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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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98% copper disclosed in U S. Patent No. 4,973, 446; a
silver-palladiumalloy containing 80 - 92.5%sil ver,

4 - 9%palladium 0 - 10% copper and 0.5 - 1% i ndi um

or zinc disclosed in U S. Patent No. 5,037,708; an
alloy containing 90 - 92.5%silver, 5.75 - 7.5% zi nc,
0.25 - 1% copper, 0.25 - 0.5%nickel, 0.1 - 0.25%
silicon, and 0 - 0.5% 2 indiumdisclosed in U S.
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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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sul fide. Pure hydrogen sulfide in the absence of

noi sture and nol ecul ar oxygen produces no tarnishing

on an essentially pure lustrous silver surface.
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Pernmeati on of gases thr ou9
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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the silver is stored, unless the tarni sh- causing
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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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25 It is evident that a scavenger for hydrogen sulfide

and sul fur dioxide in an article of arbitrary shape

and cross-section, should provide protection agai nst

tarni shing by functioning as an active Tl ingredient.

By "active" is nmeant that the ingredient interacts

wi th both, the hydrogen sulfide and any pollutant acid

gas, particularly sulfur dioxide. The article is

typically a synthetic resinous YShereafter al so

"plastic") film or a box 30 shaped receptacle; in
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scavenger for hydrogen sulfide and sulfur dioxide
2i welfids padsulfur gipxides ging oxigaphparteuler ampheterisfoxaieqfiroup 2 of the

of Ptelquic 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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Peri odi c Tabl e, and sodi um and potassium silicates of
Goup 1 a, conpared with oxides 25 of other G oups,

e.g Goup 2a, are each exceptionally effective to

i ntercept and scavenge the gases in the presence of
nol ecul ar oxygen and noi sture, when the conpounds are
di spersed in an essentially non-hydrolyzable synthetic
resin ("polynmer") having a relatively high WTR, at

| east as high as that of |ow defsity PE. By
"essentially non-hydrolyzable" is neant that the
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oxi de al one.
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 have them homogeneously distributed

in the first polymer, thus forming a concentrate. The concentrate is preferably
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By "inert adjuvant" is neant an agent added in an
anmount preferably less than 0.5 % by weight of the
reci pe of active Tl ingredient(s) and polyner, to aid
or nodify its 25 effect or its dispersability in the
pol ynmer, or stability, without chemcally reacting
with the TI ingredient. Though finely divided solid
particles may be directly dispersed in a polyner,
they are not honngeneously di spersed unl ess
sufficiently "wetted" by the nolten polyner. To do
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dl 8RS B fﬁmqglreqauémﬁemdly Wehiddilie eami marenarfmm atesy.
present in an amount 5 in the ranefromOO bpto |I. %

by Svisitigting asmadhavastityiof pr opide plisothes spciali iligpyiae carth metal, for
bSO RE I LSRR At gL R Ll teiengern
I eghd dagd detdnaati@t.ely to hide the stored material from
Anot her oREFALGD SERSRINECRAPE P RRARREP SMB O EbTS

all of mca%fﬁc &g does ll&%tmétgﬁps%ﬁ)ciéﬁe i Iﬂﬁ n@o%t@cﬂn' Q8 aforesaid

af f or de cae ger in

C 0 (%'Md’r Aduiffidient %T&hl&@u%@@k@ﬁbm 1ﬁF pOIREeERRHADW the moistened
NTS Wen zinc oxide or an al kali netal

s. |1mgradlents to funelinnpsracewnes forydaggspsuikidg andjer sy dioxide, which,
£.f
P AP DB Ry AR B s

SC%MQ&Q@ffaée@r hydrogen sul fi de and/or sul fur di oxide,

whi ch, 15 in conbination wth noisture and nol eCL}J1| ar
oxygen, HaeB of theiforegeing pssetiady ephyduessrlddaeredipnty &y shown to be

S u r f gt?\?e OIP éaﬁt Enosgherﬁ lgt%tn lt Pegstetfa%g ?fnb&llltg Xf &Bm&é %hydro gen

at NRERREHSs i6 ohifaied Mfa qﬁalitﬁﬂ@tcofripaﬁﬁnaﬂﬁwdtcﬁlt in‘ sealed j _]aI‘S (“jar
noi st ure and hydrogen sulfide; this is confirned in

quaestsambere the FrsicesHirpecmense serpared visullyg Thaas tests indicate that
(I St bR s WASHiSed BEeiB 18R Dy SPREHIBARIAH 6 them when

eX Gelubtedls sHi@isaFhdean ekosed R\Hydagen yulfilé mv orBulfur dioxide.
i ngredient, or a conbination of them when
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 Tl-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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a lustrous silver surface is exposed to hydrogen
sul fide and/or sul fur dioxide. Mreover each of the
i ngredi ents scavenges sul fur di oxi de and/ or hydrogen
sulfide entering the filmor container, and at |east
initially, for a period of several 25 nonths,
dependi ng upon the thickness of the filmand the
concentration of the TI, provides protection agai nst
tarni shing of lustrous silver s8rfaces which is
unexpectedly superior to that provided by
c othaen;t essadlallf itlanspatene nTraasgayencafwighiout bebstantibllyaembrittling the film,
equi librium t

R r rts to t val ue
b ol reqniive i ppwéefg?ﬁ i @iy oy dlsperted, in an
a | r
UM, e d DT LT s 30 Ot i
be whidhstmains ah thy sbiidkthtepfientha ffille, or 8thet Imiistrais is thermoformed, and

essentially transparent, Transparency,
SuBR HPRIAD Rprtishpyre wralicy thep &3 Erfucroaara% &9 47 ytandard Test

RGeS RN BSOS k00 20
limtat Whﬂugﬂﬁubktaﬁ&ﬂly@bhmgmoﬂﬂy dispensed, e fxmiwldivided zinc oxide or

ingredient _which remains in the solid state after the
fi piepld fn%%lﬁéwa@abew% i §oss Al ARyt gt F1t dilf 15 dgrgass the WVTR

Klg !_"F?%Tgl?‘g%‘ar g @{eél}ethé g?gévcgépe}%ﬁ{‘aexﬁ%@hgo@éc%ﬁ rS{z ded without

| nsibzeantiathgafféctiogitadirticdl pyoperidesdd Thifebldilm3ZHe same tlnckness
Though substanti al | y honpgeneousl y .di spersed,_ the
f inel'y di vivaeepigst ﬁ&ayw“a@ Rptegied agqﬂnﬁé%ra}sh@&f%%&l@swspenod

g&g%g E 3 ?MMOT%%’“@Y Qéahf'xg ?tt1n atTIIfﬁ' }gah I%haethlﬁkn?sss sufficient

dl spengadbstanilly heifpmdy dixperodad ﬂhSreWithm éﬁ(dlg\h!i ’ItIhﬂg:rbdleﬂ.th provide
substantially affecting the physical properties of

TI thernesesspty Fearenging dulymyes Wr:@hﬁi@@@en Jhemﬁk@@f gichilm is typically
ma r t

e e e R e P L

Seamougt dftthd T agreticht InMhO TLFihY far 4 purioRESP 16 Bfybdrs (tRatis, if used at
to have substantially unifornly dispersed therewthin,
&wgrrefprred ReceRiraings PRighrsoYide theraparopaiaiegsatestion); and, because

SC RO RE, 165 R0PRRR: BELLAyrablR L AFERSS Sontrol in

beq:}acua@crdss.lsect@ﬁmer aI |y unnecessary to include a
Il arger anount of the Tl ingredient in the TI-filmfor
a peri odFm” uﬂnqlwrgwgié?am@teetlmfor ifeur Ymtrs isstagically lestiban 0.20 mm (8

S: g ifs hefgkﬁ )%ﬂ@ (ﬁjlltf{l %g’e %ﬁh%xhgff)gﬁ 9 ltn #(Q)gm a%g& gf)lrek%lv%ly rigid

a Waﬁfs EWhed ﬂr&@@%nﬁﬁ e fiir n@dré ﬁiﬁnlfﬁm@eﬁfs* 61 kxtrdrfe protection
control in thicker cross-sections. 20 "Fil m whi ch

pr egdin svaieraeper i demansied fand WY ERris a eversiging gtifeyioheers when
th %Eu&hr%?rigﬂtgr E135 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 TT 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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mls) thick, and such filmmy be thernofornmed into a
container wiwth relatively rigid walls. Were
protection is required for nore than four years; or,
extrene protection 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 25

consi derations, the "film may be as thick as 1.25 nm
(50 mls). Though, inevitably a substantial portion

of T iR bldwh Sl k&E & polymearcofR@iing fidgeiidac partitles Rextruded

film it is essential that the nmajor portion of the . .
TI thyeugies Blowm Hmrappa@tusiwiieh nmarhaces a dvm; abowh GO Semuil agil) thick,

b . ' : .
o5 T RTE goy  BE g i
t hahatilbenddi fuahtifiyttlye @imistr opparsiclds paichishbwsip asOimperfebibons”; and

filmmay be quantified by known m croscopic
t edhmiiefueisacihis absp dsibleown filmtest. 9 In the bl own

filmtesi,. | 2 Y . :

part | of & TG sl PR RS Qa3 R LSRN Bhiydroys sodium
whicgthogiliedelGedium héthsilicdg yodiGmARSlicar, (sddidin tisilddite kind the like in
and this filmis placed over a |ight source of

apsrpling @ ahuvestaiey MMosh Replarrddna poydersd sibinetpsechods t o
9 |u r‘i&%@ﬁ%@%ﬁ;‘?a&ﬂgﬁ% rfrgﬁf }%@ ﬁ%)%bo%t?&. :’;#Hoglg% %iﬂ?%{’esg{s’fscgﬁer alkali metals

ons , an Sl ze

Vi sikdhiRbleBihey atel leahe®dd &0@i bebauscaher 48 €@ hyprasaoisic,tae difficult
essential ly anhydrous sodium orthosi|icate, sodjium
mettagrind sde a powder with paryeles wdhedesited pigatangesiriigasieguate

SPgeﬁfe&?eeékéggasgﬂg%%ﬁw line or glassy states. Most

err ed silicate such as is

conmer cildghtypaaiblabilms 6 mimdrasGherpaisti©polyhbBugdy be used as the
silicates of other alkali netals 10 are usable, they

ar subsieic wibinayhiehiths Tinae dispersed suehnrgjymers inchsling low density PE,
o RSP bl o8 Mifhie), B byt G, Bybicfie S PERnides such as

i nadgan 8} estecEinforddriof BIREBSINA W WTRE HeB8QPH@ Mmil thi@hkss and 645 cm?
perneabl e filns of nunerous thernoplastic polyners nay

bo (18G M harea pid 74561 09 FD@ndDHi REWisiasive haidHy3. WVARS ringe from

di sper. h rs.ipeludi |t E s
pol%egf(g? g@%@“atgpl@\] ar ?IPE Pﬁﬁoo? vﬂn@ﬁogﬁp%ﬁ%g; low &e5nsny PE
poliy sleyhterhg:, th@PB hadh J@idite R8s G146 10.98S ghdel Déss Bavorddire dilhsof
order of increasing WTRs neasured per m | thickness

andpobyrarbengte, polpoethane andmelybatengi. 4C (100F) and 90% RH

(relati L eli ty) ange f. out 0.5 gnl 24

R R R e R

" | Qynéif&Sially avdifablel fAmeBadH astifheir & prdtietbasPELY efsrhUhion Carbide

| ess than 0.943 g/cc. Less favored are filns of
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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20 pol ycar bonat e, pol yurethane and pol ybut ene-1.

Preferred bi odegradabl e polynmer filns include star

s-caprol actone, and conmercially available filns such

as |inear s-caprolactone (PCL) (from Union Carbide as

PCL TONE 787); poly(lrydroxybutyrate-co-val erate)

(PHBV), containing 8, 16 and 24% valerate (from

| mperial Chem cal Industries (Zeneca), Billingham UK
uncoated 25 and nitrocel | ul oselBoated cel | ophane fil ns
(from DuPont, WI mngton, DE); crosslinked chitosan

( Pr ot arLdsafwosdaronesodeRedrble dilmui)clptequlsarbapgte, polyurethane and

;F%?e%gt. ﬁ%@?&tggﬁrﬁl&? E%lg%ﬁ,igsn@pzlttgé gtgelzn@ie ;t%_?h Icle ﬁ?eﬁi‘\gﬂigélgquirements

m i f Gl NeyBs shippddatié length and
an &ﬁ %{@?érﬁﬁg}%%hetﬁ%w&r(gg g%etg?’ ;ﬁv e y?s}; alran d 1p.15 ength an
palegeprotacdtivneo bPaiprdedmiotic fronr acidkgaghs indbe gnvigmnppoand from
Dal tons 30 (from Upj on rbi de,, Bound Brook, ,R 10 .
Leroyeh hansiiag, the Rwsi ey TeRasiailan o oPRER.{h slich) the plokage s to be
P oétéfr%&r%@%?Bfomig%t)ﬂéf%&ﬁ@ﬁ% PRI¥E iR Shich aléBermeable to
choi'ce o I'Tm depends upon t strength and

f | eypohs dfithy/adtieg ihgretients,snclode EDBECBRtcapokymernofithiogts more lower C,

| enige He SOREPES 0B IPFD ot ALY PR BB Agsbieh and o
et B ROl ARSI HHAS B ARFHOSATN Rerk G degree of
e e e e

P Aentlsolest i 7o a0 PR R HRMOHOY och (garts per hundred parts
| "B WSt P v of SREVCT{cy Enghdnlar Rl Rimed of

et pylyspehy onpdlyeteeohol , and s- caprol act one, both
| i near and star; such filns are al so ch

osen were a,
hi gh degdrhseheice b im depasids ppgn ths strergih Aud ety fequirgments of the

wth relativel.y.rigid, }i - '

o twaPPah Vgt g pidotucH e PG/, BTl fhd degres of

t 0 pdotétition tHBE hiForded, Houngsthydages sullfile wed gdid gades in the environment
poFyner) of each VCl active ingredient are, preferab

f onme o rougiohansilipg dhe hwmidiiy|of di particufaenyippentdn which the
fil mdepends upon, the stren f irDd, L .
RS B SRR R B BB it i e

objpeGhebRI16 hy@roBen Shidpad sulfie dlogiiBtifcladdlodedinery BE, PP,
protection to be afforded, both from hydrogen sulfide

andopdimergas &so onmotrlowiey pleGnsrant ethylpeg/ vinphalehel gopolymers; such

handl i ng, .the hum dity.of the p i cular. environ . .

s B st hopet gt HrEeh dree Gl T B o Rhiners wih

ConghiRiRlibRNEghtlRehed EART thffksiddv 4R, 16k tBhn 8728 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.
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permeabl e to hydrogen sul fide and sul fur dioxide

i nclude | ow density PE, PP, 20 copolyners of two or

nore | ower ol efins and ethyl ene/vinyl al coho

copolyners; such filnms are also chosen where a high

degree of flexibility is required. Containers with
relatively rigid, |ight-perneable and thin sidewalls,

|l ess than 0.25 mMm (10 mlIs), with fromO0.75 phr to 1

phr of each Tl ingredient are prleferably fornmed of

pol ystyrene or polyester. Additives such as gl ass

fi ber s Unleshpowdke df the Tldngredieatean fre réadilndiractly dispsrsealrtp yield the

25 adj uvant and/ or EOCGSSI n%1 ai d such

pl 'gl'qu)lgmfé ft ig degirabledarst Tﬁdnegqe  CORESALSHY | 1) gﬁ 8?W9erb‘é dispersed in finely
in &l which is miscible i

BV 0 A PECAEn oS0t e iy s o
bedlilifhﬂeﬁolymef m@@gasbléﬂder addliltei blenddifod $ntn dhhe lagpper skAnextruder. The
affect .the polyner's physical

_sclal’@é‘il@ Friuged myp cpp@nga@éﬂ fhe rfgﬁgr ﬁl?qtzhg)stge size range from
: n%o%@ggﬁmg@%ﬁg' ) té 5%2@ e‘ﬂfetli&ﬁr&ﬁ Iy Hﬁrexfrﬁded rod. . The pellets

require transparency Unless

povsitsin @fhigiheontenttHigh @dTe mhd:lamdme inf Shadinge frbm @0t §O phr. To
dlspersed to yield the Tlcgplyner it is dﬁSlrabIe
i meke the Tregeatainiag pelamer arcdosenimqyhatihe pelleh.dp dyaegre

| n, finel r i

b0t Y DR R A Db PR BPF v in  lncer
di hiteihe nRiRtyeRId, to s mgapar ckﬂ aethékﬁﬁofoﬂmdg feané)| Ardnfedional film
into the hopper of an extruder. The 5 blend.is

ex Exiteler may beased te cxtrde finishadetiinndilyied faraniain ﬂ'ﬁ’eﬁbl"@? -gpecified

in the size r ro 3 mm (0.125") to nm
(Oc%nfgns%auoﬁlgl ?g%azcel ﬁ %Pe‘&% iin extruded rod. . The

pellets contain a high concentration of TI solid
powder in the rangefromlOto 50 phr. To nake the
opansg o A 3 & @& of the pellets

in tur}1' are o‘ l d

o e e BRI 5 oG Bt RS, 9 tERbarison of
M Xt Tredis oBtatitd WARPPE filfand PEhFFﬁ'IB:f of thislgvdiianSeach of the films
conventional film extruder may be used to ext r ude

f i i§ stteded in athi¢knassed aboutdbhman (# mltie) @bﬁvbmgb@guafqompntrate ina

E@ﬁ%ua E@gﬁpbﬁo@ﬁﬁtégﬁ?ﬂ hlnle w eﬁls%}zzlclgﬁgﬁﬁ%v%ex 2535, or

W' WhickdiBedc@SEE @%P %ﬁl‘éﬁ@vﬁzsacfe%é ébﬁo[yrﬁe?r%ﬁdﬁ@bm% Portlon of the

conpari son of is obtained with PE
anaofRentihtefin IEquxsfar OH0-694 hIDPEL andnneleﬁrﬂmmg the thfuw Mecause the

is extruded i hlckn ss of .1 |nt

by cpheeirefon phrspalval Suiie L gL isfesp el B tie Bhishhd fim is

Duky s $ | oy bM tkh@%ﬁs@é@de%m PE film” i

25 %”éhgg% %}0?;}& eﬂr?tle 1?%}%?5 532 ethyl 1e][r11e/ vi nyl acet atalen e

c opatoharsd, LIDPE fild] duoh ias gf Bquistat 940109 baliszed to contain less than 100
ppm of BHT.

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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concentrate in Equistar 940-094 LDPE and nelt-form ng

the m xture. Because the 20 concentration of copol yner

in the extruded filmis less than 7% the finished

filmis referred to as "TI-PE film in which the TI
ingredients are dispersed. "Plain PE filnf is

purchased LDPE film such as of Equistar 940-094

believed to contain | ess than 100 ppm of BHT. First,

a 45.45 Kg (100 Ib) lot of pelllets is made with a TI
ingredient and 25 Mcrothene FE 532 in the foll ow ng

anmount sTo &tridediladhidntd ﬂspl%ecmlmeobbyecte feirat k3@t oigsyees under cyclic

fjf’qe{xl%é@m?ﬁgé?d(é@?riﬁﬁgtﬁh% Fsakcn b s g sl RRn grpgis
¢ Ilingﬁélglﬁf 6)@@5}3{ c&‘&gﬁgr o it gﬂ T e V\;il% hyﬁ?o%%}eitasgltfﬁ%, 1.363 Kg

ver objects for "at
ong@ Iyeaf thel pd&’cs ay (bllended oitherat Kig é?l:kbbl df pliabnBE toexthvde a batch of

fr 959 [ l.ar.
O Ked N GNP RBE SR AaF Brisbitt B 180 fy (4T ik,
h
o ShEAET0.7 vt Y Th el e b¥ide of Bl IBsiBUCE S oS
bat ch oBoth H9ngbdikats pidyel do)nbm’iedRE-fditn § conenfFate containing:

T e ol i ™
d' sili C@gﬁ eK%R )-Igf thd] n%gﬁt%é & tHBY diRReFRMRI4B0S KQ(IOO Ib) of plain

forma e contal ni ng sodiumdi silicate,

% PEiaf@ eRivhdéd t@ pro¥idecmsl "/b\/bawhd[Ih@g‘tedlEﬁ G&32, I%D%y v@u@ﬂ) Qf finished
%2 | b) of the concentrate s then dil Utcﬁ

45P 50 Ipfglm( Aowucentragt offalgiym oxlepgalge magds pp a@ﬁoyréately diluted to

prQvi % r t by wei ght

fplfovh(fs%ggd igﬁﬁ ﬁ;{mlhaogl %ggﬁégltérnéé%togllﬁ ¢al ci um

oxi de i ThalaardetRnaRdsaRpeRhiedbelow el ‘plad PED (identified above)
provi de extruded PE-TI film having concentrations of

1. end,PEAE fiksul t s of conpari sons present ed bel ow use
5L[gl n P(Iiz_ ilde{x}\;{g ed above) and "PE-TI" film 15
R Sanpl es of each film
Cont ai n'Sﬁﬂl Racheh filRecohtaihing e EMhSTI imgtddéents in the concentrations
concentratlons gi ven above are cut to fit over cups,

eagtvewabhveame enitte fit owlwxpme@duwah@p@meﬁgrly tlgpadehopeming 7.62 cm

Vv al(%j’) Hggl A etex r#é\gleg %331%? eirﬁ 8u{§ﬂa?lms ) 1ngI{ﬁlcf21tlesses in the range
from about 0.4375 mm (3.5 mil) to 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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fromabout 0.4375 mm (3.5 ml) to 0.525 mm (4.2 ml)

thick and the readings for the 20 five are averaged.

The cups are each filled with identical weights of

cal ciumchloride and each sanple 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 atnosphere at a

relative humdity in the range ¥orm 90-95% and at a
tenperature of 37.2 C (100 F). The cups are renoved

f r om t hEhowsultsdre sulistmvially thesdmesihgtied tiedl TAS zibe toxide arsodium

t he average weight gain (difference in weights before.
andisdicatery 0.7217G CaneepHgéon. Viprie s ogpinedb RSt egat hefe is

Ta LSOR; ' ri168 ddmpAfddeSince there i
11%S ?tlaﬁyél?%@@g@’g%ké’me ."M gﬁ%ﬁ ueifile oA gp% Tog e e
i NRé avidbit difféefic-thére Ova34b repsbi Bdesipey thdt ditheNziBd 6xide or a silicate of

gm 100 in2 /24 hr 13 . The result, e _substantial ly
¢ heoBumevapkbpIElerTagh Roav SR it GBS 35S i urm

|dlt fr”egt‘f%tﬁgn 'o?tgg I-Jg'éa"@f%ﬁ HERbLAE bR Brnts : tnge foregoi ng

si gni f i qaatolRiviheresnkeare dbiahed WSS tolletehrirkitheraxtent of tarnishing,
conpared. Since there is. no evident difference %uhere

wadf any, erekigbly noliskedmad dried sterling spr sopes GRF teswiur groxide in the
siljcate ' woul d provide a high scavengi ng

ab? %epfle?@{rydf%eeﬁggls&%g I nvestigation of the effect of

sul fur dhexdsttewr®bartiad butshitinghe silher shobhsdwildiin bags ih 1 gallon glass jars
are obtained in tests to determ ne the extent

t a“ﬁi@ﬁaﬁé’;elseﬁ‘lﬁd with lidsrEashgReqn s Srgesddn adHem \aibPeepted but spaced
t . ) .
S g 5 RS LT AD 0 e

OUtthaAplhiA HE)@osthiné@ b cERBRRAG N BF dint bxidagad sedidmghtilicae TI
glass jars which can be sealed with Iids. Ea

i ch spoon i
| s ilgredjents.isackinf 4 ¢ancensrationtod §158e fasattoghat ¢ Thpfpished PE-TI film is
fr the, fil and e bha d sanple is suspended in a
jar: mg“t%’ég‘t‘aﬁcFﬁB‘?ﬂ&S@g&% the plain PE, contained a
conbi natyg 'fol@éwiﬁ% RSt ProlcBdura dekcEiBel o dtiet Bidtrtstveldycles are repeated
ingredients, each in a concentration of 0.5%for a o
t othylremcidgshe Bhlutibhninsthe ghapgbeT laftes ¢agh cxcle.1Each 24 hingycle starting is

i15) thick and t .ent . - The f.ol Lowing test .
or okt BudtherbE Sg Cyer 6 PondRedBIRR Ayl Rdgmpprgtore of 23°C
r epgag foutide f1RRNBLBGn AN H bindiphérB. ThesfobAsTRRMmot removed

after each cycle. Each 24 hr cycle starting is o
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,C] 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 in a 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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repeated at a tenperature of 50C for 16 hr in the

chanber, and a tenperature of 23 C for 8 hr outside

the chanber in an anbi ent atnosphere. The spoons are

not renoved 20 fromthe bags after each cycle, but

visual ly inspected, because the filmretained its
transparency. 30 ml of a test solution (1% Na2SO4 + 1%
NHACL in deionized water) is poured into a 50 m

pl asti c beaker and placed in eath w de-nouth gl ass

gallon jar to maintain an atnosphere of about 95% RH.

Separ at ghy seaddgass #oe (hén Plaotd Mo SRER at SHADfdrM 6ehr2fkentvhich the jars
25 plastic beaker and place the beaker in the jar,

Tha¥s re@aved ansrhedd pinoppdemperaturg @3 seyfas s hrnyhis sisle is iepeated and

T TS TS BT, i

veetides! Oy asvsipendes 1 (iwhbierl fehes¢ms a amdaceindistingnishable from the
wr appi_.ng each _ coupon is exposed to the sul fur dioxide
beital gausey Bnighy angHE repspreaHanAVPBAC SFVEELPaTiRsiondugikTedy metal

B L e

hr r@tiletverstiiotdt dfhe 7jcgtles:are renoved and hel d at room
t enperat ure éZS C for 8 hr. This cycle is repeated
and t helapBEAEmy| sual PE filasyik (Tdéinguedients si gns of
surface staiqing due to tarnishing are evident. On a
scale of 1 to 10 where 1 represents a surface
i ndi sti Muykhakbeidé eereideana pldh PEalvhithr Bigerhédblsts, sulfur dioxide,
and 10 represents an average severe corrosion suffered
by prastua¢s nocdsiplerismighigeer p peceorhpionesueekpe the ahgence of hydrogen
unprat.ected wi.t h, Tl Ji.ngr.edi.epts, the follow
- SR8 Seerting nh S PiSHuE R Ropal imlsRipet ¥ hense of ydrogen
fi lsaprak tiB thekefoRAREERRdr$. 1 1 10 The tests provide
evi dence that plain PE, which is perneable to sulfur
di oxi de, produces no visible tarnishing over a period
of eek. in t & bsence of hydrogen sulfide.
FERELRHHSY di oxide to negate tarnishing in
t he absepgenedtiveydhanson Suhd éfQiiviiess MBS i PE film is made by
unnecessary. Effect of Hydrogen Sulfide: 15 A
qu ldcing higldy polighedisteolingsilvehgpoehs achage erds ©f BE-TIH@nTansl placed in

in PEfilmis made. b | acin i ghl, al.i shed .

o1 AT BT S Preieg REG e o MReh B SPrpssiuafion of

8'5319&@ ﬁéxmlgﬂme&&mﬁﬂ 39 "ﬂh&éﬁ%@ﬁtﬂ]}iﬂﬁ oRbARSRINGh QuiffdE! solution which
("

the concentration o
is sealed in each test jar, is in excess of 1000 ppm.

Preparation of Ammonium 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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hydrogen sul fide, determ ned by the concentration of
amoni um sul fi de solution which is sealed in each
test jar, is in excess of 1000 ppm 20 Preparation of
Ammoni um Sul fide Sol ution: A 20% by wei ght sol ution of
amoni um sul fide in deionized water is prepared (or
obtai ned from Al drich Chem cal, #30, 941-9); 1 m of
the solution is diluted with 99 m of deionized water
to yield a 0.2% by wei ght concetiration. 10 m of the
diluted solution is placed in the bottomof a quart

j athe jdbabblve theasitfacd 6£ths pelutior, opk apoonRi ebél bag, andlowsledg in each jar.
transparent PE-TI-filmto be tested is nade into a

bad %@tlasa@@lbv figniHgae ngmberihrea)pidupleate fS YERfaNt |y,
ore L pad b AR o Ay lRinc i LRI 1 0 10,

pohighbethe sevetitNofifarnishisg, €lic highdrelte humbataceirded.and hung
in a bag which is then sealed. The bag is_then hung in
15 t he%fi%h bagisvemeres andrisially H?SP?%@ %V@rsu%(i) BHL z%fﬁbe end of 2 hr the

2{) gé)rpxg ol les'lr aﬁ%fg ?lagrl? g%lbgg > wer %%o kﬁ ?J[%%% %ag‘{c% raf 10" Oli)servatlons of

s affiy @mpakRive everity of @ﬁﬁﬁﬁng Weﬁfthérafdﬂd: sbppgl afeer 2 hr
quantified nunerically on a scale from1 to

h i gher  (The averae resyltuifter aafasispelyof thadesh ﬁgn%aretSﬁteforth below:

UTRSE GEHSREIETT i CC LR B BIRY CORRM o kAl

sarpURse dikiliche pl ain PE bags) Y SO heavi I2/.3ar ni shed
as to rate "10". CObservations of the conparative

severity of tarnishing were therefore stopped after 2
The . ﬁ%erage results afteor hr for each1 of the
tegtl F94'% are set forth bel'® Ingred| ent” in PE-TI
filmConc. of ingredient Ooserved tarni shing 10 Sodi um
disilicate 0.75 % 2-3 Zinc oxide 0.75 %1 Sodium
di Sodiwadisil®a® %) and zinc ®kVde 0.5% 2 Cal cium
oxiaflé zihc@¥id®- 4 15 It is evidehto X hat cal ci Wn oxi de at
| % provi des sone protection against tarnishing but is
substantially less effective conpared to a conbination
of (‘f"a?(q{uWBm% silicate and zijng.oXxide presen_jn the
same concentration; and elther zi nc oxi de or

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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sodiumdisilicate, present in 0.75% concentration, is
nore effective than calciumoxide at 1% This

i ndi cates that though oxides of G oup 2a of the
Periodi c Tabl e exhibit 20 significant scavengi ng of
hydrogen sul fide, they are not as efficient as zinc
oxide or a silicate of an alkali netal. While certain
representative enbodi nrents ang details have been shown
for the purpose of illustrating the invention, it

wi |l be apparent to those skilled in this art that

vari ous changes and nodifications may be nade therein
wi t hout departing fromthe 25 spirit or scope of the
invention. 16 CLAIMS 5 What is clainmed is: 1. A
tarni sh inhibiting conposi t4{d¥MSonsi sting essentially
of a substantially non 10 hydrol yzabl e pol yner having
substantlally honogeneously di spersed therein from
Visbistclaiedision to 5 % by wei ght of an essentially
anhydrous scavenger including an alkali netal

silicate and zinc oxide and op tlonallgwfron10.01 to 1

196 by Afeinitinkipiting CPWBP%"“%‘J’QW@H?Q esgsn Vd @ suRaientially non-

hp@ola%s e B@P}n‘%r “@v.ﬁ§ sN@s@Q’ftlaw RERGSRbASY HiRbErsedWAdrdin@om about
east as hig hat of |ow density pol yethyl ene.

15
001 %ﬁ‘é%@ﬁ}ﬂ&@i&ht shamessentiainanhydires é‘F?H/ef‘ﬁ%r '%P@lﬂ%?” alkali metal

su.e@tb A8 SincQWidde dptionAQ bRt Bk €6 € 9% BY Wéig;rh@eﬁ/ére.ﬂsrt adjuvant
| ene/ vi nyl acetate Copol ynmer, copol ymsrs of

p@n&/ eddatdne pplyer hapa WptRsvaPRTtransiméman refe. Vﬁéﬁ?@hlwst as high

a8kt Of low/ c%?\%(t?’bé‘lyéth?lleﬁ@hm non- bi odegradabl e
pol yest er y(vinyl chloride), polystyrene, or

pol yam de, or conbinations 20 thereof. 3. A

2t ar nirpBicBepbSRERbE distth £ WHASH EHe%bl)frﬁ ﬁél§dé§90w%lensnty
substantial 'y non-hydrol yzabl e havi n

pelyptWiane. RAIYRORdeRR SHviSnB IV assis SBROIYMER EppPlYMERHOf lower C;
C%Q)Q#lhs QRdlyPhek 9o fonkY C ﬁt&héflrp&n@&hﬁéﬁé’ﬂh%@lécﬂﬁol non-

hydr ous scavenger including an al kali l'icate
bm§9@9aalﬁrp@ly@§ie@eooaﬁumdﬁhﬁoa b PYySlirenA R tPol@NMida e combinations
iy ded that the polymer has a water vapor

transm ssion rate (WTR) at |east as high as that of

| ow density polyethylene, and wherein said

shon- W@Fr@é&r@uﬁ%hﬁntﬂ@'cﬁﬁ%(ysuh&u EorkbRGIRH LaUBBLAtiNY N ABN drolyzable
p%l?/rn?()arr Ihg\lnrrllg sSbsStar?}urally homogeneously dispersed therein from about 0.01% to 5%
by weight of an essentially anhydrous scavenger including an alkali metal silicate and
zinc oxide and optionally an inert adjuvant, provided that the polymer has a water vapor
transmission rate (WVTR) at least as high as that of low density polyethylene, and
wherein said non-hydrolyzable polymer is a biodegradable polymer comprising a star
g-caprolactone; e-caprolactone (e-PCL); poly(hydroxybutyrate-co-valerate) (PHBV); an
uncoated- or nitrocellulose-coated cellophane film; crosslinked chitosan; starch/ethylene
vinyl alcohol (StYEVOH) blend film; pure EVOH film (38 mole percent ethylene); or

polycaprolactone (PCL).

4, The composition of claim-3, wherein the alkali metal silicate is a silicate of
sodium.
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c-caprol actone; s-caprol actone (c-PCL);

pol y( hydr oxybut yrat e-co-val erate) (PHBV); an

uncoated- or nitrocellul ose-coated cell ophane film
crosslinked chitosan; starch/ethyl ene 30 vinyl alcohol
(St/EVOH) blend film pure EVOH film (38 nol e percent
et hyl ene); or polycaprolactone (PCL). 4. The
conposition of claim3, wherdin the al kali netal
silicate is a silicate of sodium 35 17 5. The
conposition of claim4, wherein the total anount of

sai d_scavenger is fro bout ,0..1 %to 3.0%.y weight.

56 TRES BUABGRIN Gira & MR e il el gad Servasle s from
abdut 9otk toB amdbpweighzi nc oxi de 5 each, independently,

have a primary particle size of from1l to 53 mcrons.

7. The conposition of claim®6, including the adjuvant,
ewher gha composiihriofandim 5; amprdirs €8id eilitate Wisedindeihdisaid zinc oxide

R oo ahr Y VR AR CAY BBRARS TR 71 (k) PRl e

size in the range fromabout 1 10 mcron to 53

m crqps, and .wherein said cal ci um,carbonate. i .

75 ubs f BREPEPPSIGLSHAAmdL eI Sing s SRLYENt Wherainite apent
c&n'pﬂ'él.%s qalllz_ﬁm@&faﬂbbﬁéteqfresiﬂ_nainmnlanfwm bgfr@ntdmgﬁg& a‘}/lgi by weight,
metal silicate is a,sjlicate o ium, ) e
wBElRbe Faftr carpartie hes §RtTaR parkiErin BB ghes fom about 1
niertdh WSAmibrod, dnd wWheredx s8le calciuntiepsrias i substaatisilya

grl rrarey glartlcle size ,in the range from abou_t 1 pmto
hgmogeneoyply epersedih SRR PCHMeSf claim 9, wherein the

total amount of said scavenger is from 20 about 0.1 %

Bner IH CORBOSIIALS! Sl bieran fasal dnelale et g Sloale of

sé@idinum wherein the total anmount of said scavenger is
fromabout 0.1 %to about 3% by weight. 25 12. The
conposition of claim 11, wherein the primary particle

oS é eTaé csmbldsiﬁcbd dafCofiaim B fwhefntl baldsfbste R OdidMEHI®¥iddEnc oxide,
i ependent!ly, i romabout 1 pmto 53
indneper?cﬁanﬂy, avg a prﬁnary par’ucg sll'lze in the range %'omparBout 1 um to 53 pm.

10. The composition of claim 9, wherein the total amount of said scavenger is from
about 0.1% to about 3% by weight.

11. The composition of claim 2, wherein the alkali metal silicate is a silicate of
sodium, wherein the total amount of said scavenger is from about 0.1% to about 3% by

weight.

12. The composition of claim 11, wherein the primary particle size of said silicate of
sodium and said zinc oxide, independently, is from about 1 ym to 53 um.

13. The composition of claim 1, said composition being capable of protecting a
surface of a silver object containing in excess of 90% silver, when the surface is
exposed to the composition in a gealea environment, against tarnishing in a molecular-
oxygen containing atmosphere containing in the range from 1 ppb (parts per billion) to
10 ppm (parts per million) of hydrogen sulfide at a relative humidity of 90% and 37.4 °C
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13. The conposition of claim1, said conposition being
capabl e of protecting a 30 surface of a silver object
containing in excess of 90%silver, when the surface
iIs exposed to the conposition in a seal ed
envi ronnment, against tarnishing in a nol ecul ar- oxygen
cont ai ni ng at nosphere containing in the range from1
ppb (parts per billion) to 18 ppm (parts per mllion)
of hydrogen sulfide at a relative humdity of 90% and
37.4 C 18 (100 F), for at |east one year. 14. The
f claim3, said conposition being capable
“@%?2‘?@&?‘?%8 e Y&irface of a silver object containing
in excess of 90% sil ver, mhen the surface is 5 exposed
OSltI nin.a s annent
1} ni SRENGBIE SHOIABF 57 20T PgRoT hAPGFArRS O brbiecting a
s@faes bedﬂeercmmcawntmmgnn bloess aﬂg@’/ofsnwn Wh@pme(s@ﬁaténs

t
Rytpa it edatpodioni S5rurEENGEREN doeipSditiduasing molecular-
oRygeh cGnta(rﬂ:%tﬁu)osprﬁaé cahtalré@sih 1N Earige Hom 1.9pf partEper billion) to

16 oB et S7migia®) &\ Piziash Mg &l (etsladingd B A4 °C

(100 °6) dersdt st &4edr] ver, when the surface is exposed
to the conposition in a seal ed environnent, against
tarni shing in a nol ecul ar- oxygen contai ni ng
18t mognlé lebmp@@mrmfmlanm 6, Baidl@nmpasigen béuﬁ@béparm@o(matebﬁng a
p | |o ppm.(parts
sRfRnect)ars eopiereodaBMedn Besers ob e dilvey Bhem s, suriace i
eRpbséd to thle&o(ri&f @ltlfi) in & ?%aléd eh\lﬁﬁgheﬂﬂ@gmaw tarnighingliR® molecular-
conposition of claim i.ncl udi n
ORI EREATED SEoS0SHE ORI Bdee Bioe M £ BPb Bress@er Rillon to
10ppANRERE pef millioaNdithydlodéntsalfile Ut byelmaAegmmuaandofm% agd 87.4 °C

rtlcle size in the range of from about 1
(fho Egrfgrt% S5 AIRYSHs. 20 17. The conposition of claim

12, including the adjuvant, wherein the adjuvant
ses calclu arbonate in an anmount of fro 01
18/6 k1‘ CBPPRRIYH (] Wamch@mgt S AAIET ‘ﬁ'é‘?r{ﬂi”éf‘%a&#%‘t
cbrﬂpﬁléb% dafonge csﬁboﬁeﬁterm anakount cSﬂfnfbhp@ 01% t53 %b¢ Weiyht abhaving a
. The e HEOSI ion of claim wher ei gaLd
pE’ES'ﬁB’o%qri‘%ﬁ e 8h ?é%@ee%fém ?%FPW ”aiFrOQé‘Pé microns.

bi odegradabl e pol yner, said scavenger, and said inert

ad
J Tﬁe composition of claim 12, including the adjuvant, wherein the adjuvant

comprises calcium carbonate in an amount of from 0.01% to 1% by weight and having a

primary particle size in the range of from about 1 micron to 53 microns.

18. The composition of claim 3, wherein said composition consists essentially of said

biodegradable polymer, said scavenger, and said inert adjuvant.



