10

15

20

25

30

35

Al'l oyed zinc powders for alkaline batteries wth
particles pierced with at | east one hole The invention

WO edoatizzs28 0 al | oyed zi nc powders, a key conponBCI/EPIN6/003657

t he manufacture of the anode of al kaline batteries.
Battery manufacturers are confronted with the well
known probl em of the formati on and accunul ati on of

hyﬁmgea Ads YWildBird ddiCaDahilifl Yoat Wiy Lsuf dds€L1QY pierced
t he corrositon of the zlpc powder Dy fhe al kKal'T ne

el ectrol yte. Generat |-é’-ﬁ£@?—§%%4—r—°r€~%e’—b‘?§§s the internal
pressure in the cell. Safety systens are provided to
prevent the explosion of the battery, but the risk of
dasrdigEeniieont seEteet oyt evqdeakny @OMERHEI N3 . ke@aseTHG SRRy OF
@8€ Ulanhefafeec use taé dridae bart bekyink. Batt@duiéng its shel f
life; it typically also occurs after parti al

di scharge, a phenonenon further on referred to as "PD
gastdrirgmanuFhec apacitey cofifnbad tvary depeads kabwd heoblem of

%anflyrlmlag%nogné rL%c dﬂ%t?&%"‘%?r h;&og%%%a%t Slé‘flgct}lz Ig%ttery,

and el ectrons accor
(”!L)Ch HeWeArsed tPﬁéqféaﬁltqnoﬁf e g §°H‘é9pﬂ ét’e‘d“% ﬁlti-\l“e
el@d‘trlowteé/ecsméﬂaemem b& insrédvddcedh lhe@.d'iaﬂlgplf@shh@ in the

Qrf . %i %attl g stemsZQJ.Qe gvrilo]%]hqeedsyg %9@&“ h exﬁ)(]jgglon of the

par i es, SS|vat|n elr su ace. resul
P33ttt ?}ﬁrtth%frltsheofrr@?awq dugitec ehpTirohpte Beakage femams
ayadinabh®, foekus hﬁf&fsﬁﬁh&é oehent ealcteAC]. ON dut)ng its shelf

reby lini cti N It
;Lr acti gntyéjflcgip ?ﬁeor et %sélaf¥g %%trhr{n s‘ﬁ%ﬁ?ﬁ meno%hé?omenon
passieFah Gﬁfeélfﬂﬂ' §omf nFY wEsyh di scharge rates,
i.e. when the zinc particles release a high flux of

zinc ions, while only a limted anmount of hydroxide
iTOﬂscaipscmbablfaEblbetattryt Hepergigcon dhescdredilitSepéridle zinc

BBIEN S0 MEDa@S UK 6.0R8%a 101 e &r3h N QRQuHgRo dr ai n
Zn + 2(0OH) - Zn(OH), + 2e” (1).

However, if the reaction medium is depleted in OH", an irreversible
reaction is induced, leading to the precipitation of ZnO on the
surface of the zinc particles, passivating their surface. The end
result is that part of the metallic zinc will not be available for
the electrochemical reaction (1), thereby limiting the effective
battery capacity to a fraction of its theoretical value. This
phenomenon of passivation occurs mainly at high discharge rates, i.e.
when the zinc particles release a high flux of zinc ions, while only
a limited amount of hydroxide ions is available at the reaction

sites.

Several patents, such as US 6,284,410, claim good high drain
discharge performances by using a fine zinc powder, as such, or in a
blend with a coarse zinc powder. The high specific surface of the
fine powder tends to enhance high drain discharge, but it
unfortunately also limits the shelf life and increases the PD

gassing.
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di scharge performances by using a fine zinc powder, as
such, or in a blend with a coarse zinc powder. The

whegh/1sppexi fic surface of the fine powder tendBCT/BP2006/003657

enhance high drain discharge, but it unfortunately
also limts the shelf life anq i ncreases the PD
gassi ng. The use of large flaky particles also tends to

iAPrQve-f her égﬁadwar}é@ié@ GesANdntihe oshRtkve the high drain
resi stance o he al kaline battery, as nmentioned in US

62002563y tep h%}“§ hapesS  #19¢e °§ ptH‘ér eLali 88 RS BEY ard
stnt@irdsd wer @S sé,WdkeBd.noYie 2004731 2886 sphnfesr, t teratdebys and

tLhesgisshanes  giqat by vdon%@@/%?zé&e 9§%or\éh§§9§' { YendtBi Glhpes
| eads to processing obl e urlng he manufacture of
S

Batiteri SRCTPBW [GAs ST dlsﬁ‘tﬁ)‘tﬁypr”ﬁ’éé L& 1 F2 PraRe High
grableme apain i the hhusfacreat efcionftkrtdd.ng demands. |t
is the aimof the present invention to solve this
conflict. To this end, a new alloyed zinc powder for -

@%J«?Jaisetendoatgbﬁa :p@scmmﬁt@gammgﬁlce&l@i C%rpﬁsgll\#iyt Bnus

at |eas e hol e i

ShE S fqll(:t]orfq diﬁ%/mgy codit %he i e°f§|t¥é\e/| RiGSFPactigR-ton to
260ve @hili&onﬁil,ctand 3% by count |n t he sieving

fraction 150 to 250 mm; and 2% by count in the

sieving fraction 105 to 150 mmis presented. The zinc

abl oy spevglen new theowidewimy pbraot ifon 2%6011e #26tantes

g%,ggﬁo?% Yot OBl 58§e&@?tv'u°c'he§t H'egégeoq,e"‘%éﬂ 8h 1 £88bunt of

e i'n an anount of nore than 20% by count, nore
PPET &habi iBPe CRaM 3996 by e otftt Pya‘fﬂﬂmétﬂ [thRptigving
peefeablso ab 42sash; 3% by byousine amctheverbvahglﬁﬁa&tlon 150

% o] T e. I I
S Al 2 PR AON OIR PRALERES OB 88 om s
pegterhedr dher e 8ol Potﬁ’eér é%o“‘ﬁa?%?"dl“ésfr.aclth‘”a M8ree 425

sﬂegﬁd'effieﬁake@bedﬁpmaés daltei gaadpferceapritsest QrasOrondDh@le in
?e%era th o ﬁ oy and gl udual Um.gs Ald:eviNg SLAMRALS 308 by
count, and Stlll more preferably at least 31% by count, and even at
least 36% by count. The above mentioned 'particles pierced with at
least one hole' will in the remainder of the text be referred to as

'pierced particles’.

In a more specific embodiment, the powder comprises one or more of
bismuth, indium and aluminium as alloying elements. Preferably, the
alloy consists of either of: 0.001 - 0.05% by weight aluminium and
0.001 - 2% indium; 0.002 - 0.2% by weight bismuth and 0.001 - 2%
indium; 0.002 - 0.2% by weight bismuth, 0.001 -~ 2% indium and 0.001 -
0.05% aluminium; and 0.002 - 0.2% by weight bismuth; and, optionally,
up to 0.5% by weight of either one or both of lead and calcium, the
remainder being zinc. Furthermore, a zinc powder consisting of 0.005
- 0.05% by weight Pb, the remainder being zinc, is also suitable.
Said zinc may, as a matter of fact, also contain unavoidable
impurities, such as those allowed in so-called Special High Grade

(SHG) zinc.
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all oy consists of either of: 0.001 - 0.05% by wei ght
al um niumand 0.001 - 2% i ndium 0.002 - 0.2% by

wawedoghe2eRs smut h and 0. 001 - 2% i ndi um 0. 002 -POI/EP20by003657

wei ght bisnuth, 0.001 - 2% i ndiumand 0.001 - 0.05%
alum nium and 0.002 - 0.2% by, wei ght bi snuth; and,
optionally, up to 0.5% by wei ght of either one or both

af J ead.And LRl LM, thEs reRhader cb,eeerfgszamlme batteries
Furthernore, a zinc powder consi sting of 0.005 0. 05%

B9 RAe SR Bhaliqyed, e ROt hBF G U2 FhEL FRYAPSs 6‘ the above
suiteabbhe. Said zinc may, as a matter of fact, also
contai n unavoi dable inpurities, such as those all owed
in so-called Special H gh Gade (SHG zinc.As a
ﬁ\umﬁar z {0 pdhdERt suithbse | fO¢eALHQANE meéﬂfesahkﬁlﬂenproduced
BYL VLR GIMRIAS LR, B0 A, UL 0E DNBSLL AL UMD ermn
ém‘zttlaiblzew dr kdidekli prurigdt ereoi esticin lbvetapitmlu@eddlby in a
%@@Eercitflb@%xy@&%e%@&ﬂéﬁnaér%})heﬁe prras:@s;ﬁoa@sssc&w@ctsi fn the

C‘%1%5464 | qui fl i nc sr Q%rgd anto a ...
Blr% SCUEBT at gasrsaﬁl dly PR pi ot ec PRASSRY FRRE GepPaE &if s
aterospherte. tlThff S npeOCiess xfesalmweWﬁrtmemwuemmlothe
gké@%la@@&n ?%nf’%’?@@é Sto E?Eengmawyengf PiegkCethrPaiddcC! 88q

0 is inven ver. .necessar

Po SO 0 s e CHIPSETIGR B (HSSPHEFE 10 5"t BHIorat dretate by
beskyinbhafert:0 HE coahidgpereftdrabiteradl aaf ésrpdr dheiragonfsation

Leset-Nathvh802Qbus1 Jiche cmmbeatci%ael%e@@w@éungn far ced
air cooling on the external wall sat.i on

ehBBar-e é?ﬁ 4§edtisiy, C?%@“St"oﬁ#%iﬁ |t6’ﬁ“as% ér‘f"&"f‘%ﬁd and
npraprafaedphere thayithgnatt dxygenmeont ent of | ess than
8% by vol une, and nore preferably of nore than 4% by
volunme. Pierced particles allow for the use of coarser
[Bﬁ)&\ﬂﬁlaSththéﬁ esal fogi tige be d¥ ghatieai powrpaciityioot

%)Ergalggg. e Mhl Sr?fne%gﬁé/Ang épghérbegttehlzf %l!.é 'Brteéglgvmg
aSSIn and ensuri ng processi ng
the shelf life, llmltlng the PD ga551ng, and ensuring good processing

capabilities. Conversely, pierced particles enhance the high drain
behaviour compared to classical powders with the same particle size

distribution.

Hydroxide ions are produced at the cathode of the alkaline battery

according to the reaction:
MnO, + H,O + e~ - MnOOH + OH".

As explained above, these hydroxide ions are needed at the zinc at
the anode, to avoid the passivating the surface of the zinc
particles. It is assumed that pierced particles improve the diffusion
of the hydroxide ion from cathode to anode, enhancing the so-called
chemical homogeneity of the alkaline battery. This important property
can be evaluated by a fast paced intermittent discharge test, where
the battery can rest and homogenise for only a short period of time

between high current discharge bursts.
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capabilities. Conversely, pierced particles enhance
t he high drain behaviour conpared to classical powders

wowaok/123ee8 same particle size distribution. HydPOREP®06/003657

ions are produced at the cathode of the al kaline
battery according to the react4i on:. M2 + H20 + e
MOOH + OH . As expl ai ned above, these hydroxi de ions

3L Er g ml@&e; Q%namqe@gcttelaea@m@@méoobQV&I@& h«ﬁsual
passi vat i t he surface of the zing¢ partjcles.

Séﬁﬂﬁ‘édl‘f‘h AT & B PEPPTcI%8sPY MY Fﬂ%peduaf‘?hyssieén“"e the
of.rad2é dysdeoxifdeccion Srorhe¢atdmode t o anode, enhancing
the so-called cheni cal honogeneity of the al kaline
battery. This inportant property can be evaluated by a
frastzipacsshdent & %Etﬁ%ndic&ﬁbaévgﬁ ptaesigleg\mreecédneqith at
atterx can rest, agrgerhqrm eni for onI
per iod of time hlg curren
EMP%Ctaé.lPNemedOSﬁaPW cfllé§ecaﬁillb’@ et ecst -efe aﬂ?wve@urhoéélow or

Ryp diieeCti girs UBIsneahs & vatb BR pustey gamlczwsgoamoﬁa Pdnc

%ﬁ der partlcle is

USI%G(% g‘ Sohr e atnal Xsernvlerllkleont, hw AléESA 9 XSt sents a
sK gicum'® TRE 21 e pOWdEr of PRe 9 ATRHISBR

Qhows:lpawthbebarpeemeer@ew atri¢aatFJlgelast3 ohevhdhe. pamécles of a

gensyiahl smﬁelﬂfgatlh@ a@ofﬂgs&‘pﬁQﬁierpaﬁﬁdl‘plzgné SolidiLakd Ynuch
a mcr os(io i C e &\%é Lcan ¢ r%edbe curved, hol |l ow

8P e T a&?galfree HPISRS d% UBI-Y< pi erced particle
of alloyed zinc powder accordlng to the invention,
whereas Figure 2 represents a particle with a large
PReftéd Bidadtigares SAtRS MY SpattlicPed: dfla AR
cLasisiycah wenbsdk ugedriyaat omogetk jpewder Poliroh PZédtion and

%BW D%pggl% %’Ch pB‘?r —rtlgur&ecl(;e%% §£§sst y@&@cﬁldl ylmt .refer to

pl erce tom sation, sonme authors, Iike
Abg PO?EF%leaﬁdlﬂtenCS °f Buﬁ‘?ﬂ"t%ﬁaHP“t hR 1BoRteRA oRiS REFBATY
af ofilat sof Ok Benderndrioduet |aoar<a;r1dt8proauytkﬁlepaauid oatal. The

QQCOéHéré togLQgé?qu[E t%gsfhrtg%ﬁ(gkgmlgég%%n J§3 g[sté}oplet by

air friction: the high relative velocity breaks up the droplet into

smaller particles. This phenomenon is illustrated in Figure 4, which
shows the liquid droplet break-up mechanism during secondary

atomisation.

The process of the invention consists in applying proper atomisation
conditions to freeze the zinc particles early during the secondary
atomisation step in order to obtain a substantial fraction of pierced

particles. This implies means to cool the atomisation atmosphere.

Example 1
Alloyed zinc powders were produced by centrifugal atomisation: liquid
zinc alloy at 480 °C was hereto poured onto a disk of 170 mm diameter

rotating at 13000 rpm in a protective, oxygen-depleted atmosphere.

Table 1 compares the percentage by count of pierced particles
observed in each sieving class in a classical CA zinc powder, i.e.
without temperature control, to a powder produced according to the

invention. Both powders were made using the same alloy consisting of
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t he possible existence of a atomi sation in two steps.
The primary atom sation is the formation of a droplet

wo eaiizdees | i qui d metal . The secondary at om sat POINEP206/003657

the further atomisation of this droplet by air
friction: the high relative velocity breaks up the
droplet into snaller particle Thi s phenonenon is

i lll’)US/Ilrtﬂt% EBm Fﬂnguﬁ@o %pm Iﬂhlagg ls(ﬁoiéﬁm tAhe lﬂcﬁw \gere atomised

dropl et brea mechani sm duri ng secondary
df‘o?ﬁ‘ %FPW”Th‘é"“ﬁFh’t’é@s"o‘fﬁt Re YHBatIfoR*tHiNsi 1% Stassical
apppyHdey y'sOpenuRicont SAi tibut 0ack ltingNishet ot énis@z Eort he
ZiNGs RRLL | Gle8d) 8A1! Yn AU LAG Lhe. Seeondarty . At.oR,8 atdookc,
step In order to obtain a substantial fraction of
prét tedPPRITET &SCOTHINY FApINces 1EAAS" (65 BBV TR Rgired with
atrope s aboDimgat apsphete@. IExanplead tAkt ayedzzneop@ndetsording
r d rj.f.u t t nc
RS RO e st BB A L4
r?mrﬁir%%ﬁét e PBTETUAGT a4 IBDTOF PR PheE "Sr BIXCE PR,
oxygen-depl et ed at nosphere. Table 1 conpares the
percentage by count of pierced particles observed in
dabke di:evigqnged| s iriesabgl| @gwt cedrsGA Fiewénpdwderion ie.Zn
Wolout tenperature control, to a powder produced
according to the invention. Both powders were nade
Isi ng the sane all oy @@quesltmrgtleﬁzfr rneowit B) 200 gpm
100 m, Bi__akre Both—were—atom-sed in
anrblgflrmsgﬁae?%mgo nt a.tﬁiaﬁﬁl @ir%% oy vol U 6F oxygen.
Tne cl a8V cal CA|powdepovggs manuf actanceddidia hout
ool i ng the atomi sation atnosphene, resinktisg in |an
hnhient tenperatiire of about 160|0C  whil st the
howd e 5at oPdi ng|to the Pnvention was matuf act ur gd
wthRhopescooti g, at 300 0C——tt—s cipgar—that| the
vi nc powder accofding to the pregent invention has a
ruch 1sogheroscount of pietced parficles, i5n partidqul ar
feving fractionst Table 1 - Pierged

harti ties E)?/ count versu$ sievi ng fracti dn in Zn

75 - 45 1 1

45 - 25 0 0

< 25 0 0
Example 2

Electrochemical cells containing a cathode, an anode and a separator,
as shown in Figure 5, were prepared using zinc powders atomised as in
Example 1. A can (10) contains the annular cathode mix (11),
essentially composed of MnO,, C and KOH. A separator paper (12)
prevents shortcuts between the cathode and the anode mix (13). The
current collector (14) allows collecting the electrons from the anode

mix. Such a cell corresponds to a classic LR-6 battery.

The alkaline batteries were tested in 2 high drain discharge tests:
- a 1 A continuous drainage test, with cut off at 1.0 V; and,

- a l A intermittent drainage test with 10 seconds of discharge

followed by 50 seconds of rest, with cut off at 0.9 V.
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powders Exanple 2 El ectrochem cal cells containing a
cat hode, an anode and a separator, as shown in Figure

wW® 20062628 pr epar ed using zi nc powders atom sedP@E@FEPI006/003657

Exanple 1 . A can (10) contains the annul ar cat hode
mx (11), essentially con‘pose% of M2, C and KOH A
separator paper (12) prevents shortcuts between the
cat hode and the anode m x (13). The current collector
(14) allows collecting the electrons fromthe anode
Fhg.toSathdizcbetde congsasporadited atcl¥sipeindRtBe classical CA
Bahd&r ¥s AheraldRrbl nerbahdgr igsramgeetested in 2 high
drai n discharge tests: - a 1 A continuous drai nage
test, with cut off at 1.0 V; and, - a 1 A
intermttent drainage test with 10 seconds of

di scharge foll owed by 50 seconds of rest, with cut off
at 0.9 V .The total discharge tines, normalised at
100% usi ng the cl assical CA powder as a reference, are

shoyvn i n T_abl e 2. Table 2 : I nfl uence of G2 content
GHFidNgG: a%omlsaéé QR @znc&rk&nel &rrqag @@intlisg&lemc&urtmei Pierced
SIeVI ratlon 425 - the h| h ran
EApEGS Ty barf t5eF Y &a er ct ?941. "e capgc YS’ his
@veimwep%l)tYpaf thacr@sw(so/z) (count %) 1 Ainterm ttent
—A \,u.t. AbeusT—4+H—+5—34% 1“2 102542167/ -1060-3 2513
110 10924 31 114 108°F %5 36 114 106 58589 f6P10EY
(volume %) particles (%)
(count %)
1 A intermittent 1 A continuous
1.75 11 102 100
2.5 12 107 100
3.25 13 110 102
4 31 114 104
4.75 36 114 106
5.5 38 115 105
6.25 40 117 108

Figure 6 represents the % of pierced particles as measured with the
ALPAGR®system versus the oxygen % in the protective atmosphere of the
atomisation chamber. The upper curve shows the number of pierced
particles in the 425 - 250 pm range, the lower curve shows the

overall percentage of pierced particles.

These experiments confirm that the presence of pierced particles
leads to very good results in high drain capacity, in comparison to a
classical CA powder made with the same alloy. An oxygen content of
more than 4% by volume is advantageous; it is however preferred to
remain below 8%, as gassing of the powders otherwise tends to

increase to an unacceptable level.
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6.25 40 117 108 Figure 6 represents the % of pierced
particles as neasured with the ALPAGA system versus

w0 b@soxasgen % in the protective at nosphere of PEEEP2006/003657

atom sation chanber. The upper curve shows the nunber

of pierced particles in the 425 - 250 mm range, the

| ower curve shows the overall ‘percentage of pierced
RakiiLl es. These experinents confirmthat the presence
Of prerced particles leads to very good results in

hi gh drain capacity, in conparison to a classical CA
powder made with the sane alloy. An oxygen content of
rmr;elltdyaa A¥cbyonsel ure h&@d\/@mﬁgeep@s cbhpﬁl&lh@wﬁ\fencles

gierdr ed tO r?er[aaéltn belg 8% n rr%asg ore ttl:lla ither one
ﬁbmd%rs ermnse tends O |ncrease 0 an Uﬂ&CCEﬁi BF

P@v@ﬁfcpélns 1 . Alloyed zinc powder for alkaline

batteries conprising particles pierced with at | east

onéo%é’lyec‘?wtah“ diSunteoPI ndret tran °8i thér> offe 8t nore
.~ .10% in . the_sievin ractj.qn 250 0 425

I SR bl th bl e i e P

259 co@d i t?né’ Qi’exﬁ%nha!cﬁ!l&h%%' gyiRg ffaction 105
to 150 mm . 2 . Alloyed zinc powder according to claim

1 , conpr|3|ng particles plerced with at | east one

SI eVI né/ Pz&%{c‘:m%onv}dﬁggac?:%g ergg (:210% Cclgylglgldsllgcrzjtng]aertlcles
poadead gedbrdi Frpstoord ke 2n, aemmrmslq{gmp%ﬁ tthep g% by count
Phefediwridy atadt@ast2sones holsephn an anmount of nore

than 30% by count in the sieving fraction 250 to 425

mm. 4 . Alloyed zinc powder according to claim3,

GOMPY1ioSE A% iRRT Sdule®Sa RIcSAERA Wi 1 idt 2| €R8br QRGN @1 LTk
an amount of at |east 31% by count, and preferab

of
&t oT S5t Bo o bjPB6unt® AL HE 8f e%ﬂoﬁat fcffaﬁ??eor‘fhi’s 0% by count

in the sieving fraction 250 to 425 pum.

4. Alloyed zinc powder according to claim 3, comprising particles
pierced with at least one hole in an amount of at least 31% by count,
and preferably of at least 36% by count in the sieving fraction 250

to 425 pm.

5. Alloyed zinc powder according to anyone of claims 1 to 4,
comprising one or more of bismuth, indium and aluminium as alloying

elements.

6. Alloyed zinc powder according to claim 5, comprising either of:
- 0.001 - 0.05% by weight aluminium and 0.001 - 2% indium;
- 0.002 - 0.2% by weight bismuth and 0.001 - 2% indium;

- 0.002 - 0.2% by weight bismuth, 0.001 - 2% indium and 0.001 - 0.05%

aluminium; and
- 0.002 - 0.2% by weight bismuth;

and, optionally, up to 0.5% by weight of either one or both of lead

and calcium, the remainder being zinc.



to 425 mm . 5 . Alloyed zinc powder according to
anyone of clains 1 to 4 , conprising one or nore of
whe®antis?2s i ndi um and al um ni um as al | oyi ng el ePENEB2006003657
Al'l oyed zinc powder according to claim5 ,
conprising either of: - 0.001 ; 0.05% by wei ght
al um niumand 0.001 - 2% i ndi ugm - 0.002 - 0.2% by
wei glhtalhlh§fﬂét Ba@ggiyo lSlﬁ/oahngillé) d"2i%c00%uder acg:é’rdlng to
by wei ght bi snuth 2% i ndium and 0.001 - O.
AR UnfLaAg L 9. 002 - 0.2% by wei ght bisnut h; and,
optionally, up to 0.5% by wei ght of either one or both
of | ead and cal cium the renainder being zinc.7 . An
A -kal pureepatiosr Yoo sapriasicAte ®F af |dyededizaec monder for
aQ&el diengat@raByo %mﬁflﬁ'ﬂ@itm% bt&p 08 cerAr@E@cgaasg fmising a
trlgfg?].ﬂgf ,acvgh%r;:glrg)fthng t'tal ! ol¥<-ireep1r(1)ft éeen 3 flljjlf,lor]] %ltlérﬁailslatlon
athempsi g 1z at aaltPogeranhes eifnltedre ta@rmiéﬁg@r engnpiefgrable
RN ridigealc abost satk omhaehagdrer is held at a
tenperature of less than 110 0OC, and preferable at a
tenperature of |ess than 100C. 9 . A process for the
TANKT AGLULL 19.0Lp AR A1 QY 7] BE ROVHEL, d.0F: &l KBLAIS ror
batteries according t ['ai m’10
ALsA Ot P%‘hteiréei)earCFBF%@ F Ca}abi“o]toect”il%latﬁifsﬁﬁ%‘i“esatlon is
hav  signedni0 Xy gest conte ritmofpHeesshdian 8YoRygarolcuiisnt of less

%gn pé-%efb§r @cﬁlu}ﬁe ,Ofanrdmgxee J‘.quggl y4%0f br)(or\éoblile!w ‘4% by volume.



