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ABSTRACT

Keywords: energy-saving, glass material, weather-resisted performance

This project continue the " Experimental Study for the Performance Test and
Analysis of Building Materials (1) ; , " Improvement of Isolated Test for the
Construction Material of the Building Envelope ; , " Establishment of Thermal
Properties Data Base for the Construction Material of the Building Envelope |
conducting the experiments to study the deterioration performance of various
energy-saving glass materials of the building envelope.

The authors conducted the measuring technique based on ASTM G93-96,
D4329-92 by using the Fluorescent UV Apparatus ( UV Accelerated Weathering
Tester) and optical performance testing instruments to evaluate the weather
deterioration performance of energy-saving glass materials due to short-wave sunlight.
On the other hand, the direct exposure of nonmetallic materials to the environment
based on ASTM G7-97 was also executed in this project. Different types of glass
window, clear glass, tinted glass, reflective glass, double pane glass, and low-e glass
were investigated.

The experimental results showed that the bubbles were appeared in the glass
adhered with thin film after the direct exposure of specimens to the environment was
conducted. This phenomenon indicated that the optical performance of the glass
attached with thin film is deteriorated. It is also found from the experimental results of
hot-box experiment that the interior surface temperature is higher than exterior surface
temperature as the thin film is adhered on the surface toward room. Therefore the PPD
values due to surface temperature effect were increased as the thin film is adhered on
the surface toward room. On the other hand, adhered films toward to the outdoor
cause the PPD values due to surface temperature effect decrease.
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102min #2448 A& 63 (£3) CT &% > 18min
AfTHIE R TR KGRk o F § 9= B TIE%
PR 18 M - RFLLIHFER 24 (£25)
C~p4iRR 95 (+4.0) %T AmBL 6] pF o

3a

Extended UV

102min & 248 & 63 (£3) CT &% - 18min
APTFE R T R KBk o F § 9= B TR
BRE 18 R RFLLIFER 24 (£25)
C > ARHIRA 95 (44.0) %T AL 6| B o

Daylight

4 | PFEALZFEER63(13) CTRX 4 |4
FoAlE R T RS K

Daylight

12 | P a2 g A 63 (43) CT Rk » 12 |
A AR BT PR ke gk

Window Glass

100% >0 & 2 47 & 63 (£3) CT BB E

(FA KR ~A= g AETD)
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(FH KR
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(FH kiR 55§ f)
B 4-10 6mm RE i P B S 7

(FR &R 1 ~pTg EER)
B 4-11 6mm 5 +6mm % 7% & gL 3
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(FAL KR s A5 )
B 4-12 6mmLow-E+6mm % % & 3 3

(FR &R 1 ~pTy EER)
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(FR &R 1 ~pTg EEE)
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ASTM G7-97 : Standard Practice for Atmospheric Environmental Exposure
Testing of Nonmetallic Materials » 1997.
ASTM G24-97 : Standard Practice for Conducting Exposures to Daylight
Filtered Through Glass - 1997.
ASTM G155-05a: Standard Practice for Operating Xenon Arc Light
Apparatus for Exposure of Non-Metallic Materials » 2005.
ASTM G 152-06: Standard Practice for Operating Open Flame CarbonArc
Light Apparatus for Exposure of Non-Metallic Materials > 2006.
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. ASTM G 154-06: Standard Practice for Operating Fluorescent Light
Apparatus for Exposure of Non-Metallic Materials - 2006.

. ASTM D 4587-91: Standard Practice for Conducting Tests on Plant and
Related Coatings and Materials Using a Fluorescent UV-Condensation Light-

and Water-Exposure Apparatus > 1991.

. Somsak  Chaiyapinunt, Bunyarit  Phuakphongsuriya, = Khemmachart
Mongkornsaksit, Nopparat Khomporn, Performance rating of glass windows
and glass windows with films in aspect of thermal comfort and heat
transmission, Energy and Buildings, 2005, 37, pp. 725~738.

P. R. Lyons, Window performance for human thermal comfort, ASHRAE
Transactions, 2000, pp. 594~602.

. ASHRAE, Thermal Environmental Conditions for Human Occupancy,
ANSI/ASHRAE Standard 55- 1992, 1992.
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QH", Designation: G 7 - 87

Standard Practice for

Atmospheric Environmental Exposure Testing of

Nonmetallic Materials’

Thik etanidard 18 fnsued ndes the Aixed desigsation G 3; e nunber immedlately fallewing the designution indicavss the year of ariginnl
ndaption o, In 1k cxig oof nedaion, the yoor of o revision. A nemberio parcadheses indicates the year af last respproval, A supesscrips
epsilon (a} indicates no editarial change mince the lamt revision ar seappsovul,

1. Scope

1.1 This practice covers procedures to be followed for dirset
cxposure of nonmetallic maiterials to the enviranment, When
originotory of 2 weathering test have the zerual sxposurs
conducted by o scparatc agency, the spacific conditions for the
exposure of 25t and control specimens showld be clearly
defined and mutually agreed upon berwaen oll porties,

1.2 For exposures bekind glass, refor to Practics G 24,

1.3 The valucs stried in ST units are to be regarded as the
standoed. The inch-pound wnits piven in parcntheses are for
infarmuotion only.

L4 This practice is technizally equivalent w the pars of
IS0 877 thot descrbe ditce: cxposures of specimens o the
ERVironrtent,

1.5 This standard doey rot purport to addresy all af the
sufety concerny, i amy, assoclated with s wee. It fx the
rasponsibility of the user of thiy standard to estabfish appro-
pricte xafety and health praciices and dererming the applica-
Giliry af regnlatery [imitatians prior o e,

2. Referenced Documents

2.1 ASTM Standordr:

E 4] Terminalogy Relating to Conditioning”

E 324 Test Method for Transfer of Calibration from Refer-
ence to Field Pyranpmaters®

E 913 Test Method for Calibration of Refersnec Pyranom-
eters with Axis Verical by the Shading Mathod?

E 941 Test Method for Calibraticn of Reference Pyranom-
eters with Axis Tilted by the Shading Method®

G 24 Practice for Conducting Exposures 10 Daylight Fil-
tered Through Glass®

G 113 Terminology Relating to Natural and Arntifieizl
Weathering Tests of Nonmetallic Matsrials®

2.2 ASTM Adfunet:

Adivnct Mo, 12-700070-00 A Test Rack®

! Tlus pmctice i under the Jurlpdiction of ASTM Commiies G-3 ca Durablling
af Moametallic Muerisls ang ds the direet fesponsibility of Subsairmiizes GOL.0%an
Notural Environmensa] Tesiing,

Currard edition sppraved Des. 10, 1997, Peblisbed Febraany 195% Originany
rultished se G 7 - 69T, Last previews sdilion (7 - 96

3 dmind Book af ASTHM Stamctaeds, Vol 14,02,

" vl Buek of ASTM Stvedard, Vol 12,02,

“Anwilnble from ASTM Heodquartess, 100 Doee Horbor O, West Conshie.
lracken, PA Q2K Wegupeal ADIGIONT,

Copmpm ® ASTM, 100 Bor Homor Diive, Wan Gomanchaches, BA VEIATEER, Lriled States,

80

2.3 150 Srandords:

130 877 Plastics—Methods of Exposure w Direct Weather-
ing: w0 Weathering Using Glass-Filiered Doylight, and to
Intensified Weathering by Daylight Using Fresnel Mir
rors”

3. Terminology

3.1 Definirions—The definitions given in Terminology E 41
and Terminology G 113 are applicable o this practice.

4. Significance apd Use

4.1 The relative durability of materials in natural exposuras
can be very different depending en the location of the cxposuro
because of differsness in ultruvislet (UV) radiation, time of
wetness, temperature, pollutants, and other facters, Therefore,
it cannot be srsomed that results from one exposure in o singis
location will be useful for determining relative durability in o
different location, Exposures in several locations with different
climates which represent a brond range of anticiputed service
conditions are recsinmendad,

42 Beenuse of year-to-year climarological variations, rc-
suits from a single exposure test cannot be used to predier the
absolute mite at which 2 material degrades. Several years of
repeat exposures ore needed to got 2n “averapge” test result for
o given location,

4.3 Solar ulravielct radiation wvaries considerably as a
function of time of year. This can cause large differences in the
apparant rate of degradation in many polymers. Comparing
results for materials exposed for shom periods (less than one
wear) is not recammended unloss materials are cxposed at the
same time in the same lecntion.

4.4 Dafining exposure periods in terms of total solar er
selar-ultruviolet radiont energy cun reduce varfability in results
from separate exposures. Solar uliravialot measurements muy
be made using instruments which record broadband UV (e.g,
295 = 385 nm) or narrow band 1V, az defined in Scchons 754
and 7.2.5. An inherent limitmtion in salarradiation mcasure-
ments is that they do not refect the efects of wmperatre wnd
moisture, which are often a5 important as solar redintion.

4.5 The design of the exposure rack, the location of the
specimen on the exposure rack, and the type or color of

"avadlable frem the Amencmm Nemiennl SwEndatds leatiiue (ANE, 1430
Draadwey, Mew Yerk, MY 10018,



{ih 67

adjacont spacimens ¢an affect spocimon emperatune and rime
of watnzss, [n order to minimize variability coused by thess
factors, it is recommended that test specimens, control speci-
meng, and any applicable weathering reforence materic! be
placed on a single test pancl or on test panels placed adjacent
to coch ather during cxpoure,

4.6 Tt is strongly recommended that at lsost one contral
materiel be porc of eny exposure evoluntion. The control
material should meet the requirements of Terminology G 113,
and should be of similar composition and construetion com-
pared o lest specimens. Tt is preforokle to use two control
materiols, one with relutively goed dutibilily sad one with
relutively poor durability, Unloss otherwise specified, use at
lnst owe replicute specimens of cach test and control malerial
being cxposed. Control materials included as port of a west shall
b used for the puspose of comparing the performance of test
materialz eelative to the controls,

5. Test Sites. Location of Test Flxtures, and Expogure
Orlentation

5.1 Tewr Strey—Exposures can bo conductod in onv type of
climare. Howover, in order to get imore rapid indications of
outdoor durability, exposures ure often conducted in logations
thut receive high levels of solar rudintion, tempernture, and
maoiztuee, Typicolly, these conditions are found in hot desert
und subtropical or tropical climates, Known attributes of the
use environment should be ropresanted by the locitions se-
lected for outdoor durability evaluation. For cxample, if the use
environment for the product being evaluied will include
freczedthaw cycling, specimen exposurc in a nerthem tempera-
ture cliinate i recemmended. In addition, exposurcs are often
condueted in arcas where specimens wre subjected to salt nir
{seashore) or indusirial pollutants,

50,1 Unless otherwise specificd, test fixtures or rucks shall
b locuted in cleared areas. Tha aren benenth and in the vicinity
of the test fixtures should be characterized by low reflectance
and by ground cover typical of the elimatolopical ares where
the cxposures are beinis condueted, Tn desert areas, the ground
is often gruvel to control dust and in mest tomperare areas, the
ground cover should be lowecut grass. The type of ground
eover ut the expasure shte shall be indicated In the test report.
If test fixwares are pliced on u rooftop, spesimens may bo
subjected to difforenc envirenmental conditions than at ground
level, These differences may affcct test resulis,

3.2 The lowcst taw of specimens on a test Bxeure or rack
shall be positioned at o hoight sbove the ground 1o oveid
contact with vegelation and to prevent damaga that might occur
during arca maintenanes, A minfmum hoight of 0.45 m {18 in.)
above the ground 15 recommended.

5.3 Testfixtues sholl be placed in a loeation so that there s
no shadow on ony specimen when the sun's angle of clevation
15 greater than 20°,

54 Eyposnre Orienrarion—Unless etherwise specified, ox-
Posure ficks shall be orented 50 thor specimens fiee the
cquator, Specimens can he exposed at o nurmber of different
arientutions or “exposure sngles” in order to simulote cnd-yse
condizlons of the materlnl being evaluated. Tpical exposure
angles are s follows:

541 Lalfrude Angle—Exposue mek is positloned so thet

the exposed surface of specimens are al an angle [rom the
horizontal thar s equal to the geographical Intinde of the
cxpasure e,

4.2 #J"—Exposure nck is positioned so that the cxposcd
spoctinens are at on angle of 457 from the horizontal, This is
the most commoniy used exposure orentation.

543 U0°—Exposare rack is positioned so that the exposed
specimens ure at an angle of 90° from the harizontal,

344 $*—Exposure rack is positioned so thut the cxpascd
specimens are at an angle of 5% from the horizontal. This angle
i§ preferred over horizontul exposurc 1o uvoid standing water
on specimens being exposed. This exposore angle typically
receives the highest levels of solar radiation during mid-
summer and Is used to test materials that would nomelly be
used in horizontul or nearly herizonwl applications.

Nurt le=Exposures conducted a2 ss thon f sie Jotide typically
recdive mone ulirvislel rudiction than exposures condicted ut larger
nngles, ;

§4.5 Any other angle thet is mutally ngreed on by all
interested partics muy be uscd. In some instances, oxposures
fuging directly pway from the cquatar ar some other specific
direetion inay be desived. The test report shull contain the exace
angle and specimen orlentstion of any expesure condition
outside of those deseribed in 5.4, 1-5 4.4,

5.5 Specimen Bavklng—Three types of spocimen backing
enn be wied. Comparisens between muterials should only be
made with exposutes conducied with the seme specimen
bcking, :

55,1 Unbuehed Exposyres—Specimens are exposed s that
the: portion of the test sprcimen belng evaluued is subjected to
the effects of the weather on oll sides.

552 Bocked Expostres-~=Specimens nre attached to a salid
substrate so that only the front surface Is oxposed. Surface
temperatunes of specimens in backed exposures will be higher
then far specimons subjected to unbocked exposures, In some
casey, the S‘nbsh‘;utc is painted black, which produccs significant
differences in surfoce temperuture compored to exposures
condueted on unpainted gubstrate, This can cause large differ-
ences in degradation rates whan compared to bicked exposures
condueted on unpalnted subsirutes.

333 Black Box Exposure—-Specimens ore atmehed 1o the
ftont fuce of a block puinted aluminum box (3¢ 6.2.3). The
specimens form the top surface of the box, 1 thare are not
enouph test spechinens to completely cover the tap surface,
open areis shall e filled with black paintad sheat metal panels
s0 that the box 'is complerely closed.

6, Construetion of Test Fixtures (Exposure Racks)

6.1 Marertals of Comvpmerion—All moterials used for test
fixures shall be noncorrodible without surfaec treatment,
Aduninum Alloys 60616 or 606376 have been found suitsble
for usc in most:losntions. Properly primed and coated steel is
sultabla for use in descrt arcas. Manel hug been found sujtuble
in highly torosive arcas. Untreated wood is accoptable in
deserl urcas but may pose maintenance problems | other ureas,
(See Fig, 1)

6.1.1 For botked exposunce (sec 6.2.2 and Fig. 2), use
exteriorgrade plywood 10 form o solid surloee to which
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Mol |—Dutoiled drowings of this test rack moy be ostuined from ASTM Headguortens, 1) Barr Horbor D, W, Conshohocken, PA 19428, Request
Addjunct o, 12:T0007000,
FIG. 1 Typleal Exposure Rack

FIG. 2 Backad Exposuce Rack

specimens are dicectly atached. Replace the plywood whem  ofithe plywoot should be sealed with a durable puint to prevent
there is any evidence of delamination or fiber scparation.  delomination,

Medium-density overlay (MDO) or high-tlensity  overlay
(HDO} plywood are satisfactory substrates and require Jess
frequent replacement than plywoad with na overlay. The cdges

6.2 Tewt Fixnore Dewign—Test racks ghall be constructed to
hold spocimens or specimen holdars of any conveniont width
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FiG. 3 Black Box

best simulates end-use conditions.*

6.2.1 Unbocked Exposures—Tist racks shall be constructed
$0 that most of the test specimen is exposed 1o the effects of the
weathar on all sidas, Spocimens ara anached to the tesr Axpure
al the top or bottom. or bath, using clamping devices, praperly
spaced slotg, or mochamieal fastenars. The method of attaeh-
ment shall not provent expansion and contraction of specimens
cunsed by temperature or maisiure, Use fastening devices for
attsching specimens fo the test fixture that will not corvede or
degrode and cantaminate the specimans, Alumiswm, properly
galvanized steel, or stuinless steel fasioners are recommended,

6.2.2 Backed Exposurcy=—Test ricks shall be canstrucied so
that specimens are aitached lo o plywood substrate, The
(hickness of the plywood and type of coating used shall be
agreed upen by all interested parties und must be repotted.

Norn 2—Backed euposuves ng desetibed o his slandeed wre oot
inauktud exposines, For some applications kuch ok outdosr axposun tests
for reafing products, o layer of ibsulelan tateriol is stinched behind the
selid substrute tu which speeimens are wtached, Insulnied exposunes of
this rypa produce bgher specimen tempersmires than thoss that would be
seen on backed expesures conducted accurding te Uns proctice.

Fit:, 4 Blogk Bex n Uas

end length. Racks shall be constructed so thot any eontamina-
tion feam spocimens higher on the fixre cannot run down
onld specimens in lower positions. Test racks should be
designed to provide backed or unbacked exposures, whichever

6.2.3 Block Box Exposiyes—An aluminum box 0,23 m (0
in) deep with the ootside surfiee puinted black, The top
surfuce i open und fitted with mounting strips 1o Lold

* Deralled drmvwings far an aceepioble test rock may e absined from ASTM
Healqearers, Wil ADJGLODT.

v
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specimens firmly in place. Two types of black boxes are in
common usnge. One measures approximately 1.5 m (5 [5) high
and L3 m {6 ft) wide and the other measures 1,7 m (5.5 fi) high
and 3.7 m {12 t) wide. Fig. 3 shawy the design and dimensions
for an acceptable black box. Fig. 4 shows o block box in usc,

7. Instrumentation? *

7.1 Instruments for determining clmotological dota duting
the cxposurc period should bo operatod in dhe immediate
vieinity of the test eucks. Data obtained shall be reported if
requested ns part of the resuhs of o s,

7.2 Instruments for recording the following are recon-
nended:

121 Ambienr  Temperature  (Dutly  Maximom  and
Miitmetm—Instruments used for recording amblont tanmpgra-
turc shall be u thermocouple (Type T or J), & thermistor, or o
resistance temperatune device (RTD). Any instruinent wsed
shall have o calibraton tracoable 10 the Nutional Institute for
Standards and Techrology (NTST) und must be calibrored no
iess aften than every twelve monchs, Insrruments shall be
mounted inside o white ventilated enelagure,

1.2.2 Relorive Humidity {Daffy Maxtuwn aind Minimami—
Inswwments used for recording relative humidity must have o
calibration taceable to NIST. lnstruments shall be meuntad
insicle a whitc ventilated anclosure,

123 Tuted Selur Radiation—Fer measurement of tote] solur
sadiation, use o pyranomater meeting either WMO First Class
ar Second Class specification. Culibrate the pyranometer o 1he
til-angle at which it will be used in suible mdiometric units,
Culibrote the pyrunometer aguingt an Instrumont tracenble tw
the WRR (World Rodiometric Refirenee) at least annually,
Perform this comparison either by comparison to o suitable
reference pyranameter in accordance with Test Method E 824
ar by ihe direct shading disk calibrution in accordence with
Test Methed E 941 {For wxis vertical and tilied respectively). If
at tilt zalibealions are not availoble, correet far tilt anple offects
in uecordance with the instructions provided by the rdiameter
manuficturer, [ requested, o centifieate of ealibrotion shal! be
provided with all woral solar irmadiance measurements.

Noto 3e=Most sadiometers are colitruted und sold ue wyateims, com-
alute with reud out meuns which e papreptiote unils. In sach casey
radiometens are calibrmed In Wm™, For mdiomerers witheut dircet
cendy-aut, enlibrufion unice should Be Wmrsy=1,

7.2.4 Tolal Selar Ultroviolet Rediatior— For teasurement
of wtal solar wltrivielot mdistlon, wsc o radiometer that
measures Ultenviolet radiation in the wavelength region from
300 to 385 nm. The tatal salor wlirviolel rediometer shall be
calibrated sguinst o stondord source of speetrnl irmndignee
traceable to MIST, or other national standards laboratory, at
ienst wnnvally, The ealibrmtion shall be in suitable radiomeiric
units, preferably in watts per sguare metme pee valt (W™

" Far fanher imtanration an ARy Abation, mee cilher Syeopmzivon on Wegrers
img Couditianiog, ASTAL STP 135, er Seredo, I\ A, Mozmurensan, of Surfnes
Mulwure,” ASTH Srlutjn, Mo 278, 1988, nip, & |41,

T Trvidde it Motova fagioe feeatesamnenty auned hinbuh af Dbrervarhng, St ed.,
WO ¥, Seenanelal of the Werld Meleovslugien] Organizdon, Genten, 953,

" Suiteble colibeatiune ean uelally b abinined (rowt the manufucierer of the
msniment.

-1). 1f requestad, & certificate of ealibration shall be provided
with all total salar ultravioler imadiance measuraments,

T.2.5 Nurrow=Band  Solar  Ulitraqvioler  Radiation—
Warrowband radiomaters con be weed 1o measwe specific
wirvelenpth bands of solar ultraviolot radimtion, Unless other-
wise speeifiod, (for expmple, when measuring solar UV rudia-
ton with a wuw:!ungth greater then 313 nm}, narrow-band UV
radiomoters sholl, whea used Lo Ume or maonitor outdoor
exposurc losting, bave response fimetions in the UV-B region
defined as 280 to 315 nin. The narrow-bond radiometors shall
bo calibrated ngninst a standard source of spectral irmdiance at
least annually, The calibeation shall be i swmable radiomestrie
wnils, prlersbly in watts per square metre par volt (Wim
-2V IF requested, @ certificate of calibration shall be
provided with 4l narrow band solar ultravialet iradicnce
QASUrEmonls.,

8. Procedure

8.1 Prepure oyt specimeny necording 10 siandirds or proce-
duves relevant to the muterials being cvaluated. Identify cach
specimen with o unique mark that will ot be destoyed or
become illogible durlng the exposure,

8.2 If nondestructive fasting 15 used, meusure the desired
preperties on all test and reforence and eontrol specimens prior
lo exposure, If desiruetive testing is done, measwee the lovel of
the dosiced property on a geparate set of specimens, When
destructive tests are wied, separiie sets of specimens qee
needed for cach axposure period desired.

8.3 Beleet one of the following methods for delining the
durution of exposure:

831 Colemigr Bayis—Expose speeimens for o specified
number of days, month, or years. The report shall indicate the
exict dates of the exposure,

812 Radient Exposire Basiy—Expasa apocimons wntil 2
specified level of solar radiant exposure his been nehieved.
Use hemispherical radintion measurements (direct plus scar-
tered soler radiation) us the basis for determining the radiant
exposure, The wavelength region in which the solar cneryry is
mensuree ruust be spaclfied, The instraments used to measure
radiant energy shall meet the requirements of 7.2.3-7.2.5. The
report skull indicate the radiant encegy, wevelengih in whick it
was measured, and exact dates, il oppropriate, of the axposure.

833 Detorforation Baviy—Expose specimens until a speci-
fied physical chonge hos oceurred, Examples are degree of
shrinkoge, eolor change, blistering, glass loss, or lows of
strength. The repoct shall indicate the property used 25 a basis
for defining the exposure, the method used to measure e
praperty, the initial and final values of the desired property, and
the exact dates of he exposure,

80,4 Baved an Property Chatige in Wearoring Reference
Mureriat—With this procedure, 2 weathering reference mate-
vial shall be exposed with the rest speeimens, fopmv: umtil o
specilied change hos eccurred in the weathering reference
material. The report shell deseribe the weathering roforence
materiol used, the property used as a basis {or defining the
exposure, the methed wsed 1o measure the property, the initial
and final values of the mensurcd property of the weathering
refirence material, and the oxact dates of the exposure.,
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REFONT FORM

Labuitiry:
Walalal exposad:

N& Yem

“ThickneE of SAmpss: ;h teing on aumpla;

"R" factor:

Type of backing:

Coaung on backing matsrlal

Arfarmno Materls Ussd-and-Bacding on Matsral;
E; eatkn:

Enpirirs Intrvads:

Expcme akarting date!

Tyvpe of Expasiral Wiatresa—RAain, h

Wemess— Flain end Daw, b

Solnr Finclation
par el

Tempetature, "C
mnx, min

Direct
Bafing piass

EHack bax

Shal bied

Undlarocrer

Sposil (Indicatn
coNGon)

Gedar radiation measurad by:

Mantiee) IformedLion on exposuny;

Troatment o uumpH iy enpon i Moy

Yo —.

Troaument:

Frogquendy:
Meuntitg i fomation on oapasurs;
Hsght nbows ground; 10} Grourid cover

: Cyole:

FI3. 5 Supgastad Raport Form

9, Report

2.1 Repaort the following Informotion with any reforence 1o
exposures conducied wecording the this practice;

9.1.1 Complele description of the test specimens and any
contral and weathering mitenals used, including:

%.1.1.1 Composition, including description of substrate ta
which specimens such s paints, coutings, grophic tpes, ond so
fonth, are epplied, and

9.1.1.2 Mcthod of preparation (relerence applicable stan-
dnrds here),

9.1.1 Location of cxposure (including whethar specimens
were exposed ot grownd level, on o roaftop, and so forth),

%.1.3 Ground cover in aren of test racks,

814 Angle st which exposure conducted,

9.1.5 Type of exposure {unbocked, backed, or blnck box). 1f
backed cxposure is used, include tickness and type of backing
and, il painied, the coler of paint used,

9.1.6 Dae exposure starled and date exposure completed,

9.1.7 If required, solar radiant exposure determined nceerd-
ing to 7.23-7.25, including wovclength in which radiant
energy meosured. IF pequired, include n ecrtifieate of ealibra-
tion for the rudiomater wsed, with this information, and

9.18 If nged, details of any specimen treatmieat such ag
wishing conducted during the cxposvre. This shall ineludc
description of the treatment wsed and the froquency of treat-
meplL

9.1.9 If required, the lsllawing climate information:

9,19, Ambient temperature {dally moximum and mini-
LI,

9.1.9.2 Relative humidity (daily maximum and minimwm),

9.1.9.3 Tatol hours of wetnoss ond method used te mensure,

9.1.9.4 Rainfall in centimetres,

9.1.9.5 Coneentration of pollutants such is NO;, S0, Oy,
und method used W measure the concenration, and

81,10 Results of propenty measwrements if required or
condneted before and afler cxposura. This shall include
description of the method wsed to measure the praparmy,

L. Precision and Bios

0.} Precivion:

10.5.1 Repeatability and reproducibility af results obuined
by this pructice will vy depending on the materials boing
tested, the materin] properry being mensured. the climate in
which the exposures are conducted, andl year-te-year differ-
ences in climute at o single losution. Thetefote, no specific
statement nbout the abrolute precision of the reswhs obmined
by this practice can be made.

10,1.2 Beeawse of the potentially high absolute variability in
results obtained by dils practice, porformance requirements for
miterials tested according so this pructice should be specificd
in terms of comparison with a contrel material. This conwel
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material shall be exposed simultindously with (he test speei-
mon, The speclfic conmal marerial vsed must be agreed upon
by ull interested purties,

10.2 Blas—Bins In resulis obtained according to this prac-
tice will wary with the matwerials being tested, the marterial
praperty being measured, the elimate in which the exposures
ace conducted, amnd year-to-veor differcnces in climate ar a

gingle logution. Tn addition, no acceptable standard referenee
materinls ore availuble for the myrind of materiol weathering
property responscs,
11, Keywaords

111 durability, exposure; wealhering

Tha Amodican &l for Trstng ard Mideiats ios mo poslion mepecing te velllyof any paanf rights asasrod i connaeion
with An et mdnievied i i slandard, Lisses o this slondedd era orpressly Bdvisad that oafarminatian of the vatdlly of any such
pedant tghis, @ tho Ak eF ininpament of suth rghls, 2% enirly lboit owd fozponsiin:

Thls dranasve 1@ Sublacy 10 FAVEIon SLARY W BY [T PsaeAte FAErAT camiiiog and must be raweved avary fvg yoars and
Wnol revisod, ailher re spOVDLad or widrawn. Your commaends 278 ivliaa gither for revislan of (A2 SUANEAR v far ramitanal sinndards
frid s b defdtassed o ASTM Hoadguaries. Yeur commants will rcaive sarsl soanaldsearon sf & mealing af (B Aeapansily
Isahnlaa! somaullas, whlsh ped may atland, If pau fael thal vl commenls have rol received a Ll hednng you abeuld meke youe
viows Kngun 1o Me ASTM Commitea an Slondarts, ai Mo J0drss dhean hadu

Thix siandme i eapyniphned B ASTM, 100 BarrHartor Oriv, PO o SO0, Wik Sassnanaekga, B0 104282080 Lahed Sllas,
individus! rapdats {afagle or muttale coplus) of s sfandnee miy bo ablnived &y contaenng ASTA af tho absve agdvans of af
10-832-0885 dphone), G30-632-0553 (fax). ar sondoo@ozim,am (mal); ar ihmuph dhe ASTM wabale fwsaanm.dg).



qﬂ“’ Designation: G 24 ~ 97

AMERICAN BOGIETY FOR TESTING AND MATERIALS

00 Bare Horker D, Wozi Combohockan, P 13428
Asprinted lam (e Anvus| Bod of ABTM Evendords, Comrighl ASTM

Standard Practice for

Conducting Exposures to Daylight Filtered Through Glass®

This stunadard is isewsed urwder ke faed desiyraiion O &d; e numbur imewdiaely Folbowing e dusignsiin imdicales vhe wer of erigine|
sdoplion oF, in Yhe ens: of revision, the year of kst revieion, A number in perentheses indicates ihe year of bau reapproval, A superseripl
epkllan (&) [adiaivs un siiodul ¢hanygy since the lsat pevdpion er reugmtowal,

1. Seope

1.l Thiz prastice evalustes the resistunce of nonmetullic
mutcrials to solor radiation filtered through gloss,

1.2 This practice is limited to the methed of condecting the
exposures, The preparution of test speeimens and cvaluation of
rerults are coversd in various standerds for the specific
materiuls.

1.3 Exposure conducted according o this peactice ean nsc
two types of exposure cabinets.

.31 Thype A—A cabinet that allows possive ventilotion of
specimens being exposed behind glags.

1.3.2 Type B—Enclosed cubinct with exterdor pointed black
that allows no ventilation of specimens exposed belind glass,
Exposurss conducted using o Type B onbinct arc typically
referved to uy "blagk box under plase exposuras’,

1.4 This peacthee 15 techrically similar t¢ Method B of
180877,

1.5 Thiy standard dosy not purport to addreys all of the
sqfety comcerns, [f amy, avsocialed with Mty we [t fv the
responsibifity of the wer of thiy standord to establivh appro-
priate safery and health preciiess and deferming the appiica-
biliey of regulatory limitations prior to e,

2. Roeferenced Documents

2.1 ASTM Standards:

E 782 Practice for Exposurs of Cover Materinls for Solar
Collectors to Matural Weathering under Conditions Simu-
luting Operational Mode?

E 824 Method for Teanster of Calibratian from Refarence 10
Ficld Pyranometers®

E 903 Test Method for Solar Absorpmnce, Reflectance, and
Transmittance of Metatinls Using Integrating Spheres®

G 84 Practice for Meosurement of Timo.ofsWatnezg op
Surfaces Bxposed to Wetting Conditions os in Atmospheric
Corrosion Testing®

G 113 Terminclogy Relating two Nowral and Artifieinl
Wenthering Tests of Nonmerallic Muteriuls®

! Thix prazibes L under the jurisdivrion of ASTS Commsltee G-3 an Drarabiliy
ol Monmewnilie Materlals and is the dicect reepamalislliiy of Subeommittes G 03,02
o Mutpe] Brwlrenmental Testiap.

Cuarer edition. appravad Mly 10, 1997, Published Oeicbar 1997, Originully
publiched pe G 24 = 73, Lost peeviokd edilion G 24 - 73 (1980),

E fmonal Book a ASPS Suordards, Yol 12,0,

* Aol Bk af ASTM Sterclarsds, Vol 03,92,

* dvengl Book of dETM Srumcurch, ol 14,00,

22 Other Docvments:

W0 Guide to Metoorological Instrumeants and Mothods of
Obseevation WMO Na. 8, Fifih Edition.’

150 105 B0 Textiles—Tests for Colour Fastness, Interna-
tiona! Standardy Organization, Geneva, Switzerland.!

180 §77 Plagtics—Mcthody of Exposure to Direct Weath-
ering, to Wenthering Using Glass-Filtered Daylight, and to
Intensified Weathering by Dayllght Using Fresnel Mirrors,
TnluTnlianﬂ Standerds Crgimizetion, Genevi, Switzer-
land

AATCC 16C Colorfusiness to Light. Duvlight’

A Terminology

L1 Definitions:
3.0, Tho definitions contained in Terminology G 113 aee
applicable to this pruetice.

4. Slpnificance and Use

4.1 Since solur imadiance, air femperature, relotive humid-
ity, and the amount and kind of atmospheric contminants vary
cantinuously, repults from exposwres based on time muy differ.
The varintions in the results may be minimized by dming the
cxposures in terms of one or more environmentnl porameters
such as solar radiont exposuee, or in terms of a predetermined
property chanpe of a reforonce specimen with knewn perfor-
RLTEE.

4.2 Moisture combined with atmosphoric contaminants may
produce degradation effects as great as those produced by solar
ireadionce, This may cxplain differences in rankings of speci-
mony exposed to equivalent solar radiont cxposure when cther
environmental conditions vary,

4.3 Since the method of mounting may influence the tom-
peratarc and other parameters of the specimen during axpo-
sure, there should ke a mutual understanding as w the method
of mounting the specimen for the particulur exposure test under
conyideration,

4.4 Theré ein be lorpe differances in 300 to 350 nm UV
transmission of single sirength window glass. For example, at
320 nim, the pacent transmission for seven different lots of
single strength window gluss ranged from 8,4 (0 26,8 %. For

! Avoilnble fram Wit nisleorologicol Orgenizntion, Oonava, Swilzeriard,
* Awailable stom American Muclonsl Standands Instivats, 1| W, 43d S0, 131
Flaar, Mew York, MY 100246,

" Alleeican Aspozintian of Textlls Chemisin and Coloriste, Ressarch Triunghs
PFatk, PO Box 13214, NC 277091215,
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QH“*) Designation: G 24 - 97

AMERICAN BOCIETY FOR TESTING AND MATERIALS

|0 Bart Hotkar D, ‘Wae Cambahachan, Pa 18478
Fgprinied fram lhe Anvual Bood, of ABTM Exzndors, Comyrighl ASTM

Standard Practice for

Conducting Exposures to Daylight Filtered Through Glass®

This stundard i iseeesd ueder the Raesd dexiynarion G 3d; the aumber imeudiaiely folbawing b dusignsiion indieaios the vuar of eeigissl
sdoption or, in e eosz of revision, the year of Bast revigion, A numbar in perentheses indieates (e yeer of lan rcappesval, A superserip
srllon (g) Iadicaiys un ediloriul ¢hnsyy since the Jaat gevipion or vaupmroval,

1. Seope

1.l This practice cvaluntes the resistence of nonmetullic
metzrials to solar radiation filkered through gluss,

1.2 This practice is limited to the methed of condecting the
axposures, The preparution of test specimens and cvaluation of
results ave coversd in various standards for the specific
matcriuls.

1.3 Exposure conducted according to this peactice ean nsc
two types of cxpesurc cabinets.

.31 Tppe A—A cobinet that allows possive ventilotion of
spocimens being exposed behind pluss.

1.1.2 Tipe B—Enclosed cubinct with exterior painted black
that allows no ventilotion of specimens exposed behing glass,
Exposurss conducted wsing o Typs B cobinst are typically
eeferred to uy "black box under plass exposures”,

1.4 This practice s tehnically similar to Method B of
180877,

1.5 This stancord doey mof purporr 10 address ofl of the
safety comcerns, [ amy, osveciated with Nty we, [t fv the
responsibifity of the wser of this standard ta establish appro-
priate safery ond health procrices and determing the appiiea-
iitey uf regulatory limitations prior 1o wve.

2. Referenced Documents

2.1 ASTM Standords:

E 782 Practice for Exposure of Cover Muterials for Solar
Collectors to Natural Weathering under Conditions Simu-
luting Operational Made?

E 824 Method for Transter of Calibration fram Refarence 1o
Ficld Pyranometers?

E 903 Test Method for Solar Absorptance, Reflectonce, and
Transmittance of Meterinls Using Intograting Spheres?

G 84 Practice for Meosurement of Time-of-Watness op
Surfaces Bxposed to Wetting Conditions o5 in Atmespheric
Coreasion Testing?

G 113 Terminology Relating to Nawral and Artifieinl
Wenthering Tests of Nonmetzllic Muieriuls*

"'This prawiics Ls under the jurisdiction ol ASTM Commitee G-3 an Drarabiliy
ol Manmelaflie Materlals and is the dieeet regamalbllily of Subeemmiibee G 03,02
o Mutaps] Brvlrcnmenta) Tedliap.

Cuarerl ediion oparasyed Jyly 10, 1997, Puldiahed Caisber 1997, Originully
pualtliched px G 24 = T3, Lost previowd odilion G 24 - 73 (19R0),

 tmonal Book ar ASTS Sdaedy, Yol 12,02,

* et Bl af ASTM Standinedz, Vel 03,92,

* el Book of ASTM Stardurcls, Vol 14,02,

22 Other Documents:

WMO Guide to Meteorologleal Instrumants and Mathods of
Obszrvation WMO Ne. 8. Fifih Edition.”

150 105 BO] Textiles—Tests for Colowr Fastness, Interna-
tiona! Standards Organization, Geneva, Switzerland.”

130 877 Plagtics—Methods of Exposure to Direct Weath-
ering, 1o Weathering Using Glass-Filtered Daylight, and to
Intensified Weathering by Davllght Using Frosnel Mirrors,
TntETnlianal Standerds Orgunizetion, Genevi, Switzer-
land

AATCC 16C Colorfastness to Light. Daylight”

). Terminology

31 Definitions:
3,0, The definitions contained in Terminology G 113 are
applicatle to this pructice.

4. Slpoilicance and Use

4.0 Since solur imadiance, air temperatare, relative humid-
iy, and the amount and kind of atmospheric contaminants vary
cantinuously, repults from exposures based on time muy differ.
The varintions in the rosults may be minimized by tming the
cxposures in terms of one or more environmental parametery
such a5 solar endiont exposure, or in terms of o predetermined
praperty change of a reforance specimen with known perfor-
miamee,

4.2 Muoisture combined with atmosphoric contaminants may
produce degradation effects as great as those produced by salar
ircadiance. This may cxplain differences in ronkings of speci-
mony exposed 1o equivalent solar radiunt exposure when cther
environmental conditions vary,

43 Since the method of mounting may Influsnee e tom-
perature and other parumators of the speclmen during expo-
sure, there should Be o mutunl understanding 2s to the methoad
of mounting the specimen for the particulor exposure test under
considaration,

44 There ein be lurge differances in 300 to 350 nm UV
iransmission of single strenpth window glass. For example, at
320 nm, the parcent transmission for seven different lots of
single strength window gluss ranged from .4 1o 26,8 %. For

* Avnélnble fram Wartd Melsorologienl Ongeniznion, Oanova, Switzeriard,
* Availulrle stom American Natlonsl S1ndands Instivute, 11 W, 2 St 13t
Flagr, Mew Yori, MY 10034,

T Alltican Azpogiatian of Toutlks Chemipty and Colarisls, Mescarch Friungle
Patk, PO Box 12215, WG 277093215,



FH53. 1 a and 1b Typleal Well-Vantileted Undar Girss Exposure Cabinet, Type A

FIG. 2 Typlenal Englosod Under Glass Exposura Cobinet, Typa B
{Black Box Under Glags)

this runjge of transmission, the rate of degrudation for materiols
sensitive to short wavelength UV from 330 to 320 nm could
vary by s much as 300 %." Tn addition, exposures conducted
nt different times of the yenr can enuse large differences in mute
of dogradation.”

4.5 In order to minimize differences in 300 to 340 nm UV
angission caused by rapid solarization of new glass, this
praclice requires that gless be pre-aged for thece months prior
to use in exposurc cabinets,

4,6 Differences in UV tronsmission hetween differout lots of
lass persist after solarization.” The lurpest differences in UV
transrmiasion of glass ure betwean 300 and 320 nm, Use of
radiant exposure based on total solar rediation or tetn] solar UV
vidintion ta determing exposura pariods is ool sensitive ro these
differonees. For muterials very senitive o differences in shon

* Bty W, D, and Rebliing J, 8, "UN Trawanslsilen of Siapls Strength Wiidpw
Gilay™, Aecehresmtaed cund Chtslar Dneatblity Teming ef Orauiie Muterindy, ASTAS
ATF 1202, Waeegn (3, Katolo ond Uaugdars Gromsmun, B, Amerissn Soclay Gop
Testly and Motesicle, Philadalphi, 1993,

" Crewalean, L. F ond BuladusSingh, C., A leview of the Warinkilily
Encoumuea) When Exposuns Materinla 1o Qlass Miiered Sanl ight', Avsaboated and
Qutdsor Durahiline Trating af Ongavic Masorinll, ASTM STP 1302, Watnm D,
Kernlts ani Dougins Grusman, Gifs, Amesican Sceiety fbe Tasting and Mulcrials,
Philugetplyin, 1933

wavelength UV radintdon, menitoring UVB cadiation hshind
glass may be the best approach for use when radiant cnergy is
uscd {o determine the length of exposures. However, for
materinls sensitive to long wavelength UV or visible radiarion,
monitoring UVE radiation or using referenee muterialy that are
yery sensitive to short wavelongth solar ulteaviole sdiation 1o
daterming exposure periods muay produce inconsistent results,

4,7 This practice s best used o compare the relutive
porformance of naterinls tested ot the same time bohind the
stme lot of ghuss. Because of varinbility between loty of plass
and betwaen axposures conducted ut different times of the year,
comparing the amount of degradation in materinls exposad for
the sams duration or radiant exposure at sepacate fimes, or in
separete fixtures vging different lats of gloss 18 not recom-
mended. This practice should not be used to ostablish “pasg/
fail" approval of materials after  specific peried of exposurc
unless performance ecomparisony wre mode relative 1o o control
materisl exposcd simultaneously, or the variubility in the test is
quantified so that statisticully significant pass/fall judpments
can be made,

48 It is strongly recommended that at lesst ene control
miierinl be expased with cach teat. The control motcrial should
bz of similar composition and eanstruction and be chosen so
that ity degradation mechanisms or failure modes aro the same
s that of the material being tested, Tt is preferubile to use tvo
control muatcrials, one with relatively pood durability, and one
with relatively paor durability. I eonteo] materlals are ineluded
us part of the test, they shall be used for the purpose of
cemparing the perfarmence of the test moterials relative to the
controls.

4.9 There are other standards which deseribe oxposures 1o
plass filtered daylight, Three eited stundards are 150 105-Bo1,
150 877, and AATCC 16C,

4,10 Becouse of the passibility that eertain materials may
oulges during exposure, it is recomimended that anly simila
muterials be exposed in the same under gloss cabinet.

5. Apparatuy

5.1 Exposure Cabiner;

5.1.1 Type A—Cxposures shall be conductad in o Blaks-
eovered enclosurs or cabinet of any convenient size, Tt shall he
constructed of wood, metol, or other salisfuctory mamwrial, in

v
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order Lo prateel the speeimens from min and weather. and shall
ae open on the Back or sides to allaw ambicnt air to circulite
over the specimens (Fig, 1s and b),

#1.2 Tpe B (Block Box Under Glass)—Exposurcs shall be
conducted in 3 glass-covered enclosuee or cabinct of any
convenient size, It shall be constructed of carrosion resistant
metal and be enclosed o prevent ambicnt air from clrealating
ovar specimens.™ Bxterior nonglass surfaces shall bo painted
(o black, The interiar shall remain vapointed (Fig. 2}

More l==The Bluck box usder gliss fust method is eften used 1o
sienilate under glasy exposures under conditions of Digh wmpasanare, sucl
05 ihe interior of an automebile, However, beepnsic black box wnder glass
citbinens wre enelesed, e lemperiures muy eaceed B0 under conditions
of nigh cutside anyblent zir empozature and selur ireadinnce, Tn additian,
sipnifieun: diffecenees in it und specimen temperorures onn B¢ Cper-
waced belween opper ard Jower poclions of (ke cubinel Freguent
tamperaryre mensurement ond specimen romden may be raquired o
propueely use (his lest mutkod,

5.1.3 Unless otherwise specifisd the gluss cover shall be a
piace of pood prada, clear, flat.drown shest plass, free of
bubbles or other wmporfectlans, Typlenlly, “single steengih™
plass, that Is 2 1e 2.5 mm thick, is wsed,

5.1.31 In order 1o reduce variability due to changes in UV
wansmission of gloss, oll new glass shull be exposed fieing the
cquator, ut the site latitnde angle, necozding 1o Penctice G 7, or
an an emply under ghss exposure cobinet, for at least three
months prior o installation In test cabinets,

Mol JewaOlher stunelurdy deseribing yxposures behind glisy have
di"lrl:mﬂl requirements for glnsd frunsmitinnce and do not require pres
aging.

5,132 After the three mointh pre-exposuce period, it is
recommended that the specirsl mnsmittance of reprasentative
samples from cach lot of glass be measured. Typically, “single
strength® glass will have n transmitiance of 10 1o 20 % at 320
nm snd ar least 85 % at wavelengths of 380 nm or higher ufter
the three manth pre-aging procedurc. 11 transmittonce of the
glass is measured, report tha average for at least theee picees of
the lot of glass being rtested. Follow the instructions for
measurement al’ tmnsmitanes of golid samples rseommended
by the manufacturer of the UV-visible spocrraphotometar used,
If a spectrophoterneter with an integruting sphere is used, the
rieosurcments shall bz pesformed in accordence with Test
bathad £ 003,

Mure 3—Adier the initinl pre-uging perlod, the UV trnsmission of
Willdew gluss is switnble far ot Jenst 80 months of usa, UV iransmission
differences batween lots of gluss persist dudng this time, hawever,

5,103 Wash the exterior surfiee and the imerior surlace of
thesglass cover monthly (or mare frequently, if required) to
remdve dust porticles and other undesirnble matedal,

morr d—Dilfentnl pieces of vinglesinenpth window plase can have
different optleal propertics even if purchased from the some manufaeturas,

+.14 The enclesure or cubinet shall be equipped with 4 rack
which supports the specimens in o plane parallel 10 the glasy
cover ab a distance of not fess thon 75 mm (3 in). The

" Suitble Crbingia metit these requiraments cn by obiained from the
Willinan Marrisan Compamy, Hinleol, KL,

monnting frame or plare sholl be construeted of 0 material that
is compatible with the test specimens. In order to minimize
shodowing feom the wp and sides of ihe cabiner, the wsable
cxpositra arca undor tho glass shall be limited o that of the
glezs cover reduced by twice the distanee (rom the eever (o the
specimens, Three types of mountisg framey or backings may
b used.

3141 Unbackeed vr Open Mounting—Specimens are at-
tached only o edges

5142 Exponded Alwniman Monnting—Specimens are at-
tached to an cxpended alurminum bucking.

5143 Sefid Mounting—Specimens wre attuched to o solid
tncking sush a3 plywaod."

Toan F=The method wsad (o mount specimand bl be selated 10 their
and-use, In evalunting the specimend, the edges of these specimeny that
are sed lo secure e spevimen e Fumeverk should be dissegurded.

5.1.5 The cubinet shall be located where i will receive
dirzet sunlight throughour the day snd where shadows of
obijcets in the vicinity will not fall upon it When the cabinot is
insinlled over soil, the distance between the bottom of the
cubinet und the planc of the cleared orea shall be o sullicient
disines above ground to prevent possible undesirable cffects
of contact with plant growts, or to prevent damage during
maintenance,

506 The gloss sover and the test speclmens shall be
oriontad in 2 manner mursally ngreed upon between interested
parties. The nngle shall be reparted in the results of the test.
Passible exposure orientations are listed as follows!

5.1.6.] Fixed tilt angle equal to the latitude of the expasure
sito with coblnet facing cquator,

3082 Tile angle of 45* facing the cqualor,

3.1.6.3 Scasonally adiusicd Gt angle with cabinet facing the
equitar {the tilt angles supgested by Proctice B 782 may be
used). ond

3.1.64 Trucking azimuth and tilt angle in order te maintuin
the exposure plans normal o the sun's direet beun,

52 Cltmarolagical Instruments:

521 Instruments suitable for determining musimum, rmini-
mumn, and average daily ambient air temporatwre, cobinet air
wmperature (optional}, and specimen temperature (optional).
Ambient air emperature will be measured in o shiclded,
clevated location in the geners] vieinity of the under glass
exposure cabinet.

5.2.2 Trstrumments suiteble for determining the maximun,
minlinum, ind averape daily ambient air hunidicy, and cabinet
humidiy {opticnal),

]5.2.3 Tnstruments for recording solar mdiant exposure under
flang,

5231 Instramental means of mensuring solor radianr ex-
posure onder glass shall consist of a pyranometer cornceted to
an integrating device to indigate the total enargy rocgived ovar
o given peded. Tt shall be mounted wnder glass having the
spectral tmsmittanco charaetoristics specified in 5.1.3, The
pyranometer sholl be sensitive 1o selse irradiance received a1 a

¥ Exteriar plywoul having eilber u smuath paper finisk oa one skl or covered
with whity sardhosrd z1ich 58 Franklin, Groim fong-lelvide up, 1100500 whics Inckes,
stack mimiber G616 or equivalem ey be subsliused.
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geometry similar to that over which solor imadiance is reecived
by the test specimens, The pyranometer shall be o World
Meteorological Orgnnization (WMO) Second Class instrumant
ar beter o8 defined by the WMQ Guide o Mereoralpgical
Instruments,'? The pyranomater shall be calibrated in accars
dance with Mcthad E 824 no less often than annually ngains
WMO Secondary Standard pyranometer or ¢ reference pyra-
nomster whose calibration 5 tmeenble to the World Radiation
Reforence (WIR), '

5252 Instromental means of mensuring solar radiant ex-
posure in specifie wavelenpth regions (such us all or o portion
of the ulwaviolet spectrun) shall consist of o wavelength-band
speeifie glabal imadianes radiomeler connected Lo an integrmt-
ing device o indicate tho energy recoived in a specified
wavalength band over a given poriad (optional), Tha spactral
response of the narow-band radipmeter shall be known and
shell be as Aal ay possible throughout the speetral reyion
utilized, It shall be mounted ueder plass having the spectral
trnsmittance chnrocteristics spesified in 5.1.3,

Morr, G—Baler mdiont gxposare should Do manmurd und expresed in
51 uwnis of Jooles per square metre, One loaghy ik equivalent to
o, 1Ha 107 M,

£.2,4 Instauments suitable for moeasurlng tivee-of-wetness in
accordunee with Praetice G 84 (optional). Time-of-wetness
shall be measwrod in the tame type of cabingt used for exposing
the specimens.

6, Procedure

6,1 Unless otherwise specificd, or agreed to by all interested
purtics, it iy recommonded that a minimum of three replicaey
of cach matetial being tested Be cxposcd. The simultanoous
exposure of o similar number of specimens of b contral is alse
strongly recomricrded.

6.2 Expose the st gpecimens, sontrol specimens, andfor
specimens of an applicuble weathering reforonce material, (Tor
exmple, blue woel) in the gless-coversd exposure cobinet
continuously 24 hours 3 doy ond remove from the cabinet only
[be inspection, raturn, or to protect spoeimeny from possible
dumage during severe weather cvents,

= Cenain WHMO Secuid Cliss pyrmomcten, nolobly those with wegmenizd,
Ilirckeanilentiite reestvers (thy eo-ralled sia2 pyrimamerers) bave been faund 1o
axtilyit signifieant deviasions fam Hie cosing Low ond slgnifleant e and wempemeire
errans Uhit B4 magsified by vmplopmend in glus-covered enclosrey, They should
el b empliod whin sacsful enlbmban fesis huve showr speciic sumenta 1o
b feu of such emars,

" Calibration exstificutos mmand by 1he enlibroling lbenaury shawid sinse the
chain of fruceahiliiy to thu WRIL IT 2 pynnoneelor saasalsstueer i unnble to s
thiu reigairyatuny for st sability, she eslbrtion shall b parfornses by o natlnslly
recaplund galibentinn labesary, Comifiml enlibmbinns tmecabhe wile WK may
ba alwained flo; Toe Bppley Laboruorios, |2 Shedlivkd Ave,. Newncer, K1 02500:
Heratus DRET |sbomiaries, (e, 4560 N, 47t dve,, Phoznie, A BS027-704;
und Eniranmental Reioareh Labamiories, SOAA, 328 eoaday, Byulder, CO
#0301,

6.3 Measure and record dafly the moximum, minimum. send
averags alr wmpernturg and relative humidity in the vicinity of
the test cabiner. [t is also rocommended thar cabinet air
temperature and humiditics as well as specimen temperuture be
recorded.

Mure T—While these comlitions cannel be controlled, o reverd of tham
i esicalbe to indicate the peneral conditions thit prevailed during the
CAQBRBCE.

6.4 Remaove the tes! specimens, control specimens, andfor
specimens of applicable woathering retorence marterial from
the cabinet using one of the following proced wres:

G4l Based ok Amownr of Soldar Radianr Exposire— Ex-
pose the 168t speeimens Tor b specified solor codiunt expostre
dose, either total {all wovelengths) or a selected wavelangth
band, Repert the vesuls in werms of any spocified mathod of
measuring ¢hanges in tost specimens.

64.2 Buyed on Predetermined Froperty Change—TExposc
the tost spocimens (and any specified roforonco specimen if
desired) until @ specified amount of property change hag
oceurned in either the condidate muterals or standard samples,

643 Based o Duratian of Exposwre—Exposc the test
speeimens for u speeified time period. Repont (he resulis in
termd of ooy specificd method of meosuring chonges in test
apeclmens,

644 Boved on Any Otier Specificd Enviranmenial Parain-
erer,

7. Report

7.1 The report shall irclude the following:

7.1 Type of eaposure cabinet used, including the angls of
the crpasure rack, Repont the fansmitianes characlenistics of
the gloss, if meesured, The wuvelengths ot which transmission
is reported should be agroed upon by all interested purtics.

7.1.2 Dates and locetion of exposwre, ineluding the latitude
ol the exposure site,

7.1.3 Applicable physical prapedy or appearance data for
coch specimen obtuined prior to cxposure and nfler coch
axpostrs (narement, 17 replicate specimens arc used, report the
mean and stendurd deviation of cach property mensured.

T4 Mathods used tor meusuring physical or appesrence
properics of tost and control spesimens,

715 Bolar radiunt exposure dom expressed in ST unity,

T.L6 Moximum, minimom, and sverage daily temperuturcs,
ms well us cnbinet aiv and specimon lemperntures, if recorded,

T4 7 Maximum, pinimum, and averapa doily relotive ho-
midity, as well as eabinet humidity, if recorded,

T8 Any other specificd environmental parameter,

719 Any vuristions from the specificd conditions, and

T.L10 Type of specimen rock ond mounting omployed,

8, Keywords
8.1 aging exposurs; glass: uliavioler; weathering

o
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Designation: G 152 — 06

%

Standard Practice for

Flame Carbon Arc for
Operating Open  Light Apparatus

Emulm

Them sismdard = merd ST W Sigd Srepamem G0Y] e st asswrderty blewesy Swodrapaeees e e Bl of
e e - e — v o ST A— L —— o b A e vew ol Lt s sl A
B il R el =

1. Scope

1.1 This pructice covers the basic principles and operating
procedures for using open flame carbom-arc light and water
apparates smicnded 1o reproduce the weathering effects that
oceur when materials are exposed 10 sunlight (either direct or
through window glau) and moistere ax raim o dew in actual
use. This practice is limited to the procedures for obtaining.
measuring, and controlling conditions af exp . A number
of exposare procedures are lrsted in a0 appendin, however, this
practice does mot specify the cxposure conditsons best susted
for the material 1o be tested.

o L 150 ek . e 3l Eup
m—-mi—_nm—m*nln—
0 15, wingh desonbes wery o g for carfen

-n——m_hﬁ-hﬂuﬂ“-_hh
practice

1.2 Test specimens are cxposed o fillered open flame
carbon arc hight under comtrofled eavwonmental conditions.
Diflerent filters are described.

I3 Specimen preparation and evaluation of the results are
covered in methods or specifications for maierials.
General guidance s given in Practice (i 131 and 150 4892-1.
More specific information about methods for determining the
change 1 properties after exposarc and reporing these resalts
1 deseribed in Practice 1 5570

1.4 The values stated in 51 units are w be reganded 2s the
wtangderd

1.5 This sandard does not purport o address oll of the
safery comoermi. f aew asocisted witk i e It i the
respocichlary of the wser of o Senderd ke ciebiid appre-
pragie sefery and hralth praciioes and determme the appisce-
ity of regalsiory lmsanons pror 0w

151 Should any ozonc be goncrascd from the operanon of
the light sowrce, W shall be camied away from the t=s
wecmmens and operatmg personnc] by an cuhaws! sysiem.

1.6 This practice is technically similar o IS0 48923

G - W

1 Referenced Documents

11 ASTM Standands:

[ %0 Practice for Imerlaboratory Testing of Paint and
Relaied Materials'

D 3870 Practice for Calculating Propenty Rewcation Index
of Plastics

£ 6% Practice for Conducting an Interlaboratory Study 1o
Determine the Precrsion of 2 Test Method

G 23 Practice for Operating Light-Exposure  Apparatus
(Carbon-Arc Type) With and Withost Water for Exposure
of Noamctallc Matcrah'

G 113 Termimology Relating to Namwral and Anificial

ing Tests of Nommetalic Matenah

G 151 Practce for Exposng Nommetaliic Matzriak m Ac-
celerated Test Devices that Use Laboaratory Light Sources
12 CIE Siamdard

CIE-Publ Mo E5: Recommendstions for the Imeprated
Irradiance and the Spectral Distribution of Simulated
Solar Radiation for Testing Purposss®

13 IS0 Swendands:

IS0 4%92-1. Plastics—Methods of Exposure to Laboratory
Light Sources, Part |, General Guidance®

I50) 4892-4, Plastics—Methods of Exposure 1o Laboratary
Light Sources, Part 4, Open-Flame Carbon Arc Lamp®

3. Terminology

1.1 Definitions—The definitions given n Terminology
G 113 are applcable 1o thas practace.

111 As wsed in this practece, the term swnliph! i identical
1o the erms dovirght and solor rradigece. globael w they we
debncd m Termumology G 113

4. Sammary of Practice

4| Specwmens are exposed 1o repetstive cycles of light and
mowture ender controlled enveronmental conditions.

" o prbememord ASTM ctosiangs vrsst he ASTW wrihuic, wwew ssim oog, o
prmtact AXTM Cossonser Senoon o wrrs e aam ong r-r»“m-rm

mw.ﬂumume
and Demabiliny sl s e direa sesp iy of Sube
Biiglhiorsd nad Cananliad T

Cmess s sppouned Masch 15, Jmn Pubisshcd May 3006 Ovigwally
wppred oh 1Y Lt parviess cdiinns sppenrd o 0% o0 G 142 - 0

Y .

Tl - ol & g -

* Aymilable froen Amcien Naiwomal Siasdaids Tnsiduie, 23 W dind 3, dh
Flown. Mo Vel NY M0

Camyd € ASTW Srmramaea 100 - miee Dees BT Bos OO0 Wew (otoranees SRS SRS omeme S

mmmu*“
suthoraed per License Agreement with SGS Eweope. Sen Jul 2 213 1911 EDT 2004
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A L1 Maoisture usually is produced by spraving the test
specimen with demineralizedideionized water or by condensa-
tion of water vapor anto the specimen.,

4.2 The exposure condition may be viried by selection of:

420 Light source filter,

4.2.2 The type of moisiure ¢xposune,

4.7 The timing of the ight and moistor exposung,

4.24 The temperpuee of light exposare, and

+.2.5 The timing of a lighudark cycle.

4.3 Comparson of results abtained from spécimens exposed
in samie model of apparates should not be made unless
mproducibility has boen established among devices for the
mieral o be rested.

4.4 Comparisen of results obained from specinens expased
in’ diftérene models of apparitus should not be made unless
correlnion has been established among devices for the material
fin b tested.

3. Signilicance and Use ]

5.1 The wse of this apparatus is intended o indiece property
changes sssociated with the end use conditions, including the
effects of sunlight, moisture, and heat. These exposurcs may
include 4 means 1o introduce moistore Lo the 1esl specimen,
Exposurcs are not intended to simulate the deterioration caused
by Jocalized weather phenomeni, such a8 aimosphenc pollu-
Lism, biological attack, wnd saltwiter exposure, Allernatively,
the exposure may simulate the effects. of sunlighr through
window glass, Typically, these exposeres would inelude mos-
ture in the foom of humidity.

3.2 Canrtens—Refer to Practice € 151 for full cautionary
guidnnes applicable 10 all laboratory weatherng  deviees,
Variation in resulis may be expected when operating conditions
dre vancd within the accepted fimits of this practice, No
reference, therefore, shall be made 1o results from the pse of
this pracice unless aceompanied by a report detailing the
specific operating conditions in conformance with Section 110,
It b5 recommiended that o similar material of known perfor-
mance, a control, be cxposed simultancously with the 1es
specimen 1o provide o standard Tor comparative purposes, Inis
recommended thise af least three replicates of cach manerial
evaluated be exposed in oeach rest oo allow for sratistical
evaluation of resulls.

h Apparatus

6.0 Laboratory Light Sourge—Open flame carbon are light
sourees typically use three or four pairs of carbon rods, which
contuin o mixture of rave.carth metal <alts and have o men|
coating sucl as ¢opper on the surface. An electric cument i
pissed between the carbon rods which burn and give off
ultravialer, visible. and infrared radiation, The carban rad poirs
are burned in segquence, with ane pair burming af any one lime.
Use carbon rods recnmmended by the device muanufacturer,

6.l Filter Types—Ruadiation emitted by the open Aame
carbomn are containg significant leveds of very short wavelength
LY (ess thian 260 nm) and must be fillered, Two ypes of glass
filters are commonly used, Cther filters may be used by muts
agrecmeant by the interested panties as long as the filer type 15
reparted i confurmance with the report section in Fractice
i 15]

Copyright by ASTM 1nt'} (all rights reserved);

2

6.1.2 Nome of rhese fillers changes the speerral Power
disrribution of the open flame carbon are w0 make o mael
daylight in the long wavelength UV ar the visible light resiong
af the spectrom.

6.1.3 The Tollowing factors can affect the speciral power
distribution of open fame carbon are ligh! sources:

6031 Differences in the composition and thickness of
filters can have large effects on the amount of shon wavelengih
U padiation transmitted,

6.1.3.2 Aging of filiers coan result in changas i filie
trunsmission, The aging propertics of filiers can be influcneed
by the composition, Aging of filers con resalt in a signiticant
reduction in the short wavelength UV cmission of o bumer

6133 Accumulation of dirt or other residue on lilters can
ulfect filter ransmission.

6.1.34 Differences in the composition of the metallic sally
used i he earbon rods can affeet the spectial power diswibu-
i

6.1.4 Speciral frvadienee;

G041 Specteal feeadionee of Open Flame Carbon Ave with
Davlighs Frfiers—Daylight fliers are wsed 1o reduce the shon
wavelength UV imadiance of the open fame corbon arc in dan
atempl W provide simulation of the short wavelength UV
region of daylight. *The data in Tuble 1 is representative of the

"Fischrn, R Ketnba. W, Mormay. W, “Inherent Vanahiliy in Accelemiel
Weathermg Devices,” Ferpress dn Ovgeaie Combangs, Yol 19 01997 ), pp, 168179

TABLE 1 Typical Relative Ultraviolel Spectral Power Distribution
of Dpen-Flame Carbon-Arc with Daylight Fillers™®

Spactal Bandpasa Typical Bonchimars Soiar
Wavolargih & v nem Parcans® Radvalion Parcens®E*
b 200

250 = A = 320 23 a8

320 < A = 30 204 460

60 =4 = 400 T 542

*Data in Taben 1 oare e iradiance in (e given BENOpRSS sagrossed as @
peroehiage ol ihe 1ot matance Irom 250 io 400 nm, Annux &1 stales how G
vrlgimend reidie apociial ieradvance

®The dala in Tahig tois roprescrdatve &ng i Dased on e roctanguls
milegraton of the spectral power distnbubons of open llame carbon arcs with
dayEghl linees. Thide & nal encugh dats avadable b eslatifish & maarsagiul
Epaoificaton

= Fot any ndividual spoctsal powes gistibyton, the cadculaten peiconiage for
the Bardpasses = Talite will sum o 100 %, Testiesutls can be expetoed s dilar
BEtween expoRUOE BN Opon llame cartion aic dewices in winh the spectnal
piwer destibulions difter by as much ag that aliowod by Iho 1otgrances bypical lof
dayhight lingrs, Contact the manufaciurer ol the carbon-anc devicas for gpecific
spncthl powar datnBullon ¢ata for e open Bams caban-are and likers used

P The benchmark solar medaton date & delined n ASTM G 177 and @5 4
atmasphene condilions and altilude chosen io masimape the traction of shot
wavelpng solas UV, Whis Bhis dath is grovided Bor Eomparssn purpeses oot a
Inbgraiiry accolornted hght sowes with dayight lilers t prevdn 2 spectum that
% & close malkch b 1his the benchmane sofar gpaginum

T Pupyigus versions ol it standand uasd solas radation dala from Table 4 of
CIE Publication number BS. See Appendis X2 Ios mare inlarmation comparing e
soiar radwtion dala wsod in this slandand with Bhat for CIE 85, Table 4

F Far the bechimark soins spectium, The UV irmdinnco (280,400 pm) @ 9.8 %
and ihe vissblo irndiancs [400-800 nm) @ 005 % éxprosied a5 & poncanlage al
ihe igtal irradiance Bom 250 to 800 Am. The porcomages of UV and waiie
sragances on samales coposed in éoen lame casbon.aic cevices may viry Bl
10 1he nunbr and elactance propanies o spesiment boing gxposed. Ths B
D500 0N MEASUTIMENS i EAMN.ANE HOVCEs Byl M mensyraments have
biéen made ¢ apen Bame carbicn-inc devides,

Reproduction authorzed per License Agreement with SG8 Evrope: Sun Jul 2 23:19:11 EDT 2006
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spectral irradiance received by a test specimen mounted in the
specimen plane of an open flame carbon arc equipped with
daylight filters.

Note 2—The typical spectral irradiance for open-flame carbon arc with
daylight filiers was oblained using a borosilicate glass filier.

6.1.4.2 Spectral Irradiance of Open Flame Carbon Arc With
Window Glass Fillers—Window glass filters use a heat resis-
tant glass to filter the apen flame carbon arc in a simulation of
sunlight filtered through single strength window glass.® The
data in Table 2 is representative of the spectral irradiance
received by a test specimen mounted in the specimen plane of
an open flame carbon arc equipped with window glass filters.

6.1.4.3 Spectral Irradiance of Open Flame Carbon arc With
Extended UV filters —Filters that transmit more short wave-
length UV are sometimes used to accelerate test results.
Although this type of filter has been specified in many tests
because of historical precedent, they transmit significant radi-
ant energy below 300 nm (the typical cut-on wavelength for
terrestrial sunlight) and may result in aging processes not
occurring outdoors.® The spectral irradiance for an open flame

" Ketola, W.. Robbins, J. S, “UV Trmsmission of Single Strength Window
Glass,” Accelerated and Ouedoor Durability Testing of Organic Materials, ASTM
STP 1202, Warren D. Ketola and Douglas Grossman. Eds. American Society for
Testing and Materials, Philadelphia, 1993,

TABLE 2 Typical Relative Spectral Power Distribution for Open
Flame Carbon Arc With Window Glass Filters (Representative

Data)
Ultraviolet Wavelength Region
Irradi asa P ge of Total Irad from 300 1o 400 nm
Open Flame Carbon Arc  Estimated Window Glass
Bandpass (nm)  wilh Window Glass Filters* Filtered Sunlight®
250-270 0% 0%
271-290 0% 0%
291-300 0% 0%
301-320 21% 0.1-15%
321-340 81% 2.4-148%
341-360 132% 23.2-235%
361-380 273% 206-325%
381400 483 % 309-345%
Uhtraviolet and Visible e Region r as a Py ge of Total

Irradiance from 300 to 800 nm
Iradiance as a Percentage of Total Iradiance from 300 to 800 nm®

Open Flame Carbon Arc  Estimated Window Glass

Bandpass (nm)  with Window Glass Fillers® Filtered Sunlight®
300-400 22.7-34.1 % 9.0-11.1%
401-700 51.1-67.3 % 71.3-73.1 %

*Data from 701 to 800 nm is not shown

“Carbon Arc Data—This data are for a lypical spectral power distribution for an
open flame carbons arc with window glass filters. Not encugh spectral data is
for gtul anaiysis to pa it E G03.03

8 workng 1o collect sulficeni data ,n order 1o develop a specification.

“Suniight Data—The sunsght data is for giobal inadiance on a horizontal suriace
with an air mass of 1.2, column ozone 0.294 atm cm, 30 % relatve humidity,
altitude 2100 m (atmospheric pressure of 787.8 mb). and an aerosol represented
by an optical thickness of 0.081 at 300 nm and 0.62 at 400 nm. The range is

by iplying solar irrad by the upper and lower limits for
ion of single gth window glass samples used for studies conducied
by Subcommillee G03.02.¢

©Sunlight Data—The sunlight data is from Table 4 of CIE: Publication Mo. 85,
global solar irradiance on a horizontal surface with an air mass of 1.0, column
ozone of 0.34 atm cm, 1.42 cm precipitable waler vapor, and an aerosol
represented by an optical thickness of 0.1 at 500 nm.

Copyright by ASTM Int'l (all rights reserved);
Reproduction authorized i
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TABLE 3 Relative Spectral Power Distribution for Open Flame
Filters*#

Carbon-Arc with Extended UV
5 B M Bench Solar Maximum
Wavelength A innm  Percent®  Radiation - Percent®=F  Percent®
A< 290 49
290 = & = 320 23 58 6.7
320 < A = 360 16.4 40.0 243
360 < h = 400 6B.1 54,2 B0.1

#Data in Table 3 are the irradiance in the given bandpass expressed as a
porcantage of the total iradiance from 250 to 400 nm. The manufacturer is
responsible for determining conlormance to Table 3. Annex A1 stales how to

ine relative I irradi

O The data in Table 3 are based on the guiar integration of 24
power distributions for open flame carbon-arcs with various lots of carbon rods and
extended UV fiters of various lots and ages. The spectral power distribution data
is lor fillers within the aging recommendations of the device manufacturer. The
minsmum and maxmum data are at least the three sigma limits from the mean for
all measurements._

€ For any individual | power the caiculated percentage for
the bandpasses in Table 1 will sum 10 100 %. Test results can be expected to difier
belween exposures using open flame carbon arc devices in which the spectral
power distributions differ by as much as that aliowed by the 1oierances typical for
daylight filters. Contact the manufacturer of the carbon-arc devices for specific
spectral power distribution data for the open flame carbon-arc and filters used.

©The ASTM benchmark solar radiation data is defined in ASTM G 177 and i for
atmospheric conditions and altitude chosen to maximize the short gth UV
fraction of solar UV, This data is provided for comparison purposes only.

F Previous versions of this standard used solar radiation data from Table 4 of
CIE Publication Mumber 85. See Appendix X2 for more information comparing the
solar radiation data used in the standard with that for CIE BS Table 4.

For the solar sp the UV i {290-400 nm) is 9.8%
and the visible imadiance (400-800 nm) s 90.2% expressed as a percentage of the
total wradiance from 290 to 800 nm. The percentages of UV and wisible imadiances
on samples exposed in fillered open flame carbon arc devices may vary due 10 the
number and properves of beng This is based on
measurements in xenon-arc devices but similar have not been
made in open flame carbon-arc devices.

carbon arc with extended UV filters shall comply with the
requirements of Table 3,

Nore 3—The most commonly used type of extended UV filers are
made from Potash-Lithia glass and are commonly known as Corex D
filiers.

6.2 Test Chamber—The design of the test chamber may
vary, but it should be constructed from corrosion resistant
material, and in addition to the radiation source, may provide
for means of controlling temperature and relative humidity.
When required, provision shall be made for the spraying of
water on the test specimen or for the formation of condensate
on the exposed face of the specimen.

6.2.1 The radiant source(s) shall be located with respect to
the specimens such that the irradiance at the specimen face
complies with the requirements in Practice G I51.

6.3 Instrument Calibration—To ensure standardization and
accuracy, the instruments associated with the exposure appa-
ratus, for example. timers, thermometers, wet bulb sensors, dry
bulb sensors. humidity sensors, UV sensors, radiometers.
require periodic calibration 1o ensure repeatability of test
results. Whenever possible, calibration should be traceable 10
national or intemnational standards. Calibration schedule and
procedure should be in accordance with manufacturer’s in-
structions.

6.4 Thermomerer—Either insulated or uninsulated black or
white panel thermometers may be used. Thermometers shall
conform to the descriptions found in Practice G 151. The type

per License Agreement with SGS Europe; Sun Jul 2 23:19:11 EDT 2006
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af thermometer wsed, the method of mounting on- specimen
holder, nd thie exposure lemperature shall be suited i the test
et

641 The thermameter shall be mounted on the specimen
rack so thet ity surfave is @ the same relative position and
suhjected o the same infleences as the test specimens:

642 Some specificatinns may require chamber air wmpera-
ture conrol, Postioning and ealibration of chamber air 1em-
periture sensors shall be in accordance with the descriptinns
found in Practice (3 151

Niwee d=Tapivally these devices cimirnd By Blak panel empersone
smly

6.5 Metsiure—The 1est specimens may be exposed o mois-
ture in the form of water spray, condensution, or high humidity.

6.5.1 Wrer Sprov—The test chamber may be cquipped with
i means o intreduce mtermitient water spray onto the Tront or
the buck of the test specimens, under specificd conditions, The
spray - shall be applicd 5o that the apecimens are uniformly
wetied. The spray system shall be made from conmsion
FeRISTaN materials that do w conlantinite the water used

65,00 Spare Winer Qualie—Spray water must have a
conductivity below 5 pSfom, contuin less than F-ppm solids,
andl leave no observable stiins or depasits an the specimens,
Very tow levels of silics in spray water can cause significam
theposits on the surface of test specimiens. Care should he taken
1 keep silica levels below 0.0 ppm In addition 1o distillation,
i eombmation of deionization and reverse osmosis can effec.
tively prodduce water of the required guality, The pH of the
waiter used should be reported. See Practice £ 151 for detailed
water gquulity mstructions.

0,32 Condensation—A spray sysiem designed 1 cool the
speciment by spraying the back surfice of the specimen or
speeimen substrile may be requived whes the exposure pro-
gram specifies periods of condensarion.

6.5.3 Refative Humidite—The test chamber may be
equipped with o means o measone and control the relative
humidity, Such instruments shall be shiclded from the lizh
souree radiation,

6.6 Specimen Holders—Holders for test speeimens shall be
made frem carrosion resistant materats that will no sitect the
fet results. Corrosion resistant alloys of aluminam or stainless
sieel have been found acceptable. Brass, sieel, or copper shall
not be used in the vicinity of the test specimens,

G660 The specimen bolders typically, but not necessarily,
are monnted on g orevolving evlmdoeal mck which is noted
around the lght somsice at o speed dependent on e type of
equipment sod which i centered both harizontally and veni-
cally with sespect 1o the exposere wica in the specimen hioldess,

0.6.2 Specimen holders may be in the Form of a0 open
frame, leaving the back of the specimen exposed, or they may
provide the specimen with a solid backing. Any hucking used
may affect test resulis and shall be agreed wpon in advance
between the interested partics,

6.7 Apparaty to Agsess Chonges i Propecties—LUse the
apparatus required by the ASTM or other standard  ihot
deveribes determination of the property or propenics being
manitored,

Copyright by ASTM Ind'l {all nghts reserved);
Repr
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7. Test Specimen

7.0 Refer w Practice i 151

8. Test Conditions

B Any exposure conditions may be used, as long as the
exact contitions are detailed i the repart, Appemliz A1 lisis
SCHTIE Tepreseatative exposure conditions, These are nol neces-
sarily preferred and no recommendation is implied. These
cenditions wre provided for reference only.

U, Procedure

S0 kdentify cach test specimen by suatable mdelible mark-
ing. but not on areas 10 be wsed in testing,

2.2 Determine which property of the test specimens will he
evalunted. Prior to exposing the specimens, guamify the
approprisle properiies in accondance with recognized ASTM or
international standards. 1 required, for example, destroctive
testing. use unexposed file specimens 1o quantify the propeny.
See Practice 1) 3870, for detailed soidance.

93 Mennting of Test Specitnens—Atach the specimens to
the. specimen holders in the cquipment in such a manner that
this specimeiny ave nol subject to any applicd stress, To assure
uniform exposure conditions, fill all of the spuces, using blank
panels of corrosion resistant material i necessary,

Nome S—Ewaluanon of color and appearaice. chaigies of expased
imzleials mis e made basod op ComipRarins lo unexposed apecimeins af
the swne mteriol, which hive been stored in the dark, Masking o
shichibing the fice of test specimens with an opague cover foe e purpse
of abwing the ¢ffects of expasure on one panel is not recommended
Misleuding resuhis niy be obtuingd by this method. sinee the masked
fHartiom o the specimen s still expesed 10 enpetatire and humidiny Thi
mmany cases will alfest resubiz,

Y4 Egposie to Test Condiiions—Program the selocred test
conditions 1o opesate continuously throughout the reguired
number of repetitive cycles. Maintain these conditions
throughout the exposure. Inferruptions to service the apparaius
aneh to pnspect specimens shall be minimized.

E Specimen Reposioning—Periodic repesitioning of the
specimens during exposure is nor neeessary if the irmadianee al
the positions faghest from the center of the specimen arca is al
least 90 % of that measured mthe center of the expuesine e,
liradiunce uniformity shall be determined in accordanee with
Prictice £3 131

950 I irradiance at positions farthest fron the cemer of the
exposUne e is between 70 and 90 % of that measured the
center, ane of the following three techiniques shall be used for
specimen placement. )

S50 Pevindically reposition specimens dunng fhe expee
sure perivd 10 engure that cach receives an cqual amounl
rudiant exposure. The repositioning schedule shall be agreed
upoa by wll intcresred partics.

©.5:1.2 Place specimens only In the exposure area where the
irradionce 15 at Teast 90 % of the muximun irradianee.

U4.5.1.3 Tocompensate fortest variahility, andomly I'“'":
replicate spesimons within the exposure areq wh'lt‘h_m':fts !
irradiance uniformity requiremients as defingd m 230

9.6 Inspectinn—IF it is noccssiry tp remove 3 fest specimen

et : i
for periodic inspection. take care noi w handle or distd I be
test sarface. After inspuection, the test specimecn shi

ction outhorized per License Agreement with SG5 Europe: Sun Jul 2 23:19:01 EDT 2006
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returnedd 1o the test chimber with (ts test surface i the same
orieniation a5 previowsly tesied.

97 Apparetus Moftiemonce—The WSt apparsius requires
peradic maintenunce 10 maintiin uniform exposure conditions.
Perform required muntenunce and calibration in aceordance
with manufactures’s imstructions,

08 Expisc the test specimens for the specified period of
exposyre. See Practice 0 151 for further gadunce,

9.9 Anthe end of the exposure, guantify the appropriate
propertics in accordunce with recognized ASTM or inerna-
tiomitl standarls and report the results in conformance with

Practice G 151,

Mot b—Pernd of exposure and evalunsiin of 18 resls sne s
dressed dis Pravtice €0 13

10, Test Report
0.1 The test report shall conform to Practice G 151

1L, Precision and Bias

LT Precision:

FL1 The repeatsbility and reproducibility of resulis: ob-
tiined in exposures conducted dccording to this practice will
wary with the maserials being rested, tie material propenty
being measured, and the specific test conditions and eycles that
are used, In round-robin stedies conducted by Subcommitiee
GOX03, the 60° gloss values of replicate PVC wpe specimens
exposed in differen laboratories wsing identical test devices
End cxposure cyeles showed significant variability.” The vari-
ability shawn in these round-robin studics restricts the use of
absolule specifications, such as requining a specific property
level after a specific exposure period.

P2 IF a standnd o specification for peneral use reguines
a definite propeny level afier o specific time or radian
exposure inoan exposure test conducted sccording ta this

" Faschier R, 6. “Resitin of Ruani-Hahin Studics of Lights and Waier Eapusiste
Stanadatd Practices,” Sveweiamr ow Aceptemved wad Ghastor Suediline Tesmag of
Drgaitis: Mervst, ASTA ST F202, Wames 8. Keiola snd Dooglay Gnwsmim,
Editors, ASTM, 19493

Copyright by ASTM Intl (all rights reserved):
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practice, the specified propenty bevel shall be based on resulis
obfained 0 & round-robin that mkes into consideration the
viribility due to the exposure and the test method used 1o
medsire thet propedy of anterest, The round-mobin shall be
comtlucted aceording 10 Practices 1 W80 or E 691 and shall
nchide a sttistically representtive sample of all laboraorics
or iganizations who aormally would conduct the exposure
and propeny nseasurement,

LS I a standard or specilication for use Between o or
three partics requines o defimite propenty Tevel after a specific
time o7 sadinm exposure in an cxposure test conducted aceord-
iy 1o this practice, the specified propeny tevel shall be based
on statistical wnalysis of results from at lesst iveo separate.
independent exposires in each laborstory. The design of the
experiment used to determine the specification shall rake into
censideration the variability dec to the exposure and the test
methed used to measure the properiy of interest.

H1 4 The round-robin studies ciied in 1111 demonsteate
that the eloss values for o series of materials conld be mnked
with o high level of reproducibility between laboratories. When
reproclucibility in resulis from an exposure test conducted
aceording to this practice have not been established through
rownd-robin testing, performunce requirements for materials
shall be specified in terms of comparison (ranked) 10 2 control
maerial, The control specimens shall be exposed simulia-
necusly with the test specimenis) in the same device. The
specific contral material used sholl be sgreed vpon by the
concemed partics. Expose replicates of the iest specimen and
the contral specimen so that statistically significant perfor-
mance differences can be determined.

1.2 Bigs—Bias cannot be determined because no accept-
ahle standard wemtbering reference matenials are available.

12, Reyvwords

121 eeelerated, accelerated weathering: carbon are; dura-
bility. exposure: laboratory weathering, light; lghtFasimess:
nemmetallic muterials; open flame carbon are; sunshine carbon
are; temperature; ultrmviolet, weathering

Reproduction authorized per License Agreement with SGS Europe; Sua Jul 2 23:19:11 EOT 2006
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ANNEX

Al DETERMINING CONFORMANCE TO SPECTRAL POWER IMSTRIEUTION TABLES

(Mandatory Information for Equipment Manufacturers)

Al Conformance to the spectral power distribution tables
in i design parameter for un open Rume carbon-ure with the
differem filters provided. Manufaetirers of equipment claiming
conformance 10 this standird shall determine conformance o
the speciral puwer distribution tables for a1l carbon-arc/ilier
combinations provided, und provide information on mainte.
nance procedures o minimize any spectral changes that may
occer dusing normal use.

AL The spectral power distribulion data for this sandand
were developed wnang the rectangular intcgranion iechnique. Eq
AL is used 1o determine the relative speciral iradiance using
revtameuiar imtegration (ther imtesration techmiques can bhe
i t0 evaluate spectral power distribgtion data. bet may give
differemt resplts. When comparing spectral power distribation
data 1o the special power distribution requircments of this
standad, wec the rectangular imlcgration fechmique.

Al To determine whether 2 specific filicr for an open
flame carhon-arc device meets the requirements of Tabie 1,
lahle 2, or Table 3, measure the spectral power distribution
from 2500 nm 1o 400 nm. Typically, this is done @t 2 am
increments. If the manufaciurer's speciral measurement eguip-
menl canhot mcasure wavelengths as low ax 250 nm, the
lowest measurement wavelangth must be repored. The lawesi

wavelength measured shall be no greater than 270 nm. For
determining conformance 1o the relative spectral imadisnce
reguirements for an open Mame carbon-are with extended UY
filters. measurement from 250 nm 1 400 nm is required. The
total irvadiance in ench wavelength bandpass is then summed
and divided by the specified wotal UV imadiance sccording 1o
Eq AlL Usc of this equation requircs that cach speciral
interval must be the same (for example. 2 nm) throughout the
speciral region used.

LALTY

where:

relative iradiance m percent,

uradiance st wavelength A, (iradiance sicps must be
equal for all bandpasses),

lower waveleagth of wavelengih bandpass,

upper wavelength of wavelengih bandpass,

lower wavelength of total UV bandpass wsed for
caleulating relutive spectral irradiance (290 nm for
daylight fillers, 300 nm for window glass filters, or
250 mm for extended UV filters), and

wavelength at which imadionce was measured.

M= M
1

P
i

APPENDIXES

I sommandatars Information)

AL EXPOSURE CONIHTIONS

XL| Any exposure conditions may be wscd. @ long as the
e1a01 conditions. are detailed in the repon. Followsg are wene
fepresenistive caposare conditions. These are ool prcferred
nccevsanily aad no ecommendation is implicd These condi-

ASTM Int'l (all rights reserved);
with 5G5S E

tinns arc provided for reference oaly {see Table X1.1)

X122 For conversion of test cwcles sec Tahic X102
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TABLE X1.1 Commaon Exposure Conditiens

Mo | ==Hustrical conventinn has established Cwebe Ba os 3 very commonly sl exposuee cycle. Other eyeles may give o better samulsion of 1the
effects af vutdoor expasure. Cyule 2 s been used Tor exierior wesnles; Cyele 3, 4, ond § have been used for exderioe coatings and stans, Cyele 6 has
trecen voedl far ightfastness of idoor mpeeals, The operational fluctustoon values given for the st point iempernures are these ban have heen Bismaically
used for these enpodures sml aviy be abave the masimum aperational Nuctusion green o Practice O E51,

MNonn 3—Mare comples cvebes may be programmed 0 conjusction with dosk periods that allow high relative hinddidies and the Tenmatinn of
comnbersaie o elevared chamber iemperaunes, Combensation iay b produced on the Toee of the apecimens by spruying the rear side of them 1o gool thesn
helow the dewpaint

Mewe 3—Fnr cpecial fests, gh opetating temperalunes may be desamble, But tbus sall anereass the londency for thennal depradiinn o adversely
mfluence the test resulls

Mo A—Surfuce wnpennure of specimens s an cssental wss quaminy, Generally, degradanon processes aceelerate with increasing temperature, The
speamien lemperature recommended [nr the sccelerited sest depends on the materal 10 be teded and on the aging eriteson under considesagion.

Morr 5—The relanve bummbitg of e e s measured 0 the test chamher 1w pecessinly cyuivalent 1o the relanve ity ol the air very chise
10 the speciinen suelage, Thiv i bevanse dest specimens hiving varving el asd thickngsses iy be expeciod W vary in lemperaluee.

Cytin Fizpr Exposung Gyl

v Dapght V32 men light a1 63 23)"C black pan empacatone
18 min bgfn and wator spray air lemperabang noet coningdgd)

ta Extondid LV RO2 mim lgne 0 63 02 3)°C black pandl lemparalee
V8 min bghl and watar spray ain lemparatiung neb coninaied)

2 Diaigt 30 min bghl, T0 (= 5] % AH, a1 77 {= 3°C beack panel tamparature
30 min Tl and wabar Bpiay @i tompeidtudd nal Sontiolled)

3 Daytegm VO man lght ab 63 (= 3)°C uninsutaled DIACK pans InmpaRurD
18 min Gght & water spiay, air lemperatura not controfied
repenled ning Limes for o talal of 186,
Iollowed by 6 I Tk at 55 % (= 4.0) AH. ot 24 [22.5/C

] Extendod UV V02 nin lghl at 63 (=3} unindudsled black pangl U
16 men hight & water speay, air bempiatung nod condolied
repaaled nine times for o lolal of 18h,
odkgwid by 6 0 dask Al 85 (=4.0) % AM, a1 24 (=2.5)°C

'y Darylghl & b bghl &1 63 [239'C black pamed lgmparnlum
4 Bght & waber spray (0 lampersatune nol contodaed)
5 DOayght 12 hlight as 63 [=3)°C black pangl lemporature
12 h bght and weaber Bpray {ai lempdalure nol controBed)
B ' wWindaw 100 % ight ai 53 | =3)"C biack pano! igmparaiung
Glass
T

Copyright by ASTM Int'l {all nghts reserved);
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TABLE X1.2 Convers:on of Test Cycles trom 523 1o G152

G235 Tew Cyvte Doscrgion tor £ or E4  Cormpapongng Yol Cytie = G150
Devsed

G 22 Mehog 1 — Contrmt, aght
A eI w A B Ry T

Many congdns coull e uied. but ing
Iskawang & o only speche tanditon

dosevined

WIZ mun bght anky [umagulaied black

pang! temparnbure 1 83 -+ 2.5°C)
18 man it o waldd igray
Fumaddy sel poant nal felned

G152 Tatee X1 1 Cytle 12 & e samg -
a3 T ohe Rpeid ConZRon OEstTaeg
mGT3 Mihog 1

GX3- Mefog 7 — shewnate srposume  Cycies 2. ). 4. and & n G152, Tabie

5 kgt g dars and eacamamenn
RGeS w0 gy

e ol s o

Sevs Wil B WP POCE ST
50 e [Type £H) No specic igea/

e ]

Leghl pe=od comgMont Seme 5E i
Mgitiog 1

Humisiy sod pont nal dobman
Langih of dark panai not dohnpg

ATV prowady MICrIN eRDOTULE DO gt
A Y e Een ST Y AN
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X2 COMPARISON OF RENCHMARK SOLAR UV SPECTRUM WITH THE CIE 55 TABLE 4 SOLAR UV SPECTRUM

X2 This standand uses a henchmark solar speciem hased
on amospheric conditions that provide for a very high level of
solar uhravioler radiation. This benchmark solar spectrum i
published in ASTM G 177, Suandard Tubles for Reference
Solur Ulaviclet Speciral Distibutions: Hemisphe rical on 37
degree Tilled Surface. The solar speerrum s ealeulued using
the SMARTS2 solar rmdimion model *™" ASTM Adjunct
ADIGOITI. SMARTS? Solar Rudiation Model for Spectral
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Radiation provides the program and documcntation for caleu-
latimg solar spectral imadiance.

K22 Previous versions of thix sundard used CIE 85 Tuble
4" as the benchmark salar specirn. Tuble X2 compures the
bhasic mmospheric conditions used for the benchmark solur
spectrum and the CIE 85 Table 4 solar spectrum,

X1} Table X217 compases irradiance (calculated using
rectangular istegration) and relative iradiance for the bench-
mark solar specira and the CIE 55 Table 4 solar spectrum. in
the bandpasses wsed w thes standarnd
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TABLE %21 Comparison of Basic Atmospheric Conditions Used
far the Benchmark Solar Spoctrum and CIE 85 Table 4 Salar

Spoclrum
Agmasphans Benchimarnk CIE 85 Tahie 4
Cangton Selar Spectrum Solar Spocinum
Dzone (abm-cm) .30 034
Procpanbie walor wapot (cmj 057 1.48
Alubucha {m} 2000 a
T angls 37 tacing Equasos 0" [hosizoraaly
Mg mASS 106 100
Amedo (griwnd rafiectance) Light Seal wavalength Constanl ot 3.2
cpandent
Agtesgl princton Shetie & Fenn Fur!  Equivalont fo Linke
[humidfty Sapendgnly Tuirbidity facsor ol
bl 2.8
Agiosol ophcal thounoss al 008 0.1
500 nm

TABLE X2.2 Irradiance and Relative Irradiance Comparison for
Benchmark Solar Spectrum and CIE 85 Table 4 Solar Specirum

Banchmark CIE 85 Tabln 4
e Sotar Spectrum Salar Specium
mragance [Wim?| in slated bandpass
A< 250 0,000 0.0k
2905 4w 320 3.748 4050
320 < b= 360 266610 8,450
360 = b= 40D 34.762 42.050
200 = &k = 400 [ZRFA] & 550
200 = & = B0 652300 GFA.7E0
Frament al 200 80 400 nm fradiance
b < FOD 0% 0O%
200 < h = 220 S0% B4%
320 « & = 360 0.0 % /2%
M50 = A = 400 HE% 56.4%
Percent of 390 1o 800 nm itradiance
290 = L = 400 DB % 1M.6%

dsmmwmmmmmmwdwmmrmuauumdhm:ﬁmm'mawmmﬁmd
in thiz stanoard. Uisens of this rd ane ly Bovised dhat di ret e g ety of Ay gl patend rghts, and the nisk
o indningamant o 2ueh nghls, ave antialy INaw own responsiility.

7mw:mlamw.m:rwmwmmmmrcmpﬂmﬂmmmmmm;wmmum
f rof eovvisod, Silfier reapEraved o withdiime, Your EOMMENTS 38 ivifgd ey for ronision of ths: or for additiona! et
and shaudd be acdrased ta ASTM iomal 5. Yo cammpnts will recoi caniul consideniian ol & mpating of ihe
TN fanical oo i Mmmmm.umrurﬂlmmrmmmmuummlmrmrwwrwmld
mwmmmmwaerManMm"Mnm:smm

This stanclard i copyrightad by ASTM lnfermatisnal, 100 Bar Marar Dave, PO Box CI00. Wikt Conshohocien, Bl 154262050
United Seates. tagivigual rearals (g ov mulpie copaps) of dhi stancard may be chlawnod by contacing ASTM af far abave
address o af GIMBA-9585 (phong), GTO-BAZ-G555 fax) or sorvico @Asemong (mmad); or through ihe ASTM websife
v 3Ehm o).

i

Copyright by ASTM Int] (all rights seserved);
Reproduction authorized per License Agrecmen

1wl 5G8 Europe: Son Jul 2 230911 EDT 2006

85

101



v I N

102

e i 12

Designation: G 154 - 06

i

Standard Practice for

Operating Fluorescent Light Apparatus for UV Exposure of

Nonmetallic Materials’

Thei stmdend i il under the fued deugmation G 155 the mamber immediatedy follewng the deugiason mdwaes ibe year of
ongnal adopien or, im e coe of svion. e vesr of L feviess A Semiby = parensheses il the vear of s reapproval A
AEPERICRpE Eprakin in) aidkiabey 38 ediborad (Rusge wacr B lnd nnasn o resppooval

Biote—A foctaoie wid adoest 0 Tabi K71 Tabe K23 mas adoed a ww Nots A7 3 was 330ed 000 T yeer daly was canged on June 5 2008

1. Scope

L1 This practice covers the hasic principles and operating
procedures for wsing Muorescent LTV light. and waler apparatus
intended 1o reproduce the weathering effects that occur when
materials are exposed to sunlight (cither direct or through
window glass) and moisture as rain or dew in actual wsage,
This practice is limited 1o the procedures for obiaining,
measuring, and controlling conditions of exposure. A numt
of exposure procedures are listed in an appendix; however, this
practice does not specifly the exposure conditions best suited
for the material to be lested.

Nomt | —Practice G 151 describes perfor i for all exp
devices st wse Luboratory g This places Practics
G 53, whach describes very specific desiges for devons med for fheorey-
cem UV expossres. The spparstos. described an Pracsor G 53 s covesed
by thas practice.

1.2 Test specimens are exposed 1o fluorescemt UV Fight
under controlled environmental conditions, Different types of
fluorescent UV light sources are described,

1.3 Specimen preparation and evaluation of the results are
covered in ASTM methods or specifications for specific
malerials, General guidance is given in Practice G 151 and 150
4892-1. More specific information about methods for deter-
mining the change in propenies afier exposure and reporting
these results is described in 1SO 4582

1.4 The values dated in S1 umits are & be regarded as the
dandard.

1S This sandard does not parport jo eddress oll of the
safety comcerns, if amy avwocioted with ity wse. I is the
responsibiliny of the user of this standard to extablish appro-
priate safety and hegith practices and determine the appiica-
biliry off regulatory limitations prior to wse.

1.6 This standard is technically similar 1o 150 4892-3 and
IS0 DIS 11507,

ol ASTM T Y om

iy of

' This pruciics is under ihe
d Darabilory and i the dieet
wnal C iiled E: ‘lnu
Cumest edition spproved huse 3. 2006 Publivhed June 2008 Originsly
approved s 1997 Laxt prevass it apprecd e 2008 o G 14 -2

ng
G50 om

1. Referenced Documents

21 ASTM Swandards: *

D 3980 Practice for Inerlsboratory Testing of Paint and
Related Materialy

E 691 Practice for Conducting an Interlaboraory Study to
Determine the Precision of a Test Method

€ 53 Practice for Operating Light- and Water-Exposure
Apparaius (Fluorescent UV-Condensation Type) for Expo-
sure of Nonmetallic Materials

G 113 Terminology ing 10 Notwral and Amificial
Weathering Tests for Noametallic Materials

G 151 Practice for Exposing Nonmetallic Materials in Ac-
celerated Test Devices That Use Laboratory Light Sounces

22 CIE Siondard:

CIE-Publ. No. £5: Recommendations for the Imegratcd
Irradisnce and the Spectral Distribution of Simulated
Solar Radiation for Testing

23 IS0 Srandards:

1503 4542, Plastics—Determination of the Changes of Co-
lour and Variations in Properties Afler Exposure (o Day-
light Under Glass, Natural Weathering or Artificial Light*

150 4892-1, Plastics—Methods of Exposure 1o Laboratory
Light Sources, Pant 1, Guidance®

I.SDWJ Plastics—Methods of Exposure to Laboratory

S , Pant 3, Fl UV lamps*

IS0 DIS 11307, Paimt and Vamishes—Exposure of Com-
ings w0 Amficial Weathenng in Apparatus—Exposure w0
Fluorescemt Ultraviolet and Condensation Apparatus®

1. Terminology
1.1 Definitions—The definitions given in Terminology
G 113 are apphicable 10 this practice.

" For referenced ASTM standads, visit the ASTM webaile, www.astnuong. of
cuntat ASTM Customer Service at service @astm. g, For Awawal ook af ASTH
Swanierds vohame reler (o ihe s Ducumant Summady page on
ihe ASTM webile.

" Availsble from Secrerary, U 5. Nurioeal Consmeties, CIE, Mamonal Iniipae of
mnhmmmmuuw

* Axalable feoem A Natisnal § (ANSIL 25 W, 30nd 52,
Iah Flowr. New Yok NY PSS

Copy g © LET™W Fuswsera 00 Bee mater Jrmw S0 Bos 70 s Comprorocses. P TR 2F Urees Suned

by ASTM Int1 (all rights )
%nlhmﬂpﬂrhmhmm with SGS Ewrope; Wed Nov 1 21:00:12 EST 2004



£ G154-06

32 Definitions of Terms Specific to This Standard—As used
in this practice, the term sunlight is identical o the terms
daylight and solar irradiance. global as they are defined in
Terminology G 113

4. Semmary of Practice

4.] Specimens are exposed w0 repetitive cycles of hight and
mossiure under controlled snvironmental conditions

4.1.) Moisture s wsually produced by condemsation of
waler vapor onto the test speamen of by spraying the speoi-
mens with demincralized/desonized water.

4.2 The cxposure condition may be varied by selection of:

421 The fluorescent lamp,

4.22 The lamp’s imradiance level,

423 The type of moisture exposure,

4.24 The uming of the light and moisture exposure,

4.2.5 The temperature of light exposure, and

4,26 The temperature of moisture exposure, and

4.2.7 The timing of a light/dark cycle.

4.3 Comparison of results obtained from specimens exposed
in same model of apparatus should not be made unless
reproducibility has been established among devices for the
malerial to be tested,

4.4 Comparison of results obtained (rom specimens exposed
in different models of apparatus should not be made unless
correlation has been established among devices for the material
0 be tested.

5. Significance and Use

5.1 The use of this apparatus is intended 1o induce property
effiects of the UV portion of sunlight, moisture, and heat. These
cxposures may inciude a means 1o introduce moislure 1o the
tesl specimen. Exposwres are nol intended w0 simulate the
detenoration caused by localized weather phenomena, such as
mhw-ﬂ.-ﬂﬂmm

sure. Allernatively, the cxposure may simulsic the effects of
sunlight through window glass. Typically, these exposurcs
would include moisiure in the form of condensing humidity.

Nom 1—Caution: Refer 1o Practice G 151 for full castiomary guidance
applicable w all laborasory weathering devices.

5.2 Vanation in results may be expecied when operating
conditions are varied within the accepied limits of this practice.
Therefore, no reference shall be made to results from the use of
this practice unless accompanied by a repont detasiling the
specific operating conditions in conformance with the Section
I

521 Itis recommended that a similar material of known
performance {(a control) be exposed simullaneously with the
test specimen to provide a standard for comparative purposes,
Itis recommended that at least three replicates of each material
evaluated be exposed in each test to allow for statistical
evaluation of results.

6. Apparatus

6.1 Laboratory Light Source—The light source shall be
fluorescent UV lamps. A variety of fluorescent UV lamps can
be wsed for this procedure. Differences in lamp inensity or

Copynight by ASTM Int1 (all reserved),
Reproduction authonzed r.md

spectrum may cawse significamt differemces in test results. A
detailed description of the type(s) of lamp(s) used should be
stated im deiml in the lest repor. The panicular testing
application determines which lamp should be wsed. Sec Ap-
pendiz X1 for lamp apphcation guidclines.

Noww 3—Dho ot man delferens types of tamps. Miing different rypes of
lemps m & Seoreacest UV bl spporans, oy prodece Sapon sooms:
iencees. w the gt lallng on e semples. gakcss the apparate. han bocs
spenfically Sesapmed o cnuors 3 emiform spectral distnbestion.

Nere d—Mlany floorescent s spe apmbcaly with eviended v
Fﬁthmnﬂ_’imuﬁm“
ary 1o d irradisnce (1.2},

6.1.1 Actual wradiance lovels at the test specimen surface
may vary due 1o the type or manufacturer of the lamp used, or
both, the age of the lamps, the distance to the lamp array, and
the air temperature within the chamber and the ambient
laboratory temperature, Conseguently, the use of a radiomeler
to monitor and control the radiant energy is recommended,

6.1.2 Several factors can affect the spectral power distribu-
tion of fluorescem UV lamps:

6.1 2.1 Aging of the glass used in some types of lamps can
result in changes in transmission. Aging of gluss can resull in
a significant reduction in the shon wavelength UV emission of
some lamp types,

6.1.2.2 Accumulation of dirt or other residue on lamps can
affect wradiance,

6.1.2.3 Thickness ol glass used for lamp wube can have large
effects on the amount of shom waveleagth UV radiation
transmitted, and

6.1.2.4 Uniformity and durability of phosphor coating.

6.1.3 Spectral Irradiance:

Norr 5—Pleorescont UVA lamps are avaslabile with a chouce of spectral
deacified s UVA- M0 and LU'VA-35]. These numbers roprescal the
characterntc nomstal warvelength (8 mm) of peak emmoon for esch of
these lamp fypes. The actal pesk emescons e of M3 aad 350 am.
respecuvely.

6.1.3.1 Spectral Irradiance of U'VA-340 Lamps for Daylight
UV—The spectral power distribution of UVA-340 fluorescent
lamps shall comply with the requircments specified in Tabile 1.

Mo 6—The man spplication for UVA-330 Lemps is for samalateon of
the shon and middle UV wavelength repion of daylight

6.1.3.2 Spectral Irradiance of UVA-351 Lamps for Davlight
UV Behind Window Glass—The speciral power distribution of
UVA-351 lump for Daylight UV behind Window Glass shall
comply with the requirements specified in Table 2.

Note T—The main application for UVA-351 lamps is for simulation of
the short und middle UV wavelength region of daylight which has been
filtered through window glass (31,

6.1.3.3 Spectral Irradiance of UVB-313 Lamps—The spec-
tral power distribution of UVB-313 Auorcscent lamps shall
comply with the requirements specified in Table 3.

Nore B—Fluorewent UVE lamps have the spectral distribution of
radiation peaking near the 313-nm mercury line. They emit significant
amounts of radiation below 300 am, the nominal cut on wavelength of
global solar radistion, that may result in aging processes OU OCCUTIN
ogidoors. Use of ths lamp s not recommended for sunbght semulation
See Table 1

per License Agreement with 565 Ewrope; Wed Nov 1 21:00:12 EST 2006
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TABLE 1 Relative Ultraviolet Spectral Power Distribution
Specification for Fluorescent UVA-340 Lamps for Daylight Uv-®

Spoctral Bangpass Elgnchimark Solad

Minimum Maxmum

TABLE 2 Relative Spectral Power Distribution Specification for
Fluorescent UVA-351 Lamps for Daylight UV Behind Window
Glass™"

Wavelangth & in-nm Pacentt Rndiation Pepsan® £ Perentt Spoctal Bandpass Miramuen Window Glass Fiigrod Mamenum
T o Wavelongih & innm  Penanrs Daykght Percont™s " Percant™
200 < b = 320 549 58 8.3 Ao 300 on oz
320 « ko= 360 & 40.0 855 00 = b = 330 1.1 =05 33
360 < & = 400 265 5.2 328 320 < b = 360 6.5 2 (2]
360 < p = 400 300 653 380

“Data in Tabde 1 are tho sradance o the gen bandpass axplessed a5 @
porcentags of the total iradance from 200 io 400 nm, The mandlaciurer s
responsible for delemiining condormance 10 Tabie 1 Annex Al stales how 19
oulDminG Melatve Speciral imadiarce,

* The dgals i Tabw 1 are based on the reciangular intograton of 65 spacmal
pawer detributions far Huceessant LIV devices operaling wilh LIVA 340 lamps of
widfiows lots and sgas, The spectiad pownr dissibution a1 & for lamps within the
BYing recommendatong of the déwvice manutachuner. Tha msnimum and maximum
data aro a1 lpasl thi three sgma imits from Bhe maan far Pl medsuEemants

SThe minimum and masemen coumas wil not necessadly sum s 100 %
Becauss thoy Topresent B MINMLEM @00 maximum lor the daa used. For any
incdhditusl spestral pewes digtiution, the calcuiated paccentage for the Basd-
panss in Tabis 1 wil sum o 100 %. For sy indentual Hugrescent UVA-J40 lamp,
thit cakculated percentape in each bandpass must fall withe e memmem and
maximun fenits of Table 1. Tost rosults can ke expectod to difier Deftwesn
PIpOBARS uSIng dowicos with flucnesoant LVA-340 amps in which the apaciral
pawer distributions differ by s mueh a8 1hat aliowad by B iokvances, Contact iha
rusnutacturer ol tha Nsorescant LIV deaces lor specilic epecing power distnbulion
datn fos the Burmscont UVA-340 lamp uged.

B Thi benchmark salas radiaten datn e defined in ASTM G177 and is for
atmosphedc conddions and amtude chosen 1o maxemize the fraction al shor

A Data w Tebie 2 are the imadsance in the gives BERDPASS OXPIEES0D &6 &
pefesnlage o the tolal radance trom 300 to 400 nm. The manulacturor &
tesponsile o detsamining confarmance b0 Tabie 1, Annox Al #1008 how 1o
deiprming relatnéd SPectiad iradancn

" The data @ Table £ ara basod on the reclanguiar megraten of 21 speciral
power dabibutions bor Bugrescent UV davices oparming wilh UVA 351 lanps of
wankis ons and ages. Thi spectral powe disinDuton data is bor lamps withen the
aging mcommendations of 1ha devicn manufacturee. The Mnimum and macmum
data are at last B oa sgma imas from e mean ler all measuromoms,

© The minimem and manmum columng will ned necessanly sum o 100%
pecause they mpresent e minkmam and mancimum for the dxin used. For any
individual $poctal powar disiribution. the caloulated percoriage for fhe band.
passas n Tabio 2 will sum 10 100 %, Fo any swlvedial Nuorescent UV dinice
aperaling with UVA 351 lamps, ihe cakclabed i sach Bandpass must
fall wihin she miremum Bnd macmum limits of Tabie 2. Tes! rosulls can be
xpeciad 1o diler batwoon axposwes using flusrescont UV devices in which me
gpecira) powor distnbubons diffed by &5 muwch as that aliowed by thi wlerancos.
Contac! the manutactursr ab the Ruaresco LIV devicst 1od Spacilic speciral pawesr
digiributen data loe the lamps used.

2 Thy window glass Hiered solas nediaton data & for & solae spectrum with

wavelength solar UV, While 1his data is pravided far g only. i
I8 Basimble foe the lboraloey aceelombod bght Source 10 HOovioE & specinam thal
Is 0 closa manch 1o tha bonchmark soiat Specthum.

£ Provious versons ol this standard wsed solar adiabon data from Tabio 4 of
CIE Publication Mumbat B5. Son Appondoc X3 lor mora indormation comparing e
soinr mainton atn used in this standand with thal ler CIE 85 Tabéo 4.

F For the benchmark daylight spectiem, the UV imadianes (200 %o 400 nm] is
08% and tha visibie inadiance (400 b 800 nm) is B0.2 % exprossed as &
perceniage ol the iotal iradancs bam 280 i BO0 nm. Because me prmary
penisgion of Nuarescent UV lamps s concentrated i the 300 b0 400 nm bandpass,
thene am hmitnd data available for visible hght emassions of Bugrescent UV lamgs,

6.2 Test Chamber—The design of the test chamber may
vary, but it should be constructcd from corrosion resistant
material and, in addition to the radiant source, may provide for
means of controlling temperature and relative humidity. When
required, provision shall be made for the spraying of water on
the test specimen for the formation of condensate on the
exposed face of the specimen or for the immersion of the test
specimien in water.

6.2.1 The radiant source(s) shall be located with respect to
the specimens such that the wniformity of irradiance at the
specimen face complies with the requirements in Practice
G 15k

6.2.2 Lamp replacement, lamp rotation, and specimen repo-
sitioning may be required to obtain uniform exposure of all
specimens w UV radiation and temperature. Follow manufac-
twrer's recommendation for lamp replacement and rotation.

6.3 Instrument Calibrajion—To ensure standardization and
accuracy, the instruments associated with the exposure appa-
ratus (for example, timers, thermomeiers. wet bulb sensors, dry
bulb sensors. humidity sensaes, UV sensors, and radiometers)
require periodic calibration to ensure repeatability of test
results. Whenever possible, calibration should be traceable Lo
national or international standards, Calibration schedule and
procedure should be in accordance with manufacturer's in-
structions,

6.4 Radiometer—The use of a radiometer 1o monitor and
control the amount of radiant energy received al the sample is

Copyright by ASTM Int'l (all nights reserved);

Reproduction authorized per License Agreement with 545 Europe,

3

atmesg conditions and astude cheson 1o masmise the fracton ol shor
wivekangih solar LIV (dofined in ASTM G 177] that has beon fiered by window
plass. Tha glass transmisaion in the average for a series of Single BIrOngEn windaw
glasses tested &5 part of a research study far ASTM Subsommesoe G3.02." Wiie
thia dlata i prosscied for cOMmpadstn puiposes only. i s dosirable for ihe lRboIMIORY
nccodpratod Ight Sowcd 30 DrOvede A spochum hal & a8 cosd malch o this
benehvnark window glass fiflored Salar Spectnem.

£ Preious vorsions of Bis slardand used window glass fileqed gola fadiabon
daln based o5 Table 4 ol CIE Publicaton Kumbed 85 S0 Anpandv X3 for mone
infarmaton comparning The Solar rsdkasen Gals usad in the standand with 1hal for
CIE 85 Tabie 4

EFor Ihe benchiman, window glass fliered solar spectum, the UY imskance
(300 bo 400 nm & 8.2 % &od the visdlo brackance (400 b BOD nm) is 918 %
caprossod &5 & percentnge of the total radiance krom 300 o 800 nm. Bocause
primary emissien of fuorescent UV lamps: is conceniraiod in i 300 % 400 nm
bandpass, thete am bmded daia avadable for visible bght ermsscna of Suorescent
LWV lamps.

recommended, If a rudiometer 16 wsed, it shall comply with the
requirements in Practice G 151,

6.5 Thennomerer—Either insulated or un-insulated black or
white panel thermometers may be used. The un-insulated
thermometers may be made of either stec! or aluminum.
Thermomelers shall conform 1o the deseripions found in
Pracoce G 151

6i.5.1 The thermometer shall be mounted on the specimen
rack so that its surface is in the same relative position and
subjected 10 the same influcnces as the lest specimens.

£.5.2 Some specifications may require chamber air tempern-
wre control. Positioning and calibration of chamber air em-
periture sensors shall be in accordance with the descriptions
found in Practice G 151,

Motk O—Typically, these devices control by bluck panel wemperaturs
only.

6.6 Moisture—The test specimens may be exposed to mois-
twre in the form of water spray. condensation, or high humidity.

6.6.1 Witer Spray—The test chamber may be equipped with
& means o inroduce intermittent water spray onto the test
specimens under specified conditions. The spray shall be

Wed Mov | 21:01:12 EST 20406
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TABLE 3 Relative Spectral Power Distribution Specification for
Fluorescen! UVE 313 lamps*®©

Spoctral Bandpass Minimum Benchmark Solar Maxmum
Wiavolongih 4 in nm. Porcont® Radation Parcent®FF Poecont®
A < 280 13 54
2/ = ) 5320 478 58 6549
320 ek = 360 2649 &00 218
380 < b = 400 7 549 72

*Data in Tanle 3 ar the Inadanco in 1ha given bandpass axprossed &8 8
peceniage ol the otal irsdianco fom 250 W 400 rn, The manulfacturar &
respongitie fof determining cealgemance 1o Tabie 3. Anncx A1 Sintcs how 1o
derlnrming miative specinal iradance

" The data in Table 3 are based on the fecanguids inbegration of &4 spectral
porwet dabrimusons for Rugrescent UV dovices oparabng with UVE 313 lamos ol
varkns iols and agos. Tho spocinal power cstribution dath is framps withn e
aging rocommandations ol the dovion manufacturer. The menimum and maximum
mmalmmmnggmlmmmmm.uW

CThe minimum and maxmum colimng will not necassarity sum o 100 %
bocause they reprosent the menimum ane maximu fof e dala wssd. For any
individunl speciral power dstribution, the caiculated percentago for e band-
passes in Tabio 3 will gum to 100 %, For any indeidual UVE 313 famp, the
caituisted parconioge in pach bandpass most 18l wilten e minimum and
makimen ks of Table 3. Tesl results can bo oxpecind o differ beteen
Expasures conduciad i Huscent UV devices using UVE 313 lamgs in whech e
special power detributions differ by as much B3 that alewod by o LEnces.
Contact the manulsciures of the fluorescent UV dovicn lor specific spectral powes
Mﬂbﬂmﬂhwmmm:mmhummamum

he benchmark solar radiaton dala s delined in ASTM G 177 and i loe
mmasphinc cond®ons and afitude chosen jo maxmize the facton of shord

CIE Publication Mumbsar 5. See Appendix X3 for mode information comparing the
solas radiabon date usedd in is standand with mal for CIE B85 Table 4.

* For e banchmark solar spectrum, the UV imadiance (290 to 400 nm) 5 9.8 %
ant the visisk imadinnon (400 to B0O Am) s 502 % cxpressed as a percontage of
tr 1ni3) iadiance fmom 290 o 800 nm. Bachisd the pemary emission of
fuorescent UV lamgs & concentrated in the 300 1o 400 nm bandpass, ham un
lrmited duta nvaiable for vistily light eméasions of Rugeescan UV lampa,

unifermly distributed over the samples. The spray system shall
b made from comrosion resistant materials that do not con-
taminate the water used,

66,01 Spray Water Qualin—Spray water shall have a
conductivity below 5 pSfcm, contain less than 1-ppm solids,
and leave no observable stains or deposits on the specimens.
Very low levels of silica in spray water can cause significant
deposits on the surface of test specimens. Care should be taken
to keep silica levels below 0,1 ppm. In addition to distillation,
a combination of deionization and reverse osmosis can effec-
tively produce water of the required quality, The pH of the
water used should be reported. See Practice G 151 for detailed
water quality instructions,

6.6.2 Condensaiion—The test chamber may be cquipped
with a means (o cause condensation to form on the exposed
face of the test specimen. Typically, water vapor shall be
generated by heating water and filling the chamber with hot
vapaor, which then is made o condense on the lest specimens.

6.6.3 Relative Humidicy—The test chamber may he
equipped with a means o measure and control the relative
humidity. Such instruments shall be shielded from the famp
rudiation,

6.7 Spevimen Holders—Holders for test specimens shall be
made from corrosion resistant materials that will nos affect the
test resulis, Corrosion resistant alloys of aluminium or stainless
steel have been found aceeplable. Brass, steel. or copper shall
nol be used in the vicinity of the est specimens,

Enp’yﬁ ht by ASTM Int'l (a1l rights reserved),
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6.8 Apparaius 10 Assess Changes in Properties—Use the
apparatus required by the ASTM or other standard that
describes determination of the property or properties being
minmtoned.

7. Test Specimen
7.1 Refer w Practice G 151.

#. Test Conditions

8.1 Any exposure conditions may be used as long as the
exact conditions are detailed in the report Appendin X2 shows
some representative exposure conditions. These are not neces-
sarily preferred amd no recommendation is implied, These
conditions- are provided for reference only,

9. Procedure

9.1 Rdentily each test specimen by suitable indelible mark-
ing, but not on areas used in \estling.

9.2 Determine which property of the test specimens will be
evaluated. Prior to eaposing the specimens, quantify the
appropriste properties in accordance with recognized ASTM or
international standards. If required (for example, destructive
testing), use unexposed file specimens 1o quantify the property,
See 180 4582 for detailed guidance.

9.3 Mounting of Test Specimens—Atach the specimens 1o
the specimen holders in the equipment in such a manner that
the specimens are not subject (o any applicd stress, To assure
uniform exposure conditions, fill all of the spaces, wsing blank
panels of comrosion resistant material if necessary.

Nore 10—Evalusiion of color and appearince changes of exposed
materinls shall be made based on compansons to unexposed specimens of
the same maienial which have been stored in the dark. Musking or
shichfing the face of 13t specimens wilh an opague cover for the purposs
of showing the effeces of exposire on one panel is nol recommended.
Misleading results may be obtained by this method, since the musked
porticn of the specimen is still exposed to lemperature and humidity tha
in many cases will affect results,

9.4 Exposure to Test Conditions—Program the selected test
conditions 1o operste continuowsly throwghout the required
number of repetitive cycles. Mainiain these conditions
throughout the exposure, Interruptions 1o service the apparatus
and to inspect specimens shall be minimized.

9.5 Specimen Repositioning—Periodic repositioning of the
specimens during exposure is not necessary il the frradiance u
the positions farthest from the center of the specimen area is al
least 90 % of that measured at the center of the cxposure area,
Irradiance uniformity shall be determined in accordance with
Practice G 151,

2.5.1 I srradiance at positions farther from the center of the
exposure area is between 70 and 90 % of that meisered at the
center, one of the following three weehniques shall be used for
specimen placement,

9.5.1.1 Periodically reposition specimens during the expo-
sure peried to ensure that cach receives an equal amount of
radliant exposure, The repositioning schedule shall be agreed
upan by all inerested parties.

9.5.1.2 Place specimens only in the exposure area where the
irradiance is at least W % of the maximum iradiance,

uction authorized per License Agreement with 565 Europe; Wed Moy | 21:00:12 EST 2006

106



v

A G 154 - 06

9.5,1.3 Tocompensate for test variability randomly position
replicate specimens within the exposure ares which meets the
irradiance uniformity requirements as defined in 9.5.1.

9.6 Inspection—IT it is necessary (o remove a iest specimen
for periodic inspection, take care not to handle or disturb the
lest surfoce. Alter inspection, the et specimen shall be
retumed to the test chamber with its test surfage in the same
orientation as previously tested,

9.7 Apparaius Maintenonce—The fest apparalus reguires
perindic maintenance to maintain uniform exposure conditions,
Perform required maintenance and calibration in sccordance
with manufacturer’s instructions.

9.8 Expose the test specimens for the specified period of
exposure. See Practice G 131 for further puidance.

9.9 Al the end of the exposure, guantify the appropriale
properties in accordance with recognized ASTM or interma-
tonal standards and report the resulis in conformance with
Practice G 151,

MNore Fl—Periods of exposure und evalaution of test results are
adressed in Practice G 151,

10. Report
10.1 The test report shall conform to Practice G 151,

11. Precision and Bias

1.1 Precision:

L1 The repeatability and reproducibility of results ob-
tained in exposures conducted according to this practice will
viry with the materials being tested, the material property
being measured, and the specific 1est conditions and cyeles tha
are used, In round-robin studies conducted by Subcommities
GO1.03, the 60° gloss values of replicate PYVC tape specimens
exposed in different laboritories using identical test devices
and exposure cycles showed significant variability (3). The
variability shown in these round-robin studies restricts the use
of “absolute specifications” such as requiring a specific prop-
erty level afier a specific exposure period (4,5).

112 1f a standard or specification or general use requires
a definite propenty level aller & specific time or radiant

Copyright by ASTM Intl {all rights reserved);
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exposure in an eaposure fest conducted according 1o this
practice. the specified property level shall be based on resulis
obtained in a round-robin that takes ine consideration the
vanability due o the exposure and the 1est method used 1o
measure the property of nterest, The round-robin shall he
conducted according 1o Practice E 691 or Practice I 3950 and
shall inchude a statistically representative sample of all labo-
ratories or organizations that would normally conduct the
exposure and properly messurcment.

1113 If a standerd or specification for use between two or
three parties requires a definite propenty level afier a specific
time or radiant exposure in an exposure test conducied accord-
ing o this practice, the specified property level shall be based
on statistical analysis of results from at least two separate,
independent exposures in each laboratory, The design of the
experiment used to determing the specification shall ake into
comsideration the variability due to the exposure and the 1est
method used w0 measure the propeny of interest.

11.1.4 The round-robin studies cited in 11.1.1 demonstrated
that the gloss values for a series of matenals could be ranked
with a high level of reproducibility between laboratories. When
reproducibility in results from an exposure test conducted
according 1o this practice have not been established through
round-robin testing. performance requirements for materials
shall be specified in terms of comparison (ranked) 1o a control
material. The control specimens shall be exposed simulia-
neously with the test specimen(s) in the same device. The
specific control material wsed shall be agreed wpon by the
concerned parties. Expose replicates of the test specimen and
the control specimen so that statistically significant perfor-
mance differences can be determined.

11,2 Bigs—RBias can not be determined becawse no accept-
able standard weathering reference materials are available,

12, Keywords

121 mecelerated: sccelerated weathering: durability: expo-
sure; Awcrescent UV lamps; laboratery weathering: light
lightfastness; non-metallic materials; lemperature; ultraviolet;
weathering
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AL DETERMINING CONFORMANCE TO RELATIVE SPECTRAL POWER DISTRIBLUTION TABLES

Mandatory |nformaton for Equpment Manulacturers:

All Cosformance 1o the relatrve spocwal powes drsiribe-
uos tables 1 & design paramos for Beorescem LTV device wath
the dafferent lamps that can be used. Mansfacturers of eguip-
ment clmming conformance 10 thi standard shall determne
conformance to the speciral power distribution tables for all
flworescent lamps provided, and provide information on main-
tenance procedures to minimize any spectral changes that may
occur during normal use.

Al2 Thtﬂm-ewﬁpwmmhh

owes measarTment wincicagth s be reponed  The kowess
wanclength measwred shall be po preater than 270 am. For
determming  conformance 10 the relatve speceral radsance
reguirements for 3 fluorescent UVEB-313 lamp, messercment
from 250 nm 1o 400 nm is required. The total irradiance in each
wavelength bandpass is then summed and divided by the
specified total UV irradiance according 1o Eq Al.1. Use of this
equation requires that each speciral interval must be the same
(for example, 2 nm) throughout the spectral region used.

=y

standard were developed using the rectangular integration 1_‘,.1"
technique. Eq ALl is used 1w determine the relative spectral Iy = e % 100 (ALY
magues can be used @ evaluate spociral power dutnbuton data. "
bul may give differemt reselts. When companing relative where:
speciral power disiribution data 1o the speciral power distribu- Iy = relmive irradiance in
tion requirements of this standard, use the roctangular imegra- f = irradiance ai wavelength A, (wradiance sieps must be
hon technique. equal for all bandpasses),
A = lower of
prr - i s § 3 mﬂnﬁdmm

for a flworescent UV devior meets the requirements of Table I, € = lower wavclength of wtal UV bandpass used for
Tabie 2, or Table 3. measure the spociral power distnbution calculating relative Eradance (290 am for
from 290 mm 1o 400 am. Typically. this is dome at 2 am UVA 340 lamps, 300 am for UVA 357 lamps. or 250
mcrements 1 e manufactarer's speciral measereTRonS cgEp- am for UVE 313 lamps), and
mxnl caneol moxserc wavciongths = low s 250 =m e h, = wavchoagih sl whsch rradesce wa mesusred

APPENDIXES

1 “onmandsions lnformatsoen

X1 APPLICATION GUIDELINES FOR TYPICAL FLUORESCENT UV LAMPS

X1.) Gemeral:

X1.1.1 A vancty of fleorcscent UV lamps may be used in
this practice. The lamps shown in this section are representa-
tive of their type Other lamps, or combinations of lamps. may
be wsed The particular application dewermines which lamp
should be used. The lamps discussed in this Appendix differ
the total amount of UV energy emitied and their wavelength
spectrum. Differences in lamp energy or spectrum may causc
significant differences in test results. A detailed description of
the typeis) of lamp(s) used shall be stated in detail in the test

X1.1.2 All spectral power distributions (SPDs) shown in
this section are representative only and are not meant 1o be
wsed w cakculate or extimase woeal radiant exposure for wests @
feorcwcemt UV devices. Actual wradiance levels o the tew

&

specimen surface will vary due 1o the type and/or manufacturer
of the lamp used. the age of the lamps, the distance 10 the lamp

Mow X1 1—AD SPUs i e appondia o measered wung 8 e
orahormeist with & Soobls praung mosoctromator (1 oam basd pass
with & guarty cosme peorpent. The fuorescent LTV SPDs were moasunnd 2
the sample plane in the cemter of the allowed ample sres SPDu for
sunlight weie memured in Phoenin, AZ @ solar moom st the summer
solstice with 8 clear gky, with the specirorsdiometer on am equatorial

forllovas-the-sum mneng
X1.2 Simulations of Direct Solar UV Radiation Esposures:
X121 UVA-340 Lamps—For simulations of direct solar
UV mdistion the UVA-340 amp s recommended. Because

UVA-340 lamps rypically have lutle or no UV output below
300 mm (that is comudered the “cmi-on” wavelength for

mmmu*—-ﬁ
mshorsed per Licoase Agreoment with SGS Ewrope. Wod Now | 2101 12 EST 2008
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werrestrial sunlight), they wswally do nol degrade matcrials o
rapidly as UVB lamps, but they may allow enhanced correla-
tion with actual omdoor weathering. Tests wsing U'VA-340
lamps have been found useful for comparing different nonme-
tallic materials such as polymers. textiles, and UV stabilizers,
Fig. X011 illustrates the SPTY of the UYA-340 lamp compared
1o noon, summer sunlight,

X1.2.2 UVB-313 Lumps—The UVB region (280 10 315 nm)
includes the shomest wavelengths found in sunlight at the
carth's surface and is responsible for considerable polymer
damage. There are two commonly available types of UVB-313
lamps that meet the requirements of this document. These are
known commercially as the UVB-313 and the F5-40. These
lamps emat different amounts of total energy, but both peak 2t
313 nm and produce the same UV wavelengths in the same
relative proportions. In lesis usng the same cycles and 1em-
peratures, shorer umes 1o failure are typically observed when
the lamp with higher UV irmadiznce is used, Funhermore, tests
using the same cycles and temperatures with these two lamps
may exhibit differences in ranking of materials due w differ-
ence in the proportion of UV 10 moisture and temperature,

Nore XEB.2—The Fig. X1.2 illustrates the difference between the lamps.

X1.2.2.1 All UVB-313 lamps emit UV below the normal
sunlight cut-on. This shon wavelength UV can produce rapsd
polymer depradation and ofien causes degradation by mecha-
mhhmmhmﬁne:ﬂdnw
This may lead 10 anomaloss resalis. Fig. X1.2 shows the
speciral power distribution (SPD) of typical UVB-313 lamps
compared 1o the SPD of noon, summer sunlight.

X1.3 Simudations of Exposwres o Solar UV Radiation

X131 Filering Effect of Glass—Glass of any type acts as
a filter om the sunlight spectrum (see Fig, X1.3). Ordinary glass
is essentially transparent to light above about 370 nm. How-
ever, the filtering effect becomes more pronounced with
decreasing wavelengih. The shoner, more damaging UVB
wavelengihs are the most greatly affected. Window glass filiers
out most of the wavelengths below about 310 nm. For purpeses

1.04

L —
260 280 300 320 340

Waveieng (rm)
FIG. X1.1 Spectral Powsr Distributions of UVA-340 Lamp and
Sunlight
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FIG. X1.2 Speciral Power Distributions of UVE Lamps and
Sunlight
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FIG. X1.3 Direct Sunlight and Sunlight Through Window Glass

of illustration. only onc type of window glass is used in the
istics will vary due to manufacterer, production lot, thickness,
or other factors.

X132 UVA-35)! Lamps—For simulations of sealight
through window glass, UVA-35] lamps are recommended. The
UVA-351 is used for these applications because the low énd
cul-on of this lamp is samalar io that of direct sunhght which
has been filtered through window glass (Fig. X1.4).

N K1 3=UVB-31N lamps wre ool recomanended for simulatsens of
sunlight through window glass, Most of the emission of U'VE-313 lamps
is in the short wavelengih UV that is filtered very efficiently by glass.
Because of this, very little energy from this shon wavelength region will
reach materials in “behind glass™ applications. This is because window
ghass filters out about B0 % of the energy from UVE-313 lamps. as shown
m Fig. X1.5. As a result of lering out these short wavelengths, its twoeal
effective energy i very hmited Further, becagse there is litthe lonper
wavcicngth cmergy. the glaws- filiered UVB-313 i scimally less severe thas
& UNA Ly

X114 Simulations of Exposures Where Glass or Transpancnst
Plastic Forms Part of the Test Specimen:

by ASTM Intl (all rights rescrved
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XI 41 UVA-340 Lomps—in some mstances (for cxample
wmdow wCalefls i plas of ramspareed plstic 5 part of e o3
specimen iticlf and normally sces as 2 filier w0 the hight soarce
In these special cases. the wae of UVA-380 lamps is recom-
mended unce the glass or plastc wall filier the spectrum of the
lamp in the same way that it would filler sunlight. Fig. X1.6
compares the spectral power distribution of sunlight filiered
through window glass 1o the spectral power distribution of the
UVA-340 lamp, both unfiliered and filiered through window
glass,
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FIG. X1 8 Speciral Power Dustributions. of Unfiliersd U'VA-3480

Lamp UVA 346 Throwugh Window Glass smd Sunbght Throwgh
‘Window Glass

Nom X1 4—UTHV-31) lonps are lamps not recommended for expo-
sares where plass or snsparem plastc forms pan of the W specimen.
Soc Newe X1 1

Mo X13—LUIVA-33] lamgps are not recommended for exposures
where glaws o plastic forms part of the 1es1 specimen. This is
because the LI'VA-331 has & special power distribution in the shon wave
UV region that s smilar 1o sunlight that has slveady been filiered by
window glass. As shown in Fig. X1.7. using this lamp through window
glass o other mansparent material funher filters out the short wavelengih
UV and revalis im 8 specinum cha is deficient in the shon waselength UV

.i.ﬂll"'"l"""'

;

340
Wavalangth (nm)

FIG. X1.7 Speciral Power Distributions of Unfiltersd UVA-351
mmwmg:u.-uww

380 2380 400

XL EXPOSURE CONDITIONS

X21 Any exposure conditions may be used. as long as the
eaxct conditions are detasked i the report. Following are some
representative cxposure comdibons. These are not pecesaarily
preferred and no recommendation s implicd. These conditions.
are prowvsded for reference only (See Table X210

Nom NI 1—Cyele | m 2 commenly wsed cxposure cyche for coatmgs.
and plastics. Cycie 2 bas been widely wsed for costings. Cycles § and 4

Copynght by ASTM lnrl (sl rights reserved],
R eproduction

Bave born awed for cxienor ssomotrve materiab. Cycle 5 Bas beon wsed
for ronfing materuai Cyalr 6 s been ged for bagh wratonce e1pumares
of cousmgs and plastscs. Cycie 7 s bees awed for thermal shock snd for
Eroun iestng of Coutegs fof wood

Nom X11—Whes wcicctng programs of UV exposare followed by
comdemgin, allew s leasl 2 b pey wmirrval o mase Suseees of
o

Nore X2 )—Serfece tomperastor of specamens s a8 cuscntal e

authorured per Licemse Agreement with SG5 Ewrope, Wiod Nov | 210112 EST 2006
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TABLE X2.1 Common Exposure Conditions

§ nav -5t .

BRLLE

Nure | —Previous editions of ASTM G 154 ¢

e st paines in Table K21 that wene commonly used in the idusiry

The previous st points were 0.77 and 1.35 Wim2 ac 340 nm for U'VA-0 lamps and (.44, .55, and 0063 Wim2 for UVB-313 lamps. The measaremment
data sed o establish these set points was inzccurate, due (o an error in calibration on the part of one manufacturer. [t has been found that, for meast users,
Ihe wolusl imadiance when running al the previous set points was 1] to 15% higher thun the indicated set point. The set points shown in this editien of
G 154 do not change the actunl imadiances thit have been historically used by these wsers. However, for users of equipment made by anmber
manufacturer, the iradiznce commol system dad not have the measurement inaccuracies described above, so minring o1 the new set points will represent
& change an the sclual imadiance of the test. 1 in doubt, users should consult the manufactuner of their device for clarification.

Cycla Lamp Typocal Mradance Apprommabe Wavolorgin Exposuny Cycle

1 UVA-G40 0.6 Wimnm 340 nm B AUV Bt 80 {2 3) *C Black Panes Temparatune:

4 h Conodgnsabon gt 50 (= 3) *C Black Pangl Torgoeaiws
2 LUYB-In3 0.7 Wim?inm 310 nm & b UN il 60 (= 3) *C Biack Paned Tomperalurng;

4 h Condensaton a1 50 (= 3) "C Black Panel Temoaratss
k| UvE-313 4% Wimdinm 30 nm Bh UV al 702 3) *C Black Panpl Tamparature,

4 h Condorgation a1 50 (= 3) *C Black Pansd Temporaturo
4 LVa-3a0 155 WimTinm 30 nm B UV & 0(2 3) °C Black Panol Tampersiue,

4 h Condonsation a1 50 (= 3) *C Black Pano! Temparaturo
E] B3 @62 Wim¥inm 310 rem 20 h U at 80 (= 3) "C Biack Paned Tomperabune;

4 n Condenaation at 50 (= 3) "C Black Pane! Tomparaturo
] UVA-340 1,55 Wiminm 240 nm B h YV al B (= 3 "C Black Pangl Temparaiure:

4 h'Congensaton at 50 [= 3) °C Biack Panel Tomperatuns
7 UVA-340 1.55 WimTiam b nm B h UV at B0 | = 3) "C Black Panel Temporaturn:

D25 howater speay (no fight), temparabang not comnoded,

375 h condensaton a2 50 (= 3) *C Black Pansd Tompornivo
8 UvB-313 78 Wim® 270 1 F0 nm 8 h UV al 70 (= 3] “C Black Pane! Tomparature;

4 h Condensation &l 50 (= 3} "C Black Panol Temposalsng

quantity, Generally, degradanion processes sccelerale wath increasang
temperature. The specimen temperature permissidle for the acceleraled
test depends on the material 1o be tested and on the sging critenion under
consideration.

Mom X24—Imadiance dita shown is ypical. Frequenily, the imadi-
umce 15 not controlled in this 1type of exposure device.

Nove X2.5—The light cutput of fluorescont lumps is affected by the
lemperatire of the air which surmounds the lumps, Consequently, in esters
without feed-back-loop commed of bradiance, the lamp output will
decrease wilh incressang chamber tempemature,

Nom X2.6—Laboratory ambient temperatare may have an effect on the
light output of devices without feed-back-1oop contred of imediance. Some
fAuorescent UV devices use luborstory ambient air 1o cool the lamps and
thereby compensate for the drop im light output & higher exposure
tempersiures {see Mot X25),

X2.1 Forthe most consistent results, it is recommended that
apparatus without feed-back-loop contrel of iradiance be
operated in an enviconment in which the ambient wemperature
is mamtaingd between 18 and 27°C. Apparatus operated in
ambient temperatures above or below this range may produce

Copyright by ASTM Int'l {all rights reserved);
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iradiances different from devices operated in the mecom-
mended manner.

Meme X2.7—Fluarescent UV lamps enit relstively litle infrared radia-
tion when companed 10 xenon are and carbon ane sources. In fluorescent
'V uppuraius, the primoary heating of the specimen surface is by
convection from heated air passing across the panel, Therefore, there is a
minimal difference between the temperature of an insulated or uninsulated
hlack or white panel thermometer, specimen sarface, air in lhe les
chamber, or different colored samples {3),

X2.3 For conversion ol test cycles described in Practice
G 53 1o test eyeles described in Practice G 154 see Table X2.2,
For operattonal fluctuations see Table X213,

Nore X2.8—Unless eherwise specified, operate the spparaiss to main-
tain the operasional fucieotions specified in Tabke X2.3 for the parameters
in Table X2.1. If the actual operating conditions do nod agree with the
machine setiings after the eguipment has siabilized, discontinee the test
and correct the cause of the disapresanent before continuing

Reproduction authenized per License Agreement with SGS Europe; Wed Nov 1 21:00:17 EST 2006
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TABLE X2.2 Conversion of Test Cycles Described in Practice
G 53 to Test Cyeles Described in Practice G 154

Peactee G 53 Test Cycke
Daenplion

Correspondng Test Cycle in
Practice G 154

Practice G 53 descnibes ong
gtault cycia-of 4 hours UV at
BT, 4 hours condendaton ot
S0°C, The dednut lamp (o this
BN other Sycles is the LVE
lampg with poak emission at 313
nm, g fupiescent UVA lmps
with poak smission Al 343 nm of
351 v may also be el

Peactics (3 53 indicatod that a
eyeie of 8 hewrs UY and 4 houmn
condansaton i widtly used
Sugpested lemppraieee dunng
UV sxposene wern 50°C, 60°C.
T

Cyrio # of Table X227 describos
e Practice G 53 default cycle
useng UVB-313 lamps,

Tabie ¥2.2 deseribes 8 spocific
oxposure cycles thal uss B houws
U ledread by 4 hows
condanaation. These cyclas use
esthor LIVA-340 ge UVE-313
lamps

TABLE X2.3 Oy rnal Fluct

Cn Expesure Conditions

Mavemum Allcwlde Deviabion rom the Set Pesird al tho Gantred

Patamater Peent Indicated by 1ha Readout of the Castrated Conrol Sansor
During Equlibaum Operation
Biack Panal Temperadurs =5
Irradkance (mondored a1 340 nm or moniored a1 310 rm] = .nelmrml-;un]
* 0.5 Wim

Imadance {mordored 81 270~ 700 nmy)

X3, COMPARISON OF BENCHMARK S50LAR UV SPECTRUM AND CIE 85 TABLE 4 SOLAR SPECTRUM

X3.1 This standard uses a benchmark solar spectrum based
on atmospheric conditions that provide for very high level of
solar ultraviolel radiation, This benchmark solar spectrum s
published in ASTM G 177, Standard Tables for Reference
Solar Ultraviolet Spectral Distributions: Hemispherical on 37
degree Tilted Surface. The solar spectrum is calculated using
the SMARTS2 solar radiation model ™" ASTM Adjunct
ADIGO173, SMARTS2 Solar Radiation Model for Spectral

* Goeymad, T, “Tarsmesenved Transmittance Model for Direct Beam and
Circumsolar Speceral lrradisnce,” Salar Energy, Vol 71, Mo, 5, 2001, pp. 32516

“lweymard. € A, Myers. D, and Emery, K., “Prog Reference lorad)
Spectra for Sodar Encrgy Systems Testing.” Soler Energy, Vol 71, No 6, 2002, e
Al 37

T Myers. D. R, Emery. K.. and Geymand, £, “Revising and Validating Speciral

e Helerence Standards for Photovohiaie Performance Evalwation.™ Trans-

actioms of the American Society of Mechanical Engineers, Sowrna! of Solar Energy
Engineermg. Val 126, pp S67-574, Feb. 0.

Copyright by ASTM Intl (all rights reserved);

i}

Radiation provides the program and documentation for calcu-
lating solar spectral irradiance.

X3.2 Previous versions of this standard used CIE 85 Table
4% as the benchmark solar spectrum, Table X3.1 compares the
basic atmospheric conditions used for the benchmark solar
spectrum and the CIE 85 Table 4 sofar spectrum,

X33 Table X3.2 compares iradiance (calculated using
rectangular integration) and relative irradiance for the bench-
mark solar spectrum and the CIE 85 Table 4 solar spectrum, in
the bandpasses used in this standard,

A

¥ CIE-Publication Number 85 Rec Tor vhe B
und the Speciral Distrihution of Simulated Solar Kadestion for Tesing Purperes, It
Editian. 1989 (Available from Amevican Natbonal Standards nseiste, 11 W, 42nd
50, 1 3th Floor, Mew Yok, NY 10036}
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TABLE X3.1 Comparison of Basic Atmospheric Conditions Used
for Benchmark Solar Spectrum and CIE 85 Table 4 Solar
Spectrum

Mmasphoric Bonchmark
Ca Bodar B i CIE BS Tabde 4 Solar Spectrum
Cizong {atm-cm) o3 034
Precoiabie waber vipod [em) 057 142
Asude () 2000 ]
T angie 37" facing Equalor B° (honizontas)
Air MaEE 1.05 100

Algro (ground raleciance)  Ligh Soid wavelengih Constant at 0.2
dopondont

Aziosal extinchbon Snotic & Fenn Rural Equivaiant o Linke
{hunidity dopendent) Tusrtidny thctor of
nbout 2.8
Aprosal oplical thewness &Y 005 019

00 nm

TABLE X3.2 Irradiance and Relative irradlance Comparison for
Benchmark Solar Spectrum and CIE 85 Table 4 Solar Specirum

Baonchmark
Bandpass Soiar & = CIE 85Tabie 4 Solar Spectrum
hradiance (Wim) in stated bandpass
oo 290 0000 0.000
290 = b = 320 3748 4064
320 < & = 360 25661 28450
350 = & = 400 462 42050
200 = 4 = 400 AT 74 560
280 = 3 = BDD E52 300 BTA.TRO
Percant of 230 o 400 mm Frakance
b < 280 0.0 % 0%
290 < b = 320 50 % 54%
320 < A = 360 A0 38,2 %
360 < A = 400 B2 56.4 %
Parcerd af 280 b B00 nm iradiance
200 = b = 400 Bl s Mo%
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Standard Practice for

Operating Xenon Arc Light Apparatus for Exposure of Non-

Metallic Materials'

Ths sasdard = wseed umdt Su Gaed desgaanos G 135 & mmber mmedsately followisg the desgmatos mdicates tr year of
mwu,-._ﬁmﬂﬂﬂﬂml-ﬂ-—u“h_ﬁ_m-i.
wmun“-““ﬂ#ﬁl‘m*mﬂ

L Scape

1.1 This practice covers the basic principles and operating
procodurcs for wsing xcpon arc light and waler apparaius
miraded 1o reproduce the weathering clffects that oocur when
malerials are exposed 1o sunlight (cither direct or through
window glas<) and moisture 35 rain of dew in actual use. Thas
gractice it limited 1o the procedures for obtaining, measering.
and costrofling conditions of exposwre. A nambor of cxposurc
procedurcs anc lisicd in an appendix; bowewe, this practicc
material 1o be tested

Nem | —Pracsce G 193] describes performance crileria fof all exposare
05 26, which describes very specific desgns for devices used for Lenon-src
cipoares. The apparatus described i Practioe G 26 woovered by thas
prashes

1.2 Tesl specimens are cxposed 1o filiered xenon arc light
under controlied environmental conditions. Different rypes of
xenon arc light sources and different filter combinations are
described. ;

1.3 Specimen proparation and evaluation of the resulls are
covered in ASTM methods or specifications for specific
materials. General guidance is given in Practice (i 151 and 1SO
4892-1, More specific information about methods for deter-
mining the change in properties after exposure and reporting
these resulis is described in Practice 13 5870,

14 The values stated in 51 units are to be reparded as the
standard,

1.5 Thir standard does nel purport 1o address all of the
safery coneerns. if any associated with its wse. It is the
responsibiliy of the user of this standard 1o exiablish appro-
priate saferv and healih practices and determing the applica-
bilitv of regulatory limitations prior 1o ise.

1.5.1 Should any ozone be generated from the operation of
the lampis), it shall be carried away from the lest specimens
and operating personnel by an exhaust system.

* Thes pracuce i under the junsdiction of ASTM Commutbes (503 on Weathering
sod Dursbility sod s the et respossibility of Ssb 00303 om
Sorrulatedd and G Thed F Teuts.

Corrent sdition apprewed Oc. 1. 20003, Publiahed Novesiber J003. Ongeaally

sppeoved o8 1997 Last previows edifion spproved is 2009 e 0 135 - @3

1.6 This practice is techaically similar 1o the following 150
documents: IS0 4892-2, 1SO 11341, IS0 105 BOZ, ISO 105
BO4, 150 105 BOS, and IS0 105 B06,

2 Referenced Documents
2.1 ASTM Standards: *

D 3980 Practice for Interiaboratory Testing of Pamt and
Relaiad Materab

I} S§70 Practice for Calculating Property Retention Index
of Plastics

E 691 Prdike for Conducting an Inlctiaborstory Stedy o
Dictermine the Precision of 3 Test Metbod

G 26 Practice for Operating Light-Exposure Apparates

{Xenca-Arc Type) With and Without Water for Expasum

of Nonmetallic Materials

G 113 Terminology Relating to Natural and Artificial

ing Tests for Nonmetallic Materials

G 151 Practice for Exposing Nonmetallic Materials in Ac-
celerated Test Devices That Use Laborstory Light Sources

2.1 CIE Standards:

CIE-Publ, Mo. 85: Recommendations for the Imtegrated
Imradiance and the Spectral Distribution of Simuolated
Solar Radiation for Testing Purposes®

2.1 Imternationa! Standards Orpanization Standands:

IS0 1134, Paint and Varnishes—Artificial Weathering Ex-
posure o Artificial Radiation to Filiered Xenon Arc
Radintion®

1502 105 302, Textbes-=<Tests Tor ColurTusiness—Pan BOZ2
Col.;."lrfaalnsm o Anificial Light: Xenon Arc Fading Lamp
Tes

IS0 105 104, Textiles—Tesis for Colorfustmess—Part B04
Colorfasiness 10 Anificial Weathering: Xenon Are Fading
Lamp Test®

IS0 105 BOS, Textiles—Tesiz for Colorfastness—Part BOS

" For refevenced ASTM siandards, vanit e ASTM webaile, warw astm.ong, o

ceamt ASTM Cs Service s L] g For Anmsal Beot of ASTMH
Suandandrecbarnt inlormation, rrler 1o the standerd’s [ = ¥ plge oo
e ASTM webmste.

¥ jocailable from Amerecas Matwonal Siesderd lmetute, [§ W i34 Sz [
Foor, New York, XY s

* Axmlsble from Amencan National Standands [nannese (ANS]), 3 W 430d 52
ah Floor, New York, NY 10006,

Cogergrr € ASTM maermgreng 00 e Amtor D PO s CT00 sl CoRsoonocser 4 152505 Unted Baoe

Copyrught b ASTM Infl {all nghts reservad), Mos Feb 26 1959923 EST 2007
. Wy :
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Dtection and Assessment of Photochromism®

1503 105 BO6, Textiles—Testz for Colorfasiness—Part BOG
Colorfastness o Artificial Light #r High Temperatures:

Xenon Are Fading Lamp Test?

1503 4892-1, Plastics—Mathods of Exposure to Liboratory

Light Sources, Part 1, Cieneral CGuidance®

IS0 4R92-2, Plastics—Methods of Exposure to Laboratory

Light Sources, Part 2. Xenot-Arc Sources™
2.4 Secierv of Autemotive Engincers” Standands:

SAE T8RS, Accelersted Exposure of Awomotive Interior
Trim Components Tlsing o Controlled Irradvance Witer

Coaled Xenon Are Apparatus®

SAE 1460, Accelerated Exposurne of Automative Exterior
Materials Using o Contolled [readiance Water Cooled

Kenan Arc Apparatus

Sal LML, Accelerated Fxposure of Automotve Interior
Trim Components Using n Conlrolled Imadinnce Xenon-

Are Apparptus®

SAE J2527 Accelerated Exposure of Automotive Exterior
Materials Using a Controlled Irradiance Xenon-Arc Ap-

paratus *

3. Terminology

3.1 Definitions—The definitions given in Tenninology

G |13 are applicuble W this practice.
3.2 Befinitions of Terms Specific fo This Standard;

320 As used in this practice, the term sunfight is identical
1o the terms daylight and solar irradience, global as they are

defined in Terminology G 113,

4. Summary of Practice

4.1 Specimens aré ey
maisture under controlled environmental condstions,

4.1.1 Moisture s usually produced by spraying the tesy
specimen with deminersiizedfdelomzed waler or by condensa-

tion of water vapor onto the specimen,

4.2 The exposure condition may be vaned by selection of;

4.1 Lump filter(s),

4.2.2 “The lamp's inudinnce level,

423 The type of maisiure exposure,

4.2.4 The timing of the fight and moisure exposure,
4.2.5 The temperature of light exposure,

4.2.6 The emperature of moisure exposine, and
4,27 The timing of & lightidark cycle.

4.3 Comparison of resulis abtained from specimens exposed
m e same masdel of apparuns should not be made unless
reproducibility has been established among devices [or the

material to e tested.

4.4 Comparison of resulis abtained from specimens exposed
in differemt models of apparais should not be made unless
correlation his been established among devices [or the materinl

ton e tested,
5. Significance und Use

3.1 The use of this appuratus is intemded o induce property
changes associated with the end use conditions, meluding the

* Avallabic: from Society of Auomedive Engrocers (SATL 470 Commenwealih

L, Wamendale, P4 § 50960000,

1o repetitive cveles of light and

effects of sunlight, moisture, and heat. These exposures iy
inclide o means o inroduse moistere 10 e Loyl specimen.
Expasures are nol intended 1o simulate the deteriorstion caised
by lovalized weather phenomena, such @5 atmospheric pollu-
tiom, biclogical wiack, and saltwalgr expisure. Allernatively,
the exposure may simulate the effecis of sunlight throngh
window glass. Typically, these exposures would include mois-
ture in the form of humidity.

Mom 2 —Caution: Kefer to Practee G 151 for tull cautionary guidance
applicahie to all labarstory wealhering deviess,

5.2 Variation in results may be expected when operating
conditions are varied within the accepted limits of this practice,
Therefore, no reference shall be made o results from the use of
this practice unless socompupicd by a report detailing the
specific operating conditions in conformance with the Reporl
Section.

520 It s recommended that a similar material of known
performance (2 contral) be exposed simultaneously with the
lest specimen fo provide a standard for comparilive purposes,
1t is recommended that an least three replicates of cach material
evaluated be exposed In each test to allow for statistical
evaluation of results.

i Appnrutus

6.1 Laberaory Light Source—The light source shall be one
or more guartz jackeled xenon wrc lamps which emil radistion
from below 270 am in the uhraviolen trough the visible
spectrum and into the infrared. In order for xemon arcs to
simulate terrestrial daylizht, filiers must be used o remove
short wavelenpth UV radistion. Filters o reduce irradiance at
wavelengths shorter than 310 nm muost be used o simuolate
daylight filtered tirongh window glass: In additien, filers @
remove infraved radimion may be used o prevent unrealistic
heating of test specimens that can cause thermal degradation
nol expericnced during owldoor exposures.

Gl The following factors can alleatl the speciml powet
distribution of filtered xenon are light sources as used in these
APpILE:

G100 Dhifferences in the composition ond (hickness of
filters can have farge effects on the amount of short wavelenath
IV radiation transmitted,

6.1.1.2 Aging of lilters can reselt fn changes in filler
transmission. The aging properties of lilters can be influenced
by the composition. Aging of fAlters ¢an resull in a significunt
reduction in the short wavelength UV emission of 4 xénon
burier.

6.0.1.3 Accumulation of deposits or other residue on filters
can eflect filter wansmission,

6.0.14 Aging of the xenon burner itsell can resull in
chapges in lamp cotput, Chinges in lamp aipul may also be
catsed by accumulation af dirt or other residue in or oo (he
burner envelope,

6.1.2 Follow the device manufacturer’s instractions. for
recommended mamtesince.

2
Copyright by ASTM Int] (all rights reserved); Mon Feb 26 19:99:23 EST 2007
Downloadedfprinted by ¥
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TABLE 1 Relative Ultravicie? Spectral Power Distribution
Spacification for Xenon Arc with Dayhght Filters* "

TABLE 2 Relative Uitraviciet Spectral Power Distribution
mmm*mmm‘

Bancrmas, Sour Mg Specta & Wi Glass S Manmur
Wavelengin A nnm  Percpnt™  Ragabon Pecent®F  Percenr® Wianewiangd & 6 nem lﬁm‘ Solw Radation Percect™ ™ Pargent™
b a0 [ 511 &« 300 aw
90 = A u 320 28 58 L] 00 = A= X0 LA] 5:}.5 28
20 < A % 200 283 4.0 0o 320 ¢ b = 360 58 42 %5
M0 « b = 400 542 B2 s 360 < ko= 400 [ 653 6.

*Dats in Tapio 1 are the rdisnce in INe Jven DAY EXpYEEH 85 4
w:ﬁmodhmnwmiwmumm Thi mrulaghurat is
e to Tabld 1 AnnaE Al Mlabes how B

ﬂ.mm!ﬂd’ldhlm

Tha data i Tatlo § ae baded on the guinr i al 112 &p
mwrmhmm-mmnlmwlmur
vanoul lots and ages The spoctral powss dlnbubion dats m lot Befs and

A Data in Table § are the sradance in (he gven Dardpass eupresied as &
parcorfage of tha (ol insdands from 300 10 400 nm, The manudachs s
resporsiie dor delmmeng comlarmancs to Tabh 2 Annex A% stales how i
detgrming rdaivg Speciral Rradianca

"The data in Tatls 2 ad based on 1ho rectangular integeation ol 38 spacial
ot OrEIEATIONS o Walor cooind and Me eoslod Qence-Br6 W window pisis
ars of vorous lols and ages, Tha prwan 15 loe fillors and

WM BLiFbiE within 1ha agng recommandatans al Mo 00ca i The
TN e AR AL At a0 WeaEt NG e Sigma limes trom the mean for

&Il mensIBmaNL
T Tne minimum and maumum colemas wil nol necessacily um jo 100 %
bocause they raprosen the and b e cat used For any

widsndunl wpechinl powes Otribution, Th caCuibled pafieTage lor ihe Dand-
pEEEeE o Tabie 1 will sum 10 100 % For Ay evdnadusl menc-lemg with dayhght
ey ihe CHCuliied DIFCRNARE M BACh handpas Musl 18) wike the Mefemam

s withun IFi aging rece of tha device tuier. The
FrErwUn e BN G 810 al least ihe (hrse sipma kimas tom me mean i

& MeNsTEmEnts,
“Thg mani and will ot ity sum 1o 100 %
E iy reprasent e n ko The data wsed Fod any
6pe for " Band-

“nm:umhmu hnwmmm
= i el Gl wlihen Pei
and

) maman lmity of Table 1 Tes redults £8 D axpecied 1o Sy
PRSP USSR KENOh BT SEVeRE B WhCH B Specis powes Satrbutons difie
By Bt g T WAowd by the ioipances Costit the manlachee of De
RO EE Seoet Yo tDecic SpactE powe’ SENEUAGH B B T LT
h ey ubed

“The benchean oy mouton dals 5 delred @ ASTM G177 s 8
mu—_hﬂ-h-—-“i#
et ol UV The dEa s o

'm#ﬂh“ﬂ-_ﬂﬁ‘lﬁld‘
L Pumeston hambe 55 See ACDEcXs X3 iy more niormalan corparng e
ﬂ'“_—-hl*—““““h4

¥ Foo AV e LY L T T LY
ﬂ-‘_[ﬂhﬂﬂimiwﬂlm‘
e wisl readarcy om 280 o M00 nm The perceriages of UV s wbig
ATASASA O LSS RO ) BN 1T MRACES By viry Sl £3 The mumber
and prog of 5p B

6.13 Spectral Irradiance of Xemen Arc with Davlight
Filters—Filters are used to filter xenon arc lamp emizsions in
a simulation of terrestrial sunlight. The spectml power disin-
bution of xenon arcs with new of pre-aged filters®” shall
comply with the requirements specified in Table 1.

6.4 Spectral Irradiance af Xenon Are With Window Glass
Filters—Lilters ave used to filler xenon are lunp emissions in
i stmulation of sunlight liltered trough window gliss.® Tuble
2 shows the relative spectral power distribution limits for
xenon arcs filtered with window glass filters. The speciral
power distribution of xenon arce with new or pre-aged filters
shull comply with the requirements specilied in Table 2,

6.1.5 Specrral Irradiance of Xenon Are With Exended UV
Filters—Filler thal transmit more short wavelength 1V are
sometimes used 1o accelerale test resull. Although this type of
filier hax been specified in some tests, hey transmil significant

* Kewls, W Shoplend, T Facher, R, “Filfocs of Filier snd Borae Apmg oo s
Spocwal Power Dhesrvbetcs of Xeoos Asc Lampe ~ ODwralakry Frssmy of Nom.
Metaile: Masersals ASTM 57T [2%, Roben: Heriong Fidioe, ASTW, Ml e,

L

" Seaie. X D, Gacsrche. P Kizmoesh, & sl Fan. K. C. “1iersssslen Spoaral
I+ =l Agmyg of Xesea Arcs snd Fitans ™ Applard Opee.
ol Mo . s, pp S1-0T

"Kewla, W_ Rebbiss | 5. UV o Songie Serags Wealow
Gl = Aecrierasnd wnd Ousdoor Diratday Temmy of Orpams Materssls. ASTM
STF 1102 Warves [} Kemols end Dosgls (roases, Flsen. ASTM. Plaieiphe
L]

W3mmummmmnmnn EST 207

505 North Amenics Inc. persuant to Licoec A
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mETr-as e vy Gsec
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oSt g ARG SR B Faredy T Fachon of STErt wEesEn T o
LW pietned | ASTM G 17T) Tl fas een fiered by wndow pams The gl
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”h -ﬂiw'ﬂ-am‘hh- werdow Zlamy Wered

il SHRCTun
‘m#‘““ﬂﬁﬂl fEgrec Lo el slor
data Eavtid o Tabis 4 of CIE Pubie shon Nember 35 See Actess 14 0 =0
G ek SA S o e EIRNCENT e T Y

CIE A5 Tatvie 4.

* For B Denchman wndow jlass Mlered 100 SR TP U aradancey
{300 o 200 nmj = .2% snd e visibie madiance (400 i 500 om) = S18%
oprasted &5 & pRrSETage of nw—uummumum
parcantages of UV and waible Frad g N EMnon Mt
mﬂﬂh““ﬂmﬂhhmﬂm

ol sp Baing dl, mnd e LIV of e wndow
gln-m—n

ridiant energy below 300 nm (the typical cut-on wavelength
for terrestrinl sunlight) and may result in aging processes not
oeeurning outdoors, The spectral irradiance for a xenon ar
with extended UV fillers shall comply with the requirements of
Table 3.

6.1.6 The actual iradiance al the lester’s specimen plane is
g fupction of the number of xenon bumers used, the power
applied 1o each, and the distance hetween the 1e8l specimens
and the xenon burner. If appropriate, repon the imadiance and
the bandpass in which il was measored.

62 Tewt Chamber—The desipn of the test chamber may
vary, but it should be constructed from comosion vesistant
meterial and, i addiion 1o lhe radiant somrce, may provade for
means of controlling temperature and relative bumidity. When
required, provision shall be made for the spraving of water on
the test specimen, for the formation of condensate on the
exponcd (st of the specimen or for the mmmorsion of e el
SpeCiinen in waler

62.1 The radiation source(s) shall be located with respect o
the specimens soch thal the imadiance o the specumen face
complics with the roguirements in Practice G 151.

sgiboried.
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TABLE 3 Relative Ulrawnist Spectral Power Distribubion
Specification for Kenon Arc with Extended UV Filers* "
e S L Benctenarn Sour Mg
Wavetengit s mnm  Percers™  Radaton Percent™ ' Pecen®
380 = u < 200 e ar
200 % A = 390 (1] (1] "o
230« b = M0 33 o no
M0« b = 400 2.0 543 a0
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63 Instrument Calibriwion—To cosure sandardiraticn ad
accuracy, the mstruments sssociatod with (he cxposure appe-
_th&mmwumhﬂ

scasors, bumidity semsors, UV scasors. radometens) rogume

peniodic calibration 0 casare repoatability of st lll*.
Whencver possihic. calitwation sbould be traceables W aational
o micrmtoss! staadapds. Calsbraion schoduie sad procoduse

should be B acondmce wifh Sasel e+ ESUECDOSS.

64 Radometer—The owe of 3 rafomoa o Moo and
comtrol the xmom of radees cserey roooived ® the spoomen
o recommendcd N 1 radsomecier b sod # sball comph with

e roguaements @ Practace ASTM G 151

65 Thermomeser—Either mnulaicd or an-mealatod black o
whie pancl thermometen myy be wsod Thermometers shall
conform & the descrptions found mn Practice (G 151, The type
of thefmimeter psed, the method of mounting on specimen
holder, and the exposure temperature shall be stated in the tegt

report.

651 The tharmomeier shall be mounted on the specamen
ik so thil ¥ smrface 5 o the same relative position and

subyected o the some mfluences 35 the tes! ypecimens.

6352 Some speciications may roguine chamber air cmpers-
tare contsol. Postionmg aad calsteation of chamber aar tem-
peratare scosors shall be i@ accordance with the doscriptions

frund m Practics G 151,

w:mhﬂhl*_*lhﬁ'lmﬂm”

6.6 Moirare—The st specimens may be oxpesed 10 mois-
tare wn the form of waler spray, condensation, mmmerson, of
high hamidity.

6.6.1 Water Spray—The et chamber may be equipped with
a means (o introduce mlermitient waler spray omto the fronl or
the back of the test specimens, under specified conditions, The
spray shall be uniformly distributed aver the specimens. The
spray systemn shall be made lrom cormosion reststant maierials
that do pot comaminate the walcr employel

6611 (haaliy of Watrr for Spravs and Immersion—Spray
water must bave s comductivity helow 3 pSicm. comtain less
Bun |-ppm solds. and keave 5o chservable stams. or deposits
on e spocimens. Very low jevels of silica i spray waler can
cmnc apmbcanl deposts o e sarface of st X
Care should be aken W keep silica levels below 0.1 ppm. In
sddsion io dstillsbon, 8 combemabos of desomiration sed
revene osmosis can clfecuvely produce water of the reguired
quality. The pll of the water used should be repored Sec
Practice G 151 for detailed water quality instructions.

6.6.1.2 Condensation—A spray sysiem designed 1o cool the
specimen by spraying the back surface of the specimen of
specnen subsirale may be requited when ihe cxposure pro-
gram specifies perods of condensaton.

661 Rrlative MHamidiry—The lesl chamber may be
cpupped with 2 mcass 0 Doasee and costrol the rohtive
bumadaty. Sech meiramcents sball be shickdod from e Lenp
raduation

63 Water fesmarrsscom —The ol chamber may be eoqmpped
wiik 2 S 0 EEECTSS spormmoEs B wadcr endey specifed
condipons. The mmmmcrwos sysiem shall b made from corro-
waon sesnianl materads thal do not comtamunate The water

employed

67 Specimen Holders—1loldars for esl specimens shall be
made (rom cortoson rewstant materials that wall pot affect the
test resalts. Corrosson resstant allows of aluminum or stainkess
sieel bave been found acoeptable. Brass, steel, or copper shall
oot be wsed m the vicinaty of the iosl specumens.

6.7.1 The specumen bolders are typacally, but oot pecessar-
ily. mounted on 3 revobvmg cylindncal rack that = rotated
around the lamp oo o 3 spesd dependent on e Type of
oqupmenl and al » ceatcrad both borusvetally amd wrtscally
wib rospoct ko the cxposarc anca

672 Specmen bolders may he i the form of an open
frame. heavmg the back of the specumen exposed, o they may
Providd Ihe SpocHncs with & solid backmg Asy tacking wsod
may affcct bost results and shall be agrood wpon in advance
hetween the micteslod partos

6.73 Specimen holders may rotate on then own axis. When
hese bolders wre wsed. they may be bllcd wilk speanens
placed back 1w back. Rotstion of the holder on its aue
sltiemately exposes each specimen to direct radialion from the
nenon burnet.

6K Apparatus to Assess Champes in Propertcs—LUise the
apparatus rogquired by the ASTM or olber stanchod that
describes determunatus of e property of peopertess beng
momsboned
7. Test Specimen

71 Refer o Practice G 151,

SGS Nerth hz—-nhm—.ﬂoh#*ﬂ
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. Test Conditions

#:1 Any exposure conditions may be used as long as lhe
exacl conditions are detafled in the reporl. Appendix X1 lists
s0me representative exposire conditions. These are 1ol neces-
sarily prefemred and no recommendation i implied. These
conditions are provided for refergnce only.

9. Procedure

9.1 Tdentify each testspecimen by suitable indelible mark-
ing, bul nol on wreas o be wsed in lesting.

9.7 Delermine which property of the test specimens will be
eviluated. Prior o exposing the specimens, quantify the
appropriale properties in accondance with recognized interma-
tional standards. If required (for example, desiructive testing),
uge unexposed file specimens to quantfy the property. See
Practice 1) SET0 for detailed guidance.

9.3 Mounting of Test Specimens—Attach the specimens 10
the specimen holders in the equipment in such o mannce that
the specimens are not subject o any applied stress. To assure
uniform exposure conditicons, 611 all of the spaces, using blank
panels of comosion resistant material iF necessiry,

Mo 3—Fvaluntion of coler and appearance chonges of eaposed
murterials must be mreade hased on rompanisens 1 unexposed speciment of
e same matesial wihich hawe been stored i the dark Masking oo
shielding the foce of test specimens with an opaque cover for the purpose
of showing the efferts of exposure on one panel is oot recommended.
Migleading resulis may be obdained by this metiod, since the masked
paction of the specimen is sill sxposed (o lempemature and humidity that
In ey cases will affect resulis.

0.4 Expasure to Test Condilions—Program the selected test
conditions to sperate continuously throughout the required
aumber of repetitive cveles. Muintain these conditons
theoughout the exposure. Interruptions (o service the apparatus
and to inspect specimens shall be minimized.

9.5 Specimen Repositiening—Periodic repositioning of the
specimens during exposure is nol necessary if the irradiance at
the pusitions furthest from the center of the specimen ured ds al
least B0 % of that measwred ot the center of the exposure uren,
Irradianee uniformity shall be determined in accordance with
Practice Li 151,

9.5.1 I ircadiance at positions farthest from the center of the
exposure area is between 70 and 90 % of that measured &l the
center, one of the following three lechnigues shall be used lor
specimen placement.

9,5.1.1 Periodically reposilion specimens during the ¢xpo-
sure period lo ensure thit each receives an equal amount of
radiant exposure. The repositioning schedule shall be agreed
upon by all interested parties.

9.5.1.2 Place specimens oaly in the exposure ares where the
irradianee s at lenst 90 % of the muximom imedinnee,

9.5.1.% Toconpensate for test variahility, rmndomly position
replicate specimens wilhin he exposare arcy thul mocts the
irrsidianee uniformily requitements as delined in section 4.5.1

9.6 Mnspection=I[ il is necossany (0 CMOYVE 4 Wl specimen
for periodic inspection, ke care nol o hondle of disturb the
st surface, Afler inspection, the st specimen shall he
retumed o the test cliamber with its test surface i the same
orientation as previously lested.

d

Copyright by ASTM Ini (all rights rescrved), Mon Fob 26 19055023 EST 2007
-

9.7 Apparatus Maintenance—The lesl apparuius requires
perindic mainienance W maintain uniform exposure conditions.
Perform required maintenance and calibration in aceordance
with manufaciurer’s instruclions,

0.8 LEapose the tesl specimens for the specified period of
exposure. See Practice G 151 for further guidance.

90 At the end of the exposure, quantify the appropriate
properlics in sccordance with recopnized internutionil ston-
durds and report the resulls in conformance with Praclice
G 151.

Note d—Paiods of exposure apd evaluauon of ws resulis ane ad-
dressed in Practice £ 151,

1. Repori
10,1 The west report shall confomn o Practice G 151,

1. Precision and Bius

11.1 Precision:

11.1.1 The repeatability and reproducibility of resulis ob-
tained in exposures conducted according to this practice will
vary with the materials being ested, the material property
being measured, and the specific test conditions and cyeles thal
we used. In round-rebin studies conducted by Subcommitice
G03.03, the 60° gloss values of replicate PYC tape specimens
exposed in different laboratories using identical test devices
and exposure cycles showed signifisant vatiability. The vari-
ability shiown in these round-robin sudies restricts the use of
“absolute specifications™ such as requiring a specific property
level after a specific exposure period,

11.1.2 11 & standurd or specification for gemeral ise requires
a definite property level afler w specific lime or radianl
exposure in an exposire test conducted according too this
practice, the specified property level shall be hased on resulis
abtuined in a round-robin thal tukes into consideration the
variability due 1o the exposure amd the test methed used (o
measure the property of interest. The round-robin shall be
conducted according o Practice 15 691 or Practice 12 3980 and
shall include a statistically representative sample of all labo-
ralorics or organizalions who woald normally conduct the
exposure and property measurement.

11.1.3 1f & standard or specification for use hetween two ar
three parties requires a delinble property level after & specilic
time or radisnt exposure in an exposare kesl conducted accord-
ing to this practice, the specified property level shall be hased
an statistical analysis of results from at least twir separate,
independent cxposures in each leboratory, The design of the
experiment used to determine the specification shall take into
consideration (he varability due (o the exposure and the test
methed used o measure the property of inlerest,

11.0.4 The round-robin studies cited in 10,11 demonstrated
ot the gloss values for a series of materials could be ranked
with a high level of reproducibility between laharatories, When
reproducibiliy in resulis froom an exposure test conducted
according Lo this practice have nol been established (hrough
poind-robin lesting, pesfommance requirements {or matetials
ahail he specified in terms of comparison (ranked} oo contrl
material. The contral specimens shall be exposed simulta-
neously with thie lest specimen(s) i the same device. The
spevilic contral muterial used shall be agreed wpon by the

505 Morth Amenca Ine. pursuant to Lissnse Agresment. Mo further seproductions sathorized
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concerned parties. Expose replicates of the les! specimen and
the control specimen so that statistically significant perfor-
mance differences can be determined.

1.2 Bias—Bius cannot be determined because no scoepl-
able standard weathering reference muterials are available,

12 Keywords

12,1 wecclernted: acerlerated weathering, durability; EXp-
sure; fabomtory weathering light, lghifasiness, nos-metallie
materialgl temperatiene; ultaviolet: weathering, ¥enon arc

ANNEX

AL DETERMINING CONFORMANCE TO RELATIVE SFECTRAL POWER DISTRIBUTION TABLES

(Mandatory Information fer Equipment Manufacturers)

All Conformance 1o the relative spectral power distriby-
tion Lables is o design parameler for xenon-are source with the
diflerent filters provided. Manufucierers of equipment claiming
conformance to this standard shall determine conformance o

wavelength must be reported. The lowest wavelength mea-
sured shall be no gremer than 270 am. For determining
conformance o the relative spectral irmadiance requiremenis
for a xenon-arc with extended UV filters, measurement from

250 nm to 400 om is required. The wtal imadiance in each

the spectral power distribution thies for all lampifilter com-
umﬂmnmmwmmnqe

binations provided, and provide information on maintenance
procedures 10 minimize any spectral changes tha! may occur
derng normal ose.

ALl The relative spectral power distnbution data for this

equabon feguine
{for example, 2 am) troaghout the speciral regon psed.

g

standard were using the recltangular imiegrabon };s‘
tochnigue. BEg Al.l is vsed 1o determine the relative speciral "-'ﬁ_’ﬂw IALIY
imadiance using rectangular integration. Other imegration tech- ¥ B

(el

niques can be used 10 evaluate spectral power distribution data,
but may give differcot results. When comparing relative  uhere:
spectral power distribution dats W the spectrnl power distribi- fe =
lion mspuirements of this stundard, use the reclangular integm- E -=
tion technique.

. A =
Al3 To determine whether a specific lamp for a xenon-ar¢ =~ B = upper wavelength of bandpass.
device meets the requirements of Table 1, Table 2, or Table 3, C = lower wavelength of totsl UV bondpass wsed for
measare the speciral power disipibation from 250 mn w0 400 cajculating relative spectral imadiance (290 nm for
om. Typically. this is done at 2 am increments. If e manu- daylight filters, 300 nm for window glass filiers, or
facturer’s spectral measramen! cquipment cannol measure 250 om for extended LIV filers), and
wavelenglls 35 low as 150 wm, the lowest messurement A, = wavelength st which imadiance was measured.

relative irradiance in percent,
irradiance at wavelength X, {irradisnce sleps must be

APPENDIXES

N datary Info Hom b

X1. APPARATUS WITH AIR-COOLED XENON ARC LAMIS

X12 The radiation system coasists of citber onc of more

zenop-gre lsmps, depeading on the type of apparatus. A
Ieat-absorhing syslem may be wsed.

X1l This ket apparales uscs OBC Of mare aif-cooled xemoa
arc lamps 3 the sowrce of radiation. Different tvpe and
different size lamps opersting in diffevent wattage ranges may
be wtilized in different sizes and types of apparalus.

wzm$ummmﬂxmnnmm
505 North [ to Lastnse Ag N fusther 1ep )
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X2 APPARATUS WITH WATER-COOLED XENON ARC LAMPS

XLl Thetestapparatus uses a water-cooled xenoi are lamp
a5 Lhe spwree of radistion, Different size fanps operating in
different wallage ranges may be wtilized in different sizes und
Iypes of apparates.

X227 The xenon-wrc lump used consists of o xenon burner

wbe, an inner filter of glass or quanz, an outer glass filter, and
e pecessary accessories, Toocool the Ianp, distilled or
deionized water is circuliled over the burner twbe and then
directed out of the lamp hetween the fnner and owmer glass
filters,

X3, EXPOSURE CONDITHINS

X3l Any exposure conditions may be used, as long as the
exuel conditions are detailed in the report. Following are some
representitive exposure conditions, ‘These arc nol necessarily
prefered and no recommendation is bnplicd. These conditions
are provided for reference anly (see Table X3.1),

Kome X3 0—These exposure conditions are brial summasies of ihe
actual exposure procedures. Consult the applicable tesd methad or putenal
speeification for detsiled operating instructions and procedines: Hizlosical
cupvention has established Cycle | 35 2 very commaenly used exposure
evche, Other oveles may pive & better simulation of e offects of autdoot

TABLE ¥3.1 Common Exposure Conditions

Cycla Fhivat Fradiance Wavatanglh Exposure Cycle

t Dyl .35 Wm™ nm 340 nm £33 min tght al B3°C Black Panat Temparature
18 rmun Bight nnd wabsr speay (it Jamp. not conlrollod)

2 Craytsgnt .35 Wim. nm 340 nm 102 min bght al £3 “C Uninsulated Black Pans! Temparaluna
18 man gt and wiskar spiay (alr femp. notl coniroliod);
B h darie &t B5 (2400 % AH, & 24 °C Unraulsied Bisek Panel Tamperature

3 Dlagtegi 0,35 Wim™. nm 340 1.5 1 agh, 7O % AH, a1 77 *C Black Parol Temparaturg
0.5 b ght and wabsd Spray (sl lemp. nol controtiad)

] Window Glass .30 Wim™. nm 340 am 100 % kgl 55 % A8, At 55¢ T Black Panal Temporalurs

5 Window Glass 110w nm 420 nm 102 min kght, 35 % AH, a1 63 *C Black Panal Temparalure:
18 mun Iight and waiet speay (ain lemp. not controlled)

6 Window Glass 110 W™ nm 420 nm 38 h bght, 35 % RH, o &3 °C Binck Pang| Tompeatura
1 h dask, 60 % AH. al 42~ C Black Pansd Tomparatura

7 Extended LUV OL55 Wim® 340 nm 20 men light, 50 (=5.0) % AH, &t 70{=2) *C Black Parmi Tampeatues angd 47
[ 22y *C Chamba A¥ Tomparalisg
30 rren bt and walie Spely o Specmisn lace;
B0 mn lightt, 50 (500 % RH, af 70 { +2) °C Black Paswl Temperaiuee, and 47
(23] *C Chambear Az Temperaling
B0 e dark ana wili $piay of specman back, 95 (5.0} % RM, 38 (-9 C
Biack Parel Tampaiature and 36 [=2] °C Chamber Ail Temperaluna

TA Durytigha @.55 Wim® nen 340 nm 40 mn bght, 50 | ~5.0) % A, of 70 { 2] “C Biack Panal Temperaluee and 47
[22) *C Chamber A2 Tomponsiug
20 min light and wille! SprRy 0N Specimen lase.
B0 man ght, B0 (#5000 % AH. a2 70 =2) “C Black Panel Tomparaluse, and 47
[=2) *C Chamibser Ax Tomparalivg
B0 dark and walie Spy an gpeomen bonl and back, 95 (+ 5.0} % AM, 38
[22) "G Btack Panel Temparaiule and 38 (=2} "0 Chamber Al Temparatise

@ Exendad LV .55 Wim™.nm 340 i 38 B light, 50 [£50) % RH, ol 89 {£3) "C Black Panel Temparahae and 62
[22) *C Chamear Az Tamparaiuia
1.0 b gark @5 (<50} % AM, al 38 (+2) “C Black Panal Tempetalure and 35
[22] “C Chambar Ax Tomparaiure

g Dayiight 18D Ve et 00400 30400 nim O mun Bgdl A 63 10 Black Parel Temparaleos

nm)

18 men light and wirds spray [lamporalure not condrolbed]

1w Window Guass 162 Wimet 300400 0400 nm 100 % b 50 % AH, at B9 “C Black Panal Temperatuia

nimj

it Window Giass 1.5 Wim®. nm 420 nm Corinuous bght a 63 °C uninsulaled Dlack panet iemperaiure. 30 % AH

12 Dlaytght .35 wWim?. nm 340 nm 18 h eonssling ol conhmuous ght & 820 wnmsalnled black pans
LempeEe 30 % AH
& b dark = G0 % AH. ol 35 "0 dry bulb lempataties

Copyright by ASTM Int'l {all rights reserved), Mon Feb 26 195923 EST X007
Down risied by
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exposure, Cyele 2 has beea used for axtersor grade textile matenials. Cycle
4 has been wed for indoor plastics, Cyeles 5 and 6 have been conmanly
weed for indoor tentshe materials. Cyele 7 has been used for autemalive
oaicine natcriale, Cyele & has bean used for sutemotiva imenor compo-
nents,

Mome X3,3—Cyale T comesponds to the tes cveles specified in SAR
J2527and v SAE 11960, Cyche & correspamids o the test oveles specified
in SAL J3402 and SALE 1885, Consult the apgwogwiate sl procedure for
detniledd eyele desoriptions, eperating instructions, and a description of the
filters used in this application, The filier system specified in thesa
procedures i charscterized o .

Mo XA 3—More complex cyveles may be prozrammed o comjunclion
with dark pelmds that allow hi#h relative humidities and the femation of
condensale at ebevaled chamber temperatures. Condensation may be
produced ou the face of the specimens by spraying the rear sids of the
Sp::i‘ﬂh:‘.m 1o ol e balow the dew pnq'n[.

Note X34—For specinl Lests, o high opersting lemperalire may be
dezirable, but thie will incrense the tendancy [or thermal :lr,.qr.l.lluh 0
adversaly influence the fest results.

Nome K3S5—Surface enperaniee of specimens is an essential dest
yuanhity. Generally, degradation processes sccelersle wilh increasing
iemperanre. [he specimen wemperature. permissible for the acceleraied
test depends on the material 1o be tested and on the aging criterion under
congideration.

New X36—The relative humidity of the air gy measured in the fest
chainber i mt ecesganily equivalent 1o the relative hunuduy of ihe 2
very cluse o the specimen surfave. This is heeause s specimeny having
varying cobwex aml thicknesses may be expecied Lo vary in femperanse,

X2 Unless ciherwise specified, operate the apparalus Lo
maintain the operational Aucuations specified in Tahle X3.2
for the parameters in Table X3.1. If the acmal operating
comlitions do not agree with the machine settings afier the

TABLE ¥3.2 Operational Fluctuatiens on Exposure Conditions

Maximum Allowabio Dovialions fiom
thir Sat Poat gt (e Contrcd Prart

Paramsier Indicaied by the Amsdoan of iho
Caliialed Conbiol Sensoe
hanng Equibenem Opsation
Black Panel Tompaualure =257
Chamba: Air Temparatise = 23
Rotsmwe Humididy 5%
lramance (mentored &l 340 nmj * 0.02 Wi (m?. nem)
Urpeance (montored &1 420 am) = 0.02 W [m™ nm)
bagance (mentorod al 300-490 nm) = 2 Wim¥

equipment has stabilized, discontinue the test and comect the
cause of the disagreement before conlinuing.

Nomn X3 7—3¢1 points and operationsl Ructustions could cither be
listed mdependently of cach other, or they could be Jemed o e format:
Sel point = operational Mucustions, The se1 pednt is the el condition
Tar thee senzor used al the operational contral poant as prosramneed by the
user, Chperatanal Buetualiops are daviations from the indicated set poim al
thee control poind indicated by the readowl of the calibrat=d control s=nsor
during equilibrivm aperation and do not mclide measuement upcenainty.
AL the operational control point, the operational fluctuation can exceed no
meate than the hsted valus al equilibrium. When a standard calls for 3
particular sot poind. the user propranss tat axact member. e aperational
Nuectuatiops specified with the set poinl do rol imply that the user is
allowed 1o program a st poinl higher or lower than the exaol sl paint
specilied,.

X33 For conversion of lesl cvcles from G26 1o G155 see
Tuble X33,

::.n,;;rulunwi,f ASTM hm {all rights reserved). Mon Feb 26 19:59:23 EST 2007
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TABLE X3.3 Conwersion of Test Cycles from G26 1o G155

G76 Tew Cycw Desopton for

[——— T T

G 26 Mothod & — Coftfuiu gt
wEh Te T Een wie Sy

Tha icliowing lo8! &ychs 8 he only
Apacifi condnion tasciibed

102 i bght oy (unshsulaied black
paned lemparatute a 63 = 3'C

T g . Wl SRRy
The type of Mer ane TRt PumOHy
Qureg T P pared are rof SRt

Thrae cycies m G155 Table X351 vse
contmuous hghl and e Sme waler
ngHEY timas m I condions described
o G20 Melhod A

Cycia | unas dayhght e with 340
nm inacanss controled &1 0. 5W)
minem (the Suggested minmum M0
rm Erahancd Yo dayhght s n G0E
Mamod A)

T 5 s watw Giass, Sars wl
LT P CTaGARCS Cortroied W T V0N
=T (T g M 0
T ETAARSCE N wroow puss feers
G & © T
Cycie & uses Saypeghi hoers ana 380
rEn ETAMNGE COMMORSE B 1 55
WinTinen (180 Wim?inm irom 300400
nem)

G26- Malhod B — alornaie axposise
to lighi and dark aha intasmient
axpasune o walel sproy

Mo specilic kghtidaricwater cycie
Soscinga

Tree onty comdtons Sunng the ght
peroc al @ deorbed We Toie o
MeTo & Tre wegrn of 2% Denog S
X X o
ety tLmaly CONREOtE Sutig T

AN i

G168, Tabde X1.1 doscribes seveial
specific cyclis Thal combing lightdark
pancds wilh parods of water apeay

Cyca 2 im Table X3.1 has has an 180

oy &6 b dare pemod o 3 vy hegh

G- Mothad C — conmuous
OxpoEue 1o kghl wilh RO walie epray

Lirk window (lass Mios:
Uninsulaled black panel lempaature s
63 = I°C, rolative humidty is 30 = 5%

Tymoal sracancd i 1.5 Wandinm

GES, Tabés 3.1, Cysie 11

G5 Meitod [ — @S SNDORTE
0 BgPT e SaEre aliOut wer

ey
N JoRcie peeads Of WyToak e
et Eaed

Tyow of filer ol specded
rahEncE F ROt Lpeolel SoppEel
e rakence 5 035 W 2

380 mm with Gnybegte Bars o 07 Wik
o &20 rem wih wnciow QaEs Bl
RH confrolipd fo 36 ¢ 5% Ouneg ige
e
Ol £k I9QUR0S B Oy bulh
Temparatura o !I-n: 0 and 90 = 5%
H

G153 Tabde X0 ¢ Opsie 12

i -y Qi

t Mo further rep
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TABLE X%3.4 Comparison of Basic Atmospharic Conditions Used

lor Benchmark Sclar Specirum and CIE 85 Table 4 Solar

Spectrum
AmpEphens Banchmnrk
Candilion P CIE 85 Tabla 4 Solse Spocirum
Oipang (Hbm-Cm) 030 0.3
Priveptibis wates vapr (om) U 142
Alltudia (m) 2000 L]
Tit angie 37 tapng Equatce O (honsontal
Aur mass 105 100
Albedo {pround religclance] Light Soil wavelsngin Congan o 02
dapend i
Arrogol exlincbon Shalile & Fann Bual E 1o Linkg
[hurmidity dopandoni) Tengedity lastor ol
Abouwt 2.8
Adogod optcal Recinoss al 005 [HR 1+]

S00 nm

TABLE X3.% lrradiance and Relative Irradiance Comparizan for
Banchmark Solar Spectrum and CIE 85 Table 4 Soalr Spectrum

Barchimark
Eandpnss ikl CIE B4 Tabie 4 Sclar Spoctrum
Iremdignce [W/m™) in slated bandpass
b= 0 0,000 0.000
200 = b= 20 2748 & 080
S0 < b = 360 25861 2HASD
360 <k = 400 M T6E 42080
200 = b = 400 [ REL] T4 EEQ
200 w ) = BOD B52 300 BTa TR
Farcen! of 200 to 400 nm iradiance
A < 260 po% 0o
90 <y = 320 8% £4%
320w b = 3E0 400 % JE2 R
360 < k= 400 L42% S6.4 %
Parcand al 200 ta 800 M sradanca
200 = k= 40D A% 11.0%

X4, COMPARISON OF BENCHMARK SOLAR UV SPECTRUM AND CIE 85 TARLE 4 SOLAR SPECTRUM

X4.1 This standard uszes a benchimark solar spectrum hased
on almospheric conditions (hat provide for a very high level of
solur uitravioler radistion. This benchmark solsr specirum is
published in ASTM G 177, Standard Tables for Reference
Solar Ultraviolet Spectral Distributions; Hemispherical on 37
degree Tilted Surface. The solar spectriin is calculoted using
the SMARTS2 solar radiation model 1% ASTM Adjunct

¥ Oueymard, C., “Parameterized Teansmitines Model for Direet Beam aad
Cireupmnlar Spodtral lradiance,” Solor Energy, Vol 71, Mo, 5. 2001, pp. 125-346

¥ Gueymard. I A, Myens, D, and Emery, ¥ ~Proposed Reference Irradiance
Spectra for Solar Fnerygy Sywicms T:l.lmg_".’i‘ui-u Envirgy, Yol T3, No &, 2000, pp
-]

' Myers. D K., Emery. K., ond Gueymaed, ., “Hevising and Validstsg Spedral
Iradimscs: Relorvser. Standards for Photovoltss Performance Bvalastion,” Trass-
action of the Amencan Society of Mechanical Enpineers, Journm! of Solar Fuergy
Engineerig, Vol | 3. pp 367-574, Feh 2004

AMIGOLT3, SMARTSZ Solar Radiaton Model for Specteal
Radiation provides the program and documentation lor calou-
lating solor spectral irrudiance.

X4.2 Previous versioos of this staindard used CIE 85 Tahle
4 as the benchmark solar spectrum. Table X34 compares the
basic atmospheric conditions used {or the benchmark solar
spectiuim and CIE 85 Table 4 solar spectum,

X453 luble X35 compares irradiance (calcofuted using
rectangular integranon) and relative irradiance Tor the bench-
miark solar spectrum and CIE 85 Table 4 solar spectoam, in the
bandpasses used in this standurd.

{4
Copyright by ASTM Int’l (all rights reserved); Mon Fob 26 19:39:23 EST 2007
Dnmhadoi:priuad by o
S0 Morth Amenca Inc. pursuant to Licene Agr Mo further reprod authorzed
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ASTH D4587 93 BN 0759530 0072168 2 BN

qm Designation: D 4587 - 91

Standard Practice for

Papiirted Coppight ABTM
s B b Ut crarrand psmisiiend index, wil sppear in Lim read sdlion,

Conducting Tests on Paint and Related Coatings and
Materials Using a Fluorescent UV-Condensation Light- and

Water-Exposure Apparatus’

This stancerd i lsswed under the fived desipantion D A3ET; 1k number | el
mdmbmu.i-u:murnruo-.ﬂ:m-mmmma 1
an eclieral chings since the laxl mvialon nulmul.

upencrpt epalion (1] indscal

1. Scope
1.1 This practice covers the sslection of test conditions
Practice G 53 1o be w for exposure testing of
paint snd related_ooatings materiale
1.2 Thir siandard-doer not purport to address all of the
problems associaied with its use, It is the responsibility
the user of this siandard to extablish sqfely and
health practices and determine the applicability of regulatory
limitations prior to wuse

1. Referenced Documents

1.1 ASTM Sandards:

D358 Specification for Wood to Be Used As Panels in
Weathering Tests of Coatings®

Specular Gloss?

D 609 Methods for Preparation of Steel Pmlbr'rmnu
Paint, Varnish, Lacquer, and Related Producis®

D610 Test Method for Bvaluating Degree of Rusting on
Painied Steel Surfaces?

DESY9 Method of Evaluating Degree of Chalking of
Exterior Paints®

D 660 Test Method for Evaluating Degree of Checking of
Exterior Paints®

D661 Test Method for Evaluating Degreé of Cracking of
Exierior Painis®

D662 Test Method for Evaluating Degree of Ercsion of
Exterior Painis®
I'.‘.I".-‘I-FTut Method for Evaluating Degree of Blistering of

D772 Test Method for Evaluating Degres of Flaking
{Scaling) of Exterior Paints?

D23 Test Methods for Producing Films of Uniform
Thickness of Paint, Varnish, and Relsted Products on
Test Panels?

DI005S Test Methods for Measurement of Dry Film
Thickness of Organic Coatings Using Micrometers®

D | 186 Test Methods for Nondestructive Measurement of
Dry Film Thickness of Nonmagnetic Coatings Applied
10 @ Fermous Basc?

D 1400 Test Method for Nondestructive Messurement of
Dry Film Thickness of Nonconductive Coatings Ap-
plied 10 & Noaferrous Meial Base®

1 T prectics is wnder the juradichion of ASTM Comminzs D-1 ca Painl and
Felated Comtings wnd Materins and |8 the disect responsibility of Subcomimiltiee
D0127 on Acceleraied Tesling.

Currenl editloa nnmm.n 1991, ?-uuuu.m 1991, Orginatly
jpublished ms 1 4387 = B4, Lagt previow edilion D 4347 -

¥ Amauai Dock of ASTM Siandards, Vil 06,01,

i ml‘h the year of

hﬂlhﬂlﬂ reapproval. A

D 1654 Method for Evaluation of Painted or Coated
Specimens Subjected to Corrosive Environmenis®

D 1 729 Practice for Visual Evaluation of Color Dafferences
of Opaque Materials?

D 1730 Practices for Preparation of Alomizum and Als-
minum-Alloy Surfaces for Painting®

[ 1731 Practices for Preparation of Hot-Dip Aluminum
Surfaces [or Painting®

D 1732 Practices for Preparation of Magnesium Alloy
Surfaces

for Painting®
D 2092 Practice for Preparstion of Zinc-Coated (Gabva-
nized) Steed Suriaces for Painting?

D 2244 Test Method for Calculation of Color Differences
from Instrementaily Measared Color Coordinates®
D2616 Test Method for Evaluation of Visual Color

Difference ‘With a Gray Scale®
4214 Test Methods for Evaluating Degree of Chalking of
Exterior Paint Films® )
E 97 Test Meihod for Direclional Refleciance Factor,
ﬂ-th: O-deg, of Opaque Specimens by Broad-Band
Filter Reflectometry®

Gﬂl‘mhmlﬂ ‘Water-Exposure
w (Fluorescent UY-Condensation Type) for
mdmw

3, Significance and Use

3.1 Organic coalings on exterior exposure are subjected 1o
attack by degrading elements of the weather, panticulardy
ultraviolet light, oxygen, and water, This practice may be
wied for ovaluating the behavior of films exposed in appa-
ratus that ultraviolet radiation, high temperaturss,
and water condensation on the films. This apparstus is used
to make an carly matcrishs comparison of the emerior
exposure qualily of paints. However, light sources, such e
the Muorescent UV lamp, that emit a significant amount of
radiation at wavelengths shorter than those in natursl
sunlight, may cause results that lead to unrealistic evalua-
tions of weathefing propicriies,

2 hmn#‘lﬂﬂmw“ﬂnm
waler, can be specifbed ms » direct simulation of materal
exposere, this practice does not imply expressly, or other-
wise, 2 specific comrelation with omdoor exposure. It has,
however, been useful in many instenoes. )

1. Since climatic conditions vary will respect 10 lime,

¥ Awaual Book of ASTH Standands, Yol 1400,
* Al Sook of ATTM Stesdavdy, Vob 0205 snd 06.00.
¥ amaual ook gf ATTM Sigaderds, Vol 0601 wnd 14.00
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geography, and topography, it may be expecied that the
effects of natural exposure will vary accordingly. All mate-
rials are not affected equally by the same environment.
Results obinined by use of this practice should nol be
represenied as equivalent o those of any outdoor weahering
test unless the degree of quantitative correlation has been
extablished for the material in question.

3.4 Variations in results may be expacted when operating
condilions among similar type instruments vary within
accepled limits of this standard procedure.

4. Test Specimens

4,1 Unless otherwise agreed upon, choose pancls that
meel the applicable base panel requirements specified in
Standards D 358, D60%, D730, D 1731, DIT32, or
[ 2092, Sclect panel sizes suitable for exhibiting the failum
mode to be obsarved.-.

4.2 Apply the coatings To flat panels with the base panel
material, method of application; coaling system, flm thick-
ness, and method of drying consistent with the anticipated
end use, or as mutvally agreed upon belween the producer
and the user, IF it"s not possible to test Jar samples, you may
need 1o ke special precautions to ensure that ([) the sample
holders seal behind the samples so thal the water vapor does
not escape from the test chamber, and (2) the closest part of
Ihe samples 1o the UV lamps & at the 50-mm distance
specified in Praclice G 33, If part of the sample is closer o
the lamps, it will be subject to more intense UV exposure,

4.3 Unless otherwise gpresd wpon, coal test panels in
sccordance with Test Methods D 823 ond measure the film
thickness in accordance with an eppropriate procedure
selected from Test Methods D 1005, D 1186, or D 1400.
Mondestructive methods are preferred because panels so
measured do not need to be repaired.

4.4 Unless otherwise specified, before exposing coated
pangls in the apparatus, condition them at 73.5 £ 1.5'F (23
= 2°C) and 50 £ 5% relative humidity for one of the
following periods in accordance with the type of coating:

Baked coatings 24 b
Rediotion-cwred coaling: h
All alber coalings T days minlmiem

5 Apparatus

5.0 Fluorezcent UV/Condensation Apparatus, complying
with Practice G 53.%

6. Procedure

6.1 Place pancls within the 8.25 by 35.35«in. (210 by
H00-mm) area as deseribed in Practice G 53. Reposilion (he
pancls on a regular schedule as described in Practice G 53 to
minimize any affects from lemperature or UY light varia-
tlon, When the test specimens do not complelely Al the
racks, fill the empty spaces with blank non-rusting panels to
maintain the test conditions within the chamber,

6.2 Use the test conditions specified by mutual consent or
required by a product qualily specification. Some lesl
conditions in current wse for testing paint and related

E Apparmist and lumps from QuPanel Co,, 26200 Fimt Si, Choweland, OH
44145 wnd froen Anles Blessrds Deviees Ca, 4114 M. Ravenswoad Ave., Chitapo,
1L 60613, have been lonind cultatde for this purpoe.

coatings and maleriuls are:

Am 3 h UVI?‘O‘C followed by 4 h COMS0"C for autamo-
tive coetings,

B = 4 h UV/60'C followed by 4 b CONJSOC for general
melal coatings,

C = 47 UV/6D'C followed by 20 h CON/SD'C for exterior
wood coatings,

D = B h UV/50°C lollowed by 4 h CON/45'C for industrial
mainenance coatings,

E = other test temperatures and time cycles that confarm to
the Procedure section of Practics G 53,

where;

UV = ultraviolel light (Jamps) only, and

COMN= condensation conditions only,

Mote |—Tempesatures are Block panel lemperatunes mestureed |n
ihe panel rack.

6.3 Progrom the selected test conditions and operate (he
apparatus continuously within the limits specified in Praclice
G 3. Service the gpparatus in accordance with Praclice
G53,

Move 2—Variations in resulis can accur as the reault of nod changing
lamps in accordonce with the manufaciurer's insteuctions,

7. Periods of Exposure

1.1 Use one of the following 'methods 1o determine the
duration of the exposure under this practice:

7.1.1 A mutually ngreed upon specified number of total
hours,

7.1.2 The number of total hours of exposure required lo
produce & mulually agreed upan amount of changs in cither
the test specimen or an agreed upon standard sample,

8. Ewvaluatlon of Results

8.1 Evaluate conditions of exposed test specimens by
means of one or more of the following standards: D 523,
D610, D639, D660, D 661, D 662, D714, D 772, D 1654,
D 1729, 02244, D 2616, D 4214 and E 97, Select methods
in aceardance with product use requirements,

8.2 Because of possible variations in results as deseribed in
34, no reference should be mude 1o results obtained from
tests conducted in the apparatus using this practice unless
accompanicd by Seclion 9 or unless otherwise specified in 2
reference procedure.

9, Report

9.1 Repont the following information:

9.1,1 Manufacturer and model of Muorescent UY/
condensation apparatus,

9.1.2 Manufacturer's designation for the fluorescent UV
lamp and the relative spectral energy distibution of the
lamp. This may be accomplished by listing the manu-
fagturer's designation, wavelength (nm) where peak emission
occurs, and the wavelength mear bow cut-off where | % of
peak emission occurs.

9.1.3 Exposure cycle, for example, 4 b UV/60'C, 4 h
CONJI'C,

9.1.4 Total exposuns time.

9.1.5 Results of panel evaluation (s2e 8.1,

9.1.6 Edentification of standard wsed for comparative
evaluation, if any,
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