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Standard Practice for
H 1
Enclosed Carbon-Arc Exposures of Plastics
This standard is issued under the fixed designation D 6360; 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 E 691 Practice for Conducting an Interlaboratory Study to

1.1 This practice covers specific procedures and test condi- Determine the Precision of a Test Metfiod
tions that are applicable for exposure of plastics in enclosed G 23 Practice for Operating Light-Exposure Apparatus
carbon-arc devices conducted in accordance with Practices (Carbon-Arc Type) With and Without Water for Exposure
G 151 and G 153. This practice also covers the preparation of _Of Nonmetallic Material$

test specimens, the test conditions suited for plastics, and the G 113 Terminology Relating to Natural and Artificial
evaluation of test results. Weathering Tests of Nonmetallic Materials

G 141 Guide for Addressing Variability in Exposure Testing
Note 1—Enclosed carbon-arc exposures are described in Practice o4 Nonmetallic Materiafs
G 23, which described very specific equipment designs. Practice G 23 is G 147 Practice for Conditioning and Handling of Nonme-

being replaced by Practice G 151, which describes performance criteria . . i . .
for all exposure devices that use laboratory light sources, and by Practice tallic Materials for Natural and Artificial Weathering Tests

G 153, which gives requirements for exposing nonmetallic materials in G 151 Practice for Exposing Nonmetallic Materials in AC‘
enclosed carbon-arc devices. Practice G 23 will be balloted for withdrawal ~ celerated Test Devices That Use Laboratory Light
before December 2000. Sources

1.2 This practice does not cover filtered open-flame carbon- G 152 Practice for Operating Open-Flame Carbon-Arc
arc exposures of plastics, which are covered in Practice Light Apparatus for Exposure of Nonmetallic Materfals
D 1499. Practice D 5031 describes enclosed carbon-arc expo-G 153 Practice for Operating Enclosed Carbon-Arc Light
sures of paints and related coatings. Apparatus for Exposure of Nonmetallic Materfals

1.3 This standard does not purport to address all of the3
safety concerns, if any, associated with its use. It is the > ) ] )
responsibility of the user of this standard to establish appro- 3.1 The definitions in Terminology G 113 are applicable to
priate safety and health practices and determine the applicathis practice.
bility of regulatory limitations prior to use.

. Terminology

4. Significance and Use

Note 2—This practice is not equivalent to any ISO practice for 4.1 The ability of a plastic material to resist deterioration of
laboratory accelerated exposures of plastics. its electrical, mechanical, and optical properties caused by
2 Referenced Documents exposure to light, heat, and water can be very significant for

21 ASTM Standards: many applications. This practice is intended to induce property

D 1499 Practice for Operating Light- and Water-ExposureChangeS associated with end-use conditions, including the

Apparatus (Carbon-Arc Type) for Exposure of Plastics effects of sunlight, moisture, and heat. The exposure used in
D 3980 Practice for Interlaboratory Testing of Paint anolthls practice is not intended to simulate the deterioration caused

Related Materiafs by localized weather phenomena such as atmospheric pollu-

D 5031 Practice for Conducting Tests on Paints and Relate%on’ biological attack, and saltwater exposure.

Coatings and Materials Using Enclosed Carbon-Arc Light- Note 3—Caution: Variation in results may be expected when operat-
and Water-Exposure Apparaﬁjs ing conditions are varied within the agcepted_limits of this practice;
D 5870 Practice for Calculating Property Retention |ndextherefore, no reference to the use of. this practice she}II be mgde unless
of Plasticé accompamed by a report prepared in accordance with Sectlc_)n 9 that
describes the specific operating conditions used. Refer to Practice G 151
for detailed information on the caveats applicable to use of results
obtained in accordance with this practice.
L o o ) ) Note 4—Additional information on sources of variability and on
This practice is under the jurisdiction of ASTM Committee D-20 on Plastics strategies for addressing variability in the design, execution, and data

and is the direct responsibility of Subcommittee D20.50 on Permanence Propertie f ) : . :
Current edition approved Jan. 10, 1999. Published April 1999, 3naIyS|s of laboratory-accelerated exposure tests is found in Guide G 141.

2 Annual Book of ASTM Standardgol 08.01.
3 Annual Book of ASTM Standardgol 06.01. —_—
4 Annual Book of ASTM Standardgol 08.03. S Annual Book of ASTM Standardgol 14.02.
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4.2 Reproducibility of test results between laboratories hasenter. If the irradiance at any position within the exposure area
been shown to be good when the stability of materials ids less than 90 % of the peak irradiance, follow one of the
evaluated in terms of performance ranking compared to othegsrocedures outlined in Practice G 153 to ensure either equal
materials or to a control; therefore, exposure of a similaradiant exposure or compensation for differences in radiant
material of known performance (a control) at the same time asxposure.

the test materials is strongly recommendédit is recom- 6.7 Retain a supply of unexposed file specimens of all
mended that at least three replicates of each material bmaterials evaluated. When destructive tests are run, ensure that
exposed to allow for statistical evaluation of results. sufficient file specimens are retained so that the property of

4.3 Test results will depend upon the care that is taken tinterest can be determined on unexposed file specimens each
operate the equipment in accordance with Practice G 153ime exposed materials are evaluated.
Significant factors include regulation of line voltage, freedom 6.8 Specimens should not be removed from the exposure
from salt or other deposits from water, temperature andipparatus for more than 24 h and then returned for additional
humidity control, and conditions of the electrodes. tests, since this does not produce the same results on all
materials as tests run without this type of interruption. When
5. Apparatus specimens are removed from the exposure apparatus for 24 h or
5.1 The enclosed carbon-arc apparatus used shall conformore, and then returned for additional exposure, report the
to the requirements defined in Practices G 151 and G 153. elapsed time in accordance with Section 9.
5.2 Unless otherwise specified, the spectral power distribu- ) . . . .
tion of the enclosed carbon-arc shall conform to the requirea Note 6—Since the stabl_llty of the file specimen also may be time-
. . . ..dependent, users are cautioned that over prolonged exposure periods, or
ments in Practice G 153 for enclosed carbon-arc with borosiliyere small differences in the order of acceptable limits are anticipated,

cate glass globes. comparison of exposed specimens with the file specimen may not be valid.
. Instrumental measurements are recommended whenever possible.
6. Test Specimen

6.1 The size and shape of specimens to be exposed will be Procedure
determined by the specifications of the particular test method 7.1 Practice G 153 lists several exposure cycles that are
used to evaluate the effects of the exposure on the specimenssed for enclosed carbon-arc exposures of nonmetallic mate-
therefore, the test method shall be determined by the partiefals. Obtain mutual agreement between all concerned parties
concerned. Where practical, it is recommended that specimerisr the specific exposure cycle used. Additional intervals and
be sized to fit specimen holders and racks supplied with thenethods of wetting, by spray or condensation, or both, may be
exposure apparatus. Unless supplied with a specific backing asibstituted upon mutual agreement among the concerned
an integral part of the test, specimens shall be mounted so thparties.
only the minimum specimen area required for support by the 7.1.1 By historical convention, the following exposure cycle
holder shall be covered. This unexposed surface must not beas been commonly used for plastics:

used as part of the test area. 7.1.2 Continuous light with equilibrium uninsulated black
6.2 Unless otherwise specified, exposure at least threpanel temperature controlled to 63 3°C (145 = 9°F),
replicate specimens of each test and control material. consisting of the following alternating intervals:

6.3 Follow the procedures described in Practice G 147 for 7.1.2.1 102 minutes light only followed by 18 minutes of
identification and conditioning and handling of specimens oflight with water sprayed on the test specimens.
test, control, and reference materials prior to, during, and after 7.1.3 Unless otherwise specified, in devices which allow for
exposure. control of relative humidity, maintain relative humidity at a 50
6.4 Do not mask the face of a specimen for the purpose of= 5 % equilibrium during the light-only interval.

showing on one panel the effects of various exposure times. Note 7—The equilibrium black panel temperature is obtained without

Misleading rgsults may be Pbtair_‘ed ,by this method, since thg spray period. For light intervals less than 30 min the maximum black
masked portion of the specimen is still exposed to temperaturigane| temperature may not reach equilibrium.

and humidity cycles that in many cases will affect results. Note 8—The test cycle described in 7.1.1 (also referred to as the
6.5 Since the thickness of a specimen may markedly affect02/18 cycle) may not provide adequate simulation of the effects of
the results, thickness of test and control specimens shall bitdoor exposure.

within = 10 % of the nominal dimensions. 7.2 It is recommended that all unused spaces in the speci-
Note 5—This is especially important when mechanical properties ard"€MN €xposure area be filled with blank metal panels.
being investigated. 7.3 Water Purity

6.6 Incident energy at the extremes of the specimen expo- /.3.1 The purity of water used for specimen spray is very
) . 9y P P important. Without proper treatment to remove cations, anions,
sure area in older equipment may be only 70 % of that at th

%rganics, and particularly silica, exposed panels will develop
- spots or stains that may not occur in exterior exposures.

® Fischer, R., “Results of Round Robin Studies of Light- and Water-Exposure  7.3.2 Follow the requirements for water purity described in
Standard PracticesSymposium on Accelerated and Outdoor Durability Testing of Practice G 151.
Organic Materials, ASTM STP 120ASTM, 1993, p. ; ; ;

”Ketola, W. and Fischer, B., “Characterization and Use of Reference Materials 7.3.3 If.SpeCImenS are found to have qepOSItS or stains after
in Accelerated Durability TestsVAMAS Technical Report No. 3@vailable from ~ €XPOSuUre in the apparatus, the water purity must be checked to

NIST, Gaithersburg, MD. determine if it meets the requirements of 7.3.2. On some
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occasions, exposed specimens can be contaminated by depositdore 9—An example of a statistical analysis using multiple laboratory
from bacteria that can grow in the purified water used forand exterior exposures to calculate an acceleration factor is described by
specimen spray. If bacterial contamination is detected, thé.A._Smmé See Practice G 151 fc_Jr more information and additional

. . c&utlons about the use of acceleration factors.
entire system used for specimen water spray must be flushe
with chlorine and thoroughly rinsed prior to resuming expo- 8.3 After each exposure increment, evaluate or rate changes
sures. in exposed test specimens in accordance with applicable

7.3.4 The temperature of water used for specimen sprapSTM test methods.

should be 16+ 5°C (60.8*+ 9°F). _ . .
7 3.5 When the preceding water burity requirements are m Note 10—For some materials, changes may continue after the speci-
o p 9 purity req n has been removed from the exposure apparatus. Measurements

and there is disagreement between parties on the extent gfsual or instrumental) should be made within a standardized time period
problems caused by stain or deposit, run referee tests in at leastas agreed upon between interested parties. The standardized time period
one other laboratory that can meet the water quality requireseeds to consider conditioning prior to testing.
ments described in 7.3.

7.4 Some tests for lightfastness are run without any speci-

men wetting. When this type of test is required, omit the perio 8.4.1 If a standard or specification for general use requires a

where water is sprayed on specimens. efinite property level after a specific time or radiant exposure
7.5 Itis recommended that a control material be exposed aﬂ property P P

the same time as the test specimens for comparison purpose ffan exposure test conducted in accordance with this practige,
performance comparisons are not being made between the t gse the specified property level on results from round-robin

materials themselves. All concerned parties must agree on trié(xpgglrﬂgrgﬁdrurr‘otoecritet‘:?;rs‘ﬁrg‘niéﬁtst :ﬁst;%il:g;blggr:&%@tttuzse
control material used. p property p .

7.6 ldentification of any control specimen used shallaccom—round robm; n accordan_ce_ with Practice E_691 or Practice
anv the report D 3980 and include a statistically representative sample of all
pany port. laboratories or organizations who would normally conduct the

8. Periods of Exposure and Evaluation of Test Results exposure and property measurement.

8.1 In most cases, periodic evaluation of test and control 8-4.2 If & standard or specification for use between two or
materials is necessary to determine the variation in magnitudéree parties requires a definite property level after a specific
and direction of property change as a function of exposure timme or radiant exposure in an exposure test conducted in
or radiant exposure. accordance with this practice, base the specified property level

8.2 The time or radiant exposure necessary to produce @ Wwo independent experiments run in each laboratory to
defined change in a material property can be used to evaluafétermine the reproducibility for the exposure and property
or rank the stability of materials. The method is preferred ovefnéasurement process. The reproducibility of the exposure/
evaluating materials after an arbitrary exposure time or radiarR"OPerty measurement process is then used to determine the
exposure. minimum level of property after the exposure that is mutually

8.2.1 Exposure to an arbitrary time or radiant exposure mafgreeable to all parties.
be used for the purpose of a specific test if agreed upon 8.4.3 When reproducibility in results from an exposure test
between the parties concerned or if required for conformancgonducted in accordance with this practice has not been
to a particular specification. When a single exposure period i§stablished through round-robin testing, specify performance
used, select a time or radiant exposure that will produce théequirements for materials in terms of comparison (ranked) to
largest performance differences between the test materials 8 control material. All specimens shall be exposed simulta-
between the test material and the control material. neously in the same device. All concerned parties must agree

8.2.2 The minimum exposure time used shall be that necon the specific control material used.
essary to produce a substantial change in the property of 8.5 Conduct analysis of variance to determine whether any
interest for the least stable material being evaluated. Adlifferences between test materials and control materials is
exposure time that produces a significant change in one type 6tatistically significant. Expose replicates of the test specimen
material cannot be assumed to be applicable to other types &hd the control specimen so that statistically significant per-
materials. formance differences can be determined.

8.2.3 Th? relation betwe(_an tlme to fa.‘llure In-an gxpo.sur.e Note 11—Fischer illustrates use of rank comparison between test and
conducted in aC(_:ordance with 'ghls practice anq service life iRontrol materials in specificatiorfs.
an Outdqor environment requires determlnatlon Qf a valid Note 12—ASTM Committee G-3 on Weathering and Durability is
acceleration factor. Do not use arbitrary acceleration factorgeveloping a Guide for Application of Basic Statistical Methods to
relating time in an exposure conducted in accordance with thigveathering Tests, which will include examples showing use of analysis of
practice and time in an outdoor environment because they camriance to compare materials.
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 exterior and laboratory- © Simms, 4. Journal of Coatings Technologyb 50, 1967, pp. 4553
accelerated exposures so that results used 1o relate times tq Fische|:, R., Ketola, W., “Impact of Research 0’n De\}elopment of ASTM

failure in each exposure can be analyzed using StatiStiC@urability Testing StandardsSymposium on Durability Testing of Non-Metallic
methods. Materials, ASTM STP 129ASTM, 1995.

8.4 Use of results from exposures conducted in accordance
ith this practice in specifications:
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9. Report 9.1.12 Type of spray nozzle;
9.1 Report the following information: 9.1.13 Specimen repositioning procedure; and,
9.1.1 Type and model of exposure device; 9.1.14 Results of property tests. Where retention of charac-
9.1.2 Type of light source; teristic property is reported, calculate results in accordance

9.1.3 Average distance from specimens to light source; with Practice D 5870.
9.1.4 Type and age of filters at the beginning of the
exposure, and whether any of the filters were replaced during0. Precision and Bias
the period of exposure;

9.1.5 Type of black panel (uninsulated or insulated) used
9.1.6 If required, irradiance in WrA- nmi*, or radiant
exposure in JAY, at the sample location, and the wavelength

region in which the measurements were made;

9.1.6.1 Do not report irradiance or radiant exposure unles
direct measurement of irradiance was made during the exp
sure.

9.1.7 Elapsed exposure time;

9.1.8 Light- and dark-water humidity cycle employed;

9.1.9 Operating black panel temperature;

9.1.10 Operating relative humidity;

9.1.11 Type of spray water;

9.1.11.1 Total solids and silica level of water used for 11.1 carbon-arc; degradation; enclosed carbon-arc; expo-
specimen spray (if above limits specified in 7.3); sure; light exposure; ultraviolet

~10.1 Precision—The repeatability and reproducibility of
'results obtained in exposures conducted in accordance with this
practice will vary with the materials being tested, the material
property being measured, and the specific test conditions and
cycles that are used. It is essential to determine reproducibility
5f the exposure/property measurement process when using the
Fesults from exposures conducted in accordance with this
practice in product specifications.

10.2 Bias—Bias cannot be determined because no accept-
able standard weathering reference materials are available.

11. Keywords

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).



