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Abdract :

The higory, dructure and characterigic of
four light reurces nmodly used in laboratory
weathering has been described. At the same time
their limitation are discussed.

Due to the need for nore rapid eva uations of
the resgance o meterids to weathering than can be
obtained by outdoor exposure tesds and the need for
controlled conditions, teg devices with artificid light
urces are generdly used to accelerate the degradar
tion. These devices incdude carton arc and filtered
long arc xeron , metd hdide and fluorescent UV lanp
goparatus. These ”laboratory acce erated weathering”
device teds are ometimes, and perhgps nore gopro-
priady , rderred to as " artificid weathering” .

The acceleration over " red time” weathering oc-
curs for svera reaons. Rincipdly, the teds can
run continuoudy at naturdly occurring or higher irrac
diance than lar radiation, uninterrypted by the di-
urna cyde, seaond variations and weather condi-
tions. Terperatures , thermd cycles, humidity and
water exposure can d be manipulated to maximum
but mot unredidic dress levels. Jecimens can be
exposed to gectra energes a or beyond the limits of
their intended service exposures, adthough caution
mug be exercieed © as mot to induce unnaturd
degradation mechani ars.



2002 1

olor Fade - Ometer®

Pyrex™ ,

1930
Qre®
- Omger® |

1919
(ECA)

Westher

In addition to the ahility to manipuate and ac
celerate weathering conditions on demand , a funda
mental bendit of a laboratory ted isthe precison and
repeatahility over what is esertidly an unoontrolled
and variable pheromena, the actud weather. Hus,
each of the weathering factors can be manipulated in
dependently ; thus research can be conducted into the
ecific reponse of materids to various westhering
factors, experiments which would be dfficult or inr
possble to conduct outdoors.

Artificid weethering devices are dften categor-
rized by the type of artificid light urce used. The
nos conmon types are carbon arc , fluorescent UV,
xeron - arc, and metd hdide light sources. Each
has it’ sown inherent bendfits (and pitfdls) of which
a weathering experimenter mug be aware. Snce the
radiant energy received by an exposed meterid is
oond dered the nog important , we will focus our a-
tention on the qudity of the light source, referring to
how well each light surce resembles naturd sunr
light.

Carbon Arc Sources

The carbon arc ingrument was fird used by
German gynthetic dye chemids to evduate the light-
fagnessof dyed textiles. Thefirg Atlas Golor Fade -
Ometer® , introduced in 1919, used an endlosed
carbon arc (ECA) light source. Its development was
arealt o aredesgnd an earlier Atlas unit , the Sr
lar Determinator. This earlier development itsdf was
an outgomh o Atlas’ Slar - Light carbon - arc
dage lighting, Atlas main budness during the days
when Chicagp was the notion picture capitd o the
world. It became gpparent to the users of this dage
lighting thet certain textile materids and garments
worn by the actors would fade dter extended lengths
o time. Today , enclosed carbon arcs are available in
snge and twin arc versons; the arc isenclosed in a
Pyrex™ gobe to provide some optica filtering and an
oxygen - ddficient atnmogphere. The introduction in
the 1930" sdof the open flame carbon arc , in the Atlas
Qunshine Carbon Arc Weather - Ometer®  with
Qre® filters, provides more UV < 300nm than
sunlight but gves a much better metch in the 300 -
340nm region and deviates less than the enclosed car-
bon arc a longer wavelengths. When used without
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filters for fager teting, dahility rankings of ome

meteria s may be digorted when corrpared with out-
door teding. The Sunshine arc uses three pars of
oored carbon rods and operates in afree flow o air;
the arc is rotated anong the pairs to provide goproxi-
metely a day’ soperation per st and the arc is usud-
ly filtered by flat Corex filters arrayed around the arc.

The Pectrd emisdon in the UV bears little re-
smblance to daylight. ™o srong emisson bands,
pesking a 358nm and 386nm are about 4 and 20
times daylight regectively. This type of light surce
can be exected to have aweaker dfect than lar ra
diation on meterid s that absorb only short wavel ength
UV radiation, but a sronger efect on meterids that
do aborb long wavdengh UV and visble light.
Therefore , in trying to evauate the rdative light sa
bilitiesof meterids, ome of which aborb only dort
wave ength UV and others that d © absorb long wave-
lengh UV , the encdlosed carbon arc could digort the
rankings when conrpared with sanples exposed to s
lar radiaion.

Both carbon arc techrologes require daly re-
placement of the carbon rods and cleaning of the fil-
tersor gobes. Hlters and gobes degrade and mug be
periodicdly replaced ; accumulated carbon oot mugt
a9 be removed. Thereis a vas amount of hidorica
data usng carbon arcs, and a number of tes methods
dill ecify their use. While good corrdation with
outdoor exposures has been reported for me meteri-
a's whose westhering mechaniams are gppropriate for
thexe limited gectrum urces, this techrology has
largdly been replaced with xeron arc ingruments.
The primary documents describing performance char-
acterigics of devices that use the carbon arc lignt
urce are: 130 4892 - Hadics - Methods OF BEx
posure 1o Laboratory Light Surces - Part 4: Open
- Hame Carbon - Arc Lanps, ASTM GI52, Practice
for Operating Open Hame Carbon Arc Light Apparar
tusfor Bgosure of Nonmetdlic Materids and GI53,
Practice for Operating Enclosed Carbon Arc Light Ap-
paratus for Bxposure of Nonmetallic Materids.
Huorescent UV Sources

Four - foot long fluwrescent UV lanps, dnilar
to those used for reddentid and commercid lighting ,
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have been developed with gecific goectra digribu
tions. These durces are incomporated into fluorescent
UV ocondensation. These devices may be used in cy-
cles that may vary light/ dark cycles, tenperaure,
oondensng humidity and water prays. Ther func
tiond dedgn and use is primerily governed by 1O
4892 - Hadics - Methods O Bqosure 1o Lakorar
tory Light Surces - Pat 3: Huwrescent UV -
Lanps ,and ASTM G154, Practice for Operating Huo-
rexcent Light Apparatus for UV Bxposure of Norr
metdlic Materids.

The fluorescent UVB larps (40 and UVB -
313) with a peak around the 313nm mercury line,
has nearly dl of its energy concentrated between
280nm and 360nm. A large fraction is & wave engths
dhorter than those present in sunlight and it has very
little energy longer than 360nm. Reverssin the s¢a
hility ranking of meterids have dften been reported
between |aloratory acce erated and outdoor tests when
the accelerated tes uses UV - B. Thisis due to the
predominance of dort wavdengh UV and the ddi-
ciency of long wavdengh UV and visble radiation;
the mechaniams of degradation may be dgnificantly
dfferent from those of the "natura” ted.

Huwrescent black lights, rdferred to as UVA
larps, are available with peak emissons of 340nm
- 370nm (e.g. , UVA - 340 and UVA - 351). In
the UVA - 340 lanp, developed in 1987, the dort
wavel ength irradiance smulatesthat of direct lar ra
diation bow 325nm. The UVA - 351 ectrd didri-
bution at lower wavelengths is dmilar to thet of day-
light filtered through window dass.

Because the UVA lamps do ot emit high energy
radigtion below the cutdff of terredrid <lar radier
tion , corrdation with outdoor wegthering is smewhat
inproved but ted times are longer than with UVB
lamps. Gombinations of UVB and UVA - 351 lanps
have been used to provide shorter tes durations than
can be achieved with ether lanp done. However ,
because of excesive dort wavdength radition in the
UVB lanp (extending well below the terredrid cutoff
around 300nm) and the lack of long wavelength radi-
ation with the UVA lap , thisisa o not a good lar
smulaor. It may be noted, however , thet tess uti-
lizing these lanps are widdy practiced. These teds
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mey be usful for rdative rank conparions between
meteria s under gecific conditions; however the ex
trgpolation to service lifetime performance or corrda
tion to outdoor exposures may ot be vaid. Their bes
use mey be as generd screening tools, e. g. , check
ing for goss formulation errors with an artificidly
harsh teg.

In generd , thee devices dffer a condensation
cyde (during alights - off period) for roisture Smu-
lation. The tes surface is exposed to a heated , satu
rated mixture of air and water vapor (relative humidi-
ty approximetely 100 % during the dark cycle) while
the reverse sde of the pand is eqosed to room ar
which cause the pand tenperature to drop below the
dew point. This causes water droplets (dew) to form
on the exposed suface. The sequence and time inter-
vasfor both the ultraviolet cycle and the condensx
tion cyde are progranmable and autorretic. Like
wise , terperatures can be controlled (within limits)
during both the UV and condensation cycles.

Xenon Arc Sources

Thefirg weathering mechine usng a xeron - arc
lamp was developed in 1954 (Xerotet® 150). In
use in North America dnce the 1960" s, the xeron
long arc , when properly filtered , nore closely smu
latesfull ectrum lar radiation than any other arti-
fidd lignt surce. Unlike the dectricdly burning
open carlbon arcs, the xeron arc is a precidon gas
discharge lamp in a ssded quartz envelope.

The ectrd power digribution can befindy ta-
lored through filtering to Smulate olar radiation rang-
ing from alove - the - atmoghere through to sunlight
- as- filtered - through - window - dass. As such,
it iswiddy preferred as a light ource when the mete-
rid to be teded will be exposed to natura sunlight.
Waeter aooled xeron has been extensvely adopted by
the autonotive and textile indugtries, and is generdly
replacing carlbon arc techrology as those units age,
dthough it is ot uncomon to find carbon arc de-
vicesfrom the 1950' s, and earlier, dill in regular
use.

Unlike the carbon arc exposure devices, which
had virtudly ro control over the light intengty , nod
€rn Xeron gpparatus exerci s preci se control over both
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the goectra digribution of energy through optica fil-
tering aswell as irradiance control by way of dectri-
cd power management. In the course of xeron arc
development , two indrument sysems have emerged:
ar - aoled and water - oooled xeron ingruments.
The type of aooling has an irfluence on the overdl
desgn and on the optical filtering sysem. Atlas Fade
- Ometers® and Weather - Ometers®  use water -

ooled xeron arc excludvely; the srdl Atlas
Quntet® CPS and XL S table top exposure sysems
use an ar - cooled xeron lanp. 180 105- B02, Tex
tiles - Teds for Qloufastness - loufagness to
Artificid Light: Xeron Arc Fading Larp Teq , 1O
4892 - Hadics - Methods O Bgosure T Labora
tory Light Surces - Part 2: Xeron - Arc Sdurces,
and ASTM G155, Practice for Operating Xeron Arc
Light Apparatusfor Bxposure of Nonmetalic Materid s
are the primary gandards regarding performance re-
quirements of these ingrumerts.

Depending on the dedgn of the ingrument,
ecimens may be exosed in the verticd or in the
horizontd podtion. For large - scde equipment |, the
verticd gyle prevails. ™o - tier and three - tier in
clined gecimen racks contribute to irradiance unifor-
mity. For even better uniformity and when other func-
tions are required (e.g. , raying) , the ertire rack
is driven by a gear notor at a gpeed of one revol ution
per minute. For high irradiance teds, the G5000
Weather - Ometer® has an option for a 10 pm rotat-
ing rack.

The water - ocooled xeron lanp is a sded
quartz tube surrounded by two concentric cylindrica
optica filters. Gooling water flows in between the
surface of the lanp , the inner filter and the outer fil-
ters. In addition to its cooling function , the water a-
® has a dedred dfect in the infrared range. Weater
absorbs from gpproximatdy 1200nm up and thus conr
tributes to a reduction in the excessof irfrared energy
produced by the xeron lap. This reduction is ror-
mally suficient to obtain an acceptable saple temr
perature ; further reduction can be obtained with e
cid irfrared absorbing filters.

The urfiltered radiation of the xeron arc conr
tains congderable radiation in the sort waveength
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UV. Thus, the role of thefiltersisto obtain the de-
sred gectrd didribution. By combining different
dass properties in the two cylindrica filters of the
water - ocooled sysem, it is posible to produce dif-
ferent ectrd energy digributions. Types of cylindri-
cd filters available include quartz , boroslicate gass,
high borate borodlicate Type - S dass, ©da lime
dass and Qoated InfraRed Absorbing (CIRA) quartz.
Additiond filtering is posible by adding an auxiliary
dassfilter holder to accommodate the wide variety of
filters available in flat form.

Radiation dosages are microprocesr controlled.
The water - cooled ingruments control the intensty of
radition a 340nm or 420nm. The light is directed
through a quartz - lined tube and filtered with the de-
sred narrow - band interference filter. A photodetec
tor then sends a 9gnd to a wattage regulator to raise
or lower the power to the lanp itsdf . Large scde war
ter - aooled and ar - oooled xeron arc ingruments
d o have the ahility to tightly control other paramer
ters in the weathering processes, such as humdity ,
ambient tenperature , and black pand (or gpecimen)
tenperatures. Teg cyclesfor light - dark cycling and
Pray ddivery sygemsfor rain and dew mulaion are
conmonly utilized.
Metal Halide Sources

The autonotive manufacturers and their suppli-
ers continue to experiment with new techrology and
teding goproaches. This is exenmlified by dforts to
expose large conponents such as ingrument pand's,
door assemblies and bunper fastia sysems to gauge
the dfects on sresseed and formed multi - conponent
sytems. MHGMetal Hdide Goba® arc laps with
ecid power supplies provide ectrd power digri-
butions that closgly metch direct lar plus ky radia
tion. Because o their high dficiency, these urces
are idedly suited for use in large scde multiple
urce arrays and are dfective for therma loading
dudies. They are used in ©me European ted methods
(such asDIN 75 220, Agng of Autorrotive Gormponernts
in Slar Ymuation Unitg) and conply with certain mil-
itary testing requirements (MIL - STD 810).

It is important to rote that ro atificid tegd can
ever precidy duplicate outdbor exposure condtions.
Snce oudoor exposure condtions can and b vary
gedly, the ue o laboraory devices such as the
Weather - Ometer® are primerily for the cortrolled
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repeatable and reproducible conditions that the techr
nique dfords; any accderaion over red - time
weathering is a bonus, but of secondary inportance.
While many tes methods have shown good corrdaion
to outdoor weathering (e. g. , south Horida and cenr
tral Arizona) for many meterias, they do not purport
to be equivadent. Their maein value liesin providing a
uniform bags for meteriad conparion. Realts obr
tained under these ted methods are generdly accepted
for materid performance evd uation urtil the red time
weathering tegs are validated.
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