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Standard Practice for
Conducting Aceelerated-Outdoor-Exposure-Tests-Black Box
- - 1
and Solar Concentrating Exposures of Coatings
This standard is issued under the fixed designation D 4141; 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 epsilonef indicates an editorial change since the last revision or reapproval.
1. Scope

1.1 This practice covers-three two accelerated outdoor exposure procedures for evaluating the exterior durability of coating
applied te-metal substrates.

1.2 The-three two procedures are as follows:

1.2.1 Procedure A—Black Box Exposure,.

1.2.2 Procedure B—Heated-Black-BoxExposure—and has been deleted from this practice.

1.2.3 Procedure G—Fresnel Reflector Rack Exposure.

Note 1—OthProcedure B described a Heated Black Box procedure that is no longer in common use.

1.3 This standard does not cover all the procedures-may-provide-aceelerated results that are available to the-tserfer some tyy
accelerating the outdoor exposure-efproducts.

1+ 5-—Fhe-values-stated coatings. Other procedures have been used-in-eitherineh-pound-or-Si units are-erderte-be regard
separately-as provide a particular effect; however-the-standard—The-values-giveninparentheses two procedures described here
tor inf :

46~ widely used.
1.4 This standard does not purport to address all of the safety concerns, if 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 to useA-specific-precautionary-statementis-given-in-Note 5.

2. Referenced Documents
2.1 ASTM Standards:

1 This practice is under the jurisdiction of ASTM Committee"D-1 DO1 on Paint and Related Coatings, Materials, and Applications, and is the dirsibilitgspon
Subcommittee D01.27 on Accelerated Tests for Protective Coatings.
Current edition approvee-Juty-+5-3995. June 10, 2001. Published-September 1995. August 2001. Originally published as D 4141 — 82. Last pye\Bodis4iditi935.

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
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D 523 Test Method for Specular GIgss

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

D 661 Test Method for Evaluating Degree of Cracking of Exterior Paints

D 662 Test Method for Evaluating Degree of Erosion of Exterior Paints

D 714 Test Method for Evaluating Degree of Blistering of Paints

D 772 Test Method for Evaluating Degree of Flaking (Scaling) of Exterior Paints

D 823 Practices for Producing Films of Uniform Thickness of Paint, Varnish, and Related Products on Test Panels

D 1186 Test Methods for Nondestructive Measurement of Dry Film Thickness of Nonmagnetic Coatings Applied to a Ferrous
Basée

D 1400 Test Method for Nondestructive Measurement of Dry Film Thickness of Nonconductive Coatings Applied to a
Nonferrous Metal Bage

D 2244 Test Method for Calculation of Color Differences from Instrumentally Measured Color Coordinates

D 4214 Test Methods for Evaluating Degree of Chalking of Exterior Paint Films

G 7 Practice for Atmospheric Environmental Exposure Testing of Nonmetallic Maferials

G 90 Practice for Performing Accelerated Outdoor Weathering of Nonmetallic Materials Using Concentrated NaturaPSunlight

G 113 Terminology Relating to Natural and Atrtificial Weathering Tests of Nonmetallic Mat&rials

G 141 Guide for Addressing Variability in Exposure Testing of Nonmetallic Matérials

G 147 Practice for Conditioning and Handling of Nonmetallic Materials for Natural and Artificial Weathering Tests

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

4. Summary of Practice

34.1 Several procedures are described that provide acceleration of the degradation that-ceatings-experience evidence during
natural weathering when exposed on an open rack at a fixed angle. The procedures appear in the following order:
34.1.1 Procedure A—Exposure on a black bex—panel rack facing the equator at 5°-frem-herizontal.

SH—Pf%ed&m—B—Bepe&w&en—Hemed%ﬁaekbe*paﬁd—meHacmg—meeq&ateem—s from horizontal.

4 1 2 Procedure G—Exposure on a Fresnel reflecterpanel rack that provides a-high-intensity-of-suntightirradiation irradiance
by following the sun and-feeusing-the reflecting sunlight on the-testpanels specimens by means of mirrers—Fhe panels specimens
are wet periodically by-deionized high purity water spray.

4.2 Each of these procedures requires that coated test panels be placed on devices of specified design and be exposed und
specified conditions of weathering.

4.3 The selection of Procedure A or C is dependent on several factors.

4.3.1 Procedure A is designed to simulate the weathering that occurs on horizontal automotive surfaces, and is specified in
standards used by the automotive industry. Specimens are typically flat-coated metal panels measuring 10 by 30 cm (4 by 12 in.)
or 15 by 30 cm (6 by 12 in.).

4.3.2 Procedure C is designed to simulate weathering on both automotive and nonautomotive products. Procedure C typically
provides faster results than Procedure A on a calendar ‘basrs

e—exposed und

e coatings
durability

5. Significance and Use
45.1 As with any accelerated test, the difference in rate of weathering is material dependent and no single exposure factor can

be used to compare two different weathering exposures. The durability rankings of coatings provided by these two procedures may
not agree when coatings differing widely in composition are compared. These two procedures should not be used interchangeably
or used for absolute comparison to each other.

5.2 The procedures described in this practice are designed to provide greater degradation rates of coatings than those providec
by fixed angle open-rack outdoor exposure racks. For many products, fixed angle exposures will produce higher degradation rates
than the normal end use of the material.

2 Annual Book of ASTM Standardgol 06.01.
3Annua| Book of ASTM Standardml 14. 0-24

4Zerlaut G.A., Rupp M. W and—Seum—HeﬁdaJes&Seﬁﬁee—DeserFSﬁe—Bi%&N—ze&dﬂfe—W&maﬁn—Az 85361 Anderson T.E., “Ultravidlen Badidtiming
Techniqgue for Outdoor Weathering of Materials,” Paper 850%f8¢eedingsSAE International Congress, Detroit, February 25, 1985.
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5.2.1 The use is practice.

4—2—1—P+eeeelﬂfe Procedure A (Black Beae):eeﬁraﬂy—eeamgs—thrs—pfeeedwe—pfewdes—gfeater rates msteael—ef—degradatlon than

atures dur
atered on t

4—2—2—P+eeedure—B—6+ea%ed—Bh&eleBeae;Fh+s—ereeedtwe exgosure—rs—mest—useful a more reallstlc tes{—feree*pesufes—eenducted
s by the 5°
y-Procedure

ﬁ&rt-ieu+aﬂy—'rﬁ—t-l=re—ease—ef—eeatrngs materrals wrﬂa—rates—e#—degrada&eﬁ—that—are very hrgher temperatufe—degendent end use servi

conditions.

Note 2—Procedure A (Black Box)+er many coatings, this procedure provides greater rates of degradation than those provided by 5°, equator-facing,
open-rack exposures because the black box produces higher specimen temperatures during irradiation by daylight and longer time of wetress. The ble
box specimen temperatures are comparable to those encountered on the hoods, roofs, and deck lids of automobiles parked in unfiltered daylight. T

relative rates of gloss loss and color change produced in some autometive-and coil coatings by exposures in accordance with Preeedures A and B ¢
given in ASTM STP 78%.
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Note 3—AProcedure C (Fresnel Reflector RacKjhe acceleration of Procedure C is produced by reflecting sunlight from ten mirrors onto an
alternative-procedurereserve-tnexposed-duplicate air-cooled speeimen-panels-of-each-coating-as-fite-speeimens-to determine-area—t-¢fee color cha
ultraviolet portion of the-expesed-speeimens—TFo-rinimize-color-drifi-store solar spectrum, approximately 146®mMdtraviolet radiant exposure
(295 to 385 nm) is received over a typical one-year period when-these-panels devices are operatee-n-a-tark—roem-temperature-environment.
7-3-Meunt central Arizona climate. This compares with approximately 333 Ridfmltraviolet radiant exposure from a central
Arizona at-latitude exposure and 280 MJ/of ultraviolet radiant exposure from a southern Florida at-latitude exposure over the
speeimens—on _same time period. However, the test described by Procedure C reflects only direct beam radiation onto te
specimens. The reflected direct beam sunlight contains a lower percentage of short wavelength ultraviolet radiation than glob:

® Symposium on Permanence of Organic Coatifg3TM STP 781ASTM, 1982.
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daylight because short wavelength ultraviolet is more easily scattered by the atmosphere, and because mirrors are typically less
efficient at shorter ultraviolet wavelengths. Ultraviolet radiant expoesture-bex—Cever-all-empty spaces levels should not be used to
compute acceleration factors since acceleration is material dependent.

5.3 The relative durability of coatings in outdoor use can be very different depending-en-the-black-boex-using-black-panels so
location of the exposure because of differences in ultraviolet (UV) radiation, time of wetness, temperature, pollutants, and other
factors. Therefore, it cannot be assumed that results from one exposure in a single location will be useful for determining relative
durability in a different location. Exposures in several locations with different climates that represent a broad range of anticipated
service conditions are recommended.

5.4 Because of year-to-year climatological variations, results from a single exposure test cannot be used to predict the absoluten
rate at which a material degrades. Several years of repeat exposures are needed to get an “average” test result for a given locatior
5.4.1 The degradation profile for many polymers is not a linear function of exposure time or radiant exposure. When short
exposures are used to predict the service life or as indications of relative durability, the results obtained may not be representative

of those from longer exposures.

Nore4—Thepredominantcotor 4—Guide G 141 provides information for addressing variability in exposure testing-of-the-specimenpanels on the
black-box-as-welt-as-the-temperature of nonmetallic materials. ASTM G03 Committee is developing a standard guide for application of statistics to
exposure test results.

5.5 It is recommended that at least oune controld material-be-nreted—A-black-paneton-the-box-willattainatewertemperature
H-all-the-otherpanels part of any exposure evaluation. Control materials-are-white-than if all used for comparing-the-other panels

are-blaek.
+A—Expoese performance of the test-andreference-specimensfora-specified-period-of time on materials relative-te-the basis of

controls when materials are not being ranked against one another. The control material used shoute-be-ef-the following:

7—4+E*peee4eea—speemed—ﬂtwﬂbe%eﬁdaﬁ—meﬁths—ewear5ﬂﬁﬁh+espect similar composition and construetion-te an agreed

dltraviolet,

7—4—2—1—FeeP+eeedures Athe test materrals—aHd—B—when—saaFeltra\ﬂaet—radratron be of known durability—tis-measured, use
i » om 295 preferable-te*ERdibrate

Hﬂre—radremeter use two control materrals one W|th relat|vely qood durabrlrty—and—readeut—syster%m&&tabb—%emetnc units, one
with poor durability.

6. Test Specimens

6.1 Each test specimen and-maintain-in-atleast-annuat-calibrationagainsta-standard source control specimen shall consist of
Firradianch.
42 2FoerProcedure-C-use a uniform coating applied te-the-measurement-technigue-speeified-nPractice G 90.

+43-Exposure-until surface of-a-specified-physicat-change-has-eecurred rigid panel. Suitable application procedures are given
in-the-test Practice D 823.

6. 2 Use flat specrmens— or

posed with because warpage, waviness, C

and may Qroduce—a—peftreﬁ of poor a|r seal on the black box rack.
6.3 For Procedure C, specimen-sutfaces sizes are typically limiteg-toremevetoose-dirt-A-Stitable-procedure-consists of gentle
rubbing-with a-spenge-wetwith-water-ora-6-05-%-seldtion maximum of 13 cm (5 in.) in one dimension;-and-a-Renienic-eetergent.

Gently-remove-water-dropletsfrom maximum of 140 cm (55 in.) in the other dimension. However, specimensu arfe typically 7.5
by 13 cm (3 by 5in. ) or 5 by 13 cm (2 by 5 |n) Because air coolrnq is used to preventwater-spotting.
‘ portion high specimen temperatures, specimens must
be flat A thickness of Iess than 0.6 cm (0.251in.) is preferred This practlce may not apply to specimens thicker than 1.3 cm (0.5
in.) because cooling may be questionable.

6.4 Prepare controls for inclusion in each-washed-speeimen:

76-1—-Meastre exposure series to act as comparison standards and to provide a means for determining-the-specular gloss severi
of the exposure conditions encountered-by-Fest-Method-b 523,

7-6-2—Calculate the-colordifference series. For best results, there should be at least two controls differing-iraceerdance with
their durability performance.

6.5 Optionally, using Te

ack box measurements of-gless-and-gently wash colo

exposure.

7—6—3—eheekrﬁg—and—eraekrﬁg—ratrﬁg by Methods D 1186 or Test Methed—B—eeo and

washed area D 1400, measure the

dry fllm thickness of the coatings at several d|fferent posmons on the test spemmens
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6.6 Unless otherwise specified, expose at least two replicates. Larger numbers of replicates are recommended.

PROCEDURE

—BLACK BOX EXPOSURE

87. Apparatus

87.1 Black Box constructed of materials in accordance with Practice G 7, or its equivalent-equipped-with-a-deviee-to heat the
atr-in-the-interior-of-the-box-to-the-speeifiedtemperature and positioned so that the surfaces of the test specimens are 5° from tt

horizontal, facing the equator.

8. Procedure

8.1 Use Practice G 147 for specimen handling and conditioning procedures for test specimens.

8.2 If a change in gloss is to be measured, determine the specular gloss value for each unexposed specimen using a prope
calibrated glossmeter in accordance with Test Method D 523.

8.3 If a change in color is to be measured, determine the color coordinates for each unexposed specimen using Test Methc
D 2244. Unless otherwise agreed upon, use the CIE Lab Color Scale. The color measuring instrument shall be stable and propel
calibrated.

NoTte—5— : petty-grotnded 5—As an alternative procedure, reserve unexposed duplicate specimen panel
of each coatmg as flle spemmensﬁe—preven&pesaﬁe—&eemeak&hee&éﬁe—heaﬁag—&ements in determine-the-heated-black-bex-mustbe-installed so th
rermal-usea-persen-cannot-come-in-contact-with-a-het-surface.

9. Procedure

91 color change of the exposed specimens. To minimize color drift, store the panels-in gloss a dark, room-temperature
environment.

8.4 Mount and-coler-are-to-be-measured,follow7+~I-and-72,+espectively.

9:2-Meunt-and fasten the specimens on the exposure box. Cover all empty spaces on the black-bex-as-deseribed in 7.3.

9:3-Set using black panels so that-the-temperature-controllerto-maintain entire surface is covered.

Note 6—The predominant color of the-aittemperature-inside specimens ofr-the heated black-bex-at-approximatety-146°F (60°C), or should be notec
Ablack box will attain a lower temperature if all the otheragreed-upen-temperaturerand to turn specimens are white Haan—ﬁ—t-he—heatef—eﬂ—at—typprommate
S-a-m—ant-turn-off-at-approximately-3-p-m—eaech-day.

9.4-Expese other specimens are black.

8.5 Expose the test and control specimens for a specified period of time on the basis of one of the following:

8.5.1 Expose for a specified number of days, months, or years with respect to an agreed upon starting date.

8.5.2 Expose for a specified quantity of radiant exposure either total, typically measured from 300 to 3000 nm, or ultraviolet,
typically measured from 295 to 385 nm. When solar ultraviolet radiation is measured, use a total ultraviolet radiometer that
measures ultraviolet ir 7 the wavelength region from 295 to 385 nm. Optionally, ultraviolet can be measured in the wavelengtt
region from 300 to 400 nm. Calibrate the radiometer and readout system in suitable radiometric units, and maintain in at leas
annual calibration against a standard source of spectral irradiance.

98.5.3 Expose until a specified change has occurred in the test specimens.

8.5.4 Expose until a specified change has occurred in a control exposed with the test specimens.

8.5.5 In most cases, periodic evaluation of test and control materials is necessary to determine the variation in magnitude ar
direction of property change as a function of time or radiant exposure.

8.6 Unless otherwise agreed upon, remove the test specimens from the black box and gently wash a portion of the specime
surfaces to remove loose dirt. The same portion of the specimen should be washed at each interval of exposure. A suitab
procedure consists of gentle rubbing with a sponge wet with high purity water or a dilute solution of a nonionic detergent, followed
by a high purity water rinse. The high-purity water shall meet-as—reeommended a minimum the requirements for water purity
contained ir—#5.

Q—G—HHess—e%heﬂﬁrse—agFeed—upon Practice G 90.

8.7 If required, perform one or more of the following tests on the washed portion of each washed specimen:

8.7.1 Measure thetests-eutlined specular gloss in 7 accordance with-B 523.6.

98.7.2 -YCalculate the color difference in accordance with Test Method D 2244 based on instrumental measurements of colc
before and after exposure.

8.7.3 Evaluate checking and cracking rating in accordance with Test Methods D 660 and D 661.

8.7.4 Evaluate blistering rating in accordance with Test Method D 714.

8.7.5 Evalupate erosion rating in accordance with Test Method D 662.

8.7.6 Evaluate flaking rating in accordance with Test Method D 772.

8.8 If required, perform a chalk ratirg-by in accordance with Test Methods D 4214 on an unwashed portior-area of the eact
specimen.




Ay D 4141 - 9501
PROCEDURE C—FRESNEL REFLECTOR RACK EXPOSURE

10—

9. Apparatus

16+

9.1 Fresnel Reflector Exposure Racdhkat follows the sun, concentrates sunlightirradiation on the test specimens by means of
mirrors, and sprays-deienized high purity water on the surfaces-of the test specimens at specified intervals. The rack shall have
provisions for cooling the test specimens while they are irradiated. Refer to Practice G 90 for detailed descriptions of the apparatus.

110. Procedure

10.1 Use Practice G 147 for specimen handling and conditioning procedures for test specimens.

10.2 If a change in gloss and color are to be measured, fellew 7.1 82-and 7.2, 8.3, respectively.

110-23 Mount and fasten the specimens on the expestre rack device in accordance with Practice G 90.

11034 Set the water spray control to provide-a—deienized high purity water spray on the specimens during the night at a
frequency of 4 per hour, each spray—period to be of 3-min duration. Refer t@@y8l of Practice G 90 for detailed operating
procedures.

11045 Expose the specimens for a specified period on the basis of either ultraviolet or total radiant exposure. Both ultraviolet
and total radiant exposure must be measured and reported using the procedures described in Practice G 90.

11056 Unless otherwise agreed upon, remove the specimens from the expesure rack device and gently wash a portion of the
specimen surfaces as recommended-n 7.5.

11-6-Unless-otherwise-agreed-upon, 8.6.
10.7 If required, perform on the washed portion of each specimen, the tests outlred in 7.6.

1-7-Ynless-otherwise-agreed-upon, 8.7.
10.8 If required, perform a chalk rating by Test Methods D 4214 on an unwashed portion of the each specimen.

121. Interpretation of Results
121.1 Express the change in gloss of each specimen either in terms of units of gloss loss or in percent gloss loss relative to the
initial gloss value.

121.2 Express the change in color of each specimen in terms of total color diffepdfyd@elta E, using one of the calculations
given in Test Method D 2244.

|
121.3 Express the amounts of chalklng checkmg,—aﬂd-eFacklnq crackmq or other V|sual appearance property as outlined in Test

13— D 4214, D660, D 661, D 662, D 714, or D 772.

12. Report

132.1 Report the following information:

132.1.1 The method of exposure used and its geographical location,.

132.1.2 The duration of the exposure and the starting and ending dates-ef-the-beginning-of the test,

13-1-3—Fhe test.

12.1.3 The measured amount of ultraviolet and total radiant exposure, expressed f(Rdéguired for Procedure C, optional
for-Procedures-A-and-B.),

13-4 The-heated-black-box-airtemperature-used (for Procedure B),

13-15Fhe A). If measured, report the bandpass used for ultraviolet radiant exposure (that is, 295 to 385 nm or 300 to 400 nm).

12.1.4 If available, the type ofreference-speeimens controls used-and the severity of their degradation, and.

132.1-65 The evaluation measurements performed on each of the exposed specimens:

132.1-65.1 Units of gloss-ess or percent gloss loss,

132.1-65.2 Units oAE Delta E color change, noting the color space and color scales used, and

132.1-65.3 Ratings for chalking, checking, cracking, erosion, flaking, and blistering.

132.1-76 If requested, report the traceability of calibrations for all environmental measurements reported.

143. Keywords
143.1 durability; exterior exposure tests; outdoor exposure; ultraviolet/light/radiation; weathering
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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).



