDB"

>

'

"./68EF

.OS

.1B"E

"¬­¯|®�S

!1-"Q

"÷ÏÌ®�

¸E

-#-"3Q

&

43

T!

1"

UV./68GH�S

F1!"

43

"7E�S

.1B"43

"Iåy{|±./68(d

®�¸E°

CFB"3Q

&

43

T.

1"

J)

&'T)*+'

wxK

LÆMNOãþP��" Q3Ì±./6�|8

®�¸ERòðÅþìSST©.U8VØ

,-!/

1

Â�9©

)*+'

§W~X ê

&'T)*+'

8

wx

1"

ÐYôõJ"9©

)*+'

8459²Z"$%

Å&,-³}99©./8²�"9[ì;EJ"

./Üyowx

1"

)�"

&'T)*+'

8wxM$Ôr

\38&,-8�ª]" �Å&,-^Ì9©.

/8²�" þ\3�_./=`~d8a£

1"

S

å"ìíszðÅ&,-^Ì9©./8G�"I

Ð~b³}"UcÜyoÐde3âã8&"�.

/�fg¹[ìâ7M$

1"

2

J

ròSAh:B

89©

&'T)*+'

òi2" þ@

L)M

../80

E

G"!BB"$3

"jh./8ª«cdS

.1-"43

!

1"

2

J

$

I

%bò&,-³}9./6²�"2

J

$

H

%bò

&,-^Ì./6G�"R)"��Å./G�M

klm8~b"yo³}âã8&,-

1"

ìí8 

¡b¢"±Ah:B./6²�y³}

."0

&,-

$C3

DR81\+6

8¶�·%"�æ>G�~b"y³

FCN

! !



! " #

!"!"

!

#

"

$##

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

%

".,/!

&

"0,12

345

'()*+,(

6789:"

-.$/

#,012#$##*34567803 9 0::;<8=780>?< 9>@ 97 9A)35::)<873B 9'()*+,(

C084937=D>?9:>7E5E90?<0E59F%G#7?E#>;8<0E5#H&I#>@#845#

8;D;:7=#35::<

-.$/

#

#

"

J##

2345;<=>?@,AB1

'(K*+,(

6+8!

%

"CDEFGHIJ;KLMN!

&

"

-L!/

#,012#J##%#AK35::K<873B#>@#7?>E5K<;MM>=85E#3>?5K<47M5E#'(K*+,(#H%I#7?E#08<#>;8M;8#M5=@>=67?35<#78#E0@@5=5?8#856M5=78;=5<#H&I

-L!/

O

NJO1

P$%

2#

"

P

Q9RSTU

'(K*+,(

E

$""#

>

(

VWKLMN.O6MNXY

2#

Z"

P

!

%

"

[\L#TU678;]^6_`R

A#Q

#-ab

c

A#1

Pd%;*78;efghR

A2!#R

# iE

/abO

NJ#1

P$%W678WefghR

L2"#

R

#TjKkghWlm[noRpq;P$%N

rstpuv;

(+

#w*78Ex6yJz{|

Nr}~���;6_

2#

"

P

!

&

"Q9RTU6+

8E

$""#

>

(

J�

N#%

;�6yO6;��#[�#

�jEO*��`c����;O*��# 6_

�R

!#Q2#

-abc

A#1

P$%W678O6|�

R

A2.#4

# /abO

NJ#1

P$%W678WO66

_����|���J�#�~�O6�

NP#42#

T

U678WO6��&�R

A2.#%

$

4

.

NP#%

$

4

#O

6N�&�R

S2P#R

$

4

.

AN2S#R

$

4

# P$%� 

h&�R

NA2NT

.

N!2.T

-.$/

2

¡   � / a � ¢ [ b O p q W P # w

'(K*+,(

W�£¤�¥¦|�p§

2#

¦j¨©ª

¥¦«¬­®# [¡ �]¯�¢# °P(OD

±# ¡ ��²

*+,(

³67´678°]¯µ

¶# S·¸¹º�

'(K*+,(

»(

2#

¼,1

*+,(

�X#�²1

*+,(

cD½�W¾¿#ÀÁ�ÂÃ

ÄxÅ�ÆÇ

2#

XÈ<=>?W

*+,(

# 6nÉ>

?W

*+,(

��Êcp�WËÌ6ÍÎÏ#�ÐÆ

Çp�ÂÃÄ#Ñ[Ò6=Ó%q·#z{|Ôp

�Õ#Ö×¦jØÙ¡ Ú16nÉ>?W

*+,(

8»

'(K*+,(

»(

2

Û�ÜÝ1Þ ßà6_�%áâãä½¿#

¦jsL�³Ú6nÉ

*+,(

678Wåæ

2#

Á"

N"

Q9#E³Ú6nÉ©çè# )67TéFG

6=W6¤B# êë&�E6nÉTéÆÇì=

.<=# íë¡ 6¤BÓ%îï¤Bè°6n

É�éW��67³ðWì=.ñ�éWñ��

67W<=¤BÈò#óºq345W678

2#

R

w

'(K*+,(

Nr~�z{#ôE6nÉ©ç�ã

è# )õk67¥¦|ö÷Wøá

2#

°ù678

úBEbcP$%W�û©#¹º�

'(K*+,(

6

78#üÐst¥¦HIýþ#ÿ678¸Nö÷

6N

-.PKS"/

2

¦jWÃ!±¡ y"#ÆÇ�çèW6n

ÉÚ#$%&E6nÉÚ÷'©çè

2#

(%ëW)

%

&

%

&

N$"

! !



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

0

!

1

"

2

#""

&,-3456789:8;<=>?@A

$%&'()%

B/CD

*++"

,

%

;EFGH"

-

#9D

."-

;IBJK;L

BGH"

/

$

01*2

" )345"#""(67867"89:;,:<=>?9@"A-B"=>C"C3@?D=:43>4"?D=:=?79:3@73?@"6>C9:"="?,>@7=>7"?6::9>7",;"."-"E/B";,:"F&?9GG&@7=?H@",;"$%&'()%"

I37D"?=:J,>"G,=C9C"3>@3C9"=>C",67@3C9"7D9"76J6G=:"?9GG@

01*2

MBNOP;QRS

F"?<"! K"?<

% TUB/VW

;XYS

!!"<<"! .+"<<

%B/VWZ[\];]

^S

L"<<

%_2

.+

&

-

$`a

5 "

Bbc-de

-4&M$%

&

%9

+5*

MC

+5!

(

.5#

$&fghS

NOF

$%deij

klmDBNO;nXo

5P

depqrst%%p

Su%c-9.vwxc-

5"

QRS

K"?<"! F"?<"

! .51"?<

;)*yz{|}L

1"4

~�

1I75Q)9

;�G�%�P�B/Ct%D�z{;��%d

"

2

.+""

�6VPBNO;

$%&'()%

B/Ca�2!&

-

$��DVPBNOo��%���?B/;@A'&

/

$�B/CP

�D}L&,-;z{o'&

%

$���;t%%���?@A;

$%&'()%

B/C

0K+2

")345".+""-"$%&'()%"@7=?H@"J=@9C",>"="@3>4G9"9G9?7:,GR79"8G=79O"E-B"S6G738G9"?9GG@"9G9?7:3?=GGR"?,>>9?79C"3>"@9:39@"7D:,64D"86>?D9C"

D,G9@",>"7D9"9G9?7:,GR79T"E/B"-"@7=?H"8G=79"?,U9:3>4"="?,>7=3>9:"G,=C9C"I37D"?=:J,>";69GT"E%B"-"@7=?H";,:<9C"JR"8:,89:"

@9=G3>4

0K+2

- /

-

/

.*.

! !



! " #

!"!"

!

"#$%&'()%*

#$

+,

%"

!

&

"-!

'

"./

(

,

%%

./01(2345*67-8

)""$

*

'

9:;<()

!""$+,

=(467#>?#(23

4@A(B-C*DEFGHIJK4LMNL

M#8

)!"$

*

'

9@A(OP

-()!$.

#5*QRDE

0

!(!$/($

,

%%

!

&

"S/1(238

!""$+,

4;

()T=(

%0$1

#8U<=(4

%"(2$1

V#=(W

X(BYZ

-$.

# [\=(]^_`47ab0

)(3$/

$

1

#cdef"Eb

3(-4

53"6

(

!"#

!"#$%&'()

$%&'()%

`ghijk4>l`mn# >opqr4

s

(7

tuvwxyzYa4{|}_g_`#~�

�%��%����%���%���%����#0

����u4��# ��{|}_g����g

��8�����#� ¡¢mn#£¤¥Y¦§

¨©ª

($

«¬#`­VYa4�®¯e°ir±c

4mn#²³Z´µz¶4f"·¸#Y¹ºI0

»¼#¤¥½¾§¨©ª

($

I¿ÀÁ3ÂxÃ"�

nZ{|}_g-�®¯e4`ghcI0

8'9:;<'

4de#ÄÅÆÇÈÉÊ4ËÌ#0M¶

Í"��`ghcmnÎpÆÏ�Ð4ÑÒ

(

!(-(%$$

:ÓÔÕÖ×c0de

I¿'ÓÔÕÖ4Ø×!ÙÚÛxÜÝÅ"Þ

]MJßàÅá4c"I

8'9:;<'

4de#â'

(2467ãÃ"äå

2=>(4<?

æçè4­6é

4(267êë# ìíÃ"Ö×c4(2îïð

ñòZÃ"ÙÚÛóç4äå

2=>(47<?

æçè4

­6éde4(267#~,

%!

.ô

53%6

(7

Ã"Ö×

cde4

8'9:;<'

4QRDEõK0

@7 !%"7

+/

$

A+

9!

#ðMZÃ"äå

<?

æçè­6éde4

!

@7!""7+/

$

A+

9!

"

(7

I¿öÖ×c÷øÆ

BC8

-7

ùºú# ìíÖ×cV±zYa4cûü!

'D';

-

"

¥º#£zýa4cûþ!

E

!

';

-

"-ÿç!!

FG;

"

7

,

%%77

"Z#$(àh4

0

%&'

8'9:;<'

(238�«JKT45*67!

,

"-8

)""7

*

'

T:

!""7+,

4;()=

(467!

&

"

53"6

7<HG(7%%77;I>JI>7J?KL*K+DMA?N$*L$D$09A?OO9N>DAP$8'9:;<'$QDN?R$*M$D$NHMGO?$?O?A>K*OS>?$JOD>?$*J?KD>?R$D>$D$TDKH?>S$*L$>?+J?KD>IK?N$

U,V$DMR$RHNA1DKGHMG$A1DKDA>?KHN>HAN$D>$D$A*MN>DM>$AIKK?M>$*L$!""$+,$DMR$)""$

*

'$U&V

53"6

$

,

%!$$

Ã"ÓÔÕÖ×c% äå

<?

æçè4­6é%(

)Ö×c¥º4*+,-c-./æçè4­6

éde4

8'9:;<'

67

53%6

$$

$<HG($%!$$W?KL*K+DMA?N $ *L $ 8'9:;<'$ =H>1 $ TDKH*IN $ ADKQ*M$

LI?ONX$A1DK$R?KHT?R$LK*+$O?DT?N$*L$*KA1DKR$>K??#$DA>H9

TD>?R$ ADKQ*M$ O*DR?R$=H>1$ <?$ DN$ D$ AD>DOSN>#$ ADKQ*M$

+?A1DMHADOOS$ JK?JDK?R$ =H>1$ D$ NH+IOD>?R$ A*+J*NH9

>H*M$*L$ >1?$ O?DL$A1DK#$ DMR$DA>HTD>?R$ ADKQ*M$=H>1*I>$

DMS$AD>DOSN>

53%6

,

&

%)!

! !



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

0

!

1

"

2

#$%"

345678" 9:;<=>?@A+B&CD

E+FG

&''(

%)*+,"-$""./01/2*3*/4%/5%0*467892"57/0":;683"2378:<"=/74=/>

84?%>8+8226

&''(

%

2

-@%%

HI34567J"9:;<K>?DA+B&,-D

A.BCD).

L

EFF%

/

.

DMNOP#

G

$<L

-@F%0G

%

=0

B!

Q

RSTDURVW&

H

$

&''(

%)*+,%-@%%DI31I3%1675/7084=62% JGK"84?"?*2=;87+*4+"=;878=367*23*=2"83"8"=/423843"=I77643"?642*3L"/5"-@F"0G

%

=0

B!

"MHNO5/7"A.BCD)."

/167836?"83"EFF"

/

.<":*3;"5I692"/5">*/=;872"?67*P6?"57/0":;683"2378:<"=/74=/>"84?">8+8226

&''(

X

,"

YZ[\]^'_`a<_b`acdefD

gh

H/I?/I87?

ijk*l

&'!B'$(

' mnopqrs

&tuvwxfOPDyz

,"

{5k*lD|}

&,-DOP~Z����' �����rs&

����G�' ���rs&��)*�@�G

��P�G�' ��Nrs&C��G@�|�

��

'FQ

D&<

@FQ

DE+B' �CE+BDF

G���!

RF,S:3,Q

D

.8.D

$

(

',S:3,Q

D

T

!

.D

$

<

$,F:3,Q

D

U+D,"

����m������G�

� ¡¢£'¤¥rs&DFG¦uF&,-'I

5

A.BCD).

D§¨' ©ª«¬.­DOP^®

¯5°±rs&<²³

S:3,Q)6

k*lD´O

µ'¶·¸¹º»¼Z

-S!"0V

%

=0

B!

'½¾5¿Z

²³

)6

k*lD´Oµ

,%

�w��ÀNDop

d'°±rsC'ÁÂk*�IDE+BdÃyÄ

|ÅDÆÇÈÉGÊL&CD' ËÌÍ¢£ÎP

ÏÂmÐDÆÇÈÉ' zw��LÑ+AÒ�È

CÓÔDk*lFGPÕÁÂÖfD�I

,%

m�

×¬�Ø�ÙÚ<ÛÜ£ÝDA+B&,-Þß

qàá

&'-(

,

!,$,!%%

67J(9:;(K>?&,-D��

��âHIãäÓåDæçèå+9:;

&'@(

(

67

&'S(

(K>?

&''(

<éê

&'W(

X34DA+B&��

A.BCD).

D,-' ©ª]^më34DA+B&

Æì��

A.BCD).

D,-' ½OPíîZïð

ñ' ��d{5Î�æ�+èå+CïòDE+

FGÎ�

,%

2

-$

ïó���<P�G�ôÂD6

7J(K>?<9:;&CïòDE+FG

&''(

,%

ì

õ'67JCö±òZk*gh

H/I?/I87?

÷jD

T

'½âòZø|D

C

<

C*

'mëùúûô67J

&D�GüÂ

!!:3,Q

) K>?&C��ò

T

<

.8

' mýþùúcdZÿD!�gh

H/I?/I87?

÷jD"*l' K>?&D�Gò|�

R:3,Q

)9

:;&D�G#$'¼Z

S:3,Q

'���FG~d

T

<

.8,%

Î�34A+B&DOB%&q'(�

�

A.BCD).

,-�PÀNDMNOP' v2

-@

&

G

$ïó'HIK>?&,-D

A.BCD).

MNO

P#f'

EFF%

/

.

D¶·¸¹ºÉ�

!'F%0V

%

=0

B!

'

HI67&D.­OP#ð ' ¸¹ºÉ�

-EW%

G

H

-E$

! !



! " #

!"!"

!

#$

!

%#

&!

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

!"'(

#$

!

%#

&!

)(

0

*'

#

+

$1234/5#6789:'

;<(

,-&./0-

=

1""(

2

-

>?@ABCD-.

*'"(#3

%

%#

&!

ECBFGHI"JKCL*MN8

9:'BOP/

")4(5)(

QRST"67CUPVW

XYABECZ["\*"]#^_`'BCUB

ECCabc"=

")6(7(")1(8

&]#def'BC

UECCabg"hijk>lmnTo&]#$

%&'BCUECCa)*

)(

pqECGrs0

*'

#

3

$12BtuGrvwxyzB

)(

{|$%&

'1}B~3b�" ��5#$%&'BCLE

Cjkb�"�

!'(9

";<�#,�

!*)':

&def

'B~3b�"W�BCUECjkb�"�/

*4(

9

";<�#,�

*;)':

&5#^_`'BCUBE

Cjk/

!!(9

";<�#,/

*<)1:

=>>?

)

!););((

?��'/;<

���X5#��'B

,-&./0-

����

� " �����c�����B'x���B

,-&./0-

;<" p��s��*�}V ¡B¢

�£¤

+2@A2@BCA

¥�B¦§¨

D

'

-B

'

E5

©ª

3V«¬"­r�®��'F¯B°±Q²V«"

.FE

³´QRST"��µ¶·o2¸V¹%ºQ

²"»0

*4

(

3

$12

)(

]#��µB

,-&./0-

=

1""(

2

-

B¼½+,-./

!44(#$

%

%#

&!

"¾N

4(GH):(

0I

B¦§¨¿"­ÀGrÁc�

!6'(#$

%

%#

&!

"»

0

*4

(

+

$12

)(

=

4""(#3

%

%#

&!

B@ACD-.>"

ÂN

")4(5

BÃ��µÄ¾N

4GH):0I

¦§¨B

��µB

,-&./0-

3ÅÆÇEC

**)4(9

Ä

*6)>(9

"

;<�#,34È��

!>:

Ä

;<:

=>6?

)(

!!"#

!"#$%&'

$%!&'(%

É

,-&./0-

#|Êµ�C"��­��Ëc

BÌ§Í," �{|Î®ÏÐ¥�BÑ§¨x�

C�:)ÒÓ*¿BÑÔÕ"Ö×}ØÙ*B\Ú

ª3"F4xÛÙª3"��ÜEÙÝ/cÞ.B

-/

!

"V�|'ßàÄ¿áâ&ãj"

,-&./0-

�

C�×äåæ

)(

��"

,-&./0-

xy7ç=BcÍ

èéÊêë

)

ì í î ï ð © X ñ ò À # ó µ ; < B

,-&./0-

���ôõ��

=>1?

"Úö÷ø�VÍù

ú/

4(%#

!

B

J.K

C�:ûüBýþCU" ]#

35&L,-

�CÐÿ<" CUý!"#

")4(5

óµ$

¾N

4GH):0I

¦§¨Bóµ" ³´QRST"=

14"(

2

-

B%��.>" ]#óµ;<B

,-&./0-

B¼½+,-./

*'<(#$

%

%#

&!

" =óµ&¾N

4GH):

B

0I

¦§¨¿" CUB¼½+,-.'�

!*6(#$

%

%#

&!

)(

XóµB(33)ST" *óµ*

× + , - 8 9 : ' * } V . O B ¢ � £ ¤

+2@A2@BCA

¥�B¦§¨/3" 0}V°OB

-B(

M");;GH):N

"p1�2�À#3"¦§¨BóµB

,-&./0-

×»À#89:'BCUGrc" 4=

óµ&¾N

0I

¦§¨ÀCUGr��o5Ác

)(

67ïð©���]89:;<=>B?Ê

#|

,-&./0-

BGr " Úöñò]#@Ê�

,-&./0-

B;<"=

14"(

2

-

B%��.>"���

7(!**(#$

%

%#

&!

Btu

)(

É*?ÊAÒc�B��÷

/óµ"ÀCUBGrCVÁc(

7(!!*(#$

%

%#

&!

$"

(

0

*4((

��µB°±Q²(

3

$DÀ#��µÄEGµ/;<B

,-&./0-

=

1""(

2

-

BtuGrmn(

+

$

=>6?

(0O5)(*4((EO%C2PHC@%H@CI(2Q(RO2%9BC(AICOSIA(QC2#(%2%2T@H(P9IUU(M3N(BTA(VICQ2C#BT%I(%2#VBCOP2T(Q2C(,-&./0-(2VICBHIA(GOH9(

%2%2T@H(P9IUU(%9BC(BTA(B%HOSBHIA(%BCR2T(M+N

=>6?

3 +

*1'

! !



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

0

!

1

"

2

#$%"&'()*+'

3456789:;<="

,

#>?@A

9BC6DEFG96HIJKL5(8+MN

"

-

$

./01

"+234"5$"","&'6)*+'789:%;<=%3>8(9?9@:=2@2:A7@<39B9=>:2<B7C,D%

>BE%<F:GF:7G<H9=7>BE7G=<EF@9E73>87@<IG<82:2<B7>:7

E2;;9=9B:7<G9=>:2B37@F==9B:87>BE7J007

<

'7K-D

./01

O6/PQ

04L%3

RSTU,-% V

045%,

9WX

6DY6

M%5NO/PQ

%,-Z3I[

N0O/R

.$S1

O%

!"# $%!&'(%

!"#$%&'()*

'*

\]^_`9*ab-%2

5

cd%?ef

ghi9&j)9kl8+\

'*

% m

&'T)*+'

9nophqrstuvwxcd% yw&,-

z{|9}~

-<FE<F>=E

��9�Id��4

&'6)*+'

��z

'*

96*p)*�� % ��

&'6)*+'

BChq�9�`8+5(�\

'*

%

��%�h

&'6)*+'

��V��

'*

5(>.9

5.78

O%

��% ��m

&'6)*+'

95.78�

��C�rs��

./01

O

y2

5$

&

,

$��%���3�� ¡¢�

U)V

6£�¤%¥¦

M5$07!I

%��§-¨

,3TW&'

&�

i©¨

/XN

$%ª�§-\

Y)ZTU)V

&�i«¨

$X[

$%./9¬­®¯¨

N4L7@I

!

%P°QY

573

±

²

LH:4R7+9

³*´9µ�U,-

47

¶�6/·%

?]¸¹¤z% º»%¼:6/½595¾¿À

Á &

W'

$

47

¶6/=4]¤Â6Ã�ÄÅFa�f

¦ÆÇ

47

2

5$

&

-

$��¨./?

J007

<

'

a�f¦

E'V

57,

'

54L7,

>

!7,

9WX.DBCg�:F

9JKHIÈ

'*

>

'*

!

8|�IÉ./BCg

Ê9Ë*MN

47

�Ì% ./9JKHI>

'*

8I

ÍÉBCgÊ9ÎÏÐEÑ% Ò¨./�9&,

-ÉÓBCgÊÔÕÖ×Ø % ÙÚ�Û}~

-<FE<F>=E

��9µ�ÜËÝ%ÞÐ8|

'*

9�

IËß%./.àEÑ%HIËá

47

Ag%

'*

!

98

IâÉÓgÊã¬ÎÏ% �jä®9nopåæ

vw\]Ú9% Ò¨}~

-<FE<F>=E

��\×Ø

'*

!

9��%ç�IËß�%

'*

!

98I�ÎÏ�

47

Þ2�è�VéK% �¬5(98IêÉÓBC

.D9ÎÏÐÎÏ%ëì\?./BC9r1%�

.DE

'*

98Iíí�4

'*

!

98I

47

îï%�

ðñ`òd9\% �órs9�ô\õ4?./

�ö÷9¬ø&,-%?�ù9�3�%��3D

*úûü% �ýþ×ÿJKHI>5(8IÉg

Ê9Ë*

4

��è�3!"#79¤Â

&'T)*+'

$�

5.78�ô %y2

5/

"

,

$��%�!"#79

./%9¬­®¯¨

J7@I

!

%P°QY

54[73

±²

,

-

7

2

5/77

!"#79¤Â

&'T)*+'

�&2"

,

$Èç?

J007

<

'

g9.HIJK>8+5(MN"

-

$

./01

7+23475/77,78@Q9I>:2@72??F8:=>:2<B7<;7>7:F\F?>=7!T@9??T8:>@]7&'T

)*+'7^,DP>BEP2:8P<F:GF:PG<H9=P>BEPG=<EF@9EP3>8P

@<IG<82:2<BP>:PJ00P

<

'P^-D

./01

,

-

5JL

! !



! " #

!"!"

!

#$%&'

"

()

#$%"&'()*

&*

+

+,

!

-

",-.

/0123

.""*

/

0

"456789

!*1

":;0

<=7>?@ABCDE

02

F

02

!

"GHID

J@K"L$#MN#OP@#QABCDRS

!&#*

3

#T@

02

"GHIDRS

!,*45

$

467

8+

&

!

!"#$%

UVWXYZ$[)*0\M]^_`W,

ab"$cdUVefg_hij0d# klW

"dm=7]%no'p#

908:2(0

qr3stu

0v% wx0vFyz{0|}~��S�x

&*

908:2(0

"W)*�v��# M{�j.��]

^���{0��

&*

T@#

908:2(0

�Md.��

"�����_�q^_�xH[�{0���

�����#�.�m"H[�W�

908:2(0

"

]�m)*# ����vl ¡¢b£¤¥¦

-/;</;=><

§�#$%"¨["H[�W# &'

]%j©ª%«¬­"®¯y

&*

°±#

908:2(0

²�

��³3"]^´0µG��

&

.¶�·¸¶

908:2(0

"¹x$¶º#»¼

½¾98¿�ÀÁ"45&

+

"3Âq

908:2(0

Ã

0\F0\2"ÄÅÆ¶?Ç�# ÈÉQ4º$

ÀÁ"ÊË'

!

"½¾W)*"ÌÍ#ÎÏ�v%j

Ð%½4}#ÈÉQ�ÑÒHGÊË'

?

"ÈÉW)

*"fg��FÓÔ"ÕÖÊË

&

&'()

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

@+A**-6>/B*(&*3/>B<*C7)>DE*2;%B//F*!"+.&*GC1*HG7%)>7=%6/7=B*C78

)>DE*1D)7IEJ@C-K25A&*L=>6MN*!"+.&*O%%PMQKK$$$&6)=&/>DK>)8

P/>%MK$/>B<8)7)>DE8/;%B//F8!"+.&

@!A**0O)7*:H

×Ø

JN*0O)7*RH

×Ù

J&*16>*P/BB;%6/7*=7<*P;SB6I*

O)=B%OQ*CT6<)7I)*U>/4*M;BU;>*<6/V6<)*)46MM6/7*/U*I/=B8U6>)<*

P/$)>*M%=%6/7*67*0O67=@WA&*CI/7/46I*X)M)=>IO*W/;>7=BH

Ú

ÛÌÍ

JN*!"+YN*YZH.JQ*+#.8+[Z&

@?A**\/;*0*]H

ÜÝd

JN*\O=/*^H

Þß

JN*\O=7D*_*:H

àáH

JN*)%*

=B&*C7)>DE* >)T/B;%6/7Q* (>/4*=* U/MM6B* )7)>DE* )>=* %/* =* 7)$*

)7)>DE*)>=@WA&*]=%;>=B*_=M*G7<;M%>EH

£¤´4â

JN*!"+[N*

?[H+JQ*+8+"&

@YA**96IFM*1*5&*RO)*>/B)*/U*I=>S/7*67*U;)B*I)BBM@WA&*W/;>7=B*/U*

L/$)>*:/;>I)MN*!""[N*+#[H!JQ*+!.8+Y+&

@#A**0=>BM/7*C* W&* L>/D>=4*/7* %)IO7/B/DE* 677/T=%6/7Q* MEM%)4M*

=MM)MM4)7%*/U*<6>)I%*I=>S/7*U;)B*I)BBM*%)IO7/B/DE&*CLXG*>)8

P/>%@XA&*L=B/*1B%/Q*CLXG*!""[&*01*+"+??[!&

@[A**0=/*9*`N*:;7*aN*3=7D*_*5&*96>)I%*I=>S/7*U;)B*I)BBQ*U;78

<=4)7%=BM*=7<*>)I)7%*<)T)B/P4)7%M@WA&*W/;>7=B*/U*L/$)>*

:/;>I)MN*!"",N*+[,H!JQ*!#"8!#,&*

@,A**X=<E*1*0N*_6<<)E*:N*-=<$=B*:*L*:N*)%*=B&*X)T6)$*/U*U;)BM*

U/>*<6>)I%*I=>S/7*U;)B*I)BBM@WA&*C7)>DE*b*(;)BMN*!"+!N*![H?JQ*

+Y,+8+Y..&

@.A**_6<<)E*:N*-=<$=B*:*L*:N*c;BF=>76*1N*)%*=B&*1*I/4P>)O)7M6T)*

>)T6)$*/U*<6>)I%*I=>S/7*U;)B*I)BB*%)IO7/B/DE@WA&*L>/D>)MM*67*

C7)>DE*=7<*0/4S;M%6/7*:I6)7I)N*!"+!N*?.H?JQ*?["8?ZZ&

@ZA**_!>*R*d&*0>6%6I=B*>)T6)$*/U*I=>S/7*I/7T)>M6/7*67*

(

I=>S/7*

U;)B*I)BBM

)

@WA&*0O)46I=B*X)T6)$MN*!"+?N*++?H.JQ*[+,Z8[!"[&

@+"A**0=/*R*aN*e;=7D*cN*:O6*a*`&*X)I)7%*=<T=7I)M*67*O6DO8

%)4P)>=%;>)*I=>S/78=6>*U;)B*I)BBM@WA&*C7)>DE*b*C7T6>/78

4)7%=B*:I6)7I)N*!"+,N*+"H!JQ*Y["8YZ"&

@++A**\O/7D*a*WN*:;*0N*0=6*XN*)%*=B&*L>/I)MM*67T)M%6D=%6/7*/U*=*

M/B6<*I=>S/78U;)B)<*M/B6<*/V6<)*U;)B*I)BB*67%)D>=%)<*$6%O*=*

02

!

*P)>4)=%67D*4)4S>=7)* =7<* =* M67%)>67D8>)M6M%=7%* >)8

T)>M)*-/;</;=><* >)=I%6/7*I=%=BEM% @WA&*C7)>DE*b*(;)BMN*

!"+[N*?"H?JQ*+.Y+8+.Y.&

@+!A**c=IP>f=F*1N*c/SEB)IF6*XN*-6M*\&* G7UB;)7I)*/U* %)4P)>=8

%;>)* =7<* I/4P/M6%6/7* /U* ]=2e8c2e* =7<* ]=2e8562e*

)B)I%>/BE%)M* /7* %O)* P)>U/>4=7I)* /U* =* <6>)I%* I=>S/7* U;)B*

I)BB@WA&*W/;>7=B*/U*L/$)>*:/;>I)MN*!"+?N*!?ZQ*Y"Z8Y+Y&

@+?A**_;/*5N*0=B/*W*dN*c)=>7)E*0N*)%*=B&*RO)*=7/<6I*>)=I%6/7*

f/7)*=7<*P)>U/>4=7I)*/U*<6UU)>)7%*I=>S/7=I)/;M*U;)BM*67*

=*S=%IO*4/B%)7*OE<>/V6<)*<6>)I%*I=>S/7*U;)B*I)BB@WA&*1P8

PB6)<*C7)>DEN*!"+YN*+!ZQ*?!8?.&

@+YA**\)I)T6I*:N* L=%%/7*C*dN*L=>O=46*L&*0=>S/78=6>* U;)B* I)BB*

$6%O/;%*=*>)U/>467D*P>/I)MM@WA&*0=>S/7N*!""YN*Y!H+"JQ*

+Z.?8+ZZ?&

@+#A**0//P)>*W*(N*:)B4=7*X&*CB)I%>/IO)46I=B*/V6<=%6/7*/U*I=>8

S/7*U/>*)B)I%>6I*P/$)>*D)7)>=%6/7Q*=*>)T6)$@WA&*C0:*R>=78

M=I%6/7MN*!""ZN*+ZH+YJQ*+#8!#&

@+[A**W6=*5*WN*R6=7*aN*56;*^*eN*)%*=B&*1*<6>)I%*I=>S/7*U;)B*I)BB*

$6%OH4/B%)7*I=>S/7=%)JKH</P)<*I)>6=J*I/4P/M6%)*)B)I%>/BE%)

@WA&*W/;>7=B*/U*L/$)>*:/;>I)MN*!"+"N*+Z#H+,JQ*##.+8##.[&

@+,A** CBB);IO*1N*a;* W* :N*-/;MM)%%=*1N* )%* =B&* CB)I%>/IO)46I=B*

/V6<=%6/7* /U* D>=PO6%)* 67* =7* 67%)>4)<6=%)* %)4P)>=%;>)* <68

>)I%*I=>S/7* U;)B*I)BB*S=M)<*/7* %$/8PO=M)M* )B)I%>/BE%) @WA&*

G7%)>7=%6/7=B*W/;>7=B*/U*eE<>/D)7*C7)>DEN*!"+?N*?.H!"JQ*

.#+Y8.#!?&

@+.A**56;*WN*\O/;*d*aN*\O=7D*a*LN*)%*=B&*CB)I%>/IO)46I=B*/V68

<=%6/7*/U*I=>S/7*=%*O6DO* %)4P)>=%;>)Q*P>67I6PB)M*=7<*=P8

PB6I=%6/7M@WA&*C7)>DE*b*(;)BMN*!"+.N*?!HYJQ*Y+",8Y++,&

@+ZA**]=S=)*aN*L/67%/7*c*9N*G>T67)*W*R*:&*CB)I%>/IO)46I=B*/V68

<=%6/7*/U* M/B6<*I=>S/7* 67*OES>6<*90(0*$6%O* M/B6<*/V6<)*

=7<*4/B%)7*I=>S/7=%)*S67=>E*)B)I%>/BE%)@WA&*C7)>DE*b*C78

T6>/74)7%=B*:I6)7I)N*!"".N*+H+JQ*+Y.8+##&

@!"A**W=E=F;4=>*1N*c!7D=M*XN*X/E*:N*)%*=B&*1*<6>)I%*I=>S/7*U;8

)B*I)BB*$6%O*=*4/B%)7*=7%64/7E*=7/<)@WA&*C7)>DE*b*C7T68

>/74)7%=B*:I6)7I)N*!"++N*YH+"JQ*Y+??8Y+?,&

+.[

! !



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

0

!

1

"!#$%%&'%&%()%*+,'-.)-/0123-4-/)-56%178%9%:,;<1=160>5-?6'@A-

,B- @0BB5=526- :1=C,2- B'57?- 02- 12- 575:6=,7A65D?'<<,=65@- +AD

C=0@-@0=5:6-:1=C,2-B'57-:577"E$8-9<<705@-F25=3A)-!G#H)-#GIJ-

KG!DKGL8

"!!$--M1,-.-NO%M5%&%EO%P0%(%/8%9:+05>023%+03+%<5=B,=;12:5%

02% 0265=;5@0165% 65;<5=16'=5%@0=5:6%:1=C,2%B'57%:577?%Q06+%

=525Q1C75%:1=C,2%1?%1%B'57%?,'=:5"E$8%9<<705@%F25=3AO%!G#KO%

#HRJ%#SKD#I#8

"!H$%%F775':+%9O%M17,'120%TO%/0%(%U8%V2>5?603160,2%,B%:+5;0:17%

12@% 575:6=,:+5;0:17% =51:60,2?% ;5:+120?;?% 02% 1% @0=5:6%

:1=C,2%B'57%:577%'?023%,70>5%Q,,@%:+1=:,17%1?%?'?61021C75%

B'57"E$8%E,'=217%,B%W,Q5=%X,'=:5?O%!G#RO%!I#J%HRGDHY#8

"!K$%%('%E%XO%*+1,%(%ZO%/0%(%U8%[6070\160,2%,B%:,=2%:,C%C0,:+1=%

02%1%@0=5:6%:1=C,2%B'57%:577"E$8%E,'=217%,B%W,Q5=%X,'=:5?O%

!G#KO%!SGJ%H#!DH#S8

"!R$%%E102%X%/O%/1]5;12%E%NO%W,026,2%T%UO%56%178%F75:6=,:+5;0D

:17%<5=B,=;12:5%,B%1%+AC=0@%@0=5:6%:1=C,2%B'57%:577%<,QD

5=5@%CA%<A=,7A?5@%PU4"E$8%F25=3A%^-F2>0=,2;52617-X:0D

52:5O-!GGLO-!_Y`J-YISDYLH8

"!Y$--E0123-Z-aO-P1-E-EO-N,21::,=?,-9-UO-56-178-U5;,2?6=160,2-

,B-+03+-<,Q5=O-@0=5:6-:,2>5=?0,2-,B-Q1?65D@5=0>5@-:1=C,2-

02-1-+AC=0@-@0=5:6-:1=C,2-B'57-:577"E$8-F25=3A-^-F2>0=,2D

;52617-X:052:5O-!G#!O-R_R`J-YLSHDYLIG8

"!S$--9+2-X-(O-F,;-X-(O-a+05-(-MO-56-178-[6070\160,2-,B-Q,,@-

C0,;1??-:+1=-02-1-@0=5:6-:1=C,2-B'57-:577_UZ4Z`-?A?65;"E$8-

9<<705@-F25=3AO-!G#HO-#GRJ-!GSD!#Y8

"!I$--/0-X-.O-/55-9-ZO-P06:+577-a-FO-56-178-U0=5:6-:1=C,2-:,2D

>5=?0,2-02-1-+570';-B7'0@0\5@-C5@-B'57-:577"E$8-X,70@-X6165-

V,20:?O-!GGIO-#SL_!SbH!`J-#RKLD#RR!8

"!L$--.'-(-*O-X'-ZO-*+123-Z-PO-56-178-9-25Q-:1=C,2-B'57-:577-

Q06+- +03+- <,Q5=- ,'6<'6- CA- 02653=16023- Q06+- !" #!$%

:1617A60:-=5>5=?5-N,'@,'1=@-=51:60,2"E$8-F75:6=,:+5;0?6=A-

Z,;;'20:160,2?O-!GGLO-##_Y`J-#!YRD#!YI8

"HG$--c1]131Q1-cO-V?+0@1-P8-W5=B,=;12:5-,B-12-0265=217-@0=5:6-

,d0@160,2- :1=C,2- B'57- :577- 12@- 06?- 5>17'160,2- CA- 3=1<+0:-

5d5=3A- 1217A?0? "E$8- V2@'?6=017-^-F230255=023-Z+5;0?6=A-

a5?51=:+8-#LIIO-!S_S`J-##I#D##IR8

"H#$--e123-(-NO-/0'-E8-FBB5:6-,B-12,@5-12@-N,'@,'1=@-=51:60,2-

:1617A?6?-,2-6+5-<5=B,=;12:5-,B-@0=5:6-:1=C,2-?,70@-,d0@5-

B'57-:577?"E$8-V265=2160,217-E,'=217-,B-MA@=,352-F25=3AO-

!G#GO-HR_!G`J-###IID###LH8-

"H!$--&05-(-PO-e123-(-NO-/0'-E8-9->5=0B0:160,2-,B-6+5-=51:60,2-

;5:+120?;- ,B- @0=5:6- :1=C,2- ?,70@- ,d0@5- B'57- :577? "E$8-

E,'=217- ,B- X,70@- X6165- F75:6=,:+5;0?6=AO- !G#HO- #S _#`J-

#!#D#!S8

"HH$--Z10-.-*O-/0'-EO-&05-(-PO-56-178-92-02>5?603160,2-,2-6+5-

]02560:?-,B-@0=5:6-:1=C,2-?,70@-,d0@5-B'57-:577?"E$8-E,'=217-

,B-X,70@-X6165-F75:6=,:+5;0?6=AO-!G#YO-!G_I`J-!!GSD!!#Y8

"HK$--&'-M-aO-Z+52-NO-/0'-EO-56-178-P,@57023-,B-@0=5:6-:1=C,2-

?,70@-,d0@5- B'57-:577- B,=-Zf-12@-575:6=0:06A-:,3525=160,2

"E$8-9<<705@-F25=3AO-!G#YO-#SIJ-HRHDHY!8

"HR$--g!=-e-PO-M'3302?-a-98-U0=5:6- 575:6=,:+5;0:17- :,2>5=D

?0,2-,B-:1=C,2-6,-575:6=0:17-525=3A-02-1-+03+-65;<5=16'=5-

B'57-:577"E$8-E,'=217-,B-e+5-F75:6=,:+5;0?6=A-X,:056AO-#LL!O-

#HL_#G`J-/LRD/LS8

"HY$--e123-(-NO-/0'-EO-X'0-E8-9-2,>57-@0=5:6-:1=C,2-?,70@-,d0@5-

B'57-:577"E$8-FZX-e=12?1:60,2?O-!GGLO-!R_!`J-##GLD###K8

"HS$--e123-(-NO-/0'-E8-4'57023-?,70@-,d0@5-B'57-:577?-Q06+-1:60>16D

5@-:1=C,2"E$8-9:61-W+A?0:,-D-Z+0;0:1-X020:1O-!G#GO-!Y_R`J-

##L#D##LK8

"HI$--/0'-E_

!"

`O-e123-(-N_

234

`O-X'0-E_

56

`8-9-@0=5:6-

:1=C,2- ?,70@- ,d0@5- B'57- :577J- Z+025?5- W16526O-

*/!GGL#G#L!IKI8I"W$8-U5:5;C5=-!IO-!G##8-

"HL$--Z10-.-*O-/0'-EO-('-4-(O-56-178-9-+03+-<5=B,=;12:5-@0D

=5:6-:1=C,2-?,70@-,d0@5-B'57-:577-B'575@-CA-Z1D7,1@5@-1:D

60>165@-:1=C,2"E$8-V265=2160,217-E,'=217-,B-MA@=,352-F2D

5=3AO-!G#SO-K!_HH`J-!##YSD!##SY8

"KG$--&05-(-PO-e123-(-NO-/0'- E8-92-97

!

f

H

D@,<5@-(X*-575:D

6=,7A65D?'<<,=6023- ?,70@- ,d0@5- B'57- :577?- B1C=0:165@- CA-

@0<D:,16023-12@-06?-@0=5:6-,<5=160,2-,2-:1=C,2-B'57"E$8-FZX-

e=12?1:60,2?O-!G#HO-RS_#`J-HGHLDHGKI8

"K#$--*+123-/O-&01,-EO-&05-(-PO-56-178-N5+1>0,=-,B-?6=,260';D-

12@-;1325?0';D@,<5@-3177165-575:6=,7A65-02-@0=5:6-:1=C,2-

?,70@-,d0@5-B'57-:577?"E$8-E,'=217-,B-977,A?-12@-Z,;<,'2@?O-

!G#KO-YGIJ-!S!D!SS8--

"K!$--N10-(-MO-/0'-(O-e123-(-NO-56-178-U0=5:6-:1=C,2-?,70@-,d0@5-

B'57-:577-D-1-<,6526017-+03+-<5=B,=;12:5-C1665=A"E$8-V265=D

2160,217-E,'=217-,B-MA@=,352-F25=3AO-!G##O-HY_#R`J-L#ILD

L#LK8

"KH$--('-4-(O-*+123-(-WO-('-/O-56-178-977D?,70@D?6165-@0=5:6-:1=D

C,2- B'57- :577?- Q06+- 6+02- A66=0';D?61C070\5@D\0=:,201- 575:D

6=,7A65- ?'<<,=65@- ,2- 20:]57- 12@- 0=,2- C0;5617DC1?5@- 12D

,@5?"E$8-V265=2160,217-E,'=217-,B-MA@=,352-F25=3AO-!G#YO-

K#_!#`J-LGKIDLGRI8

"KK$--&01,-EO-M12-UO-('-4-(O-56-178-Z+1=1:65=0\160,2-,B-?A;;56D

=0:17-X=45

G8SR

P,

G8!R

f

HD!

575:6=,@5?-02-@0=5:6-:1=C,2-?,70@-,dD

0@5-B'57-:577?"E$8-E,'=217-,B-977,A?-12@-Z,;<,'2@?O-!G#YO-

YIIJ-LHLDLKR8

"KR$--/0'-E_

!"

`8-Z,25D?+1<5@-12,@5D?'<<,=65@-?,70@-,d0@5-

B'57- :577b?61:]J- Z+025?5- W16526O- */!GGR#G#G#KIH8H "W$8-

c,>5;C5=-SO-!GGS8

"KY$--e0;'=]'67']-NO-e0;'=]'67']-ZO-P16-P-UO-56-178-9-=5>05Q-

,2-:577b?61:]-@5?032?-B,=-+03+-<5=B,=;12:5-?,70@-,d0@5-B'57-

:577?"E$8-a525Q1C75-12@-X'?61021C75-F25=3A-a5>05Q?O-!G#YO-

RYJ-##G#D##!#8

"KS$--X'0-EO-/0'-E8-92-575:6=,7A65D?'<<,=65@-Xf4Z-?61:]-B1C=0:16D

5@-CA-?70<-:1?6023-65:+20h'5"E$8-FZX-e=12?1:60,2?O-!GGSO-S

#IS

! !



! " #

!"!"

!

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

-./0''123'45'632'4,'1738*9:;<'=>

",/

1?

",!

@

$,A

'9BC>*;D:8>E'1@F=-40,'

4B2GC:7' BH' <D>'I?>G39:C'=>G:?39' 1B93><J5' !""/5' A$ #.%&'

$))K*$))+,

-.A0'' LD:CM'N'O5' 632' 45' N3C' 45' ><' :7,' F:PG39:<3BC' :CE' 8>GHBG*

?:C9> ' BH' 9BC>*;D:8>E' ;>M?>C<>E*3C*;>G3>;' ;B73E' BQ3E>'

H2>7'9>77; -40,' RC<>GC:<3BC:7' 4B2GC:7'BH'I8873>E'=>G:?39'

S>9DCB7BMJ5'!""/5'K#(%&'K(/*K+),

-K"0''T:3'N'O5'632'45'U:B'O'T5'><':7,'V38*9B:<3CM'<>9DC3W2>'3C'

H:PG39:<3BC' BH' 9BC>*;D:8>E' :CBE>*;288BG<>E' ;B73E' BQ3E>'

H2>7'9>77;-40,'4B2GC:7'BH'I77BJ;':CE'=B?8B2CE;5'!""A5'

./"#!%&'KK.*KK+,

-K$0''T:3'N'O5'632'45'X:CM'='6,'Y>GHBG?:C9>'BH'9BC>*;D:8>E'

<2P27:G' :CBE>*;288BG<>E' ;>M?>C<>E*3C*;>G3>;' ;B73E' BQ3E>'

H2>7'9>77';<:9Z'H:PG39:<>E'PJ'E38*9B:<3CM'<>9DC3W2>-40,'RC*

<>GC:<3BC:7' 4B2GC:7' BH' OJEGBM>C' [C>GMJ5' !""A5' ). #$+%&'

+)$$*+)$K,

-K!0''V3CM'45'632'4,'I'CB\>7'E>;3MC':CE'8>GHBG?:C9>'BH'9BC>*

;D:8>E'<2P27:G':CBE>*;288BG<>E';>M?>C<>E*3C*;>G3>;';B73E'

BQ3E>'H2>7'9>77';<:9Z-40,'4B2GC:7'BH'YB]>G'1B2G9>;5'!""A5'

$A)#!%&'+(A*++),

-K)0'' ^3:B' 45' 632' 45' V3CM' 4,' [7>9<GB9D>?39:7' 8>GHBG?:C9>' BH'

9BC>*;D:8>E' <2P27:G' :CBE>' ;288BG<>E' ;B73E' BQ3E>' H2>7'

9>77;'H:PG39:<>E'PJ'7B]*8G>;;2G>'3C_>9<3BC'?B27E3CM'<>9D*

C3W2>-40,'[=1'SG:C;:9<3BC;5'!"$$5')K#$%&'("A*($.,

-K.0''X:CM'O'V5' 632' 4,' [HH>9<' BH' :CBE>' ;<G29<2G>' BC' 8>GHBG*

?:C9>'BH'9BC>*;D:8>E';B73E'BQ3E>'H2>7'9>77;'H:PG39:<>E'PJ'

8D:;>'3C\>G;3BC-40,'RC<>GC:<3BC:7'4B2GC:7'BH'OJEGBM>C'[C*

>GMJ5'!"$!5')+#K%&'.))A*.).K,

-KK0''632'N5'S:CM'N'T5'V3CM'45'><':7,'[7>9<GB9D>?39:7'8>GHBG*

?:C9>'BH'9BC>*;D:8>E':CBE>*;288BG<>E';>M?>C<>E*3C*;>*

G3>;'1@F=;'H:PG39:<>E'PJ'M>7*9:;<3CM'<>9DC3W2>-40,'RC<>G*

C:<3BC:7'4B2GC:7'BH'OJEGBM>C'[C>GMJ5'!"$!5')+#$%&'A!$*

A!K,

-K(0''T:3'N'O5'X:CM'='65'V3CM' 45' ><' :7,'V3G>9<' B8>G:<3BC' BH'

9BC>*;D:8>E' :CBE>*;288BG<>E' ;>M?>C<>E*3C*;>G3>;' ;B73E'

BQ3E>'H2>7'9>77';<:9Z']3<D'?><D:C>-40,'4B2GC:7'BH'YB]>G'

1B2G9>;5'!"$"5'$AK#$!%&')//!*)//(,

-K+0''632'N5'T:3'N'O5'632'4,'=:GPBC'?BCBQ3E>'H2>7>E'9BC>*

;D:8>E' <2P27:G' ;B73E' BQ3E>' H2>7' 9>77' ]3<D #`3

",+K

F>

",!K

*Ka

bM@%cN1L':CBE>#\B7'$("5'F$)5'!"$)%-40,'4B2GC:7'BH'SD>'

[7>9<GB9D>?39:7'1B93><J5'!"$)5'$("#.%&'^K*^K,

-K/0''X:CM'^'d#

"#$

%5'632'4#

%&

%5'^3>'N'b#

'()

%5'><'

:7,'I'D3MD'8>GHBG?:C9>'E3G>9<'9:GPBC';B73E'BQ3E>'H2>7'9>77'

;<:9Z'HBG'8BG<:P7>':88739:<3BC;-40,'I9<:'YDJ;39B'*'=D3?3*

9:'13C39:#

*+,--.

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

-KA0''632'4#

%&

%5'LD:CM'6#

/0

%5'632'N#

%1

%5'><':7,'I';B73E'

BQ3E>'H2>7'9>77';<:9Z'P:;>E'BC':';3CM7>'83>9>'BH'>7>9<GB7J<>'

87:<>&'=D3C>;>'Y:<>C<5'L6!"$.!"$+)++!,"-Y0,'@9<BP>G'/5'

!"$.,

-("0''X:CM'X5'632'L'45'LD:CM'N'Y5'><':7,'I'E3G>9<'9:GPBC';B73E'

BQ3E>'H2>7'9>77';<:9Z'BC':';3CM7>'>7>9<GB7J<>'87:<>'H:PG39:<*

>E'PJ' <:8>'9:;<3CM' <>9DC3W2>-40,' 4B2GC:7'BH'I77BJ;':CE '

=B?8B2CE;5'!"$A5'+A.&'!A.*)"!,

-($0''=:3'X'L5'LDB2'd5'^3>'N'b5'><':7,'I'E3G>9<'9:GPBC';B73E'

BQ3E>' H2>7' 9>77' B8>G:<>E' BC' :' 87:C<' E>G3\>E' P3BH2>7']3<D'

C:<2G:7'9:<:7J;<-40,'I8873>E'[C>GMJ5'!"$(5'$+A&'$!)!*$!.$,

-(!0''e3;C>;'O5'F_>77>G28'45'O>CG3Z;>C'f5'><':7,'=:7932?':EE3*

<3BC'3C';<G:]'M:;3H39:<3BC-40,'F2>75'!"")5'/!#(%&'(.$*(K$,'

-()0''d2JC'V'b5'O:J:;D3'45'63'='L,'gB7:<373;:<3BC'BH':7Z:73':CE'

:7Z:73C>'>:G<D'?><:7739';8>93>;'E2G3CM'<D>'M:;3H39:<3BC'BH':'

\39<BG3:C'PGB]C'9B:7'3C'=@

!

-40,'F2>7'YGB9>;;3CM'S>9DCB*

7BMJ5'!""K5'/(#$!c$)%&'$!.$*$!K$,

-(.0''LDB2'd5'=:3'X'L5'LD:CM'N'Y5'><':7,'[7>9<G393<J'M>C>G:<3BC'

HGB?' 9BGC' 9BP' 9D:G' <DGB2MD' :' E3G>9<' 9:GPBC' ;B73E' BQ3E>'

H2>7'9>77-40,'T3B?:;;':CE'T3B>C>GMJ5'!"$(5'A$&'!K"*!K/,

-(K0''=:3'X'L5'632'45'632'Y'Y5'><':7,'I'E3G>9<'9:GPBC';B73E'BQ3E>'

H2>7'9>77'H2>7>E']3<D'9D:G'HGB?']D>:<';<G:]5'RC<>GC:<3BC:7'

4B2GC:7'BH'[C>GMJ'e>;>:G9D5'!"$A5'.)#+%&'!.(/*!.++,

-((0''d32'd'N5'LDB2'b'N5'=:3'X'L5'><':7,'I'9B?8:G:<3\>'3C*

\>;<3M:<3BC'BC'E3G>9<'9:GPBC';B73E'BQ3E>'H2>7'9>77;'B8>G:<*

>E']3<D'H2>7;'BH'P3B9D:G'E>G3\>E'HGB?']D>:<';<G:]5'9BGC*

9BP5':CE'P:M:;;>-40,'T3B?:;;':CE'T3B>C>GMJ5'!"$A5'$!$&'

K(*(),

-(+0''d32'd'N#

234

%5'=D>C'd'N#

536

%5'632'L'4#

%78

%5'

><':7,'T3B9D:G'E>G3\>E'HGB?'9B9BC2<':;'H2>7'HBG'<D>'E3G>9<'

9:GPBC';B73E'BQ3E>'H2>7'9>77-40,'4B2GC:7'BH'F2>7'=D>?3;<GJ'

:CE'S>9DCB7BMJ#

9:,--;

%5'!"$A5'.+#)%&')K!*)(",

-(/0''^3>'N'b#

'()

%5'63'4'6#

<&=

%5'OB2'4'^#

>?@

%5'><'

:7,'V3G>9<'2;>'BH'9BZ>'3C':';B73E'BQ3E>'H2>7'9>77-40,'4B2GC:7'

BH'F2>7'=D>?3;<GJ':CE'S>9DCB7BMJ#

9:,--;

%5'!"$/5'

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

-(A0''X2'O5'^3:B'45'L>CM'^'N5'><':7,'I'D3MD'8>GHBG?:C9>'E3*

G>9<'9:GPBC';B73E'BQ3E>' H2>7'9>77'

!

:'MG>>C'8:<D]:J' HBG'

PGB]C'9B:7'2<373h:<3BC-40,'I8873>E'[C>GMJ5'!"$A5'!./&'(+A*

(/+,

-+"0''^3>'N'b5'^3:B'45'632'V'V5'><':7,'[7>9<GB7J;3;'BH'9:GPBC'

E3BQ3E>'3C':';B73E'BQ3E>'>7>9<GB7Jh>G']3<D';37\>G*M:EB73C3*

2?*EB8>E'9>G3:'9:<DBE>-40,'4B2GC:7'BH'SD>'[7>9<GB9D>?3*

9:7'1B93><J5'!"$K5'$(!#.%&'F)A+*F."!,

$//

! !



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

0

!

1

!"#$%& '(#)*+ ,*-". /0".1 231- '1--4

"#$%&'()*

+

,%-./%0'(123')%

4%!"#$$% $& '()*+$(,-(. /(0 '(-+123 !$4.# 5#*(/ 6(*)-+7*.2 $& 8-"#($%$129 :4/(1;#$4 567778,9<#*(/:

5)4&#(6&7

;(<=1)%'>9<'?@AB9<C>C<DCE9')9?1(A,9='13(>>C>,9()E93()B91F@C<9)(FG<C9<C>1G<?C>H9IF9'>9G>G(AAB9G>CE9(>9()9C)C<*B9>1G<?C9

F@<1G*@91JB*C)91J'E(F'1)9<C(?F'1)H9K@C91J'E(F'1)9'>9*C)C<(AAB9<C(A'LCE9F@<1G*@9?13=G>F'1)9M@'?@9?(G>C>9>C<'1G>9('<9N1AAGF'1)H%OC2

>'EC>,% F@C%?1)DC<>'1)%CPP'?'C)?B%1P%*C)C<(F')*%CAC?F<'?'FB%F@<1G*@%F@C%?13=G>F'1)%N<1?C>>% '>% A'3'FCE%=B%;(<)1F%CPP'?'C)?BH%.%E'<C?F%

?(<=1)%>1A'E%1J'EC%PGCA%?CAA%QR;2STU;:%'>%(%>1A'E%1J'EC%PGCA%?CAA%QSTU;:%E'<C?FAB%1NC<(FCE%M'F@%>1A'E%?(<=1)%(>%F@C%PGCAH%IF%?()%?1)2

DC<F%F@C%?@C3'?(A%C)C<*B%1P%?(<=1)%')F1%CAC?F<'?'FB%M'F@%@'*@%CPP'?'C)?BH%K@C%?1)?C)F<(F'1)%1P%N<1EG?CE%;T

V

%P<13%(%R;2STU;%'>%>1%

@'*@% F@(F%C)(=AC>% C(>B% ?(NFG<C% ()E% >C*<C*(F'1)%1P%;T

V

H%WC<C%MC% >B>FC3(F'?(AAB% ')F<1EG?C% F@C% ?1)P'*G<(F'1),% <C(?F'1)%N<1?C>>,% <C2

>C(<?@% ()E% ECDCA1N3C)F% >F(FG>,% ()E% N<1>NC?F>% 1P% R;2STU;H% X>NC?'(AAB,% MC% *'DC% (% ?13N<C@C)>'DC% <CD'CM% ?1)?C<)')*% <C>C(<?@%

N<1*<C>>%')%R;2STU;,%')?AGE')*%ECDCA1N3C)F%()E%P(=<'?(F'1)%1P%>')*AC%?CAA>%()E%>F(?Y>,%R;2STU;%1NC<(F')*%M'F@%='13(>>%?@(<%()E%

?1(A%(>%F@C%PGCA,%()E%*(>2CAC?F<'?'FB%?1*C)C<(F'1)%G>')*%R;2STU;H%

819 :*#.47

E'<C?F%?(<=1)%>1A'E%1J'EC%PGCA%?CAAZ%CAC?F<1?@C3'?(A%1J'E(F'1)Z%O1GE1G(<E%<C(?F'1)Z%='13(>>%?@(<

"

?1(A

"

*(>2CAC?F<'?2

'FB%?1*C)C<(F'1)

6[\

! !


	Direct Carbon Solid Oxide Fuel Cells
	Recommended Citation

	tmp.1676249297.pdf.RrOco

