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Standard Practice for
Performing Accelerated Outdoor Weathering of Nonmetallic
Materials Using Concentrated Natural Sunlight *

This standard is issued under the fixed designation G 90; 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
epsilon €) indicates an editorial change since the last revision or reapproval.

1. Scope 2. Referenced Documents

1.1 Fresnel-reflecting concentrators using the sun as source2.1 ASTM Standards:
are utilized in the accelerated outdoor exposure testing of D 859 Test Method for Silica in Watér
nonmetallic materials. D 1014 Practice for Conducting Exterior Exposure Tests of
1.2 This practice covers a procedure for performing accel- Paints on Steél
erated outdoor exposure testing of nonmetallic materials using D 1435 Practice for Outdoor Weathering of Plastics
a Fresnel-reflector accelerated outdoor weathering test ma- D 1898 Practice for Sampling of Plastfcs
chine. The apparatus (see Fig. 1 and Fig. 2) and guidelines areD 4141 Practice for Conducting Accelerated Outdoor Expo-
described herein to minimize the variables encountered during sure Tests of Coatings
outdoor accelerated exposure testing. D 4517 Test Method for Low-Level Total Silica in High-
1.3 This practice does not specify the exposure conditions Purity Water by Flameless Atomic Absorption Spectros-
best suited for the materials to be tested but is limited to the copy’
method of obtaining, measuring, and controlling the proce- E 772 Terminology Relating to Solar Energy Conver§ion
dures and certain conditions of the exposure. Sample prepara-E 824 Test Method for Transfer of Calibration from Refer-
tion, test conditions, and evaluation of results are covered in ence to Field Radiometérs
existing methods or specifications for specific materials. E 891 Tables for Terrestrial Direct Normal Solar Spectral
1.4 The Fresnel-reflector accelerated outdoor exposure test Irradiance for Air Mass 1.5
machines described may be suitable for the determination of E 903 Test Method for Solar Absorptance, Reflectance, and
the relative durability of materials exposed to sunlight, heat, Transmittance of Materials Using Integrated Spheres
and moisture, provided the mechanisms of chemical or physi- G 7 Practice for Atmospheric Environmental Exposure
cal change, or both, which control the rates of acceleration Testing of Nonmetallic Materiafs
factors for the materials do not differ significantly. G 24 Practice for Conducting Exposures to Daylight Fil-
1.5 This practice establishes uniform sample mounting and tered through Glags
in-test maintenance procedures. Also included in the practice G 113 Terminology Relating to Natural and Artificial
are standard provisions for maintenance of the machine and Weathering Tests of Nonmetallic Materials
Fresnel-reflector mirrors to ensure cleanliness and durability. 2.2 Other Standards:
1.6 This practice shall apply to specimens whose size meets SAE J576 Plastic Materials for Use in Optical Parts Such as

the dimensions of the target board as described in 8.2. Lenses and Reflectors of Motor Vehicle Lighting Devices
1.7 For test machines currently in use, this practice may not SAE J1961 Accelerated Exposure of Automotive Exterior
apply to specimens exceeding 13 ma# {n.) in thickness Materials Using a Solar Fresnel-Reflector Apparatus

because cooling may be questionable. ,

1.8 Values stated in Sl units are to be regarded as thd Terminology
standard. The inch-pound units in parentheses are provided for 3.1 Definitions—Definitions of terms commorotG 3 dura-
information only. bility standards can be found in Terminology G 113.

1.9 This standard does not purport to address all of the N
safety concerns, if any, associated with its use. It is thé Significance and Use
responsibility of the user of this standard to establish appro- 4.1 Results obtained from this practice can be used to
priate safety and health practices and determine the applicacompare the relative durability of materials subjected to the
bility of regulatory limitations prior to use.

2 Annual Book of ASTM Standardéol 11.01.

1 This practice is under the jurisdiction of ASTM Committee G-3 on Weathering  * Annual Book of ASTM Standardégol 06.01.
and Durability and is the direct responsibility of Subcommittee G03.02 on Natural “ Annual Book of ASTM Standardéol 08.01.

and Environmental Exposure Tests. 5 Annual Book of ASTM Standardgol 11.02.
Current edition approved Dec. 10, 1998. Published March 1999. Originally © Annual Book of ASTM Standardéol 12.02.
published as G 90 — 85. Last previous edition G 90 — 94. 7 Annual Book of ASTM Standardéol 14.02.
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FIG. 1 Schematic of Fresnel-Reflecting Concentrator Accelerated Weatering Machine Single Axis Tracking

specific test cycle used. No accelerated exposure test can ban vary due to seasonal or annual differences in important
specified as a total simulation of natural or field exposuresclimatic factors. Because of the variability between materials
Results obtained from this practice can be considered aand in results obtained using this practice and the variability in
representative of natural or field exposures only when theesults from exterior exposures, use of a single acceleration
degree of comparative performance has been established ffactor relatingx hours of this accelerated exposure/tmonths
the specific materials being tested. or years of exterior exposure is not recommended. If accelera-
4.2 The relative durability of materials in natural or field tion factors are determined, they must be based on results from
exposure can be very different depending on the location of tha sufficient number of separate accelerated exposures so that
exposure because of differences in UV radiation, time ofdata relating times to failure in each exposure can be analyzed
wetness, temperature, pollutants, and other factors. Thereforesing statistical methods. In addition, use of acceleration
even if results from a specific accelerated test condition aréactors assumes that the degradation mechanism is the same in
found to be useful for comparing the relative durability of both conventional and accelerated exposures.
materials exposed in a particular exterior location, it cannot be 4.4 This practice is best used to compare the relative
assumed that they will be useful for determining relativeperformance of materials tested at the same time in the same
durability for a different location. fresnel reflector device. Because of possible variability be-
4.3 Variations in results may be expected when operatingveen the same type of exposure devices, comparing the
conditions vary within the limits of this practice. For example,amount of degradation in materials exposed for the same
there can be large differences in the amount of degradation iduration or radiant energy at separate times, or in separate
a single material between separate, although supposedly idedevices running the same test condition, is not recommended.
tical, exposures carried out for the same duration or number ofhis practice should not be used to establish a “pass/fail”
exposure cycles. In addition, results from exterior exposureapproval of materials after a specific period of exposure unless
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FIG. 2 Dual Axis Tracking

performance comparisons are made relative to a referencelABLE 1 Fresnel-Reflector Test Machine Typical Spray Cycles
material exposed simultaneously, or the variability in the test is Daytime Nighttime
defined so that statistically significant pass/fail judgements car¢ycle Spray  Dry-Time Spray  Dry-Time

be made Duration  Duration Cyclesi Duration Duration Cycles/h
. 1 8 min 52 min 1 8 min 52 min 3 during
4.5 ltis strongly recommended that at least one control test the night
specimen be exposed with each test. The control test specimer? no water spray _ no water spray
A no water spray 3 min 12 min 4

should meet the requirements of Terminology G 113, and be
chosen so thaF Its degradatlon mechanism is the same as thatof This is the cycle specified in Procedure C of Practice D 4141.
the test specimen. It is preferable to use two control test
specimens, one with relatively good durability and one with
relatively poor durability. should be agreed upon by all interested parties.

4.6 The use of at least two replicates of each control test 5.1.1 The Fresnel-reflector test machine is a follow-the-sun
specimen and each material being evaluated is recommendegparatus having flat mirrors so positioned that the sun’s rays

to allow statistical evaluation of results. strike them at near-normal incident angles while in operation.
The mirrors are arranged to simulate tangents to a parabolic
5. Apparatus trough in order to reflect sunlight uniformly onto the specimens

5.1 Test Machines-Fresnel-reflector test machines used inin the target area (see Fig. 1, Fig. 2, and Fig. 3).
Cycles 1, 2, and 3 of Table 1 are nearly identical. The only 5.1.2 The test machine is equipped with a blower to cool the
difference between the machines is the addition of a watetest specimens. The air is directed over the specimens by an
delivery system to the device used in Cycles 1 and 3. Use of thadjustable deflector along one side of the target area. For
specific cycle should relate to end use of the material andinbacked mounting, air is also directed under the specimens.



AIR PLENUM ( END VIEW )

TARGET BOARD

TEST SPECIMEN \/
CENTER OF GRAVITY .
AND ROTATION \

FLAT MIRRORS

SKY
RADIATION

f

]
1]
1
1]
1
1
i
:
]
1
1
!
1
i
1
t
i
]

A
A

MIRROR BED
FIG. 3 Schematic of Optical System for a Fresnel Reflecting Concentrator Accelerated Weathering Machine

This limits the increase in surface temperatures of most 5.2 Mirrors—The Fresnel-reflector system mirrors of ma-

specimens to 10°C above the maximum surface temperatughines currently in use have a typical specular, spectral
that would be reached when identically mounted specimens areflectance curve such as that presented in Fig. 4. Other mirrors

exposed to direct sunlight at normal incidence at the same timmay be used providing they meet the requirements of 6.2.
5.3 Photoreceptor Cells-Two photoreceptor cells, such as

and location without concentration.
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silicon solar cells, are installed near the top of the air tunnel oMethod E 903 or other method found to give equivalent results.
the side facing the sun. A“T” shadow maker is mounted abové-ig. 4 presents typical and minimum acceptable specular
the cells to illuminate equally one-half of each cell when thereflectance curves.

test machine is in proper focus. As one cell receives mor Safety P .
radiation than the other, the balance is disturbed and a signal is afety Precautions

furnished through an amplifier to a reversible motor which 7.1 Suitable eye protection shall be required when working

adjusts the machine to maintain focus. with Fresnel-reflector test machines to prevent ultraviolet and

5.4 Tracking SystemThe test machine shall be equipped infrared damage. Manipulation of the reflectors for daily
with a system to keep the target area in focus throughout th@aintenance or for the purpose of sample mounting/
day. Several options are possible. dismounting and inspection can accidentally reflect the con-

5.4.1 Single-axis tracking with manual altitude adjustmentcentrated sunlight upon the face. Sunglasses having high
(Fig. 1a). The test machine’s axis is oriented in the north/soutlgxtinction for ultraviolet are the most important; aluminized
direction, with the north pole being altitude-adjustable toglasses will prevent accidental burning of the retina by
account for seasonable variations in solar altitude at zenith. infrared.

5.4.2 Dual axis tracking (Fig. 2). The test machine is 7.2 The blower shall be covered with a heavy-duty protec-
equipped with two sets of photoreceptor cells, one to controfive screen to prevent accidental injury and to keep loose
the azimuth rotation of the machine, the other to control the tilclothing from the fan during start-up, shutdown, maintenance,
elevation. The axis of the target area remains parallel to th#spection, or sample exchange.
ground. The machine rotates about horizontal and vertical axes 7-3 It is recommended that operators protect exposed parts
to keep the target area in focus. of the body by using sunscreen, loose long sleeve shirts and

5.5 Nozzles—The test machine used in Cycles 1 and 3 oftrousers, and wide brim hats or other suitable covering.

Table 1 is provided with a nozzle assembly for spraying wateg gt Specimens

onto the specimens during exposure. Fan spray nozzles which8 1 £ th | q q hod
provides a uniform fine mist over the specimen area are ©-1 USers of the accelerated outdoor exposure test metho

described should follow the statistical procedures for sampling

recommended. : ;
presented in Practice D 1898.
6. Reagents and Materials 8.2 The maximum length and width of specimens cannot be
6.1 Water Quality larger than the length or width of the target area, or both.

6.1.1 The purity of water used for specimen spray is very 8.3 The air-cooling process and mechanism may limit
important. Without proper treatment to remove cations, anionsSPecimen thickness to 13 mrifn.) or less.
organics, and particularly silica, exposed panels will develop 8-4 Fig. 5 shows typical mounting for specimens smaller
spots or stains that do not occur in exterior exposures. than the maximum allowable size. The leading edge of
6.1.2 Water used for specimen spray shall leave no objecPecimens to be mounted closest to the airflow shall be aI_|gned
tional deposits or stains on the exposed specimens. It iith the leading edge of the target boards so as not to disrupt
strongly recommended that the water contain a maximum ofh€ airflow. Specimens shall not be mounted in a manner that
1-ppm solids and a maximum of 0.2-ppm silica. Silica levelsdisrupts the uniform airflow used for cooling.
should be determined using the procedures defir_led _in Tegt Specimen Mounting
Methods D 859 or D 4517. Prepackaged analysis kits are 9.1 Speci b d facing the mi
commercially available that are capable of detecting silica. pecimens are to be mt_)unte acing the mirror array on
levels of less than 200 parts per billion (ppb). A combination of? target boa.rd in order to receive th? refle_cted concentration of
deionization and reverse osmosis treatment can effectivelg)atural sunlight from the test machine mirrors (see Fig. 5).

produce water with the desired purity. If the spray water used 9'1.'1 Nonmsulatgd tl\/llougt[[ng—6M0unt tfpih fre:medt tbest d
is above 1-ppm solids, the solids and silica levels must b pecimens approximately 0 6 mm o € target board.
reported. osition the samples to ensure adequate clearance is main-

6.1.3 If specimens are found to have deposits or stains afté?med. betwgaen the air-delivery slot and the frame. Adjust the
achine’s air deflector to provide a clearance of from 10 to 14

B e Y Tt 22 Checke i 07 to 2 in) betueen the exposed surface of the fes

occasions, exposed specimens can be contaminated by depoéﬁ cimen and the air deﬂector lip. . .

from bacteria that can grow in the purified water used for 1.2 Ins_ulated I_\/Iountmg—Mouryt the test specimens di-

specimen spray. If bacterial contamination is detected, th e_ctly against an insulated backing such as 13-m#ir(.)

entire system used for specimen water spray must be flush ick ply\(vood. .

with chiorine and thoroughly rinsed before resuming expo- 9.2 It is recommended t.hat specimens that are not coated
metal be mounted for non-insulated exposures.

sures. Although it does not always correlate with silica content, 93 A th ting i table if d b
it is recommended that resistivity of water used for specimen ~* Ny other mounting IS acceptaple It agreed upon be-

spray be continuously monitored and that exposures be discoﬁ"-\'geAfn \7\;Jhppller gnd tthe_stlng tlrz:b((j)rtatory. lerate th ¢
tinued whenever the resistivity falls below 1(M ’ en using this method 1o accelerate the exposure o

6.2 The mirrors used on Fresnel-reflector test machinelaterials under glass, as in Practice G 24, it is recommended to

shall be flat and shall have specular ultraviolet reflectance ofs¢ glass as specified in Practice G 24 in these tests.
65 % or greater at 310-nm wavelength as measured by TestNore 1—Under glass exposure testing using Cycle 2 (no sprays),



i G

90

ACCEPTABLE SAMPLE ARRAY

-T_ A & B ARE
- SEPARATE

= SUBSTRATES
Q

Q

LEADING EDGE

140 CM

— CORRECT MOUNTING -

Each specimen is mounted with one edge against

leading edge of target area

UNACCEPTABLE SAMPLE ARRAY

AIR FLOW
VECTOR
for maximum cooling
4
AIR FLOW
VECTOR

1, 2 & 3 SEPARATE SUBSTRATES

LEADING EDGE

— INCORRECT MOUNTING -
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between specimens will likely

disturb the air flow, preventing adequate cooling.

4

2) Specimen 4

is not against the leading edge and is not

receiving maximum cooling.

FIG. 5 Examples of Correctly and Incorrectly Mounted Specimens

careful adjustment is required of the air deflector to achieve adequatgyhere:

specimen cooling.

10. Procedure

10.1 Start the test by pointing the machine’s solar cell sun
tracker at the sun to gain solar acquisition. Actuate the
water-spray system as required. See Table 1 for typical spraw

schedules. Other moisture cycles may be used.

10.2 Operation is not recommended when the direct beam
radiation, as measured by a 6° pyrheliometer, is reduced to 6081, =

W/m? or less for 30 min or more by prevailing cloud cover or

H, = solar radiant exposure, Jm
M = number of mirrors;
ps = the average energy-weighted specular reflectance of

the mirrors;

the cosine corrected specular reflectance;

number of days of exposure;

the angle of incidence of the irradiance from each
mirror at the specimen target area; and
direct-normal daily solar radiant exposure measured
in a 6° field of view.

0;

when the ratio between the direct beam and normal incident 10.3.1 To determine total (300- to 3000-nm) solar radiant
global (hemispherical) radiation as measured with a pyranoMayposureH, in Eq 1 shall be determined as the integration of

eter falls below 75 %.

irradiance with respect to time. Irradiance shall be measured

10.3 Determine the solar radiant exposure of the test specissing a pyrheliometer with a 6° field-of-view. The pyrheliom-

mens in accordance with the following formula:

N

Hs = Mps izl Hd (1)
M

ps=p X COSO; @)

eter shall be calibrated no less often than annually in accor-
dance with Test Method E 824. The measurement of reflec-
tance p) shall be the energy-weighted specular reflectance in
the wavelength region of 295 to 2500 nm, calculated using the
air mass 1.5 spectrum and procedure outlined in Tables E 891.

10.3.2 To determine the ultraviolet (300- to 385-nm) solar
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radiant exposureHy in Eq 1 shall be determined as the checked by mounting both instruments at the same orientation
integration of irradiance with respect to time. Irradiance shalfor at leas 1 h under clear sky conditions. If a difference of
be measured using two ultraviolet radiometers. A black-painte¢ghore than 2 % exists between instruments, they shall be
permanent shading disk is positioned over one radiometer agcalibrated.

shown in Fig. 6 and Figs. 7-9 to provide a diffuse-only 14352 At least monthly, fol h under clear sky condi-
measurement (excluding 6° field of viewhi is determined  qng hoth instruments shall be tracked off-altitude approxi-
using the following formula: mately 15° with no shading on the normally shaded instru-

Hy = H; — Heo ()  ment's diffuser. If the radiant exposure readings from the two
where: instruments differ by more than 2 %, the radiometers shall be
H, = hemispherical daily solar radiant exposure and recalibrated.

Hyo = diffuse-only daily solar radiant exposure (excluding 10.3.2.3 Clear sky conditions shall be defined as a diffuse

direct-normal radiant exposure in a 6° field of view). percentage of total radiation (300 to 3000 nm) less than or
equal to 20 %.

10.3.2.1 The two ultraviolet radiometers shall be calibrated 10 3.3 Sample Calculation of Ultraviolet Radiant Exposure
at the same time at least annually against a standard source of

spectral irradiance. Instrument calibration constants shall be 10.3.3.1 The following table shows hypothetical incident

O

FIG. 6 Shading Disk In Operation
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angles for the ten mirrors contained on the apparatus described

in Section 5.
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Mirror # 8 cos 6, let radiant exposure in accordance with 10.3.1 and 10.3.2 shall
be mounted to a tracking stand capable of tracking the sun to
1,10 34.3° 0.826 ithin =0.5°
2,9 28.7° 0.877 within £0.5°. _ o
3,8 22.5° 0.924 10.5 Clean all mirrors as necessary to maintain the reflec-
g’; 12-2: g-ggg tance specified in 6.2D0 not wait until surface contami-

nants reduce reflectance at 310 nm to 65 % before cleaning

Solving the summation term in Eq 2 of 10.4 yields the mirrors.

following:

s

i=1

cos 6, = 2(0.826 + 2(0.877) + 2(0.924 ()

+ 2(0.962 + 2(0.988 = 9.154

If measured mirror specular reflectangdrom 300 to 385
nm were 80 % or 0.80, thep, would calculate as follows:

pe=0.80 X 9.154=0.732 (5)

If Hy for several days were as follows:

Date H4MJ/m?)
8/12/91 0.744
8/13/91 0.872
8/14/91 0.704
Total 2.320
Then,
Hs = 10(0.732 (2.320 = 16.98 MJ/n? (6)

Note 2—To preserve near-pristine surface conditions for optimum
specular reflection, it is recommended that mirrors be cleaned on an
established frequency to minimize the effects of surface deposits that may
alter spectral irradiance at the target. Use a nonabrasive, nonresidue-
producing cleaning procedure. If rapid accumulation of contamination
occurs, atmospheric conditions are probably unsuitable for operation of
the apparatus. Variation in spectral irradiance introduced by contamination
of mirror surfaces contributes to the uncertainties of the exposure
procedure and must be considered part of the experimental errors.

10.6 At least every six months, measure the specular reflec-
tance of each mirror in two places along the mirror’'s centerline
using a portable specular reflectometer with narrow-band-pass
filters centered at 310-nm wavelendtifl) 15 cm from the
north edge and?) 15 cm from the south edge. Visibly inspect
each mirror and measure any additional areas which appear
nonuniform. Update the value qf, using actual average

8 Freese, J.M., “The Development of a Second Generation Portable Specular
Reflectometer,’Proceedings of the Line-Focus Solar Thermal Energy Technology

10.4 Instruments used for measuring either total or ultraviobevelopment—A Seminar for IndustSandia Laboratories, 1980.
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values of specular reflectance. Replace individual mirrors if the 11.1.9 The serial number and last calibration date of the
average 310-nm specular reflectance is less than 0.65 (65 %jistrument used to measure ultraviolet irradiance as described
10.7 If measurement of specular reflectance of the mirrorén 10.3.2, if not reported elsewhere, and
used in exposure devices is not practical, mount small, repre- 11.1.10 The transmittance characteristics of glass used for
sentative specimens of the mirror material. Place the represennder glass exposure tests.
tative specimens next to the mirror locations described in 10.6. 11.2 Reports may optionally include the following informa-
These representative specimens must be of the same matetiain:
and lot number as the mirrors used in the instrument. The 11.2.1 Daily total radiation accumulated,
representative specimens must also be installed at the samell.2.2 Ambient temperature (daily high, low, and mean),
time as the mirrors. At least every six months, measure the 11.2.3 Humidity (daily high, low, and mean),
specular reflectance of the representative specimens at 310 nm11.2.4 Ultraviolet deposited in selected wavelengths, as
Replace individual mirrors if the average 310-nm speculadetermined from the solar radiation and mirror reflectance data,
reflectance of the representative specimens is less than 0.65 as measured in the target plane, and
(65 %). 11.2.5 Inspection and measurement reports.
10.8 Monitor and adjust the tracking system and mirrors )
such that at no time during the day does any portion of thél2. Evaluation of Tests

target board fail to receive visible illumination. 12.1 The selection of appropriate test methods is beyond the
10.9 Remove the specimens according to one of the followscope of this practice. Typical reporting criteria can be found in
ing schedules: Test Method D 1014, Practice D 1435, Practice G 7, Practice

10.9.1 Preselected ultraviolet or total solar radiant exposures 24, and SAE J576.
10.9.2 Preselected percent of change based upon control12.2 Specimens that have been previously weathered in a

samples. specific environment are useful in establishing the relationship
10.9.3 Preselected loss of original value, such as glossetween accelerated and real-time tests. The relationship be-
retention, color change, and so forth. tween accelerated and real time tests (acceleration factor)

Note 3—It is recommended that exposures on Fresnel-reflector tes?SIabHShed for one _materlal should nOt_ be assumed to be the
machines use specimens from the same lot of material on which thé@me for modifications of the material or for any other

natural weathering characteristics have previously been ascertained. material. The relationship can change significantly with a small
change in composition of the material or incorporation of an

11. Report additive.

11.1 Report the following information: 12.3 Unexposed file specimens should be provided by the
11.1.1 Spray cycle used, purchaser to ensure an accurate assessment of visual evalua-
11.1.2 Water quality if the conditions in 6.1 are not met, tion. The use of the unexposed portion of the specimens
11.1.3 Inclusive dates of exposure, (shielded by the flange of the mounting frames) should not be
11.1.4 Ultraviolet radiant exposure below 385 nm in M&l/m used in visual evaluations unless unexposed file specimens are
11.1.5 Total radiant exposure in MFm not provided by the purchaser. If this portion of the sample is
11.1.6 Accurate identification of all specimens, used, the report should note this condition.

11.1.7 Mounting conditions (insulated or noninsulated),
11.1.8 Any unusual aspects of the test, such as temperatuts- Keywords
extremes, that might affect the exposure results, 13.1 durability; exposure; fresnel-reflector; weathering

The American Society for Testing and Materials 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 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, 100 Barr Harbor Drive, West Conshohocken, PA 19428.
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