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#@@/26>59!A/!<%#B)!<49C01A>/5!D%BE!F/!-G.HI*..JK!1?!1L45646!3M!NO!<%#B)!<49C01A>/5?!"P!*.-GIH+;!156!"P!*.*.I-+HH!!

"%B&PQF!-:!P(%F&P$PB#&PQF!Q$!&)%!"NR"&#FB%ISP7&N<%!#F(!Q$!&)%!BQS8#F'INF(%<&#OPFT!!

!
-U-!!82/6C@A!>645A>V>42!!
82/6C@A!F1L4!! "/01230456,&7!!
B#"!F/U!! S>WAC24:!5/A!1XX0>@1304U!!
%B!F/U!! S>WAC24:!5/A!1XX0>@1304U!!
<%#B)!<49>?A21A>/5!F/U!! S>WAC24:!5/A!1XX0>@1304U!!
-U*!!<404=15A!>645A>V>46!C?4?!/V!AY4!?C3?A15@4!/2!L>WAC24!156!C?4?!16=>?46!191>5?A!!
P645A>V>46!N?4D?E!! #?!16=>?46!3M!AY4!?CXX0>42U!!
N?4?!#6=>?46!#91>5?A!! #5MAY>59!/AY42!AY15!AY4!13/=4U!!
-UZ!!(4A1>0?!/V!AY4!?CXX0>42!/V!AY4!?1V4AM!61A1!?Y44A!!
"CXX0>42!!
B/LX15M!P645A>V>@1A>/5!! R045646!82/6C@A?![>L>A46!!
#6624??!/V!"CXX0>42!! %0?Y1L!\/06!P56C?A2>10!%?A1A4!

R2>99!
F/2AY![>5@/05?Y>24!!

8/?A10!@/64!! (F*.!."8!!
&404XY/54:!! ]^^!D.E!-J+*!J;.+++!!
%,L1>0!! ?104?_3045646X2/6C@A?U@/UC`!!
-U^!!%L42945@M!A404XY/54!5CL342!!
%L42945@M!8Y/54!F/U!! ]^^!D.E!-J+*!J;.+++!DX041?4!C?4!aQXA>/5!^a!V/2!*^Y2!@Y4L>@10I?A/@`!4L42945@M!

5CL342E!!
B/5A1@A!! "44!13/=4!V/2!4L42945@M!@/5A1@A!64A1>0?U!!

"%B&PQF!*:!)#b#<("!P(%F&P$PB#&PQF!!

!
*U-!!B01??>V>@1A>/5!/V!AY4!?C3?A15@4!/2!L>WAC24!!
TR!B[8!<49C01A>/5K!NO!"P!*.-GIH*.!156!
NO!"P!*.*.I-+JH!!

F/A!@01??>V>46!1?!615942/C?!V/2!?CXX0MIC?4U!!

*U*!![1340!404L45A?!!
! #@@/26>59!A/!TR!B[8!<49C01A>/5?K!NO!"P!*.-GIH*.!156!NO!"P!*.*.I-+JH!!
82/6C@A!F1L4!! "/01230456,&7!!
!
)1c126!8>@A/921LD?E!! F/54U!!
!
">9510!\/26D?E!! F/54U!!
!
)1c126!"A1A4L45AD?E!! F/54U!!
!
824@1CA>/512M!"A1A4L45AD?E!! F/54U!!
*UZ!!QAY42!Y1c126?!!
! F/54!`5/d5U!!
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*U^!!#66>A>/510!P5V/2L1A>/5!!
! F/54U!!

"%B&PQF!Z:!BQS8Q"P&PQFIPF$Q<S#&PQF!QF!PFT<%(P%F&"!!

!
ZU-!!"C3?A15@4?!!
! F/A!1XX0>@1304U!!
ZU*!!S>WAC24?!!
!
)#b#<(QN"!

PFT<%(P%F&D"E!!
B#"!F/U!! %B!F/U!I!<49>?A21A>/5!

5CL342D?E!!
e\I\!!)1c126!"A1A4L45AD?E!! )1c126!

8>@A/921LD?E!!
S/5/4AYM0454!90M@/0!! -.H,*-,-!! *.Z,^HZ,Z!!

!!
H*,
G+e!!

#@CA4!&/WU!^!!)Z.*!!
"&Q&!<%!*!!)ZHZ!!

!

T)".;!
T)".H!

!!
X2/X154,-K*,6>/0!! +H,++,J!! *..,ZZ;,.!!

!!
+,*.e!!F/A!@01??>V>46!!!!

!
F/54!!

!
!
$/2!VC00!A4WA!/V!)I8!"A1A4L45A?!?44!?4@A>/5!-JU!!

"%B&PQF!^:!$P<"&!#P(!S%#"N<%"!!

!
^U-!!(4?@2>XA>/5!/V!V>2?A!1>6!L41?C24?!!
P5Y101A>/5!! PV!3241AY>59!>?!6>VV>@C0AK!24L/=4!=>@A>L!A/!V24?Y!1>2!156!`44X!1A!24?A!>5!1!X/?>A>/5!

@/LV/2A1304!V/2!3241AY>59U!!
"`>5!B/5A1@A!! \1?Y!?`>5!d>AY!d1A42U!!
%M4!B/5A1@A!! $0C?Y!4M4?!d>AY!d1A42!V/2!1A!041?A!-+!L>5CA4?U!!
P594?A>/5!! \1?Y!/CA!L/CAY!d>AY!d1A42U!!
^U*!!S/?A!>LX/2A15A!?MLXA/L?!156!4VV4@A?K!3/AY!1@CA4!156!6401M46!!
! F/54!15A>@>X1A46U!&241A!?MLXA/L1A>@100MU!!
^UZ!!P56>@1A>/5!/V!15M!>LL46>1A4!L46>@10!1AA45A>/5!156!?X4@>10!A241AL45A!544646!!
! !N50>`40M!A/!34!24fC>246!3CA!>V!54@4??12M!A241A!?MLXA/L1A>@100MU!!

"%B&PQF!+:!$P<%$PT)&PFT!S%#"N<%"!!

!
+U-!!%WA>59C>?Y>59!L46>1!!
"C>A1304!%WA>59C>?Y>59!L46>1!! #?!1XX2/X2>1A4!V/2!?C22/C56>59!V>24U!!
N5?C>A1304!4WA>59C>?Y>59!L46>1!! F/54U!!
+U*!!"X4@>10!Y1c126?!12>?>59!V2/L!AY4!?C3?A15@4!/2!L>WAC24!!
! F/54!15A>@>X1A46U!)41A>59!L1M!@1C?4!64@/LX/?>A>/5U!!
+UZ!!#6=>@4!V/2!V>24V>9YA42?!!
! #?!1XX2/X2>1A4!V/2!?C22/C56>59!V>24U!!

"%B&PQF!J:!#BBP(%F&#[!<%[%#"%!S%#"N<%"!!
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!
JU-!!842?/510!X24@1CA>/5?K!X2/A4@A>=4!4fC>XL45A!156!4L42945@M!X2/@46C24?!!
! 82/=>64!164fC1A4!=45A>01A>/5U!\412!?C>A1304!90/=4?!>V!X2/0/5946!?`>5!@/5A1@A!>?!0>`40MU!!
JU*!!%5=>2/5L45A10!X24@1CA>/5?!!
! (/!5/A!24041?4!01294!fC15A>A>4?!>5A/!AY4!?C2V1@4!d1A42!/2!>5A/!621>5?U!!
JUZ!!S4AY/6?!156!L1A42>10!V/2!@/5A1>5L45A!156!@0415>59!CX!!
! #6?/23!?X>00194?!/5A/!?156K!412AY!/2!15M!?C>A1304!16?/2345A!L1A42>10U!!
JU^!!<4V4245@4!A/!/AY42!?4@A>/5?!!
! "44!#0?/!"4@A>/5!!;K!-ZU!!

"%B&PQF!H:!)#F([PFT!#F(!"&Q<#T%!!

!
HU-!!824@1CA>/5?!V/2!?1V4!Y1560>59!!
! F/A!`5/d5U!!
HU*!!B/56>A>/5?!V/2!?1V4!?A/2194K!>5@0C6>59!15M!>5@/LX1A>3>0>A>4?!!
! !!
"A/2194!A4LX421AC24!! #L3>45AU!!
"A/2194!0>V4!! "A1304!C5642!5/2L10!@/56>A>/5?U!!
P5@/LX1A>304!L1A42>10?!! F/54!`5/d5U!!
HUZ!!"X4@>V>@!456!C?4D?E!!
! F/A!`5/d5U!!

"%B&PQF!;:!%78Q"N<%!BQF&<Q["I8%<"QF#[!8<Q&%B&PQF!!

!
;U-!!B/5A2/0!X121L4A42?!!
;U-U-!!Q@@CX1A>/510!%WX/?C24![>L>A?!! !
!
Q@@CX1A>/510!%WX/?C24![>L>A?!
"NR"&#FB%U! B#"!F/U! [&%[!D;!Y2!&\#!

XXLE!
[&%[!D;!Y2!&\#!
L9ILgE!

"&%[!
DXXLE!

"&%[!
DL9ILgE!

F/A4!

%AY154,-K*,6>/0!812A>@C01A4! -.H,*-,-! ! -.! ! ! "`!

%AY154,-K*,6>/0!=1X/C2! -.H,*-,-! *.! +*! ^.! -.^! "`!
82/X154,-K*,6>/0!A/A10!=1X/C2!156!
X12A>@C01A4?!

+H,++,J! -+.! ^H^! ! ! !

82/X154,-K*,6>/0!X12A>@C01A4?! +H,++,J! ! -.! ! ! !

!
<49>/5! "/C2@4!
N5>A46!O>596/L! NO!\/2`X01@4!%WX/?C24![>L>A?!%)^.I*..+!D$/C2AY!46>A>/5K!XC30>?Y46!*.*.E!
!
<4L12`! F/A4?!
"`! B15!34!13?/2346!AY2/C9Y!AY4!?`>5U!&Y4!1??>9546!?C3?A15@4?!124!AY/?4!V/2!dY>@Y!AY424!124!@/5@425?!AY1A!642L10!13?/2XA>/5!d>00!0416!A/!?M?A4L>@!

A/W>@>AMU!
!
;U*!!%WX/?C24!@/5A2/0?!!
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;U*U-U!!#XX2/X2>1A4!459>5442>59!@/5A2/0?!! %5?C24!164fC1A4!=45A>01A>/5U!!
;U*U*U!!842?/510!X2/A4@A>/5!4fC>XL45A!! !

%M4!82/A4@A>/5!! \412!4M4!X2/A4@A>/5!d>AY!?>64!X2/A4@A>/5!D%F-JJEU!!

"`>5!X2/A4@A>/5!! F/A!5/2L100M!24fC>246U!!

<4?X>21A/2M!X2/A4@A>/5!! F/2L100M!5/!X42?/510!24?X>21A/2M!X2/A4@A>/5!>?!54@4??12MU!!

&Y42L10!Y1c126?!! F/54!`5/d5U!!

;U*UZU!!%5=>2/5L45A10!%WX/?C24!B/5A2/0?!! (/!5/A!24041?4!01294!fC15A>A>4?!>5A/!AY4!?C2V1@4!d1A42!/2!>5A/!621>5?U!!

"%B&PQF!G:!8)'"PB#[!#F(!B)%SPB#[!8<Q8%<&P%"!!

!
GU-!!P5V/2L1A>/5!/5!31?>@!XYM?>@10!156!@Y4L>@10!X2/X42A>4?!!
#XX41215@4!! [>fC>6U!!

B/0/C2!:!@/0/C204??!DC504??!6M46!A/!1!@C?A/L42!?X4@>V>@1A>/5E!!
Q6/C2!! F/5,XC5945A!3CA!@Y121@A42>?A>@!!
Q6/C2!AY24?Y/06!! F/A!`5/d5U!!
X)!! HU+!h!G!64X456>59!CX/5!>5Y>3>A/2!V/2LC01A>/5!!
S40A>59!X/>5AIV244c>59!X/>5A!! -40°C 
P5>A>10!3/>0>59!X/>5A!! >180°C 
$01?Y!8/>5A!! >115°C 
%=1X/21A>/5!21A4!! F/A!`5/d5U!!
$01LL13>0>AM!D?/0>6K!91?E!! F/A!@01??46!1?!V01LL1304U!
NXX42I0/d42!V01LL13>0>AM!/2!4WX0/?>=4!
0>L>A?!!

NXX42!0>L>A:!-+eK!0/d42!0>L>A:!Ze!

i1X/C2!X24??C24!! 13 Pa @ 25°C 
i1X/C2!645?>AM!! *U*!!
<401A>=4!645?>AM!! 1.04 - 1.15 
"/0C3>0>AMD>4?E!! "/0C3>0>AM!D\1A42E!:!"/0C304!!

"/0C3>0>AM!DQAY42E!:!F/A!`5/d5U!!
812A>A>/5!@/4VV>@>45A:!5,/@A15/0Id1A42!! F/A!`5/d5U!!
#CA/,>95>A>/5!A4LX421AC24!! >400°C 
(4@/LX/?>A>/5!&4LX421AC24!DjBE!! F/A!`5/d5U!!
i>?@/?>AM!! F/A!`5/d5U!!
%WX0/?>=4!X2/X42A>4?!! F/A!@01??>V>46!1?!4WX0/?>=4U!!
QW>6>?>59!X2/X42A>4?!! F/A!@01??>V>46!1?!15!/W>6>?>59!1945AU!!
GU*!!QAY42!>5V/2L1A>/5!!
! F/54U!!
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"%B&PQF!-.:!"&#RP[P&'!#F(!<%#B&PiP&'!!

!
-.U-!!<41@A>=>AM!!
! F/54!15A>@>X1A46!>V!C?46!C5642!5/2L10!@/56>A>/5?U!
-.U*!!BY4L>@10!"A13>0>AM!!
! "A1304!C5642!5/2L10!@/56>A>/5?U!!
-.UZ!!8/??>3>0>AM!/V!Y1c126/C?!241@A>/5?!!
! F/!Y1c126/C?!241@A>/5?!15A>@>X1A46!>V!C?46!V/2!>A?!>5A45646!XC2X/?4K!3CA!1=/>6!

@/5A1@A!d>AY!>5@/LX1A>304!L1A42>10?U!
-.U^!!B/56>A>/5?!A/!1=/>6!!
! F/54!15A>@>X1A46U!!
-.U+!!P5@/LX1A>304!L1A42>10?!!
! &Y4!L>WAC24!L1M!241@A!615942/C?0M!d>AY!>5@/LX1A>304!L1A42>10?K!AY4?4!>5@0C64!3CA!

124!5/A!0>L>A46!A/:!1@>6?K!/W>6>c>59!1945A?K!Y10/9451A46!@/LX/C56?K!1@>6!@Y0/2>64?K!
1@>6!15YM62>64?U!!

!!
-.UJ!!)1c126/C?!64@/LX/?>A>/5!X2/6C@A?!!
! F/!Y1c126/C?!64@/LX/?>A>/5!X2/6C@A?!`5/d5U!!

"%B&PQF!--:!&Q7PBQ[QTPB#[!PF$Q<S#&PQF!!

!
--U-!!P5V/2L1A>/5!/5!A/W>@/0/9>@10!4VV4@A?!!
#@CA4!A/W>@>AM!!,!P594?A>/5!! "40V!@01??>V>@1A>/5:!!F/A!@01??>V>46U!!
#@CA4!A/W>@>AM!!,!"`>5!B/5A1@A!! B10@C01A>/5!L4AY/6!:!F/A!@01??>V>46U!!
#@CA4!A/W>@>AM!!,!P5Y101A>/5!! B10@C01A>/5!L4AY/6!:!F/A!@01??>V>46U!!
"`>5!@/22/?>/5I>22>A1A>/5!! B10@C01A>/5!L4AY/6!:!F/A!@01??>V>46U!!
"42>/C?!4M4!61L194I>22>A1A>/5!! B10@C01A>/5!L4AY/6!:!F/A!@01??>V>46U!!
"`>5!?45?>A>c1A>/5!61A1!! B10@C01A>/5!L4AY/6!:!F/A!@01??>V>46U!!
<4?X>21A/2M!?45?>A>c1A>/5!61A1!! B10@C01A>/5!L4AY/6!:!F/A!@01??>V>46U!!
T42L!@400!LCA1945>@>AM!! B10@C01A>/5!L4AY/6!:!F/A!@01??>V>46U!!
B12@>5/945>@>AM!! B10@C01A>/5!L4AY/6!:!F/A!@01??>V>46U!!
<4X2/6C@A>=4!A/W>@>AM!! B10@C01A>/5!L4AY/6!:!F/A!@01??>V>46U!!
[1@A1A>/5!! B10@C01A>/5!L4AY/6!:!F/A!@01??>V>46U!!
"&Q&!,!?>5904!4WX/?C24!! B10@C01A>/5!L4AY/6!:!F/A!@01??>V>46U!!
"&Q&!,!24X41A46!4WX/?C24!! "40V!@01??>V>@1A>/5:!!F/A!@01??>V>46U!!
#?X>21A>/5!Y1c126!! B10@C01A>/5!L4AY/6!:!F/A!@01??>V>46U!!
--U*!!QAY42!>5V/2L1A>/5!!
! &Y4!A/W>@/0/9>@10!4VV4@A?!/V!541A!S/5/4AYM0454!90M@/0!X24?45A!>5!AY>?!L>WAC24!124!

>5Y>3>A46!=>1!X2/X2>4A12M!166>A>=4?k!X2/6C@>59!1!L>WAC24!dY>@Y!>?!5/A!@01??>V>46!1?!
Y1c126/C?U!!!

!

"%B&PQF!-*:!%BQ[QTPB#[!PF$Q<S#&PQF!!

!
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-*U-!!&/W>@>AM!!
! !
&/W>@>AM!!,!#fC1A>@!>5=42A4321A4?!! [/d!A/W>@>AM!A/!>5=42A4321A4?U!!
&/W>@>AM!!,!$>?Y!! [/d!A/W>@>AM!A/!V>?YU!!
&/W>@>AM!!,!#0914!! [/d!A/W>@>AM!A/!10914U!!
&/W>@>AM!!,!"46>L45A!B/LX12AL45A!! F/A!@01??>V>46U!!
&/W>@>AM!!,!&4224?A2>10!B/LX12AL45A!! F/A!@01??>V>46U!!
-*U*!!842?>?A45@4!156!64921613>0>AM!!
! F/A!`5/d5U!!
-*UZ!!R>/1@@CLC01A>=4!X/A45A>10!!
! F/A!`5/d5U!!
-*U^!!S/3>0>AM!>5!?/>0!!
! F/A!`5/d5U!!
-*U+!!<4?C0A?!/V!8R&!156!=8=R!1??4??L45A!!
! F/A!`5/d5U!!
-*UJ!!QAY42!16=42?4!4VV4@A?!!
! F/A!`5/d5U!!

"%B&PQF!-Z:!(P"8Q"#[!BQF"P(%<#&PQF"!!

!
-ZU-!!\1?A4!A241AL45A!L4AY/6?!!
! !(>?X/?4!/V!>5!1@@/2615@4!d>AY!100!51A>/510!249C01A>/5?U!!!
-ZU*!!#66>A>/510!P5V/2L1A>/5!!
! F/!?X4@>10!X24@1CA>/5?!124!24fC>246!V/2!AY>?!X2/6C@AU!!

"%B&PQF!-^:!&<#F"8Q<&!PF$Q<S#&PQF!!

F/A!@01??>V>46!1?!Y1c126/C?!V/2!A215?X/2AU!!
!
-^U-!!!NF!5CL342!!
! F/A!1XX0>@1304!!
-^U*!!!NF!X2/X42!?Y>XX>59!51L4!!
! F/A!1XX0>@1304!!
-^UZ!!!&215?X/2A!Y1c126!@01??D4?E!!
! F/A!1XX0>@1304!!
-^U^!!!81@`>59!92/CX!!
! F/A!1XX0>@1304!!
-^U+!!!%5=>2/5L45A10!Y1c126?!!
! F/A!@01??>V>46!1?!1!S12>54!8/00CA15AU!!
-^UJ!!"X4@>10!X24@1CA>/5?!V/2!C?42!!
! F/A!`5/d5!!
-^UH!!!&215?X/2A!>5!3C0`!1@@/26>59!A/!#554W!PP!/V!S12X/0!156!AY4!PRB!B/64!!
! PA!>?!5/A!15A>@>X1A46!AY1A!AY>?!X2/6C@A!d>00!34!A215?X/2A46!>5!3C0`!>5!1!=4??40!>5!

1@@/2615@4!d>AY!AY4!PRB!B/64U!
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"%B&PQF!-+:!<%TN[#&Q<'!PF$Q<S#&PQF!!

!
-+U-!!"1V4AMK!Y410AY!156!45=>2/5L45A10!249C01A>/5?I049>?01A>/5!?X4@>V>@!V/2!AY4!?C3?A15@4!/2!L>WAC24!!
N5>A46!O>596/L!<49C01A>/5?!!,!!#CAY/2>?1A>/5?!156I/2!<4?A2>@A>/5?!Q5!N?4!!
NO!<%#B)!B156>61A4![>?A!/V!"C3?A15@4?!
/V!i42M!)>9Y!B/5@425!V/2!#CAY/2>?1A>/5!!
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