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containing the TI ingredient in an amount sufficient to provide protection for the

lustrous surfaces of a silver object against tarnishing for at least one year, essentially
without sacrificing the physical properties of the polymer.
BACKGROUND OF THE INVENTION

The high proclivity of essentially pure silver objects to tarnish in an atmosphere
containing only traces of hydrogen sulfide has resulted in numerous alloys which are
reputed to be tarnish-resistant. Such alloys include 92.5% silver, 0.5% copper, 4.25%
zinc, 0.02% indium, 0.48% tin, and 1.25% boron-copper alloy containing 2% boron and
98% copper disclosed in U.S. Patent No. 4,973,446; a silver-palladium alloy containing
80 - 92.5% silver, 4 - 9% palladium, 0 - 10% copper and 0.5 - 1% indium or zinc
disclosed in U.S. Patent No. 5,037,708; an alloy containing 90 - 92.5% silver, 5.75 -
7.5% iinc, 0.25 - 1% copper, 0.25 - 0.5% nickel, 0.1 - 0.25% silicon, and 0 - 0.5%
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U.S. Patent No. 4,944,916 to Franey discloses mixing particles of copper and

aluminum in a polymer to scavenge permeating gases and, in an illustrative example,
tested the effect on a silver lead frame, sealed in a bag, and placed in a chamber which
was evacuated and back-filled with pure hydrogen sulfide. Pure hydrogen sulfide in the
absence of moisture and molecular oxygen produces no tarnishing on an essentially pure
lustrous silver surface.

| Box-like containers and synthetic resinous film of polyethylene ("PE"),

polypropylene (“PP”) and biodegradable polyester are most commonly used to package
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conspicuously free of any reference to, or any evidence of, the resistance of such alloys
to the action of sulfur dioxide and/or hydrogen sulfide. Permeation of gases through the
walls of a package continues throughout the time the silver is stored, unless the tarnish-
causing gases are intercepted and scavenged. Though tests indicate that damage due to
sulfur dioxide, per se, contributes essentially nothing to the tarnishing of silver, to the

extent that its presence may exacerbate the damage due to hydrogen sulfide, it is

desirable to scavenge both gases.
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generated by the action of the oxidizing agent, but oxygen is not scavenged in the film

and neither is hydrogen sulfide or sulfur dioxide.

| It is evident that a scavenger for hydrogen sulfide and sulfur dioxide in an article
of arbitrary shape and cross-section, should provide protection against tarnishing by
functioning as an active TI ingredient. By “active” is meant that the ingredient interacts
with both, the hydrogen sulfide and any pollutant acid gas, particularly sulfur dioxide.
The article is typically a synthetic resinous (hereafter also "plastic") film, or a box-

shaped receptacle; in addition to silver objects, the film is used to protect electronic
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sﬂalfnlde and sulfur dioxide, zinc oxide, a particular amphoteric oxide of Group 2 of the
Periodic Table, and sodium and potassium silicates of Group 1a, compared with oxides
of other Groups, e.g Group 2a, are each exceptionally effective to intercept and
scavenge the gases in the presence of molecular oxygen and moisture, when the
compounds are dispersed in an essentially non-hydrolyzable synthetic resin (“polymer™)
having a relatively high WVTR, at least as high as that of low density PE. By
“esseﬁtially non-hydrolyzable” is meant that the polymer is not hydrolyzed more than

5% under conditions at which an object to be protected is stored in the film. The term
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By “inert adjuvant” is meant an agent added in an amount preferably less than

0.5 % by weight of the recipe of active TI ingredient(s) and polymer, to aid or modify its
effect or its dispersability in the polymer, or stability, without chemically reacting with
the TI ingredient. Though finely divided solid particles may be directly dispersed in a
polymer, they are not homogeneously dispersed unless sufficiently “wetted” by the
molten polymer. To do this, it is preferable, first to distribute the particles in a first
polymer which wets the particles sufficiently to bave them homogeneously distributed

in the first polymer, thus forming a concentrate. The concentrate is preferably
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or oTer ably VB S0CA 108005 i Te 005 %E%‘%’tgﬁfd@ed by the scavenger in
cothei sagteaxdneendratieicr ogr anul es of the concentrate are

ther ot or nRErA TR RN e PERbERREREMESOIMER
ext rudedyh&y zmé 5‘)&13@ bi ﬁf‘?lkﬁf R0 ¥i0RL ‘?seﬂcoxﬁ {%@Qf %8he aforesaid

adj uvant may be chosen tTrom one or nore

f olpblymiengrufiacielitsymtersasitcudeschie aappedrie thespdlyraer taatlow the moistened
cal CI car bonat e %ﬁesent in_an anount 5 in the range

f r OpEresleniaga Bngtiof 45,2 sreTeee for Ry ey ids anddereliiedioxide, which,
CObO b BinFN i £l A Ahg RIQGES Pl oy BRELSLUE) SPhustrous

opacifie opaci
t heilvdarlsmrfacesr equi red del i berately to hi de t he stored
material_, fromview _ Substituting a small quantity of

an oxi d&agh obiheferecing pwentialy aahxdprn el maredienteis shown to be
T Ok freGRIEN 9h ?1'1 sgﬁ%ce %oﬁ‘tgﬁ\{ne%nag % FR53 a?rgot J[.Ls ovg,%ugtﬁ apd hydrogen

protectlon a avenger

co mmlﬁdé,rthtsl io ﬁonfEEfE&\hrLE@um dohgsédcdrRed &t kealed jars (“jar

EVB MENTS When zinc oxide or an al kali netal
si FqSESa} where th%%faﬁ@r%ﬁswlmn& tve cemppisd aisyally &Igermtpsts indicate that

S ufs}&c}e?l%ﬁ{]érﬁfe@@&nﬁ 1§ e n A h%ﬁel@r 13?% egn,:cog ﬁf:c?)%@znagén of them when
\SM: Iagx?m@ag sil v sinfbe ogexposed ffol Hyerdres /s@l!ﬁdé ethd/HF sulfuR X diEde.

Moreover each of the ingredients scavenges sulfur dioxide and/or hydrogen
sulfide entering the film or container, and at least initially, for a period of several
months, depending upon the thickness of the film and the concentration of the TI,
provides protection against tarnishing of lustrous silver surfaces which is unexpectedly
superior to that provided by conventional film. Eventually, after the initial period, at
equilibrium, the WVTR reverts to the value of TI-free film.

Both the particle size and the amounts of the TI ingredient, present as powder in

the polymer, are critical if the finished polymer is to be substantially light permeable,
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15 in conbination with noi sture and nol ecul ar oxygen,
result in tarnishing of lustrous silver surfaces.

waaoli/108998 he foregoi ng essentially anhydrous TPCT/US2004/015394

ingredients is shown to be effective in an atnosphere
containing at |east trace anmpbunts of noisture and

hydrogen sulfide; this is confirnmed in a qualitative
conmpari-son carried out in sealed jars ("jar 20 tests")

where the surfaces of specinmens &re conpared visually.

The jar tests indicate that excellent protection is

pr ¢RAt de @sseytialiyt trnsparent; dgansgareney, withont sibstpitielly embrigfling the film,

t hemy: |ust i | face,.| d.tq. .
o SR RS R S s UL B0k B PRRE Biprrct, i
of atrfd@nt figeedbent & lisgENENIaThTdh bHly B A% Wignahd b%ger{ dingredient

hydrogen sulfide entering the filmor container,
at Whielsremainstin she splidfstate aftqyahd Blan of othenvmbstrate BShermoformed, and

O AR RSB B0 S O T
ag®idVeh- Wit RieS) PRAFRELY) USThe QateSrdnY %oﬁggfngg&&s whi @. 325).

i s unexpectedly superior to that provid

convent ildeugh substantigchmmuedehgqushf dispersedethie finelyadivided zinc oxide or
peri,od, at, .equilibri t he R reverts the valu

o aeDmdly R i gpisrtih o0 e e posribagh e s feotdase fhe TR
ame@ IR TPholyhRr iH whitl HRAFTE M HispBE&S GAY tl%éa bt isoRovidSY without
the polyner, are critical if Phe fins 5 pol ymer 1s

t o sulestantioly affedtingithe pliyglval propertiabb£TI-I@ B0 4f the 8998 thickness.
PCT/ US2004/ 015394 8 that is, essentially transparent. .
Trans palAeﬂ_ ;© CEHBE el & PIaticied agpinshigrtishing fay aighasen period,

fi hﬁical?d.ﬁi)' tb R York %Hi‘é,lrb‘?%eél it IETRARE Tlﬁvigg %lbiﬁlgness sufficient

substanti al |y honogeneously dispersed, 1n an

st & baivesinbstentiadlyluntfotallyidispersad dieroeithindnpugie Thizigradiei to provide
th éoovvder ingredient  which remains in the solid i )

ot SIEPER ERETEIEHG: Ot FiercheaeeriadeThaihiokness of film is typically

SPRE S 5105l B ER rs

smal l er than 53 gm

Si ewesnt ofi the Thinglgdjenpirethe Tafily fona bétod eMgetofs warsaamis, if used at
1 gmto_45 mlgl\lo. 325). . Though substantially

hoﬂ‘%fg@ﬁ@&fﬁé COUAERE RIS svhick pravide g spraprFiageprojEctienk sidi decause

or A . il 4 ' ' .smal,l..a .
i i hers Sk BB BUBESPhor i A7 0Bl to contol n
polthicker ctasswkdtiohs.t he Tl is di spersed; and the

protection is provided without 10 substantially
af f ect i n§URA&vIehy Rpvides protastipn fasfowr yemrs is kmécallylless #ian 0.20 mm (8

th &iﬁzﬁﬁ%}& Bh& g&%sfﬁ{narﬁari é%%%ﬁn?%%rﬁeg& iy 8§&é¥8§’$\g§p relatively rigid

prot ect ed’agai nst I'ng _ a,
t y piatial Wheneprotectiodus rafuirs® £t @8 lfan f8¥r R, of @xirbmb Préection

TI-fil mhaving a thickness sufficient

against water vapor is demanded and WVTR is an overriding criterion; or, when
structural rigidity is a primary concern; or, if strength and damage due to tearing are key
considerations, the “film” may be as thick as 1.25 mm (50 mils). Though, inevitably a
substantial portion of the TI is present at or near the surface of the film, it is essential V
that the major portion of the TI be held within the film. This distribution ensures better
scavenging when the TI at or near the surface is used up.

By “uniformity of dispersion” is meant that the uniformity of dispersed particles

in the film may be quantified by known microscopic techniques, or by a blown film test.
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to have substantially uniformy dispersed therewthin,
enough Tl ingredient to provide the necessary

weoeceemangiong duty over the chosen period. The tRCTRISE®3/015394

of filmis typically 15 limted to 0.20 mm (8 nils)
because it is generally unnecessary to include a

| arger anmount of the Tl ingredient in the TI-filmfor

a period of up to 5 years (that is, if used at the
preferred concentrations which p?ovide the appropriate
protectijon); and, because uniformty of dispersion in

a p[ﬂéh%blpw ﬁlahfg@t, the polymess nomtaummoﬂld poiider partitles & extruded

k
or ot ablo i Bhp B FTR Rrediegs ¢ S byt 948 i mi) thick,
t hamdQhid tmm pBcedibies h Ifcht s“olarc Rﬁﬁgﬁa{el‘,{,&%@gﬁ% g intensity to

thernofornmed 1nto a container wt [atively
wal gnable\gre teqprmbitieteinumbesof pegtinl essethich shomup at hmnpefrfauﬁlons” and

ye tection against water vapor is
deﬁ{ﬁgﬁégogﬁa&ﬁﬁéﬁ)lg overriding criterion; or, when

struct ur “slilnﬁaltéjd)ﬂsbbdhﬁn”ar R PR Y ma O
strengt hB%nd damage due to tearllﬁg ares%ntlgg%aﬁﬂydmus sodium

C o rstheeiligate ovedjun hetasilichiel' sadiym disiliste, stbchkm&ﬁsﬂca% amdnhe like in

o Spinestife prelfisd st o iohed in b edrbboasf Sichess s
fi |d?61nrhérc1|aﬁy ﬁ%?iﬁﬁfe' Bm qu@BrpLi_% HHJIﬁBuéhbéi éa?(% oq”fotl{eti] (?ilkah metals

Tl be held within the distr I on ensur

betarensablyg ﬂwmga legs pmla&rreﬂ bighéFibeeduse theyesd tob ﬂt@gﬁ)lsédpa@ are difficult
i s, used rm ty of dispersion" is neant

t ndb B TRt 1B Pl & Geehaed v reaee, 9D radequis

Fi loMeB@venlSs BUANhHfde by known mi croscopi ¢
techni ques, or by a bl ovvn filmtest. WD 2004/ 108993

PCT I US2d0gitop&8@4ble dilthe of ieméoovhefmbptadtiegiolyrhdi® may be used as the
ol I co F n}g Qllal d powder particles is extruded
P RSV GRS 5 Hp Bt A cdreh ppiserser Bslasine o density PE,
ab | I md | ac
<298 LA ) A AR

i ntNyen 6ylittal inenddalof mrn@sin@ W&msllﬁéésﬁlﬁﬂ peﬂlﬁ‘iﬂ&hleﬁﬁess and 645 cm?
pari‘b(g es which show u rpaerfectl ons' nd t he

si 4 >e956éha1‘13s7 ‘bICSGOO I%hamd@o BiRH (g¢1amwmtemdfty)s awwms range from
f
o (RO phiP2 A o EaRY Pl K BN fo RGPE I g glensity” PE

sods weuitrthatith€BE das adéhsith (hesls the@ 0.9%3 ©Ed/ $ked fied Afe films of
al asrc,y&grshoat es. Most preferred is a powdered silicate

sudR gate pobytiethang and MW@EH@ f rom PQ

0 are de2Red BRUGI g SOLEE BBt Bt Feporibengand

t heyrrmte@mhkbpa\"ay}gbl@ﬁmﬁ@ isGoh A&MNMeth -tdrdlhtione (PCL) (from Union Carbide
as PCL TONE 787); poly(hydroxybutyrate-co-valerate) (PHBV), containing 8, 16 and
24% valerate (from Imperial Chemical Industries (Zeneca), Billingham, UK; uncoated-
and nitrocellulose-coated cellophane films (from DuPont, Wilmington, DE); crosslinked
chitosan (Protan Laboratories, Redmond, WA) produced by reaction with
epichlorohydrin; starch/ethylene vinyl alcohol (St/EVOH) blend films and pure EVOH
film (38 mole percent ethylene) (from Novamont, Novara, Italy and EVALCo, Lisle, IL,

respectively); and polycaprolactone (PCL), molecular weight about 80,000 Daltons
(from Union Carbide, Bound Brook, NJ).
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to grind into a powder with particles in the desired
si ze range, or inadequate effectiveness as an

wonvariogesor. Light perneable filnms of nunmer ouBCT/US2004/015394

t hernopl astic polynmers may be used as the substrate

within which the Tls are di spersed, such polyners

including |low density PE, 15 polyester such as

Myl ar(r), poly(vinyl chloride), polystyrene, and

pol yam des such as Nylon 6, |istled in order of

i ncreasi ng WTRs neasured per m| thickness and 645

cn2  ( méssifmxechnmbiadegzadagte flroomyludapolgorbauste, polyurethane and

g { %@%@%ﬁgﬂkﬁ@ p&% Esgperéﬁ,? gﬁor{,ﬁ‘l(e) g]ggr%!\ﬁ %%crl] ﬂg}?lbg%gr ge%luirements
"1 Gfnd @&ib%%rg 141115'@1 ;:1'1 FheTRANSr dabfikord BFedtEateas ba sﬂi?ﬁédé&ﬂe length and

| ess than g/cc. Less favored are filnms of
podleater diprateetiorpiol bewffordednboth fiwnpatig gates i the environment and from

o Gagh o ion e RS AR PR R xR P Heppghpee s to be
as ] . . R
5 Cﬂbﬁ%ﬁ@%%y?@rﬂ%ﬁo@%ﬁ%ﬁoﬁf fost prlcR@FBdWlhRRvie BleGRrméble to

ydr oxybut yr at e- co-val er at e)
( Pripérs ofthahetivel ingre@ientiSinaluide LDPY, VB enpatyandrs phiyyo or more lower C,

I mperi al, Chem cal | ndustri V4 id1inah UK

(upcsap@angszoamﬁmstc&@ﬁgwpﬁ s OB 8 el eBpRERE o fiand o
t '. . : . . .

AP RUPIR g hh i B8 ook ok o o derec of

r edlekibility V¥ febuirezh Cohtatreeswyilh relativetyarigitl/ leghtydesmenbld angd thin

oo Bt CRELITHE) (0TI W SR fbl &P (Paff s hondred pts
an ' vnfl ¥ Mt .
ol SRR L el qSepsh VEFRARE e BPiferably formeg of
58 2 1%/ggg§¢gg$?stani on/ Car bi de, Bound Brook, NJ). WO

US2004/ 015394 10 L f . .
non. bi odbl eheigs of Trim) degends o @weﬁéfi@sﬁﬁl%%@?w requirements of the
pol yur et hane, . = [ £
et C LR R G O HRRE Rt pe¥ipheRl iAo hd Thgree of
of prétectiRith dkAtbrdet, bdih Glont Melrsdenahlfui andstidigases in the environment
objects are to be shipped, the |ength and  degree of

pr énd&omsrough hb@?'ﬁlgf@gé@@,idib’o‘?ﬁim PEHFUET GRYFRRREDt 1 Wieh the
environnent .a ; i 1.di .
¢SGR M S RUA0 HER N IR DU g onich

be pesthédbisho I3iebgRs ldidt and awlfirdéoxadd iaviaide Mys tlensity PE, PP,
préferred films which are perneable to vapors of the
ac tcopelymets efdwersr more haras @lefmpppd G@PECHQ/UHWF%?%}F@ cgpolymers; such

|t ge@?r{S@geo 51(53%%&\&\%%?\%%& Mé‘% fl«%;?ée{)] d %i‘tﬁl}ﬁﬁrolg%%%fl?tgﬁtginers with

S- relatively rigid, light-permeable and thin sidewalls, less than 0.25 mm (10 mils), with

from 0.75 phr to 1 phr of each TI ingredient are preferably formed of polystyrene or
polyester. Additives such as glass fibers may be used to reinforce the film, and an inert
adjuvant and/or processing aid such as a plasticizer or processing oil, may optionally be
included; a colorant, deodorant or scent, inert filler, and any other conventional additive,
may also be added so long as the additive does not adversely affect the polymer’s
physidal properties or scavenging of the TI ingredient, and, in those instances where

transparency of the polymer is required, does not affect the transparency.



10

15

20

25

caprol actone, both linear and star; such filns are
al so chosen where a high degree of 10 flexibility is

woeosiwed3 Containers with relatively rigid, PCT/US2004/015394

i ght-perneable and thin sidewalls, less than 0.25 mm

(10 mls), with fromO0.01 to 1 phr (parts per hundred

parts by weight of polyner) of each VCl active

ingredient are preferably forned of polystyrene or

pol yester. The choice of film dEbends upon the

strength and flexibility requirenents of the 15

c ont ai n&inléss pavietofiieeTksingredienbirndrstrsadilyeditestlpydispersed to yield the

t he, | nd degree of protectio
o A0 PEBmer ois der Tl RFtidgaks SerrruBhe i pohfebfdiperssd n finely
th SNHIE! Dpero:! Hrae iRl eR WHicH #s¥miscibl
of at p%r I ch fygm%ﬁﬂ\lﬂ ronrrel\gitéﬁlmﬁ V\A’]IEEB?%S packaée s tscible in
to dﬂ&erﬁtpol‘ymhr wigg llemdben; and dlonklienid fealtinrthe hum of an extruder. The

preferred fil ich are er e to dr. oge
suﬁ%qneés serdst o {hinch coRP el oI ) RAHS A (hemize rppge from

b th ¥ | d. . The pell
et ﬁy{&g Vi 3'5/112@ Itgoho (c(:) ggg%ytr%%&ecgﬁgﬁl a{‘tﬁlrﬁé}nésﬂrug? %m © pelets
al &ontaimslagh vhseatratidn fiT]delid pewddr ify It]mcnabgd from li0gto 50 phr. To

required. Containers with relatively qﬂl
i gpﬂlwﬁm%%mt@n@gdpom% as@@é%wp%un%él? Refsts, B E- A

(1%01}} éﬁeouw?rtdﬂs elfs%(?Wi tl¥ Rtéﬁt %(9 ]#‘lep ch% L O-I;leder in a blender,

i ngredrent a 8 eraly ormed Y ystyrene or

polayie Seahixthd ded fouks h@ppeh oﬁzsthghﬁsbrrfnrkgen&nﬂnyk damvelﬂgnhal film

to reinforce the film adj uvant %?3’ or
ve-specified

pr 8EEdsr mpRyedissd; %e%@da ﬁﬁ!ﬁh@d ﬁlm ggpteg fto ﬁ?%@é&?

oi | MR a col.orant,
deogggg% %ﬁg%cen%%wngn#E%h#ﬁer and any ot her
conventional additive, may also be added so Iong as
t he addltlve does'not adverselr a&fecp the polyner's

phytsde] ul : he TI
It pg;gglaﬁg ﬁggprgefmf: I){Véthptg\? Bt e ?«%S(ﬁ?eg%z Iféﬁdéheﬁle o’lél\S/I E 9? a comparison of

af iR WY TRs i HRsERal Witk PE ANR a4d0H-TORAH 3f this invention; each of the films
PCT/ US2004/ 015394 11 Unl ess powder,_of the TI

. ngs extireled in amhlbl@esss@%nuoyt Al merp (4 VHBD by Erst arpking 3 geapcentrate in a

cord2hl pS T Btk AU G el ¥ ¢l PR Dowlex 2535, or

dl WIHSShBR @ FEI532 eitRicneiving1 hédthe @6pd‘14'1ﬁéloﬂ’[éﬁﬁﬁl(1ﬁhg Efortion of the

532 particles which'is mscible in diluent polyner,
usi mgcmtmt@mcfe;u;star%OtQ% A REhand weltiformesing Hs hixperBeskuse the

t b d t
corebhtan ohogb R s Sy ERrbHOT  fefb L Py e fipighed fim s
fr OR¥er@BQY bis STIOPE ﬁ@n’lﬁﬁwﬂlch @hegl“ I‘Tﬁg&gwﬁ%%ré dls?ﬁhéc?t“‘Plﬁﬁi PE film” is

froma thin extruded rod. . pellets contain a
hi ghrdesedhDPELfiloy suh aFlof Eqmstalr Qé@»@@% believed éo eertigjo less than 100

fropnﬁn}gfh%_[so phr. To

First, a 45.45 Kg (100 1b) lot of pellets is made with a TI ingredient and
Microthene FE 532 in the following amounts:
TI ingredient 25%
Microthene FE 532: 75 %
to form a concentrate particularly adapted to be diluted in a polymer in which the TI

ingredient will be essentially homogeneously dispersed.
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make the TI-containing polyner, a chosen anount of the
pellets, in turn, are honogeneously dispersed wth

woheoddiogaeent pol yner such as LDPE powder in a BCemS2004/015394

10 and the m xture fed to the hopper of a

t hermof orm ng neans. A conventional film extruder may

be used to extrude finished filmdiluted to contain

t he above-specified concentrations of the active TI

i ngredi ent. Conparison of W/TRsl2f plain PE and PE-TI

films: In accordance with the test procedure set forth )
i n ASTMI& e@6ydeafilontaarcd $o pravéct silerohfeciaxforet lgast one year under cyclic

obtained with PE filmand PE-TI.  fjlm.of thi . .
s comton n R HER Fom §°C e YeRs §H in amoist

thi ROHia; | Wi bkdCufide, 1.363 K
co%@?r%tﬁ ;&gto gge%tkgﬁfatr%ﬁ%a@l;ﬂg Heégul)_%%gﬁ%hé‘goﬁl?t 2%6%64,11 (lare s
| i (Bebbl) of the pdHets teybleddoPRvitbotd. X 2233 8) ofplain PE to exirude a batch of

¢ haRAGINAA DA TEB T1 B e drishel SheLRRSE! FRPC! TS ok,
EqubshiAk O%Q/ﬁ g%ehﬁpxﬁleﬁ{h‘? 211! dxideQdr Sbigknd dnSilighest ur e.

Because the concentration of copolymer in the
ext r udeBofli Thingzdleasanishiancoffinedie fhimiashaeentraterpontaining:

referred to as "TI-PE filni i Lch the 0

i ngediametisiicale. 25 dosge eEge 25 %aﬂﬁ hﬁiﬁfqtﬁﬁf%yﬁ P2, 30%.

pur chas f i f ' .
bel i eve?gbtog rﬂcj%gt lg} &?ggéﬁﬁeﬁgaﬁ@ i%)%gﬁl gg{rlr?gﬁ %IE#O&;I%S(%OO Ib) of plain
a 25 43 diguddDO prdide 05 %WkagieT] iapredient (ratdk] %)ty weiglt of finished

i ngredi ent and 25 M c¢rothene FE 532 in the follaqw .
AT LA FORFERIERTR At Caigjuny oxidels gispapase d ggpropmately;iluted to
to_far n t RR% ' - to be

oi Piad | r%ﬁ%eﬁgﬁyf&??lﬁ‘. LN ﬁwﬁh?ﬁ{eﬁﬁ% @ffﬁgﬁ%e'di ent will

be essentheabduits bOEROEARONSPrEsaditesiivlee dse Wi PEZ/(HBBAA&] above)
PCT/ U82004/,015394 12 To extrude filmtailored to
pr an@PESIII {ip. obj ects for at | east one year under

cyclic t;eggera conditions in the range fromOC to
503le Q W{I%R’ i st nol ecul ar oxygen-cont ai ni ng
at mos phegagnpl@nifantintiline corshibihghescti ofihe T3 igrédients in tB6 8oncentrations

Kg (3 Ib) of the pellets are blended with 44.1 Kg (97
| b)givsh ghoye arepBt toditover eips, each aritrangtesionly thrsaded qpegng 7.62 cm

gy e i BISPIE D pRe e rn
OXi fflin Aot @U3TBeth §3 51ngidf 18.0.525 mm (4.2 mil) thick and the readings for the
five are averaged. The cups are each filled with identical weights of calcium chloride
and each sample is secured on a cup with an internally threaded cap which is screwed on
to seal the material within each cup. The cups are then placed in an oven having an
atmosphere at a relative humidity in the range form 90-95% and at a temperature of
37.2°C (100°F). The cups are removed from the oven at intervals and weighed to
determine the average weight gain (difference in weights before and after), and average
WVTR of each as follows:
Table I - Comparison of WVTRs
Film After 68 hr After 118 hr
Plain PE 0.3552 gm/100 in?/24 hr 0.3638 gm/100 in?/24 hr
PE-TI 0.345 gm/100 in?/24 hr 0.346 gm/100 in®/24 hr
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Both Tl ingredients may be conbined to forma
concentrate containing: sodiumdisilicate, 25 % zinc

woxi@ao2B3% and M crot hene FE 532, 50% 0. 909P&g/US2004/015394

I b) of the concentrate is then diluted with 45.45 Kg

(100 I b) of plain 10 PE and extruded to provide 0.5 %
each Tr ingredient (total 1 %, by weight of finished

PE-TI film A concentrate of calciumoxide is also

made and appropriately diluted i provi de extruded

PE-TI film having concentrations of 1.0 % The results

of conpdihk sesuks preasbstamihlly ¢hosemesehetipraha TP zinc oxide or sodium

SR e ot b e
of eEstéﬁtie-llﬂg %&u%iéltﬁgb@ tSFfdrBndef ﬂ&W’Esr(ﬁ{mcﬁﬁﬁns EinYj®fled. Since there is

above ar t over cups, each with an

ex merevitkhtydiffareaeccihdreopamaigasonaa egpact (@t either gine oxide or a silicate of
diangter. Five sanp]es are cut fromfilns of varying

© hPERHESSRH PP Fah oo en B ALLRCT B (5. 5

m Iy dBoiona? 0Bk or Ml gl dondRidiiy: r eadi ngs for

th&~20 fTve are averaged. The cups are each filled
wi t h i demicifclidwingirgtults anfobtaihel inestdhioateicatminedhe er@otof tarnishing,

sanple is secured on a cup with an internally threaded, .
cap! ¥ eh h}@IYSqu’émaﬂfﬁlqdét%rfé%g Slp‘ﬁé SPRPPErJU| 1 h]ﬁ‘ﬁ Cﬁox"de inthe

ea e then placed in an oven havi ng
an%£§%%g8£ er%ﬁégﬁgﬂ%élative hum dity in the range

f or m 90-Bk%eangte atrrizd toatpéth altesiendpooBYhd € if bagsAN.1 ghlen glass jars
cups are renoved fromthe oven at i né(g val.s antgl{e

wei gHelcancbexssalgd vlidse Eaghespage shige ngq#h“fgzﬂ tested but spaced
(differ [ ' y

e
Fi |tie MlaliEPE, &dntainels mbldionrof Plnaioxideknd.s88inz disilitl TI

in2/24 hr 0.3638 gm 100 i n2/24 hr 30 PE-Tl 0,345, .
griingEdients, ¢aph imp concywainy aldhSYoror 7 el gf 1%4p The finished PE-TI film is

200041 éﬁ%ﬁgﬁ@%ﬁ[}? %%9(2%%%%&4 13 The results are

subs same er the Tl is zinc oxide or

sodi um Thestollbwaigedt Brébedbre’desivestied @lcladSucddssin tyudes are repeated
foregoing it is evident that there is essentially no

si gniepleeing thii sofwians detherrhambenaftereachfcyelse Baph Ad br cycle starting is

LRI PRI N TR N IRt SRS

Si | fof 81h€ ofide the chamber in an ambient atmosphere. The spoons are not removed
from the bags after each cycle, but visually inspected, because the film retained its
transparency.

30 ml of a test solution (1% Na,SO, + 1% NH,Cl in deionized water) is poured

into a 50 ml plastic beaker and placed in each wide-mouth glass gallon jar to maintain
an atmosphere of about 95% RH. Separately, place 0.04 g of Na,S,0, 5H,0 ina 20 ml
plastic beaker and place the beaker in the jar. Then add ml of 0.1N H,SO, to the sodium
hyposulfite in the beaker and immediately seal the mouth of the jar with the lid so that
the bagged spoons are vertically suspended within the jar and the film wrapping each
coupon is exposed to the sulfur dioxide being generated. The concentration of sulfur

dioxide is about 0.2% in the atmosphere in the jar.
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5 sodi um woul d provide a high scavenging ability for
the gases. Investigation of the effect of sulfur

wdizoni1de9sn t arni shing: The foll owi ng results BCE®US2004/015394

obtained in tests to determ ne the extent of

tarnishing, if any, on highly polished and dried

sterling silver spoons, due to sulfur dioxide in the

absence of hydrogen sulfide. 10 The tests are carried

out with the silver spoons heldl#n bags in 1 gallon

glass jars which can be sealed with lids. Each spoon

i s baggdtheisenled fard are tigenlpdaded sit alovantat SPACdor 1@pmaatter which the jars

fromthe fil nd the bagged s |l e is suspended.in a

j arre igmoved aR ard bl fgroomyemppratien 259_8@ e Thinfosicrietrpgeted and
co [ i
oL Qo6 SR A0 D 855 isin e

t oteaddent. Oh% scilkreffli toil®vedrdErcprestits msusfacelibdBtifguishaple from the

mls), thick _and transparent. The follow ng test
pr d’é’élah‘flé‘%“él Swg sl Qipresqpty an a@mgeéggqre ég%%% guffgred by metal

l

{%g?}g(glg %Q%%Jdﬁﬁ @@gﬁﬁso%ﬁr Ly rgfég‘%egﬁﬂﬁﬂgl ﬁgﬁ:ﬁ%{s the following
repaﬂﬂtedveadmﬁedeﬂm@r@tcwse of 50C for 16 hr in the
chanber, and_a tenperature of .23 for 8 hr outside
the charbdh PEAilgh anbi é)rﬁﬁ]é?%@ﬁﬂé’ﬁ&redl?ﬁ‘é spoons are
not renoved 20 fromthe bags after each cycle, but
visual ly inspected, because the filmretained its
t r anspar@naysts plovide e@ideicd that plaial RE, mhilch w@maﬂn torsulr dioxide,
NHAC1 in deionized water) is poured into a 50
pl agedt@eb@%k@rbl%lmlpmg evetiapeage R apeweskoin: the @b%@e of hydrogen

gal I nt

Se psg av%rg@qg'the %gﬁr d1ox%d%tﬁgg§%%3{aggw&otﬂg g%é n&% hydrogen
25 Sﬁlfﬁ@t 1sqhae@k@ﬁm@aggsmyace the beaker in the jar.

Then add m of 0.1N H2SO4 to the sodi um hyposul fite

in the beaker and i medi ately seal the nmouth of the

j ar &:h he |id %hat the bagged spoons are
ver@&ﬂ%%%@g&-\mthl n the jar and the film

Wr appi ngA gasliatiGePstRhrisén 6RO SHEctivenéR@f s TI¥hin HE@ e made by
bei ng generated. The concentration of sul fur di oxide

i s plivdng hightyypolishadwierdingrsidysin speons in bags magde. of\RE-TI film and placed in

2004/ 108993 PCT/ US2004/ 01539 ;
e MBI ROR TG D RIS 5B P R i con of
t henyidad; g%n s@l e! RARMERLPRALE 8bitteAlrati RN hBARRLAL sl fRie(sdRition which

G for Thls cycle’is repeated and the spoons
Vi smaebalt;d lmrcapiemsbjar usin dxcedsgiid 00F pmor f ace st ai ni ng due
to arnlshl are .

reparation o Ammomum Sulfide Solution:

A 20% by weight solution of ammonium sulfide in deionized water is prepared
(or obtained from Aldrich Chemical, #30, 941-9); 1 ml of the solution is diluted with 99
ml] of deionized water to yield a 0.2% by weight concentration. 10 ml of the diluted
solution is placed in the bottom of a quart jar.
The Test:

Transparent plain PE film, and each transparent PE-TI-film to be tested is made
into a bag adapted to have a sterling silver spoon pendantly, centrally placed in it so that
the silver surfaces are spaced apart from the polymer. Each spoon is polished to a high

luster, dried in hot air, and hung in a bag which is then sealed. The bag is then hung in
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evident. On a scale of 1 to 10 where 1 represents a
surface indistinguishable fromthe 5 initial virgin

woizmi4slogo9and 10 represents an average severe CBCTAS2OA/015394

suffered by netal coupons w apped in conparison PE
filmunprotected with Tl ingredients, the follow ng

results were noted after 7 cycles: Plain PE film PE

filmwith Tl ingredients 1 1 10 The tests provide

evi dence that plain PE, which id5perneable to sul fur

di oxi de, produces no visible tarnishing over a period

of thejar wewle thewsurfeee abﬂ&rsohltioﬁ dngdpogein eashibég,ded one bag in each jar.

S th | t te t hi

ek SRGRITRY DenRisar b Shice) G piCas fup Bl e Tune |

unneces SgeYeydrid 8f {arﬁighlﬁgf fgrcﬁﬂﬁlnt;le%%&h&f‘call} %n% scale from 1 to 10, the
of the e the

qualltatlve conmpari son fectiveness of

i n Highef tHersevexityad earhighing) the h'rggeﬂthg himbadccetied.
sterlin SI | ver spoons in s .made of PE- m. and

pl aced idfchagts r§moas‘<%%vl Y ANSREFHE s‘(%ééwémem fagend of 2 hr the
95%u R:s Mﬂ%:}:l E 9%%4 s%tﬂeg{)ﬂ}p{armﬁ%qragg@fhté u#(f"' BBservations of
det erm ned cen ration "of anmoni um sul

solthé ccﬁﬂpmmeveﬁty&éadrﬁﬁhmg webacthetefiat s;o@ped afteri 2nhr.
excess of 1000 ppm 20 Preparati on of um Sul flhjq:e
sm uti onthegvorags Wuuéa@%@ gdpsgachQf By tﬁﬁw low:

a

W dEIeRRREE T B0 PEGRoRS et CPOBE F“‘ﬂt i s
d| | Sydedn hstlica®® n of dei onj.z8th water to y2eBd a 0.2%
by wei ght concentration. 10 m of the diluted
solution is placed in the bottom of a. quart jar. 25
Th Transparent plain Im and each
tr:angpé)trﬂéiﬁt PE-TI-filmto bedD es ‘fed IS maldeP into a
bag adapted to have a sterling silver spoon pendantly,
centrally placed in it so that the silver surfaces
ar Sl disiligaée t from the pold-9ie). Each spoon is
pol arellwiat exdde hi gh luster, @bi%Y in hot ai?, and hung
in a bag which is then sealed. The bag is then hung in
WO 2004/ 108993 PCT/ US2004/ 015394 15 the jar above the
suré@gﬁnpgma@e sol ution, onejgppon in each hag, and

ag 1 n each jar. Astatlstlcally si gni ficant

nunber (three) of duplicate sanples are run.

It is evident that calcium oxide at 1% provides some protection against
tarnishing but is substantially less effective compared to a combination of sodium
disilicate and zinc oxide present in the same concentration; and either zinc oxide or
sodium disilicate, present in 0.75% concentration, is more effective than calcium oxide
at 1%. This indicates that though oxides of Group 2a of the Periodic Table exhibit
significant scavenging of hydrogen sulfide, they are not as efficient as zinc oxide or a
silicate of an alkali metal.

While certain representative embodiments and details have been shown for the
purpose of illustrating the invention, it will be apparent to those skilled in this art that
various changes and modifications may be made therein without departing from the

spirit or scope of the invention.
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The severity of tarnishing is quantified nunerically
on a scale from1l to 10, the higher the severity of

woOaon1es9ng, the higher the nunber accorded. S5prEaais20vagi5394

is renoved and visually inspected every 30 mn. At the
end of 2 hr the sanples in the plain PE bags were so
heavily tarnished as to rate "10". Cbservations of

the conparative severity of tarnishing were therefore
stopped after 2 hr. The averagelfesults after 2 hr for
each of the test filns are set forth bel ow

Ingredient in PE-TI film Cone. of ingredient Observed
tarni shing 10 Sodi umdisili cabgMS % 2-3 Zinc oxide
0.75 %1 Sodiumdisilicate 0. nd zinc oxide 0.5
% 2 Calciumoxide 1.0 %3-4 15 It is evident that

cal ci um oxi de at 1% provi des sone protection agai nst

t arWhathis nlgirhed ist s substantially | ess effective

conpared. to a ¢ ination of sadi um di | jcate an ) .

z | ﬁg oX iéi éarglls]é ggﬂgﬂlpﬁ c?%@‘_’%%&%ﬁﬁ_&%m prgj[chb?] ’surgaﬁa .09 a silver object

o1 LRGhairfih n At UEoiP0% SRAL WReH birfel £ &G ihd dbmposition ina
. 0

contentration, 1s nore effective than cal ci um
oxisdaled atviflorihenthigainkidinishiresintahaoletiiamgpygox cowsingfg atmosphere

Group 2a of the Perjodic Table exhibit 20 significant . .

o c FPBIRGNAG e Ryee i | Sub (e pet g@wﬁ 1670 gpiidgarts et million) of
ef fi.gi i A8 B TidR ofSdde $ akd

AR O A RSS90 A s
detyzbd, Shd@ngpd3itim cohsivting @kentinkly opaisyisaatiolly non-hydrolyzable polymer

illustrating the invention, it wll be apparent to o
t hdwwingeubstanfially homogengausly ispersod fhegris HornrRas 09 do to 5 % by

]Enr) g\i\rznéi%ﬁtgf}fi ag%§ssep'ﬂ?i¥lllf &nl‘gﬂpo%s E&Q/@lﬁée? ﬁ%&@(‘? Honf'BR %f%%nsisting of an

or scope o e 1 nvention.

2004kl D3R BsiRedic Wied 2id oRilis 394 ombiatibAVth frodhdXtoils% of an inert
claimed is: 1. A tarnish inhibiting conpositjan
ef fasiuvaph provigedthaicthe gokymer hse wateRvapor yiapsmpisgiae fate GV VTR) at

cont ai, ni i_n.£xc %S| when the surface
i S”lg%gg@%htas t]%a?]%é’?g‘%”ng%ns? ﬁ?{%&&{hﬁﬁé& seal ed
envi ronnent, agai nst tarnishing in a nol ecul ar-oxygen

conjarn Tnl?e ggmnl?ss’iat?oenroef claim 1 wherein the polymer is selected from the group
consisting of low density polyethylene, polypropylene, copolymers of lower C, - C;
olefins, copolymers of a lower C, - C; olefin and ethylene/vinyl alcohol, non-
biodegradable polyester, poly(vinyl chloride), polystyrene, polyamide, and a
biodegradable polyester having a WVTR higher than about 1.5 gm/24 hr measured per
0.025 mm (mil) thickness and 645 cm® (100 in®) area at 37.4°C (100°F) and 90% RH

(relative humidity).

3. The composition of claim 2 wherein the biodegradable polyester is selected

from the group consisting of star e-caprolactone, e-caprolactone (PCL);
poly(hydroxybutyrate-co-valerate) (PHBV), containing 8§, 16 and 24% valerate;
uncoated- and nitrocellulose-coated cellophane films; crosslinked chitosan;
starch/ethylene vinyl alcohol (St EVOH) blend films; pure EVOH film (38 mole percent
ethylene); and polycaprolactone (PCL), molecular weight about 80,000 Daltons.
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containing in the range from1 ppb (parts per billion)
to 10 ppm (parts per mllion) of hydrogen sulfide at

wa 20@f1a899se hum dity of 90% and 37.4' C (100 F) PCTfUS200a015394

| east one year, the conposition consisting

essentially of a substantially non-hydrol yzable

pol ynmer 10 havi ng substantially honbgeneously

di spersed therein fromabout 0.01 %to 5 % by weight

of an essentially anhydrous scadénger selected from

the group consisting of an alkali netal silicate and

zi ik oxi B canmpasivini of atairorl W\hdrhnfﬂne)aclkﬂl tn@tafl S%:@tre immsilicate of

i nert,, adjuvant ravi

vagorings SR E RS s o AR the SrobB stE bt g iea and
t haéald?ﬁm'c%oﬁ@t@?rés\énﬂﬁlaﬁ%ﬁﬁhﬁﬁ%e foAg 8&0&%01% to 1% by weight.
conposition of claim1 wherein the poI ymer i s selected
fromthe group consisti ng of I ow density

poI et hyl.ene, l e olyners of |.ower

Yol of Micontpuldai gy Vghqr Shidhe EE5hBostionf BRnspatanty and
et haa% §<Eh‘%/e Bé]hd a&eﬂw yh BhERR£2 1H%é’1%ﬁg@fmm about 1
pol y(vi ny hl or | rene, pol yam de, and
bi ogedgo 48 alnh encbmie)selsﬁta&mahﬁhomggaemxﬂﬁdhpg’sﬁt 1ntthapolymer
about 1.5 gm 24 hr nmeasured per 20 0.025 mm (ml)
t hi ckness and 645 cn2 (100 in2) area at 37.4C (100F)
andg; 90% t T L] ot
ol 2 pArAEbERbIEAIE i hpe fadq DEOPRP BhivhitR o lsisting
sel esséreally folfamymthencg'emn haviag sutstantiglly finiférarly dispersed therein a
s- caprol act roI acton

€
pol YersEEH f’c@W%P@F%ﬂ‘éﬁ%ﬁﬂB\?}(lde@éﬁtaaﬁﬂiﬁaﬁgOf an alkali

B i SFRATSSE\ P gt s o

chi 0.08a0% ofdnaineds adjuant armrem fh)élscﬁ)eﬁ@étdnd(a&jdv%ﬂ% have a primary
bl end fil ns;, pure EVOH film (38 nole Percent
et hyarBele pize dn thegangeciom d| e v mpand theggiin bag ypvater vapor

persoRattrEoh YRy SleE oKt 3t oo resin withoun

Ion O

whethgisavehgeralnabdjuvamt al silicate is a silicate of
sodi um and the adjuvant is selected fromthe group

consisting of funed silica and calcium carbonate

pr egent *r@ Qﬁh?e"&%ﬁ‘alm é‘wﬁé}&n tﬁé‘ﬁ]ﬁnfs’f ‘Jf'}l%w%i’ffﬁ’e%% vi%’g Bom 210 8

wei ght . conpositiron o

CONp@Bort 4t0Ms] the fHlANBPRL RoothApePartd IO WRE AUEREE land B@hlckness in the
t he adj uvant have a &rlnar particle size in the range

f r orangd &om Q.0124 men 635 miked 0@0@5'§m@gtlaﬁmral(0 05" or 5 m?l) and, the
di spersed..in

or - eBenRgYisPh IRERBTC ot R el Bhmof afte Sy of fmea

congiligd Ad¥bcalcium carbonate.

8. A method of protecting a silver object from tarnishing in a tarnishing
atmosphere, comprising,

placing the object in a container formed from a thermoformable synthetic resin
having substantially uniformly dispersed therein solid particles of a scavenger selected
from the group consisting of zinc oxide and a silicate of an alkali metal, each present in
an amount from 0.01 to 5 % by weight of the resin, and from 0.0 to 1% of an inert

adjuvant, each having a primary particle size in the range from 1 pm to 53 um, and the



essentially of a synthetic resin having substantially
uniformy dispersed therein a scavenger selected from
woOheo4ggnep consi sting of zinc oxide and a sili earasedo4/015394
an alkali 10 netal, each present in an anount from
0.01 to 5 % by weight of the polynmer; and from 0.0 to
1% of an inert adjuvant wherein the scavenger and
adj uvant each have a primary particle size in the
range from1l .1mto 53 m ‘and th& resin has a water
vapor transm ssion rate (WTR) which is substantially
t heessahas awatiehadpop frahdnsissies tate (WVAR)twhitlhis ssbsiamgiad]g the same as
and adjuvant. 15 7. The arti cl f claim6 wherein the
f i [thatio§ therregin vathent e éwﬁn%?a@mi@@fl}/% 2 to 8 carbon
atons, the film having snooth upper and | ower
surfaces, and a thickness in the range fromO0.0125 mm
(0.5 ml, or 0.0005") to 0.125 mm (0.005" or 5 ml);
and, the inert adjuvant is an inorganic dispersant
selected fromthe group consisting of fumed silica
and cal cium carbonate. 20 S. A nethod of protecting a
silver object fromtarnishing in a tarnishing
at nosphere, conprising, placing the object in a
contai ner fornmed froma thernoformable synthetic resin
havi ng substantially uniformy dispersed therein solid
particles of a scavenger selected fromthe group
consi sting of zinc oxide and a silicate of an al kal
netal ,. each present in 25 an anmount fromO0.01 to 5 %
by weight of the resin, and from0.0 to 1% of an inert
adj uvant, each having a prinmary particle size in the
range from1l mto 53 m and the WD 2004/ 108993
PCT/ US2004/ 015394 18 resin has a water vapor
transm ssion rate (WTR) which is substantially the
same as that of the resin w thout the scavenger and
adj uvant .



