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L ABORATORY WEATHERING DEVICES

Rudy L eber

( ATLAS )

Abgract :
The higory, dructure and characteridic of
, four light resources modly used in laboratory
weathering has been described. At the same time
; ; their limitation are discussed.
' V1 CA

Due to the need for nore rgpid evauations of
the resgance of meterids to weathering than can be
obtained by outdoor exposure tess and the need for
oontrolled conditions, tes devices with artificid light
urces are generdly used to acceerate the degradar
tion. Thexe devices include carbon arc and filtered
long arc xeron , metd hdide and fluorescent UV lanp
“ " goparatus. These " laboratory acce erated weathering”
device teds are metimes, and perhgps nore gopro-

priately , rferred to as ” artificid weathering” .
The accel eration over " red time” weathering oc-
curs for sverd reaons. Principdly, the teds can
' run continuoudy a naturaly occurring or higher irra
diance than lar radigtion , uninterrupted by the di-
urna cycle, seand variations and weather oondi-
tions. Terrperatures, thermd cycles, humidity and
water exposure can d be manipulated to maximum
but ot unredidic dress levds. Secimens can be
exposed to gectra energes a or beyond the limits of
their intended service exposures, athough caution
: Rudy Leber, ATLAS must be exercised © as ot to induce unnaturad

degradation mechani ars.
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In addition to the ahility to manipulate and ac-
celerate weathering conditions on demand , a fundar
menta bendit of a laloratory ted isthe precison and
repeatahility over what is essertiadly 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 repone of meterids to various weathering
factors, experiments which would be difficult or inr
possble to conduct outdoors.

Artificid weathering devices are dften categp-
rized by the type o artificid light source used. The
nog conmon types are carbon arc , fluorescent UV ,
xeron - arc, and metd hdide light ources. Each
has it" sown inherent bendfits (and pitfals) of which
a weathering experimenter mugt be aware. Snce the
radiant energy received by an eqosd meterid is
mnddered the nog important , we will focus our at-
tention on the qudity of the light source, referring to
how well each light surce resembles naturd sumr
light.

Carbon Arc Sources

The carton arc ingrument was fird used by
German gynthetic dye chemids to evauate the light-
fagnessof dyed textiles. Thefirg Atlas Golor Fade -
Ometer® , introduced in 1919, used an endlosed
carbon arc (ECA) light ource. Its development was
arealt o arededgnd an earlier Atlas unit , the -
lar Determinator. This earlier development itsalf was
an outgomth of Atlas’ Slar - Light carbon - arc
dage lighting, Atlas' main budness during the days
when Chicagp was the notion picture capita o the
world. It became gpparent to the users of this dage
lighting thet certain texile 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 optical filtering and an
oxygen - ddficient atnmogphere. The introduction in
the 1930" sd the open flame carbon arc , in the Atlas
Qunshine Carbon Arc Weather - Ometer®  with
Qrex® 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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meteria s may be didorted when corrpared with out-
door teding. The Sunshine arc uses three pairs of
oored carbon rods and operates in a free flow of air;
the arc is rotated anong the pairs to provide goproxi-
metely a day’ soperation per st and the arc is usua-
ly filtered by flat Gorex filters arrayed around the arc.

The Pectrd emisdon in the UV bears little re-
smblance to daylight. ™o grong emisson bands,
pesking a 358nm and 386nm are alout 4 and 20
times daylight regectively. This type of light source
can be exected to have aweaker dfect than lar ra
diation on meterias that absorb only short wavelength
UV radiation, but a gronger dfect on meterids that
do aborb long wavdengh UV and vishle light.
Therefore, in trying to eva uate the rddive light da
bilitiesof meterids, ome of which aborb only short
waveength UV and others that d © absorb long wave-
length UV , the enclosed carbon arc could didort the
ranki ngs when conpared with sanples exposed to -
lar radiaion.

Both carlbon arc techrologes require daly re-
placement of the carbon rods and cleaning of the fil-
tersor gobes. Hiters and gobes degrade and must be
periodicaly replaced ; accumulated carbon ot mug
ad o be removed. There is a vad amount of hidorical
data usng carbon arcs, and a number of tes methods
dill ecify ther use. While good corrdation with
outdoor exposures has been reported for ome meteri-
a's whose westhering mechaniams are gppropriate for
these limited gectrum ources, this techrology has
largely been replaced with xeron arc ingruments.
The primary documents describing perfformance char-
acterigics of devices that use the carbon arc light
ource are: 130 4892 - Hadics - Methods O EBEx
posure 1o Laboratory Light Surces - Part 4: Open
- Hame Carbon - Arc Larps, ASTM G152, Practice
for Operating Open Hame Carlon Arc Light Apparer
tusfor Byposure of Nonmetdlic Maerids and GI53,
Practice for Operating Enclosed Carlon Arc Light Ap-
paratus for Bxqposure o Nonmetdlic Materids.
Huorescent UV Sources

Four - foot long fluorescent UV lanps, dmilar
to those used for resdentid and commercid lighting,
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have been developed with gecific pectrd digribu-
tions. These urces are incorporated into fluorescent
UV ondensation. 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 primarily governed by 10
4892 - Hadics - Methods O Bqosure © Laborar
tory Light Surces - Pat 3: Hurescent UV -

Lanps ,and ASTM G154, Practice for Operating Huo-
rexcent Light Apparatus for UV Bgosure of Nonr
metalic Materids.

The fluorescent UVB larps (F40 and UVB -
313) with a peak around the 313nm mercury line,
has nearly dl of its energy oconcentrated 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. Reversasin the ga
bility ranking of meterids have often been reported
between laloratory accel erated and outdoor tests when
the accelerated ted uses UV - B. Thisis due to the
predominance of dort wavdengh UV and the defi-
ciency of long wavdength UV and vigble radiation;
the mechanians of degradation may be dgnificantly
dfferent from those of the "naturd” ted.

Huwrescent black lights, referred 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
wavelength irradiance smulatesthat of direct lar ra
diation below 325nm. The UVA - 351 ectrd didtri-
bution at lower wavelengths is dmilar to that of day-
light filtered through window g ass.

Because the UVA larps db ot emit high energy
radigtion below the cutdff o terredrid lar radia
tion , corrdation with outdoor westhering is omewhat
inproved but ted times are longer than with UVB
larps. Gombinations of UVB and UVA - 351 lanps
have been used to provide sorter ted durations than
can be achieved with ether larp done. However ,
because of excessve gort wavdength radietion in the
UVB lanp (extending well below the terrestrid cutoff
around 300nm) and the lack of long wavelength radi-
ation with the UVA lanp , thisisd o ot a good olar
smulaor. It may be roted , however , that teds uti-
liziing these lanps are widdy practiced. These teds
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maey be usful for reative rank comparions between
meteria s under ecific conditions; however the ex-
trgpolation to service lifetime pefformance or corrda
tion to outdoor exposures may ot be valid. Their bes
use mey be as generad screening tools, e. g. , check-
ing for gross formulation errors with an artificidly
harsh teg.

In generd , these devices difer a condensation
cycde (during alignts- of period) for moigure smu
lation. The ted surface is exposed to a heated , stu-
rated mixture of air and water vapor (reative huridi-
ty approximetely 100 % during the dark cyde) while
the reverse sde of the pand is exqposed 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-
valsfor both the ultraviolet cycle and the condensa
tion cycle are programmeble and autormetic. Like-
wise , terperatures can be controlled (within limits)
during both the UV and condensttion 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 closgly Smu-
latesfull ectrum lar radiation than any other arti-
ficdd light urce. Unlike the dectricdly burning
open carbon arcs, the xeron arc is a precison gas
discharge lanmp in a sedled quartz envelope.

The ectra power digribution can befindy tai-
lored through filtering to Smulate lar radiation rang-
ing from alove - the - atmoghere through to sunlight
- as- filtered - through - window - dass. As such,
it iswiddy preferred as a light source when the mete-
rid to be teged will be exqosed to naturd sunlight.
Waeter aooled xeron has been extendvely adopted by
the autonotive and textile indugtries, and is generdly
replacing carlbon arc techrology as those units age,
dthough it is not unconon to find carbon arc de-
vicesfrom the 1950" s, and earlier, ill in regular
use.

Unlike the carbon arc exposure devices, which
had virtudly no control over the light intendty , nod-
€rn Xenon gpparatus exerci s preci se control over hoth
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the goectra didribution of energy through optica fil-
tering aswell as irradiance control by way of dectri-
cd powver management. In the course of xermon arc
development , two indrument sygems have emerged:
ar - aoled and water - cooled 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 excdusvely; the sl Atlas
Quntet® CPS and XL S table top exposure sysems
use an ar - cooled xeron lanp. 180 105- B02, Tex-
tiles - Teds for Mloufagness - lourfasness to
Artificid Light : Xeron Arc Fading Lanp Teq , 1O
4892 - Hadics - Methods O Bqposure T Laborar
tory Light Surces - Part 2: Xeron - Arc Surces,
and ASTM G155, Practice for Operating Xeron Arc
Light Apparatusfor Bqosure of Nonmetdlic Materid's
are the primary dandards regarding pefformance re-
quirements of these ingruments.

Depending on the dedgn o the ingrument,
gecimens may be exposed in the verticd or in the
horizontal podtion. For large - scde equipment , the
vertica gyle prevails. ™o - tier and three - tier in-
clined goecimen 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 geed of one revol ution
per minute. For high irradiance teds, the (5000
Wesether - Ometer® has an option for a 10 rpm rotat-
ing rack.

The water - oooled xeron lanp is a sded
quartz tube surrounded by two concentric cylindrica
optica filters. Qooling weter flows in between the
surface of the lap , the inner filter and the outer fil-
ters. In addition to its oooling function , the water d-
® has a dedred dfect in the irfrared range. Water
absorbs from gpproximaetdy 1200nm up and thus con-
tributes to a reduction in the excessof irfrared energy
produced by the xeron lanp. This reduction is ror-
mally suficient to obtain an acceptable sanple tenr
perature ; further reduction can be obtained with e
cid irfrared absorbing filters.

The urfiltered radiation of the xeron arc corr
tains congderable radiation in the short wavelength
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UV. Thus, the role of thefiltersisto obtain the de-
dred ectrd didribution. By combining different
dass properties in the two cylindricd filters of the
water - ocooled sygem, it is possble to produce dif-
ferent gectra energy digributions. Types of cylindri-
cd filters available include quartz , borodlicate dass,
high borate borodlicate Type - S dass, da lime
dass and Qated InfraRed Absorhing (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 microprocesor controlled.
The water - cooled ingruments control the intensty of
radigtion & 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 lap itsdf. Large scde war
ter - aooled and ar - aooled xeron arc ingruments
ad o have the ahility to tightly control other parame-
ters in the weethering processes, such as humidity ,
ambient tenperature , and black pand (or oecimen)
tenperatures. Teg cyclesfor light - dark cyding and
Pray ddivery sygemsfor rain and dew smuleion are
conmonly utilized.
Metal Halide Sources

The autonotive manufacturers and their suppli-
ers continue to experiment with new techrology and
teding goproaches. This is exenplified by dforts to
expose large conponents such as ingrument pand's,
door assemblies and bunper fasia sysems to gauge
the dfects on gressed and formed multi - conrponent
sytems. MHGMetal Hdide Gobd® arc lamps with
gecid power supplies provide Fectral power digri-
butions that closdly metch direct slar plus sky radiar
tion. Because of their high dficiency , these urces
are idedly siited for use in large scde multiple
urce arrays and are dfective for thermd loading
dudies. They are used in ©me Eiropean ted methods
(such asDIN 75 220, Agng of Autorrotive Gonmponernts
in Slar Imuation Units) and conply with certain mil-
itary teging requirements (MIL - STD 810) .

It is important to rote thet ro atificid tes can
ever precisly duplicate outdbor exposure condtions.
Snce outdbor exposure condtions can and d 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 tech
nique dfords; any accderation over red - time
weathering is a bonus, but of secondary inportance.
While many tes methods have shown good corrdetion
to outdoor weathering (e. g. , south Horida and cenr
tral Arizona) for many meterids, they do ot purport
to be equivalent. Their main value liesin providing a
uniform bags for materid conparion. Reauts ob-
tained under these tes methods are generaly accepted
for materid performance eval uation until the red time
weathering tegs are validated.
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