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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 document specifies a method of simulating the damaging effect of outdoor weathering with
relevance to acidic atmospheric precipitation on painted products. 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, acidic precipitation occurs sporadically. Thus, especially regarding acidic precipitation,
outdoor weathering effects vary enormously within different years. Therefore, it is practically
impossible to obtain reliable outdoor exposure results from just one season. These fluctuations can
be ayet rretgh-the-tse-of-ataborate e eathering-parametersaelading the acidic
depodsition, can be controlled.

The method is based on VDI Guideline VDI 3958-12[9].
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Paints and varnishes — Artificial weathering including
acidic deposition

1 Scope

This document specifies a so-called acid dew and fog test (ADF test) as an accelerated laboratory
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spheric precipitation in association with UV radiation, neutral condensed preci
ging temperature and humidity. This test method is intended to be used in evaluating,
ative performance rankings, the suitability of painted materials for use in outddor ey
acidic precipitation. It is not intended to generate the same extent of damage or the s:
rn as in outdoor weathering, but rather to give a ranking which is simjlag 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 than visual assessme

Normative references

following documents are referred to in the text in such a way that some or all of t
Fitutes requirements of this document. For dated-references, only the edition cited
ted references, the latest edition of the referencéddocument (including any amendme

6474-1, Paints and varnishes — Methods of @exposure to laboratory light sources — Pa
ynce

| 6474-2:2013, Paints and varnishes <=. Methods of exposure to laboratory light source
h-arc lamps

|6474-3:2013, Paints and varnishes — Methods of exposure to laboratory light source
escent UV lamps

[erms and definitions

rms and definitions are listed in this document.

nd IEC maintain terminological databases for use in standardization at the following ¢

EC Electropedia: available at http://www.electropedia.org/
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SO-Online browsing platform: available at http://www.iso.org/obp

4 Principle

The combined action of solar UV radiation, heat, humidity, wetting and acidic deposition is simulated in
weathering devices similar to those described in ISO 4892-2 and ISO 16474-2 for xenon-arc lamps and
in ISO 4892-3 and ISO 16474-3 for fluorescent UV lamps.

Included in the artificial exposure is an acidic exposure, which is accomplished by a once-per-day
spraying of acid. The aim of this test is not to reproduce the visual damage patterns which result from
outdoor exposures, which show a very widespread distribution that is hard to evaluate. Rather, the
aim is to reproduce the same ranking which would be obtained with an outdoor exposure, by causing
damage by the same mechanisms but creating a homogeneous distribution on a smaller scale that can
be evaluated in an objective way.
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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.

5 Apparatus

5.1 General

For this test, weathering devices as specified in either ISO 16474-2 or ISO 16474-3 shall be used| The
test chamber, as well as the specimen holders, shall be made of acid- and UV-resistant materials.

5.2 Laboratory radiation sources

5.2.1 Flugrescent UV lamp apparatus, in accordance with that specified for' SO 16474-3:2013,
method A, uping type 1A lamps.

For a fluorefscent UV lamp apparatus giving the spectral distribution spegified for ISO 16474-3:2013,
method A, 4 UV irradiance of: Eyy = (45 + 5) W-m~2, constant over timé-and uniformly applied tp the

specimens in the weathering device, shall be achieved in the spectfal range 290 nm to 400 nin; or

Ey=(0,76 +

5.2.2 Xen

Irradiance yniformity shall be in accordance with the requirements specified in ISO 16474-1.

xenon-arc 9
ISO 16474-2
300 nm to 4

5.3 Test

The design
the require
apparatuseg
air tempera
chamber sh
chamber aif
control shal
used for the
shall be cap
within 30 m|

fure, meeting the tequirements of [SO 16474-1. For fluorescent UV apparatuses, thg

D,08) W-m-2:-nm-1 at 340 nm.

pn-arc lamp apparatus, in accordance with that specified for ISO 16474-2:2013, meth

mp apparatus, equipped with daylight filters) giving the spectral distribution specifie
:2013, method A, the UV irradiance shall be Eyy = (60 + 5) W-m~2 in the spectral 1
00 nm.

thamber.

of the test chamber may~vary, but it shall be constructed from inert material, me
ments of ISO 16474-1 and-I1SO 16474-2 or ISO 16474-3, respectively. For xenon-arc
, the test chamber shall provide for control of both black standard temperature and cha

hll provide for control of either black standard temperature, black panel temperatui
temperature, meeting the requirements of ISO 16474-1. When specified herein, hum
also meetsthe requirements of ISO 16474-1. Devices shall also produce water spray.
water spyay shall meet the purity requirements of ISO 16474-1. The weathering d
able of-completing the change from each climatic phase to the next during the ADH
in.
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5.4 Wetting system.

The test chamber shall be equipped with a means of introducing an intermittent spray of water onto the
front of the test specimens, under specified conditions. The spray system shall be made from corrosion-
resistant materials that do not contaminate the water employed.

The water spray system in xenon-arc lamp instruments shall be as specified in ISO 16474-2.

5.5 Speci

men holders.

The specimen holders shall be made from inert materials that will not affect the test results, for example
non-oxidizing alloys of aluminium, or stainless steel. Brass, steel or copper shall not be used.
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Black standard or black panel thermometer.

The black standard thermometer or black panel thermometer (for fluorescent UV apparatuses) used

shall

5.7

comply with the requirements for these devices that are given in ISO 16474-1.

Humidity sensor.

If required, use a hygrometer for measuring the relative humidity.

5.8

Acid spray device.
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7.1

nually operated atomizer or an automatic spraying device may be used.

Radiometer.

h a radiometer is used, it shall comply with the requirements of ISO 164741

bolutions for artificial acidic deposition

are an acid mixture with a pH of 1,5 at (25 * 2) °C by dissolving 10,6 g of H2S04, 3,1
1,80 g of HCI in 10 1 of distilled or deionized water (this givés a mass ratio of 1,0:0,3:

b acids available, larger quantities of acid might have to.be weighed out (e.g. if 36 % HC
tity will have to be 1,8/0,36 = 5,0 g). Analytical-grade'acids shall be used.

prepare a solution with a pH of 2,5 by dilutitig the pH 1,5 solution with distilled
r by a volume ratio of 1:10.

pH 2,5 solution is the recommended solution. However, the more aggressive pH 1,5 soly

pst report.

e starting the exposure, check the pH-value of the solution using, for instance, pH teq
ites by more than pH 0,3 frem‘the theoretical value, replace the solution.

oid changes in the pH-value of the solution, store it in an airtight container.

spraying may be carvied out either manually or automatically (see 9.3).

[est specimens

General

8 g of HNO3
0,17). These

tities refer to acids with a calculated concentration of 10090"Depending on the mass copcentrations

is used, the

r deionized

tion may be

if agreed upon by the interested parties. If the pH 1,5 solution is used, this shall be mientioned in

t strips. If it

Alls

peCimens shall be permanently marked.

NOTE

The specimens will be delivered by a customer or specifically prepared for this test or taken from

a building component. Guidelines for preparation are given in ISO 1514. Guidelines for sampling are given in

ISO1

7.2

5528.

Specimen size

The specimen size shall be such that the condition of the specimens can be unambiguously ascertained
before and after the ADF test.

Due to the homogeneity of the damage on exposed specimens, only relatively small areas need to be
evaluated. The minimum exposed surface area shall be 30 cm2, with the shortest edge at least 50 mm
in length. This reduces local variation in the acid deposition (e.g. due to the spraying procedure or edge

effec
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7.3 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.

7.4 Reference specimens

The use of r¢ference 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, fhese reference specimens should be made of materials which do not change.with time (i.e.
do not age) inder normal storage conditions.

8 Designation of test type

Exposures ¢arried out under conditions corresponding to the subtropical’ climate of Jacksonville in
Florida (i.e. fhose of type ] as defined in Table 1) are designated:

ISO 15110, ADF-] test

Exposures darried out under conditions corresponding to a moderate climate like that of central Eyrope
(i.e. those ofltype M as defined in Table 2) are designated:

ISO 15110, ADF-M test

Exposures tarried out without humidity contrel (i.e. those of type U as defined in Table 3) are
designated:

1SO 15110, ADF-U test

9 Procedure

9.1 General

The ADF te$t may be performed in weathering devices as described in ISO 16474-1, ISO 1647412 or
ISO 16474-3

If damage dcCurs unexpectedly fast, it is recommended that a check be carried out to determine if
the damage Teatty Tesuttsfrom the symnergistic action of the acid and the weathering, by performing
separate acid and weathering exposures. For the acid-free weathering exposure, the same weathering
conditions should preferably be used. For the pure acid exposure, ISO 2812-5 or ISO 175 could be used.

NOTE1 Testing in different types of weathering device can lead to different results.

NOTE 2  To differentiate between the special action of the acidic deposition and that of usual weathering
effects, it can be useful to expose a second set of specimens to the same weathering exposure in parallel, but
without acidic deposition.

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

NOTE 3  If backing is used, the presence of a space between the backing and the test specimens can affect the
results.

4 © IS0 2017 - All rights reserved
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During the dry periods, specimens shall be exposed to varying relative humidity 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,
Table 2, or Table 3.

9.2 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.

The spray shall be uniformly distributed over the specimens.

mmw S i i i e less than
Because of the uptake of the acids washed off the specimens and possible contamination from
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pecimen material, the spray water, if recycled, shall be replaced when it reaches'\pH 4
t after one operating week (168 h).

lvater sprayed onto the specimen surfaces shall have a conductivity below 5 uS/cm,
1 ug/g dissolved solids and leave no observable stains or deposits on theSpecimens. (
1 to keep silica levels below 0,2 pg/g. A combination of deionization and reverse osm
to produce water of the desired quality.

rhose tests that require relative humidity, the humidity/sensor shall be in accoj
6474-1.

The air humidity can have an influence on the effect of the acidic precipitation, as
ration and hence the concentration of the acid on the spe€imens.

Acid spraying

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

automatic spraying device is used;the device shall control the amount sprayed on to th
]l as the droplet size, which shallbe sufficiently small.

Weathering cycles

24 h weathering cy€lé recommended for the ADF test (the ADF cycle) exposes th¢
ntinuous UV radiation and changing climatic conditions. This cycle is shown in T
onville, Florida, Climate, in Table 2 for a moderate climate with a lower relative ht
3 for a cycleewithout humidity control

first step)in the ADF cycle, the spraying of the specimen surface with the arti
pitation;, is performed on five consecutive days of each week, followed by two 1-day cyj

spraying.

5 and at the

contain less
are shall be
osis may be

dance with

it influences

e specimens
ftern.

e specimens

P Specimens
bble 1 for a
imidity, and

ficial acidic
cles without

otectthe chamber materials, The specimens should preferably be sprayed outside the Test chamber.

After spraying, the specimens shall be returned to the test chamber. The time required for spraying and
the necessary handling of the specimens shall not exceed 5 min. The test chamber of the weathering
device shall remain set to the climatic test conditions and shall only be opened for the maximum time
necessary for specimen removal and replacement.

The quantity of acidic solution applied shall be such that the surface becomes uniformly wet, but not so
much that the solution runs off the specimen surface, even when oriented in its recommended vertical
position.

It is recommended that, for a particular spraying device, the tester should regularly check the quantity
of acidic solution sprayed on to unit area of the specimen surface (e.g. by measurement of the mass
increase).
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The various steps in the ADF cycle are shown in Table 1, Table 2, and Table 3, respectively.

The following symbols are used:

Since in flud
temperaturg
either using

BPT
BST
CAT
RH

black panel thermometer

black standard thermometer

chamber air temperature

relative humidity in the chamber

Eyv

E)

UV irradiance in the range up to 400 nm

spectral irradiance

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

rescent UV lamp devices, the difference between black standard temperature, black panel
e, and the chamber air temperature is less than 2 °C, the temperature ‘may be contrlled
BST, BPT, or CAT.

Step Duration Fluorescent UV lamp apparatus Xenon-arc lamp apparatys
1 |Acid <5 min 30 g to 40 g of acid solution per m?2 of specimen surface
sprayirlg preferably outsidethe test chamber
2a |Firstdiy 9h BST, BPT, or CAT = (35 + 2)€C, BST = (55 % 2) °C,
period RH = (75 £ 8) %, RH = (90 £ 10) %,
Eyv = (45 £ 5) W-mZ or Eyy = (60 £ 5) W-m-2
E»=(0,76 £ 0,08) W-m-2-nii-1 at 340 nm
2b |Firstdyy 5h BST, BPT, or CAT'=160 * 2) °C, BST = (75 = 2) °C,
period RH = (40% 5) %, RH = (90 + 10) %j;
continyed Eyy =/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 pgriod 4h Continuous'spraying of the specimen sur- | Continuous spraying of the spec-
face with distilled or deionized water, imen surface with distilled [or
BST, BPT, or CAT = (35 + 3) °C deionized water,
CAT =(35+3)°C
4 Second|dry 6h BST, BPT, or CAT = (60 + 2) °C, BST = (75 % 2) °C,
period RH = (40 + 5) %, 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
6
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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 apparatus
1 |Acid <5 min 30 g to 40 g of acid solution per m?2 of specimen surface,
spraying preferably sprayed on outside the test chamber
2a |Firstdry 9h BST, BPT, or CAT = (35 + 2) °C, BST = (55 £ 2) °C,
period RH = (30 £ 5) %, RH = (50 + 10) %,
Eyy=(45+5) W-m-2 or Eyv = (60 £ 5) W-m-2
E)=(0,76 £ 0,08) W-m-2-nm-1 at 340 nm
2b |[Firstdry S5h BST, BPT, or CAT = (60 + 2) °C, BST = (75 + 2) °C,
period RH <10 %, RH < 20%
continued Eyy = (45 +£5) W-m-2 or Eyv = (60£'5) W-m-2
E)=(0,76 £ 0,08) W-m-2-nm-1 at 340 nm
3 Rain period 4h Continuous spraying of the specimen sur- | Continuous\spiaying pf the spec-
face with distilled or deionized water. imen stirface with djstilled or
BST, BPT, or CAT = (35 £ 3) °C deionized water.
CAT=(35+3)°C
4 Second dry 6h BST, BPT, or CAT = (60 % 2) °C, BST = (75 = 2] °C,
period RH <10 %, RH <20 %
Eyv = (45 +5) W-m-2 or Eyv = (60 £5) W-m-2
Ex=(0,76 £ 0,08) W-m-2-nm-1 at 3401

Table 3 — Test conditions used for the daily.cycle in the type U ADF test
(where “U” stands for uncontrolled humidity)

Step Duration Fluorescent UV lamp apparatus | Xenon-arc lamp apppratus
1 |Acid <5min 30 g to 402 of acid solution per m2 of specimen surface,
spraying preferably sprayed on outside the test chamber
2a |Firstdry 9h BST, BPT, or"CAT = (35 * 2) °C, BST = (55 +2) °C,
period RH="ot controlled RH = not controlled
Egy= (45 £ 5) W-m-2 or Eyy = (60 +5) W-m2 or
Ej = (0,76 +0,08) W-m-2-nm-1 at 340 nm|E; = (0,51 + 0,02) W-m-2-nnt-1 at 340 nm
2b |Firstdry 5h BST, BPT, or CAT = (60 + 2) °C, BST = (75 + 2) °C,
period RH = not controlled RH = not controlled
continued Eyy = (45+5) W-m-2 or Eyy = (60 % 5) W-mf2 or
Ej=(0,76 £ 0,08) W-m-2-nm-1 at 340 nm |Ej = (0,51 £ 0,02) W-m-2-nnq-1 at 340 nm
3 |Rain period 4-h Continuous spraying of the specimen Continuous spraying of the specimen
surface with distilled or deionized surface with distilled or|deionized
water. water.
BST, BPT, or CAT = (35 + 3) °C CAT=(35%3)°C
4  [Second-dry 6h BST, BPT, or CAT = (60 + 2) °C, BST = (75 + 2) °C,
period RH = not controlled RH = not controlled
Eyy = (45 £ 5) W-m-2 or Eyy = (60 +5) W-mf2 or
E,=(076+008)W-m-2nm-12t340 nm{F; = (051 +002) W-m-2.nnd-1 at 340 nm

9.5 Test duration
For ADF tests of all 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.

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.

© IS0 2017 - All rights reserved 7
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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 distilled or
deionized 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.

9.6 Further weathering of specimens

Especially if stabilizers based on sterically hindered amines are involved in reactions with the acid
during the exposure, some painted plastics might develop an increased sensitivity to ageing. Therefore,
subsequent exposures can lead to more marked property changes than usual.

Care shall bg taken if ADF-weathered specimens have to be stored for a long period of time, astany acid
remaining on the specimens can continue to cause damage during storage.

10 Assessment of results

Since acidic| atmospheric precipitation occurs sporadically and randomly in térms of frequency and
acidity, the lifetime of identical products in outdoor use in such an environment can vary enormqusly.
A rough estimate of a product’s service life on the basis of the results of method A of ISO 16474-2:2013
or ISO 1647#-3:2013 and the usually only very imprecise information oty the degree of aggressiveness
from acidic ptmospheric precipitation in the envisaged area of use is-only possible if suitable rep¢ated
outdoor wedthering tests have been carried out in sufficient numbers-on the same object.

NOTE1  Alduration of 28 d was chosen for the ADF-] test, using a-solution of pH 2,5, in order to simulate the
damage causgd by a 98 d outdoor exposure in Jacksonville for a spé€cific set of 20 coatings (see also Annex A).

However, method A of ISO 16474-2:2013 and ISO 16474-3:2013 is useful for comparing different
products in fterms of their suitability for use in an acidicharged environment. Therefore, it makes|little
sense to defjne the test duration as the degree of aggressiveness.

It shall be apreed between the interested parties which properties of the coating are to be meadqured
before, durihg and after the exposure, and which standards are to be used for this purpose.

NOTE 2 Suitable methods are given in-g:g."1SO 2813, ISO 3668, ISO 4628-1 to ISO 4628-8 and 1SO 4628-10,
ISO 11664-1 to ISO 11664-5 and ISO 13803

11 Precisjion

11.1 Genefal
Repeatabilify datasaré’available only for the ADF test in fluorescent UV lamp devices.

Data on the freproducibility are not available.

11.2 Repeatability
Major 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);

c) non-adherence to the climatic conditions (particularly temperature, humidity, and the duration of
the joint action of acid and UV radiation).
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The repeatability was determined using a fluorescent UV lamp apparatus, with relative humidity
control 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, o, of +1,4 %) and
an increase in haze of #10 haze units (with a standard deviation, o, of +8 haze units) can be expected.

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

12 Test report

The fest report shall contain at least the following information:

a) areference to this document,i.e. ISO 15110;

b) the type of exposure conditions used (type J, M or U);

c) 4llinformation necessary for identification of the coating material\tested;
d) adescription of the test apparatus and the light source, including:

1) the type of test apparatus and light source,

2) the type of thermometer used (BST or BPT),

3) adescription of the filters used,

4) the irradiance at the surface of the spé€¢imens (including that of the band pass filter with
which the radiation was measured), as well as a description of the radiatiol-measuring
instrument used,

3) the duration of use of the filters:and light source, in hours, before the beginning of the exposure;
e) the type of instrument used.to.measure the air humidity, if controlled;

f) a description of the procedure used to mount the specimens on the exposure franle, including

3 description of all materials used to support the specimens and the orientation (i.e. vertical,
I:)rizontal, or at some other angle);

g) the case of trahsparent materials, the type of backing used for the specimens;

h) the type fmanual or automatic) of spraying device used and its location (inside or outpide the test
¢hamber);

i) theprocedure used to change of the positions of the specimens in the test chamber, if alpplicable;

j)  the result of the assessment of the specimens, including:
1) the method used to measure each of the properties determined,
2) theresults of the determinations on the test specimens,
3) theresults of determinations on any control specimens,
4) the results of determinations on any unexposed reference specimens,

5) the UV radiant exposure, in joules per square metre, and wavelength range in which the above
measurements were made;

k) details of any deviations from the specified exposure conditions;
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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

Acidic precipitation — Outdoor conditions

e combustion of fossil fuel, which forms sulfuric acid (H2SO04) after oxidation and c
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pitation are nitric acid (HNO3) and hydrochloric acid (HCI). From:meéan values deriy
hg ratios of the above-mentioned acids recorded in major industrial regions and fred
nationally for test purposesl2l[3][4], the following mass ratio js derived:

D ,:HNO,:HCl = 1:0,3:0,17

g into account the recorded frequency of the acidity of aqueous acidic precipitati
bors, the following rough ranking of categories of agidic exposure situations is obtaine

Dew: up to pH 1,5
Fog: up to pH 2,5
Rain: up to pH 3,5

tdoor exposures as well as in thé ADF test, the special properties of sulfuric acid are cy
lled worst-case scenario. Sulfuric acid does not evaporate in the climatic environmentd
expected outdoors. Due te;water evaporation, acidic precipitation deposited on the g
tin rain-free environmental conditions might become concentrated into sulfuric acid
ion of 50 % to 60 % particularly if exposed to bright sunlight. Because of their geng
ty, the most serious-surface damage is expected from exposure to acid dew or fog p
ADF test therefore chiefly simulates the effect of fog and dew precipitation in joint
elevant climafic)conditions. Because of the similar mechanisms involved, the ADF te
ed without.umnodification to simulate the effect of dusts and aerosols containing acids
outdoordveather scenario has proven to be the combination of deposited dew or fog d

sunlight.

A2

erm “acidic precipitation” describes the deposition of pollution on surfaces that, in its agueous form

dew, fog, snow, frost or hail) exhibits an acidity more severe than pH 5,6 and that, if] the form of
bols or dusts, contains free acidsll]. Acidic precipitation forms when certain ajrpo6llutapts combine
oxygen, water or dust particles in the atmosphere. The main focus is on sulfurdioxide, 4 by-product
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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
been optimized to fit the average ranking for three summer seasons of outdoor exposure in Jacksonville
(for the type ] test) and for six years in central Europe (for the type M test).

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, Florida. 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.
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