WO 2013/ 009417PCT/ US2012/ 041596 GLASS CONTAI NER COVPCOSI Tl ON The
present disclosure is directed to glass containers and, nore particularly,
t o conmposwoizersaop4aar gl ass contai ners. Background and Surcams2@b/obises

Di scl osure G ass containers are often conposed of so-called
Asoda-linme glass, @al so call ed Asoda-line-silica glass, @and nany such
containers are colored to absorb ultraviolet radiation, and include green
gl ass, blue glass, anmber glass, and the |like. For exanple, a base flint
glass may be nelted in a glass nelt furnace and, downstream of the furnace,
in one or nore forehearths, colorants nay be added to the base glass to

i npart green, blue, or anber hues to the glass. U S. Patents that

i11ustrate glass composigj 88 CHNTAIRERNPEMIGSIONS cont ai ners i ncl ude
2,974,052, 3,291,621, 3,326, 702, 3, 498, 80b, and 3, 627, 548.

Before the col orant e‘?‘{ﬁ‘g dgglggg? 1i§d§&(§éa|’ R H148 cofBheRCarad dRek bartiauldf, abed

gl ass conposition o ase flint glass in the glass nelt furnace to

ensure er Y, . appearance of the glass. But the decolorizer
such ascgrgg?sgﬁolrnglrférggaggks t%l%ﬁglull the effect of the colorants added

downstrgam in the ore1ggr QE. ﬁ f ingly, additional materials acconpany
the'deé§$§#?¥%é3¥%gugﬂf% of {i% Dist sqlrgtrimental effects of the decolorizer
For exanpl e, arsgnic oxi.de or xaval ent r.onj & he

neutral i ze selen Eﬁ%CTP%fmﬁéF@%%Q‘PH??“Pﬁﬁ%Sf?%#ghg%§?£R8§%%§€9§?8ﬂ§dof
this type for glass containers include 2,923,635  and 2,6 923.636. .lpn ot her

i npl endiitderlimergilica glags and BRAY SEChaeRpAnerae t‘r'é?ﬁ)frtﬁir té’hagjé?‘gh@éﬁvé tsliafhé‘g%l’of t he
glass nmelt furnace, as illustrated by U S Patent_2, 955, 948 ﬁg

2013/ 0G94 IOy /ersspElass0dus glgss, amber glass, andathg ike Jfor sEmRIE, dbaseHintglesent

di sclosure, in accordance with one aspect of the_disclosure, is to provide
a cont ahayebe ghedisd incampbass miedtn furaase mpdadonRsteramop! Hisn BN/ Fh@nQrfT R Ge of
sel eniumto produce substantially clear glass containers with a reI%}ive
non- gr demheappe apkornts maxbakdded goBg baseorlass () inrari gresna Piug) Grambeghyes to the

The present disclosure enbodies a nunber of aspects_ that can be i npl enented
separ atghdsy fU.SnPaents that disiratetsless camppsitienstpfdhisdype for glass containers include

2,974,052, 3,291,621, 3,326,702, 3,498,806, and 3,627,548.

Before the colorants are added, a decolorizer may be added to a batched glass
composition of the base flint glass in the glass melt furnace to ensure a generally colorless
appearance of the glass. But the decolorizer, such as selenium, tends to dull the effect of the
colorants added downstream in the forehearths. Accordingly, additional materials accompany
the decolorizer to counteract such detrimental effects of the decolorizer. For example, arsenic
oxide or hexavalent chromium have been added to neutralize selenium. U.S. patents that
illustrate glass compositions of this type for glass containers include 2,923,635, and 2,923,636.
In other implementations, selenium can be added in the forehearths downstream of the glass melt

furnace, as illustrated by U.S. Patent 2,955,948.



A flint glass container in accordance with one aspect of the disclosure

i ncl udes an i nprovenent for blocking ultraviolet |ight penetration into the
cont ai nerwoai2n13gop+16vi di ng decol ori zation in container glPa3aiS2ehesBsv6e t he
cont ai ner gl ass includes an oxi de of vanadi um and an oxi de of sel enium
present in the container glass in an anmount rangi ng between 0.016 w % and
0.175 wt % total. I n accordance with anot her aspect of the

di sclosure, there is provided a glass container having a glass conposition
i ncludi ng soda-1inme base glass materials, and additives including an oxide

of vanadi um and &neRhiIdSHiQ% o8 BleSptbdem diSdIGHuRE h kétotdi@ce Gith dndaspegl afSthei n an
anount rangi ng between 0.016 wt% and 0.175 wt % total. I n

accor dapepq ,f[ig'toaﬂ? Addh LiRNR: P g @&ﬁpd@ftio!h ri'ﬁvi?l% 8% bQigs bevanhdiement Sn pxidyi ded a
met hod of naki ng g?ass containers including the steps of preparing a

bat ched, gl 45%m ¢§ 5 ggéfet Jugﬁad-c}{%ﬁlk:éfgap P8Rt HeFBy R g Sel8 RSN BRI dppéasancand

i ncl udi ng an oxi vana and " an oxi de of seleniumin an anount

ranging ?&hﬁgg&jgoagg%&ﬁ%%$mﬁeaia§ w%total, nelting the batched glass'
u

conposi?lon nag ce to produce a nolten batched gl ass,

formng the g asfhecgrgge%k ARER sl %mbtoplﬁs gglé%‘ljﬁ)gr giagéﬂx],&g 1t 338 be ARPlcARARA! | NG

t he gl ass contai ner ance wth a further aspect of
t he discl osyr t here i rovi.de hod of maki ng gl ass containers
incIudﬁﬂﬁmiaéggnﬂylﬁ?%ﬁ’?@H@“g' %%@ﬁggsglass conposition including WO

2013/ 009417PCT/ U 12/ 041596 da-11i b | ; {:al Lt
i ncl udi ng an oxi géﬁﬁ?glﬁéﬁﬁr&m%qgﬁﬁc%@&?vﬁg 8% gs}éft&%&lﬁﬁ%l?%&%ﬁﬁﬁ%ﬁ%%“ ;es

equal anounts, | t.ing.the batched glass conposition in a glass

f ur nacéPYVHPIH Eg’é béo‘i?fHPgt é‘}?aﬁﬁ’%& hlégilg gqeﬁgtéa?wf’ oPi Al ¢ ﬂ’étalafragglﬁ(e: Opﬁ?ﬁl%ifr?gr s
fromthe nolten batched glass and_anneal i n thelg%ass cgnt i ner.s. Bri ef
Descr i (EsAenzgHon Beropfairr ]@gs, wherein the containes glasyinclydss ag gride g %%@P%ﬁngh
addi tional objects, features, advantages and aspects thereof, gﬁlj b
under st38Q¥ide PHRlGHEN PESER thy cAREIRE, ?9%56‘1‘1?“ PRI FSHISSESER O O 3H e %"ﬁe
acconp%gﬁing drawi ngs, in which: FIG 1 is an elevational view
of a gl S vagrtel-ner in accordance with an exenpl ary enbodi nent of the

present disclosure; ) ) . .
In accordance with another aspect of the disclosure, there is provided a glass

best

container having a glass composition including soda-lime base glass materials, and additives
including an oxide of vanadium and an oxide of selenium retained in the container glass in an
amount ranging between 0.016 wt% and 0.175 wt% total.

In accordanqe with an additional aspect of the disclosure, there is provided a
method of making glass cdntainers including the steps of preparing a batched glass composition
including soda-lime base glass materials, and including an oxide of vanadium and an oxide of
selenium in an amount ranging between 0.035 wt% and 0.25 wt% total, melting the batched glass
composition in a glass melt furnace to produce a molten batched glass, forming the glass
containers from the molten batched glass, aﬁd annealing the glass containers.

In accordance with a further aspect of the disclosure, there is provided a method
of making glass containers including steps of preparing a batched glass composition including
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FIG 2 is a cross-sectional view of the glass container body before
coating; and FIG 3 is a graphical plot of lIight transm ssion through

sanpl es oVocors@p41er gl ass havi ng various anmounts of oxipdeaised12parsaeli um and
sel enium Detail ed Description of Preferred Enbodi nents FIG 1
illustrates an exenplary enbodi nrent of a glass container 10 (e.g., glass
bottle, jar, or the like) that nmay be produced in accord with an exenpl ary
enbodi nent of a manufacturing process presently disclosed herein below. The
gl ass container 10 includes a |longitudinal axis A a base 10a at one axi al

end of stH8ikeOBEsRIgAE merfalidlind Sdditivgafcliding@an axidalof Yl and am okildyf 10b
extending in an axial direction fromthe axially closed base 10a, and a

mout h g&iﬁ%_iﬁ‘@%s%ﬁalﬁxéfual £, rhdienCOB baichaT %1&9, RRPRSitibEe ik glabembse

10a. 'Accordingly, the glass container 10 is hollow. In the illustrated

nbodi i | i : : - pdteiad
enbodl )?E?ﬁce tb Pﬁgﬁ%@bgﬁ?&&eé oBRs, liMEES gfisd8faiddd frbiahe MBMerChdieiR

-axi al | rom may be generally conical in shape, and nmay
termn [ ) ver, the container 10 need not include the
neck 1%?%@%%%’1%%6%%%83 417PCT/ US2012/ 041596 nouth 10c may ternmninate
t he boqy.e}%“ns%%h gﬁelﬁ aqvig!sass j ar enbodi ment or the like. The body 10b
may. be n cross-section transverse to the axis A as
| ong as the body..,10B i;S.Cir t il t 258" [npl e,
as shown in FIG T ,(?ltg %%Suﬁedécfﬁ%%gwntgyadg%h%%l%%%??ﬁfgﬁmce& adtvﬁ?aﬁ%e\?er sgs g
Cross-sgcti.on shape that s CiLC nt J . Cl d th
enbodi ?%eﬁetog’, wﬁLge g%%yniﬁgtoﬁ%%oﬁqe g g{r(}g(r?\z&?‘?yde?\fg)yll?&stgg gg%?nhgdeg%gﬁ%u ar
triangul ar, .or, of ar.lri/fcyi ot her. .suitabl e transverse cross-sectional shape. As

used héfertpanyingdiaines A0 ietht er ent i al | y@ appli es not only to circul ar ,
transverse cross-secti.onal shapes but al.so lies. to.any closed iyransverse
cross-sectional glrs(nrhp{e.‘sﬁ‘i’ee%]"%fg’élalcé'ﬁtwaf’hear g%ggr?ﬁg}ta‘ﬁlgr Pt &S ﬁoég%flcgywﬁjhgag

foll owi ng net hod. . Tge met hod i ncludes preparing a batched

gl ass, eSrmpipry<cabedinggt of BepEsH A5HOSHfe conposition incl udes base gl ass

materials and additives including at | east one ultravjol et 1ight

bl ocki ng enhanci REf-Rds 8 Fross-seghgnal vieweofdhe gpss Cagﬁewaqufgng)r%éo%%&nﬂer ein,
the term nology Aultraviolet |ight blocking@includes the characteristic or
property of reduflGhg isperaphics] viot of light trapsgissiandliroygh famples fjcapaipgr Pasise,
and not necessarily in an absolute sense of UV opacity or zero WV |ight

t r ansmiheging warious amounts of oxigeseofyanadiugn andsseleatusti al s may i ncl ude soda-lime
flint glass materials. For exanple, the base glass materials nay be present
. Yot Q W Rt MO % a % Lo e S

corrpositi n. Mor e particul arly, an by way of exanple only, the base gl ass
may i ncl ude the FEBF.| billusgatenar ekenmany rembodinrens obp ahisk gbntainer 10 (e.g., glass

bottle, jar, or the like) that may be produced in accord with an exemplary embodiment of a
manufacturing process presently disclosed herein below. The glass container 10 includes a
longitudinal axis A, a base 10a at one axial end of the container 10 that is closed in an axial
direction, a body 10b extending in an axial direction from the axially closed base 10a, and a
mouth 10c¢ at another axial end of the container 10 opposite of the base 10a. ‘Accordingly, the
glass container 10 is hollow. In the illustrated embodiment, the container 10 also includes a
neck 10d that may extend axially from the body 10b, may be generally conical in shape, and may
terminate in the mouth 10c. However, the container 10 need not include the neck 10d and the
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WO 2013/ 009417PCT/ US2012/ 041596 60- 75%&i 02 7- 15%Na20 6- 12%CaO 0. 1- 3. 0%Al 203
0-2. 0% O 0-2. 09d4.( 20 In a preferred enbodi nent, the base gl ass

r;ggl/(sl ggl MO 2013009471 owi ng material s in about the statedpramiispeig/opsisei ght :
i

mouth 10c may terminate the body 10b, such as in a glass jar embodiment or the like. The
body 10b may be of any suitable shape in cross-section transverse to the axis A as long as the
body 10b is circumferentially closed.

For example, as showr; in FIG. 2, the body 10b may be of cylindrical transverse
cross-sectional shape that is circumferentially closed. In other embodiments, the body 10b may
be generally oval, square, rectangular, triangular, or of any other suitable transverse
cross-sectional shape. As used herein, the term Acircumferentially@ applies not only to circular
transverse cross-sectional shapes but also applies to any closed transverse cross-sectional shape.

The glass container 10 may be produced by the following method.

The method includes preparing a batched glass, or glass batch, composition.
The composition includes base glass materials and additives including at least one ultraviolet
(UV) light blocking enhancing material and at least one decolorizer. As used herein, the
terminology Aultraviolet light blocking@ includes the characteristic or property of reducing
ultraviolet light transmission in a relative sense, and not necessarily in an absolute sense of UV
opacity or zero UV light transmission.

The base glass materials may include soda-lime flint glass materials. For
example, the base glass materials may be present in an amount ranging between 73.1.wt% and
99.9 wi% of the batched glass composition. More particularly, and by way of example only,

the base glass may include the following materials in amounts by weight:



13%Na20 10%CaO 1. 2%Al 203 0. 2%vpO 0. 29420 The batched gl ass
conposition also may include other materials in small amounts. For exanple,
t he bat chwo 20138®841¢onposi ti on may include Ti 02, Fe203, ®@®CTiUse01RiokEs96 Such
materials may be additives, residual materials fromcullet, and/or
inmpurities typical in the glass container manufacturing industry. Such
materials may be present in the batched gl ass conposition in trace anounts,
for exanple, less than 0.2 W% But no arsenic (As), oxides of As, or
hexaval ent chromumare affirmatively added to the batched gl ass

conposi tion and, thus, thepocgypositiggy and contai ner may be substantially
free of those materials. The preferred ultraviolet |ight

bl ocki ng enhanci ng materi al_j4opcl udegygnadi um Vanadi um f ornms numerous and
conpl i cated conpounds because of its variable valence. WO

2013/ 009417PCT/ US2012/ 0418Q6,0¢anadi ggnhas at | east three oxidation states:
2+, 3+, and 5+. Trival ent vanadi um can be used to produce a green
coloration in flint glass,y aRGoenha ultraviolet light protection to

gl ass. In general, the vanoég?'(éﬁerrayﬁgzgﬁadded in the formany oxide of
vanadi um In one specific dg?@s}%)l e, %g)vanadi um may be added in the form of
vanadi um pent oxi de (V205). Th'the a nce of the presently disclosed
glegglsorl zer, the vanadiumjeggs to prgduce a sea green coloration in the

In a preferred embodiment, the base glass may include the following materials in

about the stated amounts by weight:

72% - Si0,
13% Na,O
10% CaO
1.2% AL O,
0.2% MgO
0.2% K0

The batched glass composition also may include other materials in small amounts.
For example, the batched glass composition may include TiO, Fe;Os, or the like. Such
materials may be additives, residual materials from cullet, and/or impurities typical in the glass
container manufacturing industry.  Such materials may be present in the batched glass
composition in trace amounts, for example, less than 0.2 wt%. But no arsenic (As), oxides of
As, or hexavalent chromium are affirmatively added to the batched glass composition and, thus,
the composition and container may be substantially free of those materials.

The preferred ultraviolet light blocking enhancing material includes vanadium.
Vanadium forms numerous and complicated compounds because of its variable valence.
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A preferred decol orizer includes selenium In one exanple, the sel enium may

be added in the formof granul ated seleniumnetal. In other exanples, the
sel eni umwayotsaop417t he form any oxi de of selenium for examske2/ossbeni um
di oxi de (Se02) or seleniumtrioxide (Se03). Anot her preferred

material includes sulfur. In one exanple, at |east sone of the sulfur may
be added in the formof any oxide of sulfur, for exanple, sulfur trioxide
(S@). In another exanple, at |east sone of the sulfur nmay be present as a
residual material fromcullet in any suitable form I n one

enbodi RBRLdiuh s 9Xiesl® t1Rbe ¥aBRMNUAIRN D+ 03X, dRd 6F. SBIRINNYNupKRGE SN bausetie
bat ched gl ass conposition may be in an anount rangi ng between 0.035 w % and

0.25 V\'tt((ﬁ)xtgg%&l a grédh AldIfonR rﬂ‘f‘tﬁigk{sﬂ%n& Biahces ARivived li%IgW%ctﬂfn texldes 1af

vanadi u seleniumin the gllass batch equals 0.035 wt%to 0.25 W% 1In

anot here. &R0 Hle Bhbdiuh{had e Uffte® fin VAN AUR,ABKS B GBABILAT CnpsRsgRtificn t he
gla I'n su

bat che 5S conpositio stantially “equal anmounts. As used herein

the te%@@g,ﬁ@%%&&h Y @I%ansiai §0il FRAUSACLIAGIRY ﬁEﬁBﬁH@W%S)P USH @Y in

t he gl ass ai ner manufacturing I ndustry. I'n another enbodi néent,

oxi de of vanadium nay .be..pre .5 he CORAS! L1400 pkdnan
anount a&?fﬂf;ﬁ ﬁg ﬂbeeP{féééﬁlyoélgci%S%\?wr&% gﬁﬁieg. Tga\tv?itg &?ng%ﬂgﬁ‘nt?sag glr)?iade ofS se eﬁi um
may be g&e%.ent I N klhe bat ched gl ass conposition in an anmount ranging

bet weerf°E™'P" W B &8> 0. 1 wt % I'n one specific exanple, the oxides of

vanadi um and sel ”irg@r#%é?o%%/ﬁp%?@ %g%ﬁ%?%%ﬁggx rPET’S‘?eC mnpfgl Seesent

in anounts of ab I'c éxa e oXi of

vanadi um and sel eni ym each be present in amounts, of ;about 0. % As
used hé’g]@‘idrfnt Of"8 O &Y %W%&%ﬁ?@t h?rho ?roeﬁ‘awp&s’sthe selenium may b%ﬁnﬁ%di tion
to the oxide of selenium it is beljeyved..that oxide of .sulf ays a
rol e i ot eURSIdPIac g @Fief%l?le’cfrefeﬂ‘élm 41%13%6%%@5 I SeleRipmfioxide (Sock).

vanadi um sel eni um cont ai ni ng gl a,ssij]ﬁ{ g devel opnent it S gebserved ghhat

gl ass melted wit Angtheersteged prateaidl (rludersudior e AR aRT ARG 24 [5a¥ FRC Sf M8y de
of sulfur tends to produce pink-peach coloration and mi.ni mal..d orj zation
of t he ssar maebnaddst dn Hhei form of gy PHES Bk FURI.JPr (R ghyfur trioxide ?&% 4“t was
al so observed that increasing oxide of sulfur content to a,level pr fo
about Gndthox xagipteweldlcash spme pgﬁ@éuliﬁﬁ HECRA BFESeRhEY diFsignalimateril g’é’gl cYlist Bne
exanpl e, when oxide of sulfur content was increased to a | evel between 0.1
W % ancdnf s@itatedforma. shift in col orati on was observed including a gray stroke
| straw yell ow coloration in a top nelt portion of the ?I ass, with a
decrease in the jn nke gebatimen) teaxiderof yathdiim pnd oxide phseleninm peaspwrin thy a

| ocation centered around the bottomnelt portion of the glass. In another
exanp| enatohbe plassdostposifioss maf be icanirenint waigingrbetveas 636 ovt% dnd\ WS wife tidut 0. 4
wt% the glass nelt was substantially decolorized with no pink-peach

col or atln@thet @aaisNthagptilreombinedlamssnt dfowidvesf, vasaiien gndsabénsim yrethk glasshatch
coloration was noticeable to the eye through a relatively | ong section of
the gl aggals 010B5Wa% A2/ wRib| B dnotHehembydimuitt thie oxales of ednadigmyandtseleniugect i on
of the glass (e.g. a 38 mmthick section of a glass container wall). In any
event, [A8yresét & Ak bawhtbgassicbiipbsid@riapubdrntiailyelimt amaintd. i Astused bereia the
standard tlint glass. . The coloration fromthe nelt could be due to iron

cont entieQf rASHGESBANR MR’ witkih GhidlecRRRK| tigrantddl cHistogaRy §i the dlass @ohw@inar hazy,
cl oudy, or nuddy appearance. Therefore, in the batch gl ass

CONMPOSI L Aoty i'ﬁdlﬁg! ettt mBHi A% e UxidWiTvdhadiN BlayRN9EsR8: Bahoeen
0. 25 Wt%lo an%flg.ngg W9 in the presence of about 0.1 w % of "oxi de of
batched glass composition in an amount ranging between 0.025 wi% and 0.15 wt%, and the
oxide of selenium may be present in the batched glass composition in an amount ranging

betwe;en 0.01 wt% and 0.1 wt%. In one specific example, the oxides of vanadium and selenium
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WO 2013/ 009417PCT/ US2012/ 041596 vanadi um and about 0.1 wt % of oxi de of
sel eni um woul d provi de good decol ori zati on of the glass. Mre particularly,
an oxi de wb 2018/doe17]1 evel of about 0.3 W% in the preseneeTafS2abouts90. 1 w %
of oxide of vanadium and about 0.1 wt % of oxide of seleniumis believed to
provi de particularly good decol orization of glass. However, it is believed
t hat, depending on the anmobunts sel ected for oxides of vanadi um and
sel enium an acceptabl e range of oxide of sulfur nay be between 0.05 wt %
and 0.35 wt % The specific role of sulfur may be responsible for
one or eécIﬁQn%I bd ‘S‘r%fem nﬁr@ﬁnﬁ&' Sour®.f Wil TRaba: Spacifc dHampldh axideswkf ur as
a fining agent 1n a glass nelt. Sulfur in this role produces sulfur gas in
the nel { SRR B0 plddent M hho @S0 CABLESELRM t Rs QB Erelitb! es.
Thi s alvénghIrIll%I(aerIsd S?ﬁglugfgtggh%gl tppanﬁ1 resuI)ts (i)n i nproved honobgeneity. A
second,  nechani. sm i nvol ves sul fur acting as a redox couple with the oxide
vanadi W%ﬁ?‘g W%@SMIBZ)'O%MS%I enium If it is assumed that sulfur is
acting to reduce, t he. vanadi u such r.educt.ion. wWo : i

eIn ?IIE‘E‘QH tt%&f _'c_)rp‘r(Iid.thI% 8¢ elg}né)nﬁ & és)e{Ile%'ecIJtII'lgIt tIlg ledE 8t §1III:UI‘ I)la%‘ﬁ

vanadi um val ance C ate appears as a
colorless/gray. .In additjon, it e assuned that spnme of the s ris
reacti A \II}gP’I‘?II‘i“P%a ?POIﬂII?BIIcf’é “ﬁutg%Ié?IgPZ%I?Péﬁ’ggﬁ% lgn(sgﬁﬁIubnvIﬁ%onIt:%I%S léIaIrs#Ianber
glass). In any event, there pears to be a djrect relationship between

i ncr eadh AgyepPEnt it Wﬁpéﬁvegﬁgfttﬂi S B 8%8\?41&?46? ogvm?ﬂgﬂssepeg iy &1 the

decolorized glass. It is also possihle that there i; a .maxi ITU{T‘I.SL{IfUI‘

cont enebsipes & oxiflepfiswifurdendste prodpesPrak-Rpach cploTaigRAR f"émFI‘IEdeE?B OB Y hat
foam ng of the nelt surfaces starts to occur, but this was not exam ned
dur i ng thersea giger koloration from the oxfdeofignstiéMal so i ncl udes nelting the batched
gl ass conposition in a glass nelt furnace to produce a nolten batched

gl ass. Accor di ngltyvaselse obsaryeshthef| inereasingrixidsy Gferlfwgcontmbioct IsyelrRiie PPt and
the decolorizer additives preferably are nelted with the base gl ass

mat er i Aldswith shireedyhmincrenst in flepotraizationTpiothe @isst | BrRneasr@mplce MR O8I R
conposing and nelting WO 2013/ 009417PCT/ US2012/ 041596 production contai ner
gl ass calfurlvenfeounas inpreased go a Aizhbtwetn O vassl MimGYeae shiflen @psrioayvasadgen
Publ i shing Co., New York, NY, 1985, 3rd edition. In a |aboratory scale

mel t, tohenEdticdiedingh amy scokeposiani yetowayplopaiongh ¢ &g, mgt pdrtiempf the Béﬁﬁt\l@@th 1400
and 1500 degrees Cel sius for about two to four hours, nore preferably

bet ween db&2isedn thelpinSpeheh celosatica lasd sisft ofiticht nulstatipn &f 2loaition entexddaumeunti450
degrees Cel sius for about three hours. The net hod al so may

i ncl udehd Botiinn ghelthrignasSthe @idsai niarsothen exdnijde, nieherxideaditsublir gbrtsts . wabhe

gl ass containers may be forned, for exanple, by press-and-blow or -

bl ow angtréds@Mtdh A6RS HE Sbar . pywtts) dhe ighsainet ewisi aibdstamdilyndzsolotized witamy ot her
sui t abl e manner by any suitabl e equi pnment. The net hod further
My i NGitkdsaan0eRtHting rélhﬁnglgaiﬁsth@ Qs Nesever) sBRY @tdnishbletlowRhn®loratfonr
exanpl e, in an annealing lehr. At an entry, hot end, or upstream portion of

t he anngalhblikabRhS theleh€ tirSEENSS RlatkEly IARY RetbnBEYhGalebiweri n6OdsiBRdo RO
degrees Cel sius. Through the | ehr, I,he tenperature nmay be brought down

gr adualcby Wifirf AR SRHTSRBbh bPthe %Ié%@ e.£NB8 A @itkise@ontoT@ di&BConthiQér
exanple; to a tenperature therein of between 130 degrees Celsius and 65

degr eeéﬁ(ﬁ? St &Qrgg%i&aﬁog&g%%n gg@msa%cé\ﬁéﬂlﬂn@ﬁﬁﬁalwn@ﬁ)r anesakadint

pr ef er bet ween 6 grees Cel'sius for about 30 to 90 m nutes,.

ol pg@%{fgr Y B XIFDSnﬁ% RN et 208896E Gie BB/ bl SoonRBE HOSLeRIR! 881801 Y at

about degrees Ius Tor about one hour. In any event, in one

embod! e Dipd G AR o8 G811 L RllyOlbudd! S18MIe, YA 0 heat the gl ass

cont ai Aet's S eratures. e gl ass containers

d not be st to pr.ovid LOLL Zatian. & i pars |
potential Iy reaudbeeORe Bias By SR PUARHIGR, i iy ptjsved st ARARE IR,

tri I t.state { bj I t st Lyt I . i i
venadi drte Svbeta eufn bRl ot hal e SraaRe lPui FENT Ao BN <o
woul d be produced by the vanadium Such



WO 2013/ 009417PCT/ US2012/ 041596 reducti on may produce a generally colorless
appearance, perhaps with a straw yellow to slight gray coloration in the

gl ass andwoi2n13ay41@vent , a non- green appearance in the @CaAS20121041596
believed that the slight gray color is attributed to a nearly uniform
decrease of the percent transm ssion of visible |light. The decrease in the
visible light transm ssion may range from 10 to 20 percent |ess than a
typical flint glass that is not decolorized. The decrease is based on the
amount of vanadi um and sel enium additions to the base gl ass, wherein

I ncr eas@gdivi bAE aBHP ANt $108 fof o Rle i dRBivaf woaldanbwte avel d&lownizativnactihe i ves
results in decreases in the percent transmssion in the visible |ight

range. ofcConge %\ﬁﬁ’cmfa}l%(,% BRSST sGBA 1876 8F So0MBY.3 RRYPIARYISREENEE biabgenal]
ultraviolet |ight blocking properties and without the green coloration

nor mal |y 256 0GhaLEe adatdh UANAELHNY. A REH 0B bRIAS of IsBleRARETs et tof froviayi des
of vanadi um and sel enium additives and their disclosed anbunts produce

decol orphgeda gy 355d (&Eﬁl@ﬁi_%g&z | oM §1BsNO PG GaN itCR! MR fhat,Y &dpeSAR oHMhe

prot ectl on. ass containers may have a retained gl ass

oy il o 4 el st g i

exanpl e, e oxl sel enium added to the batched

gl ass %?a%g%iagegg %%Qeanﬁroes%%t% or retained in the retained gl ass
on.”  SI'A P y y i

conposi arl'y, only about 50-70% of the oxide of sulfur added to

Sl S R A R R e

gl ass conpositio anadi um may argely
retained jn.the retajne | ass .conposition in.the produced caontai . In
o hor " FRISTEn e A B eghetisfe s Py St e A AbOE eBFET AR ERE TSR e
gl ass copposjtion in e pr.oduce ont ai ner.s y, be about four..tQ one
rati o df HE‘JH d?r?fﬂ'\c‘f%s"i@f% i'f e me t tha 15 Up %bﬁ%u%glﬂéeslge@%&é?aﬁeé?eg %‘%eﬁcl ude

a total unt_of oxides of vanadi.um and sel eni um sent in the retagined
G a0 CURES | (TOnAIFh THRESaPE A1 G P TEU i B URS POPORR-10° B
2013/ 009417PCT/ US2012/ 041596 0.175 wt% total_. |In.other, words, the.total
combi ndEChHBTIRINVEIVeHsULYE acting a5 3 W@ﬁd“‘g‘éh%?ﬁlﬁ?ﬁ%fh&fr‘rfé’g? 9 H‘et%é&egquss
contai ner equals 0.016 ww%to 0.175 wt% Al so, the glass contai ner nay

i ncl udeelgriupxi Heit & asgyned that gfug it 26ting 0 r@#ﬁmﬁlﬁv MRGSUSE Frietioro We sl dyt o5
and 0.3 wt% |n another enbodi nent, the oxide of sulfur may be present in
the retteidrieshidi the yarasinm yrlencsstate At anbiih valpree el apears aj2oroXiesyeey wt %
and the oxide of vanadium may be present in the retained glass conposition
in an draddition, angenbe besumed thap some of thesuunis repciipgavithionda pradvec axplife of
sel enium may be present in the retained glass conposition in an anmpunt

r angi nghivetopkem @. BoGnwoloraindaDb@3glassd.% In| anyoenent pheef dppeax dopleea dimed oxi de
of sulfur may be present in the retained glass conposition in an anmount of
about Gel2tiontsBip mweenhipcmadinge sadfurvantet end they predysties efta hemegesoyseand/ored

gl ass conposition in an anount of about 0.1 w% whereas the oxide of

sel eni ulecdleryzed eglgse.esle i also podsible dtanthesedis gl medmoonpd&i comenti wheshampmbernt  of
about 0.025% The soda-line base glass materials nay be retained in an
-anount colrigativg seetswe domitiateltheic8tonndthaOfo8mirglef the melt surfaces st@gs/@ragkur bstt
sanples were prepared in a | aboratory environnent and transm ssion of |ight
t her et hriou@abnyasaihee dvetk thiy veakh sanple, as illustrated in FIG 3. FIG 3
illustrates six plots of |light transm ssion vs. wavel ength through six

different sanpl egh®metodSdso ihbIadds mslting kiRt batohed ERBY EsBUsRioh IAMINASS She
through a sanple of the base gl ass conposition, standard white flint glass.

The seqpRdcdPh@tprodice F £RMARANbSCHLIAERE. SSAQRrdIFIRUER alteAdR: 8idt Blbsidpase
gl ass doped with about 0.1 wt % vanadi um

enhancing material and the decolorizer additives preferably are melted with the base glass

materials in the glass melt furnace. The conditions and procedure for composing and melting

8



The best conbination of results of decoloration, clarity, and UV |ight
bl ocki ng was achi eved in a base gl ass conposition doped with about 0.1 w %
of vanadiwmarsdoadaout 0.1 wt % of sel enium as represent @dThis2@Ro81586 | n )
addition to the decol orizing, the conbination of the oxides of vanadi um and
sel enium causes a shift of the UV |ight edge AA@further fromthe WD

2013/ 009417PCT/ US2012/ 041596 U traviol et towards the visible |ight range.
For exanple, a light edge Al of plot Ais at about 315 nm whereas a |ight
edge E1 of plot E is at about 345 tun for a shift in wavel ength of about 30

nm Acg)%d’jbm Yontdikt® HsdThn 8O FEurdOh, bARSMhibobY of IAhs MBmlfsrnre@UToclds nm
As used with reference to UV wavel ength the term Aabout @ neans within 5

nm Odgen Publi hgrg'@f) NESH o3l R e 1985 i @ditidh.t NinO4 N&orfGHyLcARL inelRSthef
vanadi um an i ium For exanpl e, plot C represents a base gl ass

CO”pos'btd{cﬂefh Q%Q%gﬁ@sﬁt&?gﬁ%“ﬁ Belﬂed"‘ﬁr%?e‘f’zibl))’ @é@@génul%éagd @m%gﬁeQ@glgﬁuNo% of

sel eni um n-ano represents a base gl aSs conposi tion

- doped wi t:h, 2R %urohojur &9 glg' &%&n%?%& 1Q79t%h%\6ree@ @Elsi%@'ﬁfa' 93t

wher ei n green ecol oration I et fur exanpl'e, plot F

represents eraglﬁggfqg gtﬁg%ﬁgggy@aglm%gpagoqlpggeevgotu%_ about 0.1 wt% of vanadi um

and abdut ni-um erern green decol orization was conpl ete

.bUt the gl ass wa dar ordlelﬂpca r%l‘% irl]zge fg\ll m%ﬁf)e %?ahss chfltal%l@kfrgr“ PE Qnolten

i nconpl ete mixin cre onbgenols sections 1 n
| th h t.ne best | t h d A) f
Vanadi JAichl 4 do%dgkxf%J RORSaiBE e} V2 fﬂiﬁﬁﬁr Saffln Heredihbyied g °
t T f A d.th t d d t 05 w9
anad: G BOB RS éﬁl%hfswﬁieﬁévy%%% SeethdnorbeREo B s mals ééctl on,

but may or rr&y not provide better non-green and/or coI orl ess appear ance.
When vé‘ﬁ&?ﬁ‘@ ciegUiRHdR'd, there can be observed a shift in Iight transm ssi on
towards the visible Ilght range, ortlon of which is hl ocke

this i nduces a gfBemetoddrghsrgnay H‘C e apnealipg dhes glags FANAISy f%a‘fyhémt:g@& tion
of seleniumthere can be observed a further shift to | onger wavel eﬂ t hs,
provi divanen ferrfxamakedn prganeaipg W pridk Bc et hebensh 0 yritfeem RoTHAPLRCal one.
However as the |evel of seleniumincreases there can be observed a decrease
i n overaangaling kehs ihestsmperatuan thersinimey babetween efland B81dserses 6lsidhd B¥oyehcr ease
in greyness in the visible spectrum WO 2013/ 009417PCT/ US2012/ 041596
As showhe leyr, theotemp@atuy, may be braught deavncgradusilnde aldawnstreapmspoaiian 9ol end, or
characterized by 0%to 2%transm ssion at 340 nmto 350 nm wavel ength, and
by 60%ekd of 586 tehnfeméxesiptm tak t@8pcrature thereinl of batwevayB30cdagtdes Celsius and 65

degrees Celsius. In any event, the glass containers may be annealed, preferably between 550

and 600 degrees Celsius for about 30 to 90 minutes, more preferably between 525 and 5735

degrees Celsius, and most preferably at about 550 degrees Celsius for about one hour. In any

event, in one embodiment, the method may be carried out without having to heat the glass

containers to striking temperatures. In other words, the glass containers need not be struck to

provide decolorization.

The selenium potentially reduces the state of at least some of the vanadium from
the trivalent state to a bivalent state in the glass. This reduction of the vanadium is believed to

negate or mask the green coloration that otherwise would be produced by the vanadium. Such
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The best results were achieved by weighting out the raw materials for a
200g- 300g batch, and in accordance standard batch cal cul ati on practice
conmon i rwohe13gloass i ndustry. The raw material s were noPCaGSanmdAOpes9é | ed to
-break up agglonerate material. The raw materials then were m xed toget her
using a mxer for about ten mnutes. Wiile mxing, a crucible for the
batched glass nelt was pre-heated at 1350 degrees Cel sius for about ten

m nutes. The raw materials were added to the crucible until the crucible
was half-full. The crucible was placed in a furnace at 1294 degrees Cel sius

and r eachieshrPmhf PRALA! & benepdilylcbritede SiR@Endee berhaiss With @lstrdd yellowit@slightf t er

29 mnutes, the crucible was charged and the rest of the raw naterials were

added ?Qg{lﬁ}l&raﬁ tn a{eu%lggl End\as aﬂ%ea&lgﬂ, hah-gréent lifpehidhiagemt g1dA021tdegr ees

Cel siu reached 1450 degrees | sius after one mnute. The raw

Tt er | gl iR e T Sdhe! by LGS BRMifedaa bEAY, BRMAHalNAG. LIPBlkdfs, and

then placed in an an I'ng oven at 546 degreés Celsius. The glass is then

anneal %r%ns%iss?énogfgﬁ%fél‘?qéﬁgel ie lﬁ%crfeé)s% i? gleh%ﬂgle li’igfl%sﬁﬂ%}l in%} r%ge frdif 10

anneal ing oven gl'ass cool down to room tenperature overnight.

s oo i Rert e Raf PR el gl R e Realoeed The ceBRe B ¥Ed 8711 1
i cr omatient SR RAR ) S uRB AR TR o ot SitprelPingdaes it

A0 s o HEPRIOKE oL TG A T DB AT A1 B P TR RO EE Ao
Thase GBS HERT BPET , A SoRDeh 4 D8Gien FReT CRTB2 POATRUELY & el

ol CRUETOct 3 PRRBEE pHPeT s AR PSR B eGP eF PEtrepdeageit PRIt e,

Al sp as used; herein, the tern Aunstai ned@ or ol orl essnessa,i.s an
est i matpreAdiupdepadeglasses I gthehavorisg fhecoxides 4l vepadiim and. seleopm 364‘@Y°5 and
t hroughout the visible spectrum NMbst transition nmetal ierfs Qﬁve the
capabi Itheit diseloged| nquags poduce decrlpriged chish FEBaing's Wil ROL-BIEGD SPETI9Pe BNt
determ nes the level of color. . There thus has been. disclosed a
gl ass @opd HVriwpteetiat i s' substantially clear 'and nonLgreen. or colorless,
and related nmethods, that fully- satisfy all of the objects and. ains
previ ously set f@he plassiostaiiescingy beve estringd @lpsp pempositioa that ivdilferenefrren wit h
several -exenplary enbodi nients, and ,additional nodificatians and
var i at itnbatbizedegladseemmbsisions sEat. ex@mipls; onydatfout 4013696 of shedoxide iohiselonym
readily will suggest thenselves to per'sorisrof ordinary skill in the,. art
in viewdddd tchehef batelgpai plgssd compesiiamnmay W@ BR4Sit 00 drptaieE TINUSROERIG4 1 596
Cl ai nms

composition. Similarly, only about 50-70% of the oxide of sulfur added to the batched glass

composition may be present or retained in the retained glass composition. In contrast, the oxide
c;f vanadium may be largely retained in the retained glass composition in the produced
containers. In other words, the relative amounts of vanadium to selenium retained in the glass
composition in the produced containers may be about a four to one ratio of vanadium to
selenium.

The glass containers may include a total amount of oxides of vanadium and

selenium present in the retained glass composition in an amount ranging between 0.016 wt% and

10



.A .flint glass container (10), characterized in that the
contai ner glass includes an oxide of vanadi um and an oxi de of sel enium
present iwoths/wenrai ner glass in an anount rangi ng bet Re&rUsS010061594 % and
0.175 wt % total for blocking UV |ight penetration into the container while
provi di ng decol ori zation in container- glass. 2. The cont ai ner
set forth in claim1l wherein the oxide of vanadiumis present in an anount
rangi ng between 0.01 wm % and 0.14 wm % and the oxide of seleniumis present

in an anount ranging between 0.006 wt % and 0.035 wt% 3. The
cont ai melr7s ses freall h In ek avdnls) thbasel Bormbigedxindantodf veided bfl vansliyn eaént i n
an amount O about 0.1 wt% 4. The container set forth in claim

3 wher gilBnitifCreRXied 8nOthe $8dse toHiAines eiahs 0016 Itva o AMENitoRf Aleeuthe BIARS W %
WD 2013/ 009417PCT/ US2012/ 041596
container may include an oxide of sulfur content in an amount ranging between 0.03 wt% and
0.3 wt%. In another embodiment, the oxide of sulfur may be present in the retained glass
composition in an amount between 0.08 wt% and 0.25 wt%, and the oxide of vanadium may be
present iﬂ the retained glass composition in an amount ranging between 0.01 wt% and 0.14 wt%,
whereas the oxide of selenium may be present in the retained glass composition in an amount
ranging between 0.006 wt% and 0.035 wt%. In one speciﬁc'example, the oxide of sulfur may
be present in the retained glass composition in an amount of about 0.2 wt%, and the oxide of
vanadium may be present in the retained glass composition in an amount of about 0.1 wt%,
whereas the oxide of selenium rﬁay be present in the retained glass composition in an amount of
about 0.025%. The soda-lime base glass materials may be retained in an amount ranging
between 73.1 wt% and 99.9 wt%.
| Several test samples were prepared in a laboratory environment and transmission
of light therethrough was observed in each sample, as illustrated in FIG. 3. FIG. 3 illustrates
six plots of light transmission vs. wavelength through six different samples of glass. The first
plot, A, represents transmission through a sample of the base glass composition, standard white
flint glass. The second plot, B, represents transmission through a sample of the base glass
doped with about 0.1 wt% vanadium.
The best combination of results of decoloration, clarity, and UV light blocking
was achieved in a base glass composition doped with about 0.1 wt% of vanadium and about 0.1

wt% of selenium, as represented by plot E. In addition to the decolorizing, the combination of

the oxides of vanadium and selenium causes a shift of the UV light edge AA@ further from the

11



5. The container set forth in claim1 wherein an oxide of sulfur
Is present in the .container glass in an anount rarigi ng: hetwcen. 0.03 w/o
frjdQ 3 owo0:2613/009417 The *container set forth in elarNs3)12miesp€i N The
oxi de of sulfhrTs preSent in; tho, container glass an, a:ntitnit ranging
bet weerrrangi ng. bet ween: 0. 0Oa vvi % and- 0. 25" wt P10.

7. The container set forth in claim®6 wherein the oxide of sulfur is
present in the container glass,in an.anount of about 0.2 :wt% :
8 The container-Set forth in eldith 1, 'Werein, the 'oxide of

vanadi WhrkviolpY @&ERAL thdvidiBleANENY Fdnge.Of F2Qbihple) 4 light%dgt 2§ 00¥iotia iSfat abdueni um
Is present lin',4ri'"anQuritift,about,0.025 ,wt% *and the oxide of sulfur is

o o)A LR 6 21 ot 45t vl B0 30
nm. Accordingly, the glass does not transmit UV light up to about 345 nm. As used with
reference to UV wavelength, the term Aabout@ means within 5 nm.

Other results were observed with other combinations of vanadium and selenium.
For example, plot C represents a base glass composition doped with about 0.1 wt% of vanadium
and about 0.0078 wt% of selenium. In another example, plot D represents a base glass
composition doped with about 0.1 wt% of vanadium and about 0.05 wt% of selenium, wherein
green decoloration was incomplete. In a further example, plot F represents a base glass
composition doped with about 0.1 wt% of vanadium and about 0.2 wt% of selenium, wherein
green decolorization was complete but the glass was dark flint in color with streaks of pink due
to incomplete mixing of selenium which creéted non-homogenous sections in the glass.

Although the best results were achieved with 0.1 wt% of vanadium, glass doped
with 0.05 wt% vanadium has shown better UV light protection. Therefore, it is believed that
glass doped with 0.05 wt% vanadium and 0.05 wt% selenium may provide even better UV light
protection, but may or may not provide better non-green and/or colorless appearance.

When vanadium is added, there can be observed a shift in light transmission
towards the visible light range, a portion of which is blocked. However this induces a green
coloration in the visible spectrum. With the addition of selenium there can be observed a further
shift to longer wavelengths, providing an increased level of UV protection compared with
vanadium alone.  However as the level of selenium incrcases there can be observed a decrease
in overall transmission, and a decrease in green coloration and an increase in greyness in the

visible spectrum.

12



characterized by 0% to 2% transm ssion_ at 340 :.run to 350 m| -

wavel engt h: WD 2013/ 009417PCT/ US2012/ 041596 10.
The cont avoep1wp4iforth in claim 1 wherein the contai nePCRAS2012AMESP@Er ency
characterized by 60%to 75% transm ssion at 390 nmto 410 nm wavel engt h.

11. The container set forth in claim1 wherein the container
does not transmt ultraviolet light up to about 345 nm 12.

~ The container set forth in claim9 wherein the container has transparency
characterized by at |east one of plots C, D, E, or F between 350 nm and 400

Slmagfs El)rcr':‘pogi ‘i 0Ans ?hﬁ;{n l?yn%l?ta é:ésD:’ E., or F, the cditainerhad |tﬁﬁ§>a&ﬁﬁl§ chaneterizad bng a
0% to 2% transmission at 340 nm to 350 nm wavelength, and by 60% to 75% transmission at
390 nm to 410 nm wavelength.

The best results were achieved by weighting out the raw materials for a
200g-300g batch, and in accordance standard batch calculation practice common in the glass
industry. The raw materials were mortar-and-pestled to break up agglomerate material. The
raw materials then were mixed together using a mixer for about ten minutes. While mixing, a
crucible for the batched glass melt was pre-heated at 1350 degrees Celsius for about ten minutes.
The raw materials were added to the crucible until the crucible was half-full. The crucible was
placed in a furnace at 1294 degrees Celsius and reached a temperature of 1450 degrees Celsius
after 23 minutes. After 29 minutes, the crucible was charged and the rest of the raw materials
were added thereto. The crucible was placed back in the furnace at 1402 degrees Celsius and
reached 1450 degrees Celsius after one minute. The raw materials were melted for three hours
and then poured into two patties, and then placed in an annealing oven at 546 degrees Celsius.
The glass is then annealed at 550 degrees Celsius for on hour before shutting off the annealing
oven to let the glass cool down to room temperature overnight. The patties were armeéled to
remove stress. |

One of the resulting samples was cut with a core drill to a 30 mm diameter,
polished on both sides using a polisher and grit sizes of 240, 125, 75, 15, 9,3,and 1 micfometer,
and final polished with colloidal silica. The sample was spectrum analyzed with a
PERKIN-ELMER LAMDA 900 brand analyzer.

As used herein, the term Aclear@ or Aclarity@ relates to the quality or state of

being clear which quality can be measured through spectroscopy. These terms may be referred
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soda-lime base glass materials, and addi tives including an

oxi de of vanadi um and an oxi de of seleniumretained in the container glass
i n an anowotorsegiimg bet ween 0.016 wt % and 0. 175 wt % t oPaI/US2012/041596

14. The container set forth in claim13 wherein the soda-Iine
base gl ass materials are retained in an anmount rangi ng between 73.1 wt % and
99.9 Wt % and the oxide of vanadiumis retained in an anmount rangi ng between
0.01 % and 0.14 wt% and the oxide of seleniumis retained in an anount
rangi ng between 0.006 w % and 0.035 wt% WD 2013/ 009417PCT/ US2012/ 041596

the cong gkn@ingy é?r@ﬁcyf rduphbit Bleabifibld sphr@ium Nwiible is af Fdicien befs aagdi@rth,
.cornpil Ses the f ol Iomﬁng tnaterials In an anount by weight: ,60-75% Si 92;
7 15% @%E’metuﬁes %%4&%9 -are -also referred to as translucence. Also as used. herqn, the “term
Aunstained@ or Acolorlessness@ is an estimation that relates to the degree to which glass lacks
color lhrogghout the visible spectrum. Most transition metal ions have the capability o'f.
coloring glass, and the degree to which they are present defermines the levél of color.

There thus has been disclosed a glass container that is substantially clear and
non:green. or colorless, and related methods, that fully- satisfy all of the objects and. aims
previously set forth. The disclosure has been presented in conjunction with several cxgmpla}y
embodiments, and -additiondl modifications -and variations -have been discussed.  Other
modifications and variations.réadily will suggest themselves to persons-of ordinary skill in the art

in view of the foregoing discussion.
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:3,0% Ali Qs;, 04.0% MyO; and 0-2. 0% K20. 16; The cont ai ner set
fOIli in claim13 whei'ein the oxide' of-VanadniMis retained in an anpunt
rangi ng bwowesmwou10l w % and 0.14 W% 17. TIRETABR12I0MEP6 Set
forth in claim16 wherein the oxide of seleniumis retained in an anount

rangi ng between 0.006 wt % and 0.035,*t% WD 2013/ 009417PCT/ US2012/ 041596
18.

Claims

A flint glass container (10),

characterized in that the container glass includes an oxide of vanadium and an
oxide of selenium present in the container glags in an amount ranging between 0.016 wit% and
0.175 wt% total for blocking UV light penetration into the container while providing

decolorization in container-glass:

2.
The container set forth in claim 1 wherein the oxide of vanadium is present in an
amount ranging between 0.01 wt% and 0.14 wt% and the oxide of selenium is present in an

amount ranging between 0.006 wt% and 0.035 wt%.

3.
The container set forth in claim 2 wherein the oxide of vanadium is present in an

amount of about 0.1 wt%.
4,

The container set forth in claim 3 wherein the oxide of selenium is present in an

amount of about 0.025 wt%.
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The container set forth in claim17 wherein the oxide of vanadiumis
retained in an anmpunt of about 0.1 wt% and the oxide of seleniumis

ret ai ned wo 2a13/mpaaant of about 0. 025% 19.. PChaSeanvaisper set
forth in claim13 .wherein .an oxide of sulfur is present in the
.-container glass, in an anount. rangi ng between 0.03 wt% and 0.1 wt % 20.
The contai ner set forth in claim 13, wherein :the oxide of sulfur is
present in the container glass in an anount rangi ng between rangi ng between

0.08 Nvt% and 0.25 w% 21. The container set 'forth in claim
13 wherei nAhe oxide of sulfur is presgnt in '"die container glass in
ari anbunt of about 0.2 wt% The-contai ner set forth in claim13

wherein the oxide of L U1 s i Seher S08ptulfl igbeidentQn thert %
t he oxi de of seld@ﬁic@%&?’gggértewgghtlﬁic%&gﬁl g&n%ﬂa{ri:ltﬁg? about 0.62 - Mm% and the

oxide of sulfur is present .i.n an. a 0f ~abedt. H2 W% WO
0151 oo el e b0 i BEITHES wie 2RO W
“The container set forth in claim 5 wherein the oxide of sulfuris present in: the:

containér glass in an Amount Fanging betweenranging between:0.08 wi% and 0.25-wi%:

7.
The container set forth in claim 6 wherein the oxide of sulfur is present in the

'contailler,sgi'ass;in‘.an,amount;.of ‘about 0.2 wt%.,

8.
The. container set forth in claim 1 'wherein-the oxide-of vanadium is present in.an.
amount.of about 0.1 w{%, the oxide of:selenium is:present in‘an-amount:6fabout.0.025:wt%, and.

the oxide. of sulfur is present in an amount of-about 0.2 wt%.
9,

The container sét ‘forth it ¢laim. 1 ‘wherein: the: container: ‘has: iransparency-

characteiized by-0% to 2% transmission at 340:mm to 350 rim wavelength.
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23. The container set forth in claim13 wherein the conposition is
substantially free of As, oxides of arsenic, and hexaval ent chromum 24. A
nmet hod ofwoekidngglass contai ners including the steps oPCT(sRo1R0er596 i ng a
bat ched gl ass conposition including soda-1inme base glass materials, (b)
melting the batched glass conposition in a glass nelt furnace to produce a
nol ten batched glass, (c) formng the glass containers fromthe nolten
bat ched gl ass; and :
10.
The container set forth in claim 1 wherein the container has transparency

characterized by 60% to 75% transmission at 390 nm to 410 nm wavelength.

11.
The container set forth in claim 1 wherein the container does not transmit

ultraviolet light up to about 345 nm.

12.
The container set forth in claim 9 wherein the container has transparency

characterized by at least one of plots C, D, E, or F between 350 nm and 400 nm of FIG. 3.

13.
A glass container having a glass composition that includes:
soda-lime base glass materials, and
additives including an oxide of vanadium and an oxide of selenium retained in the

container glass in an amount ranging between 0.016 wt% and 0.175 wt% total.

14.
The container set forth in claim 13 wherein the soda-lime base glass materials are
retained in an amount ranging between 73.1 wt% and 99.9 wt% and the oxide of vanadium is
retained in an amount ranging between 0.01 wt% and 0.14 wt% and the oxide of selenium is

retained in an amount ranging between 0.006 wt% and 0.035 wt%.

17



(d) annealing the glass containers, characterized in that sai d
bat ched gl ass conposition prepared in said step (a) includes oxides of
vanadi umwsoaosdlogsiirum i n an anount rangi ng bet ween 0. 03BCRIURREANH4GIRS Wt %
total. 25. The nethod set forth in claim24 wherein the conbination of the
oxi des of vanadi um and sel eni um produces a non-green appearance in the

gl ass containers. 26. The nethod set forth in claim24 wherein the

conbi nati on of the oxides of vanadi um and sel eni um i nproves ultraviol et

i ght bl ocking of the containers. -

15,
The. container set forth. in.claim 14 wherein the soda-lime base glass comprises
the following materials.in an amount by weight:

| 60-75% SiOp;

7-15% Na;O;.

6-12% Ca0;!

" 0.13.0% AlOs;
0-2.0% MgO; and

0-2.0% K50.

16:

17.
The containeér set forthiin claim 16-wherein the.oxide of selenium is retained in-an:

arount ranging between 0:006 wt% and 0,035 wi%.
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WO 2013/ 009417PCT/ US2012/ 041596 27. The method set. forth in
.claim24: wherein 'the glass containers. are ..anneal ed between 550 and
000 - degrwex00al0%iias for thirtyto ninety m nutes 28. PCT/US2012/041Fh& net hod
set forth in claim?24 wherein the batched gl ass conposition is nelted

bet ween at about 1450 degrees Cel sius for about three hours, and the gl ass
containers are anneal ed at about 550 degrees Cel sius for about one hour.

29. The nethod set forth in claim24, w thout heating the glass containers
to striking tenperatures. 30. The nethod set forth in claim?24
wherein the soda-line base gl ass natamlals are present in an anount ranging
between 73.1 wt % and 99.9 w %

The container set forth in claim 17 wherein the oxide of vanadium is retained in

an amount of about 0.1 wt% and the oxide of selenium is retained in an amount of about 0.025%.

19..
The container set forth in claim 13 wheréin an oxidé of sulfur is present in the

‘container glass in an amount ranging between 0.03 wt% and 0.3 wt%.

20.
The:contdiner set forth in. claim. 13 wherein the oxide of sulfur is present in the

containér glass.in an amotint ranging between rangirig between 0.08 wi%.and 0.25 wi%.

21.
The container sef forth .in claim 13 wherein:the oxide of sulfur is:present in ‘the

container glass in an.amount of about 0.2 wi%.

22.
The-container set forth in ¢laim 13 wherein thé oxide of vanadium'is present in.an
amount of about 0.1 :wt%, the oxide of selenium is present in an amount of about 0.025 wit%, and

the oxide of sulfur is. present in an amount of about 0.2 wi%.
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31. The nethod set forth in claim?24 wherein the soda-Iline
base gl ass conprises the following Materials in an amunt by weight: 60-75%
Si 02; 7- MNsoo2s209417\WWO 2013/ 009417PCT/ US2012/ 041596 G 12¥CTaASR201Q0041596 3. 0%

Al 203; 0-2.0% MgO, and 0-2.0% 1(20. 32.

23.
The container set forth in claim 13 wherein the composition is substantially free

of As, oxides of arsenic, and hexavalent chromium.

24.

A method of making glass containers including the steps of:

(a) preparing a batched glass composition including soda-lime base glass
materials,

(b) melting the batched glass composition in a glass melt furnace to produce a
molten batched glass,

(c) forming the glass containers from the molten batched glass; and

(d) annealing the glass containers,

characterized in that

said batched glass composition prepared in said step (a) includes oxides of

vanadium and selenium in an amount ranging between 0.035 wt% and 0.25 wt% total.

25.
The method set forth in claim 24 wherein the combination of the oxides of

vanadium and selenium produces a non-green appearance in the glass containers.

26.
The method set forth in claim 24 wherein the combination of the oxides of

vanadium and selenium improves ultraviolet light blocking of the containers.
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The-nethod s'4 forth in clahh 24 Wherein the oxide; of vanadium
i S.present An an anount rangi ng between 0.025; WYd: and 0.15 wt% and t he
oxi de of welersaemirs present in an anount rangi ng bet weenT@s12wand 0. 1

w%total, 33. The met hod set forth in claim-32 wherein the
' Oxi des of vanadi um and sel enium are each present in substantially equal
anounts. 34. The nethod set- forth in claim33 wherein

t he, ambunts, of the de'of vanadi um and sel enium are each abotit 0;1 'wt%
The met hod set forth in claim24 wherein the hatched glass .6.onmpoSition is
substantially free of As, oxides-of arsenic, and hexaval ent chrom WO
2013/ 009417PCT/ US2012/ 041596 36. The

met hod set forth in .claim24 wherei m4 he batched glass , conposition alsp
includes up to 0.4 wt% of an oxi de of sul fur.

The: method set. forth ‘in claim. 24 wherein ‘the glass: containers: are "annealed

between 550%and 600 degiees Celsiusfor thirty to ninety:minutes:

28.
The method set forth in claim 24 wherein the batched glass composition is melted
between at about 1450 degrees Celsius for about three houts, and the glass containers are

annealed at about 550 degrees Celsius for about one hour.

29,
The method set forth in claim 24, without heating the glass containers to striking

temperatures.

30.
The method set forth in claim 24 wherein the soda-lime base glass materials are

present in an amount ranging between 73.1 wit% and 99.9 wt%.

31.
The method set forth in claim 24 wherein the soda-lime base glass comp'rises the
following materials in an amount by weight:
60-75% SiOy;
7-15% NayO;
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37. The nethod set forth in claim24 wherein the batched gl ass
conposition also includes an oxide of sulfur in an anmount rangi ng between

0. 005 wt %vared13mno3a7wm % 38. The met hod set f ecThuszo2oksben 24
wherein the batched gl ass conposition also includes an oxide of sulfur in
an anount rangi ng between 0.25 wt % and 0.35 wt % 39. The et hod

set forth in claim?24 wherein the oxide of vanadiumis present in an anpunt
of about 0.1 W% the oxide of seleniumis present in an anount of about
0.1 % and the oxide of sulfur is present in an amount of about 0.3 w %
40. A gl ass congapwezacpr oduced by the nmethod set forth in claim?24. W
2013/ 009417PCT/ US2012/ 041596 41.

0.1-3.0%.A1,03;

0-2.0% MgO; and

0-2.0%.K-0.

32.
The-method sét forth il claim 24 whetein ftlfn_cf‘Qx“ide-;of?vahadi’tlmZ‘is‘::px'.e’sent;in an
amount ranging between 0.025 wi% and 0,15 wi% and: the oxidé of ‘seleniium is preseiit in an

-amount ranging between 0:01 wt%-and 0.1 wt% total.,

33.
The methiod ‘sét forth in:claim 32 whereii the oxides of vanadium and selenium

are each present in substantially equal amounts.

34
The method.set forth in claim 33 wherein the:amounis-of the.oxides-of vanadium.

and seléniui are gach about-0.1 ‘wt%.

35,
The method set forth in claim 24 wherein the batched glass composition is:

substantially free of As, oxides-of arsenic, and hexavalent chromium.



A met hod- of maki nggl ass, contairiers iincluding the steps of:

preparing :a batched gl ass conposition including;, sodaA ne .base

gl assAnatwoi2ai3094and i ncl udi ng oxi des of vanadi um and seCeniseomiomsadout
equal amounts.” nmeltng the batchedgm 4 conposition in a gag's.
Melt--furnate.' M prci-dute.'a Mlten -batched: gl ass; form ngthe
glass.'containers fronf, the Mylteriliatehed.glasS " and :annealing the:
gl ass contai ners. 42. The nethod set forth in claim41l wherein
t he oxi de of vanadi um and seleniumare present in an Ltittount ranging
bet ween, Q 035 wt4) asid 9:25 "W%tOQral. 43. The net hod set
forth in claim41l- wherein the anounts of vanadi um and sel enium are each
about 0.1 W% 36..

The method set forth ‘in «claim 24 wherein the batched glass ;c.oxnpqsitiog also

includes up to 0.4 wt% of an oxide of sulfur.

37.
The method set forth in claim 24 wherein the batched glass composition also

includes an oxide of sulfur in an amount ranging between 0.005 wt% and 0.35 wt%.

38.
The method set forth in claim 24 wherein the batched glass composition also

includes an oxide of sulfur in an amount ranging between 0.25 wt% and 0.35 wt%.

39,
The method set forth in claim 24 wherein the oxide of vanadium is present in an
amount of about 0.1 wt%, the oxide of selenium is present in an amount of about 0.1 wt%, and

the oxide of sulfur is present in an amount of about 0.3 wt%.

40.

A glass container produced by the method set forth in claim 24.

23



44: o The nethod set forth :in claim4l.. wherein theliatehed glasS
"eainpositiCn Aiso: hiciudes-up to 0.4 wt % of-an oxide ofsul fur.
45, ~ WO02013/003he nmethod set forth in claim4l wherei rCrhus2biaetsedl gl ass
conposition also includes an oxide of sulfur in an anmount rangi ng between
0.005 wt % and 0.35 wm % 46. A gl ass contai ner
produced by the nethod set forth in claim4l.
4]..
A method-of making.glass-containers including-the steps:of::
preparing a batched glass composition including sodazlime base: glass.materials,
‘and including oxides of vanadiim and sélenium.inabout.equal amounts;.
elfing the bafehied glass composition-in d glass melrfuriace'to produce a.molten
‘batched glass;

forming the glass-containers frony'the:molten'batchied glass; and

-annealing:the: glass containers.

42,
The method set forth in claim 41 wherein the oxide of vanadium and selenium are

present in an:amount ranging between:0.035-wt%-and 0:25Wt% total.

43,
" The 'method set forth.in claim 4 1. wherein the.amounts 'of 'vanadium and selenium.

are each about 0.1 wt%.
44

The method set. forth dn claim -41. wherein. the batchied glass composition ialso-

includes-up to 0.4 wi% of-an oxide of sulfur.
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45.
The method set forth in claim 41 wherein the batched glass composition also

includes an oxide of sulfur in an amount ranging between 0.005 wt% and 0.35 wt%.

A glass container produced by the method set forth in claim 41.
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