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sunlight. For @xafiRhfactiRIOf abédldrafed wRaBRring devices is to provide a spectral power
distribution 1n the artificial light that matches closely to that of natural sunlight on
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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SUMMARY _
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 Jead glass has a

first ratio and a second ratio. The first ratio is a first total irradiance for wavelengths
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view of still m ﬁwerggtgﬁgg.e of an illumnator. Figure 7 shows a spectral
power distribution of conparative exanples and sunlight. Figure 8 shows a
spectral power distribution of other corrparatlve exarrpl es and 25 sunlight.
Figure 9 shows a spectral % . S t he present

di scl osure and sunlight. DE s one exanpl e of
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15 constructed in accordance with the invention.

Figure 2 shows a side view of an illu;ninator used within the accelerated
weathering device of Figure 1.
Figure 3 shows a cross-section view of the ililuminator 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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source 42 incPudes At anp havi ng spectral em ssions at least in the range

of 200nm to 400nm Figtaeplskewobnkecuplé ofithe ihaninats 38UThadlumifigtor B8 éndlrie2@
accel erated weat heripng devi ces include carbon-arc | a xenon- ar c .| anps

metal  hal i deP¥RAbed ¢ansd0dhesnupie aad sctainihe Hgl sonyce B, progid BYERBIBLR shown,
he 1igh Y| nOR:- f.l.ui I ' )
the light sourgesy f2 i theliiRiifo ratgi]&gﬂ{gg%?ggﬁ)ﬂopﬁe dowef tsog@%g@{ 5 cd 22 VHeET

Figure 3 shows a cross-section o ter a taken al ong
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in the range of 200nm to 400nm. Examples of known light sources suitable for use in

20 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 cﬁrvilinear 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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[1lum nators ma%/ be constructed without end caps 40. Ot her variations are
338. An illuminator with a single filter, rather than a plurality of filters, surrounding the
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light 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 appfoximate 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
illmminator 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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| east 0.001 WnR when tested with a xenon-arc or netal halide |ight source.

Test nét hods for dex@isdiselagre e ewranovaveienatieligiefingd es Sigsbest Biagelength
noise. In or ds%crE?ngzﬁ&%[\% a{l\%sst@‘?qqi%/&h%hSngfs{’eﬁ Ek@ﬂb%t-%ct%ggm?&]%%pﬁgi .

defined as the "wavel € er e neasured I rradi ance’l our

successi on ofligieoas] Tkt fethiods deradetarmiging g dutsint wavehdiptasre Rgsdeptivldit@ance
and the mninumirradjance is 0,00002 WnR2. In order to provide
advant ageous B9k erdsh g fecopnt fos neise the gitgn Wavslenstiypan alppbe definedmas the

preferably i | [ (] | :
above-descri E‘gg@aég%%t%%% @26’% éc%ﬁ%@& E?eré CW?? ﬁlﬁrﬁ’ %ljtl ?losrr?%k %%%ﬂtotﬁgn{r?agmg source
passi nikp t hr ougkegeheavglengtalwitOintrehsieg jrratiarfce lahé tledmidimum madianoe isAB0GE2r at i 0
of a first total ,i rradi ance for wavel engths shorter than 290nmto a second
total irradi a¢® for wavel engt hs between 300nm and 400nm equal to or |ess

than 2. 0x10"6. Secfighdet td ptBiiaebiAbildeB HRIHIANI (GRLEEE soRRRRiAS! H0UT
the optical filter has a ratio of anirradiance at 310m to the second
filter preferably is designed so as to satisfy two criteria related to the above-described
spectral regions. First, illumination from the light source passing through the optical
20 filter, 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
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Figure 6, the optical filter 5 %
glass had a Iead content of a out 30% y welght 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 pas'sing 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 ﬁoin 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 .
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as a pane of W5 320 |lead glass. 25 In addition, varying the thickness of the
lead glass without varying the lead content by weight of the | 8&dAf} B
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over a Iarger range than described. The llee of gher. i rradi ance than

typi callOwi t h trelategrasisialigrsradditionalpensr gas leag to f%&r@mqabétﬂc degadationopyth 10
related art fi. istic
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sol ar radiation. | rnan appbmld'ﬂterhssleﬁﬁly, aptetfiliers wgito il frdrh 1¢drgagiote nade
fromlead glass are nmagde . froma material, that_is ultraviolet transm ssive

These fil t ers fon Adeateny dhaias Plﬁfﬁwle&ﬂﬁé%?lss%’ﬁeﬂbﬁﬂ%ﬁ#?@d@dw sdbstantidly gifes
terrestrial s ansni ssi ve
optical fil teﬁhﬁg%‘;aggy eaﬁhgk&oﬁ heﬁ% rangor%mtslisa|81c'55”21ul§1§1tLi![1 glg iy E%f h%t 80%
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wavel engt h for m_nati on, sse through this tical filter senbl y
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| ead gl ass optica ter when use 0 an IS deter | ead
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approximates the cut on wavelength for the lead glass optical filter when used alone

20 and is determined by the lead glass optical filter. One example of a material suitable for
use in an ultraviolet transmissive optical filter is quartz glass having a thickness of
2imm, 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,
Tlinois 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
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mat ches the sol ar ul t r avi Biedpligwingsiramuins crupareribp spesiral prverrddribeions dor i s
to use the gla . Lh o infrar el rhi ' j ' ' | t he

i nfrared absorE?eﬁgqe%ggldghcg%mﬁ@gm Ss %k@g?{;}%‘rﬁg &g%}régfr:%%rmaa}é&%nom. 5
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| abel ed as ConpaiRhdi¥8y (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, lllinois (" 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, Arizotia, now Atlas )




20 Exanples A-1. These exanpl es describe commercially available articles for
use in xenon-arc weat hering devices. The foll ow ng exanpl es aI sq) glspﬁ‘_?lﬂupe
exanpl es o, é %,Elqsmoresent di scl osure, which are | abel ed Exa

fol |l owi ng b reviations are used in these exanpl es. Abbrevi at | OI’IBESCI‘I ption
Q Sun 3000Q Sun 3000 Xenon Test Chanber eqlpped with standard dayli ght
filters (Q Panel Lab Products, O eveland, Chio) SuntestHeraeus Suntest table
t op xenon- ar c | daldsCH654 Her iawhsUﬁﬁhhatwbaéledbceﬁon—ﬁbmhem@rdeir%imm

Atl as El ectri ¢—-Devices Chi aﬁg—LLnggs_u_At-Lasq_)ﬁSq;LaﬂLade_dea_gnation
for "daylight | Atlasgh3arc iRt FQ%WF‘W&GOW‘MGW%@&NIQ)M est and Heraeps

Xenot est 1200 St
Labor atori es, ﬂ(?esgfti;-’(l%d;\rl b % - TDR 200p

PCT/ US02/ 33314 Atlas G 65AA(Aﬂ§s)O 65A vvat er cool ed xenon-arc weathering
device (Atlas) Atlas H 35A1l as H. 35 water cooled xenon-arc (Atlas) Atla

Ci 5000At |l as G ﬁB@ wat er C()Qoé@di@ﬁ@ﬁdéﬁﬁom ﬁﬁ@f(ﬁglaﬁl)ew ce (Atl as)

Cl RACo d | nfirared—Absorbi ARTRC +her
out er ?lt Iet er nféarpl °IQat er cool gé{’r‘?(sélh"@ﬁ g@“ﬂe‘(ﬂ%‘gﬂ%f§§‘yat§o“t?§’kfdo‘r%]§3da ﬂre

glass filter flor water cool eft genReiAMas)devi ce(Atlas) Oiel 660210iel podel
66021 Uni verseum%sm?mmaﬁm_pmwipazn
1000W xenon | arfedapiower ed hypodr ime ghass Fider fonvwater aopled eomearSipptefAtiay)i el
| nstrunent s, \"J"i—‘r"" igp Ia s+Hat—ptate-of—1—5nrun
thick soda i néj?&flé?@-’(l ndy ;l é@@g@%ﬁé@s‘?@@?iﬁaﬁﬁl%?ﬂ%ﬁ forn| a)
Hoya UV32Hoya |[UWV32 (2.5 nm U&hﬁé’nseﬁ&ﬁn@éﬁ'vﬁ% OYBE2 Mar ouowK xeffiiOgip! S| ang)
powered by Oriel 68820 IKW Arc Lamp Power Supply (Oriel

Instruments, Stratford, Connecticut)

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 thiclmess of
1. 5 mm. |

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

Quartz outer Quartz outer filier 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 HO191, 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 frradiance from 300-400 num.



Tin Oxide glassTin oxide glass as described in United States Pat

4,125,775 Schott W&E320Schott WE320 | ead gl ass,

I nc.
1. 5nun

Cener al
Conpany,
hal i de | anp (

St. Paul,

t ubafgrg)auszfennsyl vani a,
Quartz ItnnerQuartz inner filter for

Quartz outerQuartz outer filter for water cCT

Electric and cut to fit by Mnnesota M ning
M nnesota Syl vani a BSS?’E@W Vani a

Schott d ass Tech
formed into tube with wall

i AdFow

poOTOkness jof

ter cool ed xenon-arc (Atlas)
T ed xenon-arc manufactured by
and Manuf acturi ng
BS 575 SE HR et al

Idllloyl dTITf I"l ULU WLICS—L]VID UTT, Ucl DDQbIIUDULLS)
Schott W3320Schott W&E320 gl ass [sheet, melt H0191, 2 rrm hot
sheet d ass Technol ogi e, Inc., |Dureya, |Pennsylvania Tab ’gé a?ﬁ%vx }%qﬂgof
filters and |ight sourc¢e used ijn each ¢xanple and al so s than; §sirediange o
i rradi ance bel pw 290 and at j310 to ﬂLhe i rradiance f o?ﬁ(}agnimooatﬁlﬁmnm 6
APR 1006 WD 03/ 05-1526|Tabl e 1 [PCT/ US02/ 33314 Rati o of |i r riatl ancle Rattotal of
| ess thanirradiance 290 mm toat] 310 nmitotalto total ifrindimacei r ireadianoe ¢
Li ght I nner M dd| eQut er f 1t @igla00- fir omngP0; BMRMN e$o0unef | | fem 300t gr frbmt300400
ri m00 nm Conp E%Qn%wN@@@& SunNofger 19E- @@y 0015 AxeP0B00DOERAP-| 400 nm 15
BSunt est NoneSu €3 040" T as NpnN 05 00
G 65A Conp. DAl 1A% g?té ggiéBorotl)ﬁ%eE- ogg% ¢ Higne™) 6155506 °R0.0%5
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
66021 .| UV32
Comp. H | Oriel None | Sodalime | None 0.00E+00 0.0004
66021 glass
Comp. 1 | Onel 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 spectral power distribution for Comparative

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 2 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 spectral power distribution of the xenon-arc with the

filters of Comparative Examples A-F contain significant amounts of short wavelength
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Conpar ati ve SWQ%HI%%KQ@Hé&ﬁﬁgﬁéﬁt?aﬁxi mum dayl i ght from 270 to 350 nm
Spectral power di StdrParhiiEgahrled G-Nise8 commeatilly BdiRbhefilispast faloveoner
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conmonl y used shert seivaleasthddY radiptigobeiow thesalammrt anoFiguse 8as eplt efithesaedtenti ng
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contain significant ampunts of short wavel ength 0 6 APR 1006 WO 03/ 054526
PCT/ US02/ 33314rradiancein ¥ anapsraw pet Swctipe of wavelangth im@xi num dayl i ght. This

can |l ead to unrealist] e 110 | ' i.al
Conpar ati ve Exanpl e@éqg% I8 Sﬁlll %ﬂ%%gg@%ﬁ@fegs{%? Pg%fféfgg{egﬁggg r?rﬁgvge Srhgllzrtove
short wavel engidvelddgthiadivahdiaion Gbailig 8oGebsiised it ldaratbiviict ElefitddSweatdritig Of

the spectral 5 power distribution of maxi mum daylight and Conparative
Exanpl 6 G | wWeriges.Heo mueh of HigqadigheniusbahnayeidPe am Biabisgwesgnhin selar gabation 1sThe

plot describ esdlﬁq{lrtre%& Sx?t(.j This makes the spectral power distribution “weak™ relative to
maximum daylight and may cause undesirably long test times.
Examples 1 and 2 used the lead glass filters of the invention with a xenon-arc
and a metal halide lamp. Figure 9 is a plot of the spectral power distnibution of
15 maximum daylight and Examples 1 and 2 with the iiradiance data normalized to 0.55
W/m? at 340 nm. The plot describes normalized irradiance in W/m? per nm as a
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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apparent to those skill ed ledd glhs fedetof vavilsle ligRSabsomihd ¢crapdrens aal datingended
to be within 30 the scope of the invention as defined in the appended

claims. 0 6 APR 2006 thicknesppplgctedssuchAhaysinmination pagred fuengh te depdvgdass her i ng

device suitable for ' i ng
devi ce conpri si ng: ggﬁgglﬁg?tﬁl%d%}@%{ E’?‘igp’lé%ﬁéﬁc%g&t‘ggﬁeg%ﬂi%ﬁgf%\%%}é?%sanpl e;
and an illum nator dihspasedompotdiradiiee tfhewavedddpets begwédnGirem té Ho

illum nator adapted to _provide_illuym nation t he product sanple; wherein
the illumnator incPgy&deren thefst @HBI’%]@SSHEW %@Xégeaqdm characteristics in

at |east the range of 20Q gffHd3tid8PalHadabe at 310nm to the second total

irradiance, wherein the second ratio is at least 1.2x107.

2. The accelerated weathering device of claim 1 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 290 nm to 300 nm.

3. The accelerated weathering device of claim 1 wherein the illumination from the

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

4, The accelerated weathering device of claim 1 wherein the illumination from the

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

5. An accelerated weathering device suitable for testing product samples, the
accelerated weathering device comprising:

a weathering fixture adapted to hold the product sample; and



an optical filter disposed proximte the |light source, the optical filter

conprising: a lead glass free of visible Iight absorbing conponent s &R 2606
having a thickness selected such that illum nation passed through the |ead
glass has a first ratio of a first totig- irradi ance for wavel engths shorter
than 290 nmto a second total irradiance for wavel engths between 300 rimto
400 nm wherein the first ratio is less than 2. Ox 10"6; and a second ratio

of an irradian ! A I in the
second ratio |%Fz£1 1@%{3&&%‘%@%3@&%&&;@% Vg%a?&enn i e@%ﬁ%eﬁhﬁg?dew ce of
claim 1 wher ei adapted tb Ip'rmﬁdleﬂhmtihattdmetoIﬂwpi-odgitasmples“shetemtlmdllnmlqamnw de a

cut-on wavel en,gt@l for the illumnation passed through the |ead glass of
bet ween 290 nM€Wd8Ho run. 3. The accel erated weat heri ng device of claim1l

wherein the illum nag gg&oiﬁ&rﬂawh% SBLeMEhamé&&lcg 'i}%t‘lgé‘étlﬁ: ARECST RN

conponent of at least 290 run to 4 The accel erat ed weat heri ng
devi ce of claimmlowh@neai;andhe illum nation fromthe |ight source i ncl udes
an irradi ance of betwee

W
accel erat ed weat her f"h@ptﬂﬁ?\?flgg i‘vﬁ?‘fsﬁﬁp@x%?te g@g%ﬁéogpgg}&qp‘uﬁ teés t he

accel erated V\’eé’érﬂﬁiéi device conprising: a weathering fixture adapt ed to
hold the product sanple; and O 6 APR 1006 -14 an illum nator di sposed
appr oxi mat e t he weat her i adeadiglasafse of misitil¢ lighti abaerbing cosapoments and paang de

o 300 ot hea B el S LR QPRI B8R0 200
nmto 400 nm and awaoakﬁ@ﬁbfbetweeﬁz%ﬁﬂ%aéopma«aﬁate the Iight source the
optical filter conprising: g ass free of visible |ight absorbing

conponents and havi ng aatrattlQ:tkfrﬁélslsra iehescatdd 0 ooty a tetal inrpdiandelforer ed
|1 t h | f d
et on hes s Gt LS RS, RERTH I GO0 o

bet ween 300 run andi4@@oPm vvherel n the ratiois at least 1.2x 10"3.

6. An accelerated weathering device suitable for testing product samples, the
accelerated weathering device comprising:
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 200
nm to 400 nm; and
an optical filter assembly for an accelerated weathering device, the
accelerated weathering device having a light source providing illumination, the
optical filter assembly comprising:
an ultraviolet transmissive optical filter;
a lead glass free of visible light absorbing components operably
coupled to the ultraviolet transmissive optical filter, the lead glass having a
thickness selected such that illumination passed through the optical filter
assembly has a first ratio of a first total irradiance for wavelengths shorter
than 290 nm to a second total irradiance for wavelengths between 300 nm

to 400 nm, wherein the first ratio is less than 2.0x10°; and



6. An accel erated weathering device suitable for testing product sample
the accelerated weathering device conprising: a weathering fixt urled Aa%gm@d

to hold the product sanple; and an illum nator di sposed approxi nate the
weat hering fixture, the illumnator adppted to provide illumnation to the
product sanple; wherein the illumnator includes a |light source having

spectral characteristics in at least the range of 200 run to 400 nm and an
optical filter assenbly for an, accelerated wea in evice .t

accel erat ed weat heri ng dé’ﬁﬁoéldﬁgﬁ?ﬂ a’énﬁgwe %‘Lﬁ%&g”g‘? g\?isﬁ?%ﬂéi HOPa?um nati on,
the optical filter jpsdigide] wheitht Sédoad rafd ilat feasti 10110 r ansni ssi ve opti cal
filter; a lead glass free of visible |ight absorbing conponents operably
coupled to the ultraviolet transm ssive optical filter, the | ead gl ass
having a 4thic b 1 Lum ' gﬂgn . he
optical f i7l ter ﬁgég%zﬁ%téah’gegmg% ? 9 é{l@% %{%1%1% lete#e%?g{éq‘ﬁ%?\g?feﬂrr adi Sasﬁl‘%e for

wavel engt bgtich@itteprovidesat 229 60UNtrimBnissioRCikht of 280 rirh hadlholess S0B
wavel engt hs between 300 rim to 400 mMm, wherein the first ratio is | ess than

2. Ox 10- 6irapgRaissioponpght 29880 nm 5 5 second ratio of an irradiance at 310 nm
to the second total irradiance, wherein the second ratio is at |east 1.2x
10-3. 7. The accel erated weathering device of claim6 wherein the

ul traviol @& tr Ansatcelsiave]l wepthérorgl debicktsaitatide foriteleing produrasdmEOatia ansm ssi on
of light at 250 nm and at |east 80% transm ssion of light at 300 nm 8. An
accel er at 8eFiEAEH BepiginB deves CUNREMI& for testing product sanples, the

accel erated mg%{ﬂeﬁﬁggﬁgﬁ ggﬁglgqo{oi}gﬂlgieﬁocgﬁ%ﬁﬁﬁl' ’n‘gldfi xture adapted to

hol d the product sanp um nat I sposed approxi mate the
weat heri ng fi xanildyminhter disposeadrepparximate aipt welatheriny fimtucke thel illuminsddr on to t he

product sanple; wherein . the i.llumnator includes a |ight source having
spectral & %Wﬁ??ﬁ?@@mwa%?nioé §Praduet seBl of 200 nmto 400 run: and an

optical filter @ i e light source, the optical filter
“ﬁiege?lgﬁf%CillﬁfTh%téﬁgfiua :

conprising a glas ree of visible light absorbing conponents and having a
| ead a light source having spectral characteristics in at least the range of 200
nm to 400 nm; and
an optical filter disposed proximate the light source, the optical filter

comprising a glass free of visible light absorbing components and having a lead

content of between 0.5% and 50% by weight.
9. The accelerated weathering device of claim 8 wherein the glass is cylindrical.

10.  The accelerated weathering device of claim 8 wherein the glass has a thickness of

between 0.7 mm and 10 mm.

11.  The accelerated weathering device of claim 10 wherein the glass has a lead
content of 30% by weight.

12.  The accelerated weathering device of claim 8 wherein the optical filter comprises

an ultraviolet transmissive optical filter operably coupled to the lead glass optical filter.

13.  The accelerated weathering device of claim 12 wherein the ultraviolet

transmissive optical filter is constructed from quartz glass.



content of between 0.5% and 50% by weight. 9. The accel erated weat hering
device of claim8 wherein the glass is cylindrical. 10. The accel ¢gpparH2006
weat hering device of claim8 wherein the glass has a thickness of between
0.7 mmand 10 mm 11. The accel erated .wgat heri ng device of claim 10 wherein
the glass has a lead content of 30% by weight. 12. The accel erated

weat hering device of claim8 wherein the optical filter conprises an

ul travi ol trapsm ssi v ihcal filter er he | ead gl ass
opti cal fﬁ't er?ﬁigchl%ﬁ%g%g’g%*éﬁ% %?’%‘gtcgag?}l @g‘k’ﬁ%ﬁ%‘?‘g‘gé gﬁraé’ Oa%l&m 12 wherein
the ul traﬁf&r@hﬁ&sivdcgﬂi&anﬁﬁ@iiﬁau@@tdnqafmfeﬂ lab&yrbing ceatiigl ruct ed from quartz
glass. 0 6 APR 2006 -16 14. The accel erated weat hering device of claim12
wherein the ultraviolet transm ssive optical filter includes an infrared
absor bi ng, coat .ed i \Vj in.:

el udi g5 ol Rgpsctrydd B AR ERARAT o R CLLDAHEH Aty & BubRy
accel er at gghswissiVesptiegl filleasrs.ce of claim 15 including two ultraviol et

transm ssive optical filters. 17. The accel erated weat hering device of claim
16 wherein the lead glass optical filter is disposed between the

ultraviol gf trepsHIRiHE Qrgﬁﬁmgﬁlllg §dVideEdtaim 15 including two ultraviolet

transmissive optical filters.

17.  The accelerated weathering device of claim 16 wherein the lead glass optical filter

is disposed between the ultraviolet transmissive optical filters.





