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Standard Practice for
Conducting Tests on Sealants Using Artificial Weathering
Apparatus !

This standard is issued under the fixed designation C 1442; 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 for Exposure of Nonmetallic Materials

1.1 This practice covers three types of laboratory weather- 2-2 1SO Standard: _ _
ing exposure procedures for evaluating the effect of actinic SO 11431 Building Construction—Sealants: Determina-
radiation, heat, and moisture on sealants. tion of Adhesion/Cohesion Properties After Exposure to

1.2 The exposure sources used in the three types of artificial ~Heat and Artificial Light Through Glass and to Moistéire
weathering devices are the filtered xenon arc, quorescerg

X ) Terminology
ultraviolet lamps, and open flame carbon arc based on Practices L L .
G 155, G 154, and G 152, respectively. 3.1 Definitions—Definitions of the following terms are

1.3 The values stated in SI units are to be regarded as tf@und in Terminology C 717compound, cure, sealant, sub-
standard. The values given in parentheses are provided f&irate-Definitions of the following terms are found in Termi-
information only. nology G 113:actinic radiation, control material, file speci-

1.4 The ISO standard related to this Practice is SO 11431M€n, fluorescent ultraviolet lamps, irradiance, radiant
Significant differences exist between the procedures. The 1SEXPOSUre, sample, solar radiation-ultraviolet, solar radiation-
specimens are exposed through glass and are elongated prioM§iPIe; spectral power distribution, xenon arc

_examlnatlon for loss of adhesion or cohesion, or both, foIIow-4' Summary of Practice
ing exposure.

1.5 This standard does not purport to address all of the 41 The test sealant may be applied to a variety of types of
safety concerns, if any, associated with its use. It is theubstrates or tested as a free film. The configuration depends on

responsibility of the user of this standard to establish appro_the properties to be evaluated following exposure. At least four

priate safety and health practices and determine the applical€Plicates of each sealant being tested are required. After
bility of regulatory limitations prior to use. curing, one replicate of each sealant being tested is retained as

an unexposed file specimen and three replicates are exposed to
2. Referenced Documents actinic radiation, heat, and moisture. At the end of the exposure
2.1 ASTM Standards? period, the test sealant is examined for property change in

C 717 Terminology of Building Seals and Sealants comparison with the unexposed file specimen and the perfor-
G 113 Terminology Relating to Natural and Artificial Mance is compared with that of an exposed control material, if

Weathering Tests of Nonmetallic Materials used. o _
G 151 Practice for Exposing Nonmetallic Materials in Ac- 4.2 It is recommended that a similar material of known
celerated Test Devices That Use Laboratory Light SourceBe€rformance under use conditions (a control) be exposed
G 152 Practice for Operating Open Flame Carbon Arc LighSimultaneously with the test specimen for evaluation of the
Apparatus for Exposure of Nonmetallic Materials performance of the test materials relative to that of the control

G 154 Practice for Operating Fluorescent Light Apparatu§mder the same laboratory exposure conditions. It is preferable
for UV Exposure of Nonmetallic Materials to use two control materials, one with relatively poor durability

G 155 Practice for Operating Xenon Arc Light Apparatus@nd the other with good durability.

5. Significance and Use

L o o . o 5.1 This practice determines the effects of actinic radiation,
This practice is under the jurisdiction of ASTM Committee C24 on Building . .
Seals and Sealants and is the direct responsibility of Subcommittee C24.20 oﬁleva?:ed temperature, and moisture on _S_GQ|61I’I'[S and their
General Sealant Standards. constituents under controlled laboratory artificial weather test
Current edition approved Dec. 1, 2003. Published January 2004. Originallyconditions.
approved in 1999. Last previous edition approved in 1999 as C 1442 — 99.
2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org.Afotual Book of ASTM
Standards/olume information, refer to the standard’s Document Summary page on 2 Available from American National Standards Institute (ANSI), 25 W. 43rd St.,
the ASTM website. 4th Floor, New York, NY 10036.
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5.2 When conducting exposures in devices which use labds adjusted according to the formula in Annex Al.2 to obtain
ratory light sources, it is important to consider how well thethe same radiant exposure at different irradiance levels. See
artificial test conditions will reproduce property changes andAppendix X2 for discussion on effect of variation in irradiance
failure modes caused by end-use environments on the sealdavel.
being tested. Refer to Practice G 151 for full cautionary 7.2.3 The default exposure cycle shall be 102 minutes light
guidance regarding laboratory weathering. only followed by a wet period of 18 minutes light with wetting

5.3 Because of differences in the spectral power distribueither by water spray on the front surface or immersion in
tions of the exposure sources (xenon arc, fluorescent UWater. The water spray temperature is typically25°C, but
lamps, and open flame carbon arc), as well as other conditiongay be lower if ambient water temperature is low and a
used in the three types of laboratory weathering tests, thedslding tank is not used to store purified water. For immersion
three procedures may not result in the same performancgater temperature specifications, consult the manufacturer of
ranking or types of failure modes of sealants and differenthe test apparatus.
exposure durations may be required for detection of failure in 7.2.4 The exposure cycld @ h light only followed by 2 h
the materials tested. Comparisons should not be made of thigiht plus wetting either by water spray on the front surface or
relative stability of sealants exposed in different types ofimmersion in water can be used by agreement between

apparatus. concerned parties.
6. Test Specimen Note 1—The cycle specified in 7.2.4, which provides more through
6.1 The size and configuration of the specimens are deteY‘-’etting than the cycle in 7.2.3, was evaluated in ruggedness tests on

mined by the specifications of the test method used to evaluaﬁgalams'

the effect of exposure on the specimens. Where practical, it is 7.2.5 The uninsulated black panel temperature (BPT) shall

recommended that specimens be sized to fit the sample holddre set at 70°C during the dry period of exposure to the

supplied with the apparatus. radiation. For the equivalent insulated black panel temperature
6.2 Some common specimen configurations may includéblack standard temperature, BST), consult the manufacturer of

slab, tensile bar, H-block aymar samples, patties, sheetthe apparatus.

drawdowns, preformed joint sealants, prevulcanized elasto- 7.2.6 In equipment that provides for adjustment of the

meric joint materials, beads, channels, and so forth. chamber air temperature, the latter shall be set at 48°C.
6.3 Specimens configured for movement during exposure to 7.2.7 In xenon arc apparatus that allows for control of
artificial weathering conditions also may be used. relative humidity, it shall be set at 50 % during the dry period

7. Apparatus of exposure to light.
' . 7.3 Procedure for Exposure in Fluorescent UV Apparatus
7.1 Test Chamber-Choice of apparatus and exposure con-ypjess otherwise specified, use the following operating condi-

ditions selected shall be by mutual agreement among thgong and see Practices G 151 and G 154 for requirements that
interested parties. The procedures shall be as described in 744 ot given below:

7.3, and 7.4, which are based on test procedures in ASTM and

ISSe(;Ias:]etleards and on parameters used in round robin tests gBectraI power distribution specifications in Practice G 154.
711 Committee G03 is developing information to be pub- 7.3.2 In apparatus with irradiance control, irradiance shall

lished in Appendices of Practices G 151, G 152, G 154, amﬁ’e set at 0.77 W/(fr nm) at 340 nm.

G 155 for guidance on uniformity of conditions in the test Nore 2—The irradiance setting is an attempt to provide irradiance

chambers and the allowed operational fluctuations of the seimilar to that measured in the fluorescent UV apparatus without irradi-

points. ance control, when operated at a temperature of 60°C. There can be
7.2 Procedure for Exposure in Xenon Arc Light differences in test results when using different irradiance levels. Refer to

i Appendix X2 for information regarding the effect of irradiance.

7.3.1 Use fluorescent UVA-340 lamps that comply with the

Apparatus—Unless otherwise specified, use the following
operating conditions and see Practices G 151 and G 155 for 7.3.3 For specimens that are less than 20 mm thick, includ-
requirements that are not given below: ing support dimensions, the exposure cycle shal8th UV at

7.2.1 The xenon arc shall be used with daylight type filtersan uninsulated black panel temperature set at 60°C followed by
to simulate direct exposure to solar radiation and conform with4 h wetting by condensation at an uninsulated black panel
the spectral power distribution in Practice G 155. temperature set at 50°C.

7.2.2 The irradiance shall be set at a level not less than 0.35 7.3.4 For specimens that are more than 20 mm thick,
nor greater than 0,51 W/ nm) at 340 nm. For equivalent including support dimensions, the exposure cycle shall be 5 h
broadband irradiance levels at 300—400 nm and 300-800 nruV only at an uninsulated black panel temperature set at 60°C
consult the manufacturer of the apparatus. followed by 1 h UV plus wetting by water spray on the front

7.2.2.1 The irradiance level of 0.51 WAmnm) at 340 nm  surface. The water temperature shall be less than 40°C.
is preferred for reasons given in Appendix X1.1. However, to ) o ) )
accommodate users who are required to operate the machine afio™e 3—Wetting by condensation is not applicable to specimens
0.35 W/(rT? . nm) at 340 nm for other tests carried out having a thickness greater than 20 mm because of inadequate heat transfer.
simultaneously, the lower irradiance level is an option. The test 7.4 Procedure for Exposure in Open Flame Carbon Arc
duration is specified in terms of radiant exposure and the timépparatus—Unless otherwise specified, use the following
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operating conditions and see Practices G 151 and G 152 for 9.5 After artificial weathering, condition the samples at 23

requirements that are not given below. + 2°C (73=* 3.6°F) and 50+ 5 % relative humidity for at least
7.4.1 The open flame carbon arc shall be used with dayligh? h.

type filters and conform with the spectral power distribution 9.6 Use one of the following methods as a basis for the

specifications in Practice G 152. duration of exposure under this procedure and consult Practice
7.4.2 The default exposure cycle shall be 102 minutes ligh& 151 for guidance on Periods of Exposure and Evaluation of

only followed a wet period of 18 minutes light plus water spray Test Results:

on the front surface. The water spray temperature is typically 9.6.1 a mutually agreed upon specified time period or

21 + 5°C, but may be lower if ambient water temperature isamount of radiant exposure. The amount of radiant exposure

low and a holding tank is not used to store purified water. rather than time is specified for xenon arc tests to obtain
7.4.3 The exposure cycld @ h light only followed by 2 h  equivalent radiant exposures at the different levels of irradiance

light plus water spray on the front surface can be used byllowed. See Annex Al for the relation between time and

agreement between concerned parties. radiant exposure at the irradiance setting used;
7.4.4 The uninsulated black panel temperature shall be set at9-6.2 the time period or amount of radiant exposure required
70°C during the dry period of exposure to the radiation. ~ to produce a mutually agreed upon defined change in a
7.4.5 In equipment that provides for adjustment of theProperty of the sealant. _
chamber air temperature, the latter shall be set at 48°C. 9.7 At the end of the exposure period, evaluate the appro-
7.4.6 Relative humidity shall be set at 50 % during the dryPriate properties in accordance with recognized ASTM proce-
period of exposure to light. dures and report the results in accordance with Practice G 151.
10. Report

8. Conditioning 10.1 The report shall make reference to this ASTM practice
8.1 Condition sufficient sealant in an original closed con-and, in addition to the items specified in Practice G 151, the
tainer for at least 24 h at standard conditions. Standargeport shall include the following for each sample tested:

conditions are a temperature of 232°C (73 + 3.6°F) and 10.1.1 Identification of the sealant specimen tested, and
relative humidity of 50= 5 %. control material, if used, including a description of the origin of

the sealant, that is, laboratory production facility, product code,
9. Procedure color code or name, and lot number, if applicable;

9.1 Prepare at least four sealant test specimens. Unless10.1.2 The substrate used, if any;
otherwise agreed upon, cure the test specimens at standardt0-1.3 Sealant cure conditions employed;
conditions for 21 days. Other conditions for curing are accept- 10.1.4 the type of laboratory weathering test used and
able when specified provided they meet the following requireMmanufacturer and model of artificial weathering apparatus; and
ments: the curing period shall not exceed 21 days, and the 10.1.5 Variations, if any, from the specified test procedure.
temperature during the curing period shall not exceed 50°G1. precision and Bias

(122°F). Keep one test specimen as an unexposed file specimenll_l The repeatability and reproducibility of results ob-

ang 25 tIoDrle at star|1dard c;]ondltlofnshand aw;y fro”ﬁ light. d tained in exposures conducted according to this practice will
’ ace at least three of the cured specimens an tr‘F‘ary with the materials tested, the material property measured,
control material, if used, in the artificial weathering apparatus,,g the specific test conditions and cycles used. It is essential
with the sealant surface facing the radiation source. to determine reproducibility of the exposure/property measure-

9.3 Specimen Mounting and Arrangemerithe test Speci-  mant process when using results from exposures conducted
mens shall be mounted so that the plane of the test surface & cording to this practice in product specifications.

at a distance from the lamps consistent with the practice for

operation of that apparatus. Refer to the appropriate practick2. Keywords

for information about proper specimen mounting. 12.1 accelerated weathering; actinic radiation; artificial ac-
9.4 The apparatus shall be operated continuously. Howevetglerated weathering; durability; exposure; fluorescent UV

if the test needs to be interrupted to perform routine maintelamps; light; open flame carbon arc; sealant; temperature;

nance or inspection, it should be during a dry stage. ultraviolet; UV-radiation; weathering; xenon arc
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ANNEX

(Mandatory Information)

Al. Xenon Arc Radiant Exposure Versus Time

Al.1 Xenon Arc Irradiance Setting The general equation relating radiant exposure in kiloJoules
Al.1.1 The recommended irradiance at the set point is 0.54kJ) to time in hours is:
W/(m? - nm) at 340 nm. However, to accommodate testing in Watts x 3.6 kd/hrx hours of exposure: kiloJoules ~ (A1.1)

xenon arc machines set at 0.35 W#(nmm) at 340 nm for other
specimens being tested at the same time, the option is given of For example, at an irradiance level of 0.35 WA(mm) at

testing sealants at the lower irradiance level. Therefore, fo§40 nm, the radiant exposure in 500h is 630 k3/(mm) at

xenon arc tests, the test duration is specified in terms of radial . .
exposure rather than time (see 9.6.1) in order to provide40 M- Atanirrradiance level of 0.51 W/tmnm) at 340 nm,

equivalent radiant exposures at the different irradiance level&30 kJ/(nf - nm) at 340 nm is btained in 343 h of exposure.

Al.2 Times for Equivalent Radiant Exposures at
Different Xenon Arc Irradiance Levels

Al.2.1 The relation between radiant exposure in Joules and
time in hours is based on the irradiance level and the following
equivalency: 1 Watt = 3600 Joules/hour.

APPENDIXES
(Nonmandatory Information)

X1. IRRADIANCE SPECIFICATION FOR XENON ARC EXPOSURE

X1.1 Justification for the Xenon Arc Recommended X1.1.2 Representative of Solar Irradiance at Benchmark
Irradiance Setting of 0.51 W/(n? - nm) at 340 nm Exposure Sites
%1.1.1 Harmonization with 1SO Standards Spectral solar irradiance measured as a function of time of

: day in Miami, Florida and Phoenix, Arizona between April and
In ISO standards that contain laboratory accelerated weathseptember show that for approximately three or four hours
ering tests, the xenon arc irradiance level is generally specifiefefore and after noon, the irradiance at 340 nm is at least 0.50
as 550 W/ in the spectral region 290-800 nm. It is the w/(m? - nm). The irradiance at these locations at noon under
irradiance of the reference solar spectrum recommended in thghtimum atmospheric conditions is 0.68 WAmnm) at 340
Publication of the International Commission on lllumination, nm on the surface of the specimens. Thus, the xenon arc
CIE No. 20 (TC-2.2) 1972 for simulation in acceleratedirradiance of 0.51 W/(fh- nm) at 340 nm is representative of
laboratory testing devices. The xenon arc irradiance of 55@olar irradiance levels to which sealants are exposed in
W/m? at 290-800 nm translates to 0.51 WArmm) at 340 nm. commonly used outdoor benchmark exposure sites.

X2. EFFECT OF EXPOSURE AT DIFFERENT IRRADIANCE LEVELS

X2.1 Specimens receiving equivalent radiant exposures atudies have shown that for the same increase in irradiance (63
different irradiance levels will be exposed to elevated tempera%o), its effect on rate of degradation was not the same for all
ture and moisture for different lengths of time. Heat andmaterials ((1), (2)). However, in a study on several types of
moisture are important factors in the weathering process ipolymer materials, for equivalent radiant exposures the color
conjunction with solar and solar-simulated radiation. Forchange was the same at double and triple the normal irradiance
specimens that are particularly sensitive to heat or moisturd3). Also, good correlation with outdoor exposure in terms of
differences in time of exposure to these factors can theoretthe relative stabilities of various types of materials have been
cally affect test results. Also, the influence of these weathereported for exposures at triple the normal irradiance level ((4),
factors may differ at different irradiance levels. Due to varia-(5)). For more information on the effect of different irradiance
tions in the response of materials to increase in irradiancdevels in fluorescent UV devices, see Reference (1).
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