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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bod

ies

(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 1SO, also take part in the work. ISO collaborates closely with the

International Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.
International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part)2-
The main Jtask of technical committees is to prepare International Standards. Draft International Standa
adopted by the technical committees are circulated to the member bodies for voting. ,Publication as

International Standard requires approval by at least 75 % of the member bodies casting a,vote.

In exceptipnal circumstances, when a technical committee has collected data of/a,'different kind from f{
which is nprmally published as an International Standard (“state of the art’, for éxample), it may decide b

rds
an

hat
y a

simple majority vote of its participating members to publish a Technical Report; A Technical Report is entirfely

informative in nature and does not have to be reviewed until the data it prevides are considered to be
longer valig or useful.

Attention i$ drawn to the possibility that some of the elements of thissxdocument may be the subject of pat
rights. ISQ shall not be held responsible for identifying any or all such’patent rights.

ISO/TR 11827 was prepared by Technical Committee ISO/TC'38, Textiles.

no
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Introduction

The correct identification of fibres in textiles and the accurate determination of the composition of each fibre
present is a legal requirement in many countries throughout the world for imported textile goods and at the
point of sale to the public. Fibre identification can be carried out by a number of different techniques, e.g.
microscopy, solubility, spectroscopy, melting point, pyrolysis, density, refractive index, etc.

© 1SO 2012 - All rights reserved Vv
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Textiles — Composition testing — Identification of fibres

IMPORTANT — The electronic file of this document contains colours which are considered to be
useful for the correct understanding of the document. Users should therefore consider printing this

do

Th
us

cument using a colour printer

Scope

s Technical Report describes procedures for the identification of natural and man-made\fibres, gnd may be
bd, when necessary, to coordinate with methods for the quantitative analysis of fibre*blends.

Textile Fbres
Natural fibres Man-made fibres

| | I
Animal fibres | | Vegetable fibres | Mineral fibres Fromorganic Frominbrganic

chemistry chenfistry
From Seed Asbestos I
| @. . .
L Artificial fibres | L Sntheticfibres Hass
Wool (Sheep) Cotton N Metallic fibres
Cashmere, Mohair '
] Ka k L
(Goat) pc_) 4 . . Cefamics
Alpaca, Guanaco, Other fibres Acrylic, Modacrylic Oarbf)n
Vicuna (Llama) Visoose, Qupro Chlorofibre Other fibres
Angora (Rabbit) Modal Lyocell Ruorofibre
Other fibres _. Acetate, Triacetate Polyamide
Aax ! | Otherfibres | Polyes.ter
Secretionfibres Hemp Ara.m!d
Raid Polyimide
o \ute Polyethylene
) Other fibres Polypropylene
Other fibres L™ . Others Polylactide
_L |\ S Hastodiene | | Bastane
(fromlatex) Hastodiene
3 H’otei-n fibres Hastolefin
| Alfa Otﬁlgl r;.att)e Melamine
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Other fibres ! ! Polycarbamide
Trivinyl
—| From Fruit Hastomultiester
Polypropylene/
. Polyamide-
Coir bicomponent
Other fibres Other fibres

2
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Figure 1 — Classification of the textile fibres in relation to their origin

Safety note

is Technical Report calls for the use of substances/procedures that may be injurious to the health/

environment if appropriate conditions are not observed. It refers only to technical suitability and does
not absolve the user from legal obligations relating to health and safety/environment at any stage.
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3 Normative references

The following referenced documents are indispensable for the application of this document. For dated
references, only the edition cited applies. For undated references, the latest edition of the referenced

document (including any amendments) applies.

ISO 1833-4, Textiles — Quantitative chemical analysis — Part 4: Mixtures of certain protein and certain other

fibres (method using hypochlorite)

ISO 2076, Textiles — Man-made fibres — Generic names

ISO 6938, |Textiles — Natural fibres — Generic names and definitions

4 Terms and definitions

For the purposes of this document, the following terms and definitions given in 1ISO 2076 ahd-1ISO 6938 3
the following apply.

4.1
natural fire

fibre which occurs in nature: it can be categorized according to its origin intocanimal, vegetable and ming
fibre

4.2
man-madf fibre

manufacttired fibre
fibre obtained by a manufacturing process

421
artificial fijbre
manufactured fibre made by transformation of naturalpolymers (macromolecular material existing in nature

422
synthetic ffibre

manufactured fibre made from synthetic ‘polymers (macromolecular material which has been chemic
synthesisdd

4.2.3

bicomponent fibre
fibre complosed of two fibres.ferming polymer components, which are chemically or physically different or b

5 Pringiple

Objective: identify-the fibres

nd

ral

Blly

Means: bas

Properties for example:
e Morphology
e Solubility
e Light absorption or transmission by IR
e Burning behaviour

e Thermal behaviour

2 © 1SO 2012 — All rights reserved
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e Colouration
e Optical behaviour

o Elemental composition

6 Apparatus and preparation of solutions

6.1 Apparatus

.1 Light Microscope, using transmitted light
.2 Scanning Electron Microscope
.3 Bunsen Burner or other flame source

.4 Infrared Spectrometer

4.1  Attenuated Total Reflection (ATR) spectroscopy device
4.2  Fourier Transform Infrared (FT-IR) spectrometer

.5 Melting Point device (heated block)

.6 Differential Scanning Calorimeter (DSC)

.7 Thermal Gravimetric Analysis (TGA) device (thermobalance)
.8 Gravimetric device (density gradient column)

.9 Energy Dispersive X-ray (EDX) device

Preparation of solutions

Usg only reagents of recognized.analytical grade.
.1 Sodium hydroxide and calcium oxide
Pre¢pare a mixture of sodium hydroxide and calcium oxide (mass ratio of 1:1,4)

6.4.2 lodine/potassium iodine solution

Digsolve 20.g/of potassium iodide in 20 ml to 50 ml of distilled water. In this solution dissolve 2,5 g of iodine
ang dilute,to 100 ml

6.4.3_/ Zinc chloride/iodine solution

Dissolve 66 g of zinc chloride, anhydrous, and 6 g of potassium iodide in 34 ml of water.
Add a small amount of iodine crystal so that the solution is saturated.

6.2.4 Chlorine bleaching solution

Prepare the solution according to ISO 1833-4.

6.2.5 Zinc chloride/formic acid solution

Dissolve 100 g of zinc chloride, anhydrous in 100 ml of water.

© 1SO 2012 — All rights reserved 3
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nsity of this solution to 1,566 g/ml.

Add 6 ml of concentrated formic acid to 100 ml of this solution.

6.2.6 So

dium carbonate 0,25 % solution

Add 0,25 g of sodium carbonate to 100 ml of distilled water and dissolve.

6.2.7 So

dium hydroxide 5 % solution

D' I | a-af-caditm-byvwdeandde-n-dictiladawmatar-and-diliteta-100-1al
ISSolve o Y O SUTTOTT T TITyUTOUATOC T OrSthre U vwwate T ar g Ut tO— TO U

6.2.8 Su

Add carefylly, while cooling, 700 ml of concentrated sulphuric acid (p 1,84 g/ml) to 350 ml of distilled water.

After the s

6.29 Ch

Dissolve 5

6.2.10 Ethanol / potassium hydroxide solution

Dissolve 1

7 Techniques

71 Mic

7.1.1 Light Microscopy

Examine t
transmitte

Compare

7.1.2 Scanning Electron Microscopy

Examine the longitudinal<view and/or the cross section of the surface of a fibre sample under a scann
electron mjcroscope (6.4:2) using magnification.

Compare

71.3 Rel‘ractive Index

7131

Refractive

phuric acid 75 % solution

blution has cooled to room temperature, dilute to 1 | with water.

loroform/trichloroacetic acid solution

D g of trichloroacetic acid in 50 g of chloroform.

b g of potassium hydroxide in 100 ml of ethanol.

roscopy

e longitudinal view and/or the cross section of a fibre sample under a light microscope (6.1.1) us
light and magnification.

vith photomicrographs in Annex B.

vith photemicrographs in Annex C.

General

index governs the visibility of all colourless and transparent objects.

ng

ng

When a fibre is examined in air (n=1,0), the relatively large difference in refractive index between the fibre and
air causes about 5 % of the incident light to be reflected and the transmitted light to be markedly refracted.
These effects produce heavy shadows that obscure fine details of the fibre structure and can introduce
misleading identification. To reduce the degree of contrast in the shadow regions the fibres are mounted in a
medium of suitable refractive index for microscopic evaluation.

© 1SO 2012 — All rights reserved
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.3.2 Mounting media

If fibres are mounted in a medium of similar refractive index, surface characteristics are practically invisible but
internal structure and the presence of voids, or inclusions such as pigmentation, are clearly revealed. When it
is desired to examine the surface details of a fibre a mounting medium of significantly different refractive index
should be selected, preferably one with a much higher refractive index than that of the fibre, e.g.
1-bromonapthalene or di-iodo-methane.

Mountants should be relatively stable, and should not be volatile or react with the polymer fibre. The most
commonly used mountant is liquid paraffin which gives an image of satisfactory contrast for all fibres except

for,

cellulose diacetate and triacetate forwhich n-decane is recommended
y

Iti
pe
ing
7.1

Fa
arr
ma

=

ligit under conditions of controlled temperature and relative humidity.

Bir
dir
fib
an

7.1

D€
md

prd

=

Ali
ca
ref
md
thg

Th
ou

Ro
Rel
bir

5 recommended that all fibres be examined as soon after mounting as possible. Some fibres
iod may be penetrated by the mountant, or they may swell which makes fibre diameter med
orrect, or the mountant may evaporate.

.3.3  Factors governing refractive indices

ctors governing the refractive index of fibres are the chemical nature ©f. the molecules, th
pngement of these molecules, the wavelength of incident light, moisture content, and other subs
y be present in the fibre. In order to make accurate determinations it'iS necessary to use plang

efringent substances exhibit different indices of refraction for*a given wavelength dependi

es the maximum and minimum refractive index corresponds to the long axis of the fibres a
gles to the axis respectively. For negative birefringent fibres the reverse occurs.

.3.4  Behaviour under polarised light
untant of known refractive index (Table.2)) then viewing under polarised light such that the n
vides light polarised in the 6-12 o’clock.direction.

gn the fibre in the direction of the-light and set the microscope to provide axial illumination.
efully on the outlines of the fibre adjust the focus to just above the fibre. For cylindrical fik
Factive index is higher than-that of the mountant the fibre will act like a lens and a bright line

light will flare out as the,focus is raised and the middle of the fibre will become darker.

e test works beston round fibres, for flat ribbons it may be easier to see movement of a bright
lines of the fibre,

tating the’specimen 45° and setting the microscope to provide cross polars allows birefringence t
cord if-the fibre appears very bright (strong birefringence), dim (weak birefringence), of
bfringence).

f left for a
surements

e physical
ances that
p-polarised

ng on the

pction of light passing through them, as well as upon its direction of transmission. For positive birefringent

nd at right

termination of the behaviour under polarised.light of a fibre can be carried out by mounting the fibre in a

nicroscope

Focussing
res, if the
of light will

ve into the middle of the fibre as the focus is raised. If the refractive index is lower that that of th¢ mountant

line at the

o be seen.
dark (no

R

e Py : Lec 4 " e/ Tl O\ A 1 rs n s 1 £ 0 L [N
cdl 1€ I&SU USITTY UNTCTETIU TTTOUTILANTS (SEC TdUIC £). AS UHIC TCITAdUUVE TTUCX O UTE TYUTU appl

aches that

of the fibre the fibre becomes less distinct until almost invisible. From the table match the liquid to the fibre for
identification. This technique is particularly useful for the identification of polyester.

Co

mpare the observations made with the Table 1 to identify possible fibres.
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Table 1 — Refractive Indices of Fibres (cf. [1])

Fi Refractive Index Birefringence
ibre
Long ny Cross n. An
Diacetate 1,476 1,473 0,003 Weak
Acetate Triacetate 1,469 1,469 0 Weak
Acrylic 1,511 1,514 -0,003 Weak, negative
Aramid (Para-)aramid >2,000 - - -
Chrysotile 1,50 - 1,56 - varies Strong
Asbestos Amosite 1,64 — 1,69 - varies -
Crocidolite 1,68 —1,71 - varies -
Chlorofjhre 1541 1 536 0 005 Weak
Cuprp 1,553 1,519 0,034 Strong
Glas$ 1,62 -1,55 - - None
Modacrylic 1,62 —-1,54 1,562 -1,53 0,002 — 0,004 Weak
Polyamide 11 1,553 1,507 0,046 Strong
Polyamlide Polyamide 6 1,575 1,526 0,049 Strong
Polyamide 6.6 1,578 1,522 0,056 Strong
Polyester 1,706 1,546 0,160 Intense
. Polypropylene 1,530 1,496 0,034 Strong
Polyoldin Polyethylene 1,574 1,522 0,052 Strong
Viscose 1,54 — 1,55 1,51 -1,52 0,02 2=10,039 Strong
Wool 1,557 1,547 0,010 Weak
Cotton 1,577 1,529 0,048 Strong
Silk | Degummed 1,591 1,538 0,053 Strong
Flax 1,58 — 1,60 1,52 -1,53 0,06 Strong
Table 2 — Refractive Indices of Mountants-for Microscopy (cf. [1])
Mountant Refractive Index
Water 1,33
n-Hepiane 1,39
Siliconje Fluid (200/100,000cs) 1,406
n-Decgne 1,41
Butyl gtearate 1,445
Liquid|Paraffin 1,47
Olive ¢il 1,48
Cedarood oil? 1,513-1,519
Anisolp 1,515
Ethyl $alicylate 1,525
Methy| Salicylate 1,537
o-Dichlorobenzene 1,549
Bromqbenzene 1,56
1-Bromonaphthalene 1,658
Di-iodp-methane(Methylene iodide) 1,74
@  reffactive index of cedarwood oil changes with time

7.2 Flame tests
7.21 Burning Test

Burning fibres and assessing the characteristics of the flame and fumes given off is a classical method of
identifying a class of fibre, such as cellulosic, protein, synthetic, etc.

Present the sample, where possible, to the flame of a Bunsen burner (6.1.3) in the same physical state, e.g.
as a twisted thread, to minimise burning differences due to the physical nature of the sample

6 © 1SO 2012 — All rights reserved



https://standardsiso.com/api/?name=235721a379c81c6055ab51b42fb54b3d

ISO/TR 11827:2012(E)

Characteristics such as melting or shrinking from the flame should be noted. If the sample burns it should be
removed from the flame to see if it continues to burn. The nature of the residue or the odour should also be
noted.

Care must be taken in interpreting results where a mixture of fibres is present as one fibre type may mask the
presence of another. Also, the presence of finishes or coatings may give misleading results.

Results of the reaction of fibres to flame can be found in Annex A.

7.2.2 Chlorine detection test

Helat a copper wire in a Bunsen burner flame (6.1.3) until any green colouration disappears.
Remove the wire from the flame and touch the fibre with the hot end so that some adheres, to|it.

Agpin introduce the wire into the flame. The presence of chlorine in the fibre is indicated by green colour in the
flame.

NQTE 1 Chlorine containing fibres - chlorofibre, polyvinylidene and modacrylic fibres.
NJTE 2 Chlorine detection test is called “Beilstein test”.
7.4.3 Nitrogen detection test

Put a few fibres (approximately 100 mg has been found suitable) into a test tube and cover with soda lime or a
mixture of sodium hydroxide and calcium oxide (6.2.1) and heat the bottom of the test tube.

NQTE 1 A piece of cotton pad can be inserted in the tube.in‘erder to avoid any spitting.

When exposed at the opening of the tube, a wet red litmus paper will change to blue if the fibre contains
nitftogen component.

NQTE 2 Nitrogen-containing fibres: silk, wool and animal hairs, polyamide, acrylic, modacrylic, elastane, [aramid and
mejamine fibres.

7.3 Staining Tests
7.3.1 Colouration test with iodine/ potassium iodide solution

Observe the colouration-of‘a fibre sample after immersion of the sample into iodine/ potassium iodige solution
(6.R.2) for 30 to 60 seconds and then washing it, and compare the observation with that in Annex A.

7.3.2 Xanthoproteic reaction
Deftect pratein components in a fibre.
Dropnitric acid onto a fibre sample on a slide glass under a microscope and observe the colour of the fibre. In

case yc”uvv cototi appears—at yeHt uhallyca to-orat g¢c withrreutratization b_y ammontur-the-fibre—is composed
of proteins.

NOTE Silk, wool and animal hairs, and protein fibre will come under this category.

7.4 Solubility Tests

7.4.1 Polyester confirmation

In the light microscope preparation add some drops of ethanol / potassium hydroxide solution (6.2.10) to the

fibres (don’t use immersion oil or other fluid). Warm up slightly, observe in light microscope (6.1.1). Polyester
fibres changes morphologically (« hair » grows in the surface of the fibres).

© 1SO 2012 — All rights reserved 7
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7.4.2 Cellulose confirmation

Under light microscope (6.1.1), add some drops of copper (ll) ethylenediamine reagent to the fibres. Cellulosic
fibres are dissolved by this solution.

Compare with data on fibre solubility in Annex D.
7.5 Infrared Spectroscopy

7.5.1 General

The identification of polymers in general and synthetic fibres in particular can be achieved readily by 1Ihis
technique,|which provides an instrumental alternative to the classical tests: microscopy, solubility, and stainjng
tests. Ong great advantage of infrared examination is that the spectrum obtained is determined mainly by the
chemical donstitution of the fibre and is, in general, less dependent on physical structure, variations in whiich
can affect|the results obtained from staining, solubility, and other physical tests used for fibre identificatipn.
Where only a few milligrams of sample are available, infrared spectroscopy is probablythe most valuaple
single tes§ The method is particularly useful with synthetic fibres such as polyolefin; Jaramids and acrylic
fibres, espgecially the latter, where the constitution and proportion of the acrylonitrile\comonomer used fare
frequently modified.

NOTE However, if two or more synthetic fibres are derived from the same basic:monomer, whose properties have
been modiffed by the addition of the same comonomer in different amounts, and.f, the percentage difference is small, it
may not bg possible to distinguish the fibres by qualitative infrared examination: Where the comonomer is differgnt,
however, then the infrared spectrum obtained will be specific for that particulardibre.

When infrgred radiation is passed through a substance, the energies of the IR photons are sufficient to cadise
rotations gnd vibrations of molecules and atomic groups. Certain frequencies are absorbed and others are
transmitted depending on the nature of the chemical groups.

The absorption of the IR radiation by organic components.consists in two main types of vibrations:
e Elongation vibrations (stretching)

e Deformation vibrations (bending)

Infrared spectroscopy, therefore, consists of determining the frequencies at which absorption occurs and
preparing [a plot of percentage radiation absorbed against frequency. In practice, this is carried put
automaticglly by the infrared speetrometer (6.1.4).
Infrared absorption spectra aremeasured either with dispersive double-beam (grating) spectrophotometerg or
with Fourigr transform spéctrometers, which give a digital interferogram that is subsequently transformed bly a

computer into the recaognizable infrared spectrum.

The majorfty of cemmercial spectrophotometers scan the spectrum from 2 to 15 nm, that is to say from 4¢00
cm™ to 670 c i wavenumber.

Due tO th ||un|bc| alld bUIIIp:UA;ty Uf thU aba\n pt;UII balldb, thc illfldlcd epcutlunl Uf d 9;vc|| IIIU:U\;U: |S
characteristic of that compound and may be used for identification. In comparative studies of two substances,
therefore, identical infrared spectra denote identical substances.

7.5.2 Procedure
The spectra of relatively simple organic molecules are usually determined with the compound itself or in a
medium transparent to infrared radiation. Sample preparation of synthetic fibres is more complicated and, of

the several methods available, the final choice will depend on the nature of the fibre, and the individual
operator. The more suitable methods of sample preparation are described in detail.

8 © 1SO 2012 — All rights reserved
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7521 Pressed-disc Technique

In the pressed-disc technique, one can obtain spectra of relatively large particles that are suitable for
qualitative identification purposes, by choosing as the matrix a halide whose refractive index closely matches
that of the sample. In general, potassium bromide (np=1,56) is suitable.

Briefly, the method consists of mixing the finely divided fibre with finely powdered potassium bromide, which is
stored in an oven.

In preparing the disc, a few milligrams of the fibre are cut up finely with scissors. A portion of the finely
chopped—or—powdered—materialis—uniformiy mixed—in—an—agate—morarwith- 300 mgto-500-mg of finely
powdered potassium bromide and pressed into a small disc about 1 mm thick in a suitable vacuum die under
a pressure of about 500 kPa to 750 kPa. Vacuum alone is applied to the die for 2 minutes, then*vacuum and
prass load are applied simultaneously for 2 minutes. Clear pellets have only small absorption bandg at 2,9 um
angl 6,1 um owing to moisture.

NQTE It should always be borne in mind that potassium bromide is very hygroscopic and that watef-absorption
bamds, which may be present in spectra run by this method, can lead to wrong identity./The potassium bronjide method

hag the important advantage over mulling techniques that extremely small samples may‘be analysed.
7.8.2.2 Mulling
This type of sample preparation pertains to solids that do not lend themselves to other npethods of

nhto 15 nm
ful mulling
h are free

preparation. The mulling liquid should be non-volatile and as nop=absorbing as possible in the 2 nr
region. Nujol, which is highly purified mineral oil, is the most{readily available and generally use
liquid. Absorption bands, due to the oil, occur at 3,4 nm, 6,9\nm and 7,3 nm. Mulling agents whig
from absorption in the preceding regions are hexachlorobutadiene and perfluorocarbon oil.

The customary method, whereby the substance is ground to a fine powder from which the mull is p
safisfactory for well-defined crystalline materials,sbut less satisfactory for textile fibres and inap
vispous, plastic, and rubbery substances. The method described below, as well as being applicab
relatively intractable substances, is very much-faster to operate and the mull is prepared in a single
In this method the material is rubbed between ground-glass plates, thus enabling a more powerf
acfion to be obtained.

repared, is
plicable to
e to these
operation.
Il abrasive

The grinding plates are prepared.ffom 5 mm glass plate cut to a convenient size. Pairs of these are ground

todether with 200-mesh carborundum powder until uniformly rough, then rubbed together using a fe
Nujol as lubricant until no further glass powder is produced. Minute flat areas with sharp cutting
formed on the plates.

Tektile yarns or fabrics.are cut to short lengths, i.e., about 0,5 mm to 2 mm and these are mulled

w drops of
edges are

A little at a
tained in a
tency. The
earance of
Finally, the

In general, a solvent-cast film gives a better spectrum than that obtained by dispersing the same fibre in
potassium bromide or in a mull. The cast-film method is not as generally applicable as the pressed-disc
technique since a suitable solvent must first be selected, and for some fibres there is no such solvent. Further
requirements are that the solvent must not react with the fibre and it must leave no residue on evaporation.

If films are cast from a solvent onto a smooth glass surface, the films obtained may produce an interference
fringe pattern in the spectrum owing to a high degree of parallelism between their front and back surfaces.
The fringes may interfere with the identification of the weaker infrared bands, but the difficulty can be obviated
by the simple expedient of using a roughened glass surface. One surface of the film will then be irregular and
fringes are not produced.

© 1SO 2012 — All rights reserved


https://standardsiso.com/api/?name=235721a379c81c6055ab51b42fb54b3d

ISO/TR 11827:2012(E)

An approximately 5 % solution is made by dissolving the fibre in the hot solvent. Sufficient solution to cover an
area of about 50 mm x 25 mm is poured on to a level glass plate whose surface has been roughened with
400-500 mesh carborundum. The temperature of the solution should be well below that at which bubbles form,
otherwise holes are left in the film. Most of the solvent is evaporated off at a temperature low enough to avoid
bubble formation and, when the film has solidified, it is heated to a higher temperature, preferably in vacuum,
to remove the remaining solvent.

The film can usually be peeled from the glass plate after lifting an edge with a razor blade; wetting with water
sometimes helps if the film sticks.

Most solvents-a A d by
Soxhlet ex ract|on or refluxmg, for example dlmethylformamlde (DMF) is tenaC|oust held by acryllc flbres but
is completely removed by boiling the film for 0,5 h to 1,0 h in water. It is essential with this method of\samjple
preparation that the solvent be completely removed, otherwise absorption bands (principally at' 5,98 um),
owing to the retention of the DMF, will be present in the spectrum of the fibre.

7.5.24 Melt-cast Films

Melt-cast films of thermoplastic fibres can be prepared by pressing fibres between ‘polytetrafluoroethylgne
(PTFE) sheets between heated platens in a laboratory hydraulic press. As a general guide the films should|be
thin enough to be nearly transparent (5 ym to 35 pm).

7.5.2.5 [Attenuated Total Reflection (ATR)

ATR specjroscopy is used for the analyses of the surface of materials by the mean of ATR spectroscopy
device (6.1.4.1). Since it requires no preparation of the sample, it is much quicker than the previous methods.

The infrargd radiation is passed through an infrared transmitting-crystal with a high refractive index, allowjng
the radiatign to reflect several times within the ATR element.

The sampling surface is pressed into intimate optical contact with the top surface of the crystal.

The commonest material used for the crystal\in ATR attachments is Thallium Bromide-lodide KRY-5.
Typically, & prism may be 5 cm long x 2 cm wide“x 4 mm thick, with side angles of 45°. Light enters from the
angled side of the prism and the radiation\is reflected approximately 25 times before emerging from the
crystal.

Fibres and fabrics, which are among the most difficult materials to handle by transmission spectroscopy, have
proved to be quite amenable to study by multiple internal reflection spectroscopy since they require no spegial
preparation techniques for the purpose. The word 'multiple’ should be emphasized since the nature of the fipre
itself results in poor contactand many reflections are needed in order to ensure sufficient absorption. See
Figure 2.

ha

[ SAMPLE | /////
LTS TS TSN

INSL _NL NS NS ONISN
|~ S AMPLE [

Figure 2 — Multiple internal effect

7.5.2.6 Diffuse Reflectance Spectroscopy

Diffuse Reflectance Infrared Fourier Transform Spectroscopy (DRIFTS) is a newer technique than ATR. Using
DRIFT Spectrometer (6.1.4.2), samples can be analysed either directly or as dispersions in non-absorbing
matrices, e.g. KBr. A comparison of sampling techniques for the characterisation of cotton textiles showed that
the best spectrum was obtained by simply placing a cut circle of fabric in the sample dish.
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When infrared radiation is directed onto the surface of a solid sample two types of reflected radiation can
occur. One is specular reflection and the other is diffuse reflection. The specular component is the radiation
which reflects directly off the sample surface. Diffuse reflectance is the radiation which penetrates into the
sample and then emerges. A diffuse reflectance accessory is designed so that the diffusely reflected energy is
optimised and the specular component is minimised. The scattered radiation is collected by a spherical mirror
that is focused onto the detector.

7.5.2.7

FT-IR Microscopy

Slngle flbres can be examlned and these are usually fIattened W|th a roIIer this belng the onIy destructive part

duce a more
crease the
sample surface area, thereby enhancing the signal-to-noise ratio while reducing diffraction~effe¢ts at fibre
edges. The minimum sample size is generally of the order of (10 x 10) um?2.
In the infrared microscope, the sample is mounted on a sample holder (a slide withy'a 13 mm [window or
supporting a 13 mm gold reflecting disc). The sample is then brought into focusnon the micros¢ope stage
using either transmitted or reflected visible illumination. The area of interest on’the sample is identified and
isolated using adjustable apertures. At this stage, a photograph of the sample.may be obtained. An infrared
spectrum of the sample is then recorded by switching from visible to infrared radiation using a series of mirrors
built into the microscope. The infrared beam penetrates or reflects from thé)sample and the resultant beam is
taken to a highly sensitive detector, which is optimised for the small images generally encountergd in FT-IR
migroscopy.
7.9.3 Interpretation of Spectra
The infrared method depends primarily upon establishing that the spectrum of the unknown matches exactly
thg spectrum of a known substance examined in the same physical form.
In prder to do this, it is necessary to be able to name a compound from the absorption bands it displays in the
infrared region.
Fof example, Table 3 gives several absorption peaks which are characteristic of some main chemichl bonds.
Table 3 — Examples of wavenumber of some chemical bonds
Wave number (cm™) Chemical bond Chemical family
Around 3 300 O-H < 3 300 in alcohols
>3 300 in acids
Around-3 250 N-H Amines, amides
Areund 3 000 C-H 2 800 to 3 000 in aliphatic components
> 3 000 in aromatic components
Around 2 200 C=N Nytril components (Acrylics)
Around 1 700 C=0 Ketones, amides, acids
Around 1 200 C-0O-C Ester components
Around 800 C-Cl Chloro components
© ISO 2012 — Al rights reserved 1
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A laboratory carrying out qualitative analyses customarily sets up its own collection of absorption curves of
substances it is likely to encounter. Spectra recorded on the same instrument are to be preferred to literature
spectra, because no allowance need be made for differences of resolving power or wavelength calibration.
When the spectrum cannot be matched in this way, there is still a possibility that a matching spectrum exists
in the literature. A simple method of visual comparison of the unknown spectrum with spectra of known fibres
is used in Annex E.

Computerised spectral libraries now exist and most FT-IR software packages incorporate a search routine
whereby these commercial libraries or user developed libraries can be accessed.

7.6 Tht:rnal-Analy-sis
7.6.1 Mgellting Point Determination

If the fibrelis made from a thermoplastic polymer it will have a melting point. The melting point can be defined
as the temfperature (or temperature range) at which crystalline regions melt or the point at whichythe solid fipre
becomes l|quid.

Techniqueps for measuring melting point are usually based on a heated block (6.1.5) for\which the temperatpre
can be raised at a variable but controlled rate. Fibres can be placed directly in contact with the block or ip a
glass capillary tube, the base of which is embedded in a block. If a polarising microscope (or viewer) is uged
informatiop on crystalline melting can be obtained. Otherwise the temperature at which liquid formg is
recorded.

Information on melting points can be found in Annex F.

NOTE Other transition temperatures can also be found in annex F related to non-thermoplastic fibres.

More sopljisticated techniques exist (Differential Scanning_Calorimetry or Thermal Gravimetric Analysis) put
these arelAsuaIIy employed when more detailed information“about the fibre is required (see 7.6.2 and 7.6.3).
7.6.2 Differential Scanning Calorimetry (DSC)

7.6.2.1 General

Differential Scanning Calorimetry is an instrumental technique which can be used to study phenomena sich
as various| phase transitions and chemical reactions involving either the absorption or the evolution of heat
that may @ccur when a substance (isyheated. In the case of fibres, these changes may include the secgnd
order or glass transition, desorption of moisture, crystallisation, fusion, chemical reactions and irreversiple
decomposijtion processes. Forldentification purposes, one of the most interesting characteristic is the melfing
point of a fibre, which can hélp'in distinguishing even fibres classified within the same fibre class, e.g. different
types of pglyamide (polyamide 6 and polyamide 6.6).

Differential Scanning Calorimetry is a technique in which the difference between the heat flow (power) intp a
test specimen and-that into a reference specimen is measured as a function of temperature and/or time while
the test and the\reference specimens are subjected to a controlled temperature programme. The result is a
curve or thefmogram in which temperature or time is plotted on the x-axis and heat flux difference on thg y-
axis. Peaks—mm—thermogranTrepresent—variations—from—the—thermatty —steady—state—and—correspornd- to
transformations that the sample has undergone. The nature of the measurements makes it possible to
distinguish endothermic and exothermic changes; the first ones are usually plotted in downward direction with
exotherms shown as upward deflections.

The instrumentation (6.1.6) used for measurement can have two different designs: power-compensation DSC
and heat-flux DSC. In the first case, the temperature of both test and reference specimens is kept equal and
the difference between the heat flux into the two specimens is measured as a function of temperature or time
while varying the temperature of the specimens in accordance with a controlled programme. In the second
case, the difference in temperature between the test and reference specimen is proportional to the difference
in heat flux which is measured as a function of temperature or time while varying the temperature of the
specimens in accordance with a controlled programme.
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It has been shown, in some conditions, that for textile materials, as well as for other materials, the
endothermic and exothermic changes observed are both reproducible and uniquely characteristic for a given
material, so that DSC curve constitutes a fingerprint and may be used for identification purposes. For this aim,
DSC can also be used in the case of fibre mixtures, provided that the melting points of the various
constituents the mixture are sufficiently separated.

7.6.2.2 Procedure

7.6.2.21 Temperature range

Tl’\ temnarature ranaa salactad denands somawhat aon thg fihra tvyng and fihrg hicstarvy _hut _in o neral the
N i sk TN ' bl oS """. PTTERTTTER TR bl I "’"."" :"‘" TIPSR )y T T H

rarjge from about 25 °C to about 600 °C is most useful. For most synthetic fibres the DSC curve)through the
fudion point would suffice for identification, whereas, for the natural fibres and cellulosic man*mpade fibres,

idgntification depends on recording the high-temperature chemical and decomposition reactiohs.

7.64.2.2.2 Heating rate

Ggnerally, heating rates of 5 °C/min to 10 °C/min (or even 20 °C/min) are satisfactory and permit a useful
thgrmogram to be obtained. Fast heating rates tend to yield sharp major peaks;.but if the rate is toq fast detail
is Iost and minor reactions are obscured. Conversely, slow rates of less than 5 °C/min permit small changes to
be|detected and facilitate reaction separation, but make peak area more.difficult to define. Thus, the selection
of |heating rate is always a compromise. In general, reversible transition temperatures, e.g. melting, are
essentially independent of heating rate whereas irreversible reaction-peak temperatures are degendent on
hegting rate. In the latter case, peak temperatures are moved upward by increasing the heating rafe. Heating
rates need to be carefully specified so that invalid comparisons‘are avoided.

7.4.2.2.3 Control of atmosphere

Atmhosphere is an important variable in the thermal\degradation of polymeric materials. To prevent hard-to-
control oxidative reactions at elevated temperatures that often produce poorly defined cufves, it is
reqgommended that an inert atmosphere, preferahly dry nitrogen, be used.

7.4.2.2.4 Sample considerations

In general, the smaller is the sample‘the better the results. Since a finite time is required for a transformation
to pccur, a large sample could affect'the observed temperature and give rise to a substantial thermfal gradient
within the sample. In a smal~sample (1 mg to 10 mg) the thermal gradient is reduced, only $emi-micro
quantities are required, and/volatile degradation products are more readily released. However, care must be
exercised since for highly-heterogeneous systems a very small sample may not be representative,| leading to
poor curve reproducibility,

The fibre must be\finely divided and excellent results can be obtained when fibre, yarn or fabric samples are
cuf into 2 mm 03’ mm lengths or into small squares. If low temperature transitions are sought, it is not good
practise to grind samples to a powder, because, in the process, sufficient heat can be generated|to change
thg sample-history. In general, it is usual practise to run sample as received and if size reduction is required,
thq gentlest process is used to accomplish the purpose.

7.6:2:2.5—Reference-materials

In most instances where sample size is 0,1 mg to 10 mg, no reference material is needed other than the
empty pan on the reference side. If a reference material is used, it should be inert and thermostable over the
temperature range used. The most commonly used reference material is calcinated alumina, aluminium oxide
(Al,O3). Two different sample packing techniques can be applied:

e either “sandwich” packing wherein a compressed pellet of ground sample is placed between layers of
reference material or

e admixing the sample with reference material as a diluent to yield sample concentration of 5-30 %.
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Identification

Identification of synthetic fibres can be achieved by

e comparing the curve of the unknown with published curves,

e running an authentic sample under identical conditions for comparison, and

e checki

763 Th

Thermal G

(6.1.7) to gutomatically measure and record weight changes which occur when sample of materiahis heated

cooled to
temperatu

the origina] sample.
7.7 Density measurement methods

The density of fibres is typically determined by the use of a density gradient column (6.1.8) Energy Dispers
X-ray useq in conjunction with calibrated glass spheres. Layers of liquids with decreasing density are stack
ach other in a graduated cylinder with calibrated glass beads ofknown density acting as reference
material. A fibre of unknown density is placed into the cylinder and then the level at which it comes to 1
provides the density of the fibre.

on top of ¢

Information on density can be found in Annex G.

7.8 Oth

7.81 En

Energy digpersive x-ray (EDX) device (6.1.9)..is,used in conjunction with a scanning electron microscq

ng the melting point and other transition data.

eTTTat-Gravimetric Methods{TGA)

a controlled programme in a controlled environment. The resulting weight change vers
e curve, or its derivative, gives information concerning the thermal stability and decompositior]

er Instrumental Methods

ergy Dispersive X-ray (EDX) analysis

ravimetric Analysis (TGA) or thermogravimetry involves the use of the recording thermobalance

or
bUS
of

ive
ed

est

pe

(6.1.2) to provide a unique capability for analyzing elements present in textile fibres down to lithium in atomic

number. The presence of pre-extrusion additives such as titanium dioxide as well as post extrusion additi

such as si

capability $howing elemental distribution throughout a fibre can be accomplished.

EDX can
microscop

and elemental compositionslf-a gold coater is used it will mask any gold present in the sample being analyz
and a carbon coater is aften’ a superior choice.

NOTE
finishes as

EDX is co

ver can both be assessed. Beth semi quantitative values for elemental concentration and mapp|

pe used both longitudinally and in cross —section. Depending on the type of scanning electro
e used either a carbon or gold sputter coater is often necessary to obtain both high quality imag

Coatings.and auxiliary chemicals can also be characterized as they are found on textile fibres. Fluorine ba
vell as.flame retardants are examples of elemental coating components that can be revealed using EDX.

es
ng

nic
jes
red

sed

nsidered to have a limit of detection of about 0,1 % for the portion of the sample that interacts vy

ith

the analyzing beam. With the use x-ray fluorescence in addition to energy dispersive analysis enables
detection of about 0,000 1 % for optimal matrix and element combinations.

EDX is an

14

excellent microanalysis tool with spot size capabilities in the 100 nm range.
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8.1

8.1.1 Example n°1

Add some drops of
zinc chloride/iodine
solution

O

ISO/TR 11827:2012(E)

Procedure using microscopy, solubility tests and FT-IR tests (examples)

~

Fibre becomes blue or

brown

yes @

Iﬁno

Cellulosic fibre,
identification by side
fage or cross section
acgording to Annex A
and B

take a new sample and
add some drops of
chlorine bleaching
solution

4

4

Cotton and Kapok
Flax, Hemp, Jute and

Ramie fibre is solubilised by
V|scose, Modal and forming bubbles

Cupro

Lyocell

4

yes

S,

animal fibre,
identification by the
appearance of the
scales and according to
Annex Avand B

take a new sample
and add some drops
of zinc chloride/formic
acid solution

4

fibre is dissolved after
a short time

~3

—

'—l\'—
i Y

no, but fibje swells

Acetate (2 1/2)

Triacetate

Fibres which do next react with these solutions are man-
made fibres and have to be identified by IR spectroscopy

according to Annex E or other technics

Figure 3 — A procedure using microscopy, solubility tests
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8.1.2 Example n°2

Table 4 — A procedure using microscopy, solubility tests and FT-IR tests

Sample that Natural fibre Longitudinal microscopical examination
contains only one | Artificial or inorganic fibre Longitudinal microscopical examination
fibre Synthetic fibre FT-IR spectrophotometer examination
Blend of natural fibres Long|tu.d|nal .m|croscc'>p|cal exa.mln.a‘uon
. . (and cross section microscopical examination for blends
with the same chemical o . . .
of liberian fibres; and electronic scanning microscopy
CUMPUSIUuuTI . . R .
examination for wool and speciality fibres)
Intimate blend Examlnat|or.1.through
solubility
Blend of chemical FT-IR spectrophotometef
synthetlc': and/or' arFlf|C|aI Yarns/Threads can be . e%(amln?tlon .
and/or inorganic fibres Longitudinal microscopical
manually separated o e
Sampgle that examination (for artificia
contains more than and/or inorganic fibres)
onelfibre Examination through
solubility (when wool is
Intimate blend resent, it has to be
Blend of (vegetable I P ! .
. removed before starting
and/or animal) natural
. . . the test)
fibres with synthetic — , :
e Longitudinal microscopical
and/or artificial and/or . e
. D examination (for artificia
inorganic fibres Yarns/Threads can be . .
and/or inorganic fibres)
manually separated
FT-IR spectrophotometer
examination

16
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8.2 Procedure using solubility tests (examples)

8.21 Example n°1

UNKNOWN FIBRE

0,25%
ALGINATE (Sy— Sodium Cagto)ﬁir;a;te Solution

6 ‘2 5)
(l)
GlafiaTAcid NaOH (5%) — - -
y Acetone L ! Formic Acid Dimethylformamide
cetl(_:_ l—(S)/ (2— (10min. RT) (I)—» (Boiling—6 min.) —(! (2 min. RT) (I———» (2 min. RT)
(2 mih.Boiling) (6.2.6)
s s
© 0 ) v ¥ S (
S)/(2
i ©® L( ) POLYAMIDE (5) VINYLAL
v 75% Dimethylformamide
o .
Acetorbril Butyrolactone | Sulphuric (6 mif79°C)
Cold Acid Cyclohexanone ‘
Cold v Bl (s) Ll
(S)—L 6.2.7) olling
Chloroform/
Tri-chloroacetic Acid
POLYETHYLENE(1) ¢ 50/50 mim RT
ACETATE(1) | || TRIACETATE (1) (S) POLYPROPYLENE(1) © ( (62;] )
s o
O ) ELASTOLEFIN (3)
POLYESTER (6) [0)
CHLOROFIBRE Cold SOME WOOL
PROTEIN()| |POLYLACTIDE 3
[0}
Dichlorometane 75%
Sulphuric
Acetone v Acid

Cold CHLOROFIBRE
©) | o

Cyclohexanone
£ Cold

(I)J—<S (6 min. RT)
v (6.2.7)
ELASTANE ACRYLIC

(S (1) L
CELLULOSE (7) ARAMID

ASBESTOS
FLYOROFIBRE
GLASS

SOME
CHLOROFIBH

POLYAMIDE 6

MODACRYLIC (4)

POLYAMIDE 6.6

SOME
CHLOROFIB

(S)[Soluble ;(I) Insoluble; (RT) Room Temperature

(1) Confirmed by melting point.

(2) Fibre changes morphalegically (swells).

(3) should be Confirmed by FT-IR or other technics.

(4) In acetone solution {even boiling) fibre is not dissolved. Fibre changes morphologically.

(5) In the solution.of formic acid used to identify the fibre, add twice the volume in cold water. If it is cloudy indicates the presence
of nylon fibres

(6) MicroscopiC preparation made with ethanol alcohol and potassium hydroxide solution. Warming up slightly, the fibre changes
morphalegically (“hair grows”). See 7.4.1.

(7) Microsgopic preparation made with copper(ll) ethylenediamine solution. If is a cellulose fibre, it is dissolved by the solution. See
7.4.2.
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8.2.2 Example n°2

Table 5 — Pre-treatment with sodium hypochlorite for 10 minutes at room temperature in cold bath in
case of wool or silk fibres

(R)* = esidual test specimen of the)previous step

Residuals - .
Steps after Solvent and conditions Dilution medium In case of precipitate or flocking
treatment presence of ....
Acetic acid 96 %
1 Na 10 minutes at room Water Acetate (*) or Triacetate (**)
temperature
Acetone 80 %
1a (%) N 5 minutes at room Water Acetate
temperature
b Chloroform
1b (**) (R)y™ of 10 minutes at room Water Triacetate
1a temperature
. Acetic acid 96 % .
2 R) 2 minutes in boiling waterbath Water Rolyamide
. Cyclohexane . '
3 (R) 5 minutes in boiling waterbath Letit cool Chiorofibre
Alcoholic
4 (R)* n,n Dimethylformamide Potassium Acrylic , modacrylic fibre or polyamide-
5 minutes in boiling waterbath | hydroxide and let.it imide
warm up
m-Xylene or
5 (R)* tetrachloroethylene Let jit'eool Polypropylene or polyethylene
2 minutes from boiling solution
Phenol .
6 (R)” 1 minute from boiling solution Letit cool Polyester
Microscopical examination of
the residuals and
7 (R)* FT-IR spectrophotometer
examination
(if necessary)
@ N =ne\ test specimen

18

© 1SO 2012 — All rights reserved


https://standardsiso.com/api/?name=235721a379c81c6055ab51b42fb54b3d

ISO/TR 11827:2012(E)

8.3 Procedure using combustion tests and melting point determination (example)

Table 6 — Flame and Combustion tests

Behaviour of the specimen

odour. Carbonized skeletal residue

Fibre t
Approach to Flame On Hot Plate In Flame fore type
Burns with irregular spurting flame, leaving
a black, inflated, easily-powered residue, Protein
and emits a smell like that of burnt hair2?
Burns readily, emitting a smell like that of
burnt paper, leaving a small amount of ash | Cellulose (pr resin
(or sometimes emitting a distinct fishy treated cellulose)
Chars below 337 °C. | odour, leaving a dark, skeletal residue)
Dbes not shrink from Does not melt Burns slowly, gxtinguishing when flame Viscose or lcellulose
flame or melt removed. Burning may accompanied by with flame Retardant
evolution of fumes having a pungent finish

Burns readily, extinguishing‘atlonce on
removal from flame, leavifng an
incandescent residuge

Calcium alginate

Does not char or Melts to a clear hrard’bead Glass
melt® Glows, but retains its original form Asbestosd
Melts below 337 °C Burns and drips from the flame Thermoplagtic at low
. temperaturg
Shrinks or melts to a
b¢ad Does not melt up to Burns and drips from the flame or chars Aramid
337°C Does not burn Fluorofibre

Wool fibre extinguishes when removed from*flame

Tin-weighed silk shows a skeletal residue that\glows in a flame.

In the case of glass, smoke may be emitted by dressings and there may be discoloration.

It should be remembered that asbestos is commonly blended with cotton or some other fibre.

8.4
figres (examples)

8.41

8411

Thedengitudinal view using the light microscopy (Figure 5) shows slightly the configuration Core/Sh

Analysis by microscopy

Case of polyethylene / polypropylene bicomponent fibre

Procedure usiag microscopy, FT-IR analysis and thermal analysis, case of bicgmponent

eath of the

bicomponent fibre, although the cross view using the light microscopy (rigure 4) shows the configuration
Core/Sheath of this bicomponent fibre.

The cross view using the Scanning Electronic Microscopy (Figure 6) shows the configuration Core/Sheath of
the bicomponent fibre, but the longitudinal view using the Scanning Electronic Microscopy (Figure 7) cannot

show this configuration.

© 1SO 2012 — All rights reserved
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Figure 4|— Light Microscopy - cross view of Figure 5 — Light Microscopy longi | view pf
polyethylene / polypropylene bicomponent fibre polyethylene / polypropylene bi?\ onent fibre

AccY SpotMagn  Det WD ——— 20um

AccV SpotMagn Det WD 1 20um ]

Figure 6 — SEM : cross view of polyethylened;{‘ Figure 7 — SEM : longitudinal view of polyethylene /
polypropylene bicomponent fibre C)\\ polypropylene bicomponent fibre

8.41.2 [FT-IR analysis O®

The appligation of the FT-IR a@ysis along the fibre leads to identify only the presence of polyethylgne
(Figure 8),| although its applic‘{bn across the fibre leads to identify the presence of both polyethylene and

polypropylene (Figure 9).0%
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Figure 8 — FT-IR Spectra of polyethylene / Figure 9 — FT-IR Spectra of polyethylene /
polypropylene bicomponent fibre polypropylene bicomponent fibre
(along the fibre) (across the fibre)
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1.3  Thermal analysis (DSC)

The application of the DSC analysis (Figure 10) shows two peaks related to 2 different materials (during the
heating phases).

DaEc f(mvwmg)
E}fﬂ

ek 1125°C
a 1287 dig

8.4.

8.4

o \(L
Nea =259y
; L Ares: 29202 JigArea: -93.33 Jfg Area 1981 4 \ Q
b )
Peak: 161.5°C -
-2 Peak: 1650 °C (L
3 eakc 1327 °C \%

Peak: 1327°C \
a0 100 150 200 250 <<~ 300
Temperature /°C \«

Figure 10 — DSC Spectra of polyethylene / polypropylene blCOI’@Qent fibre (across the
S
2 Case of polyester / polyester bicomponent fibre (example)

\\Q

.21 Analysis by microscopy

fibre)

The longitudinal view using the light microscopy (Flgur?ﬁ) shows slightly the configuration Corg/Sheath of
thg bicomponent fibre, although the cross view usmg@ ight microscopy (Figure 12) shows the cgnfiguration
Core/Sheath of this bicomponent fibre.
: Q)
The cross view using the Scanning Electr h}c Microscopy (Figure 13) shows slightly the cgnfiguration
Core/Sheath of the bicomponent fibre, but longitudinal view using the Scanning Electronic Microscopy
(Figure 14) cannot show this configuratioe)
N

Figure 11 — Light Microscopy - cross view Figure 12 — Light Microscopy longitudinal view

of polyester / polyester bicomponent fibre of polyester / polyester bicomponent fibre
© 1SO 2012 — Al rights reserved 21


https://standardsiso.com/api/?name=235721a379c81c6055ab51b42fb54b3d

ISO/TR 11827:2012(E)

AccVY SpotMagn Det WD ———— 20pum AccV SpotMagn Det WD ————— 20um
Figure 13 — SEM : cross view of polyester / Figure 14 — SEM : longitudinal view of polyester /
polyester bicomponent fibre polyester bicomponent fibre

8.4.2.2 [FT-IR analysis

The applicption of the FT-IR analysis of the fibre leads to identify the presence %f polyester (Figure 15).

7285

0ms 0020

Absorbance Units
)

0.005

0.000

3900 3750 3600 3450 3300 @IS0 3000 2850 2700 2550 2400 2250 2100 1850 1800 1650 1500 1350 1200 1050 800 750 6
Wavenurm ber crm- 1

Figure 15 — FT-IR Spectra of polyester / polyester bicomponent fibre

8.4.2.3 [Thermal analysis(TGA and DSC)
The applicption of the (FGA method (Figure 16) shows a weight change related to polyester material.

The appligation.of. the DSC (Figure 17) shows two peaks related to 2 different materials (during the fjrst
heating phiases).
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T Temp.C DSC AmWimg)
100 Y gog exo
\"\-\_\_ Peak 1623 °C
\—\_\ |
80 8
600 0.0
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500 <04
A svee sl 215000
Inflexion: 38.9 imin, 36.68 % i 02
A0, Glass Transition:
Inflsction: 72.1 %C
03 Peak 763°C
300
20
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Infleion: 435 min, 4.79 % 200
L 05
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[
=y 06
] il 100 | 250 300
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Fighire 16 — TGA curve of polyester / polyester

bicomponent fibre

130
Temperature ~C

Figure 17 — DSC Spectra of polyester / polyester
bicomponent fibre
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Annex A
(informative)

Characteristics relative to fibre identification testing
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Annex B
(informative)

Photomicrographs of Fibres (Light Microscopy)

B.1 Monocomponent fibres

I PN I

@
X

Figure B.4 — Cotton : longitudina] view

Fi&&é B.3 — Cat hair : longitudinal view
(o2
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%

Figure B.6 — Cupro : lon 'ﬁ%nal view
O

>

WO
\)
re B.7 — Elastolefin : cross vie\()\

Figure B.9 — Linen (flax): longitudinal view Figure B.10 — Lyocell : cross view
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Figure B.11 — Lyocell : longitudinal view

‘\
Figure B.13 — Modal : cros@}iew Figure B.14 — Modal : longitudingl view

-
S

AN

Figure B.15 — Polyamide : longitudinal view Figure B.16 — Polyester : longitudinal view
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S,

Figure B.17 — polylactide, with hole : cross view

Figure B.18 — polylactide, '\lth hole :

IongltudlnaQ,Lew

Figure B.19 — Rabbit hair : Iongituc@bview
fa)

Figure B.20 — Viscose : cross view

Figure B.21 — Viscose : longitudinal view

Figure B.22 — Wool : longitudinal view

32
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B.2 Bicomponent fibres
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Figure B.23 — elastomultiester : cross view

K

)

y: 1. polyester "a"; 2: polyester "b"

Figure B.24 — elas
Key: 1: polyester('\a\%: polyester "b"
®)

Z

Higure B.25 — Light Micg?opy - Cross view
of polyethylene / pom lene bicomponent
A

Figure B.26 — Light Microscopy longitudjnal view
of polyethylene / polypropylene bicomponent fibre

Figure B.27 — Light Microscopy - cross view
of polyester / polyester bicomponent fibre

Figure B.28 — Light Microscopy longitudinal view

of polyester / polyester bicomponent fibre
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Annex C
(informative)

Scanning Electron Micrographs of Fibres

C.1 Monocomponent fibres

F 32 ACETAT! ('D\;y) [ ESRE R 5 !
N

Figure C.2'— Acetate: cross and longitudinal vj

F 42 ACRYLIC (]

Figure C.3

FOURTELLE) N\ v 10um

— Acrylic:cross and longitudinal view

F 33 ALGINATE ' ' 28im

Figure C.4 — Alginate: cross and longitudinal v

iew
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ALPACA

ARAMID - ('KEVLAR')

Figure C.6 — Arami Q;](a-): cros$ and
longitudinal view

Figure C.7 — Aramid (meta-):

longitudinal view.

‘céand

Q-

ASBESTOS (AMOSITE)

Figure C.8 — Asbestos (amosite):
longitudinal view

Figure C.9 — Asbestos (chrysotile): cross

and longitudinal view

Fés CARBON o =y oy

Figure C.10 — Carbon: cross and
longitudinal view

© 1SO 2012 — All rights reserved
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Te e

i S

CHLOROFIBRE ('THERMOVYL')

QY

Figure C.12 — Chlorofibre:"cross and
longitudinal view

igure C.13 — Coir: cross and
longitudinal view

Figure C.14 — Cotton: cross and
longitudinal view

CLIPRO (CLIPRAMMONILIM RAYON)

Figure C.15 — Cupro: cross and
longitudinal view

ELASTANE ('LYCRA')

—— 50um

Figure C.16 — Elastane: cross and
longitudinal view
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ELASTOD IENE (Natural Rubber)

Figure C.17 — Elastodiene: cross and
longitudinal view

AccV  Spot Magn
1E.0kV 4.4 350x

Det WD/ F=—————F———1 100pm
GSE 9.9 0.9 mBar LIN

Figure C.19 — Flax: longitudinal view

FLUOROFIBRE ('TEFLON')

Figure C.20 — Fluorofibre: cross|and
longitudinal view

F59 GLASS - (Textile)

Figure C.21 — Glass: cross and longitudinal view

F 21 HEMP

25um

Figure C.22 — Hemp: cross and longitudinal view
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25um

KAPOK 25pm

Figure C.24 — Kapok: cross and Rﬁftudinal
N

MOQACRYLIC ('DYNEL') e 25m

Figyre C.25 — Modacrylic: cross and
longitudinal view

&

xO

4\

MODAL ('VINCEL 64')

Figure C.26 — Modal: cross and longitudinal view

i 10im

NYLON

Figure C.27 — Polyamide: cross and
longitudinal view

F50 NYLON (Trilobal)

Figure C.28 — Polyamide (trilobal): cross and
longitudinal view
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Figure C.29 — Polyester: cross and
longitudinal view

POLYETHYLENE — 100 pm (LQ

Figure C.30 — Polye Elﬁwqfne cross

Iongltu view

14 SILK (BOMBYX MORI) —_ 1

Figure C.33 — Silk (Bombyx Mori): cross and
longitudinal view

SILK (TUSSAH)

Figure C.34 — Silk (Tussah): cross and
longitudinal view
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FaR TRIACETATE ('TRICEL') —— 10pm

longitudinal wewq

i

Figure C.36 — Triacetate: F\a@s and

VISCOSE ('SAJILLE')

C)\\

Figure C.37 — Vlscose cross and C\)j“

WOOL (MFRINOY 50um

10m

Figure C.38 — Wool: cross and longitudinal view

Figure C.39 — Wool: longitudinal view
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C.2 Bicomponent fibres

Figure C.40 — bicomponent fibres: cross view Figure C.41 — bicomponent fibres: cross view
of core/sheath configuration of core/sheath configuration

§

i
AccY SpotMagn Det WD 1 20um

AccV SpotMagn Det WD 1 20um .

Figure C.42 — SEM:)cross view Figure C.43 — SEM: longitudinal vjew
of polyethylene /.polypropylene of polyethylene / polypropylene
bicomponent fibre bicomponent fibre

AccV  SpotMagn Det wD —— 20 m AccyV  Spot Magn Det wD — 20m

Figure C.44 — SEM: cross view of Figure C.45 — SEM: longitudinal view of
polyester / polyester bicomponent fibre polyester / polyester bicomponent fibre
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Annex D
(informative)

Solubility of fibres
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Annex E
(informative)

ISO/TR 11827:2012(E)

Examples of Infrared Spectra

E.1 Examples of spectra in relation to "% transmittance"

Acetate FTIR -ATR Acrylic FTIR
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Figure E.1 — FT-IR spectra of acetate Figure E.2 — FT-IR spectra of aciylic
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Figure E.3 <<FT-IR spectra of meta-aramid

Figure E.4 — FT-IR spectra of para-aramid
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Figure E.5 — FT-IR spectra of chlorofibre
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Figure E.6 — FT-IR spectra of cotton
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