
Journal of Electrochemistry Journal of Electrochemistry 

Volume 23 Issue 4 

2017-08-25 

An electrochemical dissolution study of ilmenite fraction of beach An electrochemical dissolution study of ilmenite fraction of beach 

sand in sulphuric acid solution sand in sulphuric acid solution 

Rostom Ali M. 
Department of Applied Chemistry and Chemical Engineering, Rajshahi University,Rajshahi-6205, 
Bangladesh;, dmrali@yahoo.com 

K. Biswas R. 

Golam Zakaria Md. 

Recommended Citation Recommended Citation 
Rostom Ali M., K. Biswas R., Golam Zakaria Md.. An electrochemical dissolution study of ilmenite fraction 
of beach sand in sulphuric acid solution[J]. Journal of Electrochemistry, 2017 , 23(4): 420-428. 
DOI: 10.13208/j.electrochem.160311 
Available at: https://jelectrochem.xmu.edu.cn/journal/vol23/iss4/6 

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/vol23
https://jelectrochem.xmu.edu.cn/journal/vol23/iss4
https://jelectrochem.xmu.edu.cn/journal/vol23/iss4/6


!" #$%&'()&*%+,&-$ .,//)$0',)" 1'023 )4 5$+%",'% 6(-&',)" )4

7%-&* 1-"2 ," 10$8*0(,& !&,2 1)$0',)"

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

,

-#$"#."#/+&01&-#!2"#3%*1(#41516+1

7!"#$%&'"(& )* +##,-". /0"'-1&%2 $(. 30"'-45, 6(7-(""%-(78 95:1050- ;(-<"%1-&2895:1050-89:;<-#=5(7,5."10=

!9/'(-&'

!>*?@'6%@A?(+@1*#'?@AB+CD?&#A1E?#F??B#D&?2#'%#+BE?&'+G1'?#'A?#2+&&%*D'+%B#F?A1E+%6&#%H#+*(?B+'?#H61@'+%B#%H#F?1@A#&1B2#

%H#/1BG*12?&A#+B#&D*HD6+@#1@+2#&%*D'+%B&#1'#E16+%D&#'?(I?61'D6?&"#JA?#@K@*+@#E%*'1((?'6+@#&'D2+?&#+B2+@1'?2#'A1'#'A?#2+&&%*D'+%B#%H#+*8

(?B+'?#01&#E?6K#2+HH+@D*'#0+'A%D'#'A?#122+'+%B#%H#@16F%B#I%02?6#+B#+*(?B+'?"#JA?#?HH?@'&#%H#+*(?B+'?8@16F%B#61'+%-#1@+2#@%B@?B'61'+%B#

1B2#'?(I?61'D6?#%B#@K@*+@#E%*'1((%G61(&#A1E?#F??B#+BE?&'+G1'?2#'%#DB2?6&'1B2#'A?#2+&&%*D'+%B#I6%@?&&#%H#+*(?B+'?"#JA?#+BE?&'+G1'8

?2#6?&D*'&#&A%0?2#'A1'#'A?#2+&&%*D'+%B#61'?#%H#+*(?B+'?#01&#&*%0#1'#*%0#1II*+?2#6?2D@'+%B#I%'?B'+1*&#1B2#'?(I?61'D6?&"#L%0?E?6-#'A?#

2+&&%*D'+%B#61'?#01&#1@@?*?61'?2#1'#(%6?#B?G1'+E?*K#1II*+?2#6?2D@'+%B#I%'?B'+1*&#1B2#A+GA?6#'?(I?61'D6?&"#JA?#2+&&%*D'+%B#61'?#01&#

1*&%#+B@6?1&?2#0+'A#'A?#+B@6?1&+BG#1@+2#@%B@?B'61'+%B&#DI#'%#M#(%*

"

N

8M

"#)'#*16G?6#1@+2#@%B@?B'61'+%B&#1B2#A+GA?6#6?2D@'+%B#I%'?B'+1*&-#

'A?#2+&&%*D'+%B#61'?#01&#2?@6?1&?2#2D?#'%#'A?#&'16'+BG#%H#L

:

#G1&#?E%*D'+%B#0A+@A#?E?B'D1**K#6?2D@?2#'A?#1@'+E?#&D6H1@?#16?1#%H#I?**?'#

FK#12&%6I'+%B"#JA?#1@'+E1'+%B#?B?6GK#01&#?E1*D1'?2#'%#F?#<;#! M;#5O

!

(%*

8M

#+B#'A?#A+GA?6#'?(I?61'D6?#6?G+%B-#0A+*?#M<#! <#5O

!

(%*

8M

#

+B#'A?# *%0?6# '?(I?61'D6?#6?G+%B-#&DGG?&'+BG# 'A?#2+HHD&+%B#@%B'6%**?2#I6%@?&&#1'# 'A?# *%0?6# '?(I?61'D6?#6?G+%B#1B2#@A?(+@1**K#@%B8

'6%**?2#I6%@?&&#1'#'A?#A+GA?6#'?(I?61'D6?#6?G+%B"

:%3 ;)(2/<

+*(?B+'?P#@K@*+@#E%*'1((?'6KP#?*?@'6%@A?(+@1*#2+&&%*D'+%BP#1@'+E1'+%B#?B?6GKP#&D*IAD6+@#1@+2

=>= ?0+9%(

! Q9R9##############!!!!!!!!!!!!!!!!!!!!

!!!!!!!!!!!!!!!.)&0+%"' =)2%

! )!!

$?@?+E?2S#:;M98;T8MM-#$?E+&?2S#:;M98;98M<####,U%66?&I%B2+BG#1D'A%6-#J?*S#VWW;8MX:X::9XR<-#>8(1+*S#2(61*+YK1A%%"@%(

!"#

OQZ$[)N#Q\#>N>UJ$QUL>!]^J$_

!

:T

" !

R

#

:;MX

$

W

%

`%*"#:T###[%"#R

)DG"##:;MX

.@5! M;"MT:;Wab"?*?@'6%@A?("M9;TMM

#=,'% '*,/S#>"#6,"4&%)40"'"#ABCD-#?@7R=S#R:;8R:W#########################################

!(',&-$ 5E!M;;98TRXM7:;MX=;R8;R:;8;c#

###############################!!F''8Saa?*?@'6%@A?("d(D"?2D"@B

)B# ?&'+(1'?2# T"<8(+**+%B8'%B# %H# A?1EK#(+B?61*#

2?I%&+'# A1&# F??B# 2+&@%E?6?2# +B# 'A?# &1B2# %H# UA+'8

'1G%BG8U%d

"

&# /1e168J?5B1H# F?1@A# 1B2# %HH8&A%6?# +&8

*1B2&#%H#!%A?&5A1*+-#.D'DF2+1-#1B2#[+eAD(8f0+I#%H#

/1BG*12?&A"# JA+&# 2?I%&+'# +B@*D2?&# +*(?B+'?-# 6D'+*?-#

(1GB?'+'?aA?(1'+'?-# e+6@%B-# G16B?'# 1B2# (%B1e+'?

gM8Th

"#

JA?#i+*%'#i*1B'#%H#/1BG*12?&A#)'%(+@#>B?6GK#U%(8

(+&&+%B#7/)>U=#1'#.1*1'%*+-#U%d

"

&#/1e16#A1&#H61@'+%B8

1'?2# 'A?#A?1EK#H61@'+%B#%H#F?1@A#&1B2#+B'%# 'A?#1F%E?#

@+'?2#(+B?61*&"

JA?#@%(I*?'?#2+&&%*D'+%B#%H#+*(?B+'?#%6#*?1@A+BG#

%D'#%H#+6%B#H6%(#+*(?B+'?#'%#H%6(#&KB'A?'+@#6D'+*?#+&#1#

E?6K#2+HH+@D*'#'1&5"#)@+2#*?1@A+BG# 7@%(I*?'?#%6#H61@8

'+%B1*=# +&#B%'#&%#?HH?@'+E?#1'#(%2?61'?#@%B2+'+%B&#?d8

@?I'+BG#+B#AK26%H*D%6+@#7L\=#1@+2

gRh

"#)#'A%6%DGA#&'D2K#

+B# 'A?# 2+&&%*D'+%B# %H# +*(?B+'?# 0+'A# L\# A1&# 2?(%B8

&'61'?2#'A1'#<"<#(%*

!

N

8M

#L\#1'#+'&#F%+*+BG#'?(I?61'D6?#

DB2?6#1B#1'(%&IA?6+@#I6?&&D6?#@1B#2+&&%*E?#1&#(D@A#

1&#WMj#J+#1B2#:9k#\?#I6?&?B'?2#+B#+*(?B+'?#1'#&%*+2#

'%#*+CD+2#7AaB=#61'+%#%H#;";<#G

!

(N

8M

#+B#T;;#(+B"#L%08

?E?6-# 'A+&# (?'A%2# &DHH?6&# H6%(# +B@%BE?B+?B@?&# ?B8

@%DB'?6?2#+B#L\8A1B2*+BG-#@%B&+2?61F*K#*%BG#*?1@A+BG#

'+(?#1B2#'%%#(1BK#&'?I&#'%#6?@%E?6#'A?#2?&+6?2#I6%28

D@'"

f+*D'?#AK26%G?B#@A*%6+2?#7LU*=#+&#B%'#&%#?HH?@'+E?#

H%6#+*(?B+'?#2+&&%*D'+%B

gRh

"#]'#A1&#F??B#6?I%6'?2#'A1'#'A?#

I6?&&D6?#*?1@A+BG#1'#M<;#

%

U#0+'A#l#M:#(%*

!

N

8M

#LU*

@%D*2#*?1@A#%D'#+6%B#H6%(#+*(?B+'?#'%#G?'#'A?#H??2#7&KB8

'A?'+@#6D'+*?=#%H#'A?#@A*%6+B1'+%B#I6%@?&&

g<h

"#N?1@A+BG#

%H#+*(?B+'?#FK#9#(%*

!

N

8M

#LU*#V#;"<#(%*

!

N

8M

#U

:

L

<

QLa

U

9

L

<

QL#A1&#F??B#'A%6%DGA*K# +BE?&'+G1'?2#FK#L1F+F#

?'#1*"

g9h

"#JA?#?'A1B%*#(+d?2#6?1G?B'#@%D*2#2+&&%*E?#1&

(D@A# 1&# WWk# J+# 1B2# c<k# \?P# 0A?6?1&# 'A?# IA?B%*#

(+d?2#6?1G?B'#@%D*2#2+&&%*E?#%B*K#WMk#J+#1B2#W<k#

\?# +B# @%(I16+&%B# '%# XRk#J+# 1B2# WM"<k#\?# 2+&&%*D8

'+%B&#+B#9#(%*

!

N

8M

#LU*#1*%B?#1'#MM;#

%

U#1B2#AaB m#;";:#

5G

!

N

8M

#+B#X#A"#JA?#2+&&%*D'+%B#F?A1E+%D6&#%H#+*(?B+'?#

H6%(#2+HH?6?B'#&%D6@?&#FK#LU*#A1E?#F??B#6?I%6'?2#FK#



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

!! "#$%&'()*+,-./0*123

4

,

5

&-.-/0*#1%/2-/&

345678

"9!%/-%.-/:# ';-#<+&&%*='+%>9%?9 +*@

(->+'-9%>9/%0&'+>A91+';9BCD@EF/%*F&-<9E/%<=G'&9?%*@

*%1-<9HF9*-0G;+>A91+';9I9(%*

"

B

@6

9JK*90><9L9(%*

"

B

@6

9

J

7

MN

,

#;0&#H-->#+>.-&'+A0'-<

36L8

"#)'#';-#%E'+(+O-<#G%>@

<+'+%>&:#PQR#S+#0><#PT"6R#U-#<+&&%*='+%>&#+>#I#(%*

"

B

@6

#

JK*V# 0><# Q7"LR#S+# 0><# IT"PR# U-# <+&&%*='+%>&# +># L#

(%*

"

B

@6

#J

7

MN

,

#%GG=//-<"#N>#';-#%';-/#;0><:#WLR#S+#

0><#WQR#U-#<+&&%*='+%>&# +>#I#(%*

"

B

@6

#JK*#G%=*<#H-#

0G;+-.-<#%>#/%0&'+>A#+*(->+'-#HF#/-?%/(-<#E/%<=G'#%?#

BCD@J

7

N#(+X'=/-#+>#';-#E/-&->G-#%?#>+G2-*#E%1<-/

36,8

"

M-.-/0*# /-E%/'&# %>#(-G;0>+G0*# 0G'+.0'+%># %?# +*@

(->+'-#?%**%1-<#HF#0G+<#*-0G;+>A#0/-#0.0+*0H*-"#Y0H0#

-'# 0*"

36Q8

# ;0.-# /-E%/'-<# ';-# (-G;0>+G0*# 0G'+.0'+%># %?#

Z+A-/+0># +*(->+'-# ?%**%1-<# HF# 0*20*+# /%0&'+>A# [ITR#

Z0NJ#0'#PQT#

%

K#\#0><#J

7

MN

,

#*-0G;+>A#[ITR:#!]! ?%/#

,#;#0'#WT#

%

K\#?%/#47R#S+@<+&&%*='+%>"#MF>';-'+G#/='+*-#

%?#6T#^97TT9>(9&+O-91+';9 ';-9E=/+'F9_WPR9;0&9H-->9

E/-E0/-<9 ?/%(9 +*(->+'-9 ?%**%1+>A9 H0**9 (+**+>A:9 G0/@

H%';-/(+G9/-<=G'+%>90><9JK*@*-0G;+>A

36I8

"9)9>-19E/%@

G-&&9 +>.%*.+>A9 (-G;0>+G0*9 0G'+.0'+%>@JK*9 *-0G;@

+>A@G%>G"9 J

7

MN

,

9 <-G%(E%&+'+%>@10'-/9 *-0G;+>A@&-E0

/0'+%>9%?9U-[```\91+';9-';F*->-9<+0(+>-9'-'/00G-'+G90G+<9

[abS)\9<=/+>A9;F</%*F&+& 9;0&9H-->9 /-E%/'-<

3648

9 '%9

E/-E0/-9 ;+A;9 E=/+'F9 S+N

7

9 ?/%(9 C0>O;+;=09 +*(->+'-"9

c;0>A9 -'9 0*"

36P8

9 ;0.-9 /-E%/'-<9 ';-9 -??-G'&9 %?9 %X+<0@

'+%>@/-<=G'+%>9 '/-0'(->'9 0><9 (-G;0>+G0*9 0G'+.0'+%>9

%>9JK*@*-0G;+>A9E-/?%/(0>G-9%?9C0>X+9[K;+>0\9+*(-@

>+'-"9S;-9(-';%<9G%>&+&'&9%?9[+\9%X+<0'+%>90'9WTT9

%

K9+>9

N

7

9?%/96Q9(+>:9 [++\9/-<=G'+%>90'94QT9

%

K9+>9J

7

9?%/9LT9(+>:9

[+++\9 H0**9 (+**+>A9 ?%/9 79 ;9 =><-/9 Z

7

9 0'(%&E;-/-:9 [+.\9

0(H+->'9E/-&&=/-9 *-0G;+>A9HF97TR9JK*9?%/96T9;:9[.\9

?+*'/0'+%>90><9[.+\9G0*G+>0'+%>&9%?9';-9/-&+<=-90><9';-9

E/%<=G'9G%>'0+>+>A9WT"QR9S+N

7

:9 6"L4R9U-:9 6R9K0N9

0><96R9!AN"9S;-9(-G;0>+G0*90G'+.0'+%>&9%?9+*(->+'-9

?%**%1-<9HF9Q9^97TR9J

7

MN

,

9*-0G;+>A

36W8

90><9HF9JK*9

*-0G;+>A

37T8

9;0.-90*&%9H-->9/-E%/'-<"

d&+>A9?0G'%/+0*9<-&+A>:9 ';-9<-'/+(->'0*9-??-G'9%?9

E/-@%X+<0'+%>9%>9<+&&%*='+%>&9%?9U-9 0><9S+9 ?/%(90> 9

`/0>+0>9+*(->+'-9HF9JK*9*-0G;+>A9;0&9H-->9/-E%/'-<

3768

"9

C0>O;+;=09 +*(->+'-9;0&9H-->9 *-0G;-<9=><-/9E/-&&=/-9

1+';9,T1'R9J

7

MN

,

90'96QT9

%

K90><90G+<]%/-9(0&&9/0'+%9

%?979?%/9L9;9'%9%H'0+>909(0&&9G%>'0+>+>A9PQR9'+'0>+0

3778

"9

)9G%(H+>-<90G+<90><90*20*+9 *-0G;+>A9%?9 +*(->+'-9 ;0&9

H-->9=&-<

37L8

9'%9&F>';-&+O-9;+A;9.0*=-9S+N

7

9>0>%1+/-&"9

$%<9&;0E-<9>0>%@&+O-<9'+'0>+09 [PTR9S+N

7

\9;0&9H-->9

/-E%/'-<9 HF9 <%=H*-9 /-<=G'+.-9 JK*9 *-0G;+>A9 %?9 +*@

(->+'-

37,8

"9e0>&&->90><9C='>+&

37Q8

9;0.-9/-E%/'-<9';0'9';-9

;-0'9 '/-0'(->'9%?9 +*(->+'-90'94TT9

%

K9 +>90+/9 /-&=*'&9 +>9

';-9 ?%/(0'+%>9 %?9 ;-(0'+'-9 0><9 /='+*-V9 0><9 ';0'9

;-(0'+'-910&9 *-&&9 &%*=H*-9 +>9JK*"9a*@J0O-29 -'9 0*"

37I8

9

;0.-9<-(%>&'/0'-<9';0'9';-9-X'->'9+>9*-0G;+>A9%?97TT9

(-&;9+*(->+'-9HF9679(%*

"

B

@6

9JK*90'9"]# %?96]7T90><9

PT9

%

K9?%/97"Q9;910&9-f=0*9+?9T"6T92A9U-90&9/-<=G+>A9

0A->'910&90<<-<9E-/92A9%?9+*(->+'-90><9"]# %?96]P9H-@

+>A9=&-<9?%/96"Q9;"

)9?-191%/2&9%>9+*(->+'-9<+&&%*='+%>92+>-'+G&9HF9

0G+<&9 0/-9 0*&%9 /-E%/'-<"9 M0&+2=(0/9 -'9 0*"

3748

9 ;0.-9 /-@

E%/'-<9 ';-9 <+&&%*='+%>9 2+>-'+G&9 %?9 `><+0>9 !0>

0.0*02=/+G;+9 +*(->+'-9 +>9&=*E;=/+G90G+<9[J

7

MN

,

\90><9

JK*"9)GG%/<+>A9 '%9D+/--&;9-'9 0*"

37P8

9 ';-9 /0'-9G%>&'0>'9

?%/9U-@<+&&%*='+%>9?/%(9+*(->+'-9HF9LTR9JK*90'94TT9

/

"

(+>

@6

90><94T9

%

K910&9Q"6P9! 6T

@L

9(+>

@6

90><9';+&9.0*=-9

10&9+>G/-0&-<9'%9I"6Q9! 6T

@L

9(+>

@6

9HF90<<+>A96TT9(A9

AFE&=(9'%9';-9&F&'-("9c;0>A90><9Z+G%*

37W8

9?%=><9';-9

<+&&%*='+%>&9%?9S+90><9U-9?/%(9+*(->+'-9+>9(%<-/0'-*F9

&'/%>A9J

7

MN

,

9&%*='+%>&9+>9';-9E/-&->G-90><90H&->G-9%?9

/-<=G+>A90A->'&9&=G;90&9S+[```\90><9MN

7

"9S;-9/0'-9<0'09

+>9 ';-9 E/-&->G-9 %?9 /-<=G+>A9 0A->'9 ;0&9 H-->9 ?+''-<9 '%9

&;/+>2+>A9E0/'+G*-9(%<-*90><9+>9';-90H&->G-9%?9/-<=G@

+>A90A->'9'%9&;/+>2+>A9G%/-9(%<-*"

K%>&-f=->'*F:9+'90EE-0/&9';0'9';-/-9+&9>%9(-';%<9

?%/9 G%(E*-'-9 <+&&%*='+%>9 %?9 +*(->+'-9 %/9 G%(E*-'-9

*-0G;+>A9%='9%?9U-9 ?/%(9 +*(->+'-"9S;-9 -*-G'/%G;-(+@

G0*9<+&&%*='+%>9%?9U-9?/%(9/-<=G-<9+*(->+'-9;0&9H-->9

E/-.+%=&*F9+>.-&'+A0'-<

3LT@L78

:90><9';-90>%<+G9<+&&%*='+%>9

%?9+/%>90><9G0';%<+G9/-<=G'+%>9%?9%XFA->9%GG=//-<9+>9

ZJ

,

K*9&%*='+%>91+';+>9LT9^96QT9

%

K"9c;0>A90><9Z+G%*

3L78

9

;0.-9 /-E%/'-<9 ';-9 /-<=G'+%>9 0><9 <+&&%*= '+%>9 %?9 +*@

(->+'-9 +>9 ,QT9 A

"

B

@6

9 J

7

MN

,

9 (-<+=(9 0'9 0>9 -*-.0'-<9

'-(E-/0'=/-9HF90>9-*-G'/%G;-(+G0*9&'=<F9[';-9<+&&%*=@

'+%>9%?9+*(->+'-9%GG=//-<90'90H%.-9T"L9g9<=-9'%9/-<=G@

'+%>9 %?9 ;-(0'+'-:91;+*-9 ';-9 <+&&%*='+%>9 E/%G-&&-&9 ?%/9

/-<=G'+%>9%?9+*(->+'-9'%9S+[```\90'9>-A0'+.-9E%'->'+0*&\"

`*(->+'-9[$@'FE-9&-(+G%><=G'%/\9E%&&-&&-&9-*-G'/+@

G0*9G%><=G'+.+'+-&9/0>A+>A9?/%(9T"T6I9'%9T"LP9!

@6

"

G(

@6

9

<-E-><+>A9 %>9 G/F&'0*9 %/+->'0'+%>9 0><9 ;-(0'+'-9 G%>@

,76

! !



! " #

!"#$

!

%&'%

())*

+,-./0,&1&2%342.&56271,0%/86&0,27',934:68&,/0&;

</1, 6'<4357%64', 4', =6'&%620, 7'8, 5&2.7'605, 4<, 61;

5&'6%&, 860041/%64'+, >4?&:&3@, 1656%&8, 6'<4357%64', 60,

7:7617A1&,8/&,%4,'4';7:7617A616%B,4<,9/3&,615&'6%&+

C0,5&'%64'&8,&7316&3D,%.&,&1&2%36271,24'8/2%6:6%B,

4<, 615&'6%&, 8&9&'80, 4', %.&, .&57%6%&, 24'%&'%, 4<, %.&,

07591&D,7'8,%.60,3&943%,8602/00&0,%.&,3&0/1%0,A70&8,4',

%.&, 2B2162, :41%755&%362, 7'71B060, 4<, E7'F178&0.6, 61;

5&'6%&,24'2&'%37%&,9348/2&8,AB,%.&,ECGH,9614%,917'%,

<43, .&7:B, 56'&371, &I91437%64', 2&'%3&, 7%, J717%416D,

H4I

!

0,E7K73+

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

!2! 3+*%&'+,4

L15&'6%&,<372%64',?70,2411&2%&8,<345,%.&,ECGH,

9614%,917'%,7%,H4I

!

0,E7K73+,C224386'F,%4,ECGHD,%.&,

2459406%64',4<,%.&,3&2&6:&8,07591&,?70M,)N+OP,-6Q

!

D,

!O+R!S,T&

!

Q

)

D,!U+$OS,T&QD,V+!S,W6Q

!

D,X+")S,Y

!

Q

O

D,

V+!S,Z'Q

!

,7'8,V+XNS,H3

!

Q

)

+,-.&,615&'6%&,07'8,?70,

83B;F34/'8,7'8,06&:&8,%4,2411&2%,973%621&0,4<,06K&,[,O),

!5+,H73A4',?70, 2411&2%&8, 06561731B, <345, %.&,?70%&,

83B,2&110+,C11,%.&,4%.&3,2.&562710,?&3&,4<,C+\+,F378&,

]G+,Z&32=;E^>_` 9348/2%0, 7'8, /0&8, ?6%.4/%, </3%.&3,

9/36<627%64'+

!25 -&%$+&+*'.) .6 7,(%)'*% 8.&9'): ",%/!

*&.0%4 ;-%,,%*<

a43=6'F,&1&2%348&0,?&3&,93&973&8,70,<4114?0M,C,

.454F&'&4/0,970%&,?70,93&973&8,AB,56I6'F,94?8&30,

4<, 615&'6%&,7'8,F379.6%&,?6%., 16b/68,9737<<6', 6',8&<6;

'6%&,37%640,AB,5700,7'8,9172&8,6',7,0%&&1,.418&3,4<,)+),

25, 6',8&9%.,7'8,#+c,25, 6',8675&%&3+,C,2499&3,?63&,

]#X,25,14'F_,?70,9172&8,6'068&,%.&,5700,4<,%.&,.418;

&3+,-.&,.418&3,?70,%.&',9172&8,6',7,9&11&%,57=6'F,57;

2.6'&,%4,<435,7,9&11&%,4',7991B6'F,d,cX,%4'0,93&00/3&+,

-.&,9&11&%,?70, 24:&3&8, AB,C37186%&, &94IB, 3&06', &I;

9406'F, %.&, ?43=6'F, 0/3<72&, 73&7, 4<, #+Oc, 25

!

+, -.&,

&1&2%348&, 0/3<72&,?70, 94160.&8,?6%., !XXX;F378&,W6H,

979&3, 7'8, 36'0&8, ?6%., 8&64'6K&8, ?7%&3, A&<43&, &72.,

&1&2%342.&56271,5&70/3&5&'%+

!2= ",%/*&./>%('/+, 3%+41&%(%)*4

G1&2%342.&56271, 6':&0%6F7%64'0, 6'21/86'F,94%&';

%671, 0%&9, 2.34'4759&345&%3BD, 2.34'494%&'%645&%3B,

7'8, 2B2162, :41%755&%3B, ?&3&, 27336&8, 4/%, /06'F, 7,

>4=/84, ^&'=4, >CE;#O#, Y4%&'%640%7%ef71:7'40%7%D,

-4=B4D,g797'D,&b/699&8,?6%.,7,94%&'%671,0?&&9&3+,^7;

%7,?&3&,3&2438&8,6',7,2459/%&3,%.34/F.,87%7,72b/606;

%64',0B0%&5,]hWC_,/06'F,a6'^7b,04<%?73&+,C, %.3&&,

&1&2%348&,0B0%&5,24'060%6'F,4<,7,?43=6'F,&1&2%348&D,7,

917%6'/5,]OX,55,! #X,55,! X+#,55_,24/'%&3,&1&2;

%348&,7'8,7,CFH1;247%&8,061:&3,?63&,]860041:&8,6',07%;

/37%&8,JH1,041/%64'_,3&<&3&'2&,&1&2%348&,]WWG_,?70,

/0&8, 6', 711, &1&2%342.&56271, 0%/86&0+, -.&, 3&<&3&'2&,

&1&2%348&,?70, 0&9737%&8, <345, %.&,A/1=, 041/%64', AB, 7,

<6'&, 943406%B, F1700, <36%+, -.&, 24/'%&3, &1&2%348&, ?70,

21&7'&8, &1&2%342.&562711B, 6', #+O, 541

"

i

;#

, >

!

WQ

c

;#+O,

541

"

i

;#

,>

)

YQ

c

,56I%/3&D, 36'0&8,?6%., 8&64'60&8,?7%&3,

7'8,72&%4'&D,7'8,836&8,93643,%4,/0&+,C11,94%&'%6710, 6',

%.60,?43=,73&,b/4%&8,?6%.,3&09&2%,%4,%.&,CFjCFH1,3&<;

&3&'2&,&1&2%348&+

!2? ",%/*&./>%('/+, @'44.,1*'.) .6 7,(%)'*%

A&+/*'.)

G1&2%342.&56271,860041/%64',4<, 615&'6%&,<372%64',

?70, 27336&8, 4/%, 6', "+)",d, )+"",541

"

i

;V

,>

!

WQ

c

, 041/;

%64'0,/'8&3,24'0%7'%,94%&'%671,5&%.480,<345,;"+c",k,

%4, ;V+!",k,7%, %&59&37%/3&, 37'F6'F, <345,)", %4,NO,

4

H+,

T4114?6'F,&72.,860041/%64', &I9&365&'%D, %.&, 3&0/1%7'%,

041/%64',?70,7'71B0&8, <43,-6]Lk_,7'8,T&

!l

eT&

)l

,24';

%&'%0+, -6%7'6/5, 7'8, 634', 24'%&'%0, 6', 041/%64'0, ?&3&,

7'71B0&8, 2414365&%362711B, /06'F, 7, hk;:606A1&, W9&2

%349.4%45&%&3, ]hk;#ROX,YHD,W.6578K/D,g797'_+, L',

%.&,270&,4<,-6]Lk_D,%.&,>

!

WQ

c

;>

)

YQ

c

;>

!

Q

!

,5&%.48,7%,

c!X,'5,?70,/0&8m,?.&3&70,T&]LLL_,?70,&0%657%&8,AB,

%.&,n>

c

WHn`5&%.48`7%`cN"`'5

()O*

+`-.&`17%&3`7'71B060`

?70`27336&8`4/%`?6%.4/%`7'8`7<%&3`>nQ

)

`4I687%64'`<43`

8&%&356'6'F`T&

!l

eT&

)l

`24'%&'%0+

5 B%41,*4 +)0 @'4/144'.)

52! C>+&+/*%&'D+*'.) .6 7,(%)'*% A&+/*'.)

EF GB@ +)0 "@HG

o;37B` 86<<372%64'` 7'71B060` .70` A&&'` 27336&8` 4/%`

?6%.` 7` Y.61690` Ya`V$VR` 86<<372%45&%&3` /06'F`H/`!

!

37867%64'`]c"`=kD`)"`5CD`027'`09&&8M`"+"V

4

"

0

;V

_`%4`68&';

%6<B` %.&` 24594/'80e9.70&0` &I60%6'F` 6'` %.&` 615&'6%&`

07591&+`-.&`72b/63&8`86<<372%64'`97%%&3'` 60` 0.4?'` 6'`

T6F+` V+` -.&` 7/%457%2.6'F` 6'8627%&0` %.&` 93&0&'2&0` 4<`

W6Q

!

D` T&-6Q

)

D` T&

!

Q

)

D` -6Q

!

D` ]T&D` ZF_-6

!

Q

O

D` T&

!

-6Q

O

`

7'8` T&H3

!

Q

c

` 6'` 615&'6%&+` o;37B` &'&3FB` 8609&306:&`

09&2%340249&`]G^Co_`7'71B060`4<`615&'6%&`07591&`.70`

c!!

! !



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

!! "#$%&'()*+,-./0*123

4

,

5

#-+."#/##01)2#34%5+*6#%5#'76#+*(68+'6#549:'+%8

;668# :944+6<# %='# >+'7# ?@A49A# B8&'4=(68'# B8:"C# 012#

DEFFGH#IJ#98<#'76#989*A&+&#46&=*'#+&#&7%>8#+8#-+."#/"#

K76#-6H#K+H#L4H#!8H#?+#98<#M4#>646#346&68'6<#+8# '76#

+*(68+'6#549:'+%8#%5#'76#;69:7#&98<#+8#G98.*9<6&7#98<#

9(%8.# '76(# -6# :%8'68'#>9&# %5# '76# 7+.76&'# 9(%=8'"#

K76# 01)2# 989*A&+&# +8<+:9'6<# '76# 346&68:6# %5# +4%8#

;6&+<6# +'&# 346&68:6# +8# +*(68+'6"#K76# :%(;+86<#2$1#

98<#:76(+:9*#989*A&6&#<9'9#+8<+:9'6<#'79'#'76#&9(3*6#

:%8'9+86<#9;%='#E/"NO#-6K+P

D

H#QE"DRS#-6

/

K+P

R

#98<#

Q,"T/S#-6

/

P

D

# U9&#5466#98<#9*&%#9&#-6L4

/

P

,

#98<#U-6H#

!.VK+

/

P

R

V"

!"! #$%&'% ()&*+,,-*.'% /*01'-2 )3 4-&&-*2

5+1- )3 6&,-7'*-!#!4+.+33'7 5'8*0.-

'7 9

!

/:

;

K76#:A:*+:# W%*'9((%.49(# 46:%4<6<#%8#9#36**6'#

6*6:'4%<6#(9<6# %5# /XQXF"Q#>'"# 49'+%# %5# +*(68+'6H# :94Y

;%8#98<#394955+8#(+Z'=46#+8#Q#(%*

"

[

YQ

#\

/

?P

,

#&%*='+%8#

9'# DF#

%

L#>+'7# 9# &:98# 49'6# %5# QF#(]

"

&

YQ

# +&# &7%>8# +8#

-+."#D#9&#9#&%*+<#:=4W6"#K76#46&'#3%'68'+9*#>9&#F"Q/#]#

UW&"#).^).L*V"_K76# &:98# '%>94<#9#86.9'+W6#<+46:'+%8#

U+8#'76#&6:%8<#:A:*6V#:%8&+&'6<#%5#'76#5+4&'#98<#&6:%8<#

46<=:'+%8#>9W6&#!

Q

#98<#!

/

#>+'7# '76#:=4468'#<68&+'+6&#

&'94'+8.#'%#+8:469&6#9'#F"R/#]#98<#YF",F#]H#46&36:'+W6Y

*A"# )8# 9<<+'+%89*# 46<=:'+%8# >9W6# !

D

# >9&# %;&64W6<#

>+'7# '76# +8:469&6#%5# :=4468'#<68&+'A# &'94'+8.# 9'# YF"TR#

]"#K76#46W64&6#&:98#*6<#'%#'76#5+4&'#98<#&6:%8<#%Z+<9Y

'+%8#369@&#"

9Q

#98<#"

9/

#9'#YF"FFQ#]#98<#F"TF#]H#46&36:Y

'+W6*A"#)<<+'+%89*#%Z+<9'+%8#>9W6#>9&#%;&64W6<#&'94'Y

+8.#9'#Q"DT#]"#K76#5+4&'#46<=:'+%8#>9W6#!

Q

#>9&#9;&68'#

+8#'76#5%4>94<#&:98#%5#'76#5+4&'#:A:*6"#\%>6W64H#+8#'76#

5+4&'#:A:*6H#'76#(9.8+'=<6#%5#'76#:=4468'#<68&+'A#+8#'76#

&6:%8<#46<=:'+%8#>9W6#!

/

#>9&#'76#&9(6#9&#'79'#+8#'76#

&6:%8<# :A:*6"#P8# '76# %'764# 798<H# '76#(9.8+'=<6&# %5#

:=4468'# <68&+'+6&# +8# '76# 5+4&'# 98<# &6:%8<# %Z+<9'+%8#

369@&#U"

9Q

#98<#"

9/

V#>646#+8:469&6<#+8#'76#&6:%8<#:A:*6"

L%(3946<#>+'7# '76# W%*'9((%.49(#%;'9+86<# +8#

'76#9;&68:6#%5#+*(68+'6# U'76#<9&76<#:=4W6#+8#-+."#DVH#

'76#46<=:'+%8#369@#9336946<#9'#YF"TF#]#:%446&3%8<6<#

'%# '76# 46<=:'+%8# %5# \

`

# +8# \

/

?P

,

# &%*='+%8H# >7+*6# '76#

%Z+<9'+%8# 369@# 9'# Q"DR#]# '%# '76# 6W%*='+%8# %5#P

/

# 9:Y

:%4<+8.#'%#'76#5%**%>+8.#469:'+%8&X

/\

`

#`#/6#! \

/

" U9'#YF"TF#]V UQV

/\

/

P#! ,\

`

#`#P

/

"`#,6##U9'#Q"DR#]V U/V

K76# W%*'9((%.49(# +8# '76# 9;&68:6# %5# :94;%8#

U'76#<%''6<#:=4W6#+8#-+."#DV#<+<#8%'#6Z7+';+'#98A#46<=:Y

'+%8#98<#%Z+<9'+%8#>9W6&"#K7+&# +8<+:9'6<#'79'# '76# 46Y

<=:'+%8#%5#+*(68+'6#>9&#8%'#3%&&+;*6#+8#'76#9;&68:6#%5#

:94;%8#<=6# '%# '76#W64A# *%>#:%8<=:'+W+'A#%5# +*(68+'6"#

K76#:%8<=:'+W+'A#%5#+*(68+'6#>9&#+8:469&6<#;A#'76#9<Y

<+'+%8#%5#:94;%8#+8#36**6'"#K76#&%*+<#:=4W6#+8#-+."#D#+8Y

<+:9'6<#'79'#'76#5+4&'#98<#&6:%8<#46<=:'+%8#369@&#>646#

46&3%8&+;*6#5%4#'76#46<=:'+%8#%5#+*(68+'6a#>76469&#'76#

5+4&'# 98<# &6:%8<# %Z+<9'+%8# 369@&# >646# 9''4+;='6<# '%#

'76# %Z+<9'+%8# %5# '76# 46<=:6<# &36:+6&# %5# +*(68+'6# +8#

'7+&#&%*='+%8"

-+."#,#&7%>&#'76#6556:'#%5#:9'7%<+:#&>663+8.#3%Y

'68'+9*# %8# '76# :A:*+:# W%*'9((%.49(# 46:%4<6<# %8# 9#

36**6'#6*6:'4%<6#(9<6#%5#/XQXF"Q#>'"#49'+%#%5#+*(68+'6X

:94;%8X394955+8#+8#Q#(%*

"

[

YQ

#\

/

?P

,

#&%*='+%8#9'#DF#

%

L#

>+'7#9#&:98#49'6#%5#QF#(]

"

&

YQ

"#B'#>9&#469<+*A#&668#'79'#

'76# 5+4&'# 46<=:'+%8#>9W6#!

Q

# :%446&3%8<6<# '%# '76# &6:Y

#-+."#Q#2Y49A#<+5549:'+%8#39''648#%5# '76# +*(68+'6# 549:'+%8#%5 #

;69:7#&98<#+8#G98.*9<6&7

,/D

! !



! " #

!"#$

!

%&'()%*+%,--./0+1-+23..4'5(+410.50'67%15%08.%/9/7'/%:1706;;1<

(=6;2% =./1=>.>+ 15+ 6+ 4.77.0+ .7./0=1>.+ ;6>.+ 1-+ '7<

;.5'0.?% /6=@15% 65>% 46=6--'5% ;'A0B=.% '5% #% ;17

!

C

<#

%

D

!

EF

*

+60+G"+

1

H+3'08+6+2/65+=60.+1-+I"+;J

!

2

<I

+&'(K+G++H9/7'/+:1706;;1(=6;2+=./1=>.>+15+6+4.77.0+.7./0=1>.+

;6>.+ 1-+ '7;.5'0.L% /6=@15% 65>% 46=6--'5%;'A0B=.% '5% #%

;17

!

C

<#

%D

!

EF

*

%60%GM%

1

H%3'08%6%2/65%=60.%1-%IM%;J

!

2

<I

15>%1A'>60'15%4.6NO!

6!

K%P8.%2./15>%=.>B/0'15%36:.%"

!

%

/1==.2415>.>% 01% 08.% @108% -'=20% 65>% 2./15>% 1A'>60'15%

4.6N2% !

6I

% 65>% !

6!

K% P8.% -'=20% /6081>'/% 4.6N% 60% 6@1B0%

MKIG%J%4=1@6@79%'5:17:.>%08.%=.>B/0'15%1-%&.

GQ

%01%&.

!Q

%

.'08.=%'5%217B0'15%1=%'5%217'>%4862.K%P8.%2./15>%=.>B/<

0'15%36:.%362%4122'@79%6221/'60.>%3'08%08.%=.>B/0'152%

1-% &.P'F

G

% 65>% &.

!

F

G

% -=6/0'152% 01% P'

GQ

% 65>% &.

!Q

R% 65>%

-B=08.=;1=.S% 08.% -'=20% 65>% 2./15>% 1A'>60'15% 4.6N2%

3.=.% 600='@B0.>% 01% 08.% 1A'>60'152% 1-% P'

GQ

% 01% P'

*Q

% 65>%

&.

!Q

%01%&.

GQ

S%=.24./0':.79S%'5%217B0'15%62%(':.5%@.713T

&.

GQ

%Q%.%! &.

!Q

U60%"

#

V UGV

&.P'F

G

+Q+GD

Q

+Q+.+! &.

!Q

+Q+P'

GQ

+Q+GFD

<

++U60+"

!

V

U*V

&.

!

F

G

+Q+GD

Q

+Q+!.+! !&.

!Q

+Q+GFD

<

++U60+"

!

V UWV

P'

GQ

+! P'

*Q

+Q+.++U60+!

6#

V UXV

&.

!Q

+! &.

GQ

+Q+.++U60+!

6!

V U$V

E';'76=+=.2B702+86:.+@..5+=.41=0.>+@9+Y865(+65>+

Z'/17

[I\]

+-1=+08.+.7./0=1/8.;'/67+=.>B/0'15+65>+>'221<

7B0'15+ 1-+ '7;.5'0.+ '5+ D

!

EF

*

+ 217B0'15K+ P8.+ >'2217:.>+

217B0'15+ 1@06'5.>+ 60+ 6+ /1520650+ 410.50'67+ >'2217B0'15+

;.081>+U<"K\"+JV+/1506'5.>+&.

!Q

S+&.

GQ

+65>+P'

*Q

+'152K

P8.+ .--./0+ 1-+ '7;.5'0.T/6=@15T46=6--'5+ =60'1+ '5+

4.77.02+15+08.+/9/7'/+:1706;;1(=6;+U08.+!5>+/9/7.V+

=./1=>.>+'5+I+;17

!

C

<I

+D

!

EF

*

+217B0'15+60+G"+

1

H+3'08+6+

2/65+=60.+1-+I"+;J

!

2

<I

+'2+28135+'5+&'(K+WK+^0O362O2..5O

0860O 08.O /B==.50O >.52'0'.2O 1-O 08.O I20O 65>O !5>O =.>B/<

0'15_1A'>60'15O4.6N2O3.=.O'5/=.62.>O3'08O08.O'5/=.62.O

1-O'7;.5'0.O/150.50O'5O08.O4.77.02KO^0O'5>'/60.>O0860O08.O

!TIT"KIO30KO=60'1O1-O'7;.5'0.<H<46=6--'5O;'A0B=.O'5O08.O

4.77.0O31B7>O(':.O8'(8.=O>'2217B0'15O =60.O 1-O '7;.5'0.O

-=6/0'15O @9O /1520650O 410.50'67O 65>O /1520650O /B==.50O

;.081>2K

&'(KOXO28132O08.O.--./0O1-OD

!

EF

*

O/15/.50=60'15O`

[D

!

EF

*

]V+15+08.+/9/7'/+:1706;;1(=6;2+ U08.+!5>+/9<

/7.V+=./1=>.>+15+6+!T#TMK#+U30K+=60'1V+'7;.5'0.<H<46=6<

--'5+;'A.>+.7./0=1>.+60+GM+

1

H+3'08+6+ 2/65+ =60.+1-+#M+

;J

!

2

<#

K+P8.+/B==.50+>.52'0'.2+1-+08.+=.>B/0'15+65>+1A

+&'(K+W++P8.+2./15>+/9/7.+:1706;;1(=6;2+=./1=>.>+15+6+4.7<

7.0+ .7./0=1>.+ 4=.46=.>+ B2'5(+ >'--.=.50+ '7;.5'0.S+ /6=<

@15+65>+46=6--'5+;'A0B=.2+'5+#+;17

!

C

<#

+D

!

EF

*

+60+GM+

1

H+3'08+6+2/65+=60.+1-+#M+;J

!

2

<#

*!*

! !



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

!! "#$%&'()*+,-./0*123

4

,

5

+-.'+%/# 01.2&# +/# 3# (%*

"

4

53

# 6

7

89

,

: ;1<1# *.<=1<# '>./ :

'>%&1:+/:*%;1<:?@"A#(%*

"

4

B3

C#./-#.*&%#>+=>1<#DA#(%*

"

4

B3

C#

E6

7

89

,

FG:;>+H>: +/-+H.'1-: '>.': 3:(%*

"

4

B3

:6

7

89

,

:;.&:

&I+'.J*1:'%:%J'.+/:>+=>1<:-+&&%*I'+%/:<.'1"

K>1: 1LL1H': %L: '1(01<.'I<1: %/: HMH*+H: N%*'.((%B

=<.(OD'>1:7/-:HMH*1C:<1H%<-1-:%/:.:7P3P@"3:D;'":<.'+%C:

+*(1/+'1BQB0.<.LL+/:(+R1-:1*1H'<%-1:+/:3:(%*

"

4

B3

:6

7

89

,

:

;+'>:.:&H./:<.'1:%L:3@:(S

"

&

B3

:+&:&>%;/:+/:T+=":U":K>1:

HI<<1/':-1/&+'+1&:%L:'>1:<1-IH'+%/:./-:%R+-.'+%/:01.2&:

;1<1: +/H<1.&1-:;+'>: '>1: <+&1: %L: '1(01<.'I<1": V': ;.&G:

'>1<1L%<1G: H%/H*I-1-: '>.': >+=>1<: -+&&%*I'+%/: <.'1:

H%I*-:J1:%J'.+/1-:L<%(:7P3P@"3:D;'":<.'+%C:+*(1/+'1BQB

0.<.LL+/:(+R1-:1*1H'<%-1:+/:3:(%*

"

4

B3

:6

7

89

,

:.':W@:

%

Q"

!"# $%&'()*'+&,-'.% /-00*%1(-*2 3(145

S.<+.'+%/:%L: +*(1/+'1:-+&&%*I'+%/:<.'1:;+'>: '+(1:

+/:3:(%*

"

4

B3

:6

7

89

,

:.':W@:

%

Q:L<%(:'>1:7P3P@"3:D;'":<.'+%C:

+*(1/+'1BQB0.<.LL+/:(+R1-:01**1':I/-1<:H%/&'./':0%'1/B

'+.*:(1'>%-:.<1:&>%;/:+/:T+=":W":K>1:-+&&%*I'+%/:0%'1/

'+.*&:;1<1:B@"W@:S:./-:B@"X@:S:DN&":)=Y)=Q*C":V/+'+.**MG:

'>1: -+&&%*I'+%/: <.'1: %L: +*(1/+'1: L<.H'+%/:;.&: &>.<0*M:

-1H<1.&1-:;+'>:'>1:+/H<1.&1:%L:'+(1:I0:'%:3:>:./-:'>1/:

&*+=>'*M:-1H<1.&1-:.L'1<;.<-&":K>1:-+&&%*I'+%/:<.'1:%L:

+<%/:;.&:.J%I':Z:'+(1&:L.&'1<:'>./:'>.':%L:'+'./+I(:.':

J%'>:'>1:.00*+1-:-+&&%*I'+%/:0%'1/'+.*&:.':.:L+R1-:'+(1":

K>1<1L%<1G:'>1:-+&&%*I'+%/:'+(1:%L:3:>:>.&:J11/:&1*1H'B

1-:+/:'>1:&IJ&1[I1/':1*1H'<%H>1(+H.*:&'I-+1&"

T+=": \: &>%;&: '>1: 1LL1H': %L: '1(01<.'I<1: %/: '>1:

-+&&%*I'+%/:<.'1:%L:+*(1/+'1: +/:3:(%*

"

4

B3

:6

7

89

,

:L<%(:

'>1: 7P3P@"3: +*(1/+'1BQB0.<.LL+/: (+R1-: 01**1'&: .': -+LL

1<1/':.00*+1-:0%'1/'+.*&":K>1:-+&&%*I'+%/&:%L:+*(1/+'1:

>.N1:J11/:H.<<+1-:%I':+/:'>1:0%'1/'+.*:<./=1:%L:B@"7@:S:

'%:B3"@:S:./-:'>1:'1(01<.'I<1:<./=1:%L:A@:

%

Q:'%:W@:

%

Q":

)': '>1: H%/&'./': 0%'1/'+.*G: '>1: -+&&%*I'+%/: <.'1: +/B

:T+=":X::K>1:&1H%/-:HMH*1:N%*'.((%=<.(&:<1H%<-1-:%/:.:01*B

*1': 1*1H'<%-1:(.-1: %L: '>1: 7P3P@"3: <.'+%: %L: *+*(1/+'1P

H.<J%/P0.<.LL+/:.':A@:

%

Q:;+'>:.:&H./:<.'1:%L:3@:(S

"

&

B3

:

+/:-+LL1<1/':6

7

89

,

:H%/H1/'<.'+%/&"

:T+=":U::K>1:&1H%/-:HMH*1:N%*'.((%=<.(&:<1H%<-1-:%/:.:01*B

*1': 1*1H'<%-1: H%/&+&'1-: %L: '>1: 7P3P@"3: <.'+%: %L: *+*B

(1/+'1PH.<J%/P0.<.LL+/: +/: 3: (%*

"

4

B3

: 6

7

89

,

: ;+'>: .:

&H./:<.'1:%L:3@:(S

"

&

B3

:.':-+LL1<1/':'1(01<.'I<1&

:T+=":W::]+&&%*I'+%/:<.'1&:%L:+<%/:./-:'+'./+I(:.&:.:LI/H'+%/:%L:

'+(1:L%<:.:01**1':H%/&+&'1-:%L:'>1:7P3P@"3:;'":<.'+%:%L:

+*(1/+'1PH.<J%/P:0.<.LL+/:+/:3:(%*

"

4

B3

:6

7

89

,

:.':A@:

%

Q:

./-:.00*+1-:-+&&%*I'+%/:0%'1/'+.*:%L:B@"X:S:%<:B@"W:S

,7Z

! !



! " #

!"#$

!

%&'()%*+%,--./0+1-+0.23.45064.%17%08.%9'::1;60'17%450.:%1-%'417%

579%0'057'62%-14%5%3.;;.0%/17:':0.9%1-%08.%!<=<">=+?0>+

450'1+1-+ ';2.7'0.</54@17<3545--'7+ '7+=+21;

!

A

B#

%C

!

DE

F

+

50+9'--.4.70+533;'.9+9'::1;60'17+310.70'5;:

/4.5:.9+?'08+08.+'7/4.5:.+1-+0.23.45064.>+G8.+'7/4.5:H

'7(%450.%@./52.%:;1?%63%01%IJ%

1

K%579%08.7%:8543;L%'7M

/4.5:.9%?'08%08.%4':.%1-%0.23.45064.>%G8.%450'1%1-%08.%

'417%9'::1;60'17%450.%01%0'057'62%9'::1;60'17%450.%50%5;;%

533;'.9% 9'::1;60'17% 310.70'5;:% 579% 0.23.45064.:% ?5:%

5@160%N>J>

G8.O.--./0%1-%C

!

DE

F

%/17/.70450'17%17%08.%9'::1M

;60'17%450.%1-%';2.7'0.%-45/0'17%50%PJ%

1

K%-412%08.%!<=<

J>=% ';2.7'0.MKM3545--'7%2'Q.9%3.;;.0:%679.4%/17:0570%

310.70'5;:%54.%:81?7%'7%&'(>%=J>%R0%;1?%533;'.9%4.96/M

0'17%310.70'5;:%SMJ>!J%T%U%MJ>FJ%TVW+08.+9'::1;60'17+450.+

?5:+ -'4:0+ '7/4.5:.9+ 63+ 01+ =+ 21;

!

A

M=

+ C

!

DE

F

+ :1;60'17+

579+ 08.7+ 08.+ '7/4.5:'7(+ 450.+ ?5:+ :'(7'-'/570;L+ :;1?+

?'08+08.+4':.+1-+5/'9+/17/.70450'17>+C1?.X.4W+50+214.+

7.(50'X.+533;'.9+4.96/0'17+310.70'5;:+SY+M">F"+TVW+08.+

9'::1;60'17+ 450.+ ?5:+ -'4:0+ :8543;L+ '7/4.5:.9+ 63+ 01+ =+

21;

!

A

M=

+C

!

DE

F

+:1;60'17+579+08.7+9./4.5:.9+5334./'5M

@;L+ ?'08+ 08.+ 4':.+ 1-+ 5/'9+ /17/.70450'17>+ R0+ 8'(8.4+

C

!

DE

F

+5/'9+/17/.70450'17:+SY+=>"+21;

!

A

M=

V+579+214.+

7.(50'X.+533;'.9+4.96/0'17+310.70'5;:+SZ+MJ>IJ+TVW+08.+

9'::1;60'17+ 450.+ 1-+ ';2.7'0.+ -45/0'17+ ?5:+ 9./4.5:.9+

96.+01+08.+:0540'7(+1-+C

!

+(5:+.X1;60'17+?8'/8+.X.706M

5;;L+4.96/.9+08.+5/0'X.+:64-5/.+54.5+1-+';2.7'0.+3.;;.0+

@L+59:1430'17>

G8.+R448.7'6:+3;10:+ -14+ 08.+9'::1;60'17+ 450.+1- +

';2.7'0.+-45/0'17+S;(! X:>+=[!V+50+X54'16:+9'::1;60'17+

310.70'5;:+54.+:81?7+'7+&'(>+==>+\0+':+.X'9.70;L+0850+08.+

.Q3.4'2.705;+ 9505+ 9'9+ 710+ -5;;+ 17+ 5+ :045'(80+ ;'7.]+

4508.4+ 5+ /64X.+?5:+ 1@05'7.9>+ G8.+ :;13.:+ 1-+ 08.+ 057M

(.70'5;+;'7.:+50+8'(8.4+0.23.45064.+4.('17+L'.;9.9+08.+

5/0'X50'17+.7.4(L+S"

#

V+1-+N"!! ="+^_

!

21;

!

A

=

O579O081:.O

50O;1?.4O0.23.45064.O4.('17O08.O"

#

1-OU=N! NO^_

!

21;

M=

>O

G8.O X5;6.:O 1-O"

5

O :6((.:0.9O 08.O .Q':0.7/.O 1-O 5O 9'--6M

:'17O-';2O?8'/8O?5:O9.:041L.9O50O8'(8.4O0.23.45064.>O

R0O ;1?.4O 0.23.45064.O 4.('17WO 08.O341/.::O?5:O9'--6M

O&'(>O=JOO,--./0O1-OC

!

DE

F

O/17/.70450'17O17O08.O9'::1;60'17O450.:O

1-O'417O579O0'057'62O-14O5O3.;;.0O/17:':0.9O1-O08.O!<

=<J>=O?0>O450'1O1-O';2.7'0.</54@17<3545--'7O50OPJO

1

K

O&'(>O==OOR448.7'6:O3;10<O;($ X:>O'7X.4:.O1-O5@:1;60.O0.23.45M

064.O `=[!V+50+X54'16:+9'::1;60'17+310.70'5;:>+\;2.7'0.<

/54@17<3545--'7+a+!<=<">=+579+bC

!

DE

F

c+a+=+21;

!

A

M=

>

F!I

! !



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

!! "#$%&'()*+,-./0*123

4

,

5

&+%-#.%-'/%**01#2-1#3+'4# '40#/+&0#%5# '0(60/2'7/08# '40#

6/%.0&&#90.2(0#.40(+.2**:#.%-'/%**01"

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

;40#1+&&%*7'+%-#%5#+*(0-+'0#5/2.'+%-#.%7*1#-%'#90#

%9'2+-01# +-# <

=

>?

,

# &%*7'+%-# 3+'4%7'# '40# 211+'+%-# %5#

.2/9%-#170# '%# '40# *%3#.%-17.'+@+':#%5# +*(0-+'0# 5/2.A

'+%-"#;40#1+&&%*7'+%-#/2'0&#%5#+*(0-+'0#BC0;+?

D

E#2-1

40(2'+'0#FC0

=

?

D

E#30/0#&*%3#2'#*%3#266*+01#/017.'+%-#

6%'0-'+2*&#FG#AH",H#IE#2-1#'0(60/2'7/0&#FG#JH#

%

KE"#)'#

(%/0#-0L2'+@0#6%'0-'+2*&#2-1#4+L40/#'0(60/2'7/0&8#'40#

1+&&%*7'+%-#/2'0#%5#+*(0-+'0#32&#+-./02&01#'4/%7L4#'40#

+-./02&+-L# /2'0# +-# '40# /017.'+%-&# %5# +*(0-+'0# '%# C0

=M

#

2-1#;+

DM

"#;40#1+&&%*7'+%-#/2'0#32&#2*&%#+-./02&01#3+'4#

'40#+-./02&+-L#2.+1#.%-.0-'/2'+%-&#76#'%#NO(%*

"

P

AN

"#)'#

4+L40/# 2.+1# .%-.0-'/2'+%-&# 2-1# 4+L40/# /017.'+%-# 6%A

'0-'+2*&8#'40#1+&&%*7'+%-#/2'0#32&#10./02&01#170#'%#'40#

&'2/'+-L#%5#<

=

#L2&#0@%*7'+%-#34+.4#0@0-'72**:#/017.01#

'40# 2.'+@0# &7/52.0# 2/02# %5# +*(0-+'0# 60**0'# 9:# 21&%/6A

'+%-"#;40#40(2'+'0#642&0#+-#'40#(+-0/2*#421#2#4+L40/#

1+&&%*7'+%-# /2'0# '42-# '40# +*(0-+'0# 7-10/# /017.'+@0#

.%-1+'+%-&"#;40#@2*70&#%5#!

"

+-# '40#4+L40/#2-1# *%30/#

'0(60/2'7/0# /0L+%-&# 2/0# QH!! NH# RS

"

(%*

"

P

AN

# 2-1# T#

NQ UQ# RS

"

(%*

AN

8# /0&60.'+@0*:8# &7LL0&'+-L# '40# 0V+&A

'0-.0#%5#2#1+557&+%-#5+*(#2'# *%30/# '0(60/2'7/0#34+.4#

32&#10&'/%:01#2'#4+L40/#'0(60/2'7/0&"#)'# *%30/# '0(A

60/2'7/0#/0L+%-8#'40#6/%.0&&#32&#1+557&+%-#.%-'/%**018#

2-1#3+'4# '40#/+&0#%5# '0(60/2'7/0# '40#6/%.0&&#90.2(0#

.40(+.2**:#.%-'/%**01"

*%+$#,&-./-0-$1

;40# 27'4%/&# L/2'057**:# 2.R-%3*01L0# W/%50&&%/# )'&47&4+#

X+&4+R2'2#2'#Y062/'(0-'#%5#K40(+&'/:# 2-1#!2'0/+2*&#>.+0-.08#

Z/2172'0#>.4%%*#%5#>.+0-.0# 2-1#[-L+-00/+-L8#;%R:%# \-&'+'7'0#

%5#;0.4-%*%L:8#;%R:%#NQ=A]QQ=8#S262-8#5%/#'40#^$YO2-2*:&+&O

%5O'40O&2(6*0"OW2/'O%5O'4+&O&'71:O42&O900-O6/0&0-'01O+-O'40O_'4O

\-'0/-2'+%-2*O>:(6%&+7(O%-O!2/+-0OK%//%&+%-O2-1OK%-'/%*O +-O

X2-`+-L8OK4+-2O%-O?.'%90/O=JA=]8O=HN,"

2-3-4-$%-(5

aNbOOc+&32&O!O)Oc"O!0.42-+&(O%5O 402@:O(+-0/2*O .%-.0-'/2A

'+%-O+-O'40O902.4O&2-1&O%5OK%Vd&#c2e2/aSb"#X7.*02/#>.+0-.0&#

2-1#)66*+.2'+%-&8#Nf]N8#N=#g#NDFcEh#_,A]D"

a=b##c+&32&#!#)#c"#<02@:#(+-0/2*#@2/+29+*+':#+-#5%/0&4%/0#&01A

+(0-'&#%5#;0R-25A\-2-+#902.4#%5#K4+''2L%-L aSb"#X7.*02/#

>.+0-.0&#2-1#)66*+.2'+%-&8#Nf]D8#N,#g#NQFcEh#]]AfQ"

aDb##c+&32&#!#)#c"#Z/2+-#&+e0#.42/2.'0/+&'+.&#%5#&%(0#0.%-%(A

+.#(+-0/2*#.%-.0-'/2'0&#%9'2+-01# 5/%(# '40# &2-1&#%5#402@:#

(+-0/2*#106%&+'&#%5#c2-L*210&4aSb"#X7.*02/#>.+0-.0&#2-1#

)66*+.2'+%-&8#Nf]f8#Nh#==A=J"

a,b##c+&32&#$#i8#!%-12*#!#Z#i"#)#&'71:#%-#'40#1+&&%*7'+%-#%5#

+*(0-+'0#&2-1aSb"#<:1/%(0'2**7/L:8#Nf]_8#N_h#D]QADfH"

aQb##<292&4+#C"#<2-19%%R#%5#0V'/2.'+@0#(0'2**7/L:a!b"#j\P[kA

IK<8#j0+-40+(8# K4+.40&'0/8# X03# k%/R8# ;%/%-'%8# c/+&A

92-8#>+-L26%/08#Nff_8#NN=fANN]H"

aJb##<29+9#!#)8#c+&32&#$#i8#>2/R2/#W#i8#0'#2*"#P02.4+-L#%5#+*A

(0-+'0#9:#(+V01#&%*@0-'#2-1#'40+/#R+-0'+.&aSb"#c2-L*210&4#

S%7/-2*# %5# >.+0-'+5+.# 2-1# \-17&'/+2*# $0&02/.48# =HHD8# D]h#

NAN="

a_b##P2-:%-#!#$8#P3+-#;8#!0//+''#$#$"#;40#1+&&%*7'+%-#%5#+/%-#

+-# '40# 4:1/%.4*%/+.# 2.+1# *02.4# %5# 2-# +*(0-+'0# .%-.0-'/2'0

aSb"#<:1/%(0'2**7/L:8#Nfff8#QNFDEh#=ffAD=D"

a]b##?L2&232/2#;8#I0*%&%# 10#)/27`%#$#I"#<:1/%.4*%/+.# 2.+1#

*02.4+-L#%5#2#6/0A/017.01#c/2e+*+2-#+*(0-+'0#.%-.0-'/2'0#+-#

2-#27'%.*2@0aSb"#<:1/%(0'2**7/L:8#=HHH8#QJF=Eh#=HDA=NJ"

afb##P2&400-#;#\#)"#K40(+.2*#90-05+.2'+%-#%5#$%&0''2#+*(0-+'0#

9:#1+/0.'#/017.'+%-#*02.4+-LaSb"#<:1/%(0'2**7/L:8#=HHQ8#_J

FNl=Eh#N=DAN=f"

aNHb S2.R&%-#S#>8#j21&3%/'4#!#["#)#R+-0'+.#&'71:#%5#'40#1+&A

&%*7'+%-#%5#)**2/1#P2R0#+*(0-+'0#+-#4:1/%.4*%/+.#2.+1aSb"#

P+L4'#!0'2*&8#Nf_J8#Nh#,]NAQ,H"

aNNb \(242&4+#!8#;2R2(2'&7#X"#;40#1+&&%*7'+%-#%5# '+'2-+7(#

(+-0/2*&#+-#4:1/%.4*%/+.#2-1#&7*57/+.#2.+1&aSb"#c7**0'+-0#%5#

K40(+.2*#>%.+0':#%5#S262-8#Nf_J8#,fh#NQ,fANQQD"

aN=b##Y7-.2-#S#C8#!0'&%-#S#c"#).+1#2''2.R#%-#-03#m02*2-1#\*A

(0-+'0h#N"#;40#!0.42-+&(#%5#Y+&&%*7'+%-aSb"#X03#m02*2-1#

S%7/-2*#%5#>.+0-.08#Nf]=8#=Qh#NHDANHf"

aNDb##c+&32&#$#i8#\&*2(#!#C8#<29+9#!#)"#Y+&&%*7'+%-#%5# +*A

(0-+'0# 9:# /%2&'+-L# 3+'4# PWZA6:/%*:&01# 6/%17.'&# 2-1#

&79&0n70-'O*02.4+-LaSb"O\-1+2-OS%7/-2*O%5O[-L+-00/+-LO2-1O

!2'0/+2*&O>.+0-.08ONff,8ONhO=J_A=_="

aN,bOO c+&32&O$Oi8O \&*2(O!OC8O <29+9O!O)"O W/%.0&&+-LO %5O +*A

(0-+'0O 9:O /%2&'+-LO 3+'4O '40O /05%/(01O 6/%17.'O %5O '40O

PWZA<

=

?O(+V'7/0O+-O6/0&0-.0O%5O-+.R0*O6%310/O2-1O&79A

&0n70-'O*02.4+-LaSb"Oc2-L*210&4OS%7/-2*O%5O>.+0-'+5+.O2-1O

\-17&'/+2*O$0&02/.48ONff]8ODDhO,=QA,DD"

aNQbOOc292O)O)8O>32/%%62O>8OZ4%&4O!OZ8O0'O2*"O!+-0/2*%L+.2*O

.42/2.'0/+e2'+%-O 2-1O *02.4+-LO 9042@+%/O %5O X+L0/+2-O +*A

(0-+'0O%/0aSb"O;/2-&2.'+%-&O%5OX%-50//%7&O!0'2*&O>%.+0':O

%5OK4+-28O=HND8O=DFfEhO=_,DA=_QH"

aNJbOO;2%O;8OK40-Oo8O<7O<8O0'O2*"O;+?

=

O-2-%62/'+.*0&O6/062/01O

9:O4:1/%.4*%/+.O 2.+1O *02.4+-LO %5O(0.42-+.2**:O 2.'+@2'01O

2-1O.2/9%'40/(+.O/017.01O+*(0-+'0aSb"O;/2-&2.'+%-&O%5OX%A

-50//%7&O!0'2*&O>%.+0':O%5OK4+-28O=HN=8O==FQEhON=D=AN=D]"

aN_bOOm+-LO^8Oj%-LOm8Oj7OC8O0'O 2*"OW/062/2'+%-O%5O;+?

=

O 5/%(O

,=_

! !



! " #

!"#$

!

%&'()%*(+,-%).+-,&/,0%1+21%3+3(14'54-%*%4)+4/+ *6(+ *%*2)%2+

0(-%3,(+14'7%)(3+8%*6+-(5202*%4)+4/+9(

:;

+8%*6+<=>?+3,0@

%).+6A304&A-%-BCDE+?3F2)1(3+G483(0+>(16)4&4.AH+!"I:H+!JK+

LM@L$E

BIND++O62).+PH+Q,+QH+P%24+OH+(*+2&E+QA30416&40%1+21%3+&(216%).+

7(62F%40+ 4/+ 3%//(0()*+ *0(2*(3+ G2)R%+ %&'()%*(+ 14)1()*02@

*%4)-BCDE+QA304'(*2&&,0.AH+!MIIH+IM$SITK+JM@J$E

B#UD++P%+VH+P%2).+WH+X,4+PE+=%--4&,*%4)+4/+'(162)%12&&A+21*%@

F2*(3+G2)Y6%6,2+%&'()%*(-+%)+3%&,*(+-4&,*%4)-+4/+-,&56,0%1+

21%3BCDE+QA304'(*2&&,0.AH+!""$H+NUSIZ!TK+I@I"E

B!"D++O62).+PH+Q,+QH+[(%+PH+(*+2&E+QA30416&40%1+21%3+&(216%).+

7(62F%40+4/+'(162)%12&&A+21*%F2*(3+G2)R%+%&'(%*(+S9(>%\

:

T

BCDE+](5202*%4)+2)3+G,0%/%12*%4)+>(16)4&4.AH+!"I"H+$:S!TK+

I$:@I$NE

B!ID++^4Y2''(&+^H+^462''23Y23(6+?E+>6(+%)/&,()1(+4/+50(@

4R%32*%4)+ 2)3+ &(216%).+ 5202'(*(0-+ 4)+ _02)%2)+ %&'()%*(+

14)1()*02*(+ &(216%).+ (//%1%()1AK+ \5*%'%Y2*%4)+ 2)3+ '(2@

-,0('()*BCDE+^(2-,0('()*H+!MI`H+LLK+INJ@IUJE

B!!D++C%2+PH+P%2).+WH+P,+PH+(*+2&E+W()(/%12*%4)+4/+*%*2)%2+7A+-,&@

/,0%1+21%3+50(--,0(+&(216%).+4/+G2)Y6%6,2+%&'()%*(BCDE+QA@

304'(*2&&,0.AH+!MIJH+I`MSITK+U!@UNE

B!:D++ [,+ 9H+ P%+ aH+[2).+ OH+ (*+ 2&E+ G0(5202*%4)+ 4/+ 6%.6@F2&,(+

>%\

!

+)2)48%0(-+7A+&(216%).+4/+6A304&AY(3+*%*2)%2+0(-%3,(+

/04'+)2*,02&+%&'()%*(BCDE+QA304'(*2&&,0.AH+!MI:H+IJMK+N!@

NNE

B!JD++?b6.20+W+cH+G2Y4,b%+^H+?b6.20+W+cH+(*+2&E+G0(5202*%4)+

4/+'%104+)2)4-*0,1*,0(3+*%*2)%2+14'54,)3-+/04'+%&'()%*(+

14)1()*02*(-BCDE+_)*(0)2*%4)2&+C4,0)2&+4/+^%)%).+5041(--@

%).H+!MI:H+I!JK+I:N@IJME

B!`D++C2)--()+?H+G,*)%-E+G041(--(-+4/+4R%32*%4)+2)3+QV&@+&(216@

%).+4/+>(&&)(-+%&'()%*(BCDE+QA304'(*2&&,0.AH+!MIIH+IMUK+

IUJ@!MIE

B!LD++<&@Q2Y(b+cH+P2-6(()+>+?H+<&@]6(%b6+dH+(*+2&E+QA304'(*@

2&&,0.%12&+10%*(0%2+4/+>%\

!

+&(216%).+/04'+d4-(**2+%&'()%*(+

7A+6A30416&40%1+21%3BCDE+QA304'(*2&&,0.AH+!MM$H+N$K+J`@`ME

B!$D++]2-%b,'20+VH+d24+=+]H+]0%b2)*6+]H+(*+2&E+=%--4&,*%4)+-*,3@

%(-+ 4/+ '(162)%12&&A+ 21*%F2*(3+ ^2)2F2&2b,0%16%+ %&'()%*(+

8%*6+QV&+2)3+Q

!

]\

J

BCDE+QA304'(*2&&,0.AH+!MM$H+NNK+I`J@

ILUE

B!ND++X%0((-6+e+]H+e%)43+e+GH+c%20+]+fH+(*+2&E+V2*2&A*%1+&(216%).+

4/+%&'()%*(+,-%).+6A30416&40%1+21%3K+?+b%)(*%1+25504216BCDE+

_)*(0)2*%4)2&+ C4,0)2&+ 4/+ ^%)%).+ 5041(--%).H+ !MI`H+ I:JK+

:L@JME

B!UD++O62).+ ]H+ c%14&+^+ CE+ f%)(*%1-+ 4/+ *6(+ 3%--4&,*%4)+ 4/+ %&@

'()%*( + %)+ -,&/,0%1+ 21%3+ -4&,*%4)-+ ,)3(0+ 0(3,1%).+ 14)3%@

*%4)-BCDE+QA304'(*2&&,0.AH+!MIMH+IM:K+IUL@!MJE

B:MD++ C2A2-(b(02+ ]H+^20%)4F%16+gH+?F022'%3(-+ CH+ (*+ 2&E+ G0(-@

-,0(+ &(216%).+ 4/+ 0(3,1(3+ %&'()%*(K+ <&(1*0416('%12&+ 2-@

5(1*-BCDE+QA304'(*2&&,0.AH+IUU`H+:UK+IN:@IUUE

B:ID++f,'20%+<+CH+W(01b'2)+]H+g(.)202'2)+eH+(*+2&E+?)+(&(1@

*0416('%12&+%)F(-*%.2*%4)+4/+*6(+0,-*%).+0(21*%4)+4/+%&'(@

)%*(+,-%).+1A1&%1+F4&*2''(*0ABCDE+QA304'(*2&&,0.AH+!MM!H+

L`K+!I$@!!`E

B:!D++^20%)4F%16+gH+W2%&(A+]H+?F022'%3(-+CH+(*+2&E+?)+(&(1*04@

16('%12&+ -*,3A+ 4/+ 0(3,1(3+ %&'()%*(+ 12074)+ 52-*(+ (&(1

*043(-BCDE+C4,0)2&+4/+?55&%(3+<&(1*0416('%-*0AHIUU`H+!`K+

N!:@N:!E

B::D++O2).+]H+c%14&+^+CE+?)+(&(1*0416('%12&+ -*,3A+4/+ *6(+ 0(@

3,1*%4)+2)3+3%--4&,*%4)+4/+ %&'()%*(+ %)+-,&/,0%1+21%3+-4&,@

*%4)-BCDE+QA304'(*2&&,0.AH+!MMUH+U$K+IJL@I`!E

B:JD++ _-6%b282+gE+ <&(1*0%12&+ 5045(0*%(-+ 4/+ 9(>%\

:

@9(

!

\

:

+ -4&%3+

-4&,*%4)+-(0%(-BCDE+C4,0)2&+4/++G6A-%12&+]41%(*A+4/+C252)H+

IU`NH+I:K+:$@J!E

B:`D++W2--(**+CH+=())(A+d+VH+C(//(0A+X+QH+(*+2&E+e4.(&

!

-+*(R*@

744b+4/+h,2)*%*2*%F(+%)40.2)%1+2)2&A-%-E+J*6+<3%*%4)B^DE

<PW]H+ [%&&%2'+ V&48(-+ i+ ]4)-+ P%'%*(3H+ W(11&(-+ 2)3+

P4)34)H+IU$NK+$JI@$`ME

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

^E+d4-*4'+?&%

j

H+dE+fE+W%-82-H+^3E+X4&2'+O2b20%2

S

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

@L!M`

" /0"123

T

34! 4)56'789:;/0"3<$=>?@ABCDEFGHIJKLDMNO

E+

PQRS9:T

U"AVWX0YZL[\K>?@LDM]^_`

E+

OaU>?@LDMb-"cd;>?@

!

Yef#BCg

J2IJh>?@56'DMNOLij

E+

klmn" >?@Aopqrs2oIKLDMtuvw

E+

x0yz

Lpqrs2Av{LIJKDMtu0|

E+

}0BCgJ$~�gJ��

I+'4&

%

P

@I

&����DMtu"�Av

�LBCgJ2pqrsK"��������>?@LDMtu�o�����"~���>?@L��T�

���

E+

�����6� ¡A�I¢£O

`M!! IM+bC

%

'4&

@I

"¤oI¢£O

k+I`!! `+bC

%

'4&

@I

H+

¥UoI¢£O¦

§¨©b-"¤�I¢£O6'¨©b-

E

567! >?@'PQRS'r6'DM'�6�'BC

J!N

! !


	An electrochemical dissolution study of ilmenite fraction of beach sand in sulphuric acid solution
	Recommended Citation

	tmp.1677736600.pdf.UWq4A

