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Abstract

This research was concentrated on investigating the development of reflective coating in order to
enhance the solar reflectance. The influence of pigment volume concentration (PVC), types of
pigment, thickness of coating, and ratio between Titanium Dioxide (TiO,) and reflective pigment
(black) were examined. The obtained results showed an increase in the solar reflectance as the
pigment volume concentration and the thickness of coating were increased. However, it should be
noted that the increase of the pigment volume concentration and the thickness of coating did not
produce any major changes in the solar reflectance as reaching its maximum value. It was also
found that the solar reflectance initially increased and reached a maximum value at the ratio
between TiO, and reflective pigment of 7:1. In the comparison with the solar reflectance of
commercial coating, it was found that the solar reflectance of the reflective coating was higher than
that of the commercial coating, except for the red and blue pigments which do not have significant
difference when it is compared with the commercial coating. The degradation of coating was also
investigated by accelerated weathering test. It was found that the reflective coating of white pigment
significantly decreased during the early stage of exposure, whilst it has no significant change in
other pigment. The degradation of coating being closely associated with the degradation of binder,
the chemical reaction between additive and UV absorber, and the reversing phenomena of UV

absorber and HALs.

Key words : Solar Reflective Coating / Solar Reflectance / Degradation of Coating /

Energy Conservation
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TiO, = Titanium dioxide

PVC = Pigment Volume Concentration
TSC = Total Solid Content

n = reflective index

HALs = Hindered Amine Light stabilizer

CIE = Commission Internationale d’Eclairage
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 Primal® 24385

Second generation 100% acrylic binder for elastomeric
bigh-build wall, roof and cement-based coatings

Key features and benefits to formulators

o Good mechanical shear resistance - Primal®2438
can be tncorporated in mill bases enabling high
solids formulae to be developed. :

o Permanent flexibility, toughness and recovery
characteristics over a wide temperature range due
tocontrolled cross-linking chemistry,

o Noexerior plasticisers, coalescing solvents or
flexibilising’ co-polymers are necessary, s
Primal®2438 is fully intemally plasticised.
Reduced performance due to fugitive plasticiser
loss s avpided.

 Excellent resistance to dirt picl_<—l_1p due to unique
! il “empl 0@- bt s 4

Excellent e.ﬁerior durability and UV resistance,
Fight years exposure stdies in the 1.5, support

this clalm.

*“Breatheability” to waler vapour prevents pressure

bufld-up due to molsture movement in masonsy

substrates,

Good protection against carbon doxide
permeability.

Can be used in cement-based formulae giving
excellent strength, ﬂﬂmbdny, and wairrponding
. resistance

Physxcal properties

The following are typical, but should not be considered as specifications;

Appearanca Mifky emulsion Glass transition tamparature (Tg),
fonic charpa Anionic measured by =, ., 77 22
Solids, by r7. .. % 305 Minimum fitm 47 on
3 o ey af |
Solids, by = 2, % 48.5 temperatucs: {1 .o ad), °C <0
Density D 285, ko/ftitre 1.04
S pH 75
Density . fitm, Viscosity, B0 " RVT,eps 500
e . Lo RN
Addiui- - “mation
Foemut .~ 2ifan and Asian conditions "mc been developed. - saures are availadie
(cepR 1 ‘g the background to, formtutions for, and ‘ques . 5" televant to the use of
Primal?2.}
The pro . © v siledn will be supplied preferoriafly from one of six manu® v e AdaPucife. Confemios. s
to the rc.. ' , % or to focal equivalent quality proiccols ensures consisis. . «wedial of the source, 2oy

the pack 500 - raclagng may dfer




89

TI-PURE* R-902
RUT!LE TITA‘N!UM DIOXIDE

A tng, dry, whita powder with the Hollowing gmm* ks, Tl-Pure® a-eozu sepecialy uammm“

HWWMWQOW&W .

sraane Daying leshnica) ekl anY B N Sorn Secrolion 0 Mak. SINESAANISONY OF L4 ek duSu Sur 03NND, Wik MRV i wierentlye, ExpIEIE OF
M O gyaume oo Fabilly i csnmpatisn wih any vae mwwmm Ncm:ng parain 8 10 b6 lakyn u & DAAEE mcpmrt umwt 'z

~ o propeties: . raaitous formulas whers high opasity, brightnegs &
i ; j‘ -  glots a8 ensential, Its excallem durabiiity aid beke retls
 TYPICAL ANALYSIS g tance are of particuler value in matal decobatinginis
Thanium Dioxids (MO} 81%min, - Also dvallible as an aqueom :mw-n Purg® ?m
Aluminur Oxde {Al0:) 4.5% max,
Siicon Dioxide (SIOx) 2.0% max,
o """ PERSONAL SAFETY i
TYPICAL PHYSICAL PROPERTIES* . . HesthHazards S
. Gpedific gr;vﬂy . ‘ 40 In BuPont tosts, dusts of thanium dioxide, m&u_df ;
L gummg value 0.030 galiy (0,250 ng) ¢ ttenlum gloxide treated with amorphous Sﬂm
O absorptien (ave) 17 l/100 b (170 gikg) " duced & tesponse 2] melungsofratsmmpar;btm
oH " - de effacls given by Inert or nuleance dusts,
o, Voletles @ 221°F (108°C) ’ O.S%Mx. + Thanium dioxide 18 rogmatadas An-air sentam
_ . the U.S. Deparient of Labor (OSHA) under
tDmfmlnM & time of packaging) " crm B0, mgd asgm ﬁ?}‘d g! g;‘é i ot
mwm«mmmwmw More * XDOSLIPG 10 tiHANIUM any
- mm%mm&wm iy ""“"‘i’  of atorty-hour wask shall net dxcoed mm»
\/ﬁ’:& ,‘ . Avormge of 1§ g/ I air? 5
i mgs © "¢ The Amerioan Conforéfice of Govammeial
. Vey gaod chalk registancs, §loss dnd gloss ratahﬁan-ffi mgg”é?;‘ :ﬁ?&gggﬁgﬁﬁmm :
make TPura® R:B02 paricularly sulted for extarlor In- s ry ;&
dustrial and trads s&les finlshs. o TLV, ot 0mg/mS total dustof B ig/m® resplrabld dusti g,
~ In plastics, TiPuré® R-902 comblnes gocd wmher» ) ?,ﬁﬂ?,",;’;‘:m“gé ﬁ:ﬁﬁg‘ g:;sm i b’g‘-g%tm e
‘ Lo 15 my/m? total dust, 5&@/?6%&&&%% BliPe
: \.{; has sletted to chieive tha) ﬁcaxa Bmﬂ in hmdl
v R Us, Rg.&?.u.o#..oum co. v Sl H ' 'fﬂ-quﬁ ﬂ..ggg, R
C z
- m:nmmmwmnf:mwmmwmmwrw Heanize! dste ther Ou Pori Ballaves tn se aiiadi. aawwﬁm
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ROCIMA 383/ACO031 1PDR/ZSKG

'@ msasures: Shower or bathe &t the end of working.

 ive mensures: Facilities storing or ulifizing this material should be equipped with an ayawash

- g arsafoty showar,

»onnsering Measures:; Use only in area providad with gppropriate exhaust vantitation,

- i 1SICAL AND CHEMICAL PROPERTIES

Ceaenil et

PR
ot hen point/renge
HIES SO 211, ¢

e i [mperature
oy wxpriogion dmit

Jiw e oxploaton mit
TLAC G (HessUre

b vapour density

iy witulility

ostea: gty

e vt SHOTT rate

T vlRtY

i

Bg”

vigcous liguid

OH-whita to gray

100 °C Water

» 100 *C CLEVELAND OPEN CUP CLEVELAND OPEN CUP
371 *C Propylene glycol
2,50 %{V)Propylene giycol
12,50 56{(V)Propylens glyeot
al 20 °0 Water

<1 0Watar

Miscible

1,10

«1,00 Waler

B5-67%

na physieal data preseatad coove are typieal values ard shei-d not be construsd as a

“STABILITY AND REACTIVITY

T prans e gvold
None known.
+ % to avold Mone known.
Sl R Stable under recommendes storage conditions..

vt e sition

‘O XICOLOGICAL INFORMATION

Cee tormation
- datt are avallabio (or this malterial,
- st Dipron (180}
ot oral toxlelty LS50 rat 3.400 mgfkg

x: Carpendazim (1S0)

2

Fevision dale 15.01.2003
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Mo, X*E 80107408 00 Sdation 00 Revision 199$-12-20 Page 3/ 4

Material SaTaty Data Sheet according 10 91/158)EEC - IS0 1101414
FOLIQBTER NXZ

9, Pnysical anti themical pranerivles

.......................................

Fliysical state: liguid

Colour: anber opagus

Ndour: of mingraloil

fiH {at 20g/1 H2Q) {20'C) §.6-7.5
Flash prapt: ¥ 400

Relative denaity: {20°Cy 0.8 - 0.8Y glemd
Selubility: eaulgifiable in weter {20 C)

10. Stability and reactivity

DB e o m ke e e K % @ %ok e ow oW S

Dentitticns o avoid:
none KNowWn

Hateriels 1o avols:
Reucts with strong oxidizing agents

Harardeus dezomposition procdusts:
in orse OT fire CO, 02 willd bo gsnarated,

11, Toxicological information

Ingastion:
Apute oral toxicity: LDSO >2000 nmp/fkg body welght (deduced fron
gimelAr compounds).

12, Faalnaxral infarmation

Persistirce and degredability:
Bicdegraganility actording OECD 301 D method (Closed 8 osttle
Taroy: > 30% BOD 28/00N

apintie LoXACity:
Act e fish toxdicity: WO 50 » 1 te 10 mg product/l. Acute
barceria toricity: EC 0 > 1 to 10 my produci/l |

According to past experience, dogs nol cause any dlgrupticns Iin
hrologinul dsewags plants pravided it 1S used properly.

13, Digpognl considerations

P A L S R e

wagte roineration with the approval of the responsible looal
author:ty., {

-
W
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Crolan® 7310P is the free
¢ flowing, dry powder verslon
ol Orotan® 731A.

As Orotan® 731A is the
formaldehyde free
replacament for Rohm and
Haas Company's widely
successiul dispersan
Orotan® 731, so to, is
Orotan® 7310P the
formaldetyde free
replacernent for Orofan®
78180,

Theactive dispersant in
Orotan® 731DP s physically
and chemically equivalent to
its predecessor, Orotan®

2

A%l

ale yallow/white, dry powder

Anjonic

9.5t0 105

OROTAN® 731DP

Orotan® 731DP Is an
exiremely versatile plgment
dispersant for acryiic;
butediene/styrene, and vinyl
aorylio based coatings. This
sedivm salt of a carboxylate
polyelectrotyte provides many
formulsting benefits,
including:

« Very sffective with
Inorganic pigments

« High efficiency
performance

+ Supericr gloss
developmaent

Orotan® 731DP provides
good gloss-and hiding at
sconomicat use lavels, In
addition, when formulated
with & high-performance-
binder and other high-quality
adadives, it can provide
grealer corrosion resistance
to coatings formulations,.

3 s " - g§
Soecific Gravity, @ 25°C 0.65

Water Solubility Completely soluble

“ﬁﬁ_pmtan‘ 73108 canbe.used

C i a wide range of
fermulations, Including flat
primers, low VOC paints,
interior and exterior flat,
shean, and semigloss paints.
and gloasy topcoats. Ris s

- most generally useful
disparsant, and can ba
expected to land good

. dispersion, stability, and film

| properties in a broad array of

| coallng systams.

|

73180,


staff_dl
Stamp


93

Herculss Incorporated
ER Aciualon Division
Hercules Plaza
1313 North Market Street
Wiimington, DE 13894-0001
(302) 594-5000
www herc.com

Technical Information

BULLETIN VC-581F
(Supersedes VC-581E)

NATROSOL FPS*® Fluidized Polymer Suspension
Latex Paint Thickener

NATROSOL?® B hydroxyethylcellulose and NATROSOL® PLUS modified hydroxyethylcellulose water-
soluble polymers are well known for their excellent performance as latex paint thickeners. These products
Lave been available for many years in a powdered form. Patented technology has led to the development of
fluidized polymer suspension forms of certain Natrosol grades typically used in latex paint manufacture.
These liguid products offer performance characteristics paraltel fo those of specific Natrosol or Natrosol
Plus grades but with the following important advantages:

¢ Liquid Form: NATROSOL FP$* thickeners are unique, high-solids liquid suspensions designed
for easy handling in conventional pamt manufacturing equipment. Because they are liguids, prob-
lems such as dusting or humping. sometimes associated with powdered polyiers, are eliminated.
They are pourable and punpable; typical viscosities. as received, are 100-110 KUs,

Rapid Dissolving: Natrosol FPS thickeners are designed to disperse. dissolve. and be fully finc-
tional i1 a matter of minutes when exposed to dilution water and sufficient agitation. No predilution,
preactivation. or pH adjustment is required. This significantly reduces preparation titne compared
with powdered polymers.

Aqueous Medium: Natrosol FPS thickeners contain ne organic solvents. Thus. volatile organic comn-
pound (VOC) values are not affected. Suspensions have common paint preservatives added to ensire
stability prior to use.

Thickener Efficiency: Natrosol FPS has shown increases in thickener efficiency by up to 10% com-
pared with an equivalent amount of powdered Natrosol preduct. Other paint ingredients may aiso
affect thickener efficiency.

The products and refated information provided by Hercules are for manufacturing use only. Hercules
makes no exprass. implied, or other representation, warranty, or guarantee concerning (i) the handling, use,
or applicalion of such products, whether alone, i combination with other products, or otherwise, (i) the
completeness, definttiveness, or adequacy of such information for user's or other purposes, {jii) the quality
of such products, except that such products are of Hercules' standard qualty. Users are advised to make
their own tests fo determine the safety and suitability of each such product or product combination tor their
own purposes. Read and understand the Materat Safety Data Sheet (MSDS) before using this product.
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VC-581F
Page 2 of 3

» Method of Use: Natrosol FPS* water-soluble polyiner suspension can be added at any point during
paint manufacture. It may be added to the premix. letdown (prior to latex addition). or to the finished
paint for post-adjustment of viscosity. Adding Natrosol FPS directly to the latex is not recommended;
latex flocculation may occur due to the high thickener solids of Natrosol FPS and the presence of
water in the latex.

Typical Properties®

Physical fOmmM . ... e e liquid
L0 o OGO tan-brown
BH o e e e e 55
SOlAS, Jo WIW . . e e e 40
Density, Ibs/gal .. .. ... ... . e 9.5
Viscosity, KU as supplied . ... ... 105
Viscosity, difuted solution .. ... ... .. . e See Table

@halyes shown are targets and are not to be construed as produc! specifications.

Viscosity
HEC
Concentration, Specification Range,

% Dry Equivalent, cps
Associative Grades
Plus 430 1 5,000 - 7,000
Plus 330 1 400 - 900
Bioresistant Grades
H4B 1 2,600 - 3,300
HB 1 1,800 - 2,300
MB 2 5,500 - 6,500

Packaging/Storage

Natrosol FPS thickeners are available in bulk, semibulk. and drum packages. Natrosol FPS can be stored
in stainless steel. fiberglass-reinforced plastic (FRP). or epoxy-lined tanks. Unlined carbon steel tanks
shouid not be used.

Natrosol FPS should be stored at 50°-90°F (10°-32°C). At temperatures above 90°F. the viscosity of
the suspensions themselves decreases: below S0°F. they become more viscous. All Natrosol FPS products
should be protected from freezing. Should these products become frozen. warm to at least S0°F and thor-
oughly remix before using.

Storage tanks should be recirculated or periodically agitated to maintain the consistency of Natrosol
FPS products. Semibulk bins or drums should not require mixing prior to use. unless they have been in
storage for more than 90 days.
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Terrestrial Direct Normal Solar Spectral Irradiance for A|r

Mass 1 51

ﬂmstandudsmwdundatheﬁuddes@monE”l lbenumbamuwdh;dyfoﬂowmgﬁedmamamﬁmbﬁewot
e ongmaladopuonu.m&m&mmﬂﬁmmAmnmmwymﬁmWMA
iy superscript epsilon (¢) indicates an editorial change since the Iast revision oc sezpproval.

INTRODUCTION ,

These tables utilize the recently revised (1) extraterrestrial spectrum of Neckel and Labs (2) and R

replace the previous standard based on Standard E 490. In- addition, refinements were made to

absorption and scattering calculations in the computer code (3, 4) used to calculate the spectrum.

E These refinements consist of a. change in the depolarization factor in the Rayleigh scattering

5 calculations, a more accurate sampling technique for calculating scattered irradiance, and a better
choice of wavelengths to perform the calculations. Comparisons with the previous standard based -

B{ These tables define an air mass 1.5 solar spectral
#hanc dxstn‘buuon for use in all solar applications where
dard terrestrial madxance:srequuedforthe
normal radiation. A similar standard for global
diance on a 37° tilted surface is given in Standard E 892,
2 These tables are modeled data that were generated
kiic a zero air mass solar spectrum based on the revised
Eeterrestrial spectrum of Neckel and Labs (1), the BRITE
Monte Carlo radiative transfer code, and the 1962 U.S.
ard Atmosphere (5) with -a rural aerosol (6, 7, 8).
Bither details are presented in Appendix XL

““: 'lhemrmaszero(AMO)spectmmthatwasusedto
gerate the terrestrial spectrum was provided by C. Frohlich
S.C. Wehrli (1) and is a revised and extended Neckel and
} (2) spectmm. Neckel and Labs revised their spectrum
Fnploying newer limb-darkening data to convert from
C tomd:anoc,asreportedbyl’rohhch@), citing the
3y by Hardrop (10). Comparisons by Frohlich with
gihrated sunphotometer data from Mauna Loa, Hawaii,
: that this new extratcxmmﬂ spectrum is the best
Erently available,
~4 The development of the temtnal solar spectrum data
fbased on work reported by Bird, Hulstrom, -and Lewis
£ In computing the terrestrial values using the BRITE
‘r‘;?" Carlo radiation- transfer code; the authors cited took
lecations. to 2.4500 pm_ only"'We have extendedthe
) to’4045;1musmgsxxteenEx,valuwfromthe
| Standard E 891 < 82. Irradiance values in Standard
- 82 were computed from thé extraterrestrial spectrum

K ivd

,.& nal

standard is under the jurisdiction of ASTM Committee G-3 on
30’59 Nornmetallic Materials andistbcdimctmpons‘bﬂity of Subcom-

0t edition approved July 31, 1987, Published Dcecmber 198’1 Ongmally
gicd as E 891 - 82. Last previous edition E891 - 82~ .
suboldfm:numbqsmpa:mthmﬂeﬂothchstoﬁd‘maﬂbcmd
$ard

e

on Standard E 490 have shown that approximately a 5 % difference can exist in harrow band
widths of the'specimen, but for the mtegrated total little difference is apparent.

rcpmemed by Standard E 490, The addmonal data pomts
were added to account fo;thcsolarmadxance in this region
that account for approximately 1.5 %. of the total irradiance
between 0.305 and 4.045 pm. The errors propagated by
doing so are insignificant.

. 1.5 Anair mass of 1.5 and a turbidity of 0.27 were chosen
for this st~ndard because they are representative of average
conditions in the 48 contiguous states of the United States.

2. Referenced Documents

2.1 ASTM Standards:

E 490 Solar Constant and Air Mass Zero Solar Spectral
Irradiance Tables®

E 772 Terminology Relating to Solar Energy Conversion*

~ E 892 Tables for Terrestrial Solar Spectral Irradiance at

AlrMas 1.5 for a 37° Tilted Surface®

3. Term.mology

3.1 Definitions (from Terminology E 772):

3.1.1 air mass (AM)—ratio of the mass of atmosphere in
the actual observer-sun path to the mass that would exist if

the “observer were at sea’level, at standard baromemc

pmrc, and the sun were dxrectly overhmd.

Nm'E——(Somcums called air roass rano.) Air mass varies with tbc
zenith angle of the sun and the local barometric pressure, that changes
with altitude. For sun zenith angle, Z, of 62° or less, "and local
atmosphmcpmxre,l’ whcrel’ lsstandardaunosphmcmure,AM
=500 Z (B/P: s D : nfawma .

-,.

> 3.1.2 solar - zrradxance. dxrect (E,)—solar ﬂux commg

from the solid angle of the sun’s disk on a surface perpendxo-
ular to the axis of that solid angle. .
3.1.2.1 Discussion—In conventional mstmmcnts the ac-

‘ceptance cone includes a plane angle of about 6°.

3.2 Descriptions of Terms Specific to This Standard:

3 Annual Book of ASTM Standards, Vol 15.03.
+ Annual Book of ASTM Standards, Vol 1202.-.
3 Anrual Book of ASTM Standards, Yol 06.01.
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$3.2.1 air mass zero (AMO0)—describing solar radiation
Piantities outside the Earth’s atmosphere at the mean
Bcth-sun distance.

3,22 meteorological range-—distance V at which the
freshold contrast, ¢, between a black and white target is
2

-ln-

ctefore, ¥V is a function only of the atmosphenc extmctlon
'. fficient o.

3.2.3 solar irradiance, spearal (EX)—solar irradiance per
Bnit wavelength interval at a given wavelength A, (Units
-m2-pm™")

E\ = dE[d\

8. Significance and Use :

£ 4.1 Absorptance, reflectance, and transmittance of terres-

solar energy are important factors in solar thermal
m performance, photovoltaic system performance, ma-
studies, biomass studies, and solar simulation activi-
fies. For each of the optical properties, the initial measure-
fents are normally a function of wavelength, which requires

_'n at the spectral distribution of the solar flux be known

- .
jeria

4.2_ These tabl&s provxdc an appropnatc standard spectml

ferformance of solar thermal, photovoltaic, and other sys-
components, and materials where the direct irradiance
mponent is desired.

.un

_._ . Solar Spectral Irradiance (Air Mass 1.5)
b 5.1 Table 1 presents the direct normal spectral irradiance
i tabular form from 0.305 to 4.045 um that is falling on 2
Burface. The sun is at AM 1.5. The first column gives the
wavelength (A) in micrometres; the second gww the AX
I tegtatmg interval i m micrometres; the third gives the direct
iance in W-m™2-um™"; the fourth gives the integrated
: !aru'radxancc in the wavclcngth range from 0.3 pm to A, in
ff,f -m™2; and the fifth gives the fraction of the direct normal
ES lanrradzancemthcwavelcngth range O to )\, There is an
flnsignificant amount of radiation r&chmgthcmnhssurfaoe
2- ow 0.3 pm. A plot of the results is shown in the Appendxx

rl ad

_~_ Application _

£ 6.1 The output per unit area, O,, of a device or system

f to solar irradiance is the mtegral over wavelength of
:‘“ product of the appropriate spectral .response, R())
ibhotovoltaic, photochemical, optical absorptance, reflec-
,* nce, transmittance, etc.), and the solar spectral m'adxa.noe,
A as follows: . .

o,= J' ROVEA (1

62 The solar response R, of a device or system is the
lghted average spectral response with the solar spectral
ffadiance as the weighting function as follows:

PPN

97 -

b 891

J' RO)EMN

Ji B
6.3 Since the spectral response or property and the
spectral irradiance are not known as algebraic expressions i

general, the integration must be performed as summationg %
thategs 1 and 2 become, respectively,

0,= E. RO)EMAN, and

Re= Q)

®

N »
R= T R00BNAN [ 7 B, @
where:
A; = wavelength of the ith point out of N for whxch the
spectral data is known. :

6.4 Weighted Ordinate Method—The summatxons are
performed as indicated in eqs 3 and 4 by using the values of
A, AN, ‘and E); given in Table 1. Inlerpolatxon between
n@arby values of the spectral response, R(}), is often required
since the wavelengths of the dlgntally recorded response
curves may differ from those given in the tablc

6.5 Selected Ordinate Method:

6.5.1 In the selected ordinate method the solar spectral
irradiance is divided into m wavelength intervals, each
containing I/m of the total solar irradiance, 4., and havin;
a centroid wavelength A;. This makes all the products Exax
equal to E, ./m, allowmg them to be factored from the
summation.” Equations 3 and 3 respectively reduce to th
following:

0,= 5!& § R(\), and s

=1/m z RO\ ‘*(6

6.5.2 Appropriate values for the centroid wavelengths fo
100 and 50 selected ordinates are provided in Tables 2 and 3
For devices with spectral responses that are relativel
smooth, the 50-point selected ordinates are adequate. Fo
devices with spectral responses that contain complex stru
ture the 100-point selected ordinate or weighted ordmat
method should be used.

7. Bias

7.1 Inthcspectralregxonofmtetesttomostsolarusa
(0.3 to 4.045 pm), the BRITE Monte Carlo computer oo
has not been adequately verified with experimental data. .
comparison of the direct normal irradiance resulting frot
this code has been compared with other rigorous codes. Tt
companson indicates that the various models agree withi

.#5 % .in spectral regions where there is significant radiatic

572

prw:nt. Almost all of the differences in the results of the
rigorous codes can be traced to differences in the molecul
absorption coefficients used as input to the codes.

7.2 The direct normal irradiance presented is the same:
that measured with a 5.8 field-of-view normal inciden
pyrheliometer that allows 2 small amount of circumsol
(diffuse) radiation to be detected. For the type of atm
spheric conditions modeled, this circumsolar radiation ad
approximately 1 % to the measured direct irradiance.



NoTE——)y = wavelength, pnm.
* [, = direct normal spectral iradiance at wavelength ) (centered at ), and calculated
- Eg =N = tegrated direct nonmal irradiance in the wavelength range 0 to ), W12,
£, ~ A = Integrated solar iradiance over all wavelengths inciuded in Tabie 1, W-m~2.

@b E891

TABLE 1 Direct Normal liradiance—Standard Curve

98

using absorption data with a resolution of 20 em™Y), Wem—2.pm™?,

TN EN Eo—X Y N Y Eo—) 2}
" 0.3050 34 0.02 0.0000 0.9800 549.7 518,10 0.6743
0.3100 156 0.07 0.0001 0.9935 6301 §26.06 0.6347
03150 411 - 021 0.0003 1.0400 5829 554.26 07214
0.3200 712 0.49 0.0006 1.0700 539.7 571.10 0.7433
0.3250 1002 0.92 0.0012 1.1000 3662 584.69 0.7610
0.3300 1524 1.55 0.0020 1.1200 98.1 589.33 0.7670
0.3350 155.6 232 0.0030 1.1300 1695 590.67 0.7688
0.3400 179.4 316 0.0041 1.1370 1187 £91.68 0.7701
0.3450 186.7 4.08 0.0053 1.1610 3019 596.73 07767
0.3500 2120 507 0.0066 1.1800 406.8 603.46 0.7854
0.3600 2405 7.34 0.0035 1.2000 3752 611.28 07956
0.3700 3240 1016 ° 0.0132 1.2350 4236 625.26 0.8138
0.3800 3624 1359 0.0177 12900 365.7 646.96 0.8421
0.3900 3317 17.31 0.0225 13200 2234 655.80 0.8536
0.4000 §56.0 22.00 0.0266 - 13500 301 659.60 0.8585
04100 6563 28.06 0.0365 1.3950 14 660.31 0.8594
0.4200 690.8 2480 0.0453 1.4425 51.6 661.57 0.8611
0.4300 6419 4146 00540 1.4625 . 9%Z9 663.06 0.8630
0.4400 7985 48.66 0.0633 1.4770 973 664.46 0.8648
| 0.4500 956.6 57.44 0.0748 1.4970 167.1 667.11 0.8683
| 04600 990.0 6747 0.0874 1.5200 2393 671.78 0.5744
| 04700 998.0 " 712 0.1004 15390 2488 676.42 0.8804
| 0.4800 1046.1 87.34 0.1137 15588 249.3 681.15 0.8866
I 04900 1005.1 97.59 0.1270 - 15780 2223 68587 0.8327
0.5000 10267 107.75 0.1402 15920 2273 689.01 0.8968
05100 1066.7 11822 0.1539 1.6100 2105 692.95 0.9019
0.5200 10115 . 128.61 0.1674 1.6300 2247 §97.31 0.9076
0.5300 1084.9 139.89 0.1810 1.6460 2159 70083 05122
0.5400 1082.4 149.93 0.1951 -1.6780 202.8 70753 0.9209
0.5500 11022 160.85 02094 1.7400 1582 71872 0.9355
0.5700 1087.4 182.75 02379 1.8000 286 72433 0.9428
05900 10243 203.87 02653 1.8500 1.8 72524 0.9439
0.6100 10888 22500 02928 19200 1.1 72532 0.9441
0.6300 1062.1 246517 03208 -+ 19508 19.7 72574 0.9446
0.6500 1061.7 267.74 0.3485 19850 84.9 727.05 0.9463
0.6700 10462 288.82 0.3759 20050 250 72845 0.9477
0.5900 8592 387.88 0.4007 20358 925 729.91 0.9500
0.7100 1002.4 326.49 0.4249 2.0650 56.3 732.14 0.9529
0.7180 8169 333.77 0.4344 21000 827 73457 0.9561
0.7244 8428 339.08 0.4413 2.1480 762 738.39 0.9611
0.7400 971.0 353.23 0.4597 21980 66.4 74195 0.9657
0.7525 956.3 365.27 0.4754 22700 65.0 746.68 0.9719
0.7575 9422 378.82 0.4816 23600 57.6 75220 0.9790 -
0.7625 5248 373.69 0.4864 2.4500 19.8 755.68 0.9836
0.7675 830.7 377.08 0.4508 24940 170 756.49 0.9846
0.7800 908.9 387.95 0.5049 25370 3.0 756.92 0.9852
0.8000 8734 40577 0.5281 25418 40 75834 0.5870
08160 7120 41846 05446 29730 7.0 758.51 0.9872
0.8237 660.2 42374 05515 3.0050 60 758.72 0.9875
0.8315 7655 42930 05580 3.0560 3.0 758.95 09878
0.8400 799.8 43595 0.5674 3.1320 5.0 759.25 0.9882
0.8600 8152 45210 0.5884 3.1560 18.0 759.53 0.9886
08800 778.3 468.04 0.6032 3.2040 12 759.99 0.9892
0.9050 6304 485.65 0.6321 3.2450 3.0 760.08 0.5893
09150 5652 491.62 0.6399 33170 12.0 760.62 0.9900
0.9250 §86.4 497.38 0.5474 7 3.3440 3.0 760.82 0.9502
0.9300 348.1 499.72 0.6504 3.4500 122 761.62 0.9913
0.9370 2242 ., .y . 50172 0.6530 .- . 135730 - 1no . 76305 0.9932
0.9480 2714 T 50445 06566 "~~~ " **37850 ‘9.0 764.97 0.9957
0.9650 4512 . 51059 05646 oy 40450 69 . 767.20 . 09985
- : T - co -°34.0450 > S ‘76831 - -+1.0000
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. grbidity used comresponds to a sea-level metcorologml
r‘ngg Of 23 km.
X1.3 The standard data presented here was generated for

4 solar zenith angle of 43.19° (AM 1.5) and computed for an

&b Es9

100

=

"atmosphere with a coriposition that is estimated to t

reasonable average for the 48 contiguous states of the Ur
States over a period of a year.

. L

x2. COMPUTATIONAL TECHNIQUE FOR TABULATED VALUES DERIVED F‘ilOM THE SPECTRAL
"IRRADIANCE

21 ]ntegrated Irradiance

x2.1.1 The integrated madlanoe values E,_,; presented
ycolumn 4 and used in column 5 of Table 1 were computed
dng a modified trapezoidal integration technique. More
ecifically

Eo-.u Eo-u"'z(“ﬂi'g‘)—l)

ieres

A\ = Mﬂ =Y

{ Eg — )\, is the contribution prior to the first tabulated
selength. This is 6t1mated as halfofthe ﬂrsttrapaoxdal
vinterval ast

Eo— ()‘2 - )‘x)~

(ﬂg + Ex )
farly, E,y_..., the total irradiance beyond thé last tabu-

lated wavelength A is estimated as
Epn=t (—‘”—EAME +2 ) Ow— x1\!--1)
Leading to an cxprmon for the solar n'radxance '

Eo-- EO-A.N"'EMI--

oo 1

X2.2 SelectedOrdmatos

X22.1 Wavelength values were dcnved for the select
ordinates by an area interpolation. procedure. The ku, {
lected ordmate wavelength was derived: from:

AF

L Fk=Fi+1"'A‘i'i!5§k

where:

Fi=Ey \/Eq o

23 00 VIS RRAL AROSIL (18~.2, M. D

2%
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FIG. X3 Plot of Direct Normmal lmadiance-USSTD Atmosphere
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Wk = App — Ap and
7 < Fx < Fpyy-

‘ompute A, (the wavelength at midpoint of the equal energy
aterval) from the following equation:

A=A+ _.EEf_M_& “Cper = A)
Ao

101

A<M <Ay and g, = FiFo .. <
The value of F; appropriate for the k,, selected Ol’dmatc
given by F; = (2K — 1)/2m.

where:

m = number of elected ordinate points desired (50 or 1\
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The American Society for Testing and Materials takes no position respecting the validily of any patent rights esserted In connection
with any Rem 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 inlringement of such rights, are entirely their own responsibility.
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Standard Practice for

102

.Atmospheric Envnronmental Exposure Testmg of Nonmetallic

Materials?

’rhnstzndatdisxssuedundc:tbeﬁmddwgnanonG’l thenmbﬂmme&atdyfoﬂmu;tbcdmmuonmdmmmzmror

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 sinoe the last revision or reapproval.

Scope

1.1 This practice covers procedures to be followed for
rect exposure of nonmetallic materials to the environment.
hen originators of a weatherirg test have the actual
posutecondncwdbyasepamteagcncy, the specific
itions for the exposure of test and control specimens

)uld be clearly-defined and mutually agreed upon between
-2 For exposures behind glass, refer to Practice G 24.

.3 The values stated in SI umtsaxetobcrcgardedasthc
\dard. The inch-pound units given in parentheses are for
rmation only.

4 This practice is technically equivalent to the parts of

877thatdescn'bcdxrectcxposumofspeamenstothc.

ronmernt.

S This standard does not purport to address all of the
y concerns, if any, associated with its use. It is the
wmsibility of the user of this standard to establish appro-
v sufety and health practices and determine the applica-

' of regulatory limitations prior to use.

ferenced Documents

ASTM Standards:

1 Terminology Relating to Conditioning?
24 Test Method for Transfer of Calibration from
eference to Field Pyranometers®
'3 Test Method for Calibration of Reference Pyranom-
»rs with Axis Vertical by the Shading Method?
1 Test Method for Calibration of Reference Pyranom-
s with Axis Tilted by the Shading Method®
Practice for Conducting Exposures to Daylight Fil-
ed Through Glass?
} Terminology Relating to Natural and Artificial
athering Tests of Nonmctalhc Materials?
STM Adjunct:

1ct No. 12-700070-00 Test Rack4
YO Standards:

actice is under the jurisdiction of ASTM Comumittee G-3 on Durability

{lic Materials and is the direct responsibility of Subcommittee G03.02
Eaviroamental Testing.

dition approved Dec. 10, 1996. PubhshedFebmarylw7 Onanaﬂy
G 7 - 69T. Last previous edition G 7 - 89.
Book of ASTM Standards, Vol 14.02,

Book of ASTM Standards, Vol 12.02.

¢t from ASTM Hecadquarters, lOOBarrHarborDr West
n.PAINZS

v

1212

ISO 877 Plastics—Methods of Exposure to Direct Wea
ering; to Weathering Using Glass-Filtered Daylight, 2

10 Intcnsiﬁed Weathering by Daylight Using Fres
3 Termmology e r

3.1 Definitions—The definitions given in Termmolo
E 41 and Termmology G113 are -applicable to this pracm

4. Signiﬁmnoe and Use

4.1 The relative durability of materials in natural exp
sures can be very different depending on the Iocation of tl
exposure because of differences in uitraviolet (UV) radiatio
time of wetness, temperature, pollutants, and other factor
Therefore, it cannot be assumed that results from or
exposure in a single location will be useful for determinir
relative durability in a different location. Exposures '
several locations with different climates which represent
broad range’ of anncxpated service conditions are recom
mended.

4.2 Because of year-to-year climatological variations, re
sults from a single exposure test cannot be used to predict th
absolute rate at which a material degrades. Several years o
repeat exposures are needed to get an “average” test result fo
a given location.

4.3 Solar ultraviolet radiation varies considerably as :
function of time of year. This can cause large differences it
the apparent rate of degradation in many polymers. Com-
paring results for materials exposed for short periods (less
than one year) is not reccommended unless materials are
exposéd at the same time in the same location.

4.4 Exposure periods may be defined in terms. of total
solar or solar-ultraviolet radiant energy, or both. This can
reduce variability in results from separate exposures. How-
ever, an inherent limitation in solar-radiation measurements
is that they do not reflect the effects of temperature and
moisture, which are often as important as solar radiation.

4.5 The design of the exposure rack, the location of the
specimen on the exposure rack, and the type or color of
adjacent specimens can affect specimen temperature and
time of wetness. In order to minimize variability caused by
these factors, it is recommended that test specimens, control
specimens, and any applicable weathering reference material

be placed on a single test panel or on test panels placed
adjacent to each other during exposure.
4.6 It is strongly recommended that at least one control

3 Available from the American National Stapdards Institute (ANSD), 1430
Broadway, New York, NY 10018. _
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matcrial be part of any exposure evaluation. The control
material should meet the requirements of Terminology
G 113, and should be of similar composmon and counstruc-
tion compared to test specimens. It is preferable to use two
control materials, one with relatively good durability and
one with relatively poor durability. Unless otherwise speci-
fied, use at least two replicate specimens of each test and
c(,mrol material being éxposed. Control materials included
aspanofatwtshallbeumdforthepurposeofoompanng
the performance of test materials relative to the controls.

5, Test Sites, Locatxon of Test Fixtures, and Exposure
Orientation

5.1 Test Sua—Expomns can be conducted in any type
ff climate. However, in ordér to get more rapid indications
£ outdoor dnrability, exposures are often conducted in
ycations that recéive high levels of solar radiation, tempera-
yre, and moisture. Typically, these conditions are found in
dmcnandsubtmpunl or tropical climates. Known
L-‘ of the use environment should be represented by
e locations selected for outdoor durability évaluation. For
ample, if the use environment for the product being
aluated will include freeze/thaw cycling, specimen expo-
¢ in a northern temperature climate is recommended. In
imon, exposures are often conducted in areas where
cimens are subjected to salt air (s&shore) or industiial
lutants.

.1.1 Unless otherwise spacified, test fixtures or racks shall
located. in "cleared areas. The area beneath and in the
nity of the test fixtures should be characterized by low
ctance and by ground cover typical of the climatological

where the exposures are being conducted. In-desert

5, the ground is often gravel to control dust and in most
serate areas, the ground cover should be low-cut grass.

type of ground cover at the exposure site shall be

ated in the test report. If test fixtures are placed on a

op, specimens may be subjected to different environ-

al conditions. than at ground level. These differences
wffect test results. -
The lowest row of specimens on a test fixture or rack
be positioned at a height above the ground to avoid
't with vegetation and to prevent damage that might
during area maintenance. A minimum height of 0.45
in.) above the ground is recommended. -
Tstﬁxttmshal]beplaoedmalomhonsothatthere
shadow on any specimen when the sun’s angle of
» is greater than 20°.
“xposure Onentatwn—-Unlss otherwise specified; ex-
racks. shall be oriented so that specimens face -the
5 Specimens cdn be exposed at a number of different
ions or “exposure angles”-in order to .simulate
conditions of the ‘material bcmg evaluatéd Typml
* angles are-as follows: 5 . .
Latitude AngIe-—Exposure rack is posmoned so that
sed surface of specimens are at an angle from the
al that is equal to the geographxml latitude of the
site. -
!5‘—Exposure rack 1s posmoned so that the ex-
'cimens are at an.angle of 45°.from .the horizontal.
e most commonly. used exposure orientation.’
—Exposure rack is positioned so that the ex-
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posed specimens are at an angle of 90° from the horizo:
5.4.4 5°—Exposure rack is positioned so that the exp
specimens are at an angle of 5° from the horizontal. '
angle is prefcrred over horizontal exposure to avoid stan
water on specxmcns being exposed. This exposure a
typically receives the highest levels of solar radiation'du
mid-summer and is used to test materials that we
normally be used in horizontal or nearly horizontal app.
tions. : .
Note—Exposure angles which are less than the site latitude typic

mavemomulu-avwletradnuonmdlmmmthd:%eskyoo
tions.

5.4.5 Any other angle that is mutua!ly agreed on by
mtetstedpamcsmaybeused.lnsomemstanom,expom
facing directly away from the equator or some other speci
dxmcnonmaybcdwred.Thcmreponsha]l,oonm1
exact angle and specimen orientation of amy expost
condition outside of those described in 5.4.1 through 54.

-'5.5 Specimen Backing—Three types of specimen backi
can be used. Comparisons between materials should only
made with exposures conducted with the same specim
backing.

5.5.1 Unbacked Expaswes—Specuncns are exposed
that the portion of the test specimen being evaluated
subjected to the effects of the weather on all sides.

5.5.2 Backed Exposures—Specimens are attached to
solid substrate so that only ‘the ‘front surface is .expose:
Suriace temperatures of specxmens in backed exposures wi
be higher than for specimens subjected to unbacked exp«
sures. In some cases, the substrate is painted black, whic
produces significant differences in surface temperature cox
pared to exposures conducted on unpainted substrate. Thi
can cause large differences in degradation rates when com
pared to backed exposures conducted on unpainted sub
strates.

5.5.3 Black Box Exposure—Specimens are attached to th
front face of a black painted aluminum box (see 6.2.3). The
specimens form the top surface of the box..If there are no
enough test specimens to completely cover the top surface,
open areas shall be filled with black painted .sheet metal
panels so that the box is.completely closed.

6. Construction of Test Fixtures (Exposure Racks)

6.1 Materials of Construction—All materials used for test
fixtures shall be noncorrodible without surface treatment.
Aluminum Alloys 6061T6. or 6063T6 have been found
suitable for use in most .locations. Properly primed and
coated steel is suitable for use in desert areas. Monel has been
found suitable in highly corrosive areas. Untreated wood is
.acceptable in- desert areas but may pose.; mamtenancc prob-
lems in other areas. (See Fig. 3.) + - = . -

6.1.1 For backed exposures (see 62_2 and F'g. 4),
exterior-grade plywood to form a solid surface to which
specimcns are directly .attached. Replace the plywood when
there is any evidence-of delamination”or fiber separation.
Medium-density overlay (MDO) or high-density ovcrlay
(HDO) plywood are satisfactory substrates and require less
frequent- replacement -than. plywood with no overlay. The
edges of the plywood should be swled with a durable paint to
prevent delamination. .

6.2 Test Fixture Desxg:n—-’rcst mcks shall be constructed

1213
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5 hold specimens or specimen holders of any convenient
idth and length. Racks shall be constructed so that any
yntamination from specimens higher on the fixture cannot
in down onto specimens in lower positions. Test racks
ould be designed to provide backed or unbacked expo-
res, whichever best simulates end-use.conditions® -

6.2.1 Unbacked Exposures—Test racks shall be con-
ucted so that most of the test specimen is exposed to the
ects of the weather on all sides. Specimens are attached to’

: test fixture at the top or bottom, or both, using clamping -
rices, properly spaced slots, or mechanical fasteners. The
thod of attachment shall not prevent expansion and
itraction of specimens caused by tempmture or moisture.

s fastening devices for attaching specimens to thq test
ure that will not corrode or degrade and contaminate the

imens. Aluminum, properly galvanized steel, or stmnless
| fasteners are recommended.

104
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END VIEW

2.2 Backed (Insulated) Exposures—Test racks shall bc
tructed so that specimens are attachéd to a plywood
trate. The thickness of the plywood and type of coating
shallbcagreeduponbyallmtet&edpartmandmust
ported.
.3 Black Box Exposures—An alnmmum box 023m (9
lcep with the outside surface pa.mted black. The top
e is open and fitted with mounting strips to hold
nens firmly in place. Two types of black boxes are in
10n usage. One measures approximately 1.5 m (5 fi)
nd 1.8 m (6 ft) wide and the other measures 1.7 m (5.5
hand 3.7 m (12 ft) wide. Figure 1 shows the design and

sions for an acceptable black box. Figure 2 shows a
box in use.

Tumentation???

Instruments for determining climatological data
the exposure period should be operated in the
jate vicinity of the test racks. Data obtained shall be
1 if requested as part of the results of a test.
ostruments for recording the following are recom-

Ambient Temperature (Daily Maximum and Mini-.
Instruments used for recording ambient temperature
a thermocouple (Type T or J), a thermistor, or a
¢ temperature device (RTD). Any instrument used
¢ a calibration traceable to the National Institute for
s and Technology (NIST) and must be calibrated no
t than every twelve months. Instruments shall be
inside a white ventilated enclosure.
telative Humidity (Daily Maximum and Mini-
astruments- used for recording relative humidity
+ a calibiation traceable to NIST. Instruments shall
=d msxdc a whxtc venti]ated enclosure

4

ings for an P -elstmckmabeobtamedﬁ'omASTM
Requm,ummu.moomoo ;

a'mrotmauononmumentamn.seemha.?ymposwmon
mdiriwuh&mmlﬁ or Sereda, P. J, “Measurement of
1¢," ASTM Bulletin, No. 228, 1959; pp. 61-63.

Weteorological Instruments and Methods of Observation, Sth od.,
Seamnzt of the World Meteorological Orgamzzuon, Geneva,

lxbnnons can usually be obtained from the manufacturer of the

-

"'“."'.'—_' 25" ——f— 25—~ u‘-l__r

-~ ..
SCALE: T3" 10"

FIG. 1 Black Box

FRONT VIEW

7.2.3 Total Solar Radiation—For measurement of tota)
solar radiation, use a pyranometer meeting either WMQ
First Class or Second Class specification. Calibrate the
pyranometer at the ult-anglc at which it will be used in
suitable radiometric units, preferably in watts per square
metre per volt (Wm~™2V-1). Calibrate the pyranometer
against an instrument traceable to the WRR (World
Radiometric Reference) at least annually. Perform this
comparison either by comparison to a suitable reference
pyranometer in accordance with Test Method E 824 or by
the direct shading disk calibration in accordance with Test
Method E 941 (for axis vertical and tilted respectively). If at
tilt calibrations are not available, correct for tilt angle effects’
in accordance with the instructions provided by the radiom-
eter manufacturer. If requested, a certificate of calibration
shall be provided. with all total solar irradiance measure-
ments.

7.2.4 Total Solar Ultmvwlet Radiation—For measure-
ment of total solar ultraviolet radiation, use a radiometer
that measures ultraviolet radiation in the wavelength region
from 300 to 385 nm. The total solar ultraviolet radiometer
shall be calibrated against a standard source of spectral
irradiance traceable to NIST, or other national standards
laboratory, at least annually. The- calibration shall be in
suitable radiometric units, preferably in watts per square
metre per volt (Wm—2V-!). If requested, a certificate of
calibration shall be provided. w;th all total solar ultraviolet
-irradiance measurements. . - ¥ - oning

7.2.5 Narrow-Band Solar UIzravonet Radxanon—Narrow-
band radiométers can be used to measure specific wavelength
bands of solar ultraviolet radiation. Unless otherwise speci-
fied, (for example, when measuring solar UV radiation with
a wavelength greater than 315 nm), narrow-band UV radi-
ometers shall, when used to time or monitor outdgor
exposureé testing, have response functions in the UV-B region
defined as 280 to 315 am. The narrow-band radiometers
shall be calibrated against a.standard source of spectral
irradiance at least annually. The calibration shall be in

1214
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FIG. 2 - Btack Box In Use

ble radiometric units, preferably in watts per square
¢ per volt (Wm~2V-1), If requested, a certificate of
ration shall be provided with all narrow band solar
riolet irradiance measurements. . s

ocedure

Prepare test specimens according to standards or
Jures relevant to the materials being evaluated. Identify
pecimen with a unique mark that will notbedwtmyed
ome illegible during the exposurc.

If nondestructive testing is used, measure the desired
ties on all test and réference and control specimens
» exposure. If destructive testing is done, meadsure the
f the desired property on a separate set of specimens.

dstmcuvcwstsareused,scpamtesctsofspocxmcns

ded for each exposure period desired.

ielect one of the followmg methods’ for deﬁmng the

a of exposure: -

Calendar Basw—-Expose specxmens for a specified

of days, months, or years. The mport sball indicate
t dates of the exposure.

Radzant ExpoweBam—-—-Expose specnmens until a

-level of solar. radidnt. exposure hias been achieved.
ispherical radiation micasurements (direct plus scat-
1r radiation) as the basis for determining the radiant

. The wavelength region in which the solar energy is _

lmustbcspecxﬁcd.’rhcmstrumcntsusodtom&-f
ant energy shall meet the requirements of 7.2.3
1.2, 5 'I“hc report sha]l mdlcate the radiant cnergy

te, of the exposure T

Yeterioration Basis—Expose specimens untxl a

specified physical change hias occurred. Examples are degre
of shrinkage, color change, blistering, gloss loss, or loss ¢
strength. The report shall indicate the property used as :
basis for defining the exposure, the method used to measur
the property, the initial and final values of the desirec
property, and the exact dates of the exposure.

8.3.4 Based on Property Change in Weathering Referenc
Material—With this procedure, a weathering reference ma
tcnalshallbeexposedthhthctstspecxmens.Exposeunulc
specified change has occurred in the weathering reference
material. The report shall describe the weathering reference
matcnalnsed.ﬁlepmpertyusedasabasrsfordcﬁmngthe

2, -the method used to measure the property, the
initial and final values of the measured property of the
weathering reference material, and the exact dates of the
W.:’. . . . . LN

N ~

9. Report

9.1 Report the followmg mformatlon with any reference
to exposures conducted according the this pracnce

.9.1.1 Complete description of" the tast specxmens and any
oontrol materials used, including: ™=

“9.1.1.1 Composition, mcludmg d%cnpuon of substrate to

wlnch specimens such as paints; ooatmgs, graphic tapes, and
so forth, are applied, and?, :

. 912 Method of preparatm‘n (ret‘etence applicable stan-
_dards bere), -

.9.12 Lomnoii .of exposune (mcludmg ‘whether specimens

Hv‘

. were exposed at ground Jevel, on a rooftop, and so forth),

9.1.3 Ground cover in area of test racks,
9.1.4 Angle at which exposure conducted,

1215
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FIG. 3 Typical Exposure Rack

1.5 Type of exposure (unbacked, backed, or black box).
wcked exposure is used, include thickness and type of
ing and, if painted, the color of paint used,

.6 Date exposure started and date exposure completed,
.7 If required, solar radiant exposure determined ac-
ng to 7.2.3 through 7.2.5, including wavelength in
1 radiant energy mmeasured. If required, include a

. iy 24D Taen b
e,
- e N

b

certificate of calibration for the radiometer used, with thi
information, and - i )

9.1.8 If used, details of any specimen treatment such a
washing conducted during the exposure. This shall include
description_of the treatment used and the frequency o
treatment.

. 9.1.9 Ifrequired, the following climate information:

.

FIG. 4 - Backed Exposure Rack" =« -

1216
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e A

REPORT FORM

sBacking on sample:
; Thickness:

Yes

+°R° factor:

Temperature, °C Solar Radiation

per interval Total

Yes:

+ Cydle:

N

FIG. 5 Suggested Report Form

1 Ambient temperature (daily maximum and min-
! Relative humidity (daily maximum and min-
Total hours of wetness and method used to
Rainfall in centimetres, .
Concentration of pollutants such as NO,, SO,, O,,
od used to measure the concentration, and
Results of property measurements if required or

| before and after exposure. This shall include a
1 of the method used to measure the property.

ion and Bias

cision: _ ' C
epeatability and reproducibility of results ob-
his practice will vary depending on the materials

i, the material property being measured, the
which the exposures are conducted, and year-

1217.

to-year differences in climate at a single location. Therefore,
no specific statement about the absolute precision of the
results obtained by this practice can be made.
10.1.2 Because of the potentially high absolute variability
in results obtained by this practice, performance require-
ments for materials tested according to this practice should
be specified in terms of comparison with a control material.
This control material shall be exposed simultaneously with
the test specimen. The specific control material used must be
agreed upon by all interested parties.

10.2 Bias—Bias in results obtained according to this
practice will vary with the materials being tested, the
material property being measured, the climate in which the
exposures are conducted, and year-to-year differences in
climate at a single location. In addition, no acceptable
standard reference materials are available for the myriad of
material weathering property responses. -

11. Keywords
11.1 durability; exposure; weathering



108

We s

The American Sociely for Testing and Materials takes no position respecting the validity of any patent rights esserted in connection
with any Rem mentioned In this standard. Users of this siandard are expressly advised that determination of the validity of any such
puuﬂﬂﬁ%aamimodﬂcfhﬁﬁwmawclqnhdﬂt»awemwuyunkownngmmdumy

This standard Is subfect to revision at any time by the respoasibie technical committee end must be reviewed every five years end
If not revised, elther 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 racelve careful consideration at & mesting of the responsible
technical committes, which you may attend. Hf you feel that your comments have not received a fakr hearing you should make your
views known (o the ASTM Committee on Standards, 100 Barr Harbor Drive, West Conshohocken, PA 19428,
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Operating Light- and Water-Exposure Apparatus (Fluorescent
UV-Condensation Type) for Exposure of Non'metallic Materials’

TksstanthtdnmnedundenheﬁxcddwgnanonGﬁ tbenumbummcdimdyfoﬂomngthcdm@auonmdmxathewof
original
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This standard has been approved for use by agencies of the Department of Defense.- Consult the DoD Index of Specifications and
Standards for the specific year of Issue which has been adopted by the Department of Defense.

pe

This practice covers the basic principles and operating
ures for using fluorescent ultraviolet {(UV) and con-
on apparatus to simulate the deterioration caused by
t and water as rain or dew. :
l'hxspracuocxshnrfcdtothcmethodofobtammg,

ing, and controlling the conditions and procedures of .
. It does not specify the exposure conditions best

or the material to be tested. Specimen preparation
fluation of the results are covered in ASTM test
s or specifications for specific materials.

he values stated in SI units are to be regarded as the
L
this standard does not purport to address all of the
oncerns, if any, associated with its use. It is the
bility of the user of this standard to establish appro-
fety and health practices and determine the applica-
regulatory limitations prior to use. .

enced Documents

"TM Standards:

Method for Calibration of Thermocouples by Com-
on T
Practice for Condudmg an Interlaboratory Study
Determmmg the Precision of a Test Method?
actice for Atmospheric Environmental Exposure
ng of Nonmetallic Materials*

< Standard:

Recommendations for the Integrated Irradiance
he Spectral Distribution of Simulated Solar Radia-
or Testing Purposes®

ology

cription of Terms Specific to This Standard:

adiance—the radiation incident on a surface
in W/m?2. Irradiance is the total of the incident
t all wavelengths. Forty watt fluorescent lamps of

ce is under the jurisdiction of ASTM Committee G-3 oa Durability
Materials, and is the direct responsibility of Subcommittee G03.03
od Controlied Environmental Tests,

ion approved Jan. 10, l996.Pubhshchplil 1996. Ongmal!y
§3 < 77. Last previous edition G 53 ~95.

% of ASTM Standards, Vol 14.03.

W of ASTM Standards, Vol 14.02.

% of ASTM Standards, Vol 06.01.

pm Secretary, U.S. National Committee, CIE, National Institute
l'l'ech:ology. Gaithersburg, MD 20899.
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the UV-B and UV-A types generate similar amounts
irradiance. However, since this irtadiance is distributed
different wavelengths, the photochemical effects: caused |
these different lamps vary greatly. Therefore, irradian
should not be.used to compare UV light sources.
3.1.2 spectral irradiance—distribution of irradiance as

. function of wavelength. It is expressed in W/m2? per wawv

length band. The spectral irradiance of sumlight is ofte
shown as W/m? per 10 nm band. The spectral irradiance
fluorescent UV lamps should be shown in bands 1 or 2 nr
wide. Spectral irradiance is the proper method for compaxin
sources with different energy distributions.

3.1.3 spectral energy distribution (SED)—general tcm
for the characterization of the amount of radiation present a
each wavelength. SEDs can be expressed by power in watt:
irradiance in W/m2, or energy in joules. The shape of th
SED would be identical in all ~f these units. Fluorescen
lamps are frequently described by relative SEDs which shov
the amount of radiation at each wavelength as a percentag
of the amount of radiation at the peak wavelength. Figure |
is a relative SED.

3.1.4 ultraviolet regions—CIE Publication No. 20 (1972,
divides the ultraviolet spectrum into three regions: UV-A,
radiation in wavelengths between 315 nm and 400 nm;
UV-B, radiation in wavelengths between 280 nm and 315
nm; and UV-C, radiation in wavclengths shorter than 280
nm.

3.1.5 fluorescent UV lamp—lamp in which radiation at
254 nm from a low-pressure mercury arc is transformed to
longer wavelength UV by a phosphor. The spectral encrgy
distribution of a fluorescent UV lamp is determined bY tb‘

PERCENT OF PEAX INTEXSITY

FIG. 1 Typlical Relative SED of UV-B Lamp



6P Gss
ion spectrum of the phosphor and the UV transmission Fluorescent
glass tube. /_Uv ese
nmary of Practice

Specimens are alternately exposed to ultraviolet light
and to condensation alone in a repetitive cycle. ~
The UV source is an array of fluorescent lamps, with
mission concentrated in the UV range.
Condensation is produced by exposing the test susface
ated, saturated mixture of air arid water vapor, while
ﬂseadcoftheustspecxmemscxposedtothecoohng
ce of ambient room air.
The exposure condition may be varied by selection of: -
orescent UV lamp; the timing of the UV and
jation exposure; the temperature of UV exposure;
temperature of condensation exposure and, in the
apparatus; the irradiance level,

Specimen

ficance and Use

FIG. 2 Lamp Placement Schematic—Type A Exposure Apparaws

G’OSecﬁon
bcuseoftheapparatusunderthlspractxcexs s

. to simulate the deterioration caused by water as
lew and the ultraviolet energy in sunlight. ¥t is not
to simulate the deterioration caused by localized
>henomena, such as atmospheric pollutxon, biolog-
k, and salt water exposure.
riation in results may be expected when operating
s are varied within the accepted Limits of this

Fluorescent

Therefore, no referénce shall be made to results

of this practice unless accompanied by a report
the specific opetatmg conditions in conformance
on 11.

r report comrelating results from use of this practice
fom a period of natural weathering shall specify in
ronditions of natural exposure, since sunlight and

ts upon materials exposed to the weather will vary

lo year and also vary with location, latitude, time

nperature, proximity to water sources, etc.

PramceG?hststhemformauonmmnrcdtoda&ibea
dition of outdoor exposure.

dations established and reported in conformance
ad 5.3 shall not be extrapolated to other test
»ermitted by this practice, to other conditions of
»sure, or to materials other than those tested.

s

Thamber, The apparatus employed constructed
-resistant materials enclosing eight fluorescent
? heated water pan, test specimen racks; and.
r controllmg and mdwatmg operating times and
and shall conform to either Type AorType B
) the irradiance. level.. .. Tz

' A5: An exposure. apparatus where t.he lamps
nedmtwobanksoffourlampsmchasshown

‘lamps in each bank shall be mounted parallel

:on 70 mm centers.

s test specxmens shall Be mounted in stat:onary

b 4- i

t lamps from Q-Pandl k:o 26200 Firsi SL, Cleveland, OH

tfas Electric Devices Co., 4114 N, RavcnswoodAve..Guwgp
1 found satisfactory.

1253

UvY Lamp
{g:rb‘?m—*

Specimen

S8mm

S5mm

45mm

+;
|
Nmz——mbfappaxansmtmhﬁgs.zma.

AG. 3 Lamp Placement Schemaho—-'rypeBExposureApparatus
. Cross Section

“racks with the plane of the test surface parallel to the plane of
thelampsatad:.stance of 50 mm from thenearwt surface of
the lamps, as showrlin Fig 2. . .

6.1.2 Type B7: An exposure appaxatus, as shown in Fig 3,
which. is eqmpped with a radxometer and readout device
mpable of, measuring, and controllmg the amount of radiant
exposure received by the test specimens. I

:6.1.2.1 The lamps shall be mounted in two bands offour
lamps each as shown in Fig. 3.

6.1.2.2 The distance between the test specxmen and the
light source varies, depending upon where in the sample
mounting area the specimen is placed.

6.2 Lamps, shall be medium bipin fluorescent UV lamps
with a Iength,o{,.1220 mm, and a xiominal ratmg of 40 W

’Apmmus and !amps from Sug;.\ 'l‘m lnstmmcnts Co. Ltd. 4-14 Shinjuku
5-cbome, Shm;ukn—ku, Tokoyo, 160, Japan, have been found satisfactocy.



'ibration and Standardization

The thermometer or thermocouple which indicates
nperature shall be calibrated by immersing the sensing
it and a liquid-in-glass thermometer in water heated to

imately 70°C and companng the two temperatures as
hod E 220.

Ibe formation of condensatlon may be observed by

lear glass or plastic blanks in the specimen holders.or -

me large sheet of plastic may also be used for this
s, The condensate that forms on a given area during a
»f condensation may be collected and then measured.
'he fading and other changes causéd by the fluores-

flgmps_x_naybeobservédbyexposinglight&stn&

Is in the apparatus using UV alone without conden-

The AATCC Blue Wool Lightfastness reference
s’ may be used to measure the changes caused by
e L2 Blue Wool has been found satisfactory for
i1g fluorescent UY lamps.
Dther lightfastness reference materials may be used
nent.
ference standards for calibrating the operation of
atus in alternate exposure to UV light and conden-
1y be prepared from painted metal, plastics, or other
. Painted metal specimens produced by the coil-
rocess have been found suitable for such reference

addition, for Type B apparatus, the irradiance
rstem shall be calibrated to the manufacturer’s
1s once a year. The radiometer shall be recalibrated

ging to fluorescent UV lamps havmg a dxﬂ'erent
wer distribution.

e

nt the test specimens in the specimen racks with
faces facing the lamp. When the test specimens do
tely fill the racks, fill the empty spaces with blank
1aintain the test conditions within the chamber.
ram the selected test conditions. Operatc contin-
sating the cycle, except for servicing the mstru
ispection of specimens.

nus test conditions may be used. If no conditions
d, the following cycle. and temperatures are

h UV at 60°C, 4 h Condensation at 50°C.

rior versions of this practice recommended a condensa-
ire of 40°C in 9.3. When operating in room conditions
mply with those set forth in 6.10, a2 40°C condensation

n result in madequatc condensation. Therefore, a 50°C
mpcramre is now suggested.

test tcmperatuxe that mn be mamtamed within
cified in 6.9.1 and 6.9.2 may be used. UV.test -
of 50°C, 60°C, and 70°C are widely used. A
test temperature of 50°C is commonly used.
‘ollowing time cycles are widely used: 4 h UV/4 -
3 h UV/4 br CON. Use UV and condensation-

least 2-h duration to allow suﬂicxent ‘time to
ium.

sverity of the UV exposure is influenced by test

ind time cycles. Photochemical reaction begins
» UV lamps are turned on. The raté of UV ~
proportional to the time of UV exposure or

1255
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the temperature of UV exposure, or both. UV exposures at
temperatures higher than those expected in the service
environment can cause abnormal thermal degradation.

9.3.4 Water reactions during condensation exposure are
affected by the permeability of the specimen and require
time to initiate.The rate of water degradation is increased by
increased temperature. However, long hot - condensation
- exposures can cause abnormal degradation. Four-hour con-
densation exposures are often used for paints on metals,
while condensation exposures of 20 h durat:on may be used
on wood.

9.4 Maintenance—Periodic maintenance 1s mqmmd to
maintain uniform exposure conditions. .

9.4.1 Control of Irradiance—~Because fluorescent UV
la_mps,likcallgasdischargelamps, have a progressive drop
in radiation output with continued use, provision®shall be
made to compensate for lamp aging.

9.4.1.1 Type A—After 400 to 450 h of lamp operating
" time, replace one lamp in each bank of lamps, and rotate the

other lamps as shown in Fig. 5. This procedure provides a

useful lamp life of 1600 to 1800 h.

9.4.1.2 Type B: operate the apparatus using the irradiance
level of 20 W/sq. m (270 nm — 700 nm) which is equivalent
to Type A apparatus. For other lamps baving different
spectral power distributions, the equivalent irradiance level
can be obtained from the manufacturer. QOther Jjrradiance
levels specified upon agreement between concerned parties
may be used. Provision is made in the apparatus to compen-
sate for lamp aging.

9.4.1.3 To ensure uniform irradiation, pre»aged lamps

must be used in the apparatus. Such lamps shall be supplied
by the manufacturer.

9.4.1.4 Discard and replace all eight lamps simultaneously
after 1600 hours of light-on time. If the lamps are operated at
a higher irradiance level than recommended by.the manufac-
turer, the lamp life will be shortened. -

9.4.2 Drain water and clean water pan when conductmg
lamp replacement and rotation procedure. Scum on the top
of the water can inhibit water vaporization.

9.5 Sample Rotation—The samples’ positions mthm the
test area should be rotated on a regular basis in order to
minimize any effects from horizontal or vertical variations in
UY or temperature. The sample rotation sequence should
provide that all samples spend approximately the same

LAMP ROTATION

DISCARD

NEW .E

LAMP

DISCARD

O

LAMP

FIG. § Lamp Rotation
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FIG. 6 Deaily Horizonta! Sampl_e Rotation

mt of exposure time near the center of the exposure
and near the edges of the exposure area. The following
on sequence is recommended:
.1 Horizontal Rotation—QOnce a day rotate the ex-
: left hand and extreme right hand samples into the
r as shown in Fig. 6. - -
2 Vertical Rotation—Rotate the samples vertically so
ach sample spends the same amount of exposure time
h vertical position in the sarple holder. For instance, if °
amples are stacked vertically in each sample holder,
the top and bottom sample should switch places
1y through the test method. If four samples-are stacked
dly, then the samples should be repositioned vertically

three times during the test method.
9.5.3 Other sample rotation sequences may be used |
agreement. : R
9.6 Inspect specimens daily in tests with a length &f
week or less. Tests for longer periods should be inspect
weekly. .
9.6.1 A permanent record of degradation at various tim
may be obtained by using three replicate specimens a1
removing the replicates sequentially at intervals equal to o
third of the test length.
9.7 Conclude the test when either a mutually agreed-upc
number of total test hours or a mutually agreed-upon chan;
has occurred in the test specimen or a standard test spe

REPORT FORM . ASTM PRACTICE G- 53 FLUORESCENT-UV [ CONDENSATION TEST .
TEST No.: Dote: By )
- -4
APPARATUS TEST
Type and Modet TIME s,
MANUFACTURER TYPE JFEAK EMISSION | LOW CUT-OFF (1X of posk) .
an, £ .Y .
CYCLE l < _ha UV et °c. I ___“haCOND st _____°C. o
SPECIAL TEST CONDITIONS : ~ -
CLE
START - END TIMER HRS, START ‘I’IIMER HRS. STOP ) LAMP SERVICE '- ': '1
DATE: | DATE: : ) [ S )
SPECIMEN SIZE. ) I_Rolil'd QY ONe s
— T P I |
MATERIAL . . - . ¥¥
PROPEATIES TO BE MEASURED MEASURING PROCEDURE (ASTM Spec., atc.) iy
. ‘ ' -
2 ran
1 I

“ FIG. 7 Sample Report Form
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jeu. For convenieace in inspecting and concluding tests

ring notmal working hours, the following test durations
» recommended:

96 b = 4 days 672 b = 4 weeks
168 b = 1 weck 1008 b = 6 weeks
336 h = 2 woeks 1512 h = 9 weeks
504 b = 3 weeks 2016 b= 12 weeks
Interpretation of Resalts

0.1 This practice is intended to simulate the deteriora-
i caused by natural weathering. However, the rate of
radation in natural weathering varies fromywrtoymr
oratory : accelerated weathering is more consistent in rate.
refore, in comparing natural and laboratory weathering
should not attempt to predict the number of hours of .
ratory exposure that might equal a year of natural
bering. Even if the details of the natural exposure are
reported as required by 5.3, any time to time compar-
would apply only to a given year at a particular site. ..
2 It is possible to correlate the deterioration resulting,
apenodofnaturalw&thcnng,mchas 1 year, to the
joration resulting from a period of laboratory acceler-
weathering. Spearman rank correlation, which is dis-
1 in most basic statistical texts, has proved to be a
. method for this. A minimum of seven variables must
Lkedbybothtstmcthodstoobtainstaﬁsﬁmlvaﬁdity
Spearman rank correlation. Ranking 10 to 15 variables
b methods will improve the tehabihty of such conda-

It is ﬁ'equcntly not posiblc to predxct how many

or weeks of accelerated testing will yield the best
tior to some period of outdoor testing. Therefore,
ory tests should be measured periodically, such as
or biweekly, so that the correlation coefficient may be
‘ed at several points during the accelerated test.

yort

Report the following information:
! Manufacturer and model of fluorescent UV/
ation apparatus,
' Manufacturer’s designation for the fluorescent UV’
\e wavelength (nm) at which peak emission occurs,
short wavelength at which | % of peak emission
or example, FS-40 313/280 nm),
Cycle of UV exposure time and temperature,
ition time and temperature (for example 4 h UV/
t CON/50°C), ,
Total exposure ime, |

Special conditions of test, such as rotation of test
5, and

sample report form is shown in Fig."7.

RPN

sion and Bias
ecision:

[he repeatability and reproducibility of results ..
n exposures conducted according to this practice . -
with the materials being tested, the material =

.o

4257

TP

B enngtmt B

G53

property being measured, and the specific test conditions
cycles that are used. In round-robin studies® conductec
ASTM subcommittee G3.03, the 60° gloss values of repli
PVC tape specimiens exposed in different laboratories u
identical test devices and exposure cycles showed signific
varniability. The variability shown in these round-rc
studies restricts the use of “absolute standards™ such
requiring a specific property level after a specific expos
12.1.1.1 If a standard or specification for general
requmadcﬁmtcpropertylevclaftu'aspeuﬁcnme
radiant exposure in an exposure test conducted according
thxspmchce,thcspeaﬁedpmpertylevelshaﬂbcbased
results obtained in a round-robin that takes into consi¢
ation the variability due to the exposure, and the test mett
used to measure the property of interest. The round-rol
shall be conducted according to Practice E 691 and st
includea smbsumlly representative sample of all laborator
or organizations who would normally coaduct the exposx
and property measurement. ,
12.1.1.2 Ifastandardorspeaﬁmuon for use between b
or three parties requires a definite property level after
specific time ‘or radiant éxposure in an exposure test ca
ducted according to this practice, the specific property ley
shall be based on statistical analysis of results from at le:
two separate, independent exposures in each laboratory. Ti
design of the experiment used to determine the specificatic
shall take into consideration the variability due to tl
cxpomre,andthemmethodnsedtommsurethc proper
of interest.
- 12.1.2 The same round-robin studies demonstrated th:
the gloss values for a series of materials could be ranked wit
a high level of reproducibility between laboratories. Whe
reproducibility in results from an exposure test conducte
according to this practice have not been established throug
round-robin testing, performance requirements for materia
shall ‘be specified in terms of comparison (ranked) to
control specimen. The control specimen shall be expose
simultaneously with the test specimen(s) in the same devic
The specific control material used shall be agreed upon b
the concerned parties. Expose replicates of the test specime
and the control specimen so that statistically significan
performance difference can be determined.
122 Bias:
12.2.1 Bias can not be determined because no acceptabl

. standard weathering reference materials are available.

13. Keywords

13.1 condensation; cycles; environmental; exposure; fluo
mcem, light; noumctalhc simulation; ultraviolet; weath

Bt

3 Fischer, R.M..“Rsulao!'RoundRobmSmdxsofbghtoandWata
:* Exposure Standard Practices,” Accelerated and Owutdéor Durability Testing o
OrgmcMatafalf.Asmmlzoz ‘Warrea D. Ketola and Douglas Grossman,
Eds,AmmcanSoa:tyfotTcsungmdMatcnak, Philadelphia, 1993.
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APPENDIXES

(Nonmandatory Information)

X1. LAMP APPLICATIONS

\ variety of lamps can be used in fluorescent
snsation devices. The particular application deter-
ich lamp should be used. The lamps discussed in
ndix differ in the total amount of UV energy

emitted and in their wavelength spectrum. Differences
lamp energy or spectrum ‘may cause significant differences j,
test results. Consequently it is extremely important to repor
lamp type in accordance with 11.1.2,

X2. DIRECT EXPOSURES

V-B Lamps: '
The UV-B region (280-—315 nm) includes the

welengths found in sunlight at the earth’s surface

vonsible for most polymer damage. UV-B lamps
»aly used lamps in fluorescent UV-condensation
yr most applications, they produce the fastest
sgradation. There are two commonly available
V-B lamps that meet the requirements of 6.2.1.
jifferent amounts of total energy, but both peak
and produce the same UV wavelengths in the

e proportions. In tests utilizing the same cycles -

\tures, shorter times to failure are observed when
ith higher UV irradiance is used. Furthermore,
1e same cycles-and temperatures with these two
xhibit differences in ranking of materials, due to

the proportion of UV to moisture and temper-

| UV-B lamps emit UV below the normal

on. This short wavelength UV can produce
r degradation and often causes degradation by

1.2

mechanisms that do not occur when materials ara exposed ¢
sunlight. This may lead “to- anomalous results. Figure X2.1
shows the spectrdl power distribution (SPD) of typical UV.p
lamps compared to the SPD of noon, summer sunhght.
X22 UV-A Lawps: e
X2.2.1 For certain apphwnons, the longer wavelengzh
spectrum emitted by UV-A lamps is useful. Because UV-A
lamps typically have little or no UV output below 300 nm
(which is considered the *‘cut-on™ wavelength for terrestrial
sunlight), they usually do not degrade materials as rapidlyas
UV-B lamps, but they imnay allow enbanced correlation with

- actual outdoor ‘weathering. Tests using UV-A lamps- have

been found useful for comparing different polymers, téxtiles
and UV stabilizers. Figure X2.2 illustrates the SPD of one
commonly used type of fluorescent UV-A lamp companed to
noon, Summer sunhght. This lamp has a peak emission at
340 nm.

X2.2.2 The other commonly used type of UV-A lamp has
peak at 351 nm, and is mostly used for behind glass
simulations because it lacks some of the short UV-B wave-
lengths found in sunlight. UV-A lamps with different SPD'
can produce very different test results.

4
1 4

Uv-8 Lamps
0.8 |

e.5 4

Irradiancs  (Wimainm)

e2d. .. .

]

o

Sualight

N

260 280 300 320

v T 2 T Y . ER IR
340 360 380 _ 400 )

- Wavelength (am)

in this appendix are representative SPD's only, an&arenotmeammmm'mmateaammmﬂﬁdmﬁewhmsﬁnmw

mswedusungaspecﬂomdometermmadmﬂegmmgmonodummuﬁ nm band pass) with a quartz ‘cosine receptor.

ht was

Sunfig
arnoonatmesmmersdshcewlmadearslq mmﬂwspectuadanetermmequatma!bibwhe-smnmmtﬂwﬂuomoentwsmsW

ple plane in the center of the aliowed sampie area.

FIG. X2.1 Typical UY-B Lamps versus Sunlight
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' UV-A lemp with Sualight \
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€ \
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« 0.8 4
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.
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I
0.2 4.
° u r o ——r . —
260 280 ae0 220 340 . 380 290 <00
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FIG. X2.2 UV-A Lamp with 340 nm Peak versus Sunlight

X3. SIMULATIONS OF EXPOSURES TO SUNLIGHT BEHIND GLASS

For simulations of behird glass exposure applica-
TV-A lamps are recommended.

Filtering Effect of Glass—Glass of any type actsas a
1 the sunlight spectrum. Ordinary glass is essentially
ent to light above about 370 nm. However, the

effect becomes more pronounced with decreasing
gth. The shorter, more damaging UV-B wavelengths
nost greatly affected. Window glass completely filters
most damaging wavelengths below about 310 nm.
roses of illustration, only one type of window glass is

Sunlight
Behling

Window
Glass

Uv-8 Lamp
{untlitered)

\ AN

v -+

320 340
Wavelength (nm)

Sunlight Behind Glass versus UV-B Lamp and UV-B

v v -~ v
280 300 %0 380 49

Lamp Behind Glass
Sunilght
UV-A Lamp Behind
with 348 W\ndnw\
fun pesk Glass h
{unfiltered)
UV-A

Betlod
Window
Glass

320 40 380 380 400

Wavelangth (am)

Sunlight Behind Glass versus 340 nm Lamp and 340
~ niui Lemp Behind Glass

P

used in the accompanying graphs. It should be noted
glass transmission characteristics will vary due to manuf
turer, production lot, thickness, or other factors.

X3.3 UV-B Lamps:

X3.3.1 Most of the emission of UV-B lamps is in t
shorter wavelengths that are filtered very efficiently by gla
Because of this, very little energy from this type of lamp w
reach specimens mounted behind glass in the test chamb
Figure X3.1 shows a UV-B lamp unfiltered, a UV-B lar
through window glass, and sunlight through window gla
Window glass flters out 80 % of the total energy from UV
lamps. As a result of attenuating the short wavelengths,
also shifts the peak spectrum-<oward the longer wavelengtt
The short wavelength cut-on for both sunlight through gla
and the UV-B through glass is at about 310 nm, dependi
on the glass lot.

X3.3.2 UV-B lamps should not be used to test materiz
that are exposed to sunlight through glass. Unfiltered exp
sure to UV-B lamps is much too severe a test whe
compared to sunlight through glass. .

X3.4 UV-4 Lamps:

X3.4.1 Most of the energy emitted from UV-A lamps
able to pass through typical window glass. Figure X3
compares the SPD’s for sunlight filtered through a typic
window glass, a UV-A lamp with a peak output of 340 iz
and the same UV-A lamp filtered by the same window glas

1.2

Suniight
Bahind
Windew
Glasa

UV-A Lemp
With 351 Pesk
{untiitered)

UY-A  (with

351 peak)

4 Behind Window
Giase

Iresdlance  (W/m2/am)

T ¥ ™ -
280 . 320 340 380
. Wavelength (nm)

FIG. X3.3 Sunlight Behind Glass versus 351 nm Lamp and 351
nm Lamp Behind Glass

T
300
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X3.42 Figure X3.3 compares the SPD’s for sunlight UV-A lamps with a peak output at 351 nm provides
‘tered through a typical window glass, a UV-A lamp witha  simulation for sunlight filtered through typical windo
:ak output of 351 nm, and the same UV-A lamp filtered by  If specimens must be- exposed behind glass in t
e same window glass. chamber, tests using lamps with a peak emission at :

X3.4.3 For many applications, exposure to unfiltered  are recommended.

TheAmemanoaelerrT«mwmamkmmmmmrwpmngmevaﬁdiydwmdgmmwhm
with any Rem mentioned in this standard. Ussamwmmwmmaammdmmmydwm
patent rights, and the risk of knfringement of such rights, are entirely their own responsibility.

mwamwmawmwmwwmuwmmmmmmm

i not revised, either reapproved or withdrawn. Your comments are Invited alther for revision of this standard or for additional standards

- and should be addressed to ASTM Headquarters. Your comments will recelve careful considecation at & meeting of the responsidtle

technical committee, which you may attend. Mwaadmmcmmmmm:fakhwhgywmddmkem
views known to the ASTM Committee on Standards, 100 Barr Harbor Drive, West Conshohocken, PA 19428.
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