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[~~~ ~~~~~ 11111 HS ~Il~ Title: UV radiation absorbi n r@300002*
_ The present invention relates to a package for foods t m’m’mm@mﬁ“ﬁ'ﬂl ti ve to
WV radiation. Mre in particular,.the. invention relates tq

of WV absorbing green glass, e.g. a bottle made of Jdv—absﬁ#@kr-gg—g%ee
glass that is 5 highly perrreable to visible light and
wavel ength of 500 to 575 nm for packaging foods and @@ mm@@“ﬂlm
known, ul iol . QNn, ' radi a
wavel engt F\ﬂﬁ%\gss t%hfa%ggk P85068%?ngb1h p%[é]{iao&gnegatl ve ef f edfO@H t he snel |
and the flavor of foods and beverages, such as beer. This negative effect

is ascribed t0Thfeh%r%géﬂhci‘hvéﬁ‘@?éhOfbpitéfé)rmprherﬁa%]dé@‘éerfotrh%obay Hﬁé‘ﬁe of
UV radiation si nce, been known t hat i S p033| bI eto

reduce UV aT&diSeriSdiribe Ggl HY gRrdsatipmt iRt dithPaF HEEr  oftheaddi t| ves,
nost |y netiglvet@ipoumds atbBt tb aepe@kduye mA&e I’cﬁdl[ﬂ/t a3 cabs agbighgegr een

gl ass, whi gsl S the sub% t,9 of Lhe O r e todt vent i Qn, ; %bt %hngd mai nly
by i ncl udi SHr Gridum S%fpoun Sin REPIEI 56D 7285§eSCAT0eE the
manuf a&turlamyofpegneehleuvoradsabl©nlm1ora1idwgla§o@adoummagitass havi ng an

amunt of el qr@n%%@fpgpadﬁow@whnﬂﬁyf@f ;s%.aéﬁalﬁdgv fRRlaged Dby nickel

conpounds. To obtain sufficient absorption of radiation, it is
necessary heySradiegde rel atively large anounts of chromiumin the gl ass,

preferably as G \ﬂs) knBGaOr dnegawoﬂéttf@iﬂ@rmi esncﬁfe tlhhepala@ieuﬁakopean
patent appli catl necess ncl u | east % %ﬁwe' ght of

chrom um i%¢ lta‘riFéO&I 3@31{‘8 Bbyﬁvﬁfﬁx‘?fe%s ‘?ﬁfbl aa’bsa&%’ttl é‘r(? oFImUV dPati on.
From LLbe Irdgartdtver efifecitsoal thadym&hbwind higie gflearrc @forfexddgl aas havi ng

absorpti\”ﬁé@éﬁ%des, %chagagegklOﬁhfgnnegatlve effect is ascribed to
the chemical reaction of components under the influence of UV
radiation.
It has long since been known that it is possible to

15 reduce UV radiation by using glass that cdntains a number of
additives, mostly metal compounds. Until recently, UV
radiation absorbing green glass, which is the subject of the
present invention, was obtained mainly by including chromium
compounds in the glass. EP-A 261 725 describes the manufacture

20 of green, UV radiation absorbing soda-lime glass having an
amount of chromium compounds which may be partially replaced
by nickel compounds. To obtain sufficient absorption of UV
radiation, it is necessary to include relatively large amounts
of chromium in the glass, preferably as Cr(VI). According to

25 the examples of the above European patent application it is
necessary to include at least 0.7 % by weight of chromium in
the glass to obtain a reasonable absorption of UV radiation.

From the literature it is already known that green

colored glass having absorptivity to IR and UV radiation can

30 'be obtained by including iron compounds in glass. This often
concerns the manufacture of glass used for windows, e.g. heat-
and light-resistant car windows. In general, this concerns a

small reduction of the transmission of the radiation, by
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: 30 be obtained by including iron conmpounds in glass. This often concerns
t he manufacture of glass used for wi ndows, e.g. heat- and |ight-resistant
car wi ndows. In general, this concerns a snall reduction of the

transm ssion of the radiation, by.2 including a mner anmount of iron,
nostly in conbination with some other additives. Such a material is
descri bed 13CEEIQAY Wepr ARCHRE R LEORNI @O%Jo%hrat%?bmaftdﬁm Htdni um

and cobﬁl t som eottsad dda iatitaisn @alghaaSmaﬂﬁta@i eid oedts€ibdll Sirsunroof s of
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transmcssi : A on.in such glass conpositions is still high,
'because ot%%%ééé\/t%@(%transm ssion of the visible light is too nmuch

i nhi bited. For The fnaugorf tikent cappaisds ohn as U8B kars 400npaaiitsostsi | | at

a level thpd rimd@r%rtaﬁek@l@ﬁﬁ 20@m0§ytwemgﬂﬂsuga&hfoﬂﬂxm USE ASA
protective 15 packagi ng gl ass for foods_and_ beverages that are sensitive to

WV radi at i DFESERH t HPLS H’%‘éﬁ&cutlﬁé BELBY et Bcuireel hdhq [GAR$Fi ssi on
to visibl ecdmgditest. be at | east part| aI |y maintained, because the

consuner/ user rqé}ist tbe‘_mastl)nll%stl%nse b? g{]tents ofcthejﬁoackage Mor eover,
the wi<h to obtalh & specific Sol of tah*Be At fed?f}b éily i nconsi st ent
with the opjpes i ofortshe salsgdrlgt ibdghof b@vauadlathw1$¢ thr@ urraarmmomln

for IR radiatipn x{%%tbl%e Niggh: ﬁsh‘t%or fitht 1hH11%?ﬁ &O'L%r lreddd

absor ption of w at 1 on "bel n% ativel enced ass
Technol ogythe/ctrampgisgiom at] @ . 4806- 812 igtgkbkl Q‘haﬁ %W%]odélalti me

gl ass cont@amglgtné QL c@ﬂfp@altwbhhansﬁﬁzeabwhf@f tigsd hes faorgf&;tﬁéah@fe
hexaval_ent c rom um Thi s concg usion .is al so dra in The d ass ndustry,
May 1966 CkagEing, %ﬁﬁjfor 00 nd beverages that are sensitive

UV radlatlon ,

~ On the other hand, the problem occurs that the
transmission to visible light must be at least partially
maintained, because the consumer/user must be able to see the

20 contents of the package. Moreover, the wish to obtain a
specific color can be at least partially inconsistent with the
object of the absorption of UV radiation. If the transmission
for IR radiation must be high, this result in the color and/or
the absorption of UV radiation being negatively influenced.

25 Glass Technology, Vol. 26, No. 1, 1985, pp. 60-62, states
that in soda-lime glass containing iron and chromium the iron
inhibits the formation of hexavalent chromium. This conclusion
is also drawn in The Glass Industry, May 1966, pp. 252-256 and
280-281. Hexavalent chromium is particularly responsible for

30 the absorption of UV radiation, so that this will prevent
those skilled in the art from using the combination of iron
and chromium in soda-lime glass.

It is an object of the invention to provide a package for
foods and/or beverages that are sensitive to UV radiation,

35 which package is based on green soda-lime glass. More in
particular, it is the object of the invention to provide a

package of which the transmission of radiation having a



280- 281. Hexaval ent chromumis particularly responsible for 30 the
absorption of W radiation, so that this will prevent those skilled in the
. art fromusing the conbination of iron and chromumin soda-linme glass. It
is-an object of the invention to provi.de a package for foods and/or
beverages that are sensitive to W radiation, 35 which package is based on

green sod ri | ar, e ob ect
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package neets the re rerrents ‘to_be | nposed. on absor ption at
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15 weight of chromium, calculated as Cr;0s3.

Surprisingly, it has been found that such a package meets
the requirements to be imposed on the UV absorption at
wavelengths of 380 to 450 nm, and more in particular of 380 to
400 nm, while yet a good green color is obtained which,

20 moreover, can be adjusted by selecting the conditions in
melting, as well as by selecting the other componenfs of the
glass batch. Also the degree of absorption at the above
wavelengths can be adjusted by these selections, in which
connection it should be considered that the total amounts of

25 iron and chromium in the final glass are of great importance
to obtaining the right properties with respect to color and UV
absorption, or transmission of visible light.

Of importance to obtaining the right propertions of the

glass is the ratio between divalent and trivalent iron. This
FE(IT)
Fe(II) + Fe(III)

30 ratio is expressed as i.e. the amount of

divalent iron in relation to the total of iron. Preferably,
the amount of divalent iron is as small as possible, i.e.
below 0.2. In practice, values below 0.05 are hard to realize.
The total amount of iron should not be below about 1.5 %,

35 preferably, however, above 2.6 % by weight, calculated as
Fe,03, because otherwise the effect thereof is not obtained to

a sufficient degree. On the other hand, no more than about 15,



connection it should be considered that the total amounts of 25 iron and
chromumin the final glass are of great inportance to obtaining the right
. properties with respect to col or and ‘w absorption, or transm ssion of
visible light. O inportance to obtaining the right propertions of the

glass is the ratio between divalent and trivalent iron. This

30 ratio is
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ch could
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15 iron in the glass.

The package according to the invention is, on the one

hand, characterized in that the transmission for radiation of

380 nm at a glass thickness of 2 mm is < 5 %, more in

particular < 1 %, and at 400 nm < 30 % more in particular

20 < 20 % and most preferably < 5, or < 1 %, which in practice

means that the package completely or nearly completely absorbs
the UV radiation, while, on the other hand, the visible light

is transmitted for the major part and the color of the glass

is green. The latter means that the dominant wavelength of the

25 glass is between 500 and 575 nm, more in particular between

550 and 565 nm. Of course, it is also possible to define the

color by means of the CIE-Lab system. Starting from a

measurement at transparent colored glass having a thickness of

2 mm, against a white background with L* = 98.89, a* = -0.06

30 and b* = 0.02, with D65 light at an observation angle

of 2°,

with a BYK-Gardner spectrometer, type Spectrogard Automatch
Color System TCM 8800, under standard CIE-lab conditions the

color can be defined as follows: L* = 0 - 80, a* = 0 - -35, and
b* = -10 - +55.
35 The package according to the invention is based on soda-

lime glass, which has the advantagé that its costs remain low.

This may be of special importance to glass for single use



380 nmat a glass thickness of 2 Mmis <5 % nore in particular <1 %
and at 400 nm< 30 % nore in .particulir 20 < 20 % and nost preferably < 5,
or <.1 % which in practice, nmeans that the package conpletely or nearly
conpl etely absorbs the UV radiation, .while, on the other hand, the visible
. light is transm"tted for the major part and the color of the gI ass is

green. { a ass I S
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glass for single use Is recycl ed again. The conponents of such
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errects absorption-increasing effect for the transmission of light at

different wavelengths. To obtain'similar effects, an amount
(0.1 to 5 % by weight) of titanium oxide, zirconium oxide or
copper(iI) oxide may ‘also be used, if réquired.

20 , The maximum amount of chromium in the glass may also be
kept at low values, corresponding to the amounts now
conventional for green glas that is not UV-absorbing. A
suitable upper limit for the amount of chromium, calculated as
Cry03, is 0.5 % by weight, more in particular 0.35 % by weight.

25 In this connection it is observed that although in regard
to the present invention reference is made to the use of
metals, the final glass will contain these metals in the form
of compounds thereof, substantially oxides.

The glass used according to the invention for the package

30 should have an emerald green color, which means that the
dominant wavelength ranges between 500 and 575 nm, more in
particular between 550 and 565 nm. It is also UV radiation
absorbing. An optimum combination of these two properties is
reached if 2.5 to 3.5 % by weight of iron is combined with

35 " 0.10 to 0.35 % by weight of chromium.

In general, it is preferred that the glass comprises
1.5 - 10 % by weight of iron, calculated as Fe3O3



Dependi ng on the specific use and the desired color, it is possible to use
a mnor proportion of nickel, if required. 15 Amounts of nickel of 0.01 to
0.1 % by wei ght have an absorption-increasing effect for the transm ssion
of light at different wavel engths. To obtain simlar effects, an anount
(0.1 to 5 % by weight) of titanium oxide, zirconiumoxide or copper(ll.)
oxi de may-@lgp bey usedpy Lelhighl r plerdBadie ovBXd MU UMy Qe ightoirum in

t he gl ass al so be . kep t | ow val ues, corresponding to the anounts now
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that altho gh(‘glugn%reb ar"’&lg(t)h(%’tﬁge%(ragglé% %Snve{n]% is%o(rzlbyr eV\‘eelrgehElEceOfit é-’lﬁr% e to the
‘'use of 5 netedlasl, axiglef i nal glass will contain these netals in the form of

conpounds 4 hergofy g;}éle«%ti%tti %kl xlﬂéggﬁé-e%@hqﬁ@&ﬁ Usegeaccording to the

i nvention for the kage 30 should_ have an eneral d green col or, which
means that0the W w&ighkayered§rALEAnBes ‘be%v@ér‘ﬂ%‘@g‘tarﬁf FARMYRHIUFpre i n
parti cul arosbeiaveen 550 and 565 nm It is also UV radiation absorbing. An
opt i mum copbi ti%n of .th seftﬁogroperties is reached if 2.5 to 3.5 % by
wei ght of T ror i% FoMih¥&s @'t 135°8:10 to 0.35 % by weight of chromium in
generab, it is Trefarouwed tfatirbhepgbéssabbyprasgss Hetiveerl @ .% byndwsi ght of

; _ “in e o ; -0
o by’ ver ot o1 ol oSl CoerRa 58 ¢l oei B S W HER o o s o 5
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preferablyE£R§onen@;ngggaég$§o%;dglgg‘gggg;nese, titanium, zirconium or
15 carbon. Excluded, however, are coloring, heavy and toxic
metals.

The package is manufactured in the manner conventional
for the making of glass, by melting the components in a
furnace, under such conditions fhat the desired degree of

20 oxidation of the iron is reached. According-to_the present
invention the degree of air supply during melting proves to be
important. By control thereof, the ratio of di- and trivalent
iron can also be influenced. In general, it is preferred that
no reducing conditions are used. Slightly oxidizing conditions

25 are preferred.

Starting products for the glass are the conventional
materials, of which in practice a (major) portion is formed by
recycle glass (cullet). Assorted green glass can thus be used
in amounts up to even more than 80 % by weight of the starting

30 products. _ .

The package is suitable for contact with foods and

beverages, such as soft drinks, alcoholic beverages and fruit
~Jjuices. More in particular, the package is suitable as a beer
bottle, since beer has the property of strongly deteriorating

35 when exposed to UV radiation.



. oxide 0 - 5 %by weight of traces. 10 The amount of iron preferably ranges
between 2.6 and 8 % by weight. As trace conponents, different additives

i nfluencing the properties (color, ratio of Fe(ll1)/Fe(lll), melting
properties etc.) can be used. Exanpl es of such conponents are conpounds of
manganese, titanium zirconiumor 15 carbon. Excluded, however, are
coloring, heavy and toxic netals, The package is manufactured in the
manner convent i gHal Y3 1ORe ek R§ GFP f“é@%‘? el €5 FE 19 ofinent s in
a furnacefolnderns wetangdrdi.ti ons that the desired degree of 20 oxidation
-of the iron is reached. According to the present invention the degree of
air supply during nelting proves to be inportant. By control thereof, the
rati o of di- areXAMPEdS®ent iron can also be influenced. In general, it is
‘prefersed that no reducing conditions are used. Slightly oxidizing
conditions 25 are preferred. Startin roducts for the glass are the
conventional A IHINE DRSHES f“ﬁdgrgiéti“%%thn?nga?o?})e Pk iddnd s for med
by recycleemgppearsst xldetl)ss0Rssorhedecgnpesi gl @s sofathd scdie wesedn in
amounts up_to_even Wrrnreht,han 80 % by weight of the starting 30 products.
The packa ASES RN kS tf'or contact with foods and beverages, such as soft
drinks, alcoholic beverages and fruit juices. Mre in particular, the
packagg is suitaple & beer . battle, since beer has the property of
strongly deteriorating 35 when exposed to WV radiation. 7 The invention
wi |l be expl ai ¥ WRAT G%ef er e 108 CREPORBFEOW ng exanpl es. EXAMPLES 5

0.5 parts sodium sulfate
20.0 parts calcium carbonate
3.1 parts aluminium hydroxide
15 . chromium as Cr;03 in an amount giving

0,24 % by weight of chromium as Cr;03

iron as Fep03 in variable amounts.

This leads to the following basic glass composition:

20
Si0; 73 % by weight
Na,0 14 % by weight
CaO 11 % by weight
A1203 2 % by weight

25 Cr,03 0.24 % by weight

Fe,03 in variable amounts



. Soda-lime glass was made by nelting in the air at a tenperature of 1450C
The conposition of the batch was in Parts by weight: 10 74.5 parts sand

. 24.5 parts sodiumcarbonate 0.5 parts sodiumsulfate 20.0 parts calcium

" carbonate 3.1 parts alum nium hydroxide 15 chromiumas Cr2G8 in an anount
giving 0,24 %%%dﬂ“e t. _of chromlpjlmas G203 iron as Fe2(3 |n vari abl e
anounts. This | § FHEWHET ARG BASi ErgPsRESEHMhoet  idn:3800 % 73 %
by wei ght sNa2Md 4 06 byn V\m:sghztenCa@ the%cby¥orei ghten AZ03 RAifethyvriveifght 25
Cr2@ 0.24. % by, N V6 203 in variable amounts 8 1In the follow ng table
1t he transm SsSion U(nll? (51 400, 500 and 600 nm as well as the color,
given as a function of the anount of iron. 5 % Fe203 % T380 % T400 %T500
% T6005L* @*pdjo, O2 7@ dol 56 @0T7§ 36 861541 36 & gg 54 68 137 40 3 k2 30
47 48 61 3443103 14 32 36 & 28 41°7°4 0 5 25730 38 -22 44 5 0 2 18
23 28 -15 37 9 CLAIMS 1. A package for foods on the basis of green
colored, o 71 71 56 60 73 -36 36

1 36 50 55 54 68 -37 40
3 12 30 47 48 61 -34 43
10 3 3 14 32 36 49 -28 41
4 25 30 38 -22 44
5 18 23 28 -15 37
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ultraviolet radiation absorbing sodagline glass that is perneable to
visible |ight and has a dom nant wavel ength of 500 to 575 nm preferably
of 550 to 565 nm said glass, as 5 conpared with the weight of the gl ass,
containing at least 1.5 % by weight of iron, calculated as Fe2Q3, and at

| east 0.10 % by wei ght of chromum calculated as Cr203. 2. A package
according to claim1, wherein the amgty®f chromum calculated as Cr2G3,
is no nore than 0.5 % by 10 weight, nmore In particular no nore than 0.35 %
by wei ght. 3. A package according to claim1 or 2, characterized in that
4he transm ssion of the glass for radiation of 380 nm at a thickness of 2
mMmmis <5 % preferabl% <l %_4. A package accordi ngfto clainms_1-3

characteriized in 15 P39 A RG0S SPokheoPasadi afi 8ReeR 2okPTRAat a

"t hi cknessulofaRiobet srad 20t 2on pefermblgy seda-%img. glapackage ascording to
clainms 1-4, _ch terized..i that, th gntent, of iron, calcul ated. as
Fe2@3, i spﬁﬁmﬁig)fr’ggtﬁ%nVl%lggebyll |tgr‘1i'tnf%i %0356.&l ﬂogégﬁg ew%%%%?%?ﬁb ?% cl ai ns
1-5, chara@fetozedSimm, tpreefetmblgomtfernSOofto 56h, nnal saldt etlass, Fe203, is
nor e tdan 9 Y , [ It r 1 2.451 3 wei ght .
7. A pé;ckgaép%é(é!%%lﬂrfﬁ ]?ggcvfé;ﬁr}gc ﬁG%@hg‘rig%tgér ??fé a?’ﬁEH%Satt?ﬁ%%/at e gl ass

subst ant i af Py® cBht¥ehehhohi i, cdisaiatedy a5afrats Atk @#F%in. 8. A
package agCoodingy twe Chlat M5t lehrontial, adaaicduaadeldnast batof he gl ass al so

contains 0.1 to 5 %b vveiggf?t of tjtanium _and/ gr zirconium calcul ated as
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3. A package according to claim 1 or 2, characterized
in that the transmission of the glass for radiation of 380 nm
at a thickness of 2 mm is < 5 %, preferably <1 %.
4. A package according to claims 1-3, characterized in

15 that the transmiésion for radiation of 400 nm at a thickness
of 2 mm is < 20 %, preferably < 5 %. o
5. A package according to claims 1-4, characterized in
that the content of iron, calculated as Fe;03, is no more than
8 % by weight.

20 6. A package according to claims 1-5, characterized in
that the content of iron, calculated as Fej03, is more than
2.6 % by weight, more in particular more than 2.75 % by
weight.
7. A package according to claims 1-6, characterized in

25 that the glass substantially contains no nickel, cobalt,
vanadium, arsenic and tin.
8. A package according to claims 1-7, characterized in
that the glass also contains 0.1 to 5 % by weight of titanium
and/or zirdonium, calculated as oxide.

30 9. A package according to claims 1-7, characterized in
that the glass also contains 0.1 to 5 % by weight of copper,

calculated as copper(II) oxide.



. that the glass also contains 0.01 to 0.1 % by weight of nickel, calculated
as nickel (I1) oxide. 11. A package adrording to clainms 1-10, characterized
in 5 that the glass consists of-1.5 - 10.% by weight of iron, calculated
as Fe2®3 0.10 - 0.5 % by weight of chromum calculated as G203 50 - 85 %
by weight of Si2 5 - 25 % by, ht of alkali netal oxide 10 5 - 25 % by
wei ght of I -kal i ne éapﬂﬁk%@aﬁcéﬁrgbng ote wlagngy i gishaghcieuazafuihoxi de

0 - 5 % bynaei ¢l @flafsgas@go éé’nté\l@@%a@re @mprldl%n%yt Qe§lgaicmokl,
charact erized in' gé Ss consists of 15 2.5 - 3.5 % by wei ght of

~dqron, cal AHIKEd §§lﬁéé€1§eé nigkab( bl hyXdsdght of chromium  cal cul at ed
as 28 180 - 85 Ynbpawvkaght actobiRg Ste dlaitmdy i, gh:tha@hcalekalzedrmhal

oxi de - %, ht f e earth netal oxide 20 0 - 4 % by
‘wei ght gof utmt%l\éu 8)% dC8 S?L’Jég /Pby wei ght of titani um di oxi de or

copper (|| )1 .Oxi"dd 0ot by. geight. of od pynwettulsitad] @&elRe20p oxide, and 0 - 5

% by wei ght 10f -tpaces. b§v3we-:[ BtUSe Shréhid®asdarled oy aeeicghib;of iron, 25
cal cul ated as Fe2(3 east 0. 10 %by wei ght of chrom um cal cul at ed

as Cr208, s c@ﬁp&r?éf Wﬂﬂ@h@fw%i%%t of the glass, in soda-linme glass,

for inhibigingst Bepkr @asghssbeNabkali ghdtahaniing: a wavel ength of < 450 nm

fore 58 p%r L %lél a%r b?/f w%?%h%oofélaS?kgﬂnea'[ea?r I%sesta{[lhlock%ess of 2 mm

0 - 5 % by weight of aluminium oxide
0 - 5 % by weight of traces.
12. A package according to claim 11, characterized in’
that the glass consists of
15 2.5 - 3.5 % by weight of iron, calculated as Fe303
0.10 - 0.35 % by weight of chromium, calculated as Cr;03
50 - 85 % by weight of SiO;
5 - 12 % by weight of alkali metal oxide
5 - 254% by welght of alkaline earth metal oxide
20 0 - 4 $ by weight of aluminium oxide

0.1 - 5% by weight of titanium dioxide or cbpper(II)“oxide or

0.01 - 0.1 % by weight of nickel(II) oxide, and

0 - 5 % by weight of traces.

13. The use of at least 1.5 % by weight of iron,

25 calculated as Fej03, and at least 0.10 % by weight of chromium,
calculated as Cry03, as compared with the weight of the glass,
in soda-lime glass, for inhibiting the transmission of light
having a wavelength of < 450 nm, more in particular of 380 to

450 nm, at a glass thickness of 2 mm.



