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apart from the surface; vapor permeates through the plastic in which the VClIs are

dispersed and inhibits corrosion of ferrous metal held in a sealed space.

Box-like containers and synthetic resinous film, e.g. biodegradable polyester
film of low density polyethylene ("LDPE") and polypropylene (“PP*’) are most
commonly used to package metal objects, the biodegradable film often being used to
protect farm machinery. However, ferrous metals are susceptible to corrosion due to
atmospheric gases including moisture, oxygen, acidic gases such as sulfur dioxide,
Qxideé of nitrogen and the like, to which gases the synthetic film is relatively

permeable. A large proportion of such ferrous metal objects, for one reason or the
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enough
VCIs. Such transparency allows one to read this text in 12 point font with a piece of

film laid over the text. The term “film” refers to polymer having a wall thickness
sufficient to have substantially uniformly dispersed within it, the VCI and other
ingredients. By a film which functions acceptably is meant that enough VCI and other
ingred'ients are included to provide protection in a defined environment for a
predetermined period. Further, the film is to have smooth surfaces and a thickness
which is substantially uniform, that is, its surfaces are smooth to the touch; such

smooth film typically has a variance of less than a +0.0125 mm (0.5 mil or 0.0025")
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nitrite, sodium nitrate, sodium chromate, sodium chlorate, or sodium carbonate, or

potassium silicate, potassium nitrite, potassium nitrate, etc. or lithium silicate, etc.;
examples of a sequestering or chelating agent include a sodium salt of phosphoric
acid, such as tetrasodium pyrophosphate, sodium citrate or sodium gluconate, a
potassium salt of phosphoric acid, potassium citrate, etc., or an ammonium salt of
phosphoric acid, ammonium citrate, ete., citric acid or gluconic acid or ethylene

diamine tetra acetic acid; examples of a sequestering agent include sodium benzoate,

ammonium benzoate or lithium benzoate.
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properties. As of this time, sodium nitrite is the only usable VCI found to be effective
with the 2,4,6-tri-substituted phenol. Effective-ness of the ‘912 film was unconcerned
with the primary particle size of the sodium nitrite because the ‘912 patent did not
address the problems (i) of embrittlement, (ii) of maintaining transparency and/or

uniform thickness of extruded film having smooth surfaces, or (iii) of protection
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SUMMARY OF THE INVENTION

It has been discovered that an interceptor, whether zinc oxide or a silicate of an

alkali metal, preferably sodium, interacts with sodium nitrite and a 2,4,6-tri-substituted
phenol when combined with a substantially non-hydrolyzable synthetic resinous film
of substrate polymer, to provide effective VCI protection against corrosion of ferrous
metal surfaces; further, when essentially anhydrous sodium nitrite is incorporated in a
substrate synthetic resinous film having a relatively high WVTR, at least as high as

that of LDPE, sufficient water molecules are trapped in the resin to allow moistened
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The same active ingredients, dispersed in concentrate in macrogranular form,
for example, pellets having an average diameter in the range from about 0.5 mm to 5
mm, may be confined in a receptacle, such as a hollow capsule, which is then placed in
a sealed container in which articles are to be protected, access to its (container’s)

interior being only through its walls.
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Mor eov erlotehee\MEERVYTR bfthe aved] filh|dwidy e st Dehf i b&tuced
24 hr is reduced because the interceptor scavenges

sulBeERUsEthadnisaceRtRT sqrieages sulfar diewide pnd yatdneapar emieping the film or

CORdofialiRE -in | j L ondai ni the 912 .
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of duhbcabbemog off the hissehey thetREeptdNTHOLL, 3idd8 1B8he WVTR of
r,,the R of 20 the novel filmapproaches that o

hr, !

pl &hsnoxsf Yilre aperoaghes that aEplain rokyreersof theeammothislknéss| the novel film

Dr Qi i OF i nst rosi on of. ferrous, nmetal
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pr amexjrdieldly dupkiivicio ﬂhﬁ!p?d%&@%ln?@%tﬁﬂiﬂg 49190 o Bbination of

i ngredients. Because, in combination wth the $odium

ni tpgredients.d Begause,tis cpmbingtiomwish the sodium nitrite and trisubstituted phenol
the interceptor has enhanced VCI activity, the interceptor is also referred to herein as a
VClI ingredient. Protection of the novel film, 0.0875 mm (3.5 mil) thick with
ingredients in concentrations shown below, lasts for at least a year, and will last longer
depending upon the thickness of the film and the concentration of the VCls in the film.
Eventually, after the initial 24 hr period, when the film reaches equilibrium, the

WYVTR reverts to the value of VCI-free film.



the interceptor has enhanced VCl activity, the
interceptor is also referred to herein as a 25 VC

wonguadsmnt . Protection of the novel film 0. 08ZH/USR04/015393

10

15

20

25

(3.5 ml) thick with ingredients in concentrations

shown bel ow, lasts for at |east a year, .and wll [ ast

| onger dependi ng upon the thickness of the film and

the concentration of the VCls in the film

Eventual ly, after the initial 24 hr period, when the
filmreaches equilibrium the WTR reverts to the
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O SRR NI, 08 D eyl Ak Sl e,
t hematibothard3 piheniordmetery Npa2 10 Sthedasd TestFicwacvirs aldsh),

silicat an%l nitrite, ii.s 10 smaller than 53 m
(B ERBaR Theghie HomabaHh e 174S s N0ew ) amddurstthe powder
03] PeApy ey epgRel LAY Py 3o g i

di speris & saiehasge, bnsmajkni fonaidiningasta dispeeant, Raubmdlyan
parti %l e . Si Zleaiasn he sanme range, or snaller,
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ith a : .anti al e g
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| ntiepreegt ar so srsal paresraoint itiat 8@ igial decddhs@ PHBIWVITR oft PB-VCI film
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shdt thortied. Thsiverx supa)l ameint obinbusqptomeventeslesspravides
gﬁglﬁélg%.@ﬂeﬁg%eﬁgpgﬂoge%ﬁ?n W%Qﬁﬁﬁ&%%g}%? %(%{gorsli(ﬁ{ tgl%.lg : Itig{él_rceptor-

I stance agai nst corrosion i f _
f r diee QM2 PEHilf, e refriatnifi@iiaiadicnts Béﬂ%’ $sc5thB8hM8 concentration
presgg{? | n. the same concentration 20 and the thickness

of 2B& S thickpgssef perhi fanbaiegidentinali anf dheprotestion rprowided without

pr Qi ded: i ially af i N he _.physi ca] .

or LMY L0k LRRIRAL A £ CEH 5 phe B hickncs.
f err ous Aket@ls alef# objctBmayayw Be pﬂft&&&%%%ﬁlsﬁgﬁjr&%n for a chosen
corrQsion for a chosen period, typically up to four

or PRES typically undp feweoranarp ears thyike simphd stepsnaf pldcingiit én a

container having walls in which the VCI ingredients are dispersed, and sealing the

container. The period over which protection is to be provided is determined by the
walls having the appropriate higher concentration for longer time, or greater thickness
at a lower concentration. The thickness is necessarily sufficient to have a smooth
surface when a chosen concentration of active ingredients is substantially uniformly

dispersed within the film; and the concentration of active ingredients is preferably
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contai ner having walls in which the VC ingredients
are di spersed, and sealing the 25 container. The
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determ ned by the walls having the appropriate higher
concentration for longer tine, or greater thickness

at a |l ower concentration. The thickness is necessarily
sufficient to have a snooth surface when a chosen
concentration of active ingredi@nts is substantially
uniformy dispersed within the film and the
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containing jn,t ange_f L0 100 ppmof an_acid,
0 S8 oA BT, oS T g
yeapti i i §

<ol 45 LT AR S0 g0 S v

a @ohwenta eneentmipisgireferblyyfift fosmed.ofhechncdiieate consists essentially

concentrat onsj sts_essenti al | of. a. . .

no -ﬁ%?‘%@?ﬁ}ffﬁ ° SYMORS lieémP%%l?%a%r hyingdispessedi thepein from 10 to

di $B61SROhatE BF & i i

0 SeessebA0st s SRR AL AdaPalb ARl Pl

al lstlicatermptl ainc csdidei; fmtre] Gitock (zpans of xodiem ditraenah@ fiot 40to 40 parts
odiumnitrite; and from 10 to 40 parts of

g%}%ﬁ@%&%@ﬁf@i& Bienghbavine hawnbrgineens selemied frowarubstitutable
ek ithel dafiBuhnd Wbl R Fhide? iHELR¥INERS §RHMR AR,

a substitutable amne; 1Tn co

adjtypreatly, fumey pilicabt yaltiunbgriginkier pregunt Galed theh 5 parts, preferably
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particles of ingredients may be directly dispersed in

20 thaRotBenRavrdehsRd df thoraghiyidisnersedugibl ipsuli ispefinishid article in

Wil i | RlLshe ticle | ich,th .
a8 Sy B Rl B e g
butcotideatrii@hefipattides, ARNESRIA MR R 9o MRFdricthes urifnly.

more difficult it is to disperse themuniformy. In

addi t i oAt pdslithen wgbeing fommulated fromo meancentretenthether the same polymer

\Ah%; Hﬁferénte,%ig&ﬁaﬁgieyprgf%lers are also generally able to have the particulate
solids quite thoroughly dispersed in the finished article without first making a
concentrate. -

The combination of VCI ingredients including an interceptor may be used in a
thermoformable synthetic resinous film or in a capsule, either of which is derived from
an essentially non-hydrolyzable polymer which either is not biodegradable or

compostable, or, an essentially non-hydrolyzable polyester which is. By
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first making a concentrate. The conbi nati on of VC
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capsul e, either of which is derived from an
essenti al |y non-hydrol yzabl e pol@nmer which either is
not bi odegradabl e or 30 conpostable, or, an

ess eHdestafigbleiois nepdt thambarc'gtip@ repalss Bomwiaturally eccuBing\O

20 CI/WS2004/.015393 10" bl odegr adabl e” is
oAb, SRR AR R et PSS RARE LR o s 50
OC QiAlASTOM stiind4rd9 Fit DOUEHIB ded?dabR RV RES ESHAp Stabilty TERNhi
that the pgl ynmer neets or eeg?{ceaeds | SO and E}AS%X/I ickness of

st dHends §iqadly ligwited thi09egma@A98! bt § malkspibecause it is generally

COMAS A L ol SRSy Hof Byl St ot
e A LU ST X

t héeppuse enifereniyocispersian inrke pieferted pargei odfeobdeatration is difficult to
appro&qLaﬁ§ rotectig&%f and, because uniformty of

di chg S8BT S P Pr ed range of concentration is

di ffi culbih® witepioMdel Brdidthiol §6r HuLHSESE H i no more than 0.20
"Fil i which provides protection for” four Yyears iIs

t ypadB nyilshthicks pad surhrfiloy @8y bd thermofpBned int) a thitainer &ith relatively
such.fil be thernmoforned jnto a_container with

il W&ﬁ% Wﬁra PEpRoR LS r%’é?‘b%oﬁ Ore thap SpuT; sk el PR iEwme

f oRyr ¥Rt RNt AdaM s WALEr VRRF & estéﬁ{tﬂ ing criterion;
agc'}l)iI nst \f\llaétger S.v _aporr a?)g dedr?g{nagg?(%{rﬁld giagl Clé\}rel%lng criteron; o,
ov evhengtmetuat rigigity ana primicary c.dmeernsdrs]m ifcsgraié@th ahd ggﬂbga/dﬂeﬁo tearing
a prijyary cqncern; or,..if strength an amage due to

{ o1 K <ORIGeTREGS, Bk HlBY B GRS tiHeas 123 A R mie). aBhercfore,

t higgkicas “H1r25 ' - orm
“fil m? as useetlzlsnﬁr?gé1 gigrﬁ3 m’ ?e;f%resrt(gglt? %ﬁ %%r}ga;v %r}]gga[ %Qﬁ g{}?lnaga Tgss section in
walthe mnghframabostsd.82cminnfl il or 01061 NHaogesfmeniseReitbr 0.05") thick.
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' ' th .
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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. In the blown film test, the polymer containing solid powder particles
is extruded through a blown film apparatus which produces a film about 0.025 mm (1
mil) thick, and this film is placed over a light source of appropriate wavelength and
intensity to enable one to quantify the number of particles which show up as

“imperfections”; and the size of each is also visible under appropriate magnification.
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films include star c-caprol actone, and
commercially available films such as linear g-caprolactone (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,
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containing 8, 16 and 25 24%valerate (fromlnperia
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calcium carbonate, having a hardness greater than that of sodium nitrite until the solid
ingredients are in the desired size range smaller than 53 pm. The primary particle size
of sodium nitrite is in the range from about 1 to 44 um, and its hardness is about 2
Mohs. The calcium carbonate preferably has a loose bulk density about 0.6 g/cm?,
density of about 2.7 g/cm® and hardness of about 3 Mohs. Fumed silica preferably has

a primary particle size in the range smaller than 1 pm, such as is commercially
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In a preferred enbodi nent, sodiumnitrite and
interceptor are ground or otherw se conm nuted with
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cal ci um carbonate, having a hardness greater than that
of sodiumnitrite until the solid ingredients are in
the desired size range smaller than 53 gm The prinmary
particle size of sodiumnitrite is in the range from
about 1 to 44 m and its hardndds is about 2 Mbhs.
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1 ia@etbig‘eﬂ(@)rsﬁ%ﬁaﬁﬁfa’te“an&ydr oxy 5 -t-butyl phenyl ) but an
e; tris(3",5 -di-t-butyl -

hy pcmagrbi@mzwtytraqs(?’ B- dlﬂ+hm3ﬂﬂyh}blemmhmylproplonate)

t2r |a§ é§ g§§’§lﬂﬂ? |ﬂj tgggﬁ ¥gf§ g}(ey &gr%gllmaﬂy available as Irganox®
Pe BRI idEMﬁﬁé@M 1?\5 hﬁ&ér Es Fis; ERYY; 62‘4? I0348NE0Y N,

| propi onate). ove’ an enols are

co&ﬁ@ﬂc?bcm 5653\(?148 H&nl@]ﬁ 4; r]g)&ﬂthAS No 6683 D%Bﬂlﬂﬁﬁ CAS No. 4184-
t|f| &&bf}/ t he nuner al S No. 36443-68-
ST AS NooHis27-5 IOQ%BCA%Nwww 841135 @owo 125463-

A5 IR A0 150,58 I, M 49 a1

128M6NA.3761682-61141, CASNo. 134701- 20- 5/ 2082- 79- 3;
1330, CAS No. 1709-70-2; and, 3114, CAS No.
27676- 63h Bmlmpwd@aarséb@ed@emeé in ﬁedydlu‘aé@i paEymen typically

f I I '
b: gaﬂgae\érﬁﬁ't;fﬂ %Tef)@ex&e hefrh%a Iﬁrgtg 61&},/ hcmpelé &( 2{1}{5@8}5 %xtrudea into a
exthin gethridyedlefized iftoballed iR PR held &8 abB&t@, IB?A {oefz%") to 9 mm

in the size range fromabout 3 nun {0.125
20(Q3)753‘7gn(}er@na iopowell kponsingbe brtknown i n the art To

g?ktehtGh aéi B¢ wI-r&rrl] l’lfllllgl t[Tm a J])re(feg %%n?ﬁefg ar}r?gun? nPil:fle pellets,
sufficient to prov1de the desired concentration of VCI ingredients in the film, in turn,
are homogeneously dispersed with more LDPE powder in a blender, and the mixture
fed to the hopper of a conventional film extruder to extrude the finished film in the
desired thickness containing the above-specified concentrations of the active VCI
ingredients. Extrusion of the film is conventional, and is well known in the art.
Because a VCl-containing capsule does not enclose the metal object to be
protected but only macrogranules or pellets of polymer containing the VCIs in high
concentration, stated above, the walls of the capsule need not be transparent, though

they preferably are, as long as at least one wall is vapor-permeable. Vapors of the VCI
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sufficient to provide the desired concentration of VC
ingredients in the film in turn, are honobgeneously

wdizepavsed with nore LDPE powder in a bl ender, panaStdee/015393

m xture fed to the hopper of a conventional film

extruder to extrude the finished filmin the 25

desired thickness containing the above-specified
concentrations of the active VCl ingredients.

Extrusion of the filmis convertdional, and is well

known in the art. Because a VC - contalnlng capsul e

d oetzgrmcntampb@ﬁealtmomsadluubmm and BbE, jgrasiuelly petnivate through

nl | t
¢ ne LRGBS e Sirudaibe SPsEd above. he-
Wal I's ofip Bﬁ‘@erﬁﬁ@cﬁﬁieﬁt ﬁ%%&uﬂ:@o isbd Qm%ﬁgﬁmofte cylindrical

30 they preferably are, as at | east one
i s twhapet plomvee KO less fitanp& m;l thickg bgdlridﬁbalv\ﬁ)bﬂfglﬁétﬁﬁm% inner

PCT/ US2004/,015393. 14 di " |
oI ARER B P13 B BOBPoTa BG4 Y s G446 T Gragh o Which 2
t h%ré%@iehﬁin%d%%uhf‘&fbeﬁl@ﬁ coR@nthgS VLT ﬁ‘lg%ﬁl&ﬂs fsgﬁaced The open ends

capsule. I'n one enbodi nent, a capsul€ conpri
shof theltelmgg lhrecther ptulggdiewhth ypem@hlﬁ foai oftanlesseqtially mon-hydrolyzable

|OME{ .ﬁﬁis t han EICk cyI|n rical  tubing y
ha\vg g Wi th %maPrg%"fl sp cqnﬁ%nq%ﬁlet £ CRPUEL B8 pp@ structure
fgclﬁtafeﬁyé%’ééhoﬁ 3f Va ﬂg?é (ngY ?Ielt}lgre'd%% tmu%g t%d)ores of the foam into

predet erni ned anmount cont al ni
| n @Iealbaeen$m‘rouﬂdmlgah@chpsﬂlb eledoamanpieferaly ofie 16wdy ol¢fin, e.g. PE or

thef(ﬂp %‘W%Wth pen-cell foam of an essentjally
Rfﬁ ang, g ter\fpesh Preferably ong spamsraallpavailable as
Confﬂfd?&fa?Eﬁeﬂﬂa&h%oﬁ?ﬂﬁﬂxfﬁFobﬁl%ooDen cel | structure

fac tates perneation of vapors of VC ingredients

t hr ough It Asothareesbodimédiea apsute coipriddy aIHIﬁloQQZ&Eﬁlel iped of open-
surr ndi ng the capsule. The foamis prefera fp
| oﬁ%‘ QLY Whishdhollpw agpredebpmingd ampoynt sﬁpgllnt%@m@mg VCI
po r avaj |
hﬂg‘?éc%}%?tg %) §<‘§gf§8§ﬂ$oﬁl¥ ]o?g %I & %I’%%S %1 #e%eatei ﬁu‘ough the foam

an aith elfe aboslirrointingahcapsub.eA @&Wﬁie‘h@ V\z oh ﬁiakﬁh\g’ such a capsule is
paralleleplped of .open- cell foam.into ich hollow a

faperarelisiyely it recngyar paseliclenipadawine figmegiork with all six open

C t or.s
géa%g &é&drér &Jggsro%ngg @er A 1rae G&gﬁ otpﬁlgte?yo%ﬁg% Jieﬁ%g\{lﬁrepleces of foam
s paepressed orothiengisé feued ﬁﬁﬂin@ eaoh dpeR ¥Ete 88 Forkey fodfn
naklnﬂ such a capsule is to have a relatively rigid

r ebaaHglgpiped ,pthﬁ dast Basypipesds wcaueedrmalnremdy pewt fake afiér the stesired

SPSPeyPaiSRS LG RUGSHEH IS RERRER S,

pr essed IRk bHGhH peboTREH: expcawle b&nﬁﬁgéa 2ABEINSRAUR bR
forma foam 20 parallel epip the last foampiece Is

sedaieBelepiped € thimiviallop BR ﬁlm;lessﬁhareﬁ 20 mem ¢@ siib)ebiick, into which

hollow a predetermined amount of pellets containing VCI ingredients is placed so that

vapors of VCI ingredients may permeate through the film into the space surrounding
the capsule. A convenient way of doing so is to extrude a rectangular tube of polymer
from which a small section is cut, long enough to provide space to contain the pellets
to be placed within the section. A piece of foam large enough to fit into one end is cut
and pressed into one end of the section, and preferably adhesively secured therein. The

pellets, or VCI ingredients, are placed within the hollow section; then another piece of
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anmount of pellets is placed inside the holl ow
paral l el epiped. In still another enbodi nent, a capsul e

woan@riogms a rectangul ar holl ow parall el epi ped#CofUS2004/015393

thin-walled POfilmless than 0.20 nm (8 m ) thick,

into which hollow a predeterm ned ampunt of pellets
containing VCl ingredients is placed so that 25 vapors

of VCI ingredients may perneate through the filminto

t he space surrounding the capsidl e. A convenient way

of doing so is to extrude a rectangul ar tube of

polf9as is pregsedintp iterremaining dpessod bbtheissctint to reloaggbly seal the VCIs
en %lghto provi de space to contain the pellets to be

pl ac vﬁthi n the section. A piece of foamlarge

enough -I®addokdandé FitAHE: R&Drbedaréiset R IRESRAE 96)aQomparison of
one end of the section, and preferably adhesively

s e e WY Tisels obiinefitwatlBPE fish lagd £E-BET fieh of thgs atemtiming gach of the

ar lace it hin,the hol.lpow section: then another

o S BYSGph Bl Gt asel el Ghmiady B gie p oncontate
pr @55 EHPEYwRh b EDPENBLINNG 908064 o@ﬂiﬁe&flo&%nﬁgﬁﬁmm Rywlex

rel easably seal the VCls wthinit. In accordance

wi £h3 3 e Miextthene@clide 63 2cth@end/viny hacetatASHM @ Gther diluting a
i S of the WT i S, obt ai ned, wi PE fil mand

PEPHE R Pi AL T e R RS L ES Do or

exDokd@end M@, bk FKAESSiAL tRNAkuE. ﬂecﬁ{ﬁe(tﬁe ggﬁ{egg%}’on of

first making a concentrate in a LDPE suc

DuPeprlyer- ig0bel dilged thereaforhedpagmst tsyteds HRRE7 Dotk dixished film in
2535, .0 r.ot hene(r) FEE 532 . ethylene/vinyl acetate

co SRIae VTR R et fmerse o toliirad o h ECURd Bl 4Rlain PE
| N fitn¥id MEEHasBO WPRAISUGRNSS Bg : i
mmttan%ﬁ42a83, and 1rrléa’t-lbor r%%n aishag@%nb??ﬁr%g&éﬁgg%ﬁ%néamless
t héhapnd6epnr af BHR. of 10 copol yner in the diluted

t her nof ormed polyner is less than 7% the finished

filmin which the VCl ingredients are dispersed is

ref erreg, §,0:1R8trativ fldts 45" ' [l et &S - .
pur chased LlDPEr?'iII mX S ?hﬁgsgjao S'quggg%@r;lbé%-oggiﬂe%s is made with
be M@ negtedionts amthei folldwemg antohar: 100 ppm of BHT. In an
illustrative exanple, first, a 45.45 (!(g (100 I b) ot

of pellets | SOHBYENMER 15 vO RAG78® ents in the

follow ng a wipdiumnitrit 74% Funed
silica 00. 722yo}{eﬁﬁ%1§?ceptor 02. 0&0%2 1 04. 5%

Interceptor 02.0%
BHT' 04.5%
Colorant 00.22%
Total iﬁgredients 30.92%

The remaining 31.4 Kg (69.08 1b) is Microthene FE 532
! 2,6-t-butyl-4-methyl phenol (BHT)

The foregoing ingredients and copolymer are mixed and extruded as a rod of
arbitrary length, then pelletized to form the concentrate. The choice of copolymer
derived from a search for a relatively low-melting polymer which is readily miscible in
LDPE. The pellets are loaded into capsules, if these are desired.

When the foregoing ingredients are to be incorporated into film, some or all of

the pellets are mixed with diluent LDPE (or other polymer in which the concentrate is
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i ngredi ents and copol ynmer are m xed and extruded as a
rod of 25 arbitrary length, then pelletized to form
the concentrate. The choi ce -of copolynmer derived from
a search for a relatively lownelting polynmer which is
readily miscible in LDPE. The lfellets are |oaded into
capsules, if these are desired. Wen the foregoing

in gilécwblé}a thengxérugled. hEo extouske rfdmatwéqred b protfect ferrogie metad objects for

g:: :'9' I%LSJ[ t he ﬁ'e‘-llﬂhe%l\(}s%’l @%?cnﬂ)eraglgﬁ C?Pglils 11’1 t LDPE‘OS](I)’ °Cto 50°C
20Q4d 99%3&1 P33 Kp1001) Qi?é‘lﬁ:@s Of]tﬁe mréé‘dlﬁ’é %ncehtlﬂe&@ are blended with

ext ruded. To extruge filmtailored to protect ferrous

neﬁé@ 9&3 @ dbx erLD%E td exdricle @rb@tctz @ﬁﬂO tbeof R+ YIGI dilm. The finished

el con | n thrtle r om Ctoamounts
56 hasy %‘? Fi“b OWHe

foregm ng COfS@gﬁ;&ﬁﬁﬁﬁteare bl endeg mhth 440.9 Kg (970
| b) of LDPE to extrude a batch of 1000 I b of PE-VC
film The fidugteddil®avCl -film 0002fm (4 mils) thick,
has ingredients in the follow ng ynts:  Sodi um
nitrite O. 712%65'—98%8 silica 0. Ozow%nt erceptor 0.06 %
BHT 0. 135% 1@yt protection is desjisyseqd for as |ong as
ten years under humd conditions in an atnosphere
cont ani hipreteciipn fs desirell ©r gaweg as teneyers linden Humidkcohditioms in an
rra contain as ch as 3. 5% sodju Ptrit, 0.1%
Bt a5 R et cenes (el Pick B TRy g s
Ho‘ﬁﬁiéﬁ fas 31598 s ASBRAE M, Aimdd\Gridd, 'o"‘s*%"k{)1 utn! df§li %atp,%nd 0.675%
conprom sed. A better ternative than havi ng e
h| @H"JZ: dhveaver, dhé wansparendyi of tROfilim naifl hkelbrrbelcsmp@omsed aA better

r nt.rat.i n but thicker m the
- Bt Ra G A srhigh nggapen ﬂlhé%mm@ fikgy jsito yae a lower

no
RSSO AB 1, RSB F R L
c orgk bt natre onifadn,ias gvik Bk et gotestidrhalfaded; iBthe itiiickheds 8fthe 10-year

arlfon of WTRs of plain PE filmand PE-VCl film

g gad ther qongenisation gt iwgrrdiants s theowsnest in 0daman.
2| nc oxi de and 0. 06%

Comparison of WVTRSs of plain PE film and PE-VCI film:

Samples of each film having concentrations of 0.06% zinc oxide and 0.06%
sodium disilicate with the other ingredients present in amounts shown above, are
compared. The samples are cut to fit over cups, each with an exteriorly threaded
opening 7.62 cm (3") in diameter. Five samples are cut from films of varying
thicknesses in the range from about 0.0875 mm (3.5 mil) to 0.105 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
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weanpliesvare cut to fit over cups, each w th aRCT/US2004/015393

exteriorly threaded opening 7.62 cm(Y) in dianeter.
Five sanples are cut fromfilnms of varying

t hi cknesses in the range from about 0.0875 mm (3.5
ml) to 0.105 mm (4.2 ml) thick and the readings for
the five are averaged. The cupdZare each filled with

identical 25 wei ghts of calciumchloride and each )
safpnieryals anscweighedts c&t%mylevﬂw Avesagel wieightreain (difference in weights

th e 0 the materi al
Pﬁ%ﬁe aglgc Qggﬁ‘?%ﬁe@%gé iaﬁre Es fogﬁ%ed in an oven

haV| ng an atnosphere at a rel atlve hum dity in the
range form 90-95% and at a tenperature of 37.2C
(100F). The cups ar eTrldpbveampadsantfeViI&s WO

2004/ 10%%%1 PCT/ Ug%p%gg}%% 17 at i egyﬁkﬁ% and

wei ghed det er mi average wei g

(di fferepgePEN WeodIb3 gnPRfoane2and af b%)ss gﬁHﬂO(ﬁ“ﬁ@Da%
W/TR of each as follows: Table | - Conparison of WTRs

Fi | m Af PEBrVEB hr A8 e I0HR’ /84 b aj nOISE6@g365® ighf24 00
in2 /24 hr 0.3638 gm 100 in2 /24 hr PE-VC 0.3456
gn 100 i n2/ 24 hr 0.3465 gnf 100 i n2/24 hr

Subst anBiradiritiall) eheS R EaiHd lateSotMiBePRItRIZBRb M dhdZoBfim
oxi de and sodi umdisilicate. Fromthe foregoing it is

ev digdisatet Feom thedoregpingdtis emidiat] that theye & epnérftiatimp significant

dif f £t
PSR i 8o ViRt e BiodiRRGER 6k bt Bt of pgiher the
OX ixflGc@ftoSi8 Gird B Sir! éoﬁﬁh?dlslﬁ@%le Ozgl‘i’é-légcﬁﬁ%guﬁﬁ af'ér @otamed ina

obtained in a conparison of plain PEwth a PE-
fi compdrisohef pBirRPBaritnd PESIClddnt dfche ‘918 patent. @n«:bethere is no

a1 PYEGT Qe dG et a5 04 ph G PHEC TR EHlit podim would
pr BcRidel et &ﬁfbsf rofédtod e 86T & ré &tts %vlaxﬁe[‘%n ®riA of one

of one year; d?x‘:p reason to expec at ‘ei t I nc

ox yehe; and Imdaaaxm tdiespdit tmt eithepmind ogide\or dedluﬁﬁdlallhcate would provide
mtercegtor unction. Conparison of Effectiveness of

VC IFCeRtp %l%al itative conparison of the

ef LBphMERESE Mol BR YR $Cidln Bl 1 | m Strips which are
spaced- apar rom a referred to as a

" but t onA, quabitatiet eomipadsbninf theLbfﬁctlF@ﬁ%’ aif thEF QKIIS MEPIR Gitin strips
StaE1Iﬁ rd 101C, Method 4031 titled "Corro

| NN @Paﬁed PRI frpip agpetylgoupap arigrred iy wﬁéwt@@i is determined by
value pafierh TS5t RESREHSHndrl ¥ B é,%eﬂﬁgg U8 £ {lgcij“&ljr(%mn Inhibiting

Ability of VCI Vapors™. A numerical value of 1 is accorded a typical unprotected mild
steel button (“control”) which is heavily corroded because plain PE’ film provides
very little protection. The test is carried out as follows:

Preparing metal buttons:

QQ-S-698 mild steel buttons conforming to Federal Test Method STD No.
101C are polished on a lathe, first, with 240 grit silicon carbide paper, then with 400

grit aluminum oxide paper. Polishing both the face and the sides of the coupon allows
for more consistent test results. Each button has a diameter of 15.9 mm (0.625") x 9.5

mm (0.375") deep.
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steel button ("control") which is heavily corroded
because plain PE filmprovides very little

wonaai4ao899on. The test is carried out as foll owBCT/US2004/015393

Preparing netal buttons: QQ S-698 mld steel buttons
conformng to Federal Test Method STD No. 25 101C are
polished on a lathe, first, with 240 grit silicon

car bi de paper, then with 400 rit alum num oxi de

paper. Polishing both the facel8nd the sides of the
coupon allows for nore consistent test results. Each

but t on” Wes buttemssare clepnest in selvenththsplis by ymmegsing inchpt mineral

G N R O R ——

| NUBkeSising stofiléedttonl sHRIbal TheSRiel biitfonk lakt Be® Placedita bath of boiling
residues that may be left fromthe sandpapers are

r efsthaaolA5 % nike buttops atggsemgvask aneiak a tisstandririsdanith hothag.

st eel bg&%gg; gr%?tpg% ﬁﬁ?ced in a bath of boiling

met hano re renoved one at a time

and dri ggipsiof Fild L 54éh (1'9 xArseniadh (&) keog8shmAS Safi thick
g { ?'X x 15 g(gf) ) x 0.087 ek ate

Strips of film2.54 cm (1") . cm (6"
nriitaherd toi thy inngr swfage of thetliditbreadedip seaueed; tateg 6 sar(@4J8") mouth

of lid threa I cur to.fhe.6 cm (2. 375"). .
ot 2ty fia B el Sl e T Py Eicypiitugjgposed reltive
They &R ber, Yn@ihePA8E bed ¥yIHdERA TRt KRR 1YiSertddhRAER the lid of
other, on either side of 'a cylindrical tube which Ts

i nsashtjardanchspaoefhaparefrindt; dlfe thbe bascirupber, hoddwl at one end into which a
spaced-.apart fromit: the tube h a rubber hol der at .
onBURS e e g tips v iedntsiee 1Rutial prpcctyes. it dirst making
ar g cometrats With VElesthesSFE BQQEQMiﬁﬁimgttfli:'eééodcgmtr{téh gr:]EDPE.

making a concentrate with M crothene 53
di Multiplgjar €fived arsampicaliyepreparbdRE caciVMCI fgrhmlgtamsso that an average

e LB BT ML TR,
i ethi which 8bStahSREvE Iﬁlrgrédiéﬁtsc‘&fdﬁtﬂﬁ nfrifed ﬁﬁ"[%d(dfbgimqhis}licate in the

5 thick which conta active ingredi énts so
ni proppeionBifficutet] oot asibdieC] doadfieation, dddefunfedailival iogather
i ndi cat ed above as the_ VC &gnbination, and funed
S PRES! 4 f GRACKBIFalios, GABAYE G- BTN AL HEPEd P9 P eRRPE film

0. %p?b.@S?ﬁmﬁtﬁﬁ@ﬁ?@&%&iﬁa@ﬁadﬁe& ?&ﬁuﬁﬁl itEind %HT {no interceptor)

strips 0.0875 mmt contal n added so
ni preséng imthe sBME plormriiovisess abptepand fuptedstlida, iogethBLpi28e® in the
proportions as above, and funed silica, together )
pr %f@%%?onicﬁﬁfqﬁl@n%o%m)- cohid et oty jars yssopla filp strips 0.875 mm
t hizg: f j plain PE filmstrips 0.875 mm
thP% f%a%fﬁzﬁgeggggﬁﬂéﬁ%redients.

The Test:

A steel button is inserted into each rubber holder of the test apparatus without
any silicone or grease sealers. A glycerine-water solution, sp. gr. 1.18, is poured into
the jar until the level is about 10 cm (4") from the lower surface of the button. The
cover of each jar is tightly secured to each jar containing 10 ml of glycerin water to
create a 90% relative humidity environment at room temperature. The jar is left to set
for 20 hours, after which time each jar is placed in a bath of fairly warm water, about
50°C, for approximately 15-20 seconds, with the water line in the range from about

one-third to one-half the height of the jar. This will help accelerate the rate of
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The Test: A steel button is inserted into each rubber
hol der of the test apparatus w thout any silicone or

waresses®eal ers. A gl ycerine-water sol ution, SPCTAQIS2004/015393

1.18, is poured into 25 the jar until the level is
about 10 cm (4") fromthe | ower surface of the button.
The cover of each jar is tightly secured to each jar
containing 10 m of glycerin water to create a 90%
relative hum dity environment 3P room tenperature. The
jar is left to set for 20 hours, after which tine
ealffrgsign. pdteptheded aswr&)h@amﬁ rehovedi frary theawatenbathy the water

oY | BERLTR G % 358000y Wit s

0 nﬁoﬁté‘ bf whidR tife) ©8 tes@fs coli@ldtéind \Iﬁﬁaﬁ owéér‘lratfb% Bf the test results are
accel erate the rate of WO 2004/ 1089

Panadgmmrmh@ gxtentpicorpzion on .theA?co@trolt’ éhicheistprotected with film

d th . th
R EPb e O B 1S TS O o B o Soraed by
Thﬁurh&‘éls r&@ﬁg'fﬁbineﬁtd/\ld kheSIBSs th@Eorfosidt0 Weshigherhe flbneral.

time the test is conplete and vi sual observations of
t he t esDbpasvations ingdieate thatithe buttpasrinie fitsesasof gans (p:nbtected by films
corrosion

t
1 T En R AR oo ros Yolsyhstidie a iR o Sombate ouly very
st §lighsly cSRYEL, H¥o ‘1’() oRQscHs '09 o} & the8Aed Sy tadkly Oﬁfﬁ% Bo%n spots;

ranging fromito 10, the less the corrosion,
hi Hleduttoneintbersacand setOf s (motecnd by fidine atbrﬁamh@tthe b(anblnatlon of

oS iEa i S 2l e U PR T b oons ot e
Si fiis §éte vifile $R9EdHRo] Bﬁt%or@% Mle"tﬁfra setdf g;gtga}aheaapf B8tfiflied, 110 2.

9 to 10 on a scal e of 10, as indicate bar e
VI Ehislemdbn@wquabmmvsl;y cobfirmhdhat) filtho nﬁthlmntrdsr&mmﬁ @pateaepart

ars by f.il s cota|n|ngthe cqonbi nat i on
of i Sélﬁ M@EP@SX bsine ﬁ’ﬁ?oée‘g BFviragoreretiestige gprrqsien
sca;oeecaanxﬂ)e&maw&m AGefhythe first set; while

the control buttons in the thlr set of jars are
heavily corroded, 1 to 2. This evidence qualitatively
confir that, filnms of this invention in spaced-apart
rel ati SE’%’FH E)S%}th the button being expEEsonObERFY

rmpg“g{hf@@@llegg Cg&?tgo& on 15 protection. The results

are sumari z ow. Filmtested Corrosion observed

PEPRivtith sod1flicargr-edi Bhigsedfen®s PE Wi th sod. si-llipcate +

"912. ingredients 9-10 Plain PE1 - 2 20 It is evident
1 | evel of protection afforded by tHAeZaddition

of sodi gy evident that the level of protection afforded by the addition of sodium
silicate is substantially higher than that afforded by the ‘912 ingredients alone.
Analogous results are obtained when zinc oxide is substituted for the sodium silicate,
in the same concentration.
Comparison of ‘912 VCI film to novel VCI film including sodium silicate:

The foregoing results are confirmed in more rigorous chamber tests which are
run according to International Standard IEC 68-2-30 for basic environmental testing
procedures specifying “Part 2: Test Db and guidance: Damp heat, cyclic (12 + 12-hour
cycle).”



10

15

20

25

30

silicate is substantially higher than that afforded by
the "912 ingredients alone. Analogous results are

wohb@imng®t when zinc oxide is substituted for thReTaRSdWNT5393

silicate, in the sanme concentration. Conparison of
"912 VC filmto novel VCI filmincluding sodium
silicate: 25 The foregoing results are confirned in
nore rigorous chanber tests which are run according
to International Standard | EC 68-2-30 for ba5|c
environmental testing procedures specifying "Part 2:

Test Db AdrfalnysaAnerdescare Odamm Henils) thigk| The r(oygl VC1 ingnestients,

ﬁ;bc? déngdlgvf\ger&e cﬁﬂé%ﬁ%?)g%%{lﬁpgaﬁ{%ﬁpz%% ﬁ% %ﬁqyglm%ij’lmshedr{}d film,
i ngrlexﬁme(mtrﬁﬂs) thi6k,| dud iakOtobSther fi8RhPM a éfn@erﬁfa@if%%tf 184 The 912

anmount s i ndi cated above in the finished VCl
mmV({ irgrediynts Kicintereaptorh s rresget indhe follovdng atpungs: sodlum nitrite

PRl B R Pl R T bR P G R St o (4 mil

S OEHit Y TabiedRnds t0gotheBeir Sinl d ©Acéhtiiioll ESW
0. 1é5%i n1 Flenl ghedgVCI flllglrir{i@égn nmm (C m | g) t Tll<le amount

t héO Vot@) wlichrwaild beest reen comsiibuftep by denintarceptor is d1v1ded equally
ctent rﬂlti oa. of . 't% gg{a E%gllwnt (0.06% which woul d

ha EERHCEE ]tufrfﬁltﬁlg&n %2 i nterceptor is divided

equal |y TypigheR e Mﬁﬁ)lésogbl‘l‘sme@ b.ﬁd i1 ReAnkhs: BHE-1010 Fteel plates,

Typical |y five sanpl'es, polished and dried rectangul a
m px$ each susperied vithan ebOX-sh@edrfmnmmhk sfisylendieds widuini rwhich is

shaped, fr nyl on str s .around ich is
£ BRETS VEPRR o SR Shhile Robe Wredh it HafeyBeRgbor Eikranbed box-
Pl gheped RrafRHO1&fis b E@nd’é’d%? B%ﬁaﬂ%ﬁé& in Wfi’d}xet@ ftérﬂﬁ@?ﬁ‘tﬁfekaﬁld
I's suspended in a chanber in which the tenperature and
at avmshkere cambe bantodied podolrding &Cmrpmrmlaralmtemperature cycle.
particuhﬁ?éesmete erature cycle. The test caonprises

one or %‘Wﬁ@l‘sg BP%OWEH’Gé%mPWaWﬁ‘? efelesra whishythe gelative
15t Mlairﬁalﬁé‘d MAipe et T@voh}a%anﬂs S Blis C}T \T@ are given which are

variants of this Cycl e are given nich are

ex mptl?aﬂ excdph ﬁ)rltthzafrwamtalme fzﬂhpérﬂde dirde téq@hqﬁarng th@itgcle, variant 2
art of t e, variant 2.  allows w der tolerances

b o P (TS o Y e R FRS BIeARSTAE R, The test i
Th t h

{ hektined By (RPBERREraflly bDhe VIR bgd BEERAISPefles; |

t he chaithetengmnative in dlid dembycdandrlayied eyoreelly BEW3e25+3°C and
anﬂ]ﬁ 20 the appropriate upper_tenperature specified
i 15 SPROPIGICPRATIETRATYrg sRecHfedctidinge tolspaee andentq efichange

Eéécff%@(&% ?p)PTQleg)O ek tcblgﬂﬁoﬂﬂn e h%&%gpa% suf:;s(%antlally uniform and

tantia
air is continuously stirred at a rate necessary to maintain the specified conditions of

temperature and humidity. The specimen being tested is subjected to radiant heat from
the chamber conditioning process. Water used to maintain humidity in the chamber
has a resistivity of not less than 500 Qm; condensed water is continuously drained
from the chamber and not reused, and precautions are taken to ensure that condensed
water does not contact the specimen.

The severity of the test is defined by the combination of the upper temperature
and the number of cycles as follows: upper temperature 55 °C, lower temperature

25°C, 1 cycle per day.
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mai ntain the specified conditions of tenperature and
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radi ant heat from the chanber conditioning process.
Water used to maintain humdity in the chanber 25 has
a resistivity of not less than 500 SZm condensed
water is continuously drained fromthe chanber and
not reused, and precautions ar €ltaken to ensure that

condensed water does not contact the specinmen. The
severi t YA @fclaifdescsibed psfallemishEler tegnpetaeure offlierrheinber igimaintained

th rat.ur.e .and.t n r of .cyclgs as ..

Foft oo g SIP BN BRE s e BB ibtipyonsty

25 réisedtoBgeCEn Qgéri&ﬁlﬁ abok 2P AMALRIE of about 10°C per hour while the
PCT/ US2004/ 015393 21 A cycle is described as follows; .
Theelgtgveduraidily is Bo:tthis temperblare is snatetpined fordbihr, duripswitich period
ang_ 989%.r i g, dity for..6.hr. e erat ur.e. i.s

¢ nhe A LA U et a8 s apd UL LE PR Bt pfrveen

3 bpvadsd 1@peva rate of about 10 C per hour while the

relative humdity is 95% this tenperature is
mai nt ai &g teaperguteris thearlpweredito 25° @eithind? br atrerate of about 15°C

15 EA PR 1o Pl GBeitaind 5ot iy 8ot s
t eARAIIBLLGRli the DA BFis|OWRIREH (4%e¥SC Wi thin 2 hr at a

rate of about 15C per hour, and this |ower
t enper atlheaesulis amiastfallowed at a rel ative humidity of

not less,. than 98% until the 24 hr is c eted. (4 .
o). 10 Vil EBuarpn ffustedd SunPIsAROrS Bl Bt Bicgoiyined the
?ﬁgyrzig reki{én{%?ﬁ'ifgéreai a%ﬁgsef@ﬁcmesf' | m whi ch contai ned

2 ingredients, after &an average of 25 cycles.
Ther e wdhergovasi i Yikiblecmirmosi®n gm sanmplssprptees:diydilectah byntained

filmwhi.ch contqined the c i pati on of VC

i n&%%ﬂ%?@oafofmnwmﬁog ﬁgs ypeRtion it glesTifge results are
I eSibdishtall$ the]sgmégﬂgﬂ?eg.ttﬁ . {e}‘ce%){b? iS HBuMIRE Eke &J%Enc oxide. The
interceptor is sodiumdisilicate or zinc oxide. e

t ed¢st was ddcatimned afiedOadfyties ba@usyihe et Bespadsesubbiantia ahd
showed a uiist antial and unexpect edI@\{,l ar ge

i myPetRSHIEHY lakge imprayemgnbovgribe; R Y& ingradientpe

f or egoi . fi | 0]

tost oy e fGREOhE ralfs BRNCHARRE AN Ridide R 03T

FedecoatlanCt fiither dpecifivhiion f@F the TedbabOOGye foPMiffiry Technology and
Procurenent of the Republic of Germany, title )
" TIPreepsesoend 05 thedgpub g obGermesspinittes) “TL-8135-0002, Edition 9, Technical

Specification for Packaging Material - Corrosion Inhibiting Paper - VCI Paper. In

such tests, corrosion which occurred in samples protected by film containing the ‘912
ingredients, present in the proportions indicated above and at a concentration of 1%,
had stage 3 corrosion protection; corrosion in samples protected by film containing the
combination of VCI ingredients of this invention, present in the proportions indicated

above and at a concentration of 1%, had only stage 2 corrosion protection.

In a manner analogous to that described above, 25 parts of sodium disilicate are
mixed with 75 parts of Microthene FE 532 copolymer, extruded and pelletized. A

portion of the pellets are then diluted with a much larger amount of PE and extruded
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Specification for Packaging Material - Corrosion
I nhi biting Paper - VCI Paper. In such tests,

woanwaeson whi ch occurred in sanpl es protect edrPoy/uSedonn15393

containing the "912 ingredients, present in the

proportions indicated above and at a concentration of

1% had stage 3 corrosion protection; corrosion in

sanpl es protected by filmcontaining the 25

combi nation of VCl ingredientsZ8f this invention,

present in the proportions indicated _above and at

c oﬁé@ﬁtlmatthl@h figm sedhat fagrcopaenjratipn g&sodiwy diskisabpin the PE fitm is
”%§§@@ In a manner anal ogous to that descri bed

abov parts of sodiumdisilicate are mxed with

75 part $heforbfsin@piesdunt ks epdhtebpinh LaOrso thatthelt@leidion of zinc

pelletized. A portion of the pellets are then diluted

MAPﬁ“%imﬁ@ﬁﬂmﬂﬁdé?bhﬁEWﬁi of PE and extruded WD

200 RS SRR PRI e e

PEtefsterTfolr ¥ Clhctiv iy ine2higl fars ddverding RoRidegh] Mesadeihbe Std No. 101D,
peat ed with ZnO so that the concentrati on of zinc

q Q3Hefllm|sl%by weight. 5. A statistically

S' gni f' &3 1tsn5ﬁbaesrc t 5 'I@d éeln 51%)11{1%1: %vaeg h%tfréo&ui ngs seen in

filnse IVI

ac @ﬁhﬂb@ﬁrot&te‘&%iﬁﬂ@h P'Fﬁﬁlm Mhtdhqﬁnﬁtrﬁ led¥@hanl 00 fpm of BHT, each of
Met hod 4031. Results: On a scale of 1 to 10, I being

t héherﬁigts 5bewe¢ gevigtsy qustoision in thesrergy from 1gadp|This evidence indicates

oS Bty it por A OHS o S eaio ic dpgosion

co f@@du@ﬁ in the range from1l to 2. This evidence
| nd| cates that neither sodiumdisilicate nor zinc
oxi de, Bhe foregwing prosedyre vedentesbwith sodinm spieateatd sodium

e R g R SR

di sdikiofiehg FES D018 %iiikb' %@J&@Bﬁﬁf@a pSHIX %@ch‘hrﬁésrkﬁHﬁed with PE

FE 532 , to make the concentrate a portion of which
WaQIl@IcXtmded into t0hl B thigkofilexinrwiteld thiervoocdtatiomof sudikm silicate and

fiI h the onc tion of sodiumsilicate and
soa Eﬁt@g‘? ﬁﬂerﬁﬁi‘wlst e filmis 1% A

stati st Acﬁ£ﬁ§(1c§l'1}9ﬂglfxﬂf€§rﬁtnuﬂ%€p@ﬁ sg‘?é @ﬁréé& e@l&l{]&etﬁ): ﬁfﬁ{ls is then

each of the filnms s then teste activit
seddsted foaNVClactivitylimspaled jdfe decbedihg Mderab’BesBIvtbthd\bStd No 101D,

10%/%&10(12&)03!\{? hod 4031.

Results: On a scale of 1 to 10, 1 being most severe corrosion in samples
protected by the plain PE film which contains less than 100 ppm of BHT, each of the
films showed severe corrosion in the range from 1 to 3. This evidence indicates that a
combination of sodium disilicate and sodium phosphate provides essentially no
corrosion protection.

Protection against sulfur dioxide:

The following results are obtained in tests to determine the effectiveness of
protection of the VClIs in the combination of this invention against corrosion due to
sulfur dioxide. The tests are carried out with 1010 steel panels in 1 gallon glass jars

which can be sealed with lids from which polished steel coupons. Each panel is
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Results: On a scale of 1 to 10, 1 being nobst severe
corrosion in sanples protected by the plain PE film

wohbehogont ai ns | ess than 100 ppm of BHT, eachprPof/usSkm4/015393

films showed severe corrosion in the range from1l to
3. This evidence indicates that a conbination of
sodiumdisilicate and sodi um phosphate provides
essentially no 25 corrosion protection. Protection
agai nst sul fur dioxide: The foldBowing results are

obtained in tests to determ ne the effectiveness of
pr drerier o a simith de astes hup spaged mﬁoﬁrmﬂh@;ﬁlrmfamdﬁh@,wrapped sample

| PP RANELI5! T BB BrHiE b B oL o V¥R e n
galtﬁecu‘ﬂn@in&mdic@fea i Qlevfﬁhﬂiédm filleh, D@ (Mint1§) thicﬁsthe ingredients
from whi ch fpol i shed steel coupons. Each panel s WO

20m¢01%@9t1 pstogehadeingrseoat mz:;omgm@qn iof 1% in dthert finished

W getg? é%r?sd % nﬁl{ltgl%ep gne gs usggart f 1c;%t16 gF gp%d/ ﬁnld 1 g{l og}ersntg’e interceptor
exe¢Lnhe t)ﬁaegi@ioa%PE cont ai ned VCl ingredients in the

anmounts indicated in the finished VCI-film 0.1 mm (4
m|s) tHiheKollawiag |t¢$gp®aecbm desciibessmmyclestudcessing cycles are

h b f 1.%
ot REFRER o SrlbiBE ASPhiofs ® R B5es AbaaR cyde s Bahag br ovcle
di StaktinpAk feRhic a08 WndRfath@ o350t ¢ it 1réeﬁr~3ntﬂlibechamber and a

interceptor is zinc oxide at 0.06% The follow ng
t etampergorschii28 °defor 8 hhewsida élecqhainber iBrneesdentatmysphes. The

' h h
o sl EBERS Ao Ry e dasy e Bl vy st lysmgmcreﬁgbecause the

i s filRReaIRE i1 trafstaRIRS! BAH Betaf co§1 oﬁ:lsf é&hdé@arﬂf dlfghéci1

chanber, and a 10 tenperature of r out SI
thm%mﬂmmethaanl'camﬂrsdt at rmsphere The netal

coupons _are nvvra ach cyecle, but . .

vi sual | )56?"?@{;‘@8@@80“138 “t'IEEaI WWaﬁP?‘g%@ q@g@d-n@ gpecific films to
LT 3B ea?ﬁ%us 8% ﬂgxtnqge abeSo gﬁj%@ﬂs%g to seal the mouth of
pollshe t he I mrersed I n ne ano

Se\ﬂmrjais met al coupons are | nd| VI dual | y vvrapped and

sealed in specific fi be tested and

suspenddf B t‘?‘ﬁéoﬁ‘-‘ﬁﬁ’é El% N%%EJF oo NMH,Chintdsignizedseger) is poured

Sof B Po0 TR e b Bl feect Wid-pbu b 3Ly o mainain

pouan a’anSphér@ odl aB&tlﬂS‘%pRHSSd:phrdia?,k}ﬁﬁc@lm BloRCesSia, ?Hﬁfﬂln a20
wi de-nmouth glass_gallon_jar to maintain _an atrm;sg ere

of THpAstic bsakerppd ﬁ@ﬁ%?hﬁtbéﬂsﬁr ipthg jas- Ghauadgl g1l oRAABRIESO, to the
5 H%(lehﬁ h%rpgallﬁte in the beaker and immediately seal the mouth of the jar with the 1id

so that the wrapped metal coupons 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.

The sealed jars are then placed in an oven at 50°C for 16 hr after which the jars
are removed and held at room temperature (23 °C) for 8 hr. This cycle is repeated and
the metal coupons visually inspected until signs of surface alteration including pitting
and staining due to corrosion are evident. On a scale of 1 to 10 where 10 represents a

surface indistinguishable from the initial virgin finish, and 1 represents an average



20 mM plastic beaker and place the beaker in the jar.
Then add m of 0.1N H2SO4 to the sodium hyposulfite
wonodahesdoeaker and i mmedi ately seal the nouth 8€THISE004/015393

jar with the Iid so that the wapped netal coupons

are vertically suspended within the jar and the film

wr appi ng each coupon is exposed to the sul fur dioxide

bei ng generated. The concentration of sul fur dioxide

is about 0.2%in the atnospheredn the jar. 25 The

sealed jars are then placed in an oven at 50 'C for 16

hr safereeongsiarhsutieecqd i metabgomppemwiapdedindcomiagisent PE didim

t enper at ur ofr.8. hr. This cycle.is repeated
iRy AR Vb bbb G diaserysdy Sofaaleh B BARG s

of surf @egn PR /EAL T ON IPICHMAWRE evdltvdg and stai ni ng

due to corrosion are evident. On a scale of 1 to 10

where 10 reprlesents a surface idistinguishable from

the initial virgin finish, 1r sents.an average .
VO 2004}Ili’6é‘“9%ﬁprg&{%‘)eS%Wf/tB%gg@%"V@_;y Cﬁ%wﬁ‘@%ﬂ Blrestor in
sy&ﬂﬁwﬂlnwffgp&ﬁroﬁﬁlufégn@ﬁ%ﬁn@%?ﬂ&eﬁaﬁmabkaeaiﬁ%gainst
film unprotectéd with'VCl's, the Tollowng results

we cerrpnor ducfor sutfup diozidel Siwch coRbsion iFelicvedriortie dtiribatable to the

ithe.noxel. . VCIs 1 9 5 T ests provide evidence th
¢ ne B Priggefie riProniad Bu lre riaePh apr b of o BeEPt HCT
of fygireABRS RXiHEENS BSlﬁstEhtYa@ryfi@éI{gichl%ElﬁféﬁF?E}%tafél?% )\é\ihggler the

protection against corrosion due to s

Suatterceptonisi sodivins disiicateyalzino okide atht oitey irppddierttorenining the
sul fur Igidoxi e b i.ngrtci ntercepted hy the reactiaqn .

pr 6YUL 'S CHEePhec terogiemgr-pe “?eﬁdla &Shespnroppriip to provide a
fi loBmbiaBRsh apbdcald 1y vicentst ts are obtained

vvhcgt her the J%%)cl?ﬁlntélyceept oa?d‘gl%gs gegg#%m disilicate, or,

zi nc oxilgle maniner atahigous ghsdicsntted nbowd, A5 parts besodammeisilicate are
I f desj each %Réerceptor used in_a chosen

, b
br G5 IR TS G4 86 Migrotent SR P AP, Seieedsd and pplieized. A
; t.hat L.
o LORRRLE e Ballct Sore idn TRARA EOPEAAR R R ihAlg, L mm thick fim

m xe thaviltetconbermparkiba obfodMis diptlancinfthe BBR icahoatl ywer ,
extrudeﬂ_ and pelletized. A 15 portion of the pellets .
are t herl DgiPIsEBL WreRdwpiEreperickwith dabksa theidhe canceptration of zinc

t hi f: . t bhe concentrati on of sodi um
di glg |eé-%tkﬂeyf|ﬂ§9]tsﬁgé§tl]1$ﬁ is about 1 % The foregoing

pr ocedurestatisticalbe @i_@ﬁﬁicd&iﬂn!ﬂn%@_ﬂ)ﬁ@riﬁ?ﬁreém each of the films is then
concentration of zinc oxide in the filmis about 1%

A dastadi By 3 wannsy anplgeesite et desgribed fasthesnaviepy (fl inkgrediynts including
of il’ﬁ’&%lé]pth the filnms is then

Results: On a scale of 1 to 10, 1 being the most severe corrosion seen in

samples protected by the plain PE film which contains less than 100 ppm of BHT
(present in the PE as purchased), each of the films showed essentially no corrosion (a
few sppts) deemed to be about 9, indicating that either the silicate or the zinc oxide
functions as an excellent interceptor for an acid gas such as sulfur dioxide.

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
varjous changes and modifications may be made therein without departing from the

spirit or scope of the invention.
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the novel VClI ingredients including interceptor
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severe corrosion seen in sanples protected by the
plain PE filmwhich contains |ess than 100 ppm of BHT
(present in the PE as purchased), each of the filns
showed essentially no corrosion (a 25 few spots)
deened to be about 9, indicatiﬁﬁsthat ei ther the
silicate or the zinc oxide functions as an excellent
interceptor for an acid gas such as sul fur dioxide.
While certain representative jments and details
have been shown for the purp illustrating the

I NWehdtii®Blairhdd @i | | be apparent to those skilled in
thi s art that various changes and nodifications my

be lmade 4 peicenimatpiadanied todeshlutadnyitls a ditvent polymes pi priotluce a

P ORSEn S g ETe s TR oSt & etops refelsunfoce gesinst
CORGABIbAIEa ﬁ@%ﬁﬁ@-okggéﬂ%oﬁtaiﬂiﬁﬁﬁn‘l@sbﬁbré‘ c&ithlﬂﬁfgt in the range from 1

polymer to produce a corrosion inhib
cori® el ppwrofeneidigay et 4 mlqmrvghemmdlar cfﬁ%OP/oam 34 4T (100°F) , when

c o ErRe X R e R soe A oy Fht smposition in a
t 0 5416 BRRRMAN tl?&édﬂc&ﬁl?bt@éon@lsﬁﬁ% @ésbﬂ’t?all?%‘a@h@farﬁfallg jon-

90% and 3 7.4 e surface i s expos
| n hgéwésﬁable)sys@at@msmpw polymehavingsdisyersudtthertinefrom 10 to about 40
vi ronnent, .the.co ntra

RS bt frbihuSenfir SRR ons he SRS St A el Silcate and
hy Qhﬁ' (M&d’é) 6@ S YOI pefiis ro?%d]ﬁx'ﬂ%ﬂf?ﬁ’é Xxg?ﬁ‘ox}ﬂ@()' 10 QP parts of a 2,4,6-tri-

di sper sed ‘therein from 10 to about parts o
i ntSBbSdilelp.‘tE@ phsmaﬂ duving af Msn’msttlllm:ng sadeqred-fronmithé progp (af)nsimng ofa

al k r{etal l.i cate and c.oxjde, from10 to 40
pars?ﬂ%s%‘f ‘%‘8&% Iefe;Garhon aaﬁ& SP dineplepming nbs?mbmamorawnh an

2 i i

2, v e SHPRLLLbAth PR Blo YA A, Ao BHIELL Pl vovor
netifaysreission anth (W \AFR) @ lasbathigiudssthhicofdowiensiiypolyethylene, and is
conbi nation with an 15 adj uvant resent |n | ess than 5
paPFESCtip Shiamaunt ot leaglet %a%rtSao ¢ BoMpeRHim.

transm ssion rate (WTR) at Ieast as high as that of
| ow density polyethylene, and is present in an anount

of 2at’_| GastcoAtenpareldd clatm 10Phqeintthe pélyinbeisGRIEBR ih it diluent
2. The concentrate of claim1l wherein the polyner is
i Qel yHIeE sglgeted &rogy the @rrup ceasisting ofdewealensity qumﬁh)tlﬁ@,

9" QURpfHYRdnR! ddpSiyRerd SPYOQJQP@'Z Ly, BRENS tcp)golyefrrﬁ%ts of a lower C, - Cy
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 concentrate of claim 2 wherein the diluent polymer is a biodegradable
polyester selected from the group consisting of star -caprolactone, e-caprolactone
(PCL); poly(hydroxybutyrate-co-valerate) (PHBV), containing 8, 16 and 24%

valerate; uncoated- and nitrocellulose-coated cellophane films; crosslinked chitosan;
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pol y(vinyl chloride), polystyrene, polyamde, and a
bi odegr adabl e pol yester having a W/TR hi gher than
about 1.5 gm 24 hr neasured per 0.025 mm (ml)

t hi ckness and 645 cn2 (100 in2) area at 37.4C (100F)
and 90% RH (rel ative humidity).225 3. The concentrate
of claim2 wherein the diluent polynmer is a

o ey inderinpiisabe SRS blowd Pl e YO (08 mole
(0] I Ol \SLal - capr ol ac S-Capr Ol act one
(e O B S B PR PE PO R PR RdftypBBut s0.000

COmMafons.Nng 8, 16 and 24% val erate; uncoated- and
nitrocel |l ul ose-coated cell ophane filns; crosslinked
chitosan; WO 2004/ 108991 PCT/ US2004/ 015393 26

;L?r;cg/ %%ﬁ%%{ré%%ﬂ%‘a@h%&&ﬁ%gﬁ?ﬁéeﬁ - ﬁ%bgatiaegll plhrg:E(.bl is selected
POl e egs wﬁ@isﬁﬁélbf)2,6mﬁﬁ§hﬂrm&eﬁ'ylghéno@;b0ut 80, 000

Dal tons. 4. The concentrate of claim?2 wherein the
2, 4, %5mathylenethis@tmetby-Ghbniylphesolyel ected 5 fromthe

J st 0f 2. 6-4di :t-butyl-4-nmethyl Ly o \
0" ML SRS A Syl TR 1Y SRR i s
1, ihy@rokgi)eﬁfzﬁ)-‘ﬂ%JﬁYﬂqetﬁ&thﬂiéh@ﬁﬁs@é-(3‘;5%1!-%&5}13@'}1&&@5&@%@1)-
e; 1,3,5-tri s(é‘ ,5'-di-t-butyl-4"-
hy @raestpkigatizyl))isogyanueie; apdet hyl benzene;

> B S R PR hroblonate).
pentaerythrityl-tetrakis(3,5-di-t-butyl-4-hydroxypheny

| propionate). 5. * The concentrate of claim1 wherein
t hé. al kdlhie conteatraidfickand wiscrainghd alkali metdl silisatdiisiasidingte of

t he adj uv i s selected fromthe group cansisting of

£ ool e eV B efestne SR e gonsipag of fumed slica and
CORGRRM 8iBofie Cl @l M 2 wherein the adjuvant, the
interceptor and the 15 sodiumnitrite have a primary
particle size in the range fromabout 1 mto 53 m and

pofy mor 11 Conrigfieat PR ShBrif s SDT2b the e and the

_ _ by :
uscam RUFP ba Cp A FREGPEE: S0 Bne B 1 gglo 5 wan and
hawarengnbstantiatydiimagehsouslyi disperseyl ilitepolyges. t herein a

conbi nation of volatile corrosion inhibiting 20
ingredients including an interceptor selected fromthe

greup ¢ %?&%Efe%? aﬁiitrgrgf e %Ji gﬁape made of substrate polymer consisting

essentially of a substantially light permeable film of synthetic resin having
substantially uniformly dispersed therein a combination of volatile corrosion inhibitiﬂg
ingredients including an interceptor selected from the group consisting of zinc oxide
and a silicate of an alkali metal, each present in an amount from 0.01 to 2% by weight
of the film; 0.01 to 2% of sodium nitrite; from 0.01 to 2 phr of a 2,4,6-tri-substituted
phenol having a 4-substituent selected from a substitutable methylene carbon and a
substitutable amine; and from 0.01 to 1% of an inert adjuvant having a hardness
greater than that of the sodium nitrite; wherein the silicate, the sodium nitrite and

adjuvant each have a primary particle size in the range from 1 pm to 53 pm, and the
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and a silicate of an alkali nmetal, each present in an
anmopunt from0.01 to 2% by weight of the film 0.01 to

wa2aftosodi umnitrite; fromO0.01 to 2 phr of aPCT/US2004/015393

2,4,6-tri-substituted phenol having a 4-substituent
selected froma substitutabl e nethylene carbon and a
substitutable anmine; and fromO0.01 to 1% of an inert

adj uvant having a hardness 25 greater than that of the
sodiumnitrite; wherein the sil/cate, the sodium

nitrite and adjuvant each have a primary particle

si pasin after gupesurede an ebnespheretincladingimadentlarloaysyd and from 1 to 100

2004 991. .PCT/ US /0153 esj § Q sure

¢ oP iy S ER Bk e R R ) bR B e CLapS P e than 24
t ohrl B@s a PRMBr Vhpdtradshidsign $atd { W TTE) WhicN & fWBBthAidIl B same as that
90% and 3 7.4'C (100 F) for nore than 24 hr, has a
wapethevesip rithewribervalatilggorrasion (nhbithe ingirasherits

substantially the same as that of the resin w thout

the volatile corrosion inhibiting ingredients. 5 8.

The. ar t iTgé grifefe ¢ B 7/ whbi8Hathe filh§s &f d IBWeP oRFinalR¥8fom 2 to 8
olefin having from2 to 8 carbon atons, the film

ha¢drhen stenwst the fihpdeviagdmoothewppsuaidiossy safiges and a thickness in the

thjckness | e e fr 12 0 11,. o0t
LSS D85 5951 5By O33R BB 5 2 . e
| NBiett AARIVAMER bn lifor@dhid MOPQRM: SelSdiSPRESARE %ﬁﬁh ‘gshs% ing of fumed
fromthe group consisting of fumed silica and cal cirum

c apibomandcaldgmgarbansiel | ow capsul e having walls of a

first substantially non-hydrolyzable synthetic

resi nous pol ynmer contai ni ng macrogranul es of a

copr osi AmdiRM Qipkitl8Yavi bf i Ingibi Hon-

essentially of@ap sec%‘ﬁggg%gg?g%??% yﬂﬁght-lﬂg%} o}/c;/rgl‘%?%le
sysiitistticaesiemisipolyngp ebymmingwatrogradulepof s ectrdsi@r @hibiting
from10.to about 40 grflrahs gf an interceptor selected

f r SRR P SEReTettiany o5 sesondisRBntizgy apn-dyfiokigakle

an of o SO08l

o (R recku ol hor il Wb Red BoRBh ByPlo BABl0 pars of an

s ubsdrcépiorestlgptedfoim thevgrogp condissndsf irt slkall needl ediced and zine
fromtgfe grgup consisting of a substitutable )
mePRPE-FIN 4 8110 3R Patolsod iy ittigiaad Moma Y 0 paits of a 2,4,6-tri-
coghy ' it ] ' ess t han.
CoTRBRRREY Haf MR RSN 0 o S50l Moot

nosubstigntlibdd mediylene sybbhahd & siiRsituighls apiley dontBidat@ with an
the, sane or different, and provided 20 that each

pofjHEnt REcsent i dase thap Asrtss wheveimieseh Brst pad secon/Aulstaatially non-
! ' - f i | yet.hyl :
ey gDl B tc thous B M bl Rl Y BE B provided

10that pehtpdlygierhbea GaMP 9aHdritRAsmkion T (WAPERY 4& 184st as high as that
clajm9 wherein the walls are formed of a pol ymer
s epllomedensity polyethylene, and is present in an amount of at least 40 parts in 100

parts of the composition.

10.  The capsule of claim 9 wherein the walls are formed of a polymer selected
from the group consisting of a film of a lower olefin having from 2 to 6 carbon atoms

and a foam of substantially non-hydrolyzable polymer.



fromthe group consisting of a filmof a |ower olefin
having from2 to 6 carbon atons 25 and a foam of

weoeubsiiasmwi al | y non- hydrol yzabl e pol yner. WO 208d1183®94015393

10

15

20

25

PCT/ US2004/ 015393 28 11. The capsul e of claim 10

wherein the W/TR of each first and second polyner is

hi gher than about 1.5 gm 24 hr neasured per 0.025 mm

(m1l) thickness and 645 cn2 (100 in) area at 37.4C

(100F) and 90% RH (rel ative hun28lity) 12. A nethod of
thernmof orm ng a synthetic resinous polymer having

di sber sebhe ®psile pbelaing 1¢ wibbieimthe VAR ofadach fitst and second polymer

o SRS e b 12 P2 e Sited pal Dien e Glelnes and 645 om
t hereo i a@aml@; AT @oRuE) 4% 00REE(Oh ARy Fept of

sel ected fromthe group ‘consisting net al
S|I|cate and zinc OXI de, from 10 to 40 parts of

umnjtri mlOto 40 parts of a 2,4,6-tri-
Sob b }mﬁ‘eﬁgﬁ Hgnga SvdteBoptivepolunisaing dispersed
fr QH&l%ﬁlea rBiRatfRATvo AN cﬁ'fosﬁ)n]lg% ?HB%%%#&&@HJS Somprising,
net hyl ene carbon and a su st ituta

c orfbimniag ingasragratlesrof adiptndymeninesentispersed mh@ﬁﬁlﬂ‘&m _10 to about 40

Iessth n arts, provided that the first iS
or QRO oy ATCaRselEe o fesgspumepnsiating of # btk pstal silicate and

of AReoNBE HRSK 8O £y artscocf'feii ﬂhﬂ?trﬁ@ QMO 1 Oatos4%C %Eltg of a 2,4,6-tri-

polymer w'th the mac ogranul e roduce

t he;llhsiftumdphérml rtiaxingrae 4sabstigerit Bélﬂdt@d ﬂ&mttﬁe gféup)eonsisting of a
ﬁﬂt of the xture, of an 15 interceptor selected
frd itﬁ\étaB‘P&EFﬁ Yepecgashanfnd srsubstifutablei aene g cembinatiemwith an

Fr oy pions P s iy 3 (88, RV Rl ffe R i

ha\prﬂgn‘anlhnsmtmht oflee idass) patsad 100 gﬂﬁts’ioﬁtld@ sdactdgrARIQ
rreth | ene carbﬁn and a substltuta | e am ne, and vvlth

I8Rg erpugh of aecordipabimer avifh the macteguinulpsdo produce a

harg&ﬁﬁ) odi um n e

wher ot n%%rﬁ%%l rfz{t%urg Bgﬁsgcondeg%tt%/%%ye‘ﬁ%ﬁ thofgﬁean%ure of an
watigercepioo selédtanSoingbé up bssidt¥ DRV toxi®asd aas“}lngﬁté}@f an alkali
astht of LDPE, and t silicate, the sodiumnitrit

and§iel Qaf‘%% Yorpf sedigm Iﬁéﬂﬁé apd ﬁpnn(hﬂytqo&phn afl ae2,4j67tei- sufostltuted
t hi)theﬁcﬁ'?lg%tn% aq;r_r%lﬁg%ﬁglol%%gﬁn%af eedl n hﬂgabtlg rer{e%ffle%reré%r on and a

urern
t heubsivaalsie Bgig) add With!fRonh 0.0M6b @% m% Iﬁéﬁ hdj ﬁb&ﬁ h%ng B ardness
sodiumnitrite, interceptor and ad] uvar?

s u tgﬁaéeﬁ ftlhagy thet Qf e godiviny nigiitep thSE[n thi Sirst Bhé smeinh (pdly@zﬁer each has a
the t
xR ol Sl it ST BT B0t 62 8308 LDPE, and the

silicate, the sodium nitrite and the adjuvant each have a primary particle size in the
range from 1 ym to 53 pm;

feeding the thermoformable mixture into a thermoforming means; and,
thermoforming an article in which the particles of the sodium nitrite, interceptor and

adjuvant are substantially uniformly dispersed.

13. The method of claim 12 wherein the thermoforming means is an extruder and
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29 the article is a | am nar sheet of essentially
transparent film having snooth surfaces, a thickness

wonodsheswange from about 0.0125 nm (0.5 m |, oPCOURRDS/015393

") to 0.125 nm (5 mls or 0.005") and has a WTR at

| east as high as that of |ow density polyethyl ene.

14. The nmethod of claim 12 wherein the thernoformng

neans is a nolding 5 machine and the article has a

walls with a cross-section in t3% range from about

0.025 mm (1 m!l or 0.001") to 1.25 nmm (50 m | or

0. O yrtickiis & lantiBar sheetmif lessgnidllyprapspareitrfgmehdveng smsoth surfaces, a

bj f [ [ i _ ,
corfiPhagen B Pl i s S8 R (LS nsPioRPRBEShp s mem 5
f 1 ol Por o sRysPARr KR o vaydedst & l{iglt?’ h@thatl@f 18@¥deRGity polyethylene.

substantially uniformy dispersed ereln a
combi nation of volatile corrosion inhibiting

i ngr,edi ents inc in  nterceptor selected fromthe
grddp c r‘?ﬁt‘%ﬁﬂ?%&dﬁalg’zfﬁwb@iﬁ%ﬁe Fngfogmng means s 2 giolding

al k@dchine®hdkhe £AGB hRY i I i 0

2% kc):ymvvei ghte of the ??glﬁglg Wgﬂg%??%%g%ﬁégﬁaﬁﬁ?h&n about 0.025
ni (e mif erdh@@."Dto 1.25 ginp (50 mfl oa 0D5H) thick i -

substituted phenol having a 4-substituent selected

froma substitutable nethylene 15 carbon and a

Syt REARRR g SAOR by 4 R e

adj uvant havi ng

sodimwsphérey ¢aneprisideer ei n the silicate, the sodi um

nitrite ,and adjuvant each, haye a primary particle ) )
size i npl%glgrtg?@ée?trlﬁ hepniginep fosmeg,frogmy thepmafarmeblg synthetic resin

af . . . i i N | ul [ R
o YR ARRRS I oo TEORLE! Bl AR SR comoion
r eligttibiving mgmedierty inofuddParsinttrépior 4clected GOnI: ghélp dMAESting of
20 t ha%_dfaéaraisélhas a wat er, vapor transm ssion rate

i

( WHAPR)® icgifyafianallradi metal pech nyasent wean avaeung fronh@01 to 2%

ir ﬁg:y gvgyé}{t]?gﬁlte (flel? O.\(ﬁltgtzi’/(ly &t ohun? ﬁftr?tre]; | (r)lrllqli (be J.[on?phr of a 2,4,6-tri-
substituted phenol having a 4-substituent selected from a substitutable methylene
carbon and a substitutable amine; and from 0.01 to 1% of an inert adjuvant having a
hardness greater than that of the sodium nitrite; wherein the silicate, the sodium nitrite
and adjuvant each have a primary particle size in the range from 1 pm to 53 pum, and
the resin after exposure to an atmosphere including molecular oxygen and from 1 to
100 ppm of an acid gas at a relative humidity of 90% and 37.4°C (100°F) for more
than 24 hr, has a water vapor transmission rate (WVTR) which is substantially the

same as that of the resin without the volatile corrosion inhibiting ingredients.
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