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INTERNATIONAL

Standard Fest-Methoed-Practice for
Accelerated Testing for Color Stability of Plastics Exposed

to Indoor Fuereseenttighting-and-Window-Fittered——
DPaylight-Office Environments *

This standard is issued under the fixed designation D 4674; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonej indicates an editorial change since the last revision or reapproval.

1. Scope
1.1 This—test-method practice covers—an—accelerated—procedure—intended—to—determine the basic principles and operatil

proceduresta for using fluorescent light to determine eeler-ehange stability of plastics when materials are exposed in typical office
environments, where-everhead fluorescent overhead lighting and window-filtered daylight are used for illumination, and where
temperature and humidity conditions are in accordance with American Society of Heating, Refrigerating, and Air-conditioning
Engineers (ASHRAE) recommendations for workers’ comfort.

Note 1—There is no equivalent 1ISO standard.

1.2 This practice describes four methods where specimens are exposed to fluorescent light under controlled environment
conditions. Two of the methods use an exposure device that provides for mixing of fluorescent lamps and two of the methods us
devices that comply with Practice G 154.

Note 2—Method | uses cool white fluorescent lamps and window glass filtered fluorescent UVB lamps and is the same method described in previou:
versions of this standard.

1.3 Specimen preparation and evaluation of the results are covered in ASTM methods or specifications for specific materials
General guidance is given in Practice G 151. More specific information about methods for determining the change in propertie:
after exposure and reporting these results is described in Practice D 5870.

1.4 The values stated in Sl units are to be regarded as the standard.

1.5 Unless otherwise specified, all dimensions are nominal.

1.6 This practice may involve hazardous materials, operations, and equipment. This standard does not purport to address al
of the safety concerns, is any, associated with its use. It is the responsibility of the user of this standard to establish appropriate
safety and health practices and determine the applicability of regulatory limitations prior t&pseific precautionary statements
are given in Section-6. 7.

2. Referenced Documents
2.1 Specification for ASTM Standards:

* Thistestmethod practice is under the jurisdiction of ASTM Committee D20 on Plastics and is the direct responsibility of Subcommittee D20.50ityrobBtastics

Current edition approvee-April December 10, 2002. Publishee3tre 2002. February 2003. Originatly-publishee-as-bB-4674 — 87. approved in 1983usastioev
B-4674—8997). approved in 2002 as D 4674 - 02.
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D 1729 Practice for VisuatEvatuation Appraisal of Colors and Color Differences of Diffusely llluminated Opacque Materials

P2244Method

D 2244 Practice for Calculation of Color Tolerances and Color Differences from Instrumentally Measured Color Codrdinates

D 3980 Practice for Interlaboratory Testing of Paint and Related Matérials

2:2—Other-boecument:

American-Society

D 5870 Practice for Calculating the Property Retention Index-ef-Heating,—Refrigerating, Plastics

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

G 113 Terminology Relating to Natural and-Airconditioning—Engineers;-ApplicationsHandbook—198%+,—Section 1 Artificial
Weathering Tests of Nonmetallic Materiéls

G 141 Guide for Addressing Variability in Exposure Testing-en-Comfort—ChaptérNb@imetallic Material®

2 Annual Book of ASTM Standardéol14702.06.01

3 Discontinued; se&997 Annual Book of ASTM Standardsol 06.01
—Ava&abb—#em—ﬂae—Aﬁmteaﬁ—Seefety

4Annual Book o ating; gerating—and-A

A; 30329. ASTM SteiobaRie3
re-satisfactory.
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G 147 Practice for Conditioning and Handling of Nonmetallic Materials for Natural and Artificial Weathering Tests
G 151 Practice for Exposing Nonmetallic Materials in Accelerated Test Devices that Use Laboratory Light Sources
G 154 Practice for Operating Fluorescent Light Apparatus for UV Exposure of Nonmetallic M&terials

G 169 Guide for Application of Basic Statistical Methods to Weathering Tests

3. Terminology
3.1 Definitions—The definitions given in Terminology G 113 are applicable to this practice.

4. Summary of-Fest-Methed

3-1—Thistestmethod Practice
4.1 This practice provides for the exposure of specimens to fluorescent light under controlled environmental conditions. Radian

energy-from-an-array is provided by one—ef—eleven—very—hrgh—eutput—é\ﬁ-t@)—eeet—whlte the foIIowrng fluorescent light sources: (1)
VHO cool-white fluorescent lamp y -filtered and glass filtered
fluorescent UV—suMamthe—e*ten%e#H\#wadraﬂen—&remmal—H\#aeﬂm&e*posure lamps, (2) VHO cool-white fluorescent
lamps alone, (3) standard output cool white fluorescent lamps alone,-er-UVAE)-from-beth-sources (4) UVA-351 fluorescent UVA
lamps.

4.1.1 Method | is-determined-separately as intended to simulate-theproduct conditions in an office environment plus a portior
of_solar UVirradiance—at-the—start-of-the—test radiation transmitted by window glass. Methods—H-ant—expestre- time, in

3—1—].—'Fhe—eeﬁfnbtmen—et—suﬂ+an°rp—rﬁad+aﬂon Il are intended to simulate only-the-tetat-dV-actinic-exposure indoor lighting
component of a typical office environment. Method IV-s-maintained-eonstant-by-adjusting intended to simulate -erly-the on/off
eyete-time effects of-the-suntamps.

3-1:2-The-average-hominal-suntamp-UV-actinic-exposure-is—setat 12 % a portien-of-the-valvefor-the-v¥HO lamps. solar UV

radiation transmitted through window glass.

NoT Atthotigh-offce-machines-see-some oS cre-to-suntight,mosteriginates 3—A comparison of the four listed methods has not beer
performed and as such results obtained from each method cannot be conS|dered as equivalent.

Note 4—For more information on the use of fluoreseentlighting—Fhe12-%-isan-estimate UV lamps to simulate solar UV radiation behind window
glass, refer to Annex Al of Practice G 154.

4.1.2 Do not compare Comparison of results obtained from specimens exposed-using tahe metheds deserivbed shoffiuld not |
made unless correlation has beenv establirshed between the methods being compared for the materials being tested.

34.2 Color change is determined periodically throughout the course of the exposure by comparison of the exposed specimel
to—Hee—masked—or unexposed specrmens using elther vrsual or mstrumental procedures

an 1l h,t
e-may contin

5. Appatatus>
51 The-test-chambershall-be-eonstructed-of- UV-reflective—altminumSignificance and Use
5.1 Tests conducted in accordance w&h—a—ete&eehremate—eemfereren—eeatmg—ﬁcn—afehed reflector thrs practrce are intended

|nduce property chanqes assocrated

exposure to light and heat in typlcal office envrronments These exposures are not |ntended to smu+ate—t—he—tamp—surface shall t

140-+=-3-mm-at-the-midpeint deterioration caused by localized phenomena such as handling, dirt contamination, etc.

Note 5—Caution: Caution: Refer to practice G 151 for full cautionary guidance applicable to all laboratory weathering devices. Additional

information on sources et—the—areh—See—Figs—l—and 2.

ps variability and-en-the-inner

su#aee strateqres for addressmq vanablllty by deS|qn and data analysrs—ef—the—reﬂeeteFFhe—angtﬂaespaemg—between lam|
laboratory accelerated exposure tests is fou shall Guide G 141.
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5.2 Varlatlon in results may be—8—45—m+n—8ee—|:rgs—1—and 2

ach of expected are possible between-the two
gi 'aI axis different methods described in this

pract|ce For example, differences in spectral d|str|but|on 0
filter(24=0-2-mm-thick)-(SeeHg—1, lamps 12 used and 13).
5—2—'Fhe—seeera=ren—tab+e—shall—have variations |n—the—same—reﬂeetlng—surfaee—as—the—lan+p—reﬂeetekﬂ—shall have irradiance for a
y aving an aree
mgle tyge 0 i rt for Iamg can cause
significant differences in test results Therefore any no referencete—the—eeane—reeepte%(lrght senseﬁ—use—ef—the—radmmeter

%%—%sw&mﬁe%ﬁ%feandﬁens—ms—maﬁeﬁanﬁh%ﬁmpsshall thrs practrce should be made unless accompanied by
a report prepared in accordance wi : mps shall be

needs te—2—5—529amb+ent—temperature—and 40 |nclude a referenee—te—se—%—relatwe—hummny

54 1Thelamps-and-ballasts—shall-beforced-aircooled-to-maintain-the-airtemperature in the method used.
5. 3 Reproducrbrlrty of test—ehamber results between—39—anel—40 C

y e lamps laboratories has been shown to be
tumeel—e#—sheuld good When the—uppeHempera%ufellmlt stablllty of materlals is evaluated—m—the—speemaen—area—be exceeded.

W i v eters terms of performance ranking compared to control
en-trme—feHhe—l—SGG—mA—lamps other materials (}He—eentrel—en#e#—eyehnq for a control. Therefore, exposure of a similar material
of known performance (a control) at the—430-mA-tamps,—and—te—record total same time as the test materials is strongly
recommended It is recommended that at least three replrcates—ef—eperatron feeeaeh—type of Iamp

. The light

eleteeter—ehall material beleeatedfemrally—m%&e*pesweﬁable—ﬁ—shﬂhave—abandpass#rom 250 e*pesed—te—élree—nm and be 3
coesine-response—+eceptor. allow for statistical evaluation of results.
6. Safety-Precautions

6-1Neverlook-directly-atApparatus

6.1 Test Chamber-Unless otherwise specified, the-ope i i v ive-eyewear—The-apparatus
specifiedn-Seetion 5 test chamber shall comply Wlth the requrrements of Practrce G 151

6.1.1 The test chamber used for Methods | and Il shal-be-censtructed designed so that simulthaneous operatiorn of VHO cool
white and glass fit-ntered UV fluorescent lamps is possible, and shalt-be exquipped with a radiometer complying with the
requirements of Practice G 151 and calibrated from 256-te-hazardeus levels 400 nm. Annex Annex A1 contains more information
about the design ef-UV-radiation—Aceess the apparatus used for Methods | and II.

6.1.2 The test chamber used for Methods IIl and IV shall conform te-the la requirements of Practice G 154.

6.2 The spectral distribution of the UVB-313, UVA-340, and UVA-351 shall-be-protected-by-safety-switehes-that turn comply
with the requirements of practice G 154. The spectral power distribution of the cool white lamps used shall comply with the
requirements given in Annex Annex A2.

6.3 Window glass-Unless otherwise specified the window glass shall be good grade clear, flat, drawn “single strength” sheet
glass free of bubbles or other imperfections and between 2.0 and 2.5 mm in thickness. The glass shall be preaged in the device
for at least 24 hours prior te-gaining-aceess- The use.

6.4 For Methods | and Il, place the apparatus-shal-have-a-cireuit-breaker-switch-controlling-eleetric power in an environment
that meets ASHRAE recommendations of 20 to 25.5°C and 40 to 50 % relative humidity. For Methods Il and IV follow the

itable requirements of Practice G 154 for the area in which the

mstruments are used.

6.5 Instrument Calibratior—To ensure standardization and accuracy, the instruments associated with the exposure apparatus;
(for example, timers, thermometers, UV sensors, and radiometers) require periodic calibration to ensure repeatability of test results.
Whenever possible, calibration shoutet not needs to-be-used-ferany-otherpurpose. traceable to national or international standards
Unless otherwise specified, calibration schedule and procedure shall be in accordance with manufacturer’s instructions.

ize-is adequate
nt amongHazards
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7.1 Never look directly at the-parties-coneerned-but-expesed-surfaces-should operating lamps unless wearing UV protectiv
eyewear. The apparatus specified in Section 6 shaH—be—eepIanar

+2-ts+reeommended constructed so th y-wrapped tc

prevent-expoesure-of the—eevefed—ade—'lihe-eﬁﬂre—speemen may ogerator will not be e*pesed—#—aﬁ—uﬂe*pesed—e%trol is used

juelge-cotor-shift-or-if-the-eolor hazardous level O eXPOSUre
7—2—1—Hse—ef—a4ﬂm+ﬁum—feﬂﬁasked—speemens—may—result uv radlatlon

7.2 Discard or recycle lamps-in-a-higher-itradiance-tevel-due-to-increased-refleetivity of accordance with any relevant local
ordinances when they are no longer suitable forthe-speeimen area. tests described.

8. Preparation-of-Apparatus
8- Verify-properdamp-function-before-starting-any-test.

82 Verify-the-UV-rradianee-tevel-of-each-type-of-famp-before-startingTest Specimens
8.1 The recommended specimen size-is-a-test-Carry-out-verification-ofHrradiance-with-samplesin-place:-etherwisereflectanc

of rectangular flat piece 50 by 80 by 4 mm (minimum thickness). This size is adequate for visual or instrumental evaluation. Othel

specimen dimensions may be used by mutual agreement among-the-bare-aluminum-tray-will-give-erronesusresults—Radiomet

readings-at-the-start parties concerned but exposed surfaces need to be coplanar for most consistent results.

9. Test Conditions

9.1 Conduct exposures in accordance with one of-the-test-should-not-beless-than-6-Biatowing exposure methods.
9.1.1 Method t

9.1.1.1 Use apparatus conforming to-the-1500-mA-tamps-and-FPémequirements described in Annex Annex Al.
Note 6—For Method |, the-436-mAtamps.

e i i i i i iformity contributien-ef-eolor and
fluorescent uv Iamp radlatlon to the tetabl UV actlnlc exp_osure is ad|usted by chanqmq the percentage-of-surface-iregularitie
which-could-adversely-affect-eolor-measurement.

92-Pre-age time the-lamps-byleaving-them on specimens are exposed to the various lamp types.

9.1.1.2 This method provides fera-minimum exposure-6f-48-h-prior specimens-to-nitial-test—Replace all radiant energy from
an array of very high output (VHO) cool white fluorescent lamps plus intermittent radiant energy from window glass filtered
fluorescent UV lamps. The total UV radiant exposure from both sources is calculated by determining the total UV irragiance falls

belew-the-limits-speeified-in-8:2.
10—Procedure

16-1-Make-an-initial-color-determination-priorto-loading-specimens.

16-2-Open-specimen-drawer from each type of lamp separately-ane-Hoad-speeimen-trays. Arrange calculating the product of tt
total UV irradiance and exposure time in Watt-hourg{w-h/nv).

9.1.1.3 Place test specimens-in—+ews-beginning inthe-middle and exposure area, leaving atHeast-a—minimum 25-mm 25 mr

empty border around the—edge of exposure area.
9. 1 14 Run the y -

deV|ce with both the—eesme—reeeptor

106-3-Clese-the-specimen-drawer cool white -ant-verifytamp-irradiance-teveHn-aceordance-with 8.2.
16-3-3—Furn fluorescent UV lamps -en-beth-sets-of-tamps-After for at least 20 minutes, then+turn off FS the fluorescent UV lamps

and record the-€W UV irradianee-{radiometer-reading) with only the cool white lamps operating (CWE ) 280r400 nm).
Calculate the exposure time required for the desired-coshwhite-UV-Actinie-Exposure-(UVAE) ralfiant exposure as follows:
—————————————————————————————cWExpostre - CW-UVAE/CWHrradiance

_ Cwy (1)
CVV[ - C\NE )
——————————————————————————————————(Fxample CW-Exposure  —3240/10-8—300H
CWE
where:
3240-W-htnt
where:
cw = example-of-an-often-agreed-upon-expoesure, and
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16-8xposure time
for cool white

lamps,
CW, = desired UV radiant expemsure for cool white lamps alone, and
CW, = UV irradiance measured with only with the cool white lamps operating.

10-32—Furn-off

9.1.1.5 Run the-€W device with only the fluorescent UV lamps-anrd turn on and recerdthe-FSlamps—Recerd-the-radiometer
reading-(W/m UV irradiance (UVE in W/f 250-400 nm). The UV actinic exposure from the filtered fluorescent UV lamps is set
at 12 % of the UV actinic exposure for the cool white lamps. Calculate the-tetaH-SHamp-en-time operating time for the fluorescent
UV lamps as follows:

|l a2V Y 190 OA\ALL N
FS-On—time h=—12- % EWUVAEASHrradiance
0.12% CW,

radiometer+eadingexposure time for fluorescent UV lamps,
desired UV radiant exposure for cool white lamps alone, and
uv |rrad|ance measured with only W|th the-FS fluorescent UV Iamps operatlng

e-time and

( 300—- 194 106 \
\ExampleT = m,.0 546 off-time h/cvcle 3)

Note—2—+H 7—Although an office environment sees some UV exposure due to sunlight through window glass, most photodegradation originates from
fluorescent lighting. The 12 % is an estimate of a representative office environment.

9.1.1.6 Calculate theradiometer+eading fraction of time per hour for whieh-the-1500-mA fluorescent UV-Hamps-is too low, are
turned off (UVoep) as follows:

CW,—UV, -
oY,

(1) Replace the—e#—tl-me—mtewataleyele—wm—be cool Whlte Iamps if UM is greater thaH4.—9—'Fhe—FS—tamp—t|-mer—ean—not be

v 500-mA or equal to one.
9. 1 1 7 Proqram the device so that the cooI Whlte Iamps operate continuoush-and-430-mA the fluorescent UV lamps s are turned
on once per hour for the fraction of time caleul bated in section 9.1.1.6. Continue the exposure for the total time calculated in
section 9.1.1.4.

9.1.1.8 Reposition the specimens at time intervals equatto-achieve-an-off-time-intervalfeyeledess-than 1.0.
164-1Program 25 5 % of the-FSHamp-eyeting-timer total time calculated in section 9.1.1.4. Move specimens—ustto a 1-h
time-on-intervalfeyele.

16-42Program the-FStamp-timer right of the center line of the exposure areatoe-the-off-time-intervatfeyete-ealculated position
farthest to the right in—16-4.

10-4-3Replace the-CWH-Hamps if exposure area and move remaining specimens one positien-te-the-tetal-on-time for left. Move

specimens just to the-FS-exceeds left of-the CW center line of the exposure time.

1044 Donotadd-additional to the position farthest to the left in the exposure area and move remaining specimens in this half
onee position to the-test-has-begun.

10-5-Statrt right.

9.1.1.9 Maintain chamber air temperature between 30 and 40°C during the exposure. If the air temperature exceeds 40°C, the
device must be shut off and the cause for the high temperature corrected before exposures can continue.

9.1.1.10 Conduct exposures for a total time-which-willassture-prompt agreed upon by all interested parties. Periodically remove
test and control specimens for color measurement w and relevant physical property tests.

9.1.2 Method It

9.1.2.1 Use apparatus conforming to the requirements of Annex A, but without the fluorescent UV lamps.

9.1.2.2 Place testis-coempleted.

10-5-1—TFhe-C\WHamps-should-be-en-continuoushy-threughout specimens-inthe entire exposure area, leaving at least a 25 mm
empty border around the excposure area.

9.1.2.3 Operate the device fer-briefperiods at least 20 minutes then record the UV irradiangg, (Whieh W/nt, 250-400

UVorr =
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nm). Calculate the-samples—are-removed exposure time necessary-for-ecotormeasurement the desired cool white UV irradian
exposure in accordance with-10-6—Verify-that section 9.1.1.4.
9.1.2.4 Reposition the-FS | specimens during the exposure as described in section 9.1.1.8.

9.1.2.5 Maintain chamber air temperature between 30 and 40°C during the exposure. If the air temperature exceeds 40°C, tt
device must be shut off and the cause for the high temperature corrected before exposures can continue.
9.1.2.6 Conduct exposures for-a—reproducible—eydiet-dion-foltowed total time agreed upon by all interested parties.
Periodically remove test and control specimens for color measurement and relevant physical property tests.
9.1.3 Method 1k
9.1.3.1 Use apparatus conforming to-the-ealcutated-time off.
%G—S—E—Havrﬁg—detern%ned requirements of Practice G 154—and—verified equipped with F40T12 cool white lamps. Place
specimens in thetestduration devices,-and-FS-eyeleintervals, do fill all spaces-hoetmake-adjustmentsintestieyeletime during use
by test specimens with blank metal panels. Operate-the-test. If device withHamps-fai-during-thetest+eplace them on continuousl
and—restart-the-entire-test with-new-speeimens.
10:5-:3—Retate the black panel temperature controlled at 30C.
9.1.3.2 Specimen RepositioningPeriodic repositioning of the specimens during exposure is not necessary if the irradiance at
time-intervals-equal-to25-5% the positions farthest from the center of the specimen area is at least 90 % of that measured at
the center of the exposure area. Irradiance uniformity shall be determined in accordance with Practice G 151.
9.1.3.3 Conduct exposures for a tetattest time agreed upen-by-mevingtheseinthe-innermostrow-(adjacent all interested partie
Periodically remove test and control specimens for color measurement and relevant physical property tests.
9.1.4 Method IV
9.1.4.1 Use apparatus conforming-te-median) te-the-eutermeost row requirements of Practice G 154 and equipped with UVA 35!
lamps that comply with the-same-speeimen-tray—Move requirements of Practice G 154. Place specimens in the devices, and f
all-remaining-rows-one—row-position-closer to spaces not used by test specimens with blank metal panels. Operate-the mediat
10-6—FEvaluate device with lamps on continuously and with-the-eelerehange black panel temperature controlleBa€50
9.1.4.2 Specimen RepositionirgPeriodic repositioning of the-test specimens during exposure is not necessary if the irradiance
at-severaHntervals-threughout the-eourse positions farthest from the center of the specimen area is at least 90 % of that measur
at the center of the exposure area. Irradiance uniformity shall be determined in accordaree-with—Method-D 2244 or Practice
B-17291n-addition-to-the-initial-reading;take-coler-measurements-when G 151.
9.1.4.3 Conduct exposures for a total time agreed upon by all interested parties. Periodically remove test and control specimel
for color measurement and relevant physical property tests.
9.1.5 Other exposure conditions may be used as long as the exact conditions are detailed in the report. Obtain agreeme
between all concerned parties for the specific exposure cycle used.

10. Procedure

10.1 Prepare specimens in accordance with relevant standards-and upon identify each in accordance with Practice G 147.

10.2 Determine which property or properties of the test and comntrol specimens will be evaluatied—f ron. A-ddestructive tests
are used, measure the property or properties en ealch test and control specimen prior to exposure and after each exposi
increment. Use of instrumental measurements is recommended whenever possible. Retain a supply of unexposed file specime
of all materials evaluated.

10.2.1 When destructive tests are used, a separate _set of specimens will be needed for each exposure increment. It
recommended that sufficient file specimens be retained so that the property of interest can be determined on unexposed fi
specimens each time the exposed materials are evaluated.

NoTte-3—Cofterfastness—tnder-these—expostre—conditions—should 8—Since the stability of file specimen may alse be timev-dependent, users alr
cautioned that over prolonged exposure periods, or where small differerees-n terms the order of acceptable limits are anticipated, compassdn of ex
to file specimens may not be valid.

10.3 Mounting of Test SpecimensAttach the4ewest—nem+nal—u¥—aet|mee*pesu+e—reqﬂ|red spemmens to the specimen tray or

specimen holders in the egqucipment in sueh A-linear wit

respect manner that the specimens are not subjeet—te—deee—eetrme—tt—ts—alee—mmrtaﬁt—te observe any applled stress. To ass!

uniform exposure conditions, fill all of the—+ate spaces, using blank panels-ef-diseeleration. Plots corrosion resistant material.
10.4 Evaluation of colerchange—{forexamplel: and-i appearance changes of exposed materials shall be made based on
comparisons to unexposed specimens of the same material that have been stored in the dark.
10.5 Unless otherwise specified, do not mask-er-both)-versus-exposure-are-usefut-{(See-Appendix X1.)
10-6-1+Remove shield Masking or shielding the face of test specimens from with an opaque coverferthe-testchamber only afte

turning-off purpose of showing the—marn—pewer—thefeby—steppmq effects of exposure on one panel Misleading results may be
obtained by using this method, since-the ii ement during maskec

portion of the specimen is still exposed to temperature and humldlty that in many cases will affect results.
10.6 Exposure to Test ConditioasUnless otherwise specified, expose specimens in accordance with one of the methods
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described in Section 9. Maintain these conditions throughout the exposure. Interruptions to service the apparatus and to inspect
specimens shall be minimized.

10.7 Inspectron—lf it is necessary to remove a test specimen for perlodlc mspectlon take care-not affect to handle or disturb
e-points of test surface. After inspection, the
test—eyere—eemp+e’fe—ee+eﬁmeasufements specrmen shall be returned to the test chamber with its test surface in the same orientatiol
as-rapidly-as-possible—ollowing-each-eolor-measurementreturn previously tested.

10.8 Apparatus MaintenaneeThe test apparatus requires—pecriodic maintensance—te—the—apprepriate—-ocations maintain
uniform exposure conditions. Perform required maintenance and calibration in accordance with manufacturer's instrumctions.

10.9 Color changes initiated by accelerated expoesure-unti-the-testis—eoempleted.

10.6-2H-immediate-evaltation may continue after removal of-thefinalpost-exposure specimens from exposure to radiation.
Unless otherwise specified, evaluate the final color change-is-retpossible+efrigerate within 24 hours afterthe-test specimens
at—15te—20°C is completed, preferably less than one hour-te-minimize eliminate pessible effects misleading consequences of

post- actinic exposure reactien—r-any-case-make-measurementwithin 5 days (Color change initiated by accelerated exposure may
continue after removal of specimens from exposure to radiation.)

11. Periods of Exposure and Evaluation of Test Results

11.1 In most cases, periodic evaluation of test-eompletion.

%9—6—3—'Fem=rme+egy—feﬁdesenb+nq and control materrals is necessary to deternﬁne—the—ebserved color variation in magnitude and
direction of property chang —rrcitalagreemer oncerned.

%G—G—A—HS%&meH%ar—evarﬂaHon as a functron—ef—eeJrer—dr#erence exposure tlme or radlant exposure.

11.2 The time or radiant exposure necessary to produce a defined charge-in-ClEt*a*b(CIELAB)units-in-acesrdance with
Method-B-2244-shall a material property can be used to evaluate or rank-the—preferred stability of materials. This method is
preferred over evaluating materials after an arbitrary exposure time or radiant exposure.

11.2.1 Exposure to an arbitrary time or radiant exposure may be used-fer-describing-the-eeter change purpose of a specific test
if agreed upon between-an-unexposed-control-specimen and-the-expesed-specimen parties concerned or if required for conformanc
to a particular specification. When a single exposure period is use, select a time or radiant exposure that will produce the largest
performance differences between-the-masked test materials or between the test material and u the control material.

11.2.2 The minimum expeskure time used shall be that necessary to produce a substantial change in the property-of an exposec
specimen;unless-agreed-upon by interest for the least stable material being evaluated. An exposure time that produces a significar
change in one type of material cannot be assumed to be applicable to other types of materials.

11.2.3 The relation between time to failure in an exposure conducted in accordance with this practice and service life in its end
use environment requires determination of a valid acceleration factor. Do not use arbitrary acceleration factors relating time in an
exposure conducted in accordance with this practice and time in its end use environment because they can give erroneous
information. The acceleration factor is material-dependent and is only valid if it is based on data from a sufficient number of
separate real time and laboratory accelerated exposures so that results used to relate times to failure in each exposure can b
analyzed using statistical methods.

NoTe4 he-preferred-method-usesreflectarice meastrement-within comporent included, 9—An example of a
statlstlcal analysis using multlple Iaboratory and exterinor exposures to ca+cu|ateg an acceleration factor is descnbed%&ébrﬁ’nrm:trce G 151 for
€HE more information and additional cautions about the use of acceleration factors.

11.3 After each exposure increment, evaluate or rate changes in exposed test specimens in accordance with applicable ASTM
test methods.

11.3.1 For some materials, changes may continue after the specimen has been removed from the exposure apparatus. In suc
cases, it is best if measurements (visual or instrumental) should be are made within a standardized time period or as agreed upor
between the interested parties. The standardized time period needs to consider conditioning prior to testing.

11.4 Use of results from exposures conducted in accordance with this practice in specifications:

11.4.1 If a standard or specification for generall use requires a definite property level after a specific time or radiant exposure
in an exposure-t-Cest conducted in accordance with this practice, base the specified property level on results from round-robin
experiments run to determine the test reproducibility from the exposure and property measurement procedures. Conduct these
round robins in accordance with Practice E 691 or Practice D 3980 and include a statistically representative sample of all
laboratories or organizations who would normally conductthe1931 (2°) exposure and property measurements.

11.4.2 If a standard or specification for use between two or three parties require a definite property level after; a specific time
or radiant exposure in an exposure test conducted in accordance with this practice, base the UV specified property level on two
independent experiments run in each laboratory to determine the reproducibility for the exposure and property measurement
process. The reproducibility of the-instrumentseuree-should-be-excluded—tshould-alse-be noted exposure/property measurement
process is then used to determine the minimum level of property after the exposure that is mutually agreeable to all parties.

11.4.3 When reproducibility in results from an exposure test conducted in accordance with this practice has not been established
through round-robin testing, specify performance requirements for materials in terms of comparison (ranked) to a control material
used.
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11.4.3.1 Conduct analysis of variance to determine whether any differences between test materials and control materials
statistically significant. Expose replicates of the test specimen and the control specimen so that statistically significant performanc
differences-in-eolormeasurements can-eceur—particularly be determined.

Note 10—Fischer illustrates use of rank comparison between test and control materials in speciffc@tiengrecision and bias section of this
standard shows how rank correlation was used to compare the between-lab res,ults for materials tested in accordance with Menthod 1.

Note 11—Guide G 169 shows examples usirg-different-types analysis-ef-nstraments.

31— variance to compare materials.

12. Report

142.1 The report shall include the following:

1122.1.1 Material identification and source (if known).
112.1.2 Exposure apparatus type.

1113 nitial

12.1.3 Total exposure time, h.

12.1.4 Exposure method used (I, I, lll or V).

12.1.5 Radiant dosage and wavelength in which it was measured (CWH for Methods | and II).
12.1.6 Quantity and types of lamps used.

12.1.7 For Methods | and Il

12.1.7.1 Initial and final CW-UV-irradianee, WHn
H-3Anittal Irradiance (CW)

12.1.7.2 Initial and finaHFS UV-irradianee, W

1135 Totat-exposure-time; h.
1-1-6FetalFS-en-time-h

137 FSoff-time-interval.

1148 Irradiance (UY)

12.1.7.3 Hours CW Light time (CW

12.1.7.4 Hours UV Light time (UY

12.1.7.5 UV off time interval (UWc— Method | only)

12.1.8 Basis for evaluation

142.1.8.1-VResults from visual or instrumental, tests used to evaluate specimends,

142.1.8.2-MaskRedsults from visual-er-unexpoesed-controls.

11:3-9-Exposure—required instrumental tests used-te—proeduce-a—preseribed-eoler change evaluate masked-areas or a plot

specimens,
12.1.9 Description 6

instrumental-measurement analyas—ef—eebHﬁqHS%ﬁG—W—hA#
1339141 the specimens,

12.1.10 If instrumental color measurements are used, the type-of-equipmentany-deviationsfrom-therequirements in Note ¢
equipment and color-difference equatier—used must be stated.

r the method used for visual or

123. Precision and Bias

8 Fischer, R., Ketola, W., “Impact of Research on Development of ASFM-headgtarters—Reguest-RR—D20-1162. Durability Testing Standards,” Testadgliof
Non-Metallic Materials, ASTM STP 1294, Robert Herling, ed., American Society for Testing and Materials, Philadelphia 1995.
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13.1 Precision
13.1.1 The repeatability and reproducibility of results obtain fed in exposures conducted in accordance with this practice will
vary with the materials being tested, the-macterial property being measured, and with the variabitity-in-atight-coler{sueh as white)
temperature and irradiance within and between exposure devices. In a round-robin on Method | conducted liabb@gstories

reported coloe(sueh—as—b*ewa)—erE—uH&s (L, (CIE L, a, b) axetvalues-were-meastred-by-speetrometer at for eight materials.

Five replicate specimens of e 5 T5or 175 a material were tested. Seven laboratories

participated in the round-robin, but variability i |n color measuremem—pfebbms—eee&mﬁg—mﬁ%hreeﬁbefateﬁes—staﬂsﬂeal analysis
was-confined-to or exposure conditions, or both resulted in data from only-feurtaberatories.

H—E—GeefﬁereMS—ef—vaHaﬂeH—(e\/) laboratories being used4&&rat-25-%-oftest-eyele-Go-were-as-follows:
SVrt%y?

Evr{%)?
44
433
52
768
329
282
109
315

88 B¢ ff fF

0
Materiat

EVR{%)*
136
-89
70
88:9
32
139
75
28:8

SR INTHL

4:2—4—Lt—sheu4d—be44eted—that—s+gmmam—vanatlon the eight materials tested by the four laboratories is shown in Table 1.

13.1.2 Using the-test precision data—eccurs—early obtained in—the-test-eyele;—as—shewn-by-the—coefficients round-robin, two
samples of-variation material Aa testee-n-122-—Fhis-may a single device cannet be due judgedte-changes in be different (at a 95 %

confidence level) unless theE between the unexposed and exposed specimens differs by more than 0.59. Similarly, two samples

of—d13ee+eﬁaﬁeﬁ—feemaﬁy—n=ra’eeﬂals—neaez-5% of materlal Aa tested in different Iaboratones unless—the—tes{—'Fhefe#efe one must
Slamty y i A difatence

is Iarqer than 1.05 unlts The—renprodUC|b|I|ty data in Table 1 show how—tlae—eee#ﬁereﬁts—ef—varlatlon precision varies with material

and the tolerances needed to account¥Brat variability in exposure and property measurement. The variability shown in this

| 4:2—3—Geefﬁe+en¥s-ef—vanauen—@\/) statistical analysis in accordance with Practice E 691. The precision -ddaatoend-of

° 3 S PC 336 12181.
° Supportlng data have been flled at ASTM Internatlonal Headquarters and may be obtalned by requestlng Research REHbi FIS:

TABLE 1 Precision Data for AE of Eight Materials Exposed for Time T100 in Round-Robin Exposures Conducted in Accordance with
Method | of This Practice

Material Average Repeatability Reproducibility Repeatability Reproducibility
AE Standard Standard Limit Limit

Deviation Deviation
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TABLE 2 Average AE for Five Replicates of Each Material Exposed to Time T100 in Accordance to Method | Reported by Laboratories
Participating in Round-Robin on This Practice
Material Lab 1 Lab 2 Lab3 Lab 4 Lab 5 Lab 6 Lab 7 Lab Ave
Aa 2.36 1.88 3.66 1.67 1.29 2.14 1.77 2.11
Ab 1.73 1.54 2.14 1.32 1.20 1.26 1.86 1.58
Ba 1.64 1.66 1.33 1.45 1.77 1.45 1.64 1.56
Bb 1.56 0.28 1.22 1.69 0.25 0.11 1.12 0.47
Ca 9.94 9.96 10.81 8.46 8.40 7.49 8.83 9.13
Chb 1.16 0.96 1.38 0.79 0.93 0.59 1.55 1.05
Da 4.35 4.80 4.57 3.12 3.28 3.38 2.74 3.75
Db 0.71 0.20 70 0.26 0.35 0.15 0.60 0.42

TABLE 3 Rank Order for Eight Materials Based on  AE Obtained in Exposure in Accordance with Method | of This Practice (1 = Smallest
AE, 8 = Largest AE)

Material Lab 1 Lab 2 Lab3 Lab4 Lab 5 Lab 6 Lab 7 Lab Ave
Aa 6 6 6 6 5 6 5 6
Ab 5 4 5 4 4 4 6 5
Ba 4 5 3 ) 6 5 4 4
Bb 1 2 2 1 1 1 2 2
Ca 8 8 8 8 8 8 8 8
Cb 3 3 4 3 3 3 3 3
Da 7 7 7 7 7 7 7 7
Db 2 1 1 2 2 2 1 1
[ |
1 TABLE 4 Rank Correlation Coefficients between Individual Labs and between a Lab and the Rank Based on Average AE for All Labs
Lab 1 Lab 2 Lab3 Lab4 Lab 5 Lab 6 Lab 7 Lab Ave
Lab 1 1.0000 0.9995 0.9995 0.9997 0.9992 0.9997 0.9995 0.9997
Lab 2 0.9995 1.0000 0.9992 0.9997 0.9995 0.9997 0.9992 0.9997
Lab 3 0.9995 0.9992 1.0000 0.9990 0.9982 0.9990 0.9995 0.9997
Lab 4 0.9997 0.9997 0.9990 1.0000 0.9997 1.0000 0.9990 0.9995
Lab 5 0.9992 0.9995 0.9982 0.9997 1.0000 0.9997 0.9987 0.9990
Lab 6 0.9997 0.9997 0.9990 1.0000 0.9997 1.0000 0.9990 0.9995
Lab 7 0.9995 0.9992 0.9995 0.9990 0.9987 0.9990 1.0000 0.9997
Lab Ave 0.9997 0.9997 0.9997 0.9995 0.9990 0.9995 0.9997 1.0000
[ |

round-robin studies restricts the—end use—ef—a—qu—test—eycIe “absolute standards” sueh—as—ﬁe%ed—mﬁ—B—'Fhefefore it i
recommended-that requiring-a y
noted-with-these-materials specific property Ievel after a specmc exposure perlod

13.1.3 The same round-robin study demonstrated—that had-the—smallest-coler—change—for-eX&mpl€4—The—most
reproducible-tdata—oceurred-with—those values for the eight materials—having could be rankedAite-®-5-Although-the
reproducibility high level of reproducibility between laboratories. Table 2 shows-the-mest-cetor stable aVEréayethe eight
materialsHispoerer-than reported by-the-others,from-a-practical-standpeintitis-not-considered-significant-because of seven lal
that participated in the-smaltness of round-robin. Table 3 shows-the-data-being-measured and rank ordering based-enthe instrum
timitations.

12-5—TFhe averagAE and-standard-deviation-at-end-oftesidfreported-from Table 4 shows the rank correlation coefficients
between individual labs for each tab-was-as-feltows:

compared to the average for all labs.

13.2 Bias—Sinece

13.2.1 Bias cannot be determined becausene-abselute-method-s-available acceptable standard weathering reference matel
are available.

§
:
:
:
:

11
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ANNEXES

(Mandatory Information)

Al. Requirements for-ecempatison,—ho-statement-of-bias-can-bepresented Apparatus Used for Methiods | and Il

Al.1 The interior of the test-method.

127-No-statement-ecan chamber shal-be-made-abeut-eitherprecision constructed using UV reflective aluminum with a clear
chromate or-bias-when-visual-measurement is hon-chrome conversion coating.

Al.2 The test chamber shall consist of a flat area used for exposure of specimens and-an arche td “roof” on which are placed
1500 mA F48T12/CW/VHO cool white fluoresulcent lamps. The arehelyd roof shall contain two apertures whethre 430 mA fluor
thescent UV lamps are placed behisnd-a—€coenfermance soda lime glass filter that-i®.2.4nm thick.

Al.3 The apparatus shall be equipped with timing devices and timing meterste-the criteria control ontime-forsueeess specified
in the-procedure.

APPENDBES
{Nenmandatory-thfermation)
X+—IJYDGINGRELATIVE-1500 mA cool white and 430 mA fluorescent U\V-EOLOR-STABILHIFY-BY-HHSFESTMETHOD—

the fluorescent UV-phetedegradation-isknown lamps shall conformte-be-a-renlinearfunction the requirements-ef both UV the
UVA-340 or UVB 313 lamps given in Practice G 154. Fig. A1.1 shows a typical instrument configuration. The dimensions shown
produce a configuration where irradianee-and uniformity within the exposure area meets the requirements of Practice G 151. Other
configurations and dimensions can be used if uniform conditions can be achieved.

orfastness the UVA-340 and UVB-313

Note Al.1—Typical spectral power distributions ferma
lamps filtered by window glass can-be-judged found—rn—terms Appendlx Xl of Practlce G 154

Fluorescent
U.V. Lamp (2)

Soda Lime
Glass Filter

Fluorescent V.H.O.
Cool White (11)

Reflector \

To Specimen Surface

At

[ 330 mm

- Reflector Radius

26.25°
8.75° /

. Al.1 Cross Section Diagram of Representative Test Apparatus for Methods | and Il.

EANNNNNNNNNNNNNNNNNNNANNNNANS

2 OO

| X1 —Celerchange-due lamps and to record the total operating time for each type of lamp. The spectral power distribution of

I
®

12
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Al.4 The specimen table shall have-the-nemin 20 ired same reflecting
surface as the lamp reflector. It shall have a vertical ad|ustmeﬁt—te effect control specimen-to-lamp distance.

Al.5 The apparatus shall include-a-preseribed-ebjectionable-cotorechange;+ather than properly calibrated radiometer to measu
irradiance at the-degree center-of-colorchange-obtained-after-an-arbitrary the expesure time.

XI2—ig—3-shows-an-example area. The radiometer shall be capable of recording irradiance between 250 and 400 nm wit
appropriate cosine response.

Al1.6 The apparatus shall be equped Wlth fans or other means of coolmq to malntaln air temperatufe—rn—ﬂqe—teial-eelor chang

MaterialB apparatusis-superiorto-A by operating. The apparatus shall be equipped with a thermostatic sensor that will cause lamj
to turn off if the upper temperature limit within the exposure area is exceeded.

13
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A2. Spectral Power Distributions and Tabular Data for Fluorescent Cool White Lamps

A2.1 Spectral Irradiance efabeut2:8-underthese-aceelerated-testeonditions—orfurtherinterpretation Cool White Fluorescent
Lamps—The spectral power distribution of cool white fluorescent lamps shall comply with-the- results requirements specified in

terms-of-a-possible-correlation-to-reat-worldperformance,—see-Seetion 4. Table A2.1.

TABLE A2.1 Specification for Cool White Lamps (Irradiance Expressed as a Percent of Integrated Irradiance from 300-400 nm or from

300-700 nm)

‘ (nm) minimum maximum

As percent of 300—400 nm irradiance

<300 0.0% 14%
300-320 2.0% 280%
321-360 0.0% 14.0 %
361-400 65.0 % 90.0%

As percent of 300-700 nm irradiance

300-400 0.0% 50%
401-700 94.0 % 100.0 %

Note 1—The sum of the percentages given in the “minimum” and “maximum” will not necessarily add up to 100 % because they represent limits based
on measurements made on a number of different cool white lamps. However, the data for any individual lamp will add up to 100 %.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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