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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Introduction

This International Standard specifies a method of simulating the damaging effect of outdoor weathering
with relevance to acidic atmospheric precipitation on polymeric products. In addition to the classical
environmental variables of temperature and humidity, acidic atmospheric precipitation can also have
a significant effect on the photochemical ageing of polymers, e.g. by attacking the stabilizers. The
mechanisms differ from those of harmful gases, which essentially constitute the initial products of
acidic precipitation.

Arising from changing industrial air pollution and additionally diffused by the stochastic wind and cloud
distribution—acidie-precipitationoeeurs—sporadicaly—Thusespeetallyregarding-aeciciepyecipitation,
outdpor weathering effects vary enormously within different years. Therefore, itis practically impossible
to obtain reliable outdoor exposure results from just one season. These fluctuationsycar be avoided
throyigh the use of a laboratory test, where all weathering parameters, including thelacidi¢ deposition,
can be controlled.

The method is based on VDI Guideline VDI 3958-12.[9]

© IS0 2013 - All rights reserved v
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INTERNATIONAL STANDARD

ISO 15110:2013(E)

Paints and varnishes — Artificial weathering including
acidic deposition

1 Scope

This International Standard specifies a so-called acid dew and fog test (ADF test) as an accelerated

labo

acidic atmospheric precipitation in association with UV radiation, neutral condensed preci
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Normative references
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ing temperature and humidity. This test method is intended to be used in evaluating,
ative performance rankings, the suitability of polymeric materials for use in outddor e
acidic precipitation. It is not intended to generate the same extent of damageor the s
rn as in outdoor weathering, but rather to give a ranking which is simijlay to that whi
ned in outdoor weathering. The method produces damage which is more homogen
I specimens to be exposed (and hence more rapid testing) and enables evaluation of
mens to be carried out using methods which are more objective thah visual assessme

following documents, in whole or in part, are normatively referenced in this documnj
pensable for its application. For dated references, 'only the edition cited applies. I
ences, the latest edition of the referenced documeént (including any amendments) appl

892-1, Plastics — Methods of exposure to labgratory light sources — Part 1: General guid
892-2:2006, Plastics — Methods of expasure to laboratory light sources — Part 2: Xenon

892-3:2006, Plastics — Methods of exposure to laboratory light sources — Part 3: Fluoresc

Principle

fombined action of solarUV radiation, heat, humidity, wetting and acidic deposition is
hering devices similarito those described in ISO 4892-2 and ISO 16474-2 for xenon-ar
D 4892-3 and 1SO-16474-3 for fluorescent UV lamps.

Incl

spraying of acidoThe aim of this test is not to reproduce the visual damage patterns which
outdpor exposures, which show a very widespread distribution that is hard to evaluate
aim {s to, reproduce the same ranking which would be obtained with an outdoor exposure
damage by the same mechanisms but creating a homogeneous distribution on a smaller s
be evalwated in an objective way.

ded in the aptificial exposure is an acidic exposure, which is accomplished by a o

ing effects of

itation, and
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me damage
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Accelerated weathering is achieved by the serial arrangement of the worst conceivable combinations of
environmental conditions for the object under test (referred to hereafter as the “worst-case scenario”).
This is accomplished by reproducing these environmental conditions in a more compressed sequence
than would be the case outdoors and by including artificial acidic precipitation. However, the values of
the environmental conditions used do not significantly exceed those encountered in practice outdoors.
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For this test, weathering devices as specified in either ISO 4892-2 or ISO 4892-3 shall be used. The test

chamber, as

well as the specimen holders, shall be made of acid- and UV-resistant materials.

4.2 Laboratory radiation sources

4.2.1 Fluorescent UV lamp apparatus

Fluorescent
using type 1
ISO 4892-3:]
applied to th|

4.2.2 Xen

Xenon-arc 14
Irradiance u
lamp appara
method A, th

4.3 Test¢

The design
the requirel
provide for
the require
the water s
completing

4.4 Wetti

b

UV lamp apparatus shall be in accordance with that specified for ISO 4892-3:2006, meth|
A lamps. For a fluorescent UV lamp apparatus giving the spectral distribution specifie
006, method A, a UV irradiance of Eyy = (45 + 5) W/m2, constant over time aid unifq
e specimens in the weathering device, shall be achieved in the spectral range 290.nm to 40

pn arc lamp apparatus

mp apparatus shall be in accordance with that specified for 1SON4892-2:2006, meth
hiformity shall be in accordance with the requirements specified inISO 4892-1. For a xeno
tus, equipped with daylightfilters, giving the spectral distribution specified for ISO 4892-2:]
e UVirradiance shall be Eyy = (60 + 5) W/m2 in the spectrdbrange 300 nm to 400 nm.

thamber

of the test chamber may vary, but it shall be constructed from inert material, me
ments of ISO 4892-1 and ISO 4892-2 or 1SQ>4892-3, respectively. The test chamber
control of temperature or black standard temperature and for humidity control that n
ents of ISO 4892-1. Devices shall also:be provided to produce water spray. Water use

the change from each climatic phaseto the next during the ADF test within 30 min.

ng system

The test chamber shall be equipped'with a means of introducing an intermittent spray of water ont]

front of the {
resistant m4

The water s

est specimens, under.specified conditions. The spray system shall be made from corro|
iterials that do net.centaminate the water employed.

pray systemdn xenon-arc lamp instruments shall be as specified in ISO 4892-2.

4.5 Specimen holders

The specimg

non-oxidizin

od A,
d for
rmly
D nm.

bd A.
h-arc
006,

bting
shall
neets
d for

ay shall meet the requirements of ISO 4892-1. The weathering device shall be capalble of

o the
sion-

nholders shall be made from inert materials that will not affect the test results, for exal

4.6 Black-standard thermometer

The black-standard thermometer used shall comply with the requirements for these devices that are

given in [SO

4892-1.

4.7 Humidity sensor

Use a hygrometer for measuring the relative humidity:.

4.8 Acid spray device

A manually o

2

perated atomizer or an automatic spraying device may be used.
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4.9 Radiometer

When a radiometer is used, it shall comply with the requirements of ISO 4892-1.

5 Solutions for artificial acidic deposition

Prepare an acid mixture with a pH of 1,5 at (25 * 2) °C by dissolving 10,6 g of H»S04, 3,18 g of HNO3 and
1,80 gof HClin 101 of demineralized water (this gives a mass ratio of 1,0:0,3:0,17). These quantities refer
to acids with a calculated concentration of 100 %. Depending on the mass concentrations of the acids
available, larger quantities of acid might have to be weighed out (e.g. if 36 % HCl is used, the quantity will

haVC 6 ha10Q/0 ')6 =CNg A al grad cidechallbao acad

Al alizbi o x an o a
Lo A= L’UI J,J J,|J 6)- llll('ll‘y cIcdar 61 dUuT dUlIivuy oITdIl v uocTu,.

Ther] prepare a solution with a pH of 2,5 by diluting the pH 1,5 solution with demineralizefl water by a
volume ratio of 1:10.

The pH 2,5 solution is the recommended solution. However, the more agressive.pH 1,5 solytion may be
used|if agreed upon by the interested parties. If the pH 1,5 solution is used; this shall be mentioned in
the test report.

Before starting the exposure, check the pH-value of the solution using)for instance, pH tegt strips. If it
devigtes by more than pH 0,3 from the theoretical value, replace thesolution.

To ayoid changes in the pH-value of the solution, store it in anaictight container.

Acid[spraying may be carried out either manually or automatically (see 8.3).

6 Test specimens

6.1 | General

All specimens shall be permanently marked.

NOTH The specimens will be delivered by a customer or specifically prepared for this test or[taken from a
buildjng component. Guidelines for preparation are given in ISO 1514. Guidelines for sampling are giver]in ISO 15528.

6.2 | Specimen size

The $pecimen size shall be such that the condition of the specimens can be unambiguouslylascertained
before and after the-ADF test.

For yertically ekposed specimens, due to the homogeneity of the damage, only relatively[small areas
need| to be evaluated. The minimum exposed surface area shall be 30 cm2, with the shoiftest edge at
least|50 mmin length to reduce local variation in the acid deposition due e.g. to the sprayinig procedure
or edge’effects.

6.3 Corrosion of the substrates

If possible, the substrate used should be the same as that to which the coating material will be applied
in practice. It shall be made, as far as possible (see below), from inert material.

If the possibility of corrosion or delamination at the edges cannot be excluded, suitable edge protection
should preferably be provided. Also, exposed edges and substrate surfaces that might react with acidic
precipitation (e.g. those made of non-stainless steels, aluminium, copper, zinc or concrete) should be
suitably protected.

© IS0 2013 - All rights reserved 3


https://standardsiso.com/api/?name=75516c5c5e9bfb09b5135c9f1522d67c

ISO 15110:2013(E)

6.4 Reference specimens

The use of reference specimens is recommended for assessing the repeatability. Reference specimens of
the same type of material as employed in previous test series should be used.

If possible, these reference specimens should be made of a materials which do not change with time (i.e.
do not age) under normal storage conditions.

7 Designation of type of test

Exposures le in

Florida (i.e.

arried out under conditions corresponding to the subtropical climate of Jacksonvi
those of type | as defined in Table 1) are designated:

ISO 15110, ADF-] test

Exposures @
(i.e. those of

arried out under conditions corresponding to a moderate climateélike that of central Ey
type M as defined in Table 2) are designated:

rope

ISO 15110, ADF-M test

8 Procedure

8.1 General

The ADF test

If damage o
damage real
acid and we

should prefq
NOTE1 Te

NOTE2 T(

may be performed in weathéring devices as described in ISO 4892-1,1S0 4892-2 or ISO 48

ccurs unexpectedly fasty-it is recommended that a check be carried out to determine
ly results from the synergistic action of the acid and the weathering, by performing sep
hthering exposures.For the acid-free weathering exposure, the same weathering condi
rably be used<For'the pure acid exposure, [SO 2812-5 or ISO 175 could be used.

sting in different types of weathering device can lead to different results.

differentiate between the special action of the acidic deposition and that of usual weath

effects, it ca

betuseful to expose a second set of specimens to the same weathering exposure in parallg

92-3.

f the
hrate
tions

ering
1, but

without acid:[C deposition.

The specimens may be mounted either in an open frame or on a solid backing.

NOTE 3  Ifbackingisused, the presence of a space between the backing and the test specimens might affect the
results, particularly with transparent specimens.

During the dry periods, specimens shall be exposed to varying relative humidities as specified in Table 1
or Table 2. During the rain period, specimens shall be sprayed with water in the way specified in Table 1
or Table 2.

8.2 Wetting and relative humidity

The water spray system in fluorescent UV lamp devices shall permit a constant rain flux density of 2 1
to 51 of water per square metre of specimen surface per second to be produced continuously with time.

© ISO 2013 - All rights reserved
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The spray shall be uniformly distributed over the specimens.

If the water is recycled, the quantity of circulating water used for the ADF test shall not be less than
50 L. Because of the uptake of the acids washed off the specimens and possible contamination from the
specimen material, the spray water, if recycled, shall be replaced when it reaches pH 4,5 and at the latest

after

1 operating week (168 h).

The water sprayed onto the specimen surfaces shall have a conductivity below 5 pS/cm, contain less
than 1 pg/g dissolved solids and leave no observable stains or deposits on the specimens. Care shall be
taken to keep silica levels below 0,2 ug/g. A combination of deionization and reverse osmosis may be

used

to produce water of the desired quality.

Testy
cont}
acco]

NOTH
effect

8.3

An af
mani

Ifan
asw

8.4

The
to c(
Jackd

The flirststep in the ADF cycle, the spraying of the specimen surface with the artificial acidic p

is pe
To py
Aftet
the 1

devid
nece

The
that {

carried out in accordance with this International Standard require the relative hui
rolled during the dry periods. The location of the sensor used to measure the humidit
dance with ISO 4892-1.

The air humidity will have a significant influence on the photodegradation offmany polymg¢
of the acidic precipitation, as itinfluences evaporation and hence the concentratien’of the acid on t

Acid spraying

omizer similar to that used with perfume bottles may be used te’apply acid spray to th|
hally. This allows the amount of acid to be controlled by vistially checking the spray pa

Automatic spraying device is used, the device shall control the amount sprayed on to th
1] as the droplet size, which shall be sufficiently small:

Weathering cycles

24 h weathering cycle recommended forithe ADF test (the ADF cycle) exposes thg
ntinuous UV radiation and changingx¢limatic conditions. This cycle is shown in T
onville/Florida climate and in Table:2-for a moderate climate with a lower relative huy

Fformed on five consecutive days of each week, followed by two 1-day cycles without ag
otect the chamber materials, the specimens should preferably be sprayed outside the t

spraying, the specimens shall be returned to the test chamber. The time required for g
ecessary handling.of the specimens shall not exceed 5 min. The test chamber of the
e shall remain set to the climatic test conditions and shall only be opened for the ma
ksary for spéetmen removal and replacement.

Juantity'efacidic solution applied shall be such that the surface becomes uniformly wet, but
he solution runs off the specimen surface, even when oriented in its recommended vertic

Itis

ecommended that, for a particular spraying device, the tester should regularly check th

midity to be
y shall be in

brs and on the
he specimens.

e specimens
ttern.

e specimens

P specimens
hble 1 for a
nidity.

recipitation,
id spraying.

bst chamber.
praying and

weathering
Ximum time

notso much
h] position.

P quantity of

acidic solution sprayed on to unit area of the specimen surface (e.g. by measurement of the mass increase).

The various steps in the ADF cycle are shown in Table 1 and Table 2, respectively.

The following symbols are used:

BST Black-standard temperature
RH relative humidity in the chamber
Eyv UV irradiance in the range up to 400 nm
E) spectral irradiance
© IS0 2013 - All rights reserved
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The complete cycle (steps 1 to 4) shall be performed five days a week, followed by two 1-day cycles
without spraying (i.e. without step 1).

As, in fluorescent UV lamp devices, the difference between black standard temperature and the chamber
air temperature is less than 2 °C, the temperature may be controled either using BST or the chamber
air temperature.

Table 1 — Test conditions used for the daily cycle in the type ] ADF test
(where “]” stands for the subtropical climate of Jacksonville in Florida)

Step Duration Fluorescent UV lamp apparatus Xenon-arc lamp apparatus
1 |Acid spfay- | <5min 30 g to 40 g of acid solution per m2 of specimen surface
ing preferably outside the test chamber
2a |Firstdyy 9h BST = (35 £ 2) °C, BST = (55 £2) o€,
period RH = (75 £ 8) %, RH = (90 £ 10) %,
Eyv = (45 +5) W-m-2 or Eyy = (60'£5) W-m-2
E)=(0,76 £ 0,08) W-m-2-nm-1 at 340 nm
2b |Firstdiy 5h BST = (60 + 2) °C, BST= (75 % 2) °C,
period fon- RH = (40 £ 5) %, RH = (90 + 10) %;
tinued Eyv =(45+5) W-m-2 or Eyy = (60 +5) W-m-2
E»=(0,76 £ 0,08) W-m-2-nm-1 at 340 nm
3 Rain pdriod 4h Continuous spraying of the specimen sutface with demineralized watei,
Chamber air temperature: (35 + 3) °C
4  |Second|dry 6h BST = (60 + 2) °C, BST = (75 % 2) °C,
period RH = (40 £ 5) %, RH = (90 £ 10) %,
Eyv = (45 £ 5) W-m-2 oft Eyy = (60 £ 5) W-m-2
Ej=(0,76 £ 0,08) W-m-2-nm=kat 340 nm

Table 2 — Test conditions used for the daily cycle in the type M ADF test
(where “M” stands for a moderate climate like that of central Europe)

Step Duration Fluorescent UV lamp apparatus Xenon-arc lamp apparatys
1 |Acid spfay- | <5 min 30 g to 40 g of acid solution per m2 of specimen surface,
ing preferably sprayed on outside the test chamber
2a |Firstdyy 9h BST = (35 £ 2) °C, BST = (55 £ 2) °C,
period RH= =(30%5) %, RH = (50 £ 10) %,
Eyy = (45 +5) W-m-2 or Eyy = (60 £ 5) W-m-2
Ej»=(0,76 £ 0,08) W-m-2-nm-1 at 340 nm
2b |Firstdiy 5h BST = (60 + 2) °C, BST = (75 £ 2) °C,
period fon- RH < 10 %, RH < 20 %,
tinued Eyv = (45 +5) W-m-2 or Eyy = (60 £ 5) W-m-2
E;=(0,76 £ 0,08) W-m-2:nm-1 at 340 nm
3 Rain pqried 4h Continuous spraying of the specimen surface with demineralized water]
Chamber air temperature: (35 £ 3) °C
4 |Second dry 6h BST = (60 + 2) °C, BST = (75 £ 2) °C,
period RH < 10 %, RH < 20 %,
Eyv = (45 +5) W-m-2 or Eyy = (60 £ 5) W-m-2
E;=(0,76 £ 0,08) W-m-2:nm-1 at 340 nm

8.5 Test duration
For ADF tests of both types, a test duration of 4 weeks is recommended.
NOTE This corresponds to 20 cycles with acid spray.

Longer exposures might be necessary if the differences in a measured property between the specimens
in a set of specimens are smaller than the uncertainty of measurement of the property.

6 © IS0 2013 - All rights reserved
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The exposure shall be terminated after the second dry period (step 4), as the measurement of properties
might depend on the water content (e.g. gloss measurement). Particular care shall be taken that no acid
remains on the specimen surfaces.

Interruptions to the test procedure are permissible, in which case the specimens shall be stored under
standard climatic conditions until resumption of the test. If a break of longer than 20 min occurs
during the first dry phase, the acid left on the specimens shall be removed by thorough rinsing with
demineralized water. In such cases, the test shall be resumed by re-spraying the specimens with the
acidic solution. Each interruption shall be documented in detail.

8.6

Further weathering of specimens

Espe]
the 4
expo

Care
remg

9 |

Sincd
acidi

cially if stabilizers based on sterically hindered amines are involved in reactions with.thg
xposure, some plastics might develop an increased sensitivity to ageing. Thenefore,
sures can lead to more marked property changes than usual.

shall be taken if ADF-weathered specimens have to be stored for a long period of time
ining on the specimens can continue to cause damage during storage.
Assessment of results

acidic atmospheric precipitation occurs sporadically and)randomly in terms of fre
Ly, the lifetime of identical products in outdoor use in such an environment can vary

A rofigh estimate of a product’s service life on the basis of‘the results of method A of I1SO 4

or IS
from|
outd

NOTH
damd

How
in te
defin

It sh
befou

NOTH
ISO1

10 ]

0 4892-3:2006 and the usually only very imprecise information on the degree of agg
acidic atmospheric precipitation in the envisaged-area of use is only possible if suital
bor weathering tests have been carried out in sufficient numbers on the same object.

1 A duration of 28 d was chosen for the ADF-] test, using a solution of pH 2,5, in order to
ge caused by a 98 d outdoor exposure in Ja¢ksonville for a specific set of 20 coatings (see also |

bver, method A of ISO 4892-2:2006and 1SO 4892-3:2006 is useful for comparing differg
'ms of their suitability for use in.dn acid-charged environment. Therefore, it makes li
e the test duration as the degree of aggressiveness.

11l be agreed between the-interested parties which properties of the coating are to 4
e, during and after the exposure, and which standards are to be used for this purpose

2 Suitable metheds are given in e.g. ISO 2813, ISO 3668, ISO 4628-1 to ISO 4628-8 and
1664-1 to ISO 11664-5 and ISO 13803.

Precision

e acid during
subsequent

as any acid

quency and
enormously.
1892-2:2006
Fressiveness
ble repeated

simulate the
Annex A).

ent products
ttle sense to

e measured

ISO 4628-10,

10.1| General

Repeatability data are available only for the ADF test in fluorescent UV lamp devices.

Data

on the reproducibility are not available.

10.2 Repeatability

Majo

r sources of variation in the results of the ADF test are:

a) fluctuations in the composition and acidity of the artificial acidic deposition solution (weighing,
volume measurement, pH measurement during its preparation);

b) fluctuations in the quantity of acid sprayed on to the specimen surface (due to wear of the spraying
device and, in the case of a manual spraying device, differences in the execution of the spraying process);

© ISO

2013 - All rights reserved
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c) non-adherence to the climatic conditions (particularly temperature, humidity, and the duration of
the joint action of acid and UV radiation).

The repeatability was determined using a fluorescent UV lamp apparatus, the Weiss UV200 Global UV
test unitd), in five tests on four selected automotive finishes, repeated at intervals of up to three years.
During this period, new batches of the artificial acidic deposition solution were prepared several times
and the person performing the spraying process and operating the weathering device changed. The
variations ascertained in loss of gloss and increase in haze were of a statistical nature and were within
the range of the results of the individual measurements distributed in each case over the specimen
surface. Absolute variations in loss of gloss of 4 gloss units (with a standard deviation, g, of +1,4 %) and
an increase in haze of +10 haze units (with a standard deviation, g, of +8 haze units) can be expected.

Repeatabilit

11 Test report

The test rep|

a)
b)

‘)
d)

f)

g)
h)

j)

arefere|
the typ4

all infon

a description of the test apparatus and the light source, including:

1) the
2) add
3) the

rad

4) the
the typd

a descr
descrip

in the c{

the typ
test cha

y data for the ADF test using xenon-arc apparatus are not available.

ort shall contain at least the following information:
nce to this International Standard (ISO 15110);
b of exposure conditions used (type ] or M);

mation necessary for identification of the coating materiaktested;

type of test apparatus and light source,
scription of the filters used,

irradiance at the surface of the specimens-(including that of the band pass filter with whig
ation was measured), as well as a description of the radiation-measuring instrument us¢

duration of use of the filters andlight source, in hours, before the beginning of the expo
 of instrument used to measure the air humidity;

ption of the procedure(used to mount the specimens on the exposure frame, includ
[ion of all materials used to support the specimens;

ise of transparentimaterials, the type of backing used for the specimens;

e (manual ow’automatic) of spraying device used and its location (inside or outsid
mber);

redure-ised to change of the positions of the specimens in the test chamber, if applicab

h the
d,

sure;

ing a

b the

le;

1t%of the assessment of the specimens, including:

the pro
the resuy
1) the
2) the
3) the
4) the

method used to measure each of the properties determined,
results of the determinations on the test specimens,
results of determinations on any control specimens,

results of determinations on any unexposed reference specimens,

1) This information is given for the convenience of users of this International Standard and does not constitute an
endorsement by ISO of this apparatus.
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5) the UV radiant exposure, in J/m2, and wavelength range in which the above measurements
were made;

k) details of any deviations from the specified exposure conditions;
1) details of any unusual features (anomalies) observed during the test;

m) the dates of the beginning and end of the test.
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Background information

A.1 Acidic precipitation — OQutdoor conditions

The term “a¢idic precipitation” describes the deposition of pollution on surfaces that, in its aqueeus|form
(rain, dew, fpg, snow, frost or hail) exhibits an acidity more severe than pH 5,6 and that, in-the form of
aerosols or (lusts, contains free acids.[1] Acidic precipitation forms when certain air pollutants conpbine
with oxygen, water or dust particles in the atmosphere. The main focus is on sulfur dioxide, a by-product
of the combjustion of fossil fuel, which forms sulfuric acid (H2S04) after oxidation @nd contributes to
about 60 %/ to 70 % of the acidity of precipitation. Other frequently encountered.components of gcidic
precipitatioh are nitric acid (HNO3) and hydrochloric acid (HCl). From meansvalies derived from the
mixing ratigs of the above-mentioned acids recorded in major industrial regions and frequently jused
internationglly for test purposesl2] to[4], the following mass ratio is derivedst

H2S04:HNO3:HCI = 1:0,3:0,17

Taking into|account the recorded frequency of the acidity of aqueous acidic precipitation obsgrved
outdoors, the following rough ranking of categories of acidic.exposure situations is obtained:

— Dew:uptopH 1,5
— Fog:upto pH 2,5
— Rain: up topH 3,5

In outdoor gxposures as well as in the ADF test, the special properties of sulfuric acid are crucial fqr the
so-called wqrst-case scenario. Sulfuric acid does not evaporate in the climatic environmental condifions
to be expected outdoors. Due to watér evaporation, acidic precipitation deposited on the surface pf an
object in rain-free environmental conditions might become concentrated into sulfuric acid with a mass
fraction of 30 % to 60 %, particularly if exposed to bright sunlight. Because of their generally hjgher
acidity, the most serious surface’ damage is expected from exposure to acid dew or fog precipitation.
The ADF tegt therefore chiefly simulates the effect of fog and dew precipitation in joint action with the
relevant clirhatic conditions: Because of the similar mechanisms involved, the ADF test may also be|used
without modlificationtosimulate the effect of dusts and aerosols containing acids. The worst-case outdoor
weather scehario has'proven to be the combination of deposited dew or fog droplets with sunlight.

Outdoor wethermg tests[5] and artificial weatherlng tests have demonstrated that a synergy gxists
betweenacidicpre on.[6][7 ¥ ificant
increase in the destructlve effect of uv radlatlon can be expected on at least some polymers as a result
of accelerated photodegradation. On the other hand, the same UV radiation, if applied in a sufficient
quantity before an acid attack, is capable — depending on the type of polymer — of either significantly
weakening (e.g. with polycarbonate or PMMA) or strengthening (e.g. with automotive paint finishes)
the acid resistance of the material’s surface. These effects can change the ranking of the durability of
different types of polymer compared with the exposure according to ISO 4892-2 and I1SO 4892-3, where
wetting is usually produced by spraying the test specimens with demineralized/deionized water.

A.2 Experience with the ADF test

Extensive experimental tests have shown that temperature and humidity can have a considerable effect
on the ranking with respect to damage. For the ADF test, the temperature and humidity values have
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been optimized to fit the average ranking for three summer seasons of outdoor exposure in
(for the type ] test) and for six years in central Europe (for the type M test).

Jacksonville

The ADF-] test using a solution of pH 2,5 was assessed by testing 16 modern automotive finishes
(base-coat/clearcoat systems with a black basecoat) of different types and from different manufacturers

in comparison with a conventional 14-week outdoor weathering test in Jacksonville, Florid

a. The result

achieved after 28 days with the ADF test in terms of the ranking correlates with the mean result from
three outdoor weathering tests conducted at the same time of year (end of May to the beginning of
September) in 1999 to 2001 with a Pearson ranking correlation coefficient of 0,9. The reference criterion

was the increase in haze.

- SV, 5 Y

lations in comparison with a six-year outdoor weathering test
industrial area within the city of Leipzig. The mean haze obtained from the specifens

1.18]

Inves
weat
addif

hering if the most abundant ions found in Jacksonville precipitationslll were inco
ion to the acid mixture, in the ADF test on the automotive coatings:

A.3 | Orientation of the specimens

Verti
test
that

A comparison was made between a fluorescent device as specified in ISO 4892-3 and a si
whic

the fpllowing results.

The 4
in Fij
area
horiz

ypical homogeneity of the damage forvertical and horizontall mounting is shown for o
pure A.1. The small pinhole-like acid-damaged areas were found for both exposures, b
5 of acid damage formed after.coagulation of droplets into larger areas only occu
ontal exposure.

Alth
expe
did n
sugg
micr
that

ugh the damage patterns for horizontally mounted specimens look more like

bnly occurwith horizontal mounting.

Sincd
orier

it shows better homogeneity, and therefore smaller statistical deviations, vertic
tation allows smaller specimens to be used.

por weathering was achieved with the ADF test after 130 days with a Pearson correlatio

tigations showed an only negligible improvement in the ranking/cotrelation wj

cal orientation of specimens in the test chamber was €hosen as it is more easily achie
Thambers. At the same time, it avoids acid droplets ¢ombining to give too extensive W
ivould produce damaged areas of too large size and®widen the size distribution too mu

h used 45° reflecting mirrors that directed the radiation to horizontally mounted speq

rienced in outdoor exposure in terms of their size, assessing the ranking for the whole sef]
ot indicate any significant improvement in the ranking correlation with outdoor weat]
ests that thereis-no difference in the damage mechanism, which is confirmed by elg
panalysis that-maps sulfur in the smaller-sized damaged areas as well as in the larger]

—aters rtshres of different
(carried out in 1995

to 2001) in
subjected to
in coefficient

ith outdoor
rporated, in

ved in most
vetted areas
ch.

milar device
imens, with

he specimen
it the larger
'red for the

the damage
of specimen
hering. This
ctron beam
-sized areas

hl specimen

A typical droplet pattern obtained in the ADF test after acid spraying is shown in Figure A.2.
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