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20 earth. By matching or closely approximating the spectral power distribution of natural

sunlight, the results of exposure to the accelerated weathering device will more closely
approximate effects of real world exposure.
Approximating spectral power of sunlight is typically accomplished by passing
illumination from the artificial light source through one or more optical filters. If this
25 approximating is not done effectively, failure modes observed experimentally in
- products under test may not match real world failures. Wavelengths of light that are
present in artificial light when passed through optical filters and not present in
terrestrial sunlight have been found to change the balance of degradation and
stabilization reactions. To the extent possible, these wavelengths of light should be
30 eliminated from test protocols. Typical optical filters for accelerated weathering
devices, as demonstrated with respect to the comparative examples, pass illumination
that does not advantageously approximate sunlight. For example, many filters pass

more amounts of ultraviolet radiation at wavelengths less than 290nm than in actual
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through the lead glass has a first ragiymMABYa second ratio. The first

ratio is a first total irradiance for wavel engths
20 The present disclosure is directed to an optical filter that advantageously

approximates sunlight and that is both durable and stable for long periods of time when
subject to harsh light intensity, thermal and moisture loads of accelerated weathering
devices. The optical filter includes a glass having a lead content of between 0.5% and
50% by weight. In some examples, the filter can be constructed to have a thickness of

25 0.7mm to 10mm. In another aspect of the disclosure, the optical filter is part of an
optical filter assembly suitable for manipulating spectral power distribution. The optical
filter assembly includes a lead glass optical filter having a lead content of between
0.5% and 50% by weight and an ultraviolet transmissive optical filter. In one example,
the ultraviolet transmissive optical filter is constructed from quartz glass. The

30 ultraviolet transmissive optical filter can further include an infrared absorbing coating,
In still another aspect of the present disclosure, an optical filter constructed from a lead
glass has a thickness selected such that illumination passed through the lead glass has a

first ratio and a second ratio. The first ratio is a first total irradiance for wavelengths
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Figure 2 shows a side view of an illuminator used within the accelerated
weathering device of Figure 1. |
Figure 3 shows a cross-section view of the illuminator of Figure 2.
Figure 4 shows a cross-section view of another example of an illuminator.
20 Figure 5 shows a cross-section view of still another example of an illuminator.
Figure 6 shows a cross-section view of still another example of an illuminator.
Figure 7 shows a spectral power distribution of comparative examples and
sunlight.
Figure 8 shows a spectral power distribution of other comparative examples and
25 sunlight.
Figure 9 shows a spectral power distribution of examples of the present

disclosure and sunlight.

DETAILED DESCRIPTION

30 Figure 1 is one example of an accelerated weathering device 20. The

accelerated weathering device 20 includes a weathering chamber 22. Inside the
weathering chamber 22 is a weathering fixture 24 adapted to hold a number of product

samples (not shown) for testing. Test parameters, in the example, are input through
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filter_assenbly 146, which, includes three optical filters, that is inner
filter2Qsp  accelerated weathering devices include carbon-arc lamps, xenon-arc lamps, metal

halide lamps, fluorescent lamps, and the like. In the examples shown, the light source
42 is a xenon-arc lamp and the fluid coolant 50 is water.
Figure 3 shows a cross-section of the optical filter assembly 46 taken along line
3-3 of Figure 2. In the example shown, the optical filter assembly 46 includes two
25 optical filters, that is inner filter 52 and outer filter 54. The optical filters 52 and 54 are
shown having a circular cross-section indicating that the filter assembly 46 is
cylindrical. Other cﬁrvilinea.r or rectilinear shapes for the optical filters 52, 54 are
contemplated. Coolant 50 flows in a first direction along the length of the illuminator
38 between the light source 42 and the inner filter 52. Coolant 50 flows in the opposite
30 direction between the inner filter 52 and the outer filter 54. Other systems can include a
cooling water inlet on one end and an outlet on the other. -
Figure 4 shows a cross-section of another example of an illuminator 138 with an

optical filter assembly 146, which includes three optical filters, that is inner filter 152,
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Coolant 50 flows in a first direction along the Ilength of the illum nator
138 bet wewo oBiog#see source 42 and inner filter 152. The coolramtusoi/sasms in t he
opposite direction between both the inner 4ilter 152 and nmiddle filter 153
and mddle filter 153 and outer filter 154. 5 Figure 5 shows still another
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the illumnator or Tilters si e scolar I on.
regi on i ncl udiéght source and without a reflector is contemplated. Also, the use of a coolant other

20 than a gaseous coolant is contemplated.
The examples shown in Figures 2-6 are not exhaustive of the possible examples
within the scope of the claims. Illustratively, the figures show an elongated illuminator.
The illuminator may take any tangible form. Additionally, optical filters in a filter
assembly may be adjacent to and touching one another rather than spaced apart as
25 shown. Illuminators may be constructed without end caps 40. Other variations are
contemplated and may be imagined and still be within the scope of the appended
claims.
The optical filter, or optical filter assembly, is selected to tailor illumination
from the light source out of the illuminator to advantageously appi'oximate solar
30 radiation. Thus the illuminator provides a more realistic weathering test than with
previous filters. Two spectral regions are of interest in defining how well the
illuminator or filters simulate solar radiation. The first spectral region includes

wavelengths shorter than 290nm. Ultraviolet radiation less than 290nm is high energy
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terrestrial s%ftar radiation, the filter preferably is designed so as to
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filter has a ratio of an irradi ance at 310nmto the second total
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mul ti pI2(|) ed byﬁl%e'r, or filtered illumination, has a ratio of a first total irradiance for wavelengths

shorter than 290nm to a second total irradiance for wavelengths between 300nm and
400nm equal to or less than 2.0x10°°. Second, illumination from the light source
passing through the optical filter has a ratio of an irradiance at 310nm to the second
total irradiance (the total irradiance between 300nm to 400nm) of greater than or equal

25 to 1.2x10°. Total irradiance is the sum of the irradiance measured for each integer
wavelength over a given range. A suitable method for determining total irradiance is to
make measurements of irradiance at 2nm increments, then add up the irradiance at each
measured wavelength and multiply the resulting sum by 2. To calculate the first total
irradiance, the sum of the irradiance measured from 250nm to 288nm at 2nm

30 increments is multiplied by 2. To calculate the second total irradiance, the sum of the
irradiance measured from 300nm to 400nm at 2nm increments is multiplied by 2.

An optical filter or at least one optical filter in a filter assembly that includes a

glass having a lead content of between 0.5% and 50% by weight will advantageously



An optical filter or at |least one optical filter in a filter assenbly that
i ncludes a glass having a | ead content of between 0.5% and 50% by wei ght
wi || advawoagemszd y WO 03/ 054526 PCT/ US02/ 33314 -7 sinul ace/ushe3spect ral
characteristics of terrestrial solar radigtion. The glass is often known
as | ead glass, and sonetines referred to as flint glass. Lead glass is a

glass that includes |lead, or that.a |lead such as | ead ide is ded to
the glass mi ﬂr{wlgte!t e gpegie! C?‘ acg?ﬁlftﬁfsst‘)fg sﬁﬂé’i AolfT T a,%o?‘ﬁg}eré?s,s 1%‘?%‘%}} rical
or optical piapRhal &adMaskRdSbRSEmes RIGRAL 16 a8 T Rs. IlRaE1Bb ASLassAhst
gl asses includi ng potassi um oxi de, |ead oxide and silicone dioxide as

prinmary conpandwudes leadyonthabs lsag swchi asd¢adroxideaitpiided totike glpsssixéure ahomles i

i ncl ude sodi um oxjde. lLead.content .described. above | r m.n t he
wei ght  per Cgﬁius%t:he eé:h?lg‘é%’ tglg% > reuied of 8&5’]2‘ B%’ﬁ?ﬂg%% gg%%ggssﬁgltog ials in
the gl ass folghplel RAd gliss BdsePincludifg popdsbiaf oxfie, 18R Blidsmdisilicdne
suitable optical filter depends on 10 the thickness of the glass used. A
gl ass havi ng déoXides REFRRE POMHPNESH A R inteae Bajiculasexagple. s glasses prNALEP be

appr oxi mat el Omm thi ck Vi ' | €481 Wl . having a
I ggd cont ent X%?]Iugeg)s‘pord 6%8 r?)é]td% ]géagﬁ%q%§l§&m%lé%de&r?8{é%g§f§kgﬁfr§eéa ptrﬁg%lr%? el yg

0. 7nm t hi ck tperdenpuf e leadibhsddl o the tdisliconignt ditdisRatslals iretheighast fenmidtiond | |

now recogni ze that lead glass filters can be constructed over a w de range
of |ead contents bl &R, P%léa‘lsorﬁ%%g?ea%l@sﬂ%éﬁulFa@AedoI&}cé%&t@fridleP@'wé %%an be

too thip to he Mﬁ@éseomf St &gﬁ@% ﬁ‘a;v?ﬁgeglea&@@ﬁt@&rdf@ I%&h@awm 0 be
too thick to e econom ca or pr actrlrca or - use I n acce rate at heri ng
devi ces. The weigigahoiildlbeagpoaihaely 1batmwitck 1. févitdo shbtddfyltering 4iglasss

illustrated here as an exanple of a filter both durable d econoni cal and
orBer cal 1 omas A e parit REcReximgtety 5603l walghiiees bt eADVIBRIHBRRY

devices. In %Qg%qu%ﬁig%ﬁam@ﬁteﬂhg%oyéﬁené@m%ﬁé gt WAl BbwirB dniade

desi gnati on of chott {ass Technologies, Inc. of Dureya,
Pennsyl vani a.thitieaingassxitepd en telvonstfac8d®vierawidgpangsohlaal eontedsibwwanelso of

about % by wei ght. A suitablg thickness af the | ead ass.i s
about %0 3nm aipﬂre{gﬁ%e @Qﬁ%ﬁ)ﬁh glaafsogltﬁff g e 180 tipp do gf)fiﬁ\‘lf\ggﬁ%%% 5o ag%ier % shown
as a pane of Waildeol RUeHARSD bedo thickad BelebOibmivallay iphiticilgot teGliness of
the | ead glass without varying the |ead content byq wei ght of the | ead

glh ass ﬁdj Est ?cfﬁera@@e\mat@nngmipewb@ rguga of trad spntent betireandd. s Grio §A%sky
t t i L.ter., . i fically, ¢t ' f
Uated so e IRBRERE g s 0Fe B AR Po B ol MARB SRR, |,

adjusted so t um nation passing rrom

i s the sane ggactichEfog ube BllWAKRLR Grltydied]l abelldrart Weathefing dévitdsl Iindrieat i on.
For exanple, the cut-on 30 wavel ength for three optical filters constructed
from V@8 320 |exgaly. Hedleadglass ugpd i sold under the trade designation of WG-320 from Schott

Glass Technologies, Inc. of Dureya, Pennsylvania. In one example, the WG-320 lead
glass had a lead content of about 30% by weight. A suitable thickness of the WG-320

lead glass is about 1.3mm. In the example for Figure 6, the optical filter 352 is shown
as a pane of WG-320 lead glass.

25 In addition, varying the thickness of the lead glass without varying the lead
content by weight of the lead glass adjusts the spectral power distribution of
illumination passed through the filter. Specifically, the thickness of the glass can be
adjusted so that cut-on wavelength of illumination passing from the filter is the same as
the cut-on wavelength for terrestrial solar illumination. For example, the cut-on

30 wavelength for three optical filters constructed from WG-320 lead glass, each with
different thicknesses was measured. The optical filters passed illumination from a
xenon-arc lamp sold under the trade designation Oriel 66021, from Oriel Corp. of

Stratford, Connecticut. For an optical filter that is 3mm thick, the cut-on wavelength



di fferent thicknesses was neasured. The optical filters passed illum nation
froma xenon-arc |lanp sold under the trade designation Oiel 66021, from
Oiel Corwooafs4ssratford, Connecticut. For an optical filPCarusonadsiés 3nm
thick, the cut-on wavel ength WO 03/ 054526 _£CT/ US02/ 33314 -8 was
approximately 298nm for an optical filter that is 2mmthick, the cut-on

wavel engt h was _appr oxi e 29 and optical.filter,that is 1.3mm
thi oo the oS B pRRLT e dsr a0 el e By PEhfihick e Bl o
criteria are watel@isfi was hfr@€iniabdhg 2943im;RRWESr SldRicheltdrhdtie1 Binahihickd the
source. Typi cal eWeat her i n%{testgélgre conducted at 0.35 WnR at 340nm In
one exanpl e, cuttpa wapsleagthwasappreximateliel®@nmet with irradi ance measured at
2 vl 1 thi cknoss. of M s vhsteSlasfORe| Gisk b Riter AT ShoEE SuBRa o BRESRL,
over a par gersouerg®ypidalwelgiseinighess ard bendiseedel 0.35i Whet atizdoadi Rrae dxaaple,
typical with the present filter provides for faster test resplts. Wth 10
rel ated art fiheeheye tworditeninwele mewath Eadianepmesyradaitledl Wined 349amewith
degradation o ' ARy ' b ﬁﬁ%l ' @;
terrestrial S%Pg%ﬂtro% I at ?doﬁéml n aénjdc/)lg?q %Ig%ssl}agvﬁggw%@se %ég &gp | caITh?i lters
not made fronadoradwgcatsiaarcexpacted td bometoverh éargal rahdesthan GesotibédaThelusé of

transm ssive., These filters do, not substantially affec t he advant ageous
si nul ati on ofhls€¢rr1@f§ tppeq thapfypica) wifh S wyRsent ﬁit%fdgow@sés%r{‘;r éaster figst gesults. With
ultravihgl et t S8 Bil ' ' :800% | 1 ght nsm ssi on
at 250}r11ﬁ1 and fege{t‘ 80%%%%11@??%%2@%%}%% 1%?1 %%ﬁnﬁﬁl(%@ﬁ%r&ég(ag%?%@aar e

cont enpl at ed. intrdlececartmagnifywaroed iarlyt sinfutation lof terrestatal sMapradiateh.t hr oggh this
optical filter assegnbly,. includin | ead | ass optical filter an n

Ot acvi of et -t r ansih Byt csretio oacal ey i §Eup Somlspd ERboete dudene
cut on wavel epgih hoteribinBatli§ Afra9lodst SrafRthisGieb. Trekd Blterdas %oyﬁﬁgtaﬁﬂiﬁﬁﬁaf%j: and
is determ ned by the |lead glass optical filter. One exanple of a rmateri al

sui tabl e for thggdvintagequssimudasionloétertestziabsnlargndietioptin ong examplerthé s quart z
gl ass ving &.thickness of. 2 ot.her, exanple.i.s,a quar.tz ss with an
i rar 48 absolBPRSTeL SRTRG xR g A S ot BERAS ey End R bR [ on
Cl RA from At | 2308} Bgft'ti@sib¥ios @6 3GUnnfOBRY exampled ar@Qbﬁt_eﬁ@Ydtél% BRPERvhmat el y
the sane thickness. Referring to Figure 3, the inner filter 25 52 is

construct ed fwavslengtlefor ilwamationpasserbihennghthis optieal fifler asserblysinelndingd Feadm

an ultraviol { L ansidssi . guart z. or s wth an
i nfrared abs og %?Sn(g)%ggl(r;ﬁal?e |§ r?}g{&) mg}lﬁ%?\ﬁg]téf@aer?s%l&gﬂeegpﬁlﬁ%eﬁl%?f‘f%(rﬂ%%%? S
constructed fappiotinateslthe axionvelvelehgtafonins tdadglgh aptcah fittet WhernDued hidnkl t er

[ ted fromlead glass. Infrared absorbing coating on the quartz
Ig|S ag g néé; lr:ft gaqg ig ﬁgﬁeﬂp}%pggyghﬁl@aq glags optical filter. One gxample of 'g material suitca]\ble for

use in an ultraviolet transmissive optical filter is quartz glass having a thickness of

2mm. Another example is a quartz glass with an infrared absorbing coating such as
glass sold under the trade designation CIRA from Atlas Electric Devices of Chicago,
Ilinois having approximately the same thickness. Referring to Figure 3, the inner filter
25 52 is constructed from a lead glass and the outer filter 54 is constructed from an
ultraviolet transmissive glass such as quartz or quartz glass with an infrared absorbing
coating. Alternatively, the inner filter 52 is constructed from the ultraviolet
transmissive glass and the outer filter is constructed from lead glass.
Infrared absorbing coating on the quartz glass permits higher irradiance levels
30 with a light source without a corresponding increase of the temperature of the product
under test. One form of infrared control is with a water coolant. Another form of
infrared control is the addition of an infrared absorbing material to the coolant. For

example, cupric sulfates added to the water form an infrared absorbing coolant that



30 with a light source without a corresponding increase of the tenperature
of the product wunder test. One formof infrared control is with a water
cool ant. woeBksets2d orm of infrared control is the additi omcofusan3ismf r ar ed
absorbing material to the coolant. For exgnmple, cupric sulfates added to
the water forman infrared absor bi ng cool ant that V\D 03/ 054526
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with infrar edf&ﬁﬁ&fﬁfrﬁ%%@ﬁ&émgtd&etﬁ@@hggmmmramtébsélb gd@ﬁﬁﬁ’gﬂﬂ absor bl ng
coolant. Qther exanples of infrared control are known. | es The

f ol | owi ng exanpijesctioormit betiniareasorting peskant. @thst @XWM@fN@‘ﬁd coRiealiees i ng
devi ces using,various filters with that of hem spherical normal solar

radi ati on msa?& i n Phoeni x, Arizona at solar noon, on a perfectly clear
day neag the 10 summer solstice. This was considered as "nmaxi mum daylight"
where the amount of short wavelength UV radiation is at or near maxi num
Spectral poweExamplesi buti on neasurenments in the weathering devices were

made with a spectroradi ﬁgﬂq %#
(Ol ando, Florida) unde;ﬁ{?tfgﬁ ge eélllesgéhda a?é’ﬁfe&%%léé@%?%@ optics
head and Q75%aﬂ1@ﬁﬂ@ﬂ&1bd@@sﬁ1@h&ﬁeus ﬂ'lﬁﬁs #Athshetoif homisphariel sermsdsolaal i br at ed

with a standard _tungsten hal ogen lanp (Optronics OL752-10E). with
cal i bration t Faationimaeasuresiin PRARNX, mmom gt olargroomy opARerrstiy flear dayaiiab gy

(NI'ST) ZmSpect LahrRPYREG Sithﬁ%\??’s'tdo%dgi%ﬁ%”‘ B0 deih Bt Rt of © 400

nm at urn i ncrements. The oW ng exarrp es I nc conparative exarrpl es
| abel ed as Cospat Whvelmgtﬁw\aadmnbass #-or nedthesegmena fpeetsal poser diseribution

comercial ly avallable ar f.or .use in xenon-.arc weat hering devices.
The fol | owi ng ERSHBPEY &‘8 Flpgge‘élg%ﬁ.}ﬁ?rggn ﬁ%“pﬁf"@%@ﬁ‘f’nﬁg%rcl osure,

which are | ab T .- ne in
t hese exanpl egb%egég\r/? %ﬁlgﬁle%&p?géﬁgimg%%ﬁaﬂg X)Iéﬁl Eﬁﬁ“ﬂg(‘j‘%o 9(%%%%q%est

Chanber equi pEdS¢iwith OLAHERMIT opta),slhuegha.ndf @L?%%Ssln(@awg@phirab Theoduct s,
d | and, OChi nt est t
(( ﬁé?a s DSE‘fS cggba:fiéqrﬁgt%\gar@ﬁgﬁ%:wﬁ PIS% ?‘H&Rfo Rijjlag)%glﬁ? pvt}c%g‘{fl ces,

OL752-10E) with calibration traceable to Natlonal Institute for Standards and

Technology (NIST). Spectral power distribution measurements were made from 250
to 400 nm at 2 nm increments.
The following examples include comparative examples labeled as Comparative
20 Examples A-I. These examples describe commercially available articles for use in
xenon-arc weathering devices. The following examples also describe examples of the
present disclosure, which are labeled Examples 1-2. The following abbreviations are

used in these examples.

Abbreviation Description
Q-Sun 3000 Q-Sun 3000 Xenon Test Chamber equipped with standard
daylight filters (Q-Panel Lab Products, Cleveland, Ohio)

Suntest Heraeus Suntest table top xenon-arc device ((Heraeus DSET

Laboratories, Phoenix, Arizona, now Atlas Electric Devices,
Chicago, Illinois ("Atlas"))

Suprax Trade designation for “daylight” xenon-arc filter supplied with
Heraeus Suntest and Heraeus Xenotest 1200 CPS

Xenotest 1200 | Heraeus Xenotest 1200 CPS (Heracus DSET Laboratories,

Phoenix, Arizona, now Atlas )
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Soda lime glass

Flat plate of 1.5 mm thick soda lime glass (Industrial Glass
Products, Los Angeles, California)

Hoya UV32 Hoya UV32 (2.5 mm thick, Bes Optics, West Warwick,
Rhode Island )

Tin Oxide glass | Tin oxide glass as described in United States Patent No.
4,125,775

Schott WG320 | Schott WG320 lead glass, Schott Glass Technologies, Inc.,

tube Dureya, Pennsylvania, formed into tube with wall thickness of
1.5 mm.

Quartz inner Quartz inner filter for water cooled xenon-arc (Atlas)

Quartz outer Quartz outer filter for water cooled xenon-arc manufactured by
General Electric and cut to fit by Minnesota Mining and
Manufacturing Company, St. Paul, Minnesota

Sylvania BS575 | Sylvania BS 575 SE HR metal halide lamp (Osram Sylvania,
Photo Optics Division, Danvers, Massachusetts)

Schott WG320 | Schott WG320 glass sheet, melt H0191, 2 mm thick Schott

sheet Glass Technologies, Inc., Dureya, Pennsylvania

Table 1 shows the filters and light source used in each example and also the ratios of

the irradiance below 290 nm and at 310 to the irradiance from 300-400 nm.



Schott WG320 Schott WG320 gl ass sheet, nelt HO191, 2 mmthick Schott sheet
d ass Technol ogies, Inc., Dureya, Pennsylvania Table 1 shows the filters
and |i ghtwemanses2ased i n each exanpl e and al so the rati osPofi/usShhas314

i rradi ance bel ow 290 urn and at 310 to theqjrradiance from3 00-400 nm WO
03/ 054526 PCT/ US02/33314 -11 Table 1 Ratio of irradiance Ratio of |ess
than irradiance 290nnto at 310nmt ot al goblt tal irradiance irradiance

Li ght Inner Mddle Quter from 300- from 388°Bxanpl e source filter filter

filter 400 urp 400 nm Conp. Q Sun ne Q- Sun None [6.gfg O P- 0015 3000
3000 Conp. B Buntest None Supriax None| 3. 02E-04 0. 0017 . Cof G A%Ll %Poro
None Boro 1.0bE-04 0.0015 C 65A Conp, D Atlas| Quart z orp.1. 7/ c—03
0.0029 Hi 35 {Conp. E Kenotest |None Suprax Nong 4. 09E-|0 . 2 ug %P&onp.
F Atlas ClRA None Soda 2.96E-Q4 0.0022 05000 {line Goffp: é Hoy
None 0. 00E+00| 0. 0000 66021 WV32 Conp.|{ H Oriel |None Sqda 19f3te Nonée tdog+00
0.0004 66021| gl ass Conp. | Ofiel None Tin oxilde Nong OTaiRFe0 grobawe
66021 glass 1| Atlas Quit8H sSchotlin@uay t Middlgog+Ebiter. ofom 0065AMMEB3W-
Example | source filter filter filter 400 nm 400 nm
Comp. A | Q-Sun None Q-Sun None 6.19E-06 0.0015
3000 3000
Comp. B | Suntest None Suprax None 3.02E-04 0.0017
Comp. C | Atlas Boro None Boro 1.05E-04 0.0015
Ci65A
Comp. D | Atlas Quartz None Boro 1.76E-03 0.0029
Hi35
Comp. E | Xenotest | None Suprax None 4.09E-04 0.0022
1200
Comp. F | Atlas CIRA None Soda 2.96E-04 0.0022
Ci5000 lime
Comp. G | Oriel None Hoya None | 0.00E+00 0.0000
06021 . UV32
Comp. H | Oriel None | Sodalime | None | 0.00E+00 0.0004
66021 glass
Comp. I | Oriel None | Tinoxide | None | 0.00E+00 0.0006
66021 glass
1 Atlas Quartz Schott Quartz | 0.00E+00 0.0025
Ci65A WG320
tube
2 Sylvania None Schott None | 0.00E+00 0.0013 -
BS575 WG320
sheet

Comparative Examples A-F used filters commercially available in xenon-arc

weathering devices. Figure 7 shows the speciral power distribution for Comparative

5 Examples A-F compared to maximum daylight from 270 to 350 nm. Spectral power
distribution data in Figure 7 and the other spectral power distribution graphs is
normalized to 0.55 W/m? at 340 nm, which is a commonly used irradiance control point
in laboratory accelerated weathering devices. The plot describes normalized irradiance
in W/m?® per nm as a function of wavelength in nm.

10 Figure 7 shows that the speciral power distribution of the xenon-arc with the

filters of Comparative Examples A-F contain significant amounts of short wavelength



tube 2 Sylvania None Schott None 0. 00E+00 0.0013 BS575 WE320 sheet

Conpar ative Exanples A-F used filters comrercially available in xenon-arc
weat her i yodemws4ses. Figure 7 shows the spectral power di stCiThiso/sasif or
Conparative 5 Exanples A-F conpared to naxijgum daylight from 270 to 350 nm
Spectral power distribution data in Figuré 7 and the other spectral power

di stribution gtgphs .S ornmalized to 0.55 at ?‘fﬁon which | s, a
conmmonl y usedqfr?rr%fgf‘té%léeq%% ﬁer %ﬁ"’b‘o‘ifmm?wn?%gﬁ@ata cae @ dp H’_E‘Té‘?&hsuc
weat heri ng dedegRslatidhRabticts ifl 65 hagsiaRor mal i zed irradiance in WnR per
urn as a function of wavelength in nm 10 Figure 7 shows that the spectral

power distribution ©mpaati rdescGiiuserd ecwemerciallyavsilable fitber thahrdmaeve

Ex I A-F i L gnifd . a nts of . short vel engt h 3/ 054526
peT Usoz/ 3301470k M eRh e Y RN BIREY Mool RSl SR B eIl RrgRectetn
can | ead to umposel dbtrilutiof o i RinkA Way1BRe bh®@ CSmbRrai PO B xRS Gl With the
Conparative Exag(piil es G| used commercl a avai[able filters that renopve

| y . .
short wavel endbpdigneerden parmahzesio s Wémgéﬁ%ﬂom-t Tbﬁﬁlol;ﬁgpaqngzﬂdrma?_zqﬂ ot of
t he spectral ; I QiraLx | j i i.ght an nparative
Exarrploes G \}mé?(ﬁ%emﬁy}rﬁg |eg#%:de% a@%ctﬁéﬁa%geg&h&ﬂ%S Wn2 at 340 nm

The plot describes Higumslshmdthaitmaﬁms@mﬁumaﬁyuﬁedggfffmwa@ranbwmdrpd t n of
wavel ength in run,  Fi e 8 shows that en these filters are used to

ef fect i 8e| yor é?Y?W@ngﬁg#{’ fa‘aé%n pyclieht Apurersiused Brialiaraleryl acghleratetiveasberinged
inlab tory 0] . i f .adi ation
| Ust “abve 300 ot e SPAL Rk ud MnORy 3ty RS ey Bl pdiPb Ty,
Thi s makes t helssdgdreddutp Thirmaliesthd dpettral poverdiktributbm ek trelatiedonum
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maxi num dayl i ght and Exanples 1 and 2 e Irradiance -da_t a nor mal’l zed
to 0.55 W ne and azagaldhalidg enp | Bgungdsis pipbe of therspedtiat pdwer dismfibaticreof N W n2

act i f h.in,nm. Figure.9 sh t hat. en t he
Pl corai e cn@ bRt B EGREA 1 sk bRl namtpbieriortors o
t he | abor at or yWagc|380 ahe dThd §16f deEOEBE Qorm@ized BPRNSRe W WYtHper nm as a

unrealistically filtering out radiation above 300 urn that i's present
function of wavelength in nm. Figure 9 shows that when the filters of the invention

were used, the short wavelength UV radiation of the laboratory accelerated light source
was removed without unrealistically filtering out radiation above 300 nm that is present
20 in maximum daylight. In Figure 9, the cut-on of Examples 1 and 2 was shifted several
nm to longer wavelength than for maximum daylight. A slight modification of the
thickness or the lead content of the filter will provide a spectral power distribution that
is essentially an exact match to that for maximum daylight.
The data in Table 1 and Figures 7-9 show that the use of the filters of the
25 invention in laboratory accelerated weathering devices provides the capability to obtain
test results in short time period that effectively simulate results obtained in actual
outdoor exposures without unrealistic degradation reactions.
Various modifications and combinations of the embodiments disclosed will be
apparent to those skilled in the art, and those modifications are intended to be within

30 the scope of the invention as defined in the appended claims.
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accel erated wea gﬁsn%ﬂ‘gg\\ﬁacﬂés provi des the capability to obtain test
results in short tine period that effectively sinulate results obtained in
actual outdoor exposures w thout unrealistic degradation reactions.
Various nodifi cati dndAmepiicebfifierfar avrnselstatediweathiyong demivesthdiopticad Sidter wi | | be

apparent to t Skl B rt hose jfi ions are intended
o be within Capobk s el bivh R 10 conRr ol RS TP ap AR BB nde

cl ai ms. SWD 03/ 054526 PCT/US02/33314 -13- WHAT IS CLAIMED: 1. An optical
filter for an accelerated weathering device, the optical filter conprising
a gl ass having a | éadieontietdilisy obggine b ihereguthg elpss oevbipduigalght . 5 2. The
optical filter of claiml1 wherein the glass is cylindrical, 3. The optical
filter of claim1l wherein the glass has a thickness of between 0.7mm and
10mm 10 4. The op8Bi dék oplitdldiltendf dhia whemhetheistast hes DihagkseRaT bartead
cont ent of 3000,}&)#1_E \/\ghéht. 5. An optical filter assenbly for manipulating
spectral power '§r8EPFbYP™bn, the 15 optical filter assenbly conprising: a
| ead gligss optical filter having a | ead content of between 0.5% and 50% by
wei ght; and an ultraviolet transm ssive optical filter operably coupled to
the | ead glass opth dék optical dilter @cleim Tivhemwmpt the glasé hit leadisarertlof 30% g} ai m
5 wherein thewu% aviolet transm ssive optical filter is constructed from
quartz gl ass. 7% he optical filter assenbly of claim5 wherein the
ultraviolet transmssive 25 optical filter includes an infrared absorbing
coat i ng.

5. An optical filter assembly for manipulating spectral power distribution, the
15 optical filter assembly comprising: '
a lead glass optical filter having a lead content of between 0.5% and 50% by
weight; and
an ultraviolet transmissive optical filter operably coupled to the lead glass
optical filter. '
20

6. The optical filter assembly of claim 5 wherein the ultraviolet transmissive

optical filter is constructed from quartz glass.

7. The optical filter assembly of claim 5 wherein the ultraviolet transmissive

25 optical filter includes an infrared absorbing coating,

8. The optical filter assembly of claim 5 including a plurality of ultraviolet

transmissive optical filters.

30 9. The optical filter assembly of claim 8 including two ultraviolet transmissive

optical filters.



8. The optical filter assenbly of claim5 including a plurality of
ultraviolet transm ssive optical filters. 30 9. The optical filter
assenbl y wb osloaisee 8 i ncl uding two ultraviol et transm ssi ve@CTasnY/axi4
filters. WD 03/054526 PCT/US02/33314 -14 1f. The optical filter assenbly
of claim9 wherein the |ead glass optical filter is disposed between the

ultraviolet transm.ssi-vye opt i filters..11. An.optical filter fo n .
accel erated weat herli%hé[\iﬁeqyﬁggfiﬁ{eﬁgssg@ggl rci?@uﬁwge‘%@a@ﬁiqapr%asﬂ%‘i“@iﬁﬁ%isng
a |ight sour celigposad sbtweed the ultaRaflétamnsthiReiveRblicalkikisl ter conprising: a

| ead gl ass having a thickness selected such that illum nation passed
through the lead glass has a first ratio of a first total irradiance for

wavel engt hs shorterqt 0 | jrradiance.for

wavel engt hs bet ween 133%[;%%?0 gpﬁ%%#gnr anv\%cg?lé%fa% eeétﬁ‘%rﬁ‘&dev}cgt tith 3plqraed ¢ han
2. 0x10" 6, and weatietiopdeviat having a #ghi souRdipdndingtill@aRandi, ohd HRicsEsRad t ot al
irradiance, whereinh the second ratio is at |least 1.2x103. 15 12. The

optical filteroBPIENg m 11 wherein the thickness of the |ead glass is

selected to provid = Vi Qf,qi ] s rough
the I ead glass of %gg%%%%sqggg%rﬁq%%@%%ﬁ%%ti@. télltgp [ 05‘?18%5%%%@3%?‘5%@’1 aim
11 wher ei n t h¢hé lehdiglassbdson fromthe |ight source 20 includes a spectral

conmponent of at |east 290nmto 400nm 14  The optical filter of claim11
wherein the illum natiord ¥FGAMP Hga %fsémta‘s%ﬁilé%ce %ﬁ&’laﬁ?}%g%smﬂ%ﬁaaﬂ%nr@f

bet ween (0. 35 V¥ HRednd tdtaBitralialile Rk w%QQ@Hgthgﬁetﬁ@en .%bnﬁrgfrc{ ﬁg)lnﬁgvdhteferi%];h%.rﬁrgp

accel erated weathering device, the accelerated weat vice having a
| i ght source patipvisdéssghan 2.0mi0naendn to pass through the optical filter and

beconme filtered illum nation, ., the tical filter comrising;, a.lea | ass
havi ng a thi ckness sel e&%&"%gﬁof{ﬁé}l aﬁ@“f’? f‘ft?’gpﬂﬁltf’l ‘?ﬁﬁcﬂ’g‘ﬁoé?ami ar?cg,

cut-on wavel ergicheifthedetymBatid B0ARANH23AFM and 30 a ratio of an
irradi ance at 310m to a total irradiance for wavel engths between 300nm

and 400nm wherein the ratio is at |east 1.2x10 3. W 03/ 054526
PCT/ USQa/ 33314 -13, 1y optical filter of claim 11 wherein the thickness of the lead glass is

selected to provide a cut-on wavelength for the illumination passed through the lead

glass of between 290nm to 300nm.

13. The optical filter of claim 11 wherein the illumination from the light source

20 includes a spectral component of at least 290nm to 400nm.

14. The optical filter of claim 11 wherein the illumination from the light source

includes an irradiance of between 0.35 W/m? and 1.31 W/m? at 340nm.

25 15. An optical filter for an accelerated weathering device, the accelerated
weathering device having a light source providing illumination to pass through the
optical filter and become filtered illumination, the optical filter comprising;

a lead glass having a thickness selected such that the filtered illumination has
a cut-on wavelength of between 290nm and 300nm; and
30 a ratio of an irradiance at 310nm to a total irradiance for wavelengths

between 300nm and 400nm wherein the ratio is at least 1.2x107.



16. An optical filter assenbly for an accel erated weat hering device, the
accel erated weat hering device having a light source providing illumnation,
t he opti c&b o3fosdseer assenbly conprising: an ultraviol et tPERIIFIE3I3NE
optical filter; 5 a |ead glass operably cqgpled to the ultraviol et

transm ssive optical filter, the |I|ead glass having a thickness sel-ected
such that illumnatjio a P i has a
first ratio of a f#é &%Bﬁg??ﬁlt%géglé{‘gﬁlg%for&%g%ﬁlk%ln‘é’%i or'?fe%rgbéth an 290nm
to a second tgicalerdtéd ReAtheHRy de@fce\havmg@ﬂ@hsompmelﬂlrigﬁﬂnnmﬂauoﬂaﬁa pptical
wherein the first 10 ratio s less than 2.0x10-6; and a second ratio of an
i rradi ance atfilkressantdy coapE8BSnd total irradi ance, wherein the second
ratio is at |east dilter assenbly of claim16 -
wherein the ul trav%%ﬁ Qtofegr%lzrﬁngg%lg%%adgpgh?fcal filter provides at | east
60% t r apsmi ssi on 0 ldatl ghiss aperai§ronseditosthe hhmtolcﬁ@%lsmisairvs optcil Giftenfthd | ght

at 300nm 18._ An accel erat d weat h ui tabl e f estin r qduct
sanpl es, the lea¢glsehapg? %t"t“ﬁ%srsie%ﬁteggt}&b @Hﬂ?’?ag’ioﬁé’“assf “%F’t@h{thﬁgpﬁﬁaa
fixture adapt ﬂeﬁa‘%s&ﬁr&l?hﬁ?e product sanple; and an illum nator disposed

approxwratet e weat ing fixture, the illum nator adapted to provide
illumnation to the produﬁcﬂtr&mnﬂaeﬁrst/\ﬂomlmadlmgf¢ﬂwwﬂ@8th§r5hmmrlt Ogam
| i ght source havin tral. act S | he r Oonm
to 25 400nm? %%chnig%ﬁ la‘?‘te Pt ?'&%)l? &t‘ﬁ? Ré rg@&ﬁ% (t:igs(t’

the optpcal fidihqk 160 MANRTx0C; Mdl ass having a Iead content of bet ween
0. 5% and 50% by wei ght .
a second ratio of an irradiance at 310nm to the second total irradiance,

wherein the second ratio is at least 1.2x1073.

17. The optical filter assembly of claim 16 wherein the ultraviolet transmissive
15 optical filter provides at least 60% transmission of light at 250nm and at least 80%

transmission of light at 300nm.

18. An accelerated weathering device suitable for testing product samples, the
accelerated weathering device comprising:
20 a weathering fixture adapted to hold the product sample; and
an illuminator disposed approximate the weathering fixture, the illuminator
adapted to provide illumination to the product sample;
wherein the illuminator includes
a light source having spectral characteristics in at least the range of 200nm to
25 400nm; and
' an optical filter disposed proximate the light source, the optical filter comprising

a glass having a lead content of between 0.5% and 50% by weight.



