T

;[\ e3e*' <4p$6T (0T Docket 2000-044A BATTERY SEPARATOR Rel gt ed
Appl i cation Thi i 0N is a continuati,on-in-part of co-pending
application Ser‘ﬂlﬁmmwﬂlmlﬁm, 500 filed July 11, 2000. Fielld of the

I nvention - Th is related to a battery separatorf having

i nproved strength pr®PErti es and the nethod for making sanme. |Background of
the Invention | In U S Patent Application Serial No. 09/484, 14 filed I
January 18, 2000 (incorporated herein by reference); a batterly separator
made by a " doldkgps@8CBbubbtR" technique is disclosed. "Collapged bubble"
technique refers to a variation of the knowmn blown fil m extriusion
technique for making filnms. In blow filmextrusion, polyner |is extruded

t hrough an anﬂmmﬁmmmmmmmm forma " RAJIIERY' SERARBTM| e i s coolled and
col | apsed, b sed bubbl e does not pernmanently adhgre to itself.
See: Berins, M L.wxsols6k , Pl astics Ruliawer hpglibaadbook, 5 h Edition, Chaprman
& Hall, New York, NY (1991) pp. 102-105, incorporated herein |by

reference. |In thehieokbppsest inbhile'a ttenhthqaei omhien dahe lfbkbepesding
col |l apsed onto itself, it is designed to permanently adhere tio itself. In
t he forementigpnedagpphi saiion,Nd hessinyded polyderully Rage 2boo. is a
co-extruded polymer, i.e. two distinct polynmers formng two distinct

| ayers. Celgard 2402 and 2502 flat sheet menbranes ark pre existing
products nmade by a "coll apsed bubbl e" techni que. The rel evant; properties of
t hese nenbranes are set out in Tabkeg2obetww rdseingand 2400, %500, and 849
flat sheet nenbranes are pre-existing products nade by a blown film

extrusion techni aygs Theehel&yad HNQRRLt k8SaOhat Jeydy-ageshatenget out
in Tables 1 and 2. Celgard 2400 and 2500 are related to Cel gard 2402 and

2502 in that; i@t tekeh¥n REQPBIGHS A @neothaps@cthdbte meaihgntsnef the
former products and are twice as thick as the former two products. In U S
Patent No. 5,565,281, there is disclosed a bilayer battery separator, one

| ayer has strength capabilities and the other |ayer has shutdown
capabilities. The two independentld-JIBRE JraYGESTRSELsded tagether. In
U.S. Patent No. 5,667,911, a grUséﬁbrrgd—barrghvﬁﬁﬂnﬂ?nor i 9 disclosed. In
this separator, yji gx%él bycOfd o, 8d Jldiies ke honded doaethay,seiibat they
are angul arly bi ase i.e., an angle of between 20 and 90 betjween the

uni axi ak OrijﬁH&yQyOQBQf2@§§h(£ﬂ&@rporated herein by reference)j a battery

separator made by a "collapsed bubble" technique is:disclosed.

"Collapsed bubble" technique refers to a variation %f the known
blown film extrusion technique for making films. I+ blown film
extrusion, polymer is extruded through an annular die to form a
"bubble," the bubble is cooled and collapsed, but tﬁe collapsed

bubble does not permanently adhere to itself. See:|Berins, M.

|
|
i
L., Ed., Plastics Engineering Handbook, 5% Edition,| Chapman &

t
Hall, New York, NY (1991) pp. 102-105, incorporated|herein by

|
reference. In the "collapsed bubble" technique, whén the bubble

is collapsed onto itself, it is designed to permanently adhere to

itself. 1In the forementioned application, the extrﬁded polymer
!
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Page 2 In U S. Patent No. 5,922,492, a conposite battery separator is

di scl osed. This separator joins together to different materials, a

m er opor ous nenbrane and a nonwoven fabric are joined by lamnation. In

U S. Patent No. 5,982,120, a trilayer battery separator having two strength
| ayers sandwi ching a shutdomn | ayer is disclosed. Sunmary of the Invention
The present invention is directed to a battery separator. The battery
separator conprises a mcroporous filmhaving a first portion and a second
portion. Theiia sto{extirudedi pobpmeied it.@ .t heosddsnihporidlgmerkheockandgheso a
strength greater than 5 g/in. The filmhas a thickness less than 1.7 mls,
a Gurley of destsirtdmanay@rsec/ 10 cc, and a puncture strength of greater than
400 g/m|. Description of the Invention The present invention provides a

m croporous battery separator having two portions bonded together. Each
portion consists of a non-coextruded |ayer and is nade of the sane

mat erial . To 9Dt &l 4660 ofsclAGHUS £0 5 NI RS BE- UL of A Separat or,

that is single nulti separ at or a gl ven thickness i'nst ant

i nvention bongds %ggfég%au%gg éage tiqng th rbugb qg g ﬁgg?; to

have t he sane t SS O prlor separa or

invention is, {g&gﬁ?' QO%WEEE%S & &L la %gngﬁpgégﬁgﬁphnlqéHdTapfe 2

blown film teée nique-in a single noltenp
polymers) is_extruded_thrq ﬁgh an annul ar dje, the bubble which issues from

the di e has ¥4 st G5oPEFER 448%a 42 ndortitosk Lk athePortamranesr ésent i ng
roughly one-half of the circunference of the bubble), and then the bubble

i s col | apsedPhtsiistdapf PaRduBbhdEHepPYoR béOWﬁcftkMNexﬁmmswan|bﬁchnlque
(preferably by annealing and stretching). Wien the bubble issues fromthe
die, it is sUbstzRHEvARLyPopPPent P iof thesaavanbhranks ectd st Phusinwhenléhe
bubbl e is coll apsed onto itself and bonded, the first portion and the
second portibmratr €.or Ceﬁugedd@)nzsm@samhtziSa)lol wricheesat®d oi ¢ erdlicird@Earguloar

bi as between oriented portions being less than 15), i.e., wthout

si gni fi cant anyusaz hhashbet veenddrerf kst pposhion anrd doheapasangdupsrd i on
(such as disclosed in U S. Patent No. 5,667,911). Collapsing and bondi ng

are perf or neghiinrithe cfaBRe St &ndy palddowkBgahBea @ thae @ REAERK ML t €5
pol ymer of the bubble to knit together. By collapsing the bubble onto

itsel f and bfmehidig ts@nprotinéteased puncture strength is obtained at
t hi cknesses which are equivalent to prior art separators.
In U.S. Patent No. 5,565,281, there is disclosed a bilayer
battery separator, one layer has strength capabilities and the

other layer has shutdown capabilities. The two independently

made layers are bonded together.

In U.S. Patent No. 5,667,911, a cross-plied batkery
separator is disclosed. 1In this separator, uniaxiafly oriented
plies are bonded together so that they are angularlg biased
(i.e., an angle of between 20° and 90° between the uniaxial

orientation of each ply).
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By the foregoing technique, the first portion and the second portion, which
when bonded provide the precursor for the mcropore formation process (e.

g. "an anneal and stretch operation), are made of the same naterial.
Materials are generally pol yolefins, preferably polyethylene or

pol.ypr opyl ene, Page 4 copol yners thereof, and m xtures thereof, and nost
preferably pol yet hyl ene and pol ypropyl ene. The ultimate separator produced
after annealing and stretching is a mcroporous film M croporous, as is
used herein, refépsUtd. fRatranthdlp.nG . 82pot92i ty admdeesiset bant60y pessenit and
an average pore size between 0.005 - 10 microns. Preferably, the filmhas a
porosity of 180disgboped certhiandeparaterageiporteogitie ot 030t ferdntri crons,
and nost preferably a porosity of 30 50 percent and an average pore size of
0.5 - 2 mcretsriThe, separataporoas aetmhiskaessi of deseviehafadr7c d4s, and
preferably a thickness in the range of 0.5 - 1.5 mls. The separator has a
Gurl ey, whi ghhinsdnkepslaneichdni ASTM D726 using 10 cc of air at 12.2 inches of
wat er, of less than 50 sec/10 cc. Preferably, the GQurley is |less than 45
seC/ 10 cc, arid nost preferred, |less than 35 sec/10 cc. The separator has a
puncture strength, which is determ ned by averagi ng 10 nmeasurenents across

the width of therhima. manduet Nesi Bgogz Mi®ch Shavens LERALext %&%‘ yzer
and a needle with a 1.65 nmdianmeter and a 0.5 mnrga%fus recﬁgﬁ% ata at

a rate of 2hawisgCtwé tdrienBn TuFeaBDYawlcrield &Ckhap8lnm 6180, great er
than 400 grans per ml. Page 5 As nentioned above, the filmis made by a

col | apsed babhbteoctéeghni que using a Celgard type process (extrude, anneal,

stretch). Further details are set for in the exanples given below. In Table
|, commercially avail able Cel gard product 849 is conpared to the invention.
All products were nmade by the sane process, except that the line speed was

increased for the inventive exagmrlmea%;ggft bat EH@eﬁ%i Einess coul d be

mat ched. TABLE | examle id #849e ' EHDPEr oduct fil nme-sin
lee/ ael ael athigknassdiil 1ndln22dn 231 AR sS@E/ 1066, ALLPE:R1312333- 34th
/m | uncture stren380- 400450440-4 60460- 48 O EeBliy Gephetads:

The battery separator comprises a microporous film having a first
portion and a second portion. The first portion is bonded to the
second portion. The bond has a strength greater than 5 g/in.

The film has a thickness less than 1.7 mils, a Gurley of less
than 50 sec/10 cc, and a puncture strength of greater than 400

g/mil.

Description of the Invention

The present invention provides a microporous battery
separator having two portions bonded tégether. Each portion
consists of a non-coextruded layer and is made of the same
material. To obtain greater puncture strength over the prior art
separator, that is single multilayer separator of a given

thickness, the instant invention bonds together the two portions

that are sized, when combined, to have the same thickness of a
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adhesion (g/inch)_r ~42 ~ 46 ~_ _ 51 In Table Il, comrercially avail able
Cel gard products 2400, 2402, 2S00, and 2502 are conpared to the invention.
All products were made by substantially the same process, except that the
| i ne speed was increased for the inventive exanples so that the thickness
coul d be matched. Page 6 TABLE Il exanple id # resi n2400 PP2402 PP2500
PP2502 PPppl PPpp2 PPpp3 PPpp4 PPproduct

fil mpp-singl epp/ pppp-si ngl epp/ pppp/ pppp/ pppp!/ pppp/ ppt hi ckness (m ) 121211

gurl ey (segri@ccaatr}eRdrPr0- Jhe7inotddt 23vERt2’dn21s25pr 682134100, B&de

puncture strength (g/ml) 400-450 350-390
by a collapsed bubble technique; i.e. a blown film technique in
which a single molten polymer (or blend of polymers) is extruded
through an annular die, the bubble which issues from the die has
a first portion and a second portion (each portion representing
roughly one-half of the circumference of the bubble), and then
the bubble is collapsed onto itself and bonded prior to micropore
formation (preferably by annealing and stretching). When the
bubble issues from the die, it is substantially oriented in the
machine direction. Thus, when the bubble is collapsed onto
itself and bonded, the first portion and the second porticn are
oriented in substantially the same direction (angular bias
between oriented portions being less than 15°), i.e., without
significant angular bias between the first portion and the second
portion (such as disclosed in U.S. Patent No. 5,667,911).
Collapsing and bonding are performed in the same step by allowing
the molten (or near molten) polymer of the bubble to knit
together. By collapsing the bubble onto itself and bonding same,

increased puncture strength is obtained at thicknesses which are

equivalent to prior art separators.

By the foregoing technique, the first portion and the second
portion, which when bonded provide the precursor for the
micropore formation process (e.g. an anneal and stretch
operation), are made of the same material. Materials are

generally polyolefins, preferably polyethylene or polypropylene,
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300- 350 250- 300 490-540 540-590- 470-5209-12 530-580adhesi on

(g/ i nch)n/anl a5>20>20>20>20 The present invention may be enbodied in other
forms wi thout departing fromthe spirit and the essential attributes

t hereof, and, accordingly, ?ef erence shoul d be made to the appended cl ai ns,
rat.her than to the foregoing specification, as indicated the scope of the
i nvention. Page 7 IN THE CLAIMS: 1. A battery separator conprising: a

m croporous f| i a first _non-coextruded portion, and a second

non- coext r ugfghbi%‘g%% (I}%l,eléea?% fai“%sf“lﬁBF’f?%nt}b%’fer@frb@@@ea‘oﬁé Bué fessriond
portion, sai glbogﬁl avin strength_greater than 5 g/in, and said first
portion and®sard $&cdHd %bcftﬁoc}ﬁ(pﬁ P¥4eHade of the sanme material and being
oriented in substantially the sane direction; and said filmhaving a
thickness less than 1.5 mls a Gurley of |ess than 50 sec/10 cc, and . a
puncture strengt %of reater than 400 g/ml|. 2. The battery separator
according to O aff i SERPAARPE rRpRtwiss! faflterhavinagl angpoamsity | ess
t han 60% and_an gverage pore size between 0.005 - 10 microns. 3. The
battery sep8Fatriiditdrdiengicsorparns 2f ilver et cxabdrbitbm davi igicegpor osi ty
rangi ng frogn 20, - 600 and an average pore size ranging fromO0.01 - 5

m crons. The! battdef Ssépafalve hecordingorostrai of 31abertidh @i ¢ehickit
having a porosity ranging from 30 - 500 and an average pore size ranging
from 0. 05 -2Bd §hgeegagespoThesbat tlertyvesepar. a06r -atcondéfghd 0 Grifdrdp1 y
wherein said thickness ranges from0.5 - 1.5 mils. 6. The battery separat or
accordi ng tehTI il hagher ePnosatd @urdey e pgrbess shamnibQesGLLl0pEce 7.
The battery separator according to Claim1 wherein said Gurley being |ess
than 45 sec?d48r & 0.01 - 5 microns, and most preferably a porosity of 30 -

50 percent and an average pore size of 0.5 - 2 microns.

The separator has a thickness of less than 1.7 mils, and

preferably a thickness in the range of 0.5 - 1.5 mils.

The separator has a Gurley, which is measured by ASTM-D726

using 10 cc of air at 12.2 inches of water, of less than 50

sec/10 cc. Preferably, the Gurley is less than 45 sec/10 cc, and

most preferred, less than 35 sec/10 cc.

The separator has a puncture strength, which is determined
by averaging 10 measurements across the width of the final
product using a Mitech Stevens LFRA texture analyzer ard a needle
with a 1.65 mm diameter and a 0.5 mm radius recording data at a
rate of 2 mm/sec with a maximum amount of deflection of 6 mm,

greater than 400 grams per mil.

Page &



8. The battery separator according to Claim1 wherein said Gurley being

| ess than 35 sec/I Qcc. 9. The battery separator according to Caim1l

wherein said puncture strength being greater than 425 grans/ml. 10. The

battery separator according to aim1l wherein said material being a

polyolefin. 11. The battery separator according to Caim 10 wherein said

pol yol efin being selected fromthe group consisting of polyethylene,

pol ypr opyl ene, copolynmers thereof and m xtures thereof . 12. The battery

separ at or accor disn@ehoi€&hed mowhertien £$andi dongbies ivergtbl bepsed gnaadler

than 15 grans/inch. Page 9 13. The battery separator according to claim1

wherei n sait@chnfigliepPQEi hena arkl Baidd typeopdopesd | pktheidey henexd, from a

col I apsed bubble. Fage 10 .Aay.AS _. Ar. Al. AY. Al @Q. A ASSf % ASL. Al'" (<] I B g

KMUg} zupj e dr¥keeahgal caleahd€alanliaal aakcakeatsal G2l @ahﬁ,lail@@] gataa] ca] ca]

c”a]ca] ca] ca]ca]ca]ca]c”talcalc<alcalcTaljc allm"cpgl i

| } xsni d_Z] ealiea].ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca

]cal ca]calcalca]calcalcalcalcalcajcalT U vy

>?1"}xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca

] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal " | EF@s

F(\t}xsni d_z] calga aa]ga] ar]&a]e%]l%a 9aL9§19§1lPé]c{aW]f%&}lf}3ﬁlr8&&8@]§ caj ca
ca t u@XYwx{ !

] ca] ca] ca] ca] ca] ca] ca] ca cal ca] ca] ca! xsni d_Z] ca] ca]ca] ca

] ca] ca] ca] calcaleal cal ﬁi C?A&él«{a%ca] S&lhca}&@&&@s] GRieahaak oy calealqal cal ca

] ca] ca] ca] ca caI r % &* 14\

SRARE
] c\a] ca] ca] a] Ca\]gr i ?%QAIZA &3l &l L&é‘]&a Cg}&%a%@hcﬁﬁcél&a] ca] ca] ca
R' S #Hit

i Ju E %gﬁﬁggzggwca%%wﬂaﬁlca talca cajl]dcafcaTcat]ca] ca] ca] ca]

ca] ca] ca] ca] ca]ca]ca]ca]ca]ca]ca]calcalcalcajcal ' L(MR((() )I)y))))**&
&k&&&&&
R "}xsnid_Z]c]]ca] ca]ca]cal ca%r %‘ a.%ca] caj ca] ca] ca] ca] ca] ca] ca] ca]
caJca

cal ca] ca] ca] ca] ca] ca] ca] ca]ca]ca] ca]ca ca' <a?!
example id # 849 pe1 pe2 pe3
resin HDPE HDPE | HDPE | HDPE
product film pe-single | pe/pe | pelpe | pelpe
thickness (mil) 1.1 1.22 1.23 1.23
gurley (sec/10cc air) 36-51 21 23 33-34
puncture strength (g/mil) 380-400 450 [440-460)|460-480
adhesion (g/inch) 42 46 51

In Table II, commercially available Celgard products 2400,
2402, 2500, and 2502 are compared to the invention. All products
were made by substantially the same process, except that the line
speed was increased for the inventive examples so that the

thickness could be matched.
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W\& ()- ! 0TT& () - 109 ()- ,10% & () - 310%Gm | o
ég'/&(;i&Yﬁ/l)lo%S@?()l?sBang(g@% 1090/& 8 | KO@F10%: () -! @10% , & ()-N. 10% & () -
| @ 109%K& ()- | @ 109%0& ()- XUM?" @FL'10% & ()-:!] @F1" 10%& ()-: @
10% & ()- @®-!110% & ()-0@ '10% & ()-! 0@a¥! 10%x& ()-) ~-@3 10%: ()--3
TL09& ()- 4710 ()- 10\ 10\ 10\93=10% & ()-! @1"109% ()-:)"cl | -
dE-_@ & 109 ()- 9A0% ()-f 109& ()-y " 100 ()-f!109%: ()-y' | 10% ()- |aB7@
10=8109% ()-S 7 109 ()-5GLO%: () - S3109& ()-10S.!10%& ()- ' S*10%& ()-TU nK@
101 9110% " & ()-, 10% & ()-, 10% & () - @1EPRE(FT  10% & ()- 10 10U ° 'y
S}A?K@ 10 ' 1 1096 & () -1 X 3394 09 () -1 X33%4 0% ()- S10% & () -

10% & () - |SEE P —1006 & $490- 1 3409 & @500, 4250994 ~ &1 ) - '3%105?'%39 :&. Pp4-

109% & () - EL10% & () - FEnN/ 91 Fhogre A - 31 @& (AP, [ V& (PR &3 RBUZE k)

1 109Z& () - raqqugﬂkm ()- Pp-single| pp/pp |pp-single] pp/pp | ppipp | ppipp | pPipp PP/pp
thickness (mil) 1 2 1 2 1 1 0.68 0.65
gurley (sec/10cc air) 23-29 | 40-90 | 7-10 14-26 | 19-23 | 21-25 | 8-10 9-12
punclure strength (g/mil) | 400-450 | 350-390 | 300-350 | 250-300 | 490-540 | 540-590 |470-520 530-580
adhesion (g/inch) n/a n/a 5 >20 >20 >20 >20

The present invention may be embodied in other forms without
departing from the spirit and the essential attributes thereof,
and, accordingly, reference should be made to the appended
claims, rather than to the foregoing specification, as indicated

the scope of the invention.
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10° 10" F@JEnV 9! 109@29* 7" 109&& () - F" 109&Z& () - @ML0%Z& () - 9! 109@& () - Fz

1092& () - @ 1092& ()-2s FAEMNV 9! 109&f SMLOYZ& () - L6S109Z& () - FA109&Z& () - |
@109Z& ()-3.t10%& ()-@ "109& ()-(\bCo! 10% 10%& () - GLO% ()- @

109%&' ()-Z 10Z 10Z

10Z=10%¢& () -1 :!109%&& () - \@dEbcgI 109% " 109& () - Z9409%& () - 3Y #

109& ()-3109& ()- | ' 109%& ()-F'109%& ()- @\ w-xmbC9! 10% @ 109&Z& ()- 10 10
10, F=109& ()- Y/ "109%& () - &

-310% () - ) 1PYR' ((I)A:[w:%iErrbCQ! 109%6109@& ()-f:!109@& () -

sL109Z& ()-f&10%Z& ()-L 109%Z& ()-F 109%&Z& ()- % : >ADGIEnbCY! 1097 L109&Z& () - ni

L10%Z& () - Ml L1PY&Z& )ba@gelr 0%@ £2e8 comprising:
L109Z& () - nBL09%Z& () - GANSX] Cor 10T LTOW& C)- (T L109%&Z& () -

L109&& ()-m( T L10%& () bcox} ~ @bCo! 10T 1 ooea T
L1078 8$T L 10008 810%$°E%g§/§§1%‘§ ﬂr?(Tr{I;ZJ(log/ég() m 2 (-

a first non-coextruded portion, and

a second non—coextruded‘portion, said first
portion being bonded to said second portion, said bond having a
strength greater than 5 g/in, and said first portion and said
second portion being made of the same material and being oriented
in substantially the same direction; and

said f£ilm having
a thickness less than 1.5 mils
a Gurley of less than 50 sec/10 cc, and

a puncture strength of greater than 400 g/mil.

2. The battery separator according to Claim 1 wherein said
microporous film having a porosity less than 60% and an average
pore size between 0.005 - 10 microns.

3. The battery separator according to Claim 2 wherein said
film having a porosity ranging from 20 - 60% and an average pore

size ranging from 0.01 - 5 microns.
1
4. The battery separator according to Claim 3 wherein said

film having a porosity ranging from 30 - 50% and an average pore

size ranging from 0.05 - 2.
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m(~_@bhC9! 10T L109%Z&' ()-m(T L109%Z& ()-m(T L109%Z& ()-m(T L109%Z& ()-m(T
L109Z& ()-m? m(~_@bCo! 10T L109&Z& ()-m(T L109&Z& ()-m(T L109&Z& ()-m(T
L109&& ()-m(T L109%Z& ()-m? m(~_@bC9! 10T L109%&Z& ()-m(T L109%&Z& ()-m(T
L109Z& ()-m(T L109%&Z& ()-m( T L10%&Z& ()-m ? m(Z@bhC9! 10T L109%&Z& ()-m? m(T
L109%&&' ()-nT L109%Z& ()-m T L109&Z&' () - nmil L109%&Z&' () - mb&+eFnbC9! 10T T
L109&& () - mil L109&Z& ()-mT L109&Z& ()-nmT L109&Z& ()-m T L109&Z& () - mmil

L10%Z& () - m+-/ 2340y ?nbCO!'10 '"10%"& ()-(T L10%& ()-m?

5. The battery separator according to Claim 1 wherein

thickness ranges from 0.5 - 1.5 mils.

6. The battery separator according to Claim

Gurley being less than 50 sec/10 cc.

7. The battery separator according to Claim

Gurley being less than 45 sec/10 cc.

8. The battery separator according to Claim

Gurley being less than 35 sec/l0cc.

9. The battery separator according to Claim

puncture strength being greater than 425 grams/mil.

10. The battery separator according to Claim

material being a polyolefin.

11. The battery separator according to Claim 10 wherein

1

wherein

wherein

wherein

wherein

wherein

said polyolefin being selected from the group consisting of

polyethylene, polypropylene, copolymers thereof and mixtures

thereof.

said

said

said

said

said

said

12. The battery separator according to Claim 1 wherein said

bond strength being greater than 15 grams/inch.
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m T L10%Z& ()-m T L109%Z& () - mmil L109%Z& () - mo- | PQRS| [ NA410r " 10r " 10r " (
=109%"& ()- /@O0%"& ()- -10%"& ()- +"10%"& ()--

)" 10% " & ()-S\iotw ?NA4LOr"#10% " & ()-#10% " & () - #10% " & () - #10% " & () - #10
%" & ()- .

SF10% " & ()-| _?NA410r"#10% " & ()-#10% " & ()-#10% " & ()-#10% " & () - #10% " & (
)-#10% " & ()- _?NA410r"#10% " & ()-#10%"& ()-#10%"& ()-#10%"& ()-#10% " & (
) - #10% " & () - aA?NA4L10r "#10% " &' () - #10% " & () - #10% " & () - Ao9N##10% " & () - _?N

AA10r " #10% " & (93 #10Me &t %‘ER&réQof‘ﬂa(E@ox‘%ﬁ)g %éoc’fiai‘fm (2 Q% & sbh g
bB?NA4LOr " #10% " & () - #10% " & 0% " & ()- #1006 '

g%\'A09’\##19%§§51&8fﬁ309§’/%{}& (s)alh#%QJESn& garﬁﬂo%"/%e&ng) fgiHQe/é f?foﬂw) () 706

| LOo#10% "&Q#g@%«%g&)e-_#lo% "& ()-#10%"& ()-#10%"& ()-#10% " & ()-#10%

"& ()-7 < = J
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