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Foreword

iSO (the International Organization for Standardizstion) is a woridwide federation of
natlonal standards bodies (ISO member bodies). The work of preparing International
Standards s normafly carried out through ISO technical committees. Each member
bodylnmmtodlnlwblectf«wmchamhnbdcommhubnnmm
the right to be represented on that committee. Iinternational orgenizations, govem-
mental and non-governmental, in flaison with ISO, siso take part in the work. 180
collaborates closely with the Internstional Electrotechnical Commission (IEC) on a0
matters of electrotechnical standerdization.

Draft intemnationsl Standards adopted by the technicel committees are circulated to
the member bodles for spproval before their acceptance se international Standerds by
:helsocw.nmmmmmmmmlsommmmn
least 75 % spproval by the member bodies voting.

Intarnationst Standard SO 4312 was prepered by Technical Committse ISO/TC 91,
Surface active agents.

This second edition cancels and replaces the first edition (ISO 4312 : 1979), and hts
addendum (1SO 4312 ; 1979/sdd. 1 : 1963), of which it constitutes 8 minor revision,

Annexes A to C form an integral part of this lsternations! Stancerd. Annex D, which
was previously ISO 4312 : 1979/Add. 1 : 1963, e for information only.
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Introduction

It will be recafied that some effects produced by laundering of textiles can be evaluated
by means of test pleces of unsoiled cotton control cloth which are washed together
with normattly solled textile articles. It is impossible to affect this evaluation with nor-
maly solted textile articles themsaelves since thess are subject to wear and to modifica-
tion, which cannot be controlled, due to actual uss between successive launderings

This weer and these modifications are not part of the effects of laundering and, fur-
thermore, their extreme variability would make ths measurements very difficult to
reproduce snd even harder to compare between one laboratory and another, In addi-
tion, it is herdly ever possible to operate with normally solled textiles having exactly
standardized properties.

The use of test pleces of strictly defined unsoiled cotton control cloth enables the
causes of variations which are extraneous to the laundering process itself to be largely
eiminated. For this resson, the use of test pleces of cotton controf cloth has been
recognized ss essential for verifying the laundering processes employed by Industrial
leundries.

Conclusions besed on the behaviour of the unsoiled control cloth cannot be used to
predict that of other textiles lsundered in the same way, if these differ too much from
the control cloth with regard to the nature of the fibres, the yam linear density, the
mese per unit surface, the presence of finishes or the initial degree of wear, In such
ceses, the resuits obtained on the control cloth can at most show qualitative dif-
ferences between different laundering processes or variations of a process.

When the unsolled cotton control cloth is used to determine the influence of a single
factor (for exampie the type of washing machine, the nature or concentration of the
detergent, the nature or concentration of the bleaching agent) from the point of view
of the effects produced on the textiles, the comparisons are only valid, of course, so
tong s sl the other factors are kept constant. In particular, care should be taKen to see
that the test pleces of cotton control cloth to be used come from the same consign-
ment, that the normaily sofled textiles are always of the same kind and have a uniform
degree of soiling, and that the hardness of the water is always the same (so long as it is
not precisely the influence of hardness that is to be studied).

it follows from this that It is advisable In practice to compare the resulta obtalned in dif
ferent laborstories with one another only after 8 preliminary study has provided an
sssurance that sll the conditions for comparison have been met,

In perticuier cases, it may be decided tv determine only certain of the characteristics
m among those the determination of which is described in this International Stan

This international Standard should be read In conjunction with iSO 2247,

T ——— B
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INTERNATIONAL STANDARD
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Surface active agents — Evaluation of certain effects
of laundering — Methods of analysis and test for

unsoiled cotton control cloth

1 Scope

This International Standard specifies the methods to be used
to determine, under strictly controlled conditions, certain
characteristics of unsoiled cotton control cloth, namety intrinsic
greying and yellowing, increase in organic deposit content and
incineration residus, the overall decrease in breaking strength,
the decreass in breaking strength resuiting from chemical
degradation of the celluloss and the decrease in breaking
strength resulting from mechanical factors in faundering both
before and after processing, so that certain effects of launder-
ing can be evaluated.

For the purpose of the routine assessment of the affects of pro-
cessing of ‘cotton textile articles in commercial laundries, the
application of some of the methods only may be appropriate.
Furthermore, while the methods given in this International
Standard evaluate the wear caused by vigorous mechanical ac-
tion, they do not distinguish between the effects of smaller dif-
ferences in mechanical action during laundering.

2 Normative references

The following standards contain provisions which, through
reference in this text, constitute provisions of this Internationat
Standard. At the time of publication, the editions indicated
were valid. All standards are subject to revision, and parties to
agreements based on this Intemational Standard are encouraged
to Investigate the possibllity of applying the most recent editions
of the standards listed below. Members of IEC and ISO main-
tain registers of currently valld International Standards.

ISO 139 : 1973, Textiles — Standard atmospheres for condF
tioning and testing.

ISO 1628-1 : 1984, Plastics — Guidelines for the standardization
of mathods for the determination of viscosity number and
limiting viscosity number of polymers in dilute solution —
Part 1: General conditions.

1SO 1772 : 1975, Laboratory crucibles in porcelain and silica.
1SO 2267 : 1988, Surface active agents — Evaluation of certsin

effacts of laundering —~ Method of preparstion and use of
unsoiled cotton control cloth.

COPYRI GHT 2000 International
I nformati on Handl i ng Servi ces,

ISO 3106 : 1978, Glass capiflary kinematic viscometers —
Specification gnd operating Instructions.

1SO 6081 ; 1977, Textiles — Woven fabrics — Determination of
breaking strength and elongation (Strip method),

CIE Publication No. 17 (E-1.1.) :
vocabulary.

CIE Publication No. 38 (TC-2.3.) : 1977, Radiometric and
photometric properties of materials and their measurement.

1979, International lighting

3 Selection of specimens and samples from
test pieces

The measurements of intrinsic greying and Intrinsic yellowing
shall be carried out over the whole of the test plece.

The measurement of breaking strength shall be effected on
specimens cut In the direction of the warp , as shown In figure 2
of 1SO 2267 : 19686.

The measurement of chemical degradation shall be carried out
on an average sample of the warp of the cloth composed of the
ravelled threads of the specimens intended for use in the
measurement of breaking strength.

The determination of ash and organic deposit shall be carried
out on the remaining cloth, l.e. the end strips next to the
seivedges. This cloth is cut into thin strips of suitable size {for
example 1 cm wide and a8 few centimetres long) which are
made into & homogeneous mixture,

4 Determination of intrinsic greying (greying
measured in the absence of uitraviolet
radiation)

4.1 Scope

- This clause specifios 8 method for the determination of the in-

trinsic greying of the unsoited cotton control ¢loth, due to the
25 (or 50) laundering cycles specified in ISO 2267,

N
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The object of this determination is to provide information on
the redeposition of coloured pigment soils from soiled white
loads, usually gray, on the cloth. Too high a redeposition in-
dicates a defect in the laundering. Greying may alsc be caused
by the staining from dyes; obviously, this can only occur when
coloured materials are present in the wash.

Intrinsic greying, as defined in 4.2.4, is not necessarily related
to visual whitness {see notes 2 and 3 following 4.2.4).

NOTE — Varying results for intrinsic greying may be obtained in dif-
farent laboratories. This doas not detract from the value of the deter-
mination, which enables comparative tests to be made within a
laboratory.

4.2 Definitions

For the purposes of this International Standard, the following
definitions apply.

4.2.1 radiance or luminance at a point of a source
{CIE 45-06-150)1 and {CIE 4/-~i7-080)", L,: The radiant or
luminous flux leaving an elemen: oi surface at a point on the
surface of a source and propagatud in directiuns defined by an
elementary cone containing the given direction, divided by the
product of the solid angle of the cune and the area of the
orthogonal projection of the elemant of surface on a plane
perpendicular to the given direction.

In other words, the luminance measures the radiant or
luminous intensity emitted in a given direction by the unit of
surface.

4.2.2 radlance (luminance) factor (CIE 45-20-200)2), 8: The
ratio of the radiance (luminance) of the medium to that of a
perfect reflacting diffuser identically irradiated {illuminated).

Spectral radiance factor (1) = Lo
L“W

where
L, s the spectral radiance of the medium;

Lgsw I8 the spectral radiance of a perfact reflecting dif-
fuser.

The radiance (luminance) factor is only useful for diffuse radi-
ation,

NOTES

1 In German, this quantity ’Lauchtdichtefaktor” was formeriy called
“Remissionsgrad’’.

1) See CIE Publication No. 17 (E-1.1.).
2) See CIE Publication No. 38 (TC-2.3.).

2

2 In the case of fluorescent media, the radiance (luminanca) factor 1s
the sum of two portions: the reflacted radiance (luminance) factor Bs
and the fluorescent radiance {luminance) factor 8, .

Br =Bs + B

3 The fluorescent spectral radiance factor is a theoretical quantity
which depends not only on the properties of the medium but also on
the relative spectral distribution of the energy of the incident radiation.

4 The luminance factor is a photometric quantity which expresses
most satisfactorily the visual parception of lightness.

5 If the radiance factor is multiplied by 100, the degree of radiance is
obtained, as a percentage.

8 In the case of a totally diffuse surface {orthotropic diffuser), the
radlance factor is identical to th~ -~flectance in all conditions of il-
lumination and abservation.

If the surface is not totally diffuse (mixed reflexion) the radiance factor
may be greater than the reflectance {if the direction of obsaervation 1s
such that a large proportion of the light reflected regularly is obtained)
or smaller than the reflactance {in the case of directions of obsarvation
which exclude light reflected regularly).

The cloths used for examining the effects of washing are quite matt
and the quantity measured is not important {provided that it is always
the same). The same does not apply to glossy surfaces where generally
it is desired to measure thae diffuse reflection which corresponds to the
normal visual observation of these rurfaces which disregards the gloss
In this case, the use of the reflectance is not suitable, the radiance fac-
tor shall be measured in a direction of observation which excludes
regular reflection.

4.2.3 percentage degree of luminance: The luminance
factor muitiplied by 100.

NOTE — The percentage degree of luminance can be satisfactorily
determined by means of a reflectometer fitted with a Y {green)
tristimutus filter. This gives a reflectometer value (see 4.2.5) practically
equal to the percentage degree of luminance, at least for a surface as
matt as that of the control cloth and provided that it is measured on a
0 (absotute black) to 100 (perfect diffuser) scale and perpendicular to the
surface, with illumination at an angle of 45°. With other geometries, dif-
ferent values may be obtained, depending on the amount of the specular
component included in the measured luminous flux.

On the other hand, results which are generally not identical are obtain-
ed if the reduction in the spectral reflectance at an arbitrarily chosen
wavelength situated in the green region of the spectrum is measured
by means of a spectrophotometer, or if the reflectometer value for
green light obtained by means of an arbitrarily chosen green filter is
measured by means of a reflectometer. In both cases, the results de-
pend on the wavelength or on the filter used and may differ appreciably
between one laboratory and another. Of course, it is possible to
calculate the percentage degree of luminance from the spectral reflac-
tance curve {see note 2 t0 4.4.1).

4.2.4 intrinsic greying: The decrease in the percentage
degree of luminance of the control cloth, under lighting condi-
tions such that the fluorescent effects due to any fluorescent
whitening agents that may be present are eliminated.

COPYRI GHT 2000 I nternational Organization For Standardi i
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NOTES

1 The definition of intrinsic greying enables a definite and unique
value to be obtained in all cases, even if the greying is accompanied by
yellowing or some other change of shade.

2 From the definitions given, it follows that intrinsic greying cannot
necessarily ba ascertained by visual inspection in daylight or even in
light provided by other sources of illumination. In fact, all the usual
sources of light, even incandescent lamps, emit ultraviolet radiation,
thus inducing, to some extent, the fluorescence of fluorescent whiten-
ing agents that may be present.

In cases where the control cloth contains fluorescent whiten'ng
agents, intrinsic greying is not directly refated to visual whiteness.

3 The degree of visual whiteness of white textiles is, of course, one of
the factors that determine the quality of the laundering.

However, standardization of the measurement of the degree of visual
whiteness is not sufficiently advanced to permit the inclusion of a
method in this International Standard.

Annex A describes an empirical-method which satisfies the majority of
cases met with in practice, and annex D specifies the conditions for
measuring reflectance, as well as the grey scale standards.

4.2.5 reflectometer value (CIE 45-20-202)V: The value
measured by means of a particular reflectometer.

NOTE — The reflectomster employed should be specified. The
measured reflectometer value depends on the geomaetrical configura-
tion of the reflectometer, on the illuminant, on the spectral sensitivity
of the receiver (even when equipped with filters) and on the reference
standard used. These conditions should be specified, as and when
applicable.

4.3 Principle

Measurement of the reflectometer value R of the cotton con-
trol cloth before and after 26 (or 50) laundering cycles, by
means of a reflectometer (tristimulus colorimeter) fitted with a
Y.{green) tristimulus filter and under operating conditions
selected so as to eliminate any fluorescent effect.

The decrease in the reflectometer value (perfect dif-
fuser = 100), which is identical in this case to the decrease in
the percentage degree of luminance, is a measure of the intrin-
sic greying.

4.4 Apparatus

4.4.1 Reflectometer (tristimulus colorimeter), capable of
being fitted with a Y (green) tristimulus filter which, in conjunc-
tion with the photoelectric cell and light source, affords a spec-
tral sensitivity corresponding to the CIE colour-matching func-
tion 7 for the C source and enables any fluorescent effects to
be excluded (see 4.2.3, note).

NOTES

1 There are two possible methods that may be used to eliminate
fluorescence. The first consists in placing the Y {green) tristimulus filter
between the light source and the cloth to be examined. This prevents

1) See CIE Publication No. 38 (TC-2.3.).

1SO 4312 : 1989 (E)

the ultraviolet and violet light required to cause fluorescence from
reaching the cloth. The second consists in iluminating the cloth with
white light, but using a fiiter which blocks the uitraviolet rays between
the light source and the cloth; the Y {green) tristimulus filter is placed
between the cloth and the photoelectric cell. The UV filter should block
alt radiation below 450 nm.

2 In theory, it is possible to obtain an identical result by calculations
based on the spectral reflectance curve determined by means of a
spectrophotometer. In this case, the data obtained from the spec-
trophotometric curve must be multipiied by the tristimulus values
{y A for standard source C and the products integrated over the
whole of the spectrum. In this case also, any fluorescence must, of
course, be eliminated.

44.2 Two calibration plates, for calibrating the reflec-
tometer («.4.1), one of neutral white with a percentage degree
of luminan ze between 85 % and 90 % and the other of neutral
grey with a8 percentage degree of luminance between 60 % and
75 %. The calibration of these plates should be based on the
perfect ditfuser (= 100) for the Y (green) and Z (biue}
tristimulus filters, under the measuring conditions of the reflec-
tometer used.

Calibration plates made of various materials are obtainable from
various national calibration bodies. Bright materials are easier
to maintain but dull materials give reflectometer values which
are less dependent on the geometrical conditions of lighting
and observation.

NOTE — The use of a single calibration plate around 100 % leads to
errors if the reflectometer response is not strictly linear over the whole
of the measuring range. It is thus essential to use at least two calibrated
calibration plates. .

4.5 Procedure

The procedure will depend on the apparatus used. It should
enable a correct measurement of the percentage degree of
luminance of the cloth to be obtained with the Y (green) tris-
timulus filter specified, excluding any fluorescence phenomena.

Carry out the measurements on the various test pieces of cotton
control cloth at least 12 h and at most 7 days after final ironing
{or pressing). During this period, keep the test pieces in condi-
tions of the strictest cleanliness and protectéd from the light.

For each individual measurement, fold the test plece in such a
way as to give a thickness of eight layers, with the uppermost
layer, on which the measurement is made, corresponding to
the surface of the cloth which has been in contact with the
polished part of the press or ironing machine. Carry out ten
individual measurements in this manner at different points on
the test piece.

Repeat the measurements on each test plece.

4.6 Expression of results

The intrinsic greying AG is given, as a percentage, by the
formula

AG = Ry ~ Ry

%o

[
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where

R is the arithmetic mean, expressed to one decimal
place, of the reflectometer values for the Y {green)
tristimulus  filter (equal to the percentage degree of
luminance) recorded on the cotton control cloth;

Ry is the arithmetic mean, expressed to one decimal

place, of 3 x 10 reflectometer values for the Y (green)
tristimulus filter (equal to the percentage degree of
luminance) recorded on the three test pieces that have
undergone the 25 (or 50) laundering cycles.

Express the result to one decimal place.

NOTE — The R, value for the cotton control cloth is not necessarily
the highest value that might be obtained for it as the laundering opera-
tions that will subsequently be applied to it could, in some cases,
perfect the results of the preparatory treatment operations alone.

In certain cases, therefora, it Is possible to record negative AG values.

There Is no disadvantage in this so far as comparative tests are con-
cerned.

If, on the other hand, it is desired to use AG as an absolute index for
the quality of laundering, for example in checking the quality achieved
by commercial laundries, it would be preferable to establish once and
for all a constant value for R, equivalent to the highest values ob-
tained for the cotton contro! cloth in the course of the various tests.

As this maximum value depends on the working conditions and the
apparatus used In each laboratory, it Is impossible to propose a univer-
sally acceptable value. For guidance, it may be stated that it usually lies
between 88 % and 92 %.

6 Determination of intrinsic yellowing
(yellowing measured in the absence of
ultraviolet radiation)

5.1 Scope

This clause specifies a method for the determination of the in-
trinsic yellowing of the unsoiled cotton control cloth, due to the
26 {or 60) laundering cycles specified in 1ISO 2267.

In practice, the change of hue resulting from faulty laundering
is often yellowing but It may be camouflaged by the presence
of fluorescent whitening agents or ordinary blueing agents.
There may be various reasons for this yellowing: the deposition
of Iron saits from the washing bath, inadequate rinsing which
leaves alkaline substances In the cloth, development of the
colour due to fatty soap residues, etc.

The object of this determination is to measure this yellowing
under conditions such that it cannot be concealed by the
presence of fluorescent whitening agents.

NOTE — Varying results for intrinsic yellowing may be obtained in dif-
ferent laboratories. This does not detract from the value of the deter-
mination, which enables comparative tests to be made within a
laboratory.

4

5.2 Definitions

For the purposes of this clause, the definitions given in 4.2 and
the following definitions apply.

5.2.1 degree of intrinsic yellow: The difference between
the reflectometer value for the control cloth, measured with a
reflectometer fitted with a Y (green) tristimulus filter, and the
value measured with the same apparatus fitted with a Z (blue)
tristimulus filter under measuring conditions such that any
fluorescent effect due to any fluorescent whitening agent that
might be present is eliminated, the measurement being made
on the O (absolute black) to 100 {perfect diffuser) scale.

The degree of intrinsic yellow is always positive for the control
cloth before it has been brought into use.

§.2.2 Intrinsic yellowing: The increase in the degree of in-
trinsic yellow of the control cloth.

NOTES

1 These definitions enable a definite and unique value to be obtained
both for the degree of intrinsic yellow and for intrinsic yellowing.

Results which are generally not identical are obtained if the difference
between the percentage spectral reflectances at an arbitrarily chosen
green or blue wavelength is measured (by means of a spectro-
photometer) or if the difference between the reflectometer values
using an arbitrarily chosen green or blue filter is measured (by means of
a reflactometar). In such cases, the results depend on the choice of
wavelangth or filter and may differ appreciably between one laboratory
and anothar. It is, of course, possible to obtain the same results by
calculations based on the spectral reflectance curve.

2 From the definitions given above, it follows that the degree of in-
trinsic yellow, and thus the intrinsic yellowing, is not necessarily ascer-
tainable by visual inspection in daylight or, for that matter, light from
other sources of illumination, and is not necessarily directly related to
visual whiteness (see 4.2.4, note 2).

3 Reflectometers with different illumination and observation con-
figurations can, in principle, give different reflectometer values (see
4.2.3, note).

4 The degree of Intrinsic yellow of cloth contalning fluorescent
whitening agents, measured under conditions such that any effect of
fluorescence Is eliminated, still differs from the degree of intrinsic
yeliow that the safne cloth would possess if no fluorescent whitening
syents were present. In fact, the absorption of the latter in the visible
violet portion of the spectrum modifies the reflactometer values, par-
ticularly in the casa of the light obtained with the Z (blue) tristimulus
filter. For this reason, intrinsic yellowing should not be used for com-

" paring the performance of detergents without fluorescent whitening

agents with that of detergents with fluorescent whitening agents.

6.3 Principle

Measurement of the reflectometer value R}, of the cotton con-
trol cloth after 26 (or 60) laundering cycles, by means of a
reflectometer (tristimulus colorimeter) fitted with a Z (blue)
tristimulus filter and under operating conditions so selected as
to eliminate any fluorescent effect.

Evaluation of the degree of intrinsic yellow J in terms of the dif
farence between R (see 4.6) and Ry,

T
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The intrinsic yellowing AJ corresponds to the increase in the
degree of intrinsic yellow after 25 {or 50) laundering cycles.

6.4 Apparatus

ldentical to that specified in 4.4 but with the addition of a Z
{blue) tristimulus filter which, in conjunction with the light
source and the photoelactric cell of the reflectometer, affords a
spectral sensitivity corresponding to the CIE colour-matching
function 7" for the C source.

NOTES
1 See 4.4.1, note 1.

2 In theory, it Is possible to obtain Ry, by calculation based on the
spectral reflectance curve determined by means of a spectro-
photometer. In this case, the ordinates of the spectrophotometric
curve must be multiplied by the tristimutus values (77/) A for standard
source C and the products integratad over the whole range of the spec-
trum. In this case too, any fluorescence must, of course, be eliminated.

6.5 Procedure

After effecting the measurements described in 4.5, repeat them
after replacing the Y (green) tristimulus filter by the Z (blue}
tristimulus filter, the reflectometer value being measured in

relation to the perfect diffuser { = 100) under the same lighting
conditions.

5.6 Expression of results

The degree of intrinsic yellow J of the laundered test pieces is
normally obtained from the formula

J=R°—Rb

and the degree of intrinsic yellow J; of the cotton control cloth
from the formula

J() = RDO - Rbo

where
Rgand R°o are as defined in 4.6;
Ry, is the arithmetic mean, expressed to one decimal
place, of 3 x 10 reflectometer values from the Z (blue}
tristimulus filter as recorded on the three test pleces after
they have undergone 25 {or 60) laundering cycles;

Ry, Is the arithmetic mean, expressed to one decimal

plaoco, of the reflectometer values for the Z (blue) tristimulus
filter recorded on the cotton control cloth.

The Intrinsic yellowing AJ, caused by the 26 (or 60) laundering
cycles, of the control cloth is given by the formula

AJ = Jageoy — Jo

Express the result to one decimal place.

ISO 4312 : 1989 (E)

When AJ > 0, the laundering has caused intrinsic yellowing. If
AJ = 0, the laundering has not caused intrinsic yellowing.
Finally, if AJ < 0, the laundering has either reduced the
degree of intrinsic yellow in the cotton control cloth or caused a
turn towards blue.

NOTE — The R, value for the cotton control cloth is not necassarily
the highest value that might be obtained for it as the laundering opera-
tions to which it will later be subjected could, in some cases, perfect
the results given by the preparatory treatment operations alone.

. In certain cases, it is therefore possible to record negative values for

AJ.

There is no disadvantage in this so far as comparative tests are con-
cerned.

|, on the other hand, it Is desired to use A J as an absolute index for the
quality of lsundering, for example in checking the quality achleved by
commercial laundries, it would be preferable to establish once and for
all a constant valus for R, equivalent to the highest values obtained
for the cotton control cloth in the course of the various tests.

As this maximum value depends on the working conditions and the
apparatus used In each laboratory, it is impossible to propose a univer-
sally acceptable value, For guidance, it may be stated that it usually lies
between 86 % and 90 %.

6 Determination of Increase in organic
deposit content

6.1 Scope

This clause specifies a method for the determination of the in-
crease In the content of organic matter insoluble in water in the
unsoiled cotton control cloth, caused by the 26 {or 50) launder-
ing cycles specified in 1ISO 2267.

These deposits, arising mainly from calcium and magnesium
soaps, can cause various undesirable conditions: greying,
yellowing, a greasy feel, more difficult wetting, an unpleasant
smell, calendering difficulties.

6.2 Principle

Treatment of a known mass of cotton control cloth with a
benzene/ethanol mixture before and after the 26 (or 50)
laundering cycles. After extraction, evaporation of the solution
of organic matter extracted and weighing of the dry residue.

6.3 Reagent

During the analysis, use only reagents of recognized analytical
grade and only distilled water or water of equivalent purity.

Extraction solvent, consisting of a mixture of 9 volumes of
benzene and 1 volume of 96 % (V/V) ethanol,

6.4 Apparatus
Ordinary laboratory apparatus and

6.4.1 Soxhlet-type extraction apparatus, having standard-
ized ground-glass joints, capable of being protected against the
ingress of humidity from the atmosphere, and comprising the
following items:
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8.4.1.1 Receiving flask.

6.4.1.2 Extractor, of capacity between 150 mi and 250 ml.

8.4.1.3 Condenser, fitting both the receiving flask (6.4.1.1)
and the extractor {6.4.1.2).

6.4.2 Woelghing bottle.

6.4.3 Oven, capable of maintaining a temperature of
103°C £ 2°C.

6.4.4 Drying tube.
6.4.6 Water bath or flameleis heate-.

6.4.6 Vacuum pump.

6.6 Procedure

WARNING — Benzene Is toxic and easily flammable.
Carry out the determination under a well ventilated hood.

6.6.1 Test portion

Take a test portion of mass approximately 3 g, weighed to
the nearest 0,1 mg, from that remaining part of the test
plece which is intended for measurement of decrease in break-
ing strength and has been prepared In accordance with clause 6
of 1SO 2267: 1986 (see also clause 3).

At the same time, take a second test portion for determining
the water content of the cloth.

8.5.2 Determination of water content

Place the second test portion in the weighing bottle (6.4.2),
previously drled at 103 °C + 2 °C, allowed to cool in a desic-
cator and weighed. Place the weighing bottle and its stopper
separately in the oven (6.4.3), set at 103 °C + 2 °C, and leave
for at least 2 h. At the end of this period, stopper the weighing
bottle and leave it to cool completely in a desiccator. When it is
to be welighed again, open and close the weighing bottle very
quickly so that the atmospheric pressure Inside it is re-
established.

The difference in mass before and after drying, expressed as a
percentage by mass of the dry cloth, will give the water content
of the cloth at the time of the initial weighing (see 6.5.1).

Calculate, by proportion, the dry mass of the first test portion.

8.5.3 Determination

Place the first test portion in the extractor {6.4.1.2); fit the
receiving flask (6.4.1.1), which has been previously dried at
103'°C % 2 °C, allowed to cool in a desiccator and weighed,
and the condenser (6.4.1.3) to the extractor, then pour in a suf-

ficient amount of the extraction solvent (6.3} via the condenser
to fill the extraction thimble once; add about 10 % to 20 % of
the previous quantity of solvent.

Fit the drying tube {6.4.4) to the top of the condenser so that
only dry air enters the apparatus.

Warm the receiving flask by means of the water bath or
flameless heater {6.4.5) and control the heating so that the

_extraction thimble fills at least five times per hour.

Continue with the extraction for 6 h.

Connect the receiving flask to the condenser (rearranged for
distillation), heat in the water hath or over the flameless heater
and distil the solvent as completely as possible. Detach the
flask and warm it in the water bath or over the flameless heater
for 5 min, drawing the air from inside the flask by means of a
glass tube connected to the vacuum pump (6.4.6).

Heat the flask and residue in the oven (6.4.3), set at
103 °C + 2 °C, for 1 h. Insert a tube connected to the vacuum
pump for a few seconds to remove completely all vapour.

Heat the receiving flask in the oven, setat 103 °C + 2 °C, fora
further 5 min, then allow it to cool in the desiccator to ambient
temperature and weigh it.

This weighing operation shall be carried out under exactly the
same conditions as those under which the receiving flask was
calibrated.

NOTES

1 In cases where the test portion is introduced into the apparatus by
means of a filter paper cartridge, care must be taken to ensure by
means of a blank test that there is no extractable matter in the
cartridge.

2 When the organic or mineral deposit content is presumed to be

_small [less than 5 % {m/m}]}, itis permissible to calculate the dry mass

of the test portion, instead of measuring it by the loss of mass after dry-
ing, by multiplying by 0,93 the mass of the test portion conditioned in
the standard atmosphere (66 % relative humidity, 20 °C).

In all cases, state the procedure selected In the test report.

3 In the case of large batch production, it is permissible to determine
once and for sll the organic deposit content of control cloth that has
been obtained from the same piece of cloth and subjected to the same
preparatory treatments (see 5.2 of ISO 2267 : 1986).

6.6 Expression of results

The organic deposit content, /, expressed as a percentage by
mass of the dry cloth, is given by the formula

m2—M1x

l= 100

mo
where

mq Is the mass, in grams, of the dry test portion,
calculated as in 6.5.2;

my Is the mass, in grams, of the empty receiving flask;
m, is the mass, in grams, of the flask with the dry extract.

Express the result to one decimal place. \
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Calculate the arithmetic mean of the results for three test pieces
that have undergone 25 (or 50) laundering cycles (/2550 and
three test pleces intended for the determination of the Initial
values (/o).

The increase AJ in the organic deposit content caused by the
26 (or 50} laundering cycles is given by the formula

AJ = Iyie0y — 1o

Express the result to one decimal place.

7 Determination of increase in incineration
residue (ash)

7.1 Scope

This clause specifies a method for the determination of the in-
crease In the incineration residue (ash) of the unsolled cotton
control cloth, caused by the 26 (or 60) laundering cycles
specified in ISO 2267.

The ash content of the cotton control cloth is very low [of the
order of 0,10 % to 0,20 % (m/m)]. After the 25 (or 60) launder-
ing cycles, the ash may be higher due to the deposition of
mineral or organic salts.

NOTE — The amount of incineration residus obtained depends on the
conditions of the operation itself, mainly on the incineration
temperature.

The Incineration residue may be determined directly on the control
cloth (total ash) or after the organic deposits have been eliminated
{mineral ash).

in the first case, the ash consists of deposits of mineral salts as such, or
of mineral salts which have undergone certain chemical modifications
as 8 result of calcination, and of the residue of incineration of organic
saits. As, In the majority of cases, this residue comprises only a quite
small fraction of the organic daposits, the amount of total ash depends
above all on the magnitude of the mineral deposits.

Howsever, the amount of mineral ash is a8 more accurate index of the
presence of mineral deposits. The latter derive from salts contained in
the washing water or from detergents or from the reactlon of the two
together.

Deposits of mineral products on cloth indicate unsatisfactory detergent
action; they may shorten the useful life of the cloth by modifying its
organoleptic qualities (harsh feel, dull appearance, and greying or
yellowing) or by promoting chemical or mechanical wear.

7.2 Principle

After free combustion of the cotton control cloth in a tared
crucible, Incineration of the resulting ash in a muffle furnace at
800 °C, followed by weighing. Determination of the ash before
and after the 26 (or 60) laundering cycles.

The determination may be carried out on the cloth as it ls, the
result being the total amount of ash, It may also be carried out
on the cloth after the extraction of the organic deposits
{clause 6) and, in this case, it will give the amount of mineral
ash. :

N

1SO 4312 : 1989 (E)

7.3 Apparatus
Ordinary laboratory apparatus and

7.3.1 Silica, porcelain or platinum crucible, in accordance
with 1ISO 1772.

7.3.2 Maeker or Bunsen burner.

7.3.3 Muffle furnace, capable of maintaining a temperature
of 800 °C 1 26 °C.

7.4 Procedure

7.4.1 Test portion

Waelgh the crucible {7.3.1) after heating it in the muffle furnace
(7.3.3) set at 800 °C + 26 °C, and allowing It to cool to am-
bient temperature in a desiccator.

To determine the amount of total ash, take a test portion of
mass approximately 3 g, weighed to the nearest 0,1 mg, and
place it in the tared crucible (7.3.1). Determine the water con-
tent of a second test portion as indicated In 6.6.2,

To determine the amount of mineral ash, the whole of the test
portion In the Soxhlet extractor (6.4.1), the dry mass of which
is known, may be taken. Place the test portion in the tared
crucible and expel the solvent by evaporation under a ventilated
hood.

7.4.2 Determination

Place the crucible with its contents on a tripod and heat it over
the burner (7.3.2) with a small flame until the cloth catches fire.
Withdraw the flame and leave the cloth to burn freely; when
the flame goes out, allow the cloth to continue smouldering.
Repeat the operation until complete combustion lsl achieved.

Transfer the crucible to the muffle furnace (7.3.3), set at
800 °C + 26 °C, and calcinate for 1 h,

Transfer the crucible to a desiccator, allow to cool to ambient
temperature and reweigh.

NOTES
1 See note 2 to 6.56.3.

2 To obtain the ash of cotton cantrol cloth before laundering, the
procadure specified in note 3 to 6.5.3 may be followed.

7.8 Expression of results

The ash A of the original dry cloth is given, as a percentage by
mass, by the formula

my — mj x
mo

A= 100

where

my s the mass, In grams, of the test portion, referred to
the dry state of the cloth;
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mq is the mass, in grams, of the empty crucible;

m, is the mass, in grams, of the crucible and ash after
calcination.

Express tha result to one darimal place.

Calculate the arithmetic mean of the values for three test pieces
that have undergone 25 {(or 50) laundering cycles {A 50 and
three test pieces intended for the determination of the initial
characteristics of the cotton control cloth (4).

The increase AA in the ash due to the 25 (or 50) laundering
cycles is given by the formula

AA = /125(50) - Ao

8 Determination of overall decrease In
breaking strength (total wear)

8.1 General

After repeated washings, the cotton control cloth generally has
a lower breaking strength than it did orlginally, due to the com-
bined action of the mechanical and chemical factors operating
during the 26 (or B0) laundering cycles.

Any decrease in breaking strength, expressed as a percentage
of the Initlal breaking strength, is determined from the varlation
in the breaking strength measured in the direction of the warp
of the control cloth before and after laundering.

The measurement Is effected on cloth stabilized in the standard
conditioning atmosphere specified in 1SO 139, For particular
purposes, however, measurements may be made on water-wet
cloth {wet strength).

Different types of dynamometer may give different values for
the breaking strength of a given cloth, and also for the dif-
terence In the breaking strengths of two given cloths. Thus, the
results of different laboratorles will not always be comparable;
therefors, every laboratory should, as necessary, establish
standards for the quality of laundering, based on the measuring
equipment used.

Nevertheless, knowledge 91' the total wear of the control cloth
determined under given conditions enables different laundering
procedures to be compared from the point of view of their
effect on the probable wear life of cotton articles.

In fact, although the total wear as measured only applies, strict-
ly speaking, to the cotton control cloth under the measuring
conditions used, it is obvious that, if one of two laundering pro-
cedures causes more wear to the cotton control cloth, it will
also cause more wear to any cotton textile.

NOTES

1 Experlence has shown that, when the breaking strength of cloth
falls below 147 N, the appearance of tears during washing or during
normal use Is virtually inevitable. :

2 The breaking strength measured in the wet state is greater than that
measured in the dry state for the cotton contro! cloth in its Initial state.

As the chemical degradation increases, the difference diminishes apd
becomes negative at a certain level of chemical degradation.

Comparison of the breaking strangth measured in the wet state and
that in the dry state may therefore provide useful information concern-
ing the nature of the degradation.

8.2 Scope

This clause refers to ISO 5081 for the determination of the
breaking strength of the unsoiled cotton control cloth before
and after the 25 (or 50) laundering cycles specified in ISO 2267.

Conventionally, the difference in the breaking strength of the
control cloth before and after the 25 (or 50) laundering cycles,
expressed as a percentage of the breaking strength of the
cotton control cloth, characterizes the total wear of the cloth
resulting from these launderings.

8.3 Principle

Determination of the breaking strength of fabric strips
{specimens) of cotton control cloth before and after the cloth
has undergone 26 {or 50) laundering cycles, measured in the
direction of the warp of the conditioned cloth (see ISO 5081}.

8.4 Reagent for removal of deposits

Disodium salt of {ethylenedinitrilojtetra-acetic acid (EDTA),
recognized analytical grade, 6 g/t solution in distilled water or
water of zero hardness (l.e. 0 mg of Ca2+ ions per litre).

8.6 Apparatus

8.6.1 Washing machine, of a type such that the test pieces
(from which the specimens will subsequently be cut) can be put
into it after the washing solution has been heated to at least
85 °C.

8.5.2 Dynamometer, for measuring the breaking strength of
fabric strips and enabling a constant breaking time of
30 s + 5 s to be obtained for the specimens.

8.5.3 Alr-conditioning enclosure, capable of maintaining
the standard atmosphere (temperature of 20 °C + 2 °C and
relative humidity of 65 % * 2 %) in accordance with 1ISO 139.

8.6 Procedure

" 8.8.1 Preparation of specimens

8.6.1.1 Removal of deposits, where necessary

If the total ash (see clause 7) exceeds 6 % (m/m), or if the
organic deposit content of the cloth {see clause 6) exceeds
10 % (m/m), remove the deposits from the test pieces by the
following method.

Fill the washing machine (8.5.1) with the disodium EDTA solu-
tion {8.4) and heat it to at least 85 °C.

Add the test pieces from which the deposits are to be removed.
The amount added shall be such that the ratio is not more than
1 : 20 (a maximum of 1 kg of strips to 20 litres of solution).

P———
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Leave the test pieces in the machine for 30 min, taking care the
temperature does not fall below 85 °C.

Agitate at regular intervals so as to maintain a uniform
tamperature and to ensure uniformity in the removal of deposits.

Empty the machine of disodium EDTA solution. Rinse the test
pieces in the machine twice with cold water having zero hard-
ness, at a ratio of not more than 1 : 20.

Hydroextract the test pieces and dry them in air.

Where necessary, ensure that the total ash is lower than
5 % (m/m) and that the organic deposit content of test pieces
from which deposits have been removed is lower than 10 %
{m/m), following the procedures specified in clauses 6 and 7. if
this is not the case, repeat the procedure for removing
deposits.

In order to ensure that the operation of removing deposits does
not cause additional wear, it is recommended that the test
pieces that have not undergone the 25 {or 50) laundering cycles
should be similarly, but separately, treated.

8.6.1.2 Cutting and conditioning

Cut the test pieces into specimens as shown in figure 2
of 1SO 2267 : 1986 and complying with the prescriptions of
1SO 5081.

It is very much easier to carry out the operation if the cloth con-
tains coloured or thicker threads demarcating the width of the
specimens (see 1ISO 2267 : 1986, sub-clause 5.1.1, note 2).

Place the specimens, after removal of deposits, where

necessary, in the conditioning enclosure (8.5.3) and leave them
there for 24 h before measuring.

8.6.2 Localized wear

Examine the laundered control cloth for evidence of localized
wear.

8.6.3 Measurement of the breaking strength

Carry out the measurement in the direction of the warp on the
conditioned specimens in the atmosphere specified in 8.5.3 and
complying with the procedure of 1SO 5081 with an average
time-to-break period of 30s + 5s.

8.7 Expression of results

The total wear U, of the cotton control cloth, expressed as a
percentage, is given by the formula

Fy - F,
U =20 Fozstso)x 100

where
Faogis0) I8 the breaking strength, expressed in newtons, of

cotton control cloth subjected to 25 (or 50) laundering
cycles;

1SO 4312 : 1989 (E)

Fo is the breaking strength, expressed in newtons, of
unlaundered cotton control cloth, measured under the same
conditions.

Express the result to one decimal place.

The breaking strength is calculated by taking the arithmetic
mean of the individual values determined for each specimen
that has been subjected to measurement, i.e., in principle, 30
measurements for all three test pieces representing a test.

NOTES

1 F, can be determined by proceeding as specified in 6.1 of
1SO 2267 : 1988. In view of the inherent variability of textiles, it is
always preferable to make the 30 measurements specified for each test
and to calculate the Fy value by taking the arithmetic mean of these
measurements.

2 The conditioning of the specimen may be omitted when measuring
the breaking strength of the piece in the wet state. In this case, refer to
the prescriptions of 1SO 5081.

3 If any localized wear is evident, describe it fully.

9 Determination of decrease in breaking
strength resulting from chemical degradation
of cellulose due to laundering {chemical wear)

9.1 General

The chemical degradation of the cellulose in cotton cloth,
caused by the action of chemical agents during the laundering
operation, usually leads to changes in the intrinsic mechanical
properties of the fibres and a decrease in the breaking strength
of the cloth. This chemical damage, which is a function of the
chemical aggressiveness of the laundering process, is
characterized by a reduction in the degree of polymerization of
the cellulose constituent.

Knowing the degree of polymerization — or a related parameter
— of the cotton control cloth before and after the 25 (or 50)
laundering cycles, and the link between the variation in this
parameter and the corresponding decrease in breaking
strength, it is possible to calculate the part of the decrease in

‘breaking strength of the cotton control cloth which is due sole-

ly to chemical degradation.

Chemical wear is caused in the first place by the chemical ag-
gressiveness of washing products, mainly oxidizing agents
such as hypochlorite and peroxides.

9.2 Scope

This clause specifies a method for the determination of the
decrease in breaking strength corresponding to the chemical
degradation of the unsoiled cotton controtf cloth, due to the 25
{or 50) laundering cycles specified in 1ISO 2267.

9.3 Principle
Measurement of the fluidity value of a solution (in ammonium

copperlll) hydroxide] of cotton from warp threads of the cotton
contro! cloth before and after the 25 (or 60) laundering cycles.

N\
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The decrease in breaking strength due to chemical degradation,
expressed as a percentage of the initial breaking strength, is
approximately proportional to the increase in the fluidity value.

NOTE — There are many mathods of measuring the viscosity or its
reciprocal, the fluidity, of cellulose {see 9.7).

The present method has been chosen because it is the only one for
which the relation between fluldity and the decrease in bresking
strength of cotton control cloth has been established experimentally.

9.4 Preparation of test samples

Unravel warp threads from each of the specimens intended for
the determination of total wear and take enough to give a sam-
ple of mass about 4 g for each test piece to be examined.

If it Is has been necessary to remove deposits from the cloth
(see 8.6.1.1), take the threads from the specimens after the
treatment to remove the deposits.

Cut the threads into strands from 1 mm to 2 mm long. Homo-
genize them. One part of this test sample Is intended for the
measurement of the fluidity value {or of the viscosity or degree
of polymerization), the other for the determination of the water
content,

9.5 Determination of fluldity value in ammonium
copper(ll) hydroxide sclution

WARNING — Appropriate safety precautions should be
observed when carrying out the operations described in
this sub-clause.

8.5.1 Definition

fluidity of a solution: The reciprocal of the viscosity of the
solution expressed in pascal seconds (Pa-s); fluidity is thus
expressed In pascal seconds to the power of minus one
((Pa-s) - 1], For the purposes of this International Standard, the
fluldity shall always be related to that of a standard solution
measured under standard conditions.

9.6.2 Principle

Dispersion of a quantity of air-dried cotton, from which
deposits have been removed where necessary, in a standard
solution of ammonium copper(lf} hydroxide to give a solution
of 0,6 g of pure, dry cotton per 100 ml. Introduction of the
solution into a standard viscometer. Free flow of the solution
through the caplllary tube of the viscometer, maintained at
20 °C. Measurement of the flow rate by the time taken for the
meniscus to fall from one fixed reference mark to another.
Calculation of the fluidity using a formula with two constants
determined by calibrating the viscometer with liquids of known
viscosity.

9.6.3 Reagent

Use only reagents of recognized analytical grade and only
distilled water or water of equivalent purity.

10

Ammonium copper(ll) hydroxide, standard solution con-
taining per litre

~15g £ 0,2 g of copper (Cu)
200 g + 5 g of ammonia (NH3)
less than 0,5 g of nitrite, calculated as nitrous acid (HNO,).

The density at 20 °C, g, of this solution is 0,94 g/mi; it shall
be kept in the dark or in a dark-brown glass flask, protected
from the oxygen in the air.

9.6.3.1 Preparation

Dissolve about 31 g of dicopper carbonate dihydroxide
[CuCO;.Cu(OH),] in 1 litre of concentrated ammonia golution
26 % (m/m). Stir it for 1 h in a hermetically sealed dark-brown
glass flask at a temperature below 20 °C. Leave it overnight
and decant off the supernatant liquid from any deposit of
copperlll) oxide that may appear.

Analyse the solution as described in 9.6.3.2 and correct the
composition, if necessary, by small additions of dicopper car-
bonate dihydroxide, ammonia solution or water.

9.6.3.2 Standardization

9.56.3.2.1 Determination of copper content

Place 26 ml of the solution prepared as in 9.5.3.1 into a 250 ml
conical flask. Boll it until the ammonia Is eliminated. Acidify
with dilute sulfuric acid and boil to eliminate any nitrous acid
that may be present. Cool, add a few drops of bromine,
and boil until the bromine is eliminated. Neutralize with
ammonia solution, add 7 m! of concentrated acetic acid, cool
and add 3 g of potassium iodide. Titrate the liberated lodine
with a standard volumetric sodium thiosulfate solution,
c{Na;S;03) = 0,1 mol/l, using soluble starch as indicator.

The copper content ¢, in grams per litre, is given by the
formula !

c = 0,254 ¥,

where V; is the volume, in milliiitres, of the standard volumetric
sodium thiosulfate solution used for the titration.

9.5.3.2.2 Determination of ammonia content

Carefully draw off exactly 2,0 mi of the solution prepared
as in 9.6.3.1 by means of a pipette, and Introduce it into
60 mi of a standard volumetric sulfuric acid solution,
c(H;S04) = 0,6 mol/l, keeping the end of the pipette below
the surface of the acid solution. Titrate the excess acid by
means of a standard volumetric sodlum hydroxide solution,
c{NaOH) = 1 mol/l, using methyl red as indicator.

The ammonla {(NH3) content, in grams per litre, is glven by the
formula

8,5(60 - Vo) - 0,638 ¢

TN

f—— - - &
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where

V, s the volume, in millilitres, of the standard volumetric
sodium hydroxide solution used for the titration;

¢ s the copper content calculated as specified in 9.5.3.2.1.

9.5.3.21.3 Determination of nitrite content

First prepare as follows a solution of cerium(lV) sulfate,
c{Cel(S0,4),.4H,0) = 0,01 mol/l: add, to 4 g of cerium(lV)
sulfate tetrahydrate [Ce(S04),.4H,01, 12,5 ml of concentrated
suffuric acid and, with care, 12,6 mi of water. Boil for 5 min,
cool and dilute with water to 250 ml. Determine the concentra-
tion exactly by titrating with a standard volumetric solution of
diammonium iron(ll) sulfate, c[(NH,),Fe(SO,),] = 0,01 mol/I,
using 0,5 ml of a 10 g/I ferroin 1! solution as indicator, until the
appearance of a red colour,

Add 10 ml of the ammonium copper(ll} hydroxide solution
prepared ‘'in 9.5.3.1 to a mixture of 256 ml of the cerium(IV)
sulfate solution, c¢[Cel{S0,),.4H,0] = 0,01 mol/l, and 100 ml
of sulfuric acid solution, c{H;S04) = 1 mol/l. After 10 min,
determine the nitrite content, proceeding as for the determi-
nation of the concentration of the cerium{IV) sulfate solution.

The nitrite content, in grams of nitrous acid (HNO,) per litre, is
given by the formula

0,094 (V3 — Vy)
where

V3 Is the volume, in millilitres, of the standard volumetric
diammonium ironlll} disulfate solution used to determine
the strength of the cerium(IV) sulfate solution;

V4 s the volume, in millilitres, of the standard volumetric
diammonium iron(ll) disulfate solution used for the titration
of the ammonium copper(ll) hydroxide solution.

9.6.4 Apparatus

9.6.4.1 Viscometer, of the type shown in figure 1 and with
the following dimensions:

— Inside diameter of the capillary E: 0,88 mm £ 0,01 mm
— outside diameter of the capillary E: 6 mm 2 mm

— length of the capillary E: 256 mm + 0,5 mm

— inside diameter of the tube A: 10 mm % 0,05 mm

— distance from the reference mark B to the end of the
capillary E: 242 mm + 0,6 mm

— distance from the reference mark C to the end of the
capillary E: 122 mm £ 0,6 mm

— distance from the reference mark D to the end of the
caplllary E: 62 mm £ 0,6 mm

————————

1) Ferroln is the tris{1,10-phenanthrotine) iron(il} ion.

1SO 4312 : 1989 (E)

The end of the capillary shall be flat. The viscometer may be
closed at the top by means of a plastic stopper pierced by a
capillary tube; the latter may be closed by a small cap. The
lower capillary may be closed by means of a rubber tube and a
clamp. For each viscometer, the interna!l volume (correspond-
ing to the closed viscometer) shall be determined, subtracting a
volume of 0,7 mm corresponding to the stirring device (see
9.5.4.4). ’

9.5.4.2 Supporting tube for viscometer (see figure 2 for an
example of a suitable type).

The tube shall support the viscometer {9.5.4.1) in the ther-
mostatic bath (9.5.4.3) for the period required to reach a
temperature of 20 °C and while the flow time is being
measured. During the latter, the viscometer shall be kept
absolutely vertical.

9.5.4.3 Glass-walled thermostatic bath, capable of main-
taining a temperature of 20 °C = 0,2 °C and large enough to
enable the tube containing the viscometer to be kept immersed
up to the upper rim by means of suitable fixtures.

9.5.4.4 Rotary stirrer, enabling the viscometer (3.5.4.1} to
be rotated in such a way that the mercury (or the stirrer) slides
from one end to the other of tube A during each half-rotation.
The rotational frequency may vary between 4 min~1 and
10 min =1,

9.5.4.5 Filling device, allowing the ammonium copper(il)
hydroxide solution {9.6.3) to be kept under nitrogen pressure
and the viscometer {3.5.4.1) to be refilled by causing the liquid
to rise through the capillary E (see figure 1).

9.6.6 Procedure

Weigh a portion of the test sample (9.4), to the nearest 0,1 mg,
such that a solution containing 0,6 g of the pure, dry cotton in
100 m! can be placed in the viscometer {(9.5.4.1). To achieve
this, the water content of the test sample, determined
geparately in accordance with 6.5.2 (see also 6.5.3, note 2), and
the organic and mineral deposits present in the test sample,
determined in accordance with clauses 68 and 7, must be taken
into account.

Introduce the test portion into the viscometer, which must be
held upright. Using the short tube fitted with a clamp, connect
the lower capillary tube of the viscometer to the vessel! contain-
ing the ammonium copper(ll) hydroxide solution {9.5.3) and
make the solution rise into the viscometer under nitrogen
pressure. When the viscometer is almost full, close the clamp
of the lower tube and detach the viscometer. Add 0,7 mi of
mercury by means of a short burette (alternatively, a stainless
steel spiral with a volume of 0,7 mi may be used). Close the
viscometer by means of a plastic stopper so that the liquid fills
the viscometer completely and overflows through the capillary
tube in the stopper. Close the overflow tube with a cap.

1
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Flgure 1 — Viscometer (see 9.5.4.1) Figure 2 — Supporting tube for viscometer (see 9.6.4.2)
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Itis important to ensura that there is not a single air bubble left
in the viscometer. In order to achieve this, the stopper must be
inserted carefully but quickly. For the same reason, it may be
necessary to tap the viscometer lightly before it is closed in
order to detach air bubbles that might cling to the cotton fibres.

Place the viscometer, which shall not be exposed to light, on
the stirring device (9.5.4.4). Allow it to rotate overnight at a fre-
quency of 4 min -1 or for 4 h at 10 min -1 {see note 1).

Withdraw the viscometer from the stirring apparatus, remove
the rubber tube from the lower capillary tube and allow the
mercury to flow out by opening the capillary in the upper stop-
per for a moment (this is not necessary when a spiral is used).

Place the viscometer in a supporting tube (9,5.4.2) immersed in
the thermostatic bath (9.5.4.3), maintained at 20 °C + 0,2 °C.
Wait until the temperature has stabilized (at least 1 h). Check
that the viscometer is in the vertical position. Remove the stop-
per and allow the solution to flow freely into the bulb of the sup-
port tube. Measure the time ¢ (in seconds to the nearest0,2 s) re-
quired for the meniscus to fall from the reference mark B to the
reference mark D (see note 2).

NOTES

1 Since the control cloth is bleached so that the fluidity value of the
cotton atways exceeds, by definition, 40 {Pa-s) -1, there is no difficulty
In dissotving it in the ammonium copper{ll) hydroxide solution and a
stirring period of 4 h at 10 min -1 (or 1 night at 4 min - 1) Is always ade-
quate.

2 To check that the solution is flowing freely through the capillary, it
may be ussful to measure both the time ¢; taken by the meniscus to fall
from B to C and the time ¢, taken by it to fall from C to D. The ratio t,/¢,
should be greater than 0,85 for a fluidity value of 40 (Pa-s) ! and
should tend towards unity for fluidity values higher than 40 (Pa-s) - 1.

9.6.6 Expression of results

The fluidity value F of a solution containing 0,5 g of pure and
dry cotton in 100 m! of the ammonium copper(il) hydroxide
solution (9.5.3) standardized at 20 °C, expressed in pascal
geconds to the power of minus one, is given by the formula

F = .__—C—
0,94 (r — K/1)
where
t is the flow time (from B to D), in seconds;

C and K are the viscometer constants (determined as
specified in 9.5.7.2);

0,94 is taken to be the density at 20 °C, in grams per
millilitre, of the solution.

Calculate F to one decimal place for each of three test pieces

that have undergone the 25 {or 50) laundering cycles and the

arithmetic mean of the three resuits to one decimal place.

Determine Fy for each of three unlaundered test pieces and
calculate the arithmetic mean of the results to one decimal
place. In some cases, It Is possible to proceed as described in
6.6.3, note 3.

1SO 4312 : 1989 (E)

9.6.7 Calibration of viscometer

9.6.7.1 Determination of useful internal volume

Fill the previously weighed viscometer with distilled water at
20 °C under normal test conditions. Reweigh and calculate the
internal volume, in millilitres, from the difference in mass. This
volume, reduced by 0,7 ml, is the internal volume used in
calculating the quantity of pure, dry cotton to be introduced
into the viscometer.

9.5.7.2 Determination of constants C and X

Determine the flow time, at 20 °C, of the three following
liquids:

distilled water;

solution 1 (a mixture a glycerine and water, the density and
viscosity of which are known precisely, and having a viscos-
ity of less than 10 mPa-s);

I

solution 2 {a mixture of glycerine and water, the density and
viscosity of which are known precisely, and having a viscos-
ity of about 40 mPa-s). -

The density of these mixtures is determined by means of a
pycnometer to four places of decimals. The corresponding
viscosity is obtained from standard tables.

For viscosities higher than 10 mPa-s, KX may be taken as 0. The
flow time for solution 2 then enables C to be determined
directly from the formula

10000¢
n

C= N

where
© is the density, in grams per millilitre, of solution 2;
t is the flow time, in seconds, for solution 2;
n is the viscosity, in millipascal seconds, of solution 2.

Calibration with water permits the calulation of X from the
formula

K=nr”- - __
1 . {2)

t is the flow time, in seconds, for the water;

C is given by formula (1)
(taking @9 = 1 g/miand n = 1 mPa-s for water).

By using this X value, C can be calculated for solution 1 by
means of the formula in 9.5.6. The mean of the C values deter-
mined with solutions 1 and 2 Is taken as the calibration value for
the viscometer.

9.6 Calculation of chemical wear \

The fluidity value Fy for unlaundered cotton control cloth
[lying between 40 (Pa-s) -1 and 60 (Pa:s) -1, In accordance
with ISO 2267} is subtracted from the fluidity value Fage, for
cloth that has undergone the 25 (or 60) laundering cycles:

AF = Foe0) — Fo
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The chemical wear U, of the cotton control cloth, expressed as
a percentage, is given by the formula

U, = 0,165 AF

It is only significant up to a value of 40 %, which is the upper
limit of the validity of the above relationship.

NOTE — This linear relationship gives the best representation of all the
axperimental results up to 40 % chemical wear (see J. Soc. Dyers and
Colourists, 83, 162 {(1967)].

9.7 Other viscometer methods

As stated in.9.3, it is possible, in principle, to establish a rela-
tionship between chemical wear and the variation in either the
viscosity, measured in accordance with any of the numerous
existing methods, or the degree of polymerization of the
cellulose In the cotton, calculated from the viscometric
measurements.

Up till now, this relationship has been established experimen-
tally only for measurements carried out using the procedure
specified in 9.5.

However, the relation between the fluidity determined in
accordance with 9.5 and the degres of polymerization
calculated on the basis of the limiting viscosity numbers has
been established in the course of numerous inter-laboratory
tests for two methods of determining viscosity.

These methods are described in annexes B and C.

Whichever of these methods is used, it is therefore possible to
convert the results obtained into fluidity values and from these
into chemical wear values.

10 Determination of decrease in breaking
strength resulting from mechanical
factors in laundering (mechanical wear)

10.1 General

it may be useful to have some information concerning the
decrease in breaking strength of the cotton control cloth due
solely to the mechanical factors that come into play during the
laundering process (mechanical wear).

Within the limits of practical error, total wear is always greater
than chemical wear. By convention, this difference between
total wear and chemical wear is defined as representing
mechanical wear.

In reality, mechanical wear as defined here is not usually
independent of the amount of chemical wear. It also depends
on the texture and surface mass of the cloth, and the results
recorded for the cotton control cloth cannot simply be assumed
to be the same for other cotton control cloths washed at the
same time.
\

Finally, cumulative errors in the values for total wear and for
chemical wear used in determining mechanical wear make it

./f

extremely difficult to reproduce the value found for the latter. A
large number of tests must be carried out if an accurate value is
required.

For all these reasons, ‘he value obtained for the rate of
mechanical wear should be interpreted with care. In particular,
every laboratory should establish quality standards for launder-.
ing, based on the experience gained during the application of
this International Standard in practice.

10.2 Expression of results

The mechanical wear U, of the cotton control cloth after the
25 (or 50) laundering cycles is calculated as a percentage, for
the purposes of this International Standard, by taking the dif-
farance between the total wear (clause 8) and the chemical
wear.(clause 9):

Un=U-U;
Express the result to the nearest whole number.

NOTE — An indication of the extent of mechanical wear may also be
deduced from the ditferance between the breaking strength measured
with the cloth in the wet condition and in the dry condition (see 8.1,
note 2).

11 Test report

To enable the test results to be interpreted in a rational manner,
it is advisable to give all the experimental data and all the infor-
mation likely to clarify the significance of the results that have
been recorded.

The test report shall include the following details, in so far as
they are known:

a) Characteristics of the washing machine
1) make of the machine;
2) manufacturer's trade name;
3) type of construction and materials used;

4) normal capacity (mass of dry textile articles, in

kilograms, normally handled); normal load factor (mass

of dry textile articles, in kilograms, in relation to the inter-

nal volume, in cubic decimetres); normal Kquor ratio

(mass of dry textile articles, in kilograms, in relation to
. the volume of the wash fliquor, in cubic decimetres);

5) speed of rotation and frequency of changes in the
direction of rotation (where appiicable);

6) extraction procedure, when this in integral with the
washing machine.

b) Characteristics of the test piece (after five preparatory
treatments).

¢) Composition of the washing products used {optional)
1) washing agent;
2) fluorescent whitening agent (where applicable);

3) nature of the water and the treatments it has
undergone.
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d) Treatments composing a complete laundering cycle
1) quantity of dry textile articles used;

2) number of preliminary laundering cycles for the tex-
tile articles used (optional);

3) for each of the laundering cycles and for each stage
of a cycle {soaking, washing, bleaching, rinsing, etc.)

— duration in minutes,
—~ temperature, in degrees Celsius,
- quantity of water used {or liquor ratio),

~ nature and quantity, in grams, of the products
used;

4) characteristics of the extraction, drying, pressing
and calendering or ironing treatments;

5) number of laundering cyles to which the test piece
has been subjected (25, 50 or other number as
applicable);

6) number of test pieces introduced at each cycle;

7) special details.

o) Results of measuring the characteristics of the test
pieces

~

1SO 4312 : 1989 (E)

In principle, the test report should state the following for
each characteristic: the arithmetic mean X of the absolute
value recorded for the specimens of three (or more) test
pieces which have been tested simuitaneously and of
unlaundered test pieces [measured on three (or more) test
pieces]- in the case of a single test, or on specimens
judiciously selected from the whole piece if this is used for
several simuitaneous tests.

In the latter case, the number of specimens and the way in
which they have been selected from the piece of cloth
should be stated and the choice justified by statistical
calculations which are sufficliently detailed to permit an
objective evaluation of the accuracy obtained.

The repeatability standard deviation (s,) should be given for
each mean X of the quantities measured.

The presentation of results should show the comparison
between the values recorded for the unlaundered test piece
and that recorded for the strip that has undergone the
laundering cycles, for each characteristic.

f) Conclusion of test and comments.

NOTE — It is impossible to give all the values for repeatability and
reproducibility that might be expected from the results obtained by
the methods specified in this Intemational Standard. In practice,
the total variance is not due simply to the variance in the method
itself but also to the variance In the control cloth before it Is brought
into use and the variance resulting from laundering. In each case,
therafors, only 8 complete statistical study will make it possible to
separate the individual variances.

15
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Annex A
(normative)

Determination of increase (or decrease) in degree of whiteness
{see 4.2.4, note 3}

A.1 General

Visual whiteness is an important characteristic for determining
the quality of laundering of white textile articles. It depends on
the intrinsic greying (clause 4) and the intringic yellowing
(clause 5), and also on the amount and nature of the fluores-
cent whitening agents present and on the nature of the illumi-
nant.

A.2 Scope

This annex specifies a method which enables a value to be
obtained which is directly related to the visual whiteness
observed in daylight, so long as the dominant wavelength
characterizing the shade of the control cloth, observed in
daylight, is not too far from 471 nm (blue situated close to the
limit of violaceous blue), the shade produced by most fluores-
cent commercial bleaching agents under normal cir-
cumstances, and so long as the whiteness perception is domi-
nant over the perception of biue.

A.3 Principle

By means of a reflectometer (tristimulus colorimeter) which
enables the control cloth to be illuminated with light
corresponding to the CIE standard illuminant Degg
({CIE 45-15-145), determination of the reflectometer values R

for the reflected light that has passed through a Y {green
tristimulus filter and R,, for the reflected light that has passed

through a Z (blue) tristimulus filter.

Calculation of the degree of whiteness B8/, by the formula
=3R, -
Bl =3 b 2 Rg,

and, in consequence, of the increase (or decrease) in the
degree of whiteness from the difference between the degree of
whiteness after 25 {or 50) laundering cycles and the degree of
whiteness of the unlaundered control cloth.

A.4 Apparatus

A.4.1 Reflactometer (tristimulus colorimeter), in which
the sample to be measured can be illuminated by light which
corresponds as closely as possible to the CIE standard illumi-
nant Dgg (CIE 45-15-145), especially in the ultraviolet region of
the spectrum,

16

—_—

In practice, only a xenon arc lamp, fitted with a suitable filter,
fulfils this condition.

It should be possible to interpose a Y (green) tristimulus filter or
Z (blue) tristimulus filter in the path of the light reflected by the
sample. These filters differ from those specified in 4.4 and 5.4
in as much as their spectral sensitivity corresponds to that of
the CIE colour-matching functions ¥ and 7 respectively, taking
into account the spectral sensitivity of the photoelectric cell,
but ignoring the spectral distribution of the illuminant,

In no case Is it permissible to interpose thesa filters between the
source and the specimen.

A.4.2 Calibration plates, as specified in 4.4.2.

These plates shall be calibrated under the measuring conditions
used in the present method.

A.5 Procedure

Measure the reflectometer values R, and R, for the control
cloth, using the Z (blue) and Y (green) tristimulus filters respec-
tively under the measuring conditions described for the ap-
paratus specied in A.4.1 and by reference to the perfect diffuser
illuminated under the same conditions (= 100).

Carry out the measurements on the various test pleces of cot-
ton control cloth at least 12 h and at most 7 days after final iron-
ing (or pressing). During this period, the test pieces shall be
kept in conditions of the strictest cleanliness and protected
from the light.

For each individual measurement, fold the tém piece in such a
way as to give a thickness of eight layers, with the uppermost
layer, on which the measurement is made, corresponding to
the surface of the cloth which has been in contact with the
polished part of the press or ironing machine.

Carry out ten individual measurements in this manner at dif-
ferent points on each test piece.

Repeat the measurements on each test piece.

A.86 Expression of results
The degree of whiteness B/ is normally defined by the formula

_BI-3Rb]—2R°l
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where Bl is the initial degree of whiteness of the control cloth
(after the five preparatory treatments).

Ry s the arithmetic mean, expressed t.o one. decimal A negative value corresponds to a decrease in the degree of
place, of 3 x 10 reflectometer values obtained with the Z whiteness.

(blue} tristimulus filter;

NOTES L
R, is the arithmetic mean, expressed to one decimal 1 If the shade of the control cloth, observed in daylight, is
place, of 3 x 10 reflectometer values obtained with the Y characterized by a dominant wavelength lying outside the interval
{green) tristimulus filter. 468 nm to 476 nm, i.e. if it exhibits a greenish or reddish tinge, this

method gives resuits which are no longer in accordance with the
whiteness as evaluated visually. Furthermore, the present method
should not be used when the value of R,] is less than 75, unless the
value of R.,] is lower than that of R"i'

2 Owing to the difficulty of reproducing standard illuminant D,
especially in the ultraviolet region, the values obtained by this method

The increase in the degree of whiteness is given by the formula

ABl = 8125(50) - Blo

where in different laboratories may show large varlations, even when
instruments of the same type are usad. However, the order, by degree
Blygysoy s the degree of whiteness of the control cloth after of ‘whiteness, of different sampies will in general be much more
the 25 (or 50) laundering cycles; reproducible.
!
1]
|
)
L]
17
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Annex B
(normative)

Determination of chemical wear based on variation in average degree of
viscometric polymerization in an ammonium copper(ll) hydroxide solution
(see 9.7)

B.1 Scope

This annex specifies a method for the determination of the
chemical wear of unsoiled cotton control cloth, due to the 25
{or 60} laundering cycles specifiad in 1ISO 2267, based on the
variation in the average dégree of viscometric polymerization of
the cotton in an ammionium copper{ll) hydroxide solution.

B.2 Definitions

For the purposes of this annex, the following definitions, as
given in 1ISO 1628-1, apply.

B.2.1 viscosity ratio iIncrement: The viscosity ratio minus
one:

ny_, -
No no o

where

It

n is the viscosity of the solution;

no Is the‘ viscosity of the pure solvent;

t is the flow time for the solution, in seconds;

to Is the flow time for the pure solvent, in seconds.
B.2.2 viscosity number (V.N.): The ratio of the viscosity
ratlo Increment to the concentration, ¢, of cotton in the solu-

tion: J

t =1
Ihe

I
V.N. =
where ¢ and ¢, are as defined in B.2.1.

B.2.3 limiting viscosity number (L.V.N. or [n]}: The
limiting value of the viscosity number at infinite dilution:

LVN. = Im (L2l
c—+0 IhC

For the purpose of the present method, it is assumed that

V.N.

LVN, = — ————
1+028(V.N.) ¢

(Schulz-Blaschke formula)

18

B.2.4 mean degree of viscometric polymerization {DP):
The ratio of the mean viscometric relative molecular mass to
the relative molecular mass of the polymerization unit or
monomer concerned (in this case anhydroglucose).

{DP)g is DP determined by the present method, assuming
that (DP)g = 2 000 (L.V.N.} .

B.3 Principle

Measurement of the viscosity ratio increment of a solution of
air-dried cotton (from which deposits have been removed,
where necessary) in a standard solution of ammonium
copper(ll} hydroxide. Using this value, calculation of the
limiting viscosity number by means of the Schulz-Blaschke for-
mula (see B.2.3).

Multiplication of the limiting viscosity number by 2 000 to ob-
tain the mean degree of viscometric polymerization {(DP)g.

Reading of the corresponding fluidity value from a graph.
Calculation of the chemical wear as in 9.6.

B.4 Reagents

Use only reagents of recognized analytical grade and only
distilled water or water of equivalent purity.

B.4.1 Copperll) chloride (CuCl).

B.4.2 Copper{ll) hydroxide [Cu(OH),].

Dissolve 250 g of copper(ll) sulfate pentahydrate
{CuS04.5H-0) in 1250 ml of warm water, bring to the bail,
slowly add concentrated ammonia solution [26 % (m/m) NH3}
until the solution above the green precipitate assumes a violet
tinge (about 160 mi). Filter the precipitate and wash it with
water. Transfer the precipitate to a flask, mix with a little cold
water, and add a cold solution of 60 g of sodium hydroxide in
800 m! of water. Stir for 10 min, filter and wash the precipitate
with water until the washings show a neutral reaction. Then
wash with acetone. Dry at a temperature below 30 °C.

B.4.3 Ammonia, 20 % (m/m) to 24 % (m/m) solution
(185 g to 220 g of NHj per litre).

: Y e

/\
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B.5 Apparatus

B.5.1 Capillary viscometer, of any type meeting the
requirements of 1SO 3105 (Ubbelohde, Cannon-Fenske, etc.).

The capillary shall be about 5 cm long and have an internal

diameter of 0,3 mm to 0,4 mm.

B.5.2 Glass-walled thermostatic bath, capable of being
maintained at 20 °C + 0,1 °C.

B.5.3 Reciprocating shaker.

B.5.4 Device to enable the solution of cotton in ammonium
copper(ll) hydroxide to be transferred from the flask in which it
was dissolved to the viscometer (B.5.1) under nitrogen
pressure (the viscometer having been previously purged with
nitrogen), so as to prevent any contact between the solution
and the oxygen in the air.

B.6 Preparation of the test sample

See 9.4.

B.7 Procedure

B.7.1 Test portion

Weigh a mass of cotton corresponding to x mg of pure and
30 000

dry cotton, where x = , DP being the degree of polym-

erization assumed (if this is completely unknown, one or more
preliminary tests must be carried out in order to determine its
approximate value).

B.7.2 Determination

Place the test portion (B.7.1) in a 100 ml brown-glass
volumetric flask. Add about 0,5 g of the copper(l) chloride
{B.4.1) and 1,00 g + 0,5 g of the copper(ll) hydroxide (B.4.2).
Make up to the mark with the ammonia solution (B.4.3) and
close the flask by means of a rubber or plastic stopper.

1SO 4312 : 1989 (E)

Attach the flask to the shaker {B.5.3) and leave it to shake over-
night. Fill the viscometer (B.5.1), preferably using the device
{B.5.4). After stabilizing the temperature in the thermostatic
bath (B.5.2) at 20 °C + 0,1 °C, determine the flow time ¢ of
the cotton solution to the nearest 0,2 s. The viscometer shall be
kept strictly vertical. In the same way, determine the flow time
to of a solution containing no cotton to the nearest 0,2 s.

B.8 Expression of results

The viscosity number (V.N.) is given by the formula

t —
V.N. = ——2
foc

and the limiting viscosity number (L.V.N.) by the formula

V.N.

LVN= —— ———
1+ 028(V.N.)e

where ¢ is the concentration, in grams per litre, of the cotton
solution.

The mean degree of viscometric polymerization, (DP)g, of the
cotton cellulose, measured under the conditions specified for
the present method, is given by the formula

(DP)g = 2000 {L.V.N.)
Express the result to the nearest whole number.

Determine the mean degree of viscometric polymerization
{DP)g for each of three test pieces which have been subjected
to 25 {or 50) laundering cycles and calculate the arithmetic
mean of the three results to the nearest whole number. Do the
same for three unlaundered test pieces. Convert (DP)g into a
fluidity value by means of the graph shown in figure B.1 in
order to obtain Fagsq) and Fy,.

Calculate the chemical wear as indicated in 9.6.

State in the test report that this method has been used.

NOTES

1 In certain cases, the initiat (DP)g value may be determined in a
similar way to that described in 6.6.3, note 3.

2 The curve in figure B.1 is based on numerous inter-laboratory tests
carried out during the preparation of this international Standard.

L

—
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Annex C
(normative)

Determination of chemical wear based on variation in average degree of
viscometric polymerization in a copper(ll) dilethylenediamine) (Cuen) solution
(see 9.7)

C.1 Scope

This annex spaecifies a method for the determination of the
chemical wear of cotton control cloth due to the 25 {or 50)
laundering cycles spacified in 1SO 2267, based on the variation
in the average degrse of viscometric polymerization of the cot-
ton in a copper(ll) dilethylenediamine) {Cuen) solution.

C.2 Definitions

For the purposes of this annex, the definitions given in
annex B, clause B.2, apply.

in the present maethod, it is assumed that, in accordance with
the Martin formula

logqe (V.N.) = logso (L.V.N.) + 0,14 (L.V.N.) ¢

The average degree of viscometric polymerization DP is the
ratio of the average viscometric relative molecular mass to the
relative molecular mass of the polymerization unit {monomer)
concerned (in this case anhydroglucose).

(DP)¢ Is DP determined in accordance with this method,
assuming that (DP)¢ = 133,3 (L.V.N.)

C.3 Principle

Measurement of the viscosity ratio increment of a cellulose sol-
ution of known concentration {from which deposits have
been removed, where necessary) in a standard copper{ll}
dilethylenediamine) (Cuen) solution, Using this value, calcul-
ation of the limiting viscosity number by means of the Martin
formula. Multiplication of the limiting viscosity number by
133,3 to obtain the mean degree of viscometric polymerization
(DP)e.

C.4 Reagents

Use only reagents of recognized analytical grade and only

distliled water or water of equivalent purity.

C.4.1 Copper(ll) hydroxide [Cu(OH);] (see annex B,
4.2),

Determine the copper content by iodometry.

C.4.2 Ethylenediamine (NH,CH,CHo;NHj), pure and
colourless, or an aqueous solution thereof.

Where necessary, determine the ethylenediamine content by
titration with a standard volumetric sulfuric acid solution,
¢{H;S04) = 0,5 mol/, using methyl orange as indicator.

C.4.3 Copper(ll) di{ethylenediamine) .
[Cu(NH,CH,CHoNH)2(OH),)  (Cuen), standard  solution,
¢{C4H1g02N,Cu) = 0,5 mol/! (about 109 g/I).

C.4.3.1 Preparation

Place a quantity of dry copper{ll) hydroxide precipitate (C.4.1)
corresponding to 32 g + 0,5 g of copper, into a 1 000 ml one-
mark volumetric flask. Add about 50 mi of water and a quantity
of the ethylenediamine solution (C.4.2) corresponding to
60 g + 0,5 g of the anhydrous product, and make up to the
mark with water, keeping the temperature below 20 °C
throughout. Pass a current of inert gas through the solution for
2 h in order to expel the air it contains.

C.4.3.2 Standardization

Add 4 ml of the solution prepared as in C.4.3.1 to 100 mi of
water. Titrate with standard volumetric suifuric acid solution,
¢(H;S04) = 0,5 mol/I {(using methyl orange as indicator or by
means of a potentiometer to pH 3,05).

Add 25 ml of acetic acid solution, ¢{CH3;COOH) = 2 mol/I,
and 3 g of potassium iodide. Titrate with standard volumetric
sodium thiosulfate solution, c¢(Na;S;03} = 0,1 mol/l, until the
colour of the lodine disappears (when the titration is nearly
finished, starch may be added, followed by 1 g of potassium
thiocyanate or ammonium thiocyanate).

C.4.3.3 Calculation

Calculate the ethylenediamine/copper ratio R as follows:

X
R=%=
Y

where
X is the number of moles of ethylenediamine;

Y is the number of moles of copper;
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X = y|C1 —2V2(‘2
8
Vac
Y = 2¢2
4

¥V, baeing the volume, in millilitres, of the sulfuric ac:
solution used;

V, being the volume, in millilitres, of the sodium
thiosulfate solution used;

¢, being the exact concentration, expressed in moles of
H,S0, per litre, of the sulfuric acid solution;

¢g being the exact concentration, expressed in moles of
Na,S,0j; per litre, of the sodium thiosulfate solution.

The ratio R shall lie between 1,9 and 2,0.

C.5 Apparatus

C.5.1 Apparatus for dissolution of the cellulose, com-
prising the following items.

C.5.1.1 Glass or plastic vessel, the volume of which (25 to
50 mi) is selected according to the type of viscometer to be
used. This vesss! shall permit the exclusion of oxygen during
the dissolution.

Various types of vessel are suitable.

a) A vessel in which the liquid fills the whole of the
volume, contact between the air and the liquid being non-
existent or negligible [see figure C.1a) and C.1b)]. The
vessel shall contain glass balls (of diameter 4 mm to 7 mm)
to enable the solution to be stirred.

b) A vessel in which air is replaced by an inert gas
{nitrogen, hydrogen, etc.) [see figure C.1c)].

C.5.1.2 Stirring device, for example a magnetic stirrer [see
figure C.1c)], which enables the liquid to be stirred mechanical-
ly during the dissolving process.

If the vessel Is filled completely by the liquid [see C.5.1.1al], itis
recommended that stirring be effected by a gentle rotary move-
ment (0,58-1to1s-1).

C.5.2 Apparatus for measurement of viscosity, compris-
ing the following items:

C.6.2.1 Capilllary viscometer, having the following essential
characteristics:
\

— a precision capillary tube
— length of capillary tube: 150 mm + 20 mm

—~ inside diameter of the capillary tube (2r):
0,45 mm £ 0,06 mm

IS0 4312 &9 W@ 4851903 0092149 1 mm

g

— referance volume (V) batween the two reference marks
such that the flow time (fg) of this volume of solvent. lies
between 70 s and 100 s

This reference volume is usually about 1 ml.
C.5.2.2 Thermostatic bath, capable of being controlled to
within £ 0,1 °C of the required temperature.

Depending on the atmospheri¢c conditions, the temperature
shall be set to between 20 °C and 35 °C, preferably to 20 °C.

The shear rate G for the solvent under these conditions shall lie
between 700 s — ! and 850 s-1, when calculated in accordance
with the formula

4y
Rl‘afo

G =

where
G is expressed in seconds to the power of minus one;

V, rand fy are as defined in C.5.2.1 and are axpressed in
millilitres, centimetres and seconds, respectively.

If the operation has to be carried out under extreme conditions
so far as temperature or the viscometer characteristics are con-
cerned, it is necessary to check that the shear rate for the sol-
vent does in fact lie between these limits.

C.6 Preparation of test sample
See 9.4.

C.7 Procedure

C.7.1 Test portion

Waigh a quantity of cotton corresponding to x mg of pure and
dry cotton, where x is a function of the presumed limiting
viscosity number of the cellulose and the volume of solvent. It
is recommended that, for 100 mi

0,50 g of pure, dry cotton should be weighed for DPs
between 100 and 300;

0,20 g of pure, dry cotton should be weighed for DPs
between 300 and 700;

0,10 g of pure, dry cotton should be weighed for DPs
between 700 and 1 500.
C.7.2 Determination
Place the test portion (C.7.1) into the vessel {C.5.1.1) to be
used for the dissolution of the cellulose. Add the volume of
Cuen solution {C.4.3), accurately measured, corresponding to
the capacity of the vessel. Stir until the dissolution Is complete.

Fill the viscometer (C.5.2.1) with the solution.
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Place the viscometer in an upright position in the thermostatic
bath (C.5.2.2). Allow the temperature of the solution to
stabilize.

Raise the level of the liquid, by some suitable means, above the
upper reference mark.

Allow the liquid to flow while measuring with a stopwatch the
time taken by the meniscus to fall from the upper reference
mark to the lower; this is noted as flow time ¢ for the solution,
to the nearest 0,1 s.

Ignore the first measurement.

Repeat the operation three times and note the three flow times,
which should not differ from one another by more than 0,2 s; if
there is a larger difference, repeat the test on a new test por-
tion.

Under strictly similar conditions and using the same stopwatch,

measure the flow time ¢4 for the solvent that has been used to
dissolve the cellulose.

C.8 Expression of results

The viscosity ratio increment is given by the formula

t = (g

o
where
t is the flow time, in seconds, for the solution;

to s the flow time, in seconds, for the solvent.

Calculate the concentration ¢, in grams, of pure, dry cotton per
100 ml of solution.

Determine the limiting viscosity number either by means of
table C.1, or by using the curve in figure C.2.

1ISO 4312 : 1989 (E)

Table C.1 — Limiting viscosity number as a function of
the viscosity ratio increment

Calculated value Product of limiting
for viscosity ratio viscosity number and
increment concentration
=5 LV.N)e

lo
0,103 3 0,1
0,2133 0,2
0,330 0,3
0,455 0,4
0,587 0,6
0,728 0,6
0,877 0,7
1,035 0,8
1,203 0,9
1,380 - 1,0
1,568 1,1
1,787 1.2
1,977 1.3
2,199 14
2,433 1.5

The mean degree of viscometric polymerization of the cotton
cellulose (DP)c, measured under the conditions specified for
the present method, is given by the formula

(DP)¢ = 133,3 (L.V.N.)
Express the result to the nearest whole number.

Determine the mean degree of viscometric polymerization
(DP)¢ for each of three test pleces that have undergone 25 (or
50) laundering cycles and calculate the arithmetic mean of the
three results to the nearest whole number. Do the same for
three unlaundered test pieces.

Within the scope of this International Standard, this method
provides (DP)¢ values numerically equal to (DP}g, taking into
account the practical limits of error.

Convert the two mean values of (DP)¢ into fluidity values by
means of the graph in figure B.1, thus obtaining Fog g and F.

Calculate the chemical wear as indicated in 9.6, State in the test
report that the present method has been used.

NOTE — See the notes to clause B.8 of annex B.
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Cuen solution
{C.4.3) containing
dissolved cellulose

Glass balls

C.1a)

— . — —
- @ e c——

e @ a—

- — — "

C.1b)
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Inert gas

il

Magnet of
magnetic stirrer
(C.5.1.2)

Cuen solution (C.4.3)
containing dissolved
cellulose

C.1¢)

Figure C.1 — Examples of vessels for dissolution of cellulose {see C.5.1)
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Annex D
(informative)

Grey scale and measurement of reflection
{see 4.2.4, note 3)

D.1 General

When verifying certain effects of laundering on cloth, measure-
ment of the luminance factor or the reflectance is essential in
order to

a) assess the elimination of coloured pigment soils, which
are generally grey, from soiled control cloths, i.e. to
evaluate the effect of washing or bleaching, or a combi-
nation of the two;

b) assess the greying or colouring of white contro! cloths
{independently of fluorescence), i.e. to evaluate the effect
of redeposition of coloured pigment soils, which are
generally grey, or chemical bleaching agents or a combi-
nation of the two;

¢} assess the degree of whiteness, taking into account the
contribution of the fluorescence of white control cloths, i.e.
evaluate the quality of optical bleaching alone or in com-
bination with the effect measured in b); in the absence of
fluorescence, the total visual effect of the phenomena refer-
red to in b) is evaluated.

Comparison of results from different laboratories is only valid
when correct calibration is ensured.

D.2 Scope

This annex specifies, within the context of the verification of
certain effects of laundering cloth, the conditions for measur-
ing reflectance and the standards to be used in establishing a
grey scale. It gives the definitions of units and phenomena en-
countered and also a list incomplete) of the known measuring
instruments in existence as well as a brief description of each.

D.3 Deéfinitions
For the purposes of this annex, the following definitions apply.
D.3.1 Phenomena

D.3.1.1 reflection (C!E-45-05-060) V': The return of radiation
by a medium, without change of wavelength. ’

1) See CIE Publication No. 38 {TC-2.3.}.
2) See CIE Publication No. 17 {E-1.1.).

26

NOTES

1 The reflected radiation can be regutar, diffuse or mixed.

2 One portion of the flux falling on a madium is reflected at the sur-
face of the medium (surface reflection); another portion can be
backscatterad from the interior of the medium {volume reflection).

D.3.1.1.1 regular or specular reflection (CIE 45-20-010)2}:
Reflection without diffusion in accordance with the laws of
optical reflection as in a mirror.

D.3.1.1.2 diffuse reflection (CIE 45-20-015)2): Diffusion by
reflection in which, on the macroscopic scale, there is no
regular reflection.

D.3.1.1.3 Isotropic diffuse reflection (CIE 45-20-26)1:
Diffuse reflection In which the spatial distribution of the
reflected radiation is such that the radiance (luminance) Is the
same in all directions of the hemisphere of incidence {in which
the radiation is reflected).

D.3.1.1.4 mixed reflection (CIE 45-20-020) 1): Partly regular
and partly diffuse reflection. '

NOTE — The lrradiance (illuminance) received from a point source,
after regular reflection, varles inversely as the square of the distance

from the image of the source and, after diffuse reflection, as the square
of the distance from the diffuser. .

D.3.1.2 radiance or luminance at a point of the source
(CIE 45-05-150)2) and (CIE 45-10-080)2), L,

See 4.2.1.

D.3.2 Physical quantities

D.3.2.1 reflectance (CIE 45-20-040)1), @: The ratio of the
reflected radiant (lJuminous) flux to the incident flux.

@
Spectral reflectance (i) = —tie
Dox

where
P I8 the reflected spectral radiant flux;

®,, s the incident spectral radiant flux.

—
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NOTE — Where mixed reflection (D.3.1.1.4) occurs, the (total) reflec-
tance may be divided into two parts: the regular reflectance, o, and
diffuse reflectance, o4, corresponding respectively to the two modes of
reflection referred to in D.3.1.1.1 and D.3.1.1.2,

Q=0 *+ Q4

D.3.2.2 reflectivity (CIE 45-20-050) 1, o : The reflectance
of a layer of material of such a thickness that there is no change
of reflectance with increase of thicknaess.

D.3.2.3 radiance (luminance) factor (CIE 45-20-200) 1), B
See 4.2.2.

D.3.2.4 refloctance factor {CIE 45-20-201)1), R: The ratio
of the radiant (luminous) flux reflected in the directions
delimited by the cone to that reflected in the same directions by
a perfect reflecting diffuser identically irradiated {illuminated).

NOTES

1 For specularly and very concentratedly reflacting surfaces that are
irradiated (llluminated} by a source of small solid angle, the reflectance
may be much greater than 1 if the cone includes the mirror image. In
this case, the value of the reflactance obtained with a measuring Instru-
ment depends on the measuring geometry (specifically sample size,
source-sample distance, and sample-receptor distance) unless the
sample size Is sufficiently small to permit all of the specularly reflected
flux to be incident on the receiver.

2 If the solid angle of the cone approaches 2r sr, the reflectance fac-
tor approaches the reflectance. In this case, a regular component (if
present) must be Included. This can be excluded if the regular compo-
nent Is sufficlently defined and a suitable trap is used, then the reflec-
tance factor approaches the diffuse reflectance.

3 if the solid angle of the cone approaches O sr, the reflectance factor
approaches the radiance (luminance) factor provided there is no
regular reflaction in the direction of observation.

4 The term “‘directional reflectance’” is used currently in the United
States In this sense.

65 It Is recommended that the reflectometer value (D.3.2.6} be used
rather than reflectance factor.
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D.3.2.5 spectral reflectance factor: The value measured
by means of a commercial spectrophotometer, at a given
wavelength, and which depends on the geometrical properties
of the instrument.

A
D.3.2.6 reflectometer value (CIE 45-20-202) 1)

See 4,2.5.

D.3.2.7 The considerations discussed above are illustrated by
table D.1.

D.3.3 Measurement geometries

D.3.3.1 45°/normal (abbreviation: 456/0) (radiance factor
Basso): Geometry in which the specimen is illuminated by one or
more beams whose axes are at an angle of 45° + 5° from the
normal to the specimen surface.

The angle between the direction of viewing and the normal to
the specimen should not exceed 10°. The angle between the
axis and any ray of an llluminating beam should not exceed 5°.
The same restriction should be observed in the viewing beam.

D.3.3.2 normal/46° (abbreviation: 0/46) (radiance factor
Bosas): Geometry in which the specimen is illuminated by a
beam whose axis is at an angle not exceeding 10° from the nor-
mal to the specimen.

The 'specimen is viewed at an angle of 45° 1 6° from the nor-
mal. The angle between the axis and any ray of the illuminating

beam should not exceed 6°. The same restriction should be

observed in the viewing beam.

D.3.3.3 diffuse/normal (abbreviation:'d/0} (radiance factor
Baso): Geometry in which the specimen is illuminated diffusely
by an integrating sphere (Ulbricht sphere).

Table D.1
Value measured
Quantity
Perfact Port i
diffuser erfect mirror
Reflectance 1,00 1,00
Diffuse reflectance 1,00 0
Regular reflectance 0 1,00
Radiance factor 1,00 Not defined, as it depends on the
measuring geometry and may vary from
0 to a value much greater than 1
Reflectometer valua 1,00 Depending on the measuring geometry,
<tor>1
Spectral reflectance factor 1,00 Depending on the measuring geometry, -
<tlor>1 .
£
1} See CIE Publication No. 38 (TC-2.3.),
27
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The angle between the normal of the specimen and the axis of
the viewing beam should not exceed 10°. The integrating
sphere may be of any diameter. provided the total area of the
ports does not exceed 10 % of the total internal reflecting
sphere area.

The angle between the axis and any ray of the viewing beam
should not exceed 5°. According to Heimholtz reciprocity law,
the radiance factor Sy, is identical to the reflectance g for
directional normal incidence.

D.3.3.4 normal/diffuse (abbreviation: 0/d) (radiance factor
Bog): Geometry in which the specimen is illuminated by a
beam whose axis is at an angle not exceeding 10° from the nor-
mal to the specimen.

The reflected beam is collectad by the integrating sphere. The
angle between the axis and any ray of the illuminating beam
gshould not exceed 5°.

The Integrating sphere may be of any diameter provided the
total area of the ports does not exceed 10 % of the internal
reflecting sphere area.

NOTES

1 In view of the variety of geometric conditions permitted in colour
measurement, radiance factor is not always measured; in some cases
reflectance factor is measured instead.

2 In measurements using a biconical geometry, the reflectance factor
can exceed unity, whereas the reflectance cannot. For colorimetric
measurements in which the measurement of properties greater than 1
may prove impractical, it is recommended that the refiectance be
measured.

3 When measuring glossy surfaces using geometry 0/d (D.3.3.4) itis
recommended not to illuminate them exactly at right angles. In many
instruments, an illumination angle of 8° has been chosen.

4 When using certain commercial instruments it is not possible to
comply exactly with the conditions defined above.

D.4 Apparatus?

D.4.1 Spectrophotometers

These Instruments are not necessary for ordinary
measurements for verifying the effects of laundering.
Theoretically, they allow measurements to be carried out at a
given wavelength and therefore better reproducibility between
different laboratories and different instruments should be
expected. In fact, fluorescent samples may give very different
results {see clause D.6). ’

D.4.1.1 Zeiss spectrophotometers

D.4.1.1.1 Zelss PMQ Il with reflecting device

Spectrophotometer with double prism radiation selector and
wide spectral range (200 nm to 2 000 nm), lllumination by

rmorachromatic or polychromatic light. Different geometries
ar= r~=sible depending on the reflecting devices used:

— AA 2 with geometry 46/0 (monochromatic light);

- RA 3 with geometry d/0 (polychromatic light} or 0/d
{monochromatic light),

Manual operation. No recorder.

Possibility of measuring fluorescent samples subjact to the use
of a suitable attachment.

D.4.1.1.2 Zeiss RFC 3

This instrument is used in particular for the automatic measure-
ment of colours. Spectral selection is by 24 or 21 interference

- filters, distributed uniformly between 400 nm and 700 nm. The

pass band width is approximately 10 nm. Alternatively three
tristimulus filters may be used. Polychromatic illumination by
Dgs CIE standard illuminant (CIE 45-15-146) (illumination is also
possible with illuminant A). The spectral range of low
wavelengths, below 400 nm and 460 nm, may be masked with
a filter of geometry d/0 (D.3.3.3) (diffuse illumination and
observation at an angle of 8°). Alternatively, a 45/0 device may
be used for illuminant A. Manual operation (digital read-out) or
automatic (if the instrument is connected to a digital
computer). Circular measuring surface with diameter varying
from 30 mm to 5 mm.

D.4.1.1.3 Zeiss RFC 16

Instrument identical with the Zeiss RFC 3 (D.4.1.1.2) but com-
pletely automatic. With 16 interference filters for 400 nm to
700 nm. Geometry d/8.

D.4.1.1.4 Zeiss DMC 26

Spectrophotometer with double prism radiation selector for the
automatic measurement of colours with either an incandescent
lamp or a xenon lamp, and measuring geornetry of 0/d or d/0
and more recently 45/0; the diameter of the sample must be at
least 0,5 cm,

Possibility of measuring fluorescent samples with geometry
d/0. Possibility of recording.

D.4.1.1.5 Zolss DMC 28

Instrument identical with the Zelss DMC 25 (D.4.1.1.4) but
with a double radiation selector with gratings.

D.4.1.2 Pretema FS 4

Instrument comparable to Zeiss RFC 3 (D.4.1.1.2) with 35 inter-
terence filters, uniformly distributed between 380 nm and
720 nm, pass band width approximately 10 nm. {llumination by
polychromatic light corresponding to CIE standard Hlluminant

\

1) The instruments mentioned in this clause are examples of suitable apparatus available commercially. This information is given for the convenience
of users of this International Standard and does not constitute an andorsement by ISO of these instruments.
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Des. Xenon lamp geometry d/0 with a small observation cone
solid angle (3°) and a large sphere (diameter X3 cm). Circular
measunng surface, diameter 10 mm to 40 mm. Automatic
operation by digitsl computer with recorder

D.4.1.3 Datacolor spectrophotomaeters

D.4.1.3.1 Datacolor 7080

Instrument comparable to Zeisa RFC 3 (D.4.1.1.2) but with a
continuous interference filter of 380 nm to 700 nm, pass band
width approximately 10 nm; 18, 32 or 63 measuring points.

D.4.1.3.2 Datacolor 3080

Instrument comparable to Dstacolor 7080 (D.4.1.3.1).

D.4.1.4 Other automatic and non-sutomatic
spectrophotometers

D.4.1.4.1 Dieno Match Scan, for fiuorescent and non-
fluorescent semples.

D.4.1.42 Beckmann DB-GQ. for non-fluorescent sampies
only.

D.4.1.4.3 Beckmann DU with reflector
One of the oidest instruments of this type. Monochrometic

. Bumination. Geometry 0/45. One advantage is thst the

reflected light is collected by an snnuler mirror, such that a
meen of all the horizonts! observation directions is obtained.
No recorder.

D.4.1.4.4 Spectronic 808, for non-fluorescent samples:
measuring range mey go up as far as UV.

D.4.1.45 Cerry model 14, for non-fluorescent sampies;
measuring range mey be from UV up to IR.

D.4.1.4.8 Macbeth M8 2000, with gratings and xenon pulse
lemp with filter for CIE standard iluminant Dgg, including UV.

D.4.1.47 Hunter D 84 P8, with continuous interference
filver, geometry d/8 halogen lamp with filter for iltuminant Des.
Autometic operation. For fluorescent and non-fluorescent
samples.

D.4.2 Reflectometers and tristimulus
colorimeters

These instruments fulfil the requirements for the verification of
sffects on cloth of lsundering with detergents. Thin band or
ne interference filters are used or wide band absorbing filters
which overiap. These <nstruments are therefore also called
photometers.  the instrument has only very few filters, it may
be calied s reflectometer and used 10 measure spectral reflec
tomater velues st wavelengths specified for the filters

The use of filters is necesaary in order to be able to measure
coloured samples, e.g. to sasess yellowing The measurements
carnad out on coloured sampies may diffar greatly from one
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instrument to another, which siec spplies to the epec-
trophotometers described in D.4.1, sithrough to & leseer
extent.

Tristimulus filters are 80 constructed that, in conjunction with
the photoelectric detector, they give values weighted according
to the CIE colorimetric functions. Generally, the sample is
iluminated with standard itluminant A (incandescent ismp) and
the results of measurement should be valid for standard lumi-
nant Dgg or C (daylight).

The transformation of the spectral distribution of Bluminent A

dard iluminant C (stilt in uee).

In practice, therefore, the instruments give tristimuius velues
X, Y, Z for the CIE-1931 2° observer with Muminent D or C,
or for the CIE-1964 10° cbeerver with Muminent Deg. (in 1931 an
angle of obeervation of 2° wes fined, which corresponds ap-
proximately to the vieual field of a fairly lsrge coin at a normel
distance of obeervation. in 1984, however, the visual field wes
fixed st 10°, because colours sre then assessed by the eye with
a different distribution of sensitivity.)

Amongst the currently avsilable instruments, attention is
drawn to the fokowing.

D.4.2.1 Zeles Eirepho

Iluminetion by polychromatic ight from an incandescent lamp
or a xenon lsmp reproducing CIE standerd Muminent Dgg.
Possibiity of inssrting 2 filtters, one cutting off radietion below
400 nm and the other that below 480 nm. Geometry d/0 (aper-
ture of the reflected beem 7°). Mumination is not however
strictly diffuse (see D.3.3.3) nor identicel for the two methods
of iumination. Filter hoider for seven bend pess fvers of
380 nm to 780 nm. Possibliity of including tristimuius fiivers
either for Hluminent C (in conjunction with the incendescent
lamp) or for CIE standard iuminant Deg (in conjunction with
the xenon lamp) or for iluminant A (in conjunction with the
incandescent lamp).

Mmuﬂngpomucminw,ormmwbvmﬁng
9.5 mm x 27,5 mm.

Very sccurate, but fairly slow, instrument. Very suitable for

meesuring fluorescence and the whitensss of fluorescent
ssmples.

D.4.2.2 Zeiss Elrephomat DFC B

Instrument dentical to the Zeiss Elrepho (D 4.2 1) but com
pletely automatic with tristimulus filters. Geometry d/8.

D.4.23 MHunterlab D 25

Potychromatic illumination with incendescent lsmp and the
possibility of using UV filters. Geometry 45’0, with illumination
hom‘rwo opposite sides, or circular. Possibility of using a
geometry of 0/d Four interference fiiters for CIE standard
ilyminant C
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Mmunmwﬂmmthldiamdlmmm,wmmor
12 mm.

Accurate and rapid instrument; not recommaended for messur-
ing the degree of whiteness of fuorescent sampies.

D.4.2.4 Datacolor 300

With continuous interference fitters of 360 nm to 700 nm.
D.4.28 Other instruments

D.A4.2851 EEL (Evens Electrossienium Ltd) Reflectometer.
0.428.2 Photovoit §10 Reflectometer.

0.428.3 MHNger interference Colorimeter.

D.4.28.4 Macbeth MC 190,

D.5 Callibration

The accuracy of reflectometer messurements depends on sxact
calibration using carefully chosen standerds.

D.5.1 Theorstica! standerds

Such standerds cannot be mads.

D.8.1.1 Perfect reflecting diffuser
ides! isotropic diffuser, with a reflectance (tranemittance) squal
t01,

D.6.1.2 Black body

Sody which completely absorbs the incident radigtion,
irrespective of its wevelength, direction and polerization.

D.6.2 Practicel standards — grey scale

Hhmdmhummwmwmnmr,
two messurements, preferably as ciose as possibie 10 the matt
m-ﬂmo’mmbodv.wouldbomqhmuﬁbuu
the scale. Unfortunetely this doss not heppen often, sepeciaily
with s simpie reflactometer. Calibration therefore hes to be car-
MMWMMMopwlﬁomntnwhrinmhm
Order 10 CarTY out any corrections which mey be necesssry

from the sbove, it ssems thet the standarde used should
themesives be calibrated in the geometrical meesuring con-
ditions which are usuel for the instrumaent 1o be calibrated This
idhwamumnthmduuomplouy, ie f
the directionsl reflection s very strong. Gioessy standards keep
more essdy and look better that matt standards, however they
ore lees suitable

Fortunetely the bast whrte standards (made from compressed

minersl powrers) and the best biack standards (hollow black
borfiem) sre vary gond ditfusars

30
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0.8.2.1 Compressed berium sulfete

This standard is obtsined by compression (st an adequete
pressure) or very pure berium suifste into smell diecs approx-
imately 5 mm thick. its reflectance is spproximately 0,988, and
its radiance factor is approximately 1,01 for geometry 48/0. In
comparison with compressed magnesium sulfate, it hes the
advantage of remaining stable for several days snd weeks,
when kept away from the light and dust.

D.5.22 Bileck body

1t is impossible to meke black surfaces with s reflectance of less
than approximetely 0,02. On the other hend, a hollow bleck
body gives s reflectance of simost zero. its internsl volume
should be as large as possible. Alternatively, & lamefer surface
may be used. The internal costing must be bleck snd mett.

D.5.2.3 Opel gless

Sommm-mwmwmwm
meters and reflectometers.

D.§5.2.4 Miscelieneous standerds

Some manufacturers of instruments for colorimetry supply
standards made of enamelied metal, ceramic, etc. These stan-
dordsunuwumdwithhhmmfuwﬂd\hym
intended.

Glossy standards (ceramic or enamel) are only suitsble for
instruments in which reguier reflection doss not teke plece at
oll, and if they themestves have been calibrated in the same
conditions.

D.8.3 Recommendations for calibration

In order to calibrate a reflectomaeter or colorimeter with the
roquindhiqhoceuncy,hhmnwtohlwmﬂv
W.m-ummmkm-ucwmmm-
mmmnmmmumm.mmmm
catibration of the standerd. The difficuities cen be reduced by
choodngmkmwmmwﬂhaphmwmﬂcnmm
which is as linesr ss possible, 88 eccurate celibration is then
possible with only two messurements. Finalty, the meesure-
ments must be interpreted with extreme caution for glossy snd
semi-glossy samples. It is siweys best to work with mett
samples.

nuvvfylmpomnlwuhelundammuMum
to the sample, both in the nature of their surface and in their
colour Barium sulfate is to be recommended as s standerd,
particularly when working with seversi ssmples, beceuse com-
pressed discs made from it have an aimost idest matt surface

D.6 Measurement of fluorescent samples

Cloths which contain an optical whitening agent are fluores-
cent This fluorescence s caused by uitraviolet and short-
wavalangth visible radiation which 1s always present in daylight
and in smalter proportions i the raciation from all artificial ight
SO)rCes
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It a cioth of this nature 18 Huminated by such radistion. it
reflects part of thws radiation and emits a supplementary radi-
ation as a result of fluorescence. These two different types of
radiation cannot be separated by the eye. They give a total
kght, whose spectral distribution is a function of the reflected
and emitted radiation.

In such cases. the radiance and luminance factors meesured
depend on the spectral distribution of the iuminating kght
source. Reproducible values can therefore only be obtained
with 8 standard iluminent.

Since 1964, the CIE has recommended standard iluminent Dy
representing dayfight at a colour temperature approximately
oqusl to 6 504 K and whosee relative radiance distribution has
been fixed at between 320 nm and 780 nm. This distribution
mey be obtained in a satisfactory menner by meens of a xenon
lsmp with filters.

If a fluorescent cioth is iluminated by monochromatic or aimost
monochromatic radiation, and the total reflected kight is
messured, thers sre two poseibilities :

—~ The radistion causes fluorescence at various
M\qﬁu,mehnwbcpbhdupmnmring
polychromatic radistion. In this case, the radisnce factor
measured is generally grester then the radiance factor for
spectrat reflection at this wavelength.

2000

180 4312 : 1989 (E)

— The radiation does not cause fluorescenca. In this case,
MMWMWbMM
than the “t0tal” factor messured st the :omeeponding
is measured at this wavelength and not any fluorescence
which has been caused by radiation at other wavelengths.

When studying washing, one is in the first place interssted in
the effects of lsundering, i.e. only the action of surfsce active
sgents contained in the detergents, or of the weshing aux-
itieries, on the removel of soiis. If the detergents examined con-
mwmmnmmdhm

ooﬁcdwnqmﬁmumhm.mu
case two methods cen be used:

a) Muminstion with polychromatic light, but from which
the exciting radistion hes been removed (by meens of
suitsble filters). Theoretically, this is not entirely possible. in
practice, one can do it with a compromise which lesves a
week fluorsscence at short wevelengths. f messurements
mﬂmnmmmm n
practice, only to the ususl reflection.

b) Long-wevelength monochromatic light is used so thet
fluorescence is not caused. Thus only the usual reflection is
measured.

31@

e

Organi zati on For Standardization




IS¢ 4312 69 MM 4851903 0092159 4 WA

1SO 4312 : 1988 (E)

UDC 681.185 : 620.16
Descriptors  surfactants, tesis. washing teats
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