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Foreword

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

When a current of air is passed through a uniformly-arranged mass of fibres packed in a chamber with
perforated ends, the ratio of air flow to differential pressure is uniquely determined by the total surface
area of the fibres, and by various constants. This was predicted from the hydrodynamic equations of
Kozeny and others.

For fibres of circular or near-circular cross-section and constant density, such as non-medullated wool,
the surface area of a given mass of fibres is proportional to the average fibre diameter. This principle
can be utilized to construct apparatus giving an estimate of fibre diameter. Because of its speed and
simplici - : -l o ; o . .

Since|the method is indirect, the apparatus is first calibrated from wools of known fibre“gliameter. For
this purpose, eight reference slivers have been provided (see Annex E).

It hag been shown that the estimate of fibre diameter actually given by the permeability method is d
(1+c2), where d is the average fibre diameter (length biased) measured by the projection microscope,
and cfis the fractional coefficient of variation. Since ¢ normally lies within ¢omparatively smhall limits for
unbleinded slivers, it is usual, however, to calibrate the apparatus directly’in terms of d.

The method requires that the fibres be reasonably clean and dispersed in a uniform open s$tate, such as
card §livers or combed slivers. It is thus unsuitable for raw woolunless first scoured and ¢arded. Some
types|of wool need special calibrations as described in Annex®.

The preparation of test specimens for measurement is identieal with that used for calibration specimens.

This 4econd edition to ISO 1136 is based on the test miethod IWTO0-6-98, drawn up by the |nternational
Wool [Textile Organization (IWTO).

© ISO 2015 - All rights reserved v
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INTERNATIONAL STANDARD ISO 1136:2015(E)

Wool — Determination of mean diameter of fibres — Air
permeability method

1 Scope

This International Standard specifies a method for the determination of the mean diameter of wool

fibre > ncing an nppnrahlc which passesa current of air fhrnngh a bundle of fibres

This [nternational Standard is applicable to clean, unmedullated wool fibres dispersed-inauniform, open
state/|It provides a method particularly suitable for combed slivers. The dichloromethang¢ extractable
mattgr content of the specimen must not exceed 1,0 %. It is applicable to oil-combedslivers 4fter cleaning
with &n organic solvent.

The npethod described in this International Standard is less accurate for lambswool and fofr wool which
is apgreciably medullated (see Annex D) and heavily dyed wool.

2 Normative references

The fpllowing documents, in whole or in part, are normatively referenced in this docurpent and are
indispensable for its application. For dated references, only the edition cited applies. [For undated
refergnces, the latest edition of the referenced document-(including any amendments) applies.

ISO 189, Textiles — Standard atmospheres for conditioning and testing

3 Terms and definitions
For the purposes of this document, the following terms and definitions apply.

3.1
laborfatory sample
condifioned sample of fibres, representative of the bulk, from which the test specimens arg weighed out

Note 1 to entry: In many cases, the laboratory sample will consist of one or more short lengths of sliver.

3.2
test specimen
weighed amount of fibre which is packed into the constant volume chamber

4 Hrinciple

A specified mass of fibres to be tested is compressed to a constant volume in a cylindrical chamber with
perforated ends to which a flowmeter and a manometer are connected.

The fibres are packed in such a way that they lie predominantly at right angles to the long axis of the
chamber. A regulated current of air is then passed through the compressed fibres and the average fibre
diameter read off from a scale on the manometer or the flowmeter.

© IS0 2015 - All rights reserved 1
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5 Apparatus

5.1 Forms of apparatus

Two alternative forms of apparatus are described: “constant flow” and “constant pressure”. Both forms
of apparatus have the same arrangement of parts, as illustrated in Figure 1.

The constant flow apparatus utilizes a specimen mass of 1,5 g; the flowmeter is adjusted to a fixed value
and the fibre diameter is read off from the manometer scale. This scale is not linear since the successive
intervals, corresponding to 1 um, decrease with the diameter.

ICTo3UIT d dal dtud uLiliLCD da S CLilllCll n1das55 Ul 4,9 ] tllC llldllUlllCtCl ib au.ubtc

The constangyp pparat ti P 25gt dj to a
fixed pressufe and the fibre diameter is read off from the flowmeter. The constant pressure appdratus
gives a nearly linear scale in micrometres. Since less accuracy in weighing the specimen is required, this
method has §ome advantages for mill use.

5.2 Detailed parts

The apparatiis consists of the following parts arranged as shown in Figure 1.

Key

A constapt volume chamber
B air valye

C manoneter

D reservir

E flowméter

P, QR referejce marks

Figure 1 — General arrangement of apparatus

5.2.1 Airvalve (B), giving sufficiently fine control of the air supply, such that the lever of the flowmeter
or manometer can be quickly adjusted to the working value.

5.2.2 Suction pump, of a type providing a smooth output of at least 30 1/min at 200 mmH20 with
minimal fluctuation of the float of the flowmeter.

A filter to trap any loose fibres may be inserted between the pump and the air valve (B).

NOTE 1 mmH20=9 806 65 Pa=9 806 65 N/m?

2 © IS0 2015 - All rights reserved
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5.2.3 Constant volume chamber (A), of brass, hardened steel, or any other suitable metal, comprising
the three following parts: the base into which the fibres are packed, the plunger which compresses the
fibres, and the screw cap which clamps the plunger to the base.

The finish shall be smooth so that the plunger slides easily into the base without trapping fibres.
Suggested dimensions of the constituent elements of the chamber are given in Figure 2.

Dimensions in millimetres

Plunger

38,1 constant pressure

45,2 constant flow

1 es2

7.

N N

N

N R

N N

N N

N N

N N

N N
W
%

S

%

6,8
#10

Section(exploded)

Figure 2 — Suggested dimensions of constant volume chamber (A)

Impoftant dimensions are 22,3-25,2-25,25-42,5 and 38,1 mm.

5.2.4| Manometer (C)omade of glass tubing of internal diameter at least 5 mm to reduce surface
tensign effects.

In both cases, a small amount of dye may be added to the manometer fluid, and where thjs consists of
distilled waterra'small trace of chromic acid should be added to give a clear meniscus. A millimetre scale
is fixgd behind'the open limb as described in A.3.1.

5.2.5| CReservoir (D) of the fluid manometer (5.2.4), having the characteristics spdcified in the
following table, and mounted at a sufficient height to give a clear working distance PQ of 350 mm in the
open limb of the manometer.

Table 1 — Manometer and flowmeter characteristics

Characteristic Constant flow Constant pressure
Mipimum diameter of reser- 150 mm 60 mm
voir
Type of manometer fluid n-Propyl Distilled water
alcohol
. 10 I/min to 51/min to
Working range of flowmeter 20 1/min 25 1/min

© IS0 2015 - All rights reserved 3
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5.2.6 Flowmeter (E), having the characteristics indicated in Table 1.

5.2.7 Rubber tube, connecting the manometer reservoir (D) to the chamber (A), consisting of pressure
tubing of small internal diameter to avoid constriction at the bends.

5.2.8 Rubber or plastic tube from the chamber (A) to the flowmeter (E), of internal diameter not
less than 6 mm.

The tube shall be as short as possible and shall not be twisted or kinked between calibration of the
apparatus and its subsequent use.

5.2.9 Bala
and of +4 mg

6 Condit

6.1 The te;
standard atny

NOTE Th
50°Cto 107 °

Each laborat
system, of w|
can be estab

6.2 The teg
in the metho

6.3 If tests
conditioned {

for the constant pressure method.

joning and testing atmosphere

t specimens shall be dried sufficiently and brought to equilibriuménd tested in one
ospheres for testing specified in ISO 139.

e laboratory sample can be dried in an oven with forced draft cirgulation or a rapid dryer at be,

[. The time required needs to be determined for the specific laboratory situation.

pol samples prepared in its specific equipment socthat the appropriate conditioning
ished.

ted specimen shall be weighed in the standard atmospheres at the level of accuracy spd
.

are not carried out in the standard-atmosphere for testing, the laboratory sample sh
o equilibrium near the apparatus-and the relative humidity of the atmosphere at the t

test noted. The final results shall be corrected by the factors given in Annex C.

NOTE A
if the laborata
The minimum
well-ventilate

7 Prepar

7.1 Unop¢

ource of error might occur if the moisture of the specimen changes during test. This could h
ry sample is allowed igsufficient time to attain moisture equilibrium with the testing atmos
time required to ensuve conditioning to equilibrium of a length of sliver in an opened-out st3
d room is about 60-min.

ation of-test specimens

ened sliver

hce, capable of weighing the specimen to an accuracy of +2 mg for the constant flow mlethod

of the

tween

hry is to carry out investigations on the rate of equilibration, for its particular conditioning

I time

cified

all be
me of

appen
phere.
teina

7.1.1 Cleaning

In general, the laboratory sample shall have a mass of about 8 g and shall first be degreased by rinsing

wellintwo b

aths each of about 200 ml of petroleum ether before conditioning.

7.1.2 Number of specimens

Unless otherwise specified, test a minimum of two specimens for fibre diameter below 30 pm and a
minimum of three specimens for fibre diameter above 30 pm.
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7.1.3 Selection of specimens

The specimens shall be taken from different places in the laboratory sample. In the case of balls of sliver,
the laboratory sample shall be made up of pieces of sliver from both inside and outside the ball.

7.1.4 Specimen mass

For the constant flow method, the specimen mass shall be 1,5 g + 0,002 g. For the constant pressure
method, the specimen mass shall be 2,5 g + 0,004 g.

7.1.5 Preparation

For slivers with cut ends, the specimen shall be prepared by cutting off with scissors.dl¢ngth to give
as negrly as possible the specimen mass and then making up to the exact mass by-adding shorter cut
lengths or portions.

For slivers with pulled ends, about five hand draws shall be removed and discarded and tle specimens
weighed out by taking several successive hand draws.

Thes¢ two methods of sampling give the same results if carried out properly.
7.2 |(Opened sliver

7.2.1| Cleaning

The laboratory sample should weigh not less than 10(g,"and if it is known to have an oi|l content not
exceeding 1,0 %, the test specimen may be taken\from it without cleaning. Otherwisg, the sample
should first be degreased by rinsing it well in twotaths each of about 200 ml of petroleum| ether before
condifioning.

7.2.2| Preparation

Take from the sample 10 g to 20 g of sliver and deparallelize using a Shirley Analyser or angther method
to give the laboratory sample.

Pre-cpndition (see 6.1) and condition the laboratory sample.
For the Shirley Analyser-cut the sliver into lengths of 15 mm to 20 mm before deparalleliz]ng.

Otherl methods may refer to Shirley Analyser. Laboratories can, according to their own conditions,
develpp their own'method.

7.2.3| Number of specimens

Unless‘otherwise specified, test a minimum of two specimens, and measurements per tgst specimen
two times.

7.2.4 Selection of specimens

Passing the cut sliver through a Shirley Analyser or other methods thoroughly blends the fibres. Test
specimens need not, therefore, be made up from pinches of fibre from different parts of the prepared
laboratory sample.

7.2.5 Specimen mass

For the constant flow method, the specimen mass shall be 1,5 + 0,002 g. For the constant pressure
method, the specimen mass shall be 2,5 g + 0,004 g.

© IS0 2015 - All rights reserved 5
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8 Procedure

8.1 Unopened sliver

8.1.1 Ensure that the meniscus of the manometer (5.2.4) is at the zero mark and, if required, carry out
an orifice plate check as detailed in A.3.3.

8.1.2 Pull out the weighed test specimen into a long thin sliver and feed it evenly into the constant
volume chamber (5.2.3), packing the fibres down with a smooth rod from time to time. Insert the plunger
and screw down the cap to the furthermost extent so that the lip of the plunger is in contact with the base.

8.1.3 Dep¢
a) forthec
coincide
1 mm or
b)

with the
1 mm or

nding on the method to be used, adjust the air valve (5.2.1) as follows:

bnstant flow method, adjust the air valve until the top of the float of the flowmeter (
5 with the reference mark R and note the fluid level of the manometer (5.2.4) to the n¢
0,1 um (see A.3.1);

180 mm reference mark P and note the position of the float of thé.flowmeter to the ng
0,1 um (see A.3.2).

8.1.4 Remgve the specimen from the constant volume chamber (5.2.3), tease out the fibres by

repack in the

8.1.5 Repe
obtained.

8.2 Openg

8.2.1 Ens

ul
an orifice plaE

8.2.2 Pack

constant volume chamber without loss of fibre, insert.the plunger, and screw down th

at the operation specified in 8.1.4 so that a total'ef three readings on each test speciy

bd sliver

e that the meniscus of the mandmeter (5.2.4) is at the zero mark and, if required, car
e check as detailed in A.3.3.

the specimen evenly infothe cylindrical base, a small amount at a time, using forcep

fingers, to handle the specimen, sg as'not to contaminate or change the moisture regain of the spec

Push the fib

e into the cylindrieal base preferably using the short end of the packing rod and f{

particular care to ensure thatthe fibres are uniformly packed and that the walls and bottom

chamber are

8.2.3 Inser
without rotat
and the chanf

not scratchedyor'marked.

t and push down the perforated plunger into the cylindrical base. Secure the plung
ion ofthe perforated plunger, ensuring no fibres are trapped between the perforated pl
ber'and that the shoulder of the plunger rests firmly on the lip of the chamber.

5.2.6)
barest

for the cgnstant pressure method, adjust the air valve until the fluid level ofthe manometer coincides

parest

hand,
e cap.

hen is

'y out

s, not
imen.
aking
bf the

br cap
unger

8.2.4 Depending on the method to be used, adjust the air valve (5.2.1) as follows:

a)

for the constant flow method, adjust the air valve until the top of the float of the flowmeter (5.2.6)

coincides with the reference mark R and note the fluid level of the manometer (5.2.4) to the nearest

1 mm or

b)

0,1 um (see A.3.1);

for the constant pressure method, adjust the air valve until the fluid level of the manometer coincides

with the 180 mm reference mark P and note the position of the float of the flowmeter to the nearest

1 mm or

0,1 um (see A.3.2).

8.2.5 Take the specimen out of the chamber and repack it in reverse direction without teasing it out.
Use forceps, not fingers, to handle the specimen, so as not to contaminate or change the moisture regain
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of the specimen. Repeat the procedure described in 8.2.1 to 8.2.5 on at least one further test specimen,

thus obtaining a total of at least 4 readings.

If using one airflow fineness meter:

Measure 2 test specimens. If the range of the 4 readings is greater than that in Table 2, measure one
more test specimen. If the range of the 6 readings so obtained is greater than that shown in Table 2,

repeat the test on 3 additional test specimens.

Table 2 — Readings from one airflow fineness meter

Dnnge

Mean fibre diameter

Number of test specimens (Reading)

(nm)
2(4) 3(6)
Less than 26 pm 0,5 um 0,6 um
26 pm or greater 0,8 pum 0,9\um

If using two airflow fineness meters:

Measfire 2 test specimens (one specimen in each airflow apparatus)? If the range of the
greater than that in Table 3, measure 2 more specimens (one specimen in each apparatus)

If the[range of the 8 readings so obtained is greater than that'shown in Table 3, measure ar
specimens (one specimen in each apparatus).

9 E

Calcu

10 T

The t

Table 3 — Readings from two-airflow fineness meters

1 readings is

additional 2

Mean fibre diameter

Range

Number of test specimens (Reading)

(hm)
2(4) 3(6)
Less than 26 pm 0,7 um 0,8 um
26 pm or greater 0,9 um 1,1 um

xpression of resalts

ate the average ofthe three readings for each specimen and express the result to the ne

est report

st xeport shall include the following particulars:

arest0,1 um.

a) a

£ o tlaia Toa 43 1 Cs | d 3
ITCICTTIILT LU LIS ITILCT IIativlidl otalltudrli U, 1.C.

1CO
1o

12,
TO0;

b) the method used (constant flow or constant pressure);

c) theresults obtained in accordance with Clause 9;

d)
e)

f)

whether the sample was tested after cleaning in petroleum ether or without cleaning;

the relative humidity and temperature of the conditioning and testing atmospheres, and whether
the result has been corrected for the relative humidity;

all operating conditions not specified in this International Standard, as well as any incidents that
might have influenced the results.
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Annex A
(informative)

Calibration of apparatus

A.1 Leakage test

After assem“tling the apparatus, as seen in Figure 1, remove the cap and plunger from the, &0y
volume cha

between (A)|and (E) after introducing a pressure difference causing the level of the meniscus
manometer to alter by about 150 mm. Note the position of the meniscus periodically forSeveral mi
if it changes,|examine the apparatus for leaks.

A.2 Samplles of slivers

Obtain sufficjent quantities of the reference slivers (see Annex E) for calibration. In requesting these
a) the test $pecimen mass for the apparatus to be used (1,5 or 2,5.g)and

b) whether|oil-combed or dry-combed samples are required.

Sufficient numbers of each type of sliver are supplied for four'specimens.

A.3 Graduating the scale

A.3.1 Constant flow apparatus

Make a horizpntal mark R (see Figure 1) near-the top of the flowmeter scale, avoiding any position §
marked flucuation of the float. Fix a scale graduated in millimetres behind the manometer and
the zero mark to coincide with the meniscus of the liquid. Then condition and weigh out, accord
the procedure specified in ClauseS*6-and 7, 1,5 g specimens of each sample of reference sliver an
according to[the procedure speeified in Clause 8, noting the distance in millimetres below the z
which the m¢niscus falls.

Do not clean|the sliver before test. Test five specimens from each of the eight reference slivers i
way and caldulate the‘ayerage of the nine readings for each reference sliver.

ber (A) and insert a rubber stopper. By means of a Hoffmann Clip, close the riibber

Istant
tube
n the
nutes;

state

riving
hdjust
Ing to
d test
bro to

n this

Plot the average,dépression h, in millimetres, of the manometer meniscus against the known vallue of

furve,

fibre diamet¢nd, in micrometres, and after mspectlon toensure that the pomts he about a smooth
fit a relation give W i e
micrometres, or a scale may be graduated in mlcrometres and f1xed behmd the manometer

DY TCas

Adjustment of results by the least squares method

The relation between d and h is of the form hdb = constant, and it is thus necessary to take logar
to obtain a linear relation.

LetX=logdand Y =logh.

ated, in

ithms

For each of the nlots of sliver used for standardization, two values (X1 and X2, X2 and Y>, etc.) are obtained.

8 © IS0 2015 - All rights reserved
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calculate the following quantities:

D X=X+ X+t X,
DY =Y 4Ty ety

ZY2=Y12+Y22+---+Y,,2

D XY =XV + XYy + 4 XY,

y2 :zyz_@

Ther

X:

Finall
in For

A.3.2

Make
of the
scale

Condition and weigh out 2,5 g specimens of each sample of reference sliver according to tl

speci

distafce y, in millimetres, of the float of the flowmeter from zero. Do not clean the sliver

Test f
readi

Plot t
etc. T|
by fin

y

N
|

Il

boression equation of X and Y which applies to the apparatus is then
X Y
22X, b[y _Z_]
n n

y, construct a table relating h to d by taking values ofhat 5 mm intervals, finding log h
mula (A.1) to obtain X and so tabulating d = antilog’X for each value of h.

Constant pressure apparatus

a horizontal mark at a distance corresponding to 180 mm water pressure from the
manometer. Fix a scale graduated in millimetres behind the flowmeter (E) so that th
coincides with a file mark (Zero) made near the bottom of the flowmeter.

ied in Clause 6 and Clause %.and test according to the procedure specified in Clause

ve specimens from each-of eight reference slivers in this way and calculate the avera
ngs for each reference-sliver.

he average reading, in millimetres, y1, y2, etc., against the known values of fibre dia
he result will’be’a nearly linear relation; fit a second degree regression line of y on d
ding the coefficients g, b, ¢, in Formula (A.2)

= a +bdF cd?

(A1)

substituting

zero mark Q
e zero of this

he procedure
8, noting the
5 before test.
be of the nine

meter d1, da,
This is done

(A.2)

by so

: +1 e
VI1ilg UIC TYUALIOIIS

Zy:8a+b2d+02d2
dYdy=a) d+by d*+c).d’
Y d’y=a) d>+bY.d* +c) . d*

Formula (A.2) is then used to graduate a scale, in micrometres, which may be fixed behind the flowmeter.

A3.3

Orifice plate checks

To make regular daily checks that the apparatus is in good order, the use of the two orifice plates is
recommended. These consist of aluminium disks of the same diameter as the inside of the constant
volume chamber, each with a central hole. The disks have a rim which in use rests on the annular top of

© ISO 2015 - All rights reserved
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the constant volume chamber. The diameter of the central hole in one disk is chosen to give a reading of
about one-third of the available scale on the manometer (constant flow method) or flowmeter (constant
pressure method) when clamped and used in the apparatus under working conditions, with no fibres
in the chamber. The diameter of the central hole in the second disk is chosen to give a reading of about
two-thirds of the available scale under the conditions described above.

At least once a day, clamp the orifice plates in the apparatus so that air enters through the central hole
only and note the readings. Variations in the readings given by the scale shall not exceed 2 mm and 4 mm
respectively for the two orifice plates. This provides a useful and quick check on the functioning of the
apparatus, particularly as regards the presence of air bubbles in the manometer system.
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Annex B
(informative)

Reproducibility of results

It is desirable that the persons to whom a test result is communicated should have some idea of the
appropriate confidence limits of each average reading reported. Confidence limits will depend amongst
otherytiti ; Tabit Tat; i " differences
betwg¢en apparatus, and the probability level assumed. There are two important casés|about which
inforgnation is available at present. This information, which is summarized below, should| be regarded
as illystrative and as applying only to the particular material tested. The original’papdrs should be
consylted for further details.

“WitIin Sample” confidence limits

Suppgse about 1 m of sliver is received for test and n test specimens are‘weighed out and tested, three
readings being taken on each in accordance with standard procedure: ‘A total of 3 n readings would be
obtaiped, and since the variance due to repacking is normally abelt the same as that between different
weigllings, the 95 % confidence limits of the average readings@re’given by

N 1,960

| V3n

where o is the standard deviation of the 3 n readings: From the work of various authors, itjappears that
the v4lue of o is about 0,2 pm for wool of 20 pm, tising to about 0,4 pm for wool of 30 pm.

“Between apparatus” confidence limits

The fgllowing confidence limits have beenestablished by a determination carried out by the fisual method
on twjo test specimens in any one of 16 Taboratories participating in tests with certified apparatus using
parts|of four identical reference slivers.

Average 95 % confidence limits
pm pm
20 +0,18
25 +0,29
30 +0,42
35 +0,59

Variability within lots during processing

Although the variability within lots is not related to the reproducibility of the method of test, it is
sometimes necessary to take variability within lots into account when comparing results obtained
in different laboratories, since the laboratory samples may have been taken at different times from
different portions of a non-homogeneous lot. Some tests relating to variations in mean fibre diameter of
combed slivers during processing have shown that significant differences might occur.
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