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Textiles — Tests for colour fastness —

Part|B02;

Colopr fastness to artificial light: Xenon arc fading lamp tgst

1 Scope

This part of ISO 105 specifies a method intended for
determining the resistance of the colour of textiles of
all kinds|and in all forms to the action of an artificial
light soyrce representative of natural daylight (Dgg).
The method is also applicable to white (bleached or
optically|brightened) textiles.

blue wopl references. The results from the two.dif-

This m:E)hod allows the use of two different sets of
ferent s¢ts of references may not be identical-

NOTE 1 | General information on colour fastness to light
is given ip annex C.

2 Normative references

The follpwing standards contain provisions which,
through [reference~in this text, constitute provisions
of this part of IS@M05. At the time of publication, the
editions [ndicated were valid. All standards are subject
to revisipm,-and parties to agreements based on this

ness — Part A02:"Grey scale for assessirlg change in
colour.

ISO 105-A05:—", Textiles — Tests for colpur fastness
— Part~A05: Method for the instrumental kssessment
of the change in colour of a test specimeh.

ISO 105-B01:—2, Textiles — Tests for colour fastness
— Part BO1: Colour fastness to light: Dayight.

ISO 105-B05:1993, Textiles — Tests for|colour fast-
ness — Part B05: Detection and asséssment of
photochromism.

ISO 3696:1987, Water for analytical laboratory use —
Specification and test methods.

CIE Publication No. 51, Method for as$essing the
quality of daylight simulators for colorimetry.

3 Principle

part of ¥56—t65—are—encouragedtoinvestigate the — A specimen of the textite to be tested 15 exposed to

possibility of applying the most recent editions of the
standards indicated below. Members of IEC and ISO
maintain registers of currently valid International
Standards.

ISO 105-A01:1994, Textiles — Tests for colour fast-
ness — Part A01: General principles of testing.

ISO 105-A02:1993, Textiles — Tests for colour fast-

1) To be published.
2) To be published. (Revision of ISO 105-B01:1989)

artificial light under prescribed conditions, along with
a set of blue wool references. The colour fastness is
assessed by comparing the change in colour of the
test specimen with that of the references used.

For white (bleached or optically brightened) textiles,
the colour fastness is assessed by comparing the
change in whiteness of the specimens with that of
the reference used.
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4 Reference materials and apparatus

4.1 Reference materials

Either of two sets of blue wool references may be
used. The results from the two sets of references are
not interchangeable.

The colour fastness ratings mentioned in this part of
ISO 105 are obtamed by comparlson with either blue
wool refere
wool referefces L2 to L9 (preferable in America).

4.1.1 References 1 to 8

Blue wool [references developed and produced in
Europe are |dentified by the numerical designation 1
to 8. These feferences are blue wool cloths dyed with
the dyes listed in table 1. They range from 1 (very low
colour fastngess) to 8 (very high fastness) so that each
higher-numbjered reference is approximately twice as
fast as the preceding one.

4.1.2 References L2 to L9

Blue wool references developed and produced in the
United States are identified by the letter L followed
by the numegrical designation 2 to 9. These eight ref-
erences arg specially prepared by blending varying

Table 1 — Dyes for blue wool references 1 to 8

© |SO

proportions of wool dyed with CI Mordant Blue 1
(Colour Index, third edition, 43830) and wool dyed
with Cl Solubilized Vat Blue 8 (Colour Index, third
edition, 73801), so that each higher-numbered refer-
ence is approximately twice as fast as the preceding
reference.

4.1.3 Humidity test control

Effectlve humldlty is defined as the combmatton of air
' = umidity
Wthh governs the m0|sture content of the surface
of the test specimen during exposure. (The gffective
humidity can be measured only by. determining the
colour fastness of a specific humidity/test control.

For the purposes of this part of-{SO 105, the humidity
test control is a red azoic dyed cotton cloth.

This control has beenccalibrated by exposing ft facing
south in several Westérn European locations at dif-
ferent times of the)year, the exposures beirlg made
together with~the references in sealed vessgls con-
taining air maintained at constant humidities between
0 and 100.:%; the results did not vary greatly|and the
mean values are shown in figure 1.

When this control was exposed under the cgnditions
gpecified in 1SO 105-B01 in temperate zopes, its
colour fastness was found to be, on average,|5.

Reference

Dye (Colour Index designation) V

0 N O O NGW N -

Cl Solubilized Vat Blue 5
Cl Solubilized Vat Blue 8

Cl Acid Blue 104
Cl Acid Blue 109
Cl Acid Blue 83
Cl Acid Blue 121
Cl Acid Blue 47
Cl Acid Blue 23

1) The Colour Index (third edition) is published by the Society of Dyers and
Colourists, P.O. Box 244, Perkin House, 82 Grattan Road, Bradford BD1 2JB,
West Yorks, UK, and by the American Association of Textile Chemists and
Colorists, P.O. Box 12215, Research Triangle Park, NC 27709-2215, USA.
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4.2 Apparatus

4.2.1 Xenon arc lamp apparatus, either air-cooled
or watef-cooled.

The specimens and the references are exposed in one
of the [two types of apparatus (see 4.2.1.1 and
4.2.1.2)] The variation indight intensity over the area
covered by the specimens and references shall not
exceed |+ 10 % of the-mean. The recommended level
of irradiance (radiant power per unit area) measured
by a ra{ometer (4.2.6) is 42 W/m2 x wavelength, in

nanomegtres;. ‘at 300 nm to 400 nm, equivalent in
cases [of_Jwater-cooled xenon arc apparatus to

0 10 20 30 40

50

Effective humidity, %

Figure 1 — Mean values obtained from humidity test control exposures

a)

b)

c)

60)°70 80 90 100

Light source, in a well-ventilatefl exposure
chamber.

The light source shall consist of a xerjon arc lamp
of correlated colour temperature [56 500 K to
6 500 K, the size of which will depend on the type
of apparatus used.

Light filter, placed between the ligh{ source and
the specimens and references so that the ultra-
violet spectrum is steadily reduced.

The transmission of the filter system used shall
be at least 90 % between 380 nm gnd 750 nm,
falling to 0 between 310 nm and 320|nm.

Heat filter, placed between the ligh{ source and

1,7 W/m* x wavelength, in nanometres, at 420 nm.

The distances from the surface of the specimen and
from the surfaces of the references to the lamp shall
be the same.

4.2.1.1 Air-cooled xenon arc lamp apparatus (see
annex A), consisting of the following elements:

NOTE 2  For exposure conditions preferable for use in
Europe, see 6.1.

the specimens and references so that the amount
of infrared (IR) radiation contained in the xenon arc
spectrum is steadily reduced (see A.1.1 and
A2.2).

If a glass or water filter is used to eliminate ex-
cess infrared radiation so as to meet the tem-
perature conditions specified in 4.2, frequent
cleaning shall be carried out to avoid unwanted
filtering caused by dirt (see B.1.4).
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4.2.1.2 Water-cooled xenon arc lamp apparatus
(see annex B), consisting of the following elements:

a) Light source, in a well-ventilated exposure
chamber.

The light source shall consist of a xenon arc lamp
of correlated colour temperature 5500 K to
6 500 K, the size of which will depend on the type
of apparatus used.

© SO

the spectrum of light reaching the specimen; the side
of the panel not facing the light source shall be
thermally insulated (see also B.1.5).

4.2.3.2 The black-standard thermometer (BST) shall
consist of a plane of stainless steel plate measuring
about 70 mm x 30 mm and with a thickness of about
0,5 mm, whose temperature is measured by a ther-
mal resistor, with good heat-conducting properties,
fitted to the reverse side. The metal plate is fixed to

b) Light fiiter, consisting of inner and outer filter ' ' ’ pd. Itis

glass coptaining and directing the flow of cooling
water, fdlaced between the light source and the
specimens and references so that the ultraviolet
spectrum and a part of the infrared spectrum are
steadily reduced.

For exposure conditions preferable for use in Eur-
ope [seg 6.1a) and 6.1 b)]: inner and outer IR filter
glass and a lantern, equipped with European win-
dow glags. The transmission of the filter system
used shall be at least 90 % between 380 nm and
750 nm/| falling to 0 between 310 nm and
320 nm,

For exgosure conditions preferable for use in
America| (see 6.2): an inner filter of Pyrex
(borosilicate) glass and an outer filter of clear
(soda lime) glass are used so that the irradiation
at the specimen has a lower spectral cut-off ap-
proximately equal to that of window glass (see
B.1.2).

c) Heat fllter, comprising grade 3 water (see
ISO 3696) circulating through the lamp assembly
between the inner and outer filtér-glass, cooled
by pasging through a heat-exchange unit (see
B.1.4).

4.2.2 Opaque cardboard-or other thin opaque ma-
terial, for example thin,'sheet aluminium or cardboard
covered with aluminiym foil, for partial covering of
samples ang references.

coated with a black layer which has an absorption of
at least 95 %, even in the infrared range.

4.2.4 Grey scale for assessing ‘change in|colour,
complying with ISO 105-A02.

4.25 Colour-matching. lamp, in accordanfe with
CIE Publication No. B1y./for assessing change in
whiteness.

4.2.6 Radiometer, (when available/speciffed) for
measuring <rradiance and radiant exposure| in the
wavelength range 300 nm to 400 nm or at a|specific
wavelength (e.g. 420 nm) (see A.1.7 and B.1.8).

Sirice irradiance at the test specimen face ¢an vary
as a function of lamp intensity and lamp-to-specimen
distance, a monitoring radiometer may be [used to
control uniformity of exposure. The radiomater per-
mits exposure to an established level of irfadiance
(radiant energy flux per unit area) at a poirft in the
plane of the specimen rack.

5 Test specimens

The size of the test specimen will depend on the
number of specimens to be tested and on tHe shape
and dimensions of the specimen holders supplied
with the apparatus.

5.1 In apparatus of the air-cooled type (4.2.1.1), an
area of the textile not less than 45 mm x 1P mm is
usually used when several pericds of expopure are

4.2.3 Temperature sensor, either a black-panel
thermometer (BPT) or black-standard thermometer
(BST).

4.23.1 The black-panel thermometer (BPT) shall
consist of a metal panel at least 45 mm x 100 mm
whose temperature is measured with a thermometer
or a thermocouple whose sensitive portion is located
in the centre of and in good contact with the panel.

The side of the panel facing the light source shall be
black with a reflectance of less than 5 % throughout

made side by side on the same specimen, which is
the preferred practice. The specimen may be a strip
of cloth, yarn wound close together on a card or laid
parallel and fastened on a card, or a mat of fibres
combed and compressed to give a uniform surface
and fastened on a card. Each exposed and unexposed
area shall be not less than 10 mm x 8 mm.

5.2 To facilitate handling, the specimen or speci-
mens to be tested and similar strips of the references
may be mounted on one or more cards as indicated
in figure 2 or 3.
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5.3 inapparatus of the water-cooied type, specimen
holders are fitted to take specimens of approximately
70 mm x 120 mm. When desired, specimens of dif-
ferent sizes to fit alternative sizes of specimen holder
may be used. References shall be exposed on a white

bdlUUUdIU UdLKlﬂg opeumenb [Tldy dIbO Ub‘ ﬁlUUHIBU
on white cardboard if desired.

5.4 The covers (4.2.2) shall make close contact with
the surface of the unexposed areas of the specimens

ISO 105-B02:1994(E)

2) high effective humidity:

— colour fastness of the humidity test con-

trol: 3;
— maximum  black-standard  temperature
45 °C.
NOTE 3 Measurements with the biack-panei

thermometer (BPT) (4.2.3.1) yield a temperature 5 °C lower
than the more modern black-standard thermometer (BST)

= r ‘Qfﬂﬂf\ﬁﬂ ;I‘\ f\f"lﬂ" +~ f‘i\ o0 A ﬂkﬁf’\ I;f\ﬂ f\‘
and thv reierences, in oraer 1o give a snaip iine o1

demarcgtion between exposed and unexposed areas,
but shal|l not compress the specimen unnecessarily.

5.5 The specimens to be tested and the blue wool
referenges shall be of equal size and shape in order
to avoid errors in assessment due to overrating the
visual tontrast between exposed and unexposed

parts o a larger pattern as against a narrower refer-
ence (see 8.4).

5.6 When testing pile fabrics, the references shall
be arranged so that they are the same distance from
the lighf source as the surface of the piie fabrics. This
can be achieved for example by using pieces of card-
board ag underlay. Covers for the unexposed portions

shall avpid surface compression.

Pile fabfrics, such as carpets, which have fibres. that
may sh|ft position or texture which may make evalu-
ation off small areas difficult, shall be tested with an
exposefl area not less than 50 mm x 40 mm and
preferalbply larger.

6 Exposure conditions

6.1 Cpnditions préferable for use in Europe

a) Normal conditions (temperate zone): moderate
effdctive _humidity (see 4.1.3); colour fastness of
the| humidity test control: 5; maximum black-
standard temperature: 50 °C (see 4.2.3.2).

(4.23.2).

6.2 Conditions preferable for.use jn America

Black-panel temperature (63 1) °C (see|4.2.3.1); the
controls of the apparatus-~are adit JS_e so that the
relative humidity of the-air in the test|chamber is
(30 + 5) %. Effective, humidity: low. Colpur fastness

of the humidity tést control: 6-7.

These conditions shall be controlled by continuous
operation~of. a blower, with concomitant measuring
and thermostatic control of the temperatyire of a con-
stant\volume of air whose relative humidity is in-
creased by adding moisture to the air s it passes

through the conditioning chamber by means of an
electrically operated atomizer.

7 Procedure

7.1 Adjustment of the humidity (see
clause 6)

7.1.1 Check that the apparatus is in good running
order and that it is equipped with a flean xenon
burner tube. (Follow the manufacturer|s directions
and see annexes A and B.)

7.1.2 Place a portion of the humidity
(4.1.3) measuring not less than 45 mm »
gether with the blue wool references (4.

test control
10 mm, to-
.1ord.1.2),

on a card, if possible in the middle area pf the speci-
men holder (see 5.3).

b) Extreme conditions: For testing the sensitivity
of specimens to different humidity during
irradiation, the following extreme conditions are
useful:

1) low effective humidity:

— colour fastness of the humidity test con-
trol: 6-7;

— maximum black-standard temperature:
65 °C;

7.1.3 Place the filled specimen holders on the
specimen rack of the apparatus, with the holders
supported both top and bottom and in proper vertical
alignment. Completely fill all remaining spaces in the
specimen rack with holders containing white card-
board.

7.1.4 Operate the apparatus with the light on con-
tinuously until a test is completed unless the lamp
requires cleaning or the burner, outer filter or inner
filter requires changing because it has reached the
maximum number of hours of recommended usage.
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7.1.5 Expose the partially covered strip of the hu-
midity test control and the references simultaneously
until a contrast between the exposed and unexposed
portions equal to grade 4 on the grey scale is pro-
duced on the humidity test control.

7.1.6 Assess the colour fastness of the humidity
test control at this stage and, if necessary, adjust the
controls on f =
posure condiitions. Check daily and when necessary
readjust thel controls to maintain the specified black-
panel (blackistandard) temperature and humidity.

7.2 Exposure methods

Expose the specimen (or group of specimens) and the
references [simultaneously, under the desired con-

© SO

ditions, in s
necessary tq

uch a manner and for such a time as is
evaluate fully the colour fastness of each

gressively

vering both the specimens and the ex-

specimen rc}lative to that of the references, by pro-

posed refer
1 or metho
those descr
references

third or half

nces during the test (using either method
d 2). Covering arrangements other than
bed, for instance covering specimens and
on both ends and exposing the middle
are also allowed.

C i A
x-S dx
} | Specimen
. | under test
' |
! I Reference 1 or L2
! |
I l Reference 2 or L3
i i Reference.B or L4
| | Reference # or L5
1
: : Reference p or L6
I | Reference p or L7
! : Reference |/ or L8
| | Reference B or L9
I |
I Sy B
D
B

AB:i©Opaque cover; may be hinged at X-X so th
be ‘lifted and returned to the same place (¢
specimen and references

CD: Second cover

at it can
ver the

7.2.1 Method 1

This methodl is considered most éxact and should be
used in cages of dispute over the numerical rating.
The basic feature is the control’of the exposure period
by inspection of the specimen, and therefore only one
set of blug wool reférences is required for each
specimen upder test.

Figure 2 — Mounting of specimen and references
for exposure method 1

If there is a possibility of the sampl¢ being
photochromic, then at this stage the {est for
photochromism shall be applied additionally (see
ISO 105-B05).

For all specimens except for white (bleachefl or op-
tically brightened) specimens, continue the procedure
as described in 7.2.1.2 to 7.2.1.4. For optically bright-
ened textiles, continue with the procedurd as de-

7.2.1.1 Arrangethetest—specimen and the Tefer-
ences as shown in figure 2 with an opaque cover AB
across the middle one-third of the specimen and ref-
erences. Expose to the xenon arc light under the
conditions enumerated in 7.1. Follow the effect of
light by removing the cover and inspecting the speci-
men frequently. When a change in the test specimen
can be perceived equal to grey scale 4-5, note the
number of the blue wool reference showing a similar
change. (This is a preliminary assessment of colour
fastness.)

scribed in 7.2.1.5.

7.21.2 Continue to expose until the contrast be-
tween the exposed and the unexposed portions of the
specimen is equal to grey scale grade 4. Cover the
left-hand one-third of the specimen and references
with an additional opaque cover (CD in figure 2).

7.2.1.3 Continue to expose until the contrast be-
tween the fully exposed and unexposed portions of
the test specimen is equal to grey scale grade 3.
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7.2.1.4 |f reference 7 or L7 fades to a contrast equal
to grey scale grade 4 before the test specimen does,
the exposure is terminated at this stage. When a
specimen has a colour fastness equal to or greater
than 7 or L7, it would require unduly long exposure to
produce a contrast equal to grey scale grade 3;
moreover, this contrast would be impossible to obtain
when the colour fastness is 8 or L9. Assessments in
the region of 7-8 or L7-L8 are made, therefore, when
the contrast produced on reference 7 or L7 is equal

ISO 105-B02:1994(E)

cover, CD, in the position shown
overlapping the first cover, AB.

in figure 3),

7.2.2.4 Continue to expose the specimens until a
change in reference 6 or L5 can be perceived equal
to grey scale 4-5, then fix the final cover, EF, in the
position shown in figure3, the other two covers re-

maining in position.

7.2.25 Expose until either

to grey
contrasy being long enough to eliminate any error
which night result from inadequate exposure.

7.2.1.5 | For white (bleached or optically brightened)
textiles,| continue to expose until the contrast be-
tween fhe exposed and unexposed portions of the
specimgn is equal to grey scale grade 4.

7.2.2 WMethod 2

7.2.2.1 | This method should be used when a large
number| of specimens have to be tested simul-
taneously. The basic feature is the control of the ex-
posure periods by inspection of the references, which
allows & number of specimens differing in colour
fastnesg to be tested against a single set of refer-
ences, thus conserving supplies.

7.2.2.2 | Arrange the test specimens and the refer-
ences ag shown in figure 3 with the cover AB ¢overing
one-quafter of the total length of each specimen and
referende. Expose under the conditions enumerated
in 7.1.1|and 7.1.2. Follow the effect+eflight by lifting
the cover AB periodically and inspecting the refer-
ences. YVhen a change in reference 3 or L2 can be

(This is @ preliminary assessment of colour fastness.)
If therg is ta> possibility of the sample being
photochfomic,” then at this stage the test for
photochtomi } it
ISO 105-B05).

7.2.2.3 Replace the cover AB in exactly the same
position and continue to expose the specimens until
a change in reference 4 or L3 can be perceived equal
to grey scale grade 4-5; at this point fix an additional

a) a contrast is produced on reference)
to the contrast illustrated by grey-sc
or

b) a contrast equal to grey<Scale grade
produced on the mostresistant speci

c) for white (bleached or optically brig
tiles, a contrdst)equal to grey scale
been produced on the most resistant

whichever-gecurs first.

NOTE4, * The contrast referred to in a) and
befare" the fading defined in 7.2.2.3 or 7.2.2
place.

7.2.3 Method 3

Where the test is to be used to check con
a performance specification, it is permis
pose the specimens with two blue woo
only: that specified as minimum and the o
Continue exposure until grey scale grade
scale grade 3 contrasts have been produ
arate areas of the minimum blue wool re
white (bleached or optically brightened) t
tinue exposure until a grey scale grade 4
been produced between separate areas
mum blue wool reference.

7.2.4 Method 4

Where the test is to be used to check con

or L7 equal
ple grade 4;

3 has been
men; or

ntened) tex-
brade 4 has
specimen;

b) may occur
.4 has taken

formity with
sible to ex-
references
ne below it.
4 and grey
ced on sep-
erence. For
Extiles, con-
contrast has
bf the mini-

Formity with

EXDUSE - o= - Y,V 7S

an agreed-upon reference sample, it is pgrmissible to

nce sample

only. Continue exposure until grey scale grade 4
and/or grey scale grade 3 contrasts have been pro-
duced on the reference sample. For white (bleached
or optically brightened) textiles, continue exposure
until a grey scale grade 4 contrast has been produced
on the reference sample.
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Un- st 2nd 3rd
exposed period period period
[ E_
F——=4%c T
| CoT— |
1
| [ I
I [ | Specimens
| | LI under test
| = 4
. ]
! 1
| B
| : I |
| H L1 ]
| H ] v
| 1 l 1 Reference 1 or L2
| ! | ! 1 Reference 2 or L3
| i ! : | Reference 3 or/L4
| | 1 ! Reference 4 or/L5
I M | N
T
| r ! ! 1 Reference 5 or L6
M T
| | J‘ | Refefence 6 or L7
: ! | ! Reference 7 or L8
i ' H Reference 8 or L9
1 L —
T A |
] [ I
5 D L_—_4

AB: Opaque|cover; may be hinged at X-X so that it can'be lifted and returned to the same place over the sgecimen

and referenges
CD: Second|cover

EF: Third coyer

7.25 Method 5

Where the fest is toddgtused to check conformity to
agreed-upor| radiant-energy levels, it is permissible to
expose the ppecimens alone or with blue wool refer-
ences. The [specimens should be exposed until the

Figure 3 — Mounting of specimens and references for exposure method 2

ratings is based on a contrast equal to grgy scale
grade 4 between exposed and unexposed poftions of
the specimen.

8.2 Remove all the covers, thus revealing|on test

specified amount of radiant energy Is reached then
removed, together with the blue wool references, and
evaluated in accordance with 8.9.

8 Assessment of colour fastness

8.1 The final assessment given as numerical
ratings, is based on contrasts equal to grey scale
grade 3 between exposed and unexposed portions of
the test specimen. For white (bleached or optically
brightened) textiles, the final assessment in numerical

specimens and references two or three aréas, de-
1= !

pending on the method used, which have been ex-
posed for different times, together with at least one
area which has not been exposed to light. Compare
the changes in the specimen with the relevant
changes in the references under suitable illumination
(see ISO 105-A01:1994, clause 14).

For white (bleached or opticaily brightened) textiles,
the use of artificial daylight produced by a colour-
matching lamp (4.2.5) is recommended and is
necessary in cases of dispute, unless otherwise
agreed.
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The colour fastness of the specimen is the number
of the reference which shows similar changes in
colour (visual contrast between exposed and unex-
posed parts of the specimen). If the specimen shows
changes in colour which are nearer to the imaginary
reference midway between any two consecutive ref-
erences, an intermediate rating, for example 3-4 or
L2-L3, shall be given.

If different assessments are obtained at the different

ISO 105-B02:1994(E)

8.7 The term “change in colour” includes change in
hue, chroma, lightness, or any combination of these
characteristics of colour (see ISO 105-A02:1993, sub-
clause 2.6).

8.8 Exposures based on a performance reference
(see 7.2.3) or together with an agreed-upon reference
sample (see 7.2.4) shall be assessed by comparison
of the colour changes of the test specimen and the
references. If the specimen shows no greater change

degreemmmmmﬂmssmm_w—ﬁmﬁ—f_
in colou € performance rererenge or the ref-

men is| taken as the arithmetic mean of these, ex-
pressed to the nearest half or whole grade. When
three 4qreas are being rated, take the mean of the
contradts closest to grey scale grades 4 and 3. As-
sessmeénts, however, shall be confined to whole or
midway ratings only. When the arithmetic mean gives
a quarter or three-quarters rating, the assessment is
defined as the next higher half or whole grade.

However, to avoid a misrating of the colour fastness
of the| specimen due to its photochromism, the
specimen should be allowed to condition in the dark
at room temperature for 24 h before assessing the
colour fastness (see ISO 105-B05).

8.3 I the colour of the specimens is more fugitive
than that of reference 1 or L2, a rating of 1 or L2 is
given.

8.4 (omparison of the changes in the test Speci-
men wiith changes in the references may be facilitated
by surfounding the specimen with a mask of neutral
grey ¢olour approximately midway. between the
lighter [chips in grades 1 and 2 (approximately Munsell
N5), and surrounding the referénces in turn with a
similarmask of equal aperture:

8.5 If the colour fastngss is equal to or higher than
4 or LY, preliminary dssessment based on the contrast
equal [to grey _scale grade 4-5 (see 7.2.1.2 and
7.2.2.2) becomes’ significant; if this preliminary as-
sessment ist3vor lower or L2, it shall be included in
the rating’in brackets. For example, a rating of 6(3) or

L5(L2)Lindicates that the specimen changes very

erence sample, the colour fastness shall|be classified
“satisfactory”; if the specimen.‘shows a greater
change in colour than the performance |reference or
the reference sample, the-colour fastness shall be
classified “unsatisfactory/.

8.9 The assessment of the colour fastness accord-
ing to method 52(see 7.2.5) is performed either by
comparison with'the grey scale for assefssing change
in colour, ,in‘accordance with ISO 10%-A02, or by
comparison. of the change in colour of the sample
with that 6f the references.

9 “Test report
The test report shall include the information:

a) the number and year of publication ¢f this part of
ISO 105, i.e ISO 105-B02:1994;

b) all details necessary for the identification of the
sample tested;

c) for method 1 or method 2:

Report the numerical rating for the cglour fastness
to light. The colour fastness rating| shall be ex-
pressed either:

1) by the figure alone (when using the blue wool
references designated 1 to 8); of

2) together with the prefix L (whien using the
blue wool references designated L2 to L9).

slightly in the test when reference 3 or L2 just begins
to fade, but that on continuing the exposure the re-
sistance to light is equal to that of reference 6 or L5.

8.6 If the specimen is photochromic, the colour
fastness rating shall include a P bracketed with the
rating obtained from the test for photochromism, for
example 6(P3-4) (see ISO 105-B05).

If this rating is equal to or higher than 4 or L3 and
the preliminary assessment is equal to or lower
than 3 or L2, report the latter figure in brackets.

If the specimen is photochromic, the colour fast-
ness shall be followed by a P bracketed together
with the grey scale rating obtained from the test
for photochromism, for example 6(P3-4).
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d)

10

for method 3 or method 4:

Report the classification “satisfactory” or “unsat-
isfactory”, together with the performance refer-
ence or the reference sample used.

for method 5:

Together with the specified amount of radiant
energy, report the numerical rating for colour
fastness to light. The rating shall be expressed

© SO

1) by the figure alone (when using the blue wool
references designated 1 to 8); or

2) together with the prefix L (when using the
blue wool references L2 to L9);

3) if no blue wool references are used, by the
rating of the colour change assessed by com-
parison with the grey scale in accordance with
ISO 105-A02 or by colour measurement in
accordance with ISQ 108-A05%

either:

f)

The apparatus used, the method, theDexposure
conditions and the assessment conditions
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Annex A
(normative)

Apparatus for determining colour fastness with air-cooled xenon arc lamps

A1

A.1.1 | The test apparatus (see also A.2) is equipped
with an air-cooled xenon arc lamp as the source of
radiatign. The two models of apparatus use xenon arc
lamps with a wattage of 1 500 W or 4 500 W. The
xenon prc lamp is surrounded by a filter system con-
sisting [of a quartz inner cylinder, an additional lamp-
chimndy of seven heat filters and an outer cylinder of
ultravidlet filter glass. With this filtering device the
requirements given in 4.2.1 are satisfied.

A.1.2 | The space between the xenon arc lamp and
the filtering device is cooled by a current of air. This
cooling air should be discharged into the open at-
mosphere.

A.1.3 | The decrease in intensity of air-cooled xenon
arc larps due to ageing is small. After 1 500 h of use,
the ragliation flux drops to approximately 90 %-and
replacgment of the lamps is recommended.

The chiange in the transmission properties-of the heat
filter due to ageing can be eliminate@d.almost entirely
by replacing the oldest filter in rotation after 500 h.

A.1.4| Slot-in specimen holders are mounted on a
revolvipng rack and at a given’ distance in circular fash-
ion arqund the vertical~lamp unit. The rack rotates at
500 r/min. After eaeh” revolution of the rack, the
specinmen holders\are turned 180° about their longi-
tudinal| axis.

The surface.area of specimen radiated at any one time
is 450[cm? in the case of the test apparatus with a

device and added to the
Measurement and control of the relativ
the test chamber is carried out 'either
hygrometer or by electronic means.

A.1.6 The exposure ¢enditions, relativ
humidity, specified in. "this part of

finely via an
air current.
e humidity in
by a contact

b to effective
SO 105 are

achieved in the test apparatus by reguldting the rela-
tive humidity of\the air within certain alues, which
are given in the instructions for using th¢ apparatus.

The test_ chamber temperature and blag¢k-panel tem-

peraturé can be influenced by appropria

tely throttling

the “air supply. In the case of the appgratus with a

4 500 W xenon arc lamp, it is possible, &
t0 a heating and/or cooling device, to co

chamber temperature over a wide rangel

A.1.7 A monitoring radiometer mountg
specimen area can be useful in this
radiometer employing a broad bandpass
ing measurement to the ultraviolet sg
between 300 nm and 400 nm has bee
factorily.

Filter radiometers capable of integrati
with respect to time are satisfactory.

The calibration of the radiometer shall b
the manufacturer for a specified time
used in accordance with this part of ISO

A.2 Use of an alternative apps

y connecting
ntrol the test

d on the test

method. A
filter restrict-
ectral region
n used satis-

ng irradiance

e certified by
nterval when
105.

ratus

1 500 W xenon arc lamp and 1 800 cm? with a
4 500 W xenon arc lamp.

A.1.5 An air current generated with a blower is di-
rected through the test chamber and over the surface
of the specimen. In the case of the apparatus with a
1 500 W xenon arc lamp, the test chamber is air-con-
ditioned by adding moisture to the air via spray jets
or by means of an ultrasonic humidification device,
while in the case of the apparatus with a 4 500 W

WA

The description and conditions of use of this

alternative apparatus are similar to those given in
A.1, except for the changes given in A.2.2 and A.2.3.

A.2.2 There are three different models of this
alternative apparatus, with a wattage of 1 500 W,
2500 W or 4500 W. The xenon arc lamp is sur-
rounded by a filter system consisting of an outer cyl-
inder of ultraviolet-filter glass and a lamp-chimney of
six heat filters.

1
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A.2.3 After each revolution of the rack, the speci-
men holders are either turned 180° around their
longitudinal axis or maintained facing the xenon arc

© |SO

lamp for the 1500 W and 4 500 W models. The
specimen holders always face the xenon arc lamp for
the 2 500 W model.

12
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Annex B
(normative)

Apparatus for determining colour fastness with water-cooled xenon arc
lamps

B.1 Description and conditions of use

B.1.1 | The test apparatus incorporates a 6 500 W
water-cooled xenon long-arc lamp as the source of
radiation. While all of the xenon arc lamps employed
are of the same general type, different-sized lamps
operating in different wattage ranges are employed in
severallsizes and types of apparatus. In each of the
various| models, the diameter of the specimen rack,
lamp sjze and lamp wattage can be varied so that,
when the specimens are exposed in the holders, the
irradiance at the face of the specimens is at the ap-
propriate level.

B.1.2 | The xenon lamp consists of a xenon burner
tube, ipner glass filter, outer glass filter, and the
necesspry accessories. In some cases, additional
glass filters may be installed to reduce infrared radi-
ation. For colour fastness tests according to, 62, a
borosilicate glass inner filter and a soda.lifne glass
outer filter are used so that the irradiation at the
specimen has a lower spectral cutoff value approxi-
mately|equal to that of window glass:VWhen operating
the apparatus according to 6.2/ outer filters shall be
discarded after 2 000 h of use, and inner filters after
400 h of use. For colour fasthess tests according to
nd 6.1b), a lantern' equipped with European
glass is usednin addition to an infrared inner
and outer filter combination. Because of the drop in
intensity with continued use, xenon burners shall be
discarded when 1,1 W/ m?nm) at 420 nm is no
longer fachievable by automatic control.

the use of a mixed bed deionizer jast thead of the
lamp. The recirculated lamp water-is copled without

An bt b~

contamination by the use of a)heat exchanger unit
employing either tap water of'arefrigerarft as the heat

transfer medium.

B.1.5 The exposure apparatus is encldsed in an in-

e 4 Nl ¥ S

bUIdlBU (.dUlllet io ”li”lﬂllZe Iﬂe eneub LI leidll()ll Ill
room temperature. A ventilating system provides a

varying volume' of air through the test

thamber and

over thec¢test specimens. The temperatdre of the air

and the/black standard thermometer are

hutomatically

conttolled by varying the volumes of warm air circu-

lnfnnl from the test chamber mnvnr‘ wit
TVEHEHT LIV LVOoL wiHidniivwd LRI PaN AA AR

air. Moisture in the amount required to
specified relative humidity of the exit air

cooler room
AAS AN AN | IR AN AR N}

maintain the
rom the test

chamber as measured by wet-and-dry bulb tempera-

tures may be added to the air system
through the air-conditioning chamber in
the instrument.

as it passes
the base of

B.1.6 A cylindrical vertical or inclined frame or rack
supporting the specimen holders is rotated at 1 r/min
around the lamp, which is located centrally with re-

spect to the specimen rack so that the
is centred both horizontally and vertica

effective arc
ly relative to

the exposure area of the specimen holdérs.

B.1.7 Apparatus for use in this

method are

equipped with timing units for controlling the length
of exposure. Some apparatus are also equipped with
a light monitor designed to switch off qhe apparatus

as_soon as a given radiant exposu

e has been

B.1.3 All xenon arc exposure apparatus is equipped
with suitable starters, reactance transformers and in-
dicating and control equipment for either manually or
automatically controlling the wattage of the lamp. In
manually controlled units, the wattage of the lamp
may requwe periodic adjustment to maintain
1,1 W/(m nm) at 420 nm.

B.1.4 To cool the lamp, grade 3 water is circulated
through the lamp assembly at an approximate mini-
mum flow rate of 380 I/h, and is purified further by

achieved.

B.1.8 Apparatus for use in this method may be
equipped with a monitoring/controlling radiometer for
controlling the length of exposure. A radiometer em-

ploying a narrow bandpass interference

filter restrict-

ing measurement to the UV spectral region has been

used satisfactorily. It consists of a sens
a photodetector and interference filter
wavelength tolerance no greater than
bandwidth no greater than 20 nm.

or employing
with central
2 nm, half-

13
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Single or multiple filter radiometers capable of meas-
uring, recording, controlling andfor integrating
irradiance with respect to time are satisfactory.

For monitors designed to automatically maintain a
constant level of irradiance, exposures of equal time
should provide equivalent radiance exposure, which
may be calculated by the following formula:

H = E3,6¢t

© |SO

Single filter radiometers equipped with a presetable
countdown integrator, calibrated in kilojoules per
square metre, designed for use with the exposure
apparatus, can terminate the test when the speci-
mens have received the preset level of radiance ex-
posure.

The radiometer shall have means for checking the
calibration provided by the manufacturer, or calibration
shall be certified by the manufacturer for a specified
time interval when used in the manner described

where

H is| the radiance exposure, expressed in
kilojoules per square metre;

E is| the irradiance, expressed in watts per
square metre (joules per square metre per
se¢cond);

t is| the time passed, in hours;

3,6 ig a conversion constant (kiloseconds to
hours).

herein.
B.2 Use of an alternative apparatus

B.2.1 The description and conditions of usel of this
alternative apparatus are similar to those diven in
B.1, except for the different sizes in operating lamps
listed in B.2.2.

B.2.2 In addition)to the model listed in| B.1.1,
alternative models of the apparatus are availalple with
lamps of 2 5004W, 4 500 W and 6 500 W.

14
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