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30$)2- /#$&$%45 8#$&$ ( )(/6&(0 ,%01.$& *- /% 3$ 6-$27 */ .(1 3$ -$0$+/$2 4&%. /#$ 

'&%6, +%)-*-/*)' %4 0*')*)7 4*3&*)7 ,%01-(++#(&*2$-7 ('(&%-$7 +$0060%-$ -604(/$7 

+#%)2&%*/*) -604(/$7 +#*/*)7 +#*/%-() ()2 #1(06&%)()5 

 

8#$&$ ( -1)/#$/*+ ,%01.$& *- ,&%9*2$2 (- /#$ ,%01.$&*+ -#$007 /#$ -1)/#$/*+ 

,%01.$& .(1 3$ ,&$,(&$2 31 ,%01.$&*:*)' %)$ %& .%&$ .%)%.$& +%.,%6)2- 

-$0$+/$2 4&%. /#$ '&%6, +%)-*-/*)' %4 -/1&$)$7 2*9*)103$):$)$7 4%&.(02$#12$7 

,#%-,#(:$)$-7 (+&10*+ (+*27 .$/#(+&10*+ (+*27 (0;10$)$ %<*2$-7 9*)10 (+$/(/$7 

9*)10,1&&%0*2%)$7 $/#10$)$ '01+%0 ()2 $/#$&-604%)$5 =) %)$ $.3%2*.$)/7 /#$ 

-1)/#$/*+ ,%01.$& *- ,%01-/1&$)$5  

 

>29()/('$%6-017 /#$ ,%01.$&*+ -#$00 .(1 3$ &$-*-/()/ /% /#$&.(0 2$'&(2(/*%) %& 

.(1 3$ /#$&.(001 -/(30$ 6, /% ( /$.,$&(/6&$ %4 (3%6/ ?@@AB7 (3%6/ ?C@AB7 (3%6/ 

?D@AB7 (3%6/ ??@AB7 (3%6/ ?E@AB7 (3%6/ ?F@AB7 (3%6/ ?G@AB7 (3%6/ ?H@AB7 (3%6/ 

?!@AB7 (3%6/ ?I@AB7 (3%6/ E@@AB7 (3%6/ EC@AB7 (3%6/ ED@AB7 (3%6/ E?@AB7 (3%6/ 

EE@AB7 (3%6/ EF@AB7 (3%6/ EG@AB7 (3%6/ EH@AB7 (3%6/ E!@AB7 (3%6/ EI@AB7 %& 

(3%6/ F@@AB5 

 

"#$ +%&$ %4 /#$ +%.,%-*/$ ,(&/*+0$ .(1 +%.,&*-$ ( /#$&.(001 +%)26+/*9$ .(/$&*(07 

J#$&$*) /#$ /#$&.(001 +%)26+/*9$ .(/$&*(0 +%.,&*-$- )()%K-*:$2 ,(&/*+0$-5 "#$ 

+%.,%-*/$ ,(&/*+0$ .(1 +%.,&*-$ ( ,%01.$&*+ -#$005 "#$ +%.,%-*/$ ,(&/*+0$ .(1 

+%.,&*-$ ( -63-/()/*(001 #%00%J +%&$5 8*/#*) /#$ +%&$7 ( ,06&(0*/1 %4 )()%K-*:$2 
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"#$%& '%($)*&#+ ), %-").$/(# 0)$1 +2&)- '%($)*&#+ 23 %, 2(4%,)* '1%+# *1%,4# 

"%$#()%& "%5 6# #,*%'+/&%$#- 65 $1# '2&5"#()* +1#&&7 81# 2(4%,)* '1%+# *1%,4# 

"%$#()%& "%5 6# ), $1# +2&)- +$%$# 2( &)9/)- +$%$# /,-#( (22" $#"'#(%$/(# *2,-)$)2,: 

#747 %$ %62/$ ;< =>: ;? =>: @< =>: @? => %,- A< =>7 81)+ -#'#,-+ 2, $1# "#&$),4 

$#"'#(%$/(# B8CD 23 $1# '1%+# *1%,4# "%$#()%& /+#-7 81# '1%+# *1%,4# "%$#()%& 

"%5 1%E# % 8C ), $1# (%,4# 23 F? => $2 A? =>: ;< => $2 A< => : ;? =>  $2 @? =>: 2( 

;? =>  $2 @< =>7 G, 2,# #"62-)"#,$: $1# H>C "%5 1%E# % 8C 23 %(2/,- ;IJ@< =>7 7 

 

K-E%,$%4#2/+&5: $1# +/(3%*# %(#% 23 ,%,2J+)L#- $1#("%&&5 *2,-/*$)E# '%($)*/&%$# 

"%$#()%& "%5 6# -(%"%$)*%&&5 ),*(#%+#- %+ *2"'%(#- $2 6/&M $1#("%&&5 *2,-/*$)E# 

"%$#()%&: $1#(#65 ),*(#%+),4 (%$# %,- #33)*)#,*5 23 $1#("%& #,#(45 $(%,+3#(7 

 

81# $1#("%&&5 *2,-/*$)E# "%$#()%& "%5 6# % ,%,2J'%($)*/&%$# "#$%&7 81# ,%,2J

'%($)*/&%$# "#$%& "%5 6# %, #&#"#,$ +#&#*$#- 3(2" N(2/' F<: N(2/' FF 2( N(2/' 

F; 23 $1# H#()2-)* 8%6&# 23 O&#"#,$+7 81# #&#"#,$ "%5 6# +#&#*$#- 3(2" $1# 4(2/' 

*2,+)+$),4 23 ,)*M#&: '&%$),/": *2''#(: +)&E#(: 42&-: L),* %,- ").$/(# $1#(#237  

K-E%,$%4#2/+&5: ,%,2J'%($)*/&%$# "#$%&+ "%5 6# ;J32&-: @J32&-: AJ32&-: ?J32&-: PJ

32&-: 2( QJ32&- "2(# $1#("%&&5 *2,-/*$)E# $1%, 6/&M "#$%&+7  

 

81# $1#("%&&5 *2,-/*$)E# "%$#()%& "%5 1%E# % $1#("%& *2,-/*$)E)$5 23 %$ &#%+$ 

%62/$ F:<<< RS"T: %$ &#%+$ %62/$ F:F<< RS"T: %$ &#%+$ %62/$ F:;<< RS"T: %$ &#%+$ 

%62/$ F:@<< RS"T: %$ &#%+$ %62/$ F:A<< RS"T: %$ &#%+$ %62/$ F:?<< RS"T: %$ &#%+$ 

%62/$ F:P<< RS"T: %$ &#%+$ %62/$ F:Q<< RS"T: %$ &#%+$ %62/$ F:I<< RS"T: %$ &#%+$ 

%62/$ F:!<< RS"T: %$ &#%+$ %62/$ ;:<<< RS"T: %$ &#%+$ %62/$ ;:F<< RS"T: %$ &#%+$ 

%62/$ ;:;<< RS"T: %$ &#%+$ %62/$ ;:@<< RS"T: %$ &#%+$ %62/$ ;:A<< RS"T: %$ &#%+$ 

%62/$ ;:?<< RS"T: %$ &#%+$ %62/$ ;:P<< RS"T: %$ &#%+$ %62/$ ;:Q<< RS"T: %$ &#%+$ 

%62/$ ;:I<< RS"T 2( %$ &#%+$ %62/$ ;:!<< RS"T7 
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#$%&% '$% ()*+,-*%( '$%&./,,0 +-1(2+')3% ./'%&)/, 4-**%**%* '$% /5-3% &/16% -7 

'$%&./, +-1(2+')3)')%*8 '$% '$%&./,,0 +-1(2+')3% ./'%&)/, ./0 5% )1+,2(%( )1 '$% 

+-.4-*)'% 4/&')+,% )1 *./,, /.-21'* '- /+$)%3% / &/'% -7 '$%&./, %1%&60 '&/1*7%& 

+-.4/&/5,% '- 1-19%1+/4*2,/'%( 4$/*% +$/16% ./'%&)/,*8 -& +-.4-*)')-1* 

+-.4&)*)16 %1+/4*2,/'%( 4$/*% +$/16% ./'%&)/,* .):%( ;)'$ +-13%1')-1/, 

/(()')3%* '- %1$/1+% '$%&./, +-1(2+')3)'0< =(3/1'/6%-2*,08 '$% 2*% -7 / *./,, 

/.-21' -7 '$% '$%&./,,0 +-1(2+')3% ./'%&)/, +/1 %1$/1+% '$% '$%&./, +-1(2+')3)'0 

-7 '$% +-.4-*)'% 4/&')+,% ;)'$-2' '$% '$%&./,,0 +-1(2+')3% ./'%&)/, 50 /5-2' >"?8 

@"?8 A"?8 B"? -& C"?< 

 

D$% '$%&./,,0 +-1(2+')3% ./'%&)/, ./0 5% 4&%*%1' )1 /1 /.-21' -7 /5-2' "<"> ;'?8 

"<"@ ;'?8 "<"A ;'?8 "<"B ;'?8 "<"C ;'?8 "<"E ;'?8 "<"F ;'?8 "<"G ;'?8 "<! ;'?8 

"<!! ;'?8 "<!> ;'?8 "<!@ ;'?8 "<!A ;'?8 "<!B ;'?8 "<!C ;'?8 "<!E ;'?8 "<!F 

;'?8 "<!G ;'?8 -& "<> ;'? -7 '$% +-.4-*)'% 4/&')+,%8 -& ./0 5% )1 / &/16% 

+-.4&)*)16 /1 244%& ,).)' /1( / ,-;%& ,).)' *%,%+'%( 7&-. /10 ';- -7 '$% /5-3%< 

 

=(3/1'/6%-2*,08 )' $/* 5%%1 (%.-1*'&/'%( '$/' '$% /(()')-1 -7 / *./,, /.-21' 

H"<"> ;'<?I )1 '$% +-.4-*)'% 4/&')+,%8 ./0 %1$/1+% '$% '$%&./, +-1(2+')3)'0 -7 '$% 

+-.4-*)'% 4/&')+,% 50 /5-2' A"?< 

 

D$% 4-,0.%&)+ *$%,, ./0 5% 4&%*%1' )1 /1 /.-21' -7 /5-2' A" ;'?8 AB ;'?8 B" 

;'?8 BB ;'?8 C" ;'?8 CB ;'?8 E" ;'?8 EB ;'?8 -& F" ;'? -7 '$% +-.4-*)'% 

4/&')+,%8 -& )* )1 / &/16% +-.4&)*)16 /1 244%& ,).)' /1( / ,-;%& ,).)' *%,%+'%( 7&-. 

/10 ';- -7 '$% /5-3%< 
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"#$ %&'()*+ ,#(-$ +#()'$ .(/$&*(0 .(1 2$ ,&$-$)/ *) () (.%3)/ %4 (2%3/ 56 7/89 

5: 7/89 ;6 7/89 ;: 7/89 <6 7/89 <: 7/89 :6 7/89 :: 7/89 %& =6 7/8 %4 /#$ 

+%.,%-*/$ ,(&/*+0$9 %& *) ( &()'$ +%.,&*-*)' () 3,,$& 0*.*/ ()> ( 0%7$& 0*.*/ 

-$0$+/$> 4&%. ()1 /7% %4 /#$ (2%?$@ 

 

"#$ 7$*'#/ ,$&+$)/('$ %4 $(+# %4 -(*> ,%01.$&*+ -#$009 -(*> /#$&.(001 +%)>3+/*?$ 

.(/$&*(0 ()> -(*> %&'()*+ ,#(-$ +#()'$ .(/$&*(0 .(1 (>> 3, /% !668@ "#$ 

/#$&.(001 +%)>3+/*?$ .(/$&*(0 .(1 2$ +%,,$&9 -*0?$&9 %& .*A/3&$- %4 2%/#@ 

 

B#$&$ /#$ /#$&.(001 +%)>3+/*?$ .(/$&*(0 *- )()%C,(&/*+30(/$ +%,,$&9 /#$ /#$&.(0 

+%)>3+/*?*/1 .(1 2$ (2%3/ 59D66 BE.F /% (2%3/ ;9666 BE.F9 %& (2%3/ 59DG! 

BE.F@ B#$&$ /#$ /#$&.(001 +%)>3+/*?$ .(/$&*(0 *- )()%C,(&/*+30(/$ -*0?$&9 /#$ 

/#$&.(0 +%)>3+/*?*/1 .(1 2$ (2%3/ ;9666 BE.F@ 

 

"#$ /#$&.(001 +%)>3+/*?$ .(/$&*(0 .(1 2$ *) /#$ 4%&. %4 ( 7*&$9 -,#$&$9 +10*)>$&9 %& 

+%*)@ "#$ /#$&.(001 +%)>3+/*?$ .(/$&*(0 .(1 2$ -3&4(+$ /&$(/$> /% *.,&%?$ 

+%.,(/*2*0*/1 7*/# /#$ ,%01.$&*+ -#$00@ "#$ -3&4(+$ /&$(/.$)/ .(1 +%.,&*-$ 

43)+/*%)(0*H*)' ( -3&4(+$ %4 /#$ /#$&.(001 +%)>3+/*?$ .(/$&*(0 7*/# %)$ %& .%&$ 

&$(+/*?$ 43)+/*%)(0 '&%3,-@ I3+# 43)+/*%)(0 '&%3,- .(1 *)+03>$ #1>&%A19 +(&2%)109 

-*0%A()$9 -*0()$9 $,%A19 (0J%A1-*0()$9 %& +%.2*)(/*%)- /#$&$%4@ K) %)$ $.2%>*.$)/9 

/#$ /#$&.(001 +%)>3+/*?$ .(/$&*(0 .(1 2$ -*0()*H$> ,&*%& /% 2$*)' (>>$> /% /#$ 

,%01.$&*H(/*%) .*A/3&$ 4%& ,&$,(&*)' /#$ +%.,%-*/$ ,(&/*+0$ %4 /#$ ,&$-$)/ 

>*-+0%-3&$@  

 

"#$ -*0()*H(/*%) .(1 2$ ,$&4%&.$> 21 +%)/(+/*)' ( -3&4(+$ %4 /#$ /#$&.(001 

+%)>3+/*?$ .(/$&*(0 7*/# ( -*0()$ -%3&+$@ "#$ -*0()$ -%3&+$ .(1 +%.,&*-$ 

%&'()%43)+/*%)(0 (0J%A1-*0()$9 7#*+# .(1 2$ -$0$+/$> 4&%. /#$ '&%3, +%)-*-/*)' %4L 
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#$%&'(%)#&*(+ ,)-.%/'0-(%)#&*(+ $*1.#23'(%)%#&*( #&/ $%0341*( 35*1*'67  85* (%)#&* 

('41.* $#- 9* '23%'&#))- 21*:5-/1')-;*/ 3' 21'<%/* # 2)41#)%3- '6 (%)#&') ,1'42(+ 

=5%.5 $#- 4&/*1,' .'&/*&(#3%'& 3' 6'1$ (%)'0#&* >:?%:@:?%:A ,1'42(7 B..'1/%&,)-+ 

35* (%)#&* ('41.* $#- 9* /%$*1%;*/+ ')%,'$*1%;*/ '1 2')-$*1%;*/7  

 

C0*$2)#1- #$%&'(%)#&*( $#- %&.)4/* >D:#$%&'21'2-)A:31%*35'0-(%)#&*+ >D:

#$%&'21'2-)A:/%*35'0-:$*35-)(%)#&*+ >D:#$%&'21'2-)A:/%$*35-):*35'0-(%)#&+ #&/ >D:

#$%&'21'2-)A:31%$*35'0-(%)#&*7 C0*$2)#1- $*1.#23'(%)#&*( $#- %&.)4/* >D:

$*1.#23'21'2-)A:31%$*35'0-(%)#&* #&/ D:$*1.#23'21'2-)A:$*35-):/%$*35'0-(%)#&*7  

E& '&* *$9'/%$*&3+ 35* (%)#&* ('41.* $#- 9* >D:$*1.#23'21'2-)A31%$*35'0-(%)#&* 

>F8G8?A+ 5-/1')-;*/ >D:$*1.#23'21'2-)A31%$*35'0-(%)#&* '1 # $%0341* 35*1*'67  

 

E& '&* *$9'/%$*&3+ 35* (416#.* 31*#3$*&3 $#- %&<')<* $%0%&, 35* 35*1$#))- 

.'&/4.3%<* $#3*1%#) =%35 35* (%)#&* ('41.* %& =#3*1+ #& #H4*'4( 25#(* '1 # (')<*&3 

(*)*.3*/ 61'$ #.*3'&*+ *35#&') #&/ %('21'2#&')7 E& #& *$9'/%$*&3+ 35* $%0%&, 

$#- 9* 4&/*1 .'&3%&4'4( #,%3#3%'& 6'1 #9'43 ! 5'41+ #9'43 " 5'41(+ #9'43 D 5'41(+ 

#9'43 I 5'41(+ #9'43 J 5'41(+ #9'43 K 5'41(+ #9'43 L 5'41(+ #9'43 M 5'41(+ #9'43 N 

5'41( #&/ #9'43 !O 5'41(7 85* $%0%&, $#- 9* .#11%*/ '43 #3 1''$ 3*$2*1#341*7 

85* 35*1$#))- .'&/4.3%<* $#3*1%#) $#- 35*& 9* .*&31%64,*/ #&/ 6%)3*1*/ 3' '93#%& 

35* (416#.*:31*#3*/ 35*1$#))- .'&/4.3%<* $#3*1%#)7 B/<#&3#,*'4()-+ # .'$2'(%3* 

&#&'2#13%.)* .'$21%(%&, # (5*)) =%35 (%)#&%;*/ 35*1$#))- .'&/4.3%<* $#3*1%#) $#- 

6'1$ # (3#9)* /%(2*1(%'& %& #& '1,#&%. (')<*&37 85* .'$2'(%3* &#&'2#13%.)* ='4)/ 

'35*1=%(* 6'1$ 4&(3#9)* (4(2*&(%'& %& #& '1,#&%. (')<*&3 =%35'43 35* (%)#&%;*/ 

35*1$#))- .'&/4.3%<* $#3*1%#)7 P4135*1 #/<#&3#,*'4()-+ 35* *&5#&.*/ /%(2*1(%9%)%3- 

'6 .'$2'(%3* &#&'2#13%.)*( 5#<%&, (%)#&%;*/ (5*)) %& '1,#&%. (')<*&3( $#- #))'= # 

.'#3%&, '6 # .'$2'(%3%'& .'$21%(%&, 35* .'$2'(%3* &#&'2#13%.)*( 3' 9* #22)%*/ 

'&3' (416#.*( $'1* *#(%)- #&/ 4&%6'1$)- 
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#$ %$& &'(%)*'&$+, +-& +-&.'/001 2%$)32+*4& '/+&.*/0 '/1 (& 2%55&. $/$%6*.&78 

9-& 2%55&. $/$%6*.&7 '/1 (& 73.:/2& +.&/+&) (1 '*;*$< 6*+- +-& 7*0/$& /$) / 

7%04&$+8 9-& 2%55&. $/$%6*.&7 '/1 (& '*;&) 6*+- =9>9?, -1).%017&) =9>9? %. 

/ '*;+3.& +-&.&%:8 @))*+*%$/001, +-& 2%55&. $/$%6*.&7 '/1 /07% (& '*;&) 6*+- 

/2&+%$&, &+-/$%0 %. *7%5.%5/$%08 #$ /$ &'(%)*'&$+, +-& 2%55&. $/$%6*.&7 '/1 

73.:/2& +.&/+&) (1 '*;*$< 6*+- +-& 7*0/$& /$) 6/+&.8 @ 0/1&. %: 7*0*2/ 2%/+*$< %. / 

7*0*2/ 7-&00 '/1 (& :%.'&) %$ +-& 2%55&. $/$%6*.&7, +-&.&(1 5/.+*/001 %. :3001 

&$2/5730/+*$< +-& 2%55&. $/$%5/.+*20&78 @:+&. +.&/+'&$+, +-& 2%55&. $/$%6*.&7 

'/1 (& :3001 %. 5/.+*/001 &$2/5730/+&) (1 / 7*0*2/ 2%/+*$< AB3C?*DEF 2%'5.*7*$< 

+-*%0 :3$2+*%$/0 <.%3578   

 

9-& $/$%6*.&7 '/1 -/4& / )*/'&+&. 7&0&2+&) :.%' /(%3+ !GG $' +% !G H'8 9-& 

$/$%6*.&7 '/1 -/4& / )*/'&+&. 7&0&2+&) :.%' /(%3+ G8! $', %. G8I $', %. ! $', %. 

E $', %. I $', %. !G $', %. !I $', %. EG $', %. EI $', %. "G $', %. "I $', %. JG 

$', %. JI $', %. IG $', %. II $', %. KG $', %. KI $', %. LG $', %. LI $', %. MG 

$', %. MI $', %. NG $', %. NI $', %. !GG $', %. !!G $', %. !EG $', %. !"G $', %. 

!JG $', %. !IG $', %. !KG $', %. !LG $', %. !MG $', %. !NG $', %. EGG $', %. 

EEG $', %. EJG $', %. EKG $', %. EMG $', %. "GG $', %. "EG $', %. "JG $', %. 

"KG $', %. "MG $', %. JGG $', %. JEG $', %. JJG $', %. JKG $', %. JMG $', %. 

IGG $', IIG $', KGG $', KIG $', LGG $', LIG $', MGG $', MIG $', NGG $', 

!GGG $', !IGG $', EGGG $', EIGG $', "GGG $', "IGG $', JGGG $', IGGG $', 

KGGG $', LGGG $', MGGG $', NGGG $', !G H', %. '/1 (& *$ / ./$<& 2%'5.*7*$< /$ 

355&. 0*'*+ /$) / 0%6&. 0*'*+ 7&0&2+&) :.%' /$1 +6% %: +-& /(%4&8  

 

9-& $/$%6*.&7 '/1 -/4& / 0&$<+- 7&0&2+&) :.%' /(%3+ !GG $' +% IGG H'8 9-& 

0&$<+- %: +-& $/$%6*.&7 '/1 (& /(%3+ !GG $', !IG $', EGG $', EIG $', "GG $', 
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#$% &'( "%% &'( "$% &'( $%% &'( $$% &'( )%% &'( )$% &'( *%% &'( *$% &'( +%% 

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

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

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

#%% .'( #$% .'( "%% .'( "$% .'( $%% .'( /0 '12 34 5& 1 01&64 7/'80595&6 1& 

:8840 ;5'5< 1&= 1 ;/>40 ;5'5< 94;47<4= ?0/' 1&2 <>/ /? <@4 13/A4B 

 

C@4 &1&/>504 '12 @1A4 1 ;4&6<@D</D=51'4<40 01<5/ 94;47<4= ?0/' $%%%E! </ !%E!B 

C@4 ;4&6<@D</D=51'4<40 01<5/ '12 34 13/:< $%%%E!( "$%%E!( "%%%E!( #$%%E!( #%%%E!( 

-$%%E!( -%%%E!( !+%%E!( !)%%E!( !"%%E!( !-%%E!( !%%%E! ,$%E!( ,%%E!( +$%E!( 

+%%E!( *$%E!( *%%E!( )$%E!( )%%E!( $$%E!( $%%E!( "$%E!( "%%E!( #$%E!( #%%E!( -$%E!( 

-%%E!( !$%E!( !%%E!( $%E!( "$E!( "%E!( #$E!( #%E!( -$E!( -%E!( !+E!( !)E!( !"E!( !-E!( 

!%E!( /0 '12 34 5& 1 01&64 7/'80595&6 1& :8840 ;5'5< 1&= 1 ;/>40 ;5'5< 94;47<4= 

?0/' 1&2 <>/ /? <@4 13/A4B 

 

C@4 7/'8/95<4 810<57;4 '12 @1A4 1 =51'4<40 94;47<4= ?0/' 13/:< -% F' </ !%% 

F'B C@4 7/'8/95<4 810<57;4 '12 @1A4 1 =51'4<40 94;47<4= ?0/' 13/:< -% F'( /0 -$ 

F'( /0 #% F'( /0 #$ F'( /0 "% F'( /0 "$ F'( /0 $% F'( /0 $$ F'( /0 )% F'( /0 )$ 

F'( /0 *% F'( /0 *$ F'( /0 +% F'( /0 +$ F'( /0 ,% F'( /0 ,$ F'( /0 !%% F'( /0 

'12 34 5& 1 01&64 7/'80595&6 1& :8840 ;5'5< 1&= 1 ;/>40 ;5'5< 94;47<4= ?0/' 1&2 

<>/ /? <@4 13/A4B 

 

C@4 7/'8/95<4 810<57;4 '12 34 8048104= 32 8/;2'405G5&6 1< ;419< /&4 '/&/'40 

7/'8/:&= 5& 1& /5;D5&D>1<40 4':;95/&( 915= 4':;95/& 7/'80595&6 1< ;419< /&4 

/061&57 8@194 7@1&64 '1<4051; 1&= 1 9:0?17<1&<( >@4045& 915= 8/;2'405G1<5/& '12 

34 :&=40<1H4& 5& <@4 80494&74 /? 1< ;419< /&4 <@40'1;;2 7/&=:7<5A4 '1<4051; 19 
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Claims 

1. A composite particle comprising a core and a polymeric shell encapsulating 

the core, wherein the core comprises at least one organic phase change material 

and wherein the shell comprises at least one thermally conductive material in an 

amount of from 0.02 wt. % to 0.2 wt. % of the composite particle; and wherein the 

thermally conductive material comprises nano-sized metal particles selected from 

copper nanoparticles, silver nanoparticles, or mixtures of both. 

 

2. The particle of claim 1, wherein the organic phase change material is 

selected from the group consisting of paraffins, polyethylene glycols, fatty acids, 

polyalcohols, triglycerides, vegetable oils and mixtures thereof.  

 

3. The particle of claim 1, wherein the organic phase change material is 

selected from straight chain or branched hydrocarbons comprising from 10 to 100 

carbon atoms. 

 

4. The particle of claim 3, wherein the organic phase change material 

comprises octadecane. 

 

5. The particle of any one of claims 1 to 4, wherein the polymeric shell 

comprises a polymer formed from one or more monomer compounds selected from 

the group consisting of styrene, divinylbenzene, formaldehyde, phosphazenes, 

acrylic acid, methacrylic acid, alkylene oxides, vinyl acetate, vinylpyrrolidone, 

ethylene glycol and ethersulfone.  
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6. The particle of any one of claims 1 to 4, wherein the polymeric shell 

comprises a natural polymer selected from the group consisting of lignin, fibrin, 

polysaccharides, agarose, cellulose sulfate, chondroitin sulfate, chitin, chitosan and 

hyaluronan.  

 

7. The particle of any one of the preceding claims, wherein the thermally 

conductive material comprises nanowires having a length of 100 µm to 500 µm and 

a diameter of 100 nm to 10 µm.  

 

8. The particle of any one of the preceding claims, wherein the at least one 

thermally conductive material comprises a surface that has been functionalized 

with reactive functional groups selected from the group consisting of: hydroxyl, 

carbonyl, silanol, silane, epoxy and combinations thereof. 

 

9. The particle of any one of the preceding claims, wherein the at least one 

thermally conductive material comprises a silanol-functionalized surface or a 

silane-functionalized surface. 

 

10. The particle of any one of the preceding claims, comprising  

the polymeric shell in an amount of from 40 wt. % to 80 wt. % of the 

composite particle;  

the organic phase change material in an amount of from 20 wt% to 

60 wt. % of the composite particle; and  

wherein the total wt. % is 100%. 
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11. The particle of any one of the preceding claims, having a diameter selected 

from 20 µm to 100 µm.  

 

12. A method of preparing a composite particle comprising an organic phase 

change material core and a polymeric shell encapsulating the core, the method 

comprising: 

polymerizing at least one monomer compound in an oil-in-water emulsion, 

said oil-in-water emulsion comprising at least one organic phase change material 

and a surfactant,  

wherein said polymerization is undertaken in the presence of at least one 

thermally conductive material dispersed within said oil-in-water emulsion;  

wherein the thermally conductive material is provided in an amount of from 

0.02 wt% to 0.2 wt% of the composite particle; and 

wherein the thermally conductive material comprises nano-sized metal 

particles selected from copper nanoparticles, silver nanoparticles, or mixtures of 

both. 

 

13. The method of claim 12, wherein the at least one thermally conductive 

material is surface treated prior to the polymerization step; and wherein said 

surface treatment functionalizes the thermally conductive material with one or more 

functional groups consisting of: hydroxyl, carbonyl, silanol, silane, epoxy and 

combinations thereof. 

 

14. The method of claim 13, wherein the at least one thermally conductive 

material is surface treated with a silane source to partially or fully encapsulate the 

thermally conductive material within a silica shell. 
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15. The method of any one of claims 12-14,  wherein the monomer compound 

is provided in an amount of from 40 wt% to 80 wt.% based on the total weight of 

said monomer compound, said organic phase change material and said thermally 

conductive material;  

 the surfactant is provided in an amount of from 10 wt% to 25 wt% based on 

the total weight of said monomer compound, said organic phase change material 

and said thermally conductive material; and wherein 

the phase change material is provided in an amount of from 20 wt.% to 60 

wt. % of the composite particle. 

 

16. The method of any one of claims 12-15, wherein the organic phase change 

material is selected from straight chain or branched hydrocarbons comprising from 

10 to 100 carbon atoms.  

 

17. The method of claim 16, wherein the organic phase change material 

comprises octadecane. 

 

18. The method of any one of claims 12-17, wherein the at least one monomer 

compound is selected from the group consisting of styrene, divinylbenzene, 

formaldehyde, phosphazenes, acrylic acid, methacrylic acid, alkylene oxides, vinyl 

acetate, vinylpyrrolidone, ethylene glycol and ethersulfone. 

 

19. The method of any one of claims 12-18, wherein the thermally conductive 

material comprises nanowires having a having a length of 100 µm to 500 µm and a 

diameter of 100 nm to 10 µm.  

 



35 
 

20. A building material comprising a cementitious material and the composite 

particle of any one of claims 1-11. 

 

21. The building material of claim 20, comprising from 10 to 75 wt. % of said 

composite particles.  

 


