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Textiles — Tests for colour fastness —

Part JO1.:
General principles for measurement of surface colour
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of spec|mens by instrumental means as required in many parts of ISO 105. The docum

general

ANnex 4

2 )

The foll
of this
subject
the pos

ISO malintain registers of currently valid International Standards.

ISO 134

CIE Pu

3 [

bcope
't of ISO 105 is designed as a reference document to support the-proper meast
concepts and problems associated with reflectance colour measurement.

\ specifies techniques and specimen handling procedures.

Normative references

pwing standards contain provisions whigctt, through reference in this text, consti
art of ISO 105. At the time of publication, the editions indicated were valid. All §
to revision, and parties to agreement based on this part of ISO 105 are encouri
sibility of applying the most recent editions of the standards indicated below. M

D:1973Textiles — Standard atmospheres for conditioning and testing.

plication No. 15.220lorimetry,2nd ed. (19886).
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For the

purposes of this part of ISO 105, the following definitions apply.

3.1  colour measurementA numerical representation of the colour of a specimen obtained by use of
a colour measuring instrument; a single measurement may represent an average of multiple readings o
specimen.

1) Available from the International Commission on lllumination Central Bureau, Kegelgasse 27, A-1030 Vienna,

Austria.
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3.2

©1SO

colour measuring instrument:Any device (such as a colorimeter or spectrophotometer) used to

measure the relative amount of radiation reflected from a specimen in the visible region of the spectrum
(comprising the wavelengths from 360 nm to 780 nm, and including as a minimum the region from
400 nm to 700 nm).

direction of

t textile

ze and
single colour

ed and

flux in the

3.3  geometry(of a colour measuring instrumen@ne of the following illumination/viewing
conditions.

| g/ ! 0/d ! 0/45 ! 4510 |
which degcribes the angle or manner in which a colour measuring instrument
1) illumingtes the specimen:

| d | 0 | 0 | 45 |
2) views the resulting reflected light:

| pe-1) | d | 45 | 0 |
d = diffus¢; 0 = normal (Oto 10); 45 (45° + 2°) = tolerable range’of the angle between the
illuminatign or viewing and the normal to the specimen.
NOTE — |Instruments of different geometries may produce different colorimetric results on mos
materials.
3.4  arga-of-view [optical aperture](of a'colour measuring instrumentjhe dimensions (s
shape) of|the surface area that a colour'measuring instrument is capable of covering in a
measurement.
3.5 fluprescenceA phenomenon in which radiant flux of certain wavelengths is absorb
re-emitted at other, usually“-longer, wavelengths.
3.6 reflectance:The ratio of the reflected radiant or luminous flux (light) to the incident
given conditions.
3.7  reflectance facior: The ratio of the flux reflecied from the specimen to the flux refle

cted from the

perfect reflecting diffuser under the same geometric and spectral conditions of measurement.

3.8
reflection,

3.9

as in a mirror.

specular reflection: The reflection without diffusion, in accordance with the laws of optical

standardization (of colour measuring instrumeni)he act of measuring one or more calibrated

materials with a colour measuring instrument for the purpose of calculating a set of correction factors to
be applied to subsequent measurements.
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NOTE — Calibration is typically performed by an instrument manufacturer to ensure that the instrument meets
the criteria as established by national standardizing laboratories.

3.10 verification standard: In colour measurement, any stable material which is used for the purpose
of confirming (or verifying) the validity of an instrument standardization. Colour measurements, which
are made immediately following a standardization, are compared to original measurements of the stand
to detect improper standardization.

4 Principle

Materials of an opaque or nearly opaque nature (but not translucent) are measured by [reflectance meth
in order to obtain a numerical representation of the colour of the specimen:

NOTES

1 Propger equipment set-up, standardization of the colour measuring instrument and proper gresentation of the
specimgns to the instrument are required to achieve consistent, reliable and meaningful reflegtance measureme
results.

2 In general, instrumental colour measurement procedures-are dictated by the type of specimen to be measure
and the jnstrument with which it will be measured. Many types of colour measuring instrumentation are available
differing|in such features as area-of-view, illumination method, and geometry. The user is cautioned that
conflicting results may be obtained on comparisons ef data acquired on instruments of differept designs.

5 Apparatus

5.1 Reflectance colour measuting instrumentfor illuminating a specimen and measuring the

amount] of light which is refleeted from the surface of the specimen. lllumination is usually polychromatic
(white light); however monochromatic mode is acceptable for nonfluorescent specimens. Reflectance
colour measuring instrurhents may be broadly divided into two groups:

a) Spectrophotometers (typically diffuse/0, using polychromatic illumination) separatel and measure
the ppectrum. of light reflected from the specimen relative to a reference white at regular intervals
(wayelength'intervals of 5 nm, 10 nm and 20 nm are most common). These data may be used to
calqulatecthe desired tristimulus valu&sy(Z) for any given illuminant and observer. Some
spegtrophotometers (typically O/diffuse) illuminate the sample with monochromatic Jight and measur
the amount of light reflected from the surface as the sample is illuminated at regular wavelength
intervals.

b) Colorimeters measure the tristimulus value¥,g) directly through broadband filters which are
designed to produce colorimetric values for one illuminant and observer (typically C/2). Measuremet
of reflectance factors at specific wavelengths is not possible with a colorimeter.

Within these two categories, the instruments are further defined by their geometry as defined in 3.3.
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Diffuse/0 (sphere) instruments illuminate the specimen indirectly when the specimen is placed against a
port opening into a diffusely illuminated sphere and view the specimen at an angle beétareriO

from the perpendicular. This arrangement is designed to capture all light reflected from the specimen.
Some sphere instruments with a viewing angle greater thisclQde a specular port which permits the
inclusion or exclusion of the specular reflectance.

O/diffuse (sphere) instruments are similar, but the path of illumination and viewing are reversed. This
method illuminates the sample at an angle betweam® 10 and measures the amount of light reflected
from the surface into the sphere.

Instrumerts with 45/0 (or 0/45) geometry illuminate the specimen at the first angle and view the specimen
at the sedond. These two geometries can be either circumferential (viewing or illuminating at 45 to the
specimen|in a complete circle) or directional. For most textile samples, either 45/Q or 0/4b yield

equivalent results.

5.2  Wipite calibrated standard with which to standardize the instrument. The colorimefric values for
this calibration standard are stored in the instrument or the software and‘require only that a specific

standard be used to standardize the instrument. The correct white standard is usually idgntified with a
serial nunpber.

5.3  Black standard required for some instruments. It may be of zero reflectance (a light trap) or it
may be calibrated, in which case the comments in 5.2 apply.

6 Procedure
6.1 Gdneral

a) Colle¢t and prepare specimen;i:noting any special sampling and/or conditioning procedures that may
be required as described in6:3 (see also annex A).

b) Standardize instrumentaccording to 6.2. Maintain a record of the procedure and the fesults of any
verificption standards-measured.

c) Present specimen to colour measuring instrument following any special techniques required for the
type

d) Measure i ining APPropri [ A Actors (or

e) Calculate colorimetric values, if required, as described in clause 7.

6.2 Standardization

Proper standardization of any colour measuring instrument is necessary in order to achieve more precise
and accurate results. While different types of instruments require varying methods of standardization,
there are common principles which shall be observed.
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In general, instrument standardization involves measuring a clean white surface of known reflectance
factors and calculating (through software built into the instrument or computer program) a series of
correction factors which will be applied to subsequent measurements. Some instruments also require a
black tile (or light trap), and possibly a grey tile. Each of these materials shall be maintained in its origin
clean, unscratched condition. Refer to the specific manufacturer's recommendations for cleaning
instructions.

The frequency with which this standardization is performed depends on many factors including the type
of instrument, the environmental conditions in which the instrument operates, and the required accuracy

Of the rnolllfc\ Earmoct annlieatione an-intoarvyal aof 2 h tn 4 h ic nenantahin
L SOTtS T O oSt appritat oS, ar e rvar Oz 1t~ o acCCpmiort:

Once the standardization step has been performed, it is important to verify the succesq of the procedure
by meapuring some coloured materi@esrification standards) and comparing the resulting colorimetric
values {o the original values for these materials. If the measured values do ngt’fall withjn an acceptable
variatiop from their original values, the standardization is not considered.valid. The number of
verificationstandards and the acceptability limits depend on user requirements, but are typically 1 to

3 standprds and an acceptance limit of A2ZCMC(2:1)Ds¢/10 units.

6.3  Hampling

All measurements taken on colour measuring instruméntation involve "saimplimg area-qgf-view of

the instfument, the number of presentations averagedto produce a single measurement, the difficulty o
presenting the specimen to the instrument, and the*accuracy with which the sample represents the obje
of concern (garment, roll, dyelot, etc.) all play important parts in achieving meaningful and reproducible
results.

NOTE + Refer to ASTM method E1345-and SAE method J1545 for techniques in establishing sampling
procedures. A brief description of J1545.i5 given in annex A.

6.4  $Hpecimen preparation

The idegl specimen tormeasure is a rigid, non-textured, inert, opaque specimen of unifprm colour. Such
ideal sgecimens do.not exist in textiles, so it becomes necessary to employ techniqueg and practices w
measurjng most textile materials which eliminate or reduce to acceptable levels the effgct any specimer
charactgristics-have on the instrumental colour measurement. Specific procedures and techniques for

handling speeimens which meet the following characteristics are presented in annex A

a) Fluorescenceof thespecimen<fromdyesor-fluorescentwhiteningagents {FWAs]) will influence the
results depending on the amount of fluorescing material present and the amount and quality of
ultraviolet and visible energy in the instrument light source. Results may be particularly hard to
duplicate between instruments that do not have methods for calibrating the UV content. Example
materials are white or lightly coloured materials treated with FWAs.

b) Moisture content of textile materials can affect their colour and appearance characteristics. The
amount of conditioning time necessary to achieve a stable moisture state varies with fibre, fabric
construction, dyes and surrounding conditions. Examples of materials the colour of which are
typically affected by moisture content are cotton and viscose materials.
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c) Non-rigid specimens tend to protrude (or "pillow") into the viewing port of instruments. The amount
of intrusion may vary depending on number of layers, softness of material and the backing pressure
applied to mount the specimen. Variations in the amount of intrusion will result in significant
deviations in the resulting colour measurement which are non-reproducible. Examples of these
materials are fibre, yarn, knits, and layers of lightweight fabric.

d) Non-opaque specimens allow some light to pass through the material during measurement. Most
textile materials, by nature of their structure, fit this category. During measurement, any light which
passes through the material to reach the backing plate (or escape from the instrument) will yield false

result Evamnloc af thoca matarinle Aara lemite nnhhaninht matarialea and filhay
P I_I\MIIIIJIL,J othReSseMmaterHanSafre Kt Tgrovve g riars armoTiot T

e) Sensitivity of the specimen to light (photochromism) and/or heat(thermochromism) rgsults in
nonreproducible results, depending on the degree of sensitivity and the amount of time the specimen
is exppsed to undesirable conditions.

The photochromic properties of a specimen may be determined according to ISO 10%-B05:1993.

f) Size df the specimen is important in obtaining a representative measurement by the instrument. Wher
the specimen is too small for normal measurement, special techiniques may be requined to achieve a
propef colour measurement.

g) Surfage texture of the specimen (including pile lay, twill\gloss and lustre) affects the fesults of the
colouf measurement. The colour measurements of specimens with such physical chgracteristics are
affected in different ways depending on the geometry of the instrument. Results between instruments
of diffgrent geometries may be non-reproducible. Examples of these types of specimg¢ns are carpet,
cordufoy and wound yarn.

h) Variation in colour (non-uniformity) within the specimen, as related to the area-of-view of the
instrument, can cause non-reproducible results. Examples are denim and leathers.

7 Mdthod of calculation

Most calcplations of colorimetric nature are performed by the software being used to opefate the colour
measuring instrument.{In"normal cases of reference to this method it will not be necessary for the user to
perform these calculations, however they are described here as a means of reference and standardizatior
for those who may need to perform such calculations.

7.1 Tristimulus values

The tristimulus valuesX)Y,Z) are derived from spectral data and are the basis for all colorimetric
calculations. The exacK(Y,Z) values derived from a set of spectral data depend on several factors
including the wavelength range and interval of measurement and the user's choice of illuminant/observer
functions used in the calculation.

NOTES

1 In order to obtain results that are compatible between users the tristimulus values should be calculated
according to ASTM E-308-96. Most calculations of tristimulus values are performed by computer programs and a
user should therefore verify with the instrument/software supplier that they are thus calculated.
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2 One method to verify that the correct calculations are being made is to enter 100 % reflectance values into tr
computer program and have the system calculate the tristimulus values. These values should agree with the val
in table 1 (from ASTM E-308-96) to the second decimal place for the illuminant being checked.

7.2  CIE 1976L*, a*, b* Cy* and hy,

Calculate thé-*, a*, b*, C*_,, h,, values from th&,Y,Z tristimulus values for both the standard and
sample as follows:

L* 4116 (Y/Y,)13- 16 if Y/Y,, > 0,008 856
L* 4903,3 (Y/Y,) if Y/Y,, < 0,008 856
a* 4500 [f(X/X,) - f(Y/Y,)]
b* 5 200[f(Y/Y,) - f(Z/Z,)]
where:
fXIK,) = (XIX)L3 if X/X, > 0,008 856
> f(XIK,) = 7,787 K/X,) + 16/116 ifX/%, =< 0,008 856
f(YIY,) = (YY) if*Y/Y, > 0,008 856
> f(YIyY,) = 7,787 YIY,) + 16/116 ifY/Y, < 0,008 856
f(ZE,) = @zZ) if Z/Z,> 0,008 856
> f(Z/k,) = 7,787 ©Z,) + 16/116 ifZ/Z, < 0,008 856
Cap] = (a*% + b*?)112
h,, F arctan*/ a*) expressed on & @ 360 scale with the* positive semi-axis being’@nd theb*
pos|tive semi-axis at 90
Thus
if aj 50 andb* > 0, 0°< hy, < 90°

if a* < 0 andb* > 0, 90°< h,, < 180°
if a* < 0 andb* < 0, 180°< h,, < 270°
if a* > 0 andb* < 0, 270°< h,, < 360°

for these equation¥,, Y,, andZ, are the tristimulus values of the illuminant. For daylight the preferred
illuminant/observer combination isgE10.

Table 1 gives the values for all combinations in ASTM E-308-96.
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Table 1 — Tristimulus values for illuminant/observer combinations
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[lluminant/observer combinations

Tristimulus values

X, Y, Z,

Ten degree observer

A/10° 111,146 100,000 35,200
C/10° 97,285 100,000 116,145
Dsy/10 96,720 100,000 81427
Ds5/10 95,799 100,000 90[926
Des/10 94,811 100,000 107,304
D/510 94,416 100,000 120,641
F2/10° (cool white fluorescent 4 230 K) 103,279 100,000 69027
F7/10° (daylight fluorescent 6 500 K) 95,792 100,000 107,686
F11/10° [ultralume 4 000 K and TL8&4) 103,863 100,000 65(607
Two degree observer
Al2° 109,850 100,000 35|585
C/2° 98,074 100,000 118,232
Dso/2 96,422 100,000 82|521
Dsg/2 95,682 100,000 92|149
Des/2 95,047 100,000 108,883
D/5/2 94,972 100,000 122,638
F2/2 (cpol white fluorescent 4 230 K) 99,186 100,000 67[393
F7/2 (daylight fluorescent 6 500K) 95,041 100,000 108,747
F11/2 (daylight fluorescent 4 Q00 K and TL84) 100,962 100,000 64|350

8 Tept report

The test réport shall include the following information:

a) reference to this part of ISO 105, i.e. ISO 105-J01:1997;

b) the instrument geometry type that was used to measure the specimen(s);

c) whether the specular component was included or excluded;

d) area of view;

2) Both are trademarks of Phillips.
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e) UV energy included or excluded,;

f) make and model of the spectrophotometer (including wavelength range and interval used) or
colorimeter;

g) the illuminant(s)/observer(s) used to calculate the colorimetric values;

h) date of test;

i d tifinAtinn A f cnnaimAnfic):
| laentteatteoot SPCCIHTICTN o)/,

]) spetimen presentation, e.g. number of thicknesses, orientation, conditioning of.samgles;
k) number of readings per sample measurement;

[) anylrelevant results.
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longer penetrate through the layers. If the measurement of the specimen backed with a white tile is no
significantly different to the measurement of the same specimen backed with a black tile, then the number o
layers is considered sufficient. Note that many layers of soft material can cause other problems (see A.4) ar
may require a compromise. In such cases it may be necessary to use a nominal number of layers (always t
same number for each specimen measured) backed by a white material or tile that contains no fluoresce

whitening

10

agents. Always use the same backing material.
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