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1. About the guide

1.1 Introduction

Thisguidefocuses on garments made of fibres known as sgynihetic and synthét. We have
classified all fibres as either 'naturad.g.,cotton and silk), 'synthetice(g.,nylon and acrylic) or
semisynthetic €.g.,viscose rayon and acetate rayon). All thfibees are polymerghat is to say
they are formed by a process known as polymerisation in which small molecules called monomers
combine chemically to produdarge, chainlike molecules. Synthdiilares are completely artificiag
allthe processes of anufacture arecarried out in factories starting frodmasic raw materials such
as naturalgas or petroleum; sengyntheticfibres, on the other hand, start frotte polymers found
in plant or animamaterials (cellulose or proteinsjhichman thenfurther modifies byphysical and
chemical treatmentproviding fibres suitable for textilese. In semsynthetics, thereforenature
has done the polymerisatiostep,man has done the rest. Fomaore indepth explanation please
seesection2.1 Simple pgimer chemistry.

The guidebrings together knowledge provided by a variety of textiles and plastics experts including
conservators, curators and scientiftesm the Dress and Textiles Specialists (DATS) and the Plastics
Subject Specialist Network (PSSTie methodology is described section 8.Methodology and
contributors. In addition, we have used a wide variety of sources which are referensectiion 8.
Bibliography anather resources. This section ligiseful published glossari@scluding the

following recommendationgCondé Nastr(.d.), The Sustainable Fashion Gloss&gwina Ehrman,
(2018 Fashioned from Naturand CliveHallettand Amanda Johnsor2@{14) Fabric for Fashion: The
Complete Guide

1.2 How to use thigjuide

Thereare many ways of using thisiide It can be read like a book or manual from beginning to end
but it is likely that often users will be especially interested in particular aspects or looking to answer
specific questions. If this is the case, it will still help to familiarise yourselifitgigtructure, but we

have identified five paths through its sections, some more obvious than others, in keeping with the
guideQd +FAYa SdetiaoNBEaSR Ay

The guide can also be searched. Searches made amehsite version
(www.modip.ac.uk/projects/curatorguide-syntheticgarmentd will search the wholéluseum of
5SaA3dy Anwgbsite thusawifi Bridgiu@entries not only within this resource but on the website

as a whole. If you wish to restrict your search to this resource, please search the DATS downloadable
booklet

If you find passages or diagrams you think you may wish to refgftea, you are welcome to copy

and paste them. For examplié you would like to have the information on Care and degradation
provided inFeatured fibres and materiataore easily to hand just copy them to where is convenient
for you, either within the darnloadable version or make a document of your own. Equally, you may
like to collect all the diagrams together into a single document. Please note, however, that requests
to use the images of the documents should be made directly to the relevant collection.


http://www.modip.ac.uk/projects/curators-guide-synthetic-garments

Some terms used may not be familiar to all users. Terms are explained in the Gldsgan need
information on a term nofeatured, please let us knowa the contact form on the website
https://dressandtextilespecialists.org.ukso that we can add an explanation for it.

Understanding semi and fully synthetic fibres

Start Look at Go to

Documented
garment exemplars

Featured fibres

Fibres in focus
and materials

Also go to

Fibre identification

This math introduces the science underpinning their creation, how they are created, the character of
different fibres andhe issues they raise, and how and in what kind of garments they & us

Sart with section2 Fibres in focus: whole section butsection3 limit yourself to the fibres of

particular interest to you.

Msection5 Documented garment exemplars: look just at the entries for garments made from the
fibres of particular interest to you. Fibre entriessaction 3are crosseferred to the documentd
garments containing them.

MYou may also like to look at information about these fibreseiction 44 Fibres undethe

microscope.


https://dressandtextilespecialists.org.uk/

Semi and fully synthetic fibre identification

Start Go to Go to

Fibre Featured fibres
identification and materials

Dating
garments

Go to Go to

Fibres at a glance Documented
garment exemplars

This path provides guidance on the identification of the fibre(s) in a particular piece of fabric.

Start with sectior.3 Dating garmentghis section should help you place your garment within a

date range. lincludes a fibre timelingrhichenables youd see quickly when potential fibres

became commercially available, thus whether their existence falls within the date range of your
garment.

section4.4 Fibre identification: general tips.

Msection 3 Featured fibreand materialslook atthe fibre types you think could be the fibie your
garmenti 2 FAYR 2dzi Y2NB l02dzi GKS RAFFSNBylG LRGIGSYydA
Msection5 Documented garmenéxemplars: look just at the entries for garments including the

fibres of particular interest to you. Fibre entriessaction 3are crosseferred to the documented
garments containing them. You will be able to compare your garment with garments fibitesatba
been identified through scientific analysis.

section2.4 Fibres at a glance: once you halentified, or potentially identifiedyourfibre, these

tables give the various, generic, common and trade names the fibre is known by. We have opted to
call the fibre by the generic name given in bold in the first column of information about each fibre

type.

10



Documenting semi and fully synthetic garments

Start Go to Go to

Good
documentation
practice

Dating garments Documented

garment exemplars

This path provides guidance on ways to find required in formation and good practice.

Start withsection 42 Good documentation practice: tips, pitfalls and good practice guidance on
fibre identification, country of production, labels and measurements. It also leads you to other in
depth information in other parts of thguide

section4.3 Dating garments, for tips on dating garments.

Msection5 Documented garment exemplars: an extensive range of documented garments as
examples of good practice.

Care of semi and fully synthetic garments

Start Go to Go to

Caring for
synthetic
garments

Featured fibres Documented

and materials garment exemplars

This path provides guidance on tleare of semi and fully synthetic garments in the museum
environment.

Start with sectiont.6 Caring forsynthetic garments: guidance on environmental conditions, storage,
handling and display, and examples of degradation.

Msection 3 Featured fibresand materials look only at fibre types of concern to you.

Msection5 Documented garment exemplars: look only at garments including fibre types of concern
to you. Fibre entries isection 3are crosseferred to the documented garments containing them.

11



Display narratives

Start Go to Search

Featured fibres Guide for areas

Potential
narratives and
research
areas

and materials of interest

This path provides ideas of ways to engage theljpubith thesynthetic garments in your collection.
Start withsection 6 Potential narratives and research areas: consider the garments you wish to
display in relation to the subject areas outlined.

bfibres of interest to you ifreatured fibres and materials.

MYou can alsoesmrch theguideunder headings of interest which wallsobring up fibres irsection

3 Featured fibreand materialshere you will find narrative ideas relating specifically to those fibres.
Consider these ideas against the garments in your collection.

Theguideis available in two formats: online atww.modip.ac.uk/projects/plasticssnand as a
downloadable resource atressandteatilespecialists.org.ukjuides. Please note the format differs
slightly between the DATS booklet and P§8Ne but the technical content is the samis a
peerreviewed resourcavhich can be amendedPlease let us know how it works for you armhtact
us via the contact form on the websitgtps://dressandtextilespecialists.org.ukith yourthoughts,
comments and corrections.

1.3 Guideaims
Outside the scientific community, knowledge and understanding of synttestiide fibresin
museum collections tends to be diffuse and limited. As a result, garments made from these synthetic
fibres are liable to be neglected. Thigideaddresses this lawledge gap. Its aims are:
9 to bring together in one document, key information to support the curation of semi
synthetic and synthetic garments of all types
9 toincreaseconfidencenationally in the curation of sersynthetic and synthetigarments:
their history, interpretation, care and identification
1 to improve the ability of museums to engage the public with these parts of their collections
whatever the focus of the museum.

1.4 Intended users

We hope that theguidewill be useful to ctators and researchers at all levels of knowledge, but it
has been written principally to increase understanding of these object types among curators and
other collection care professionals without specialist expertise in textiles and fashion or scientific
knowledge of semsynthetic and synthetic materials. It also endeavours to address the needs of
those without access to sophisticated technology antidnise conservators. Its contents are

designed to be applicable not only to museums where garmentseargal to their subject but also

to those with a different focus, for example sport, warfare, or firefighting, where garments may be a
small part of the narrative but often those in which synthetic fibres are widely used.

12


http://www.modip.ac.uk/projects/plastics-ssn
https://dressandtextilespecialists.org.uk/toolkits
https://dressandtextilespecialists.org.uk/

1.5Scope

Many of the issues that synthetic garments present are shared by garments made of traditional
materials. In the interest of brevity, thggiidefocuses specifically on the issues that are peculiar to
garments made of semi and fully synthetic materials.

Materials we have taken a selective approach based on the materials used in the garments
documented irsection 4. The collections which supported this project offered these garments as
exemplars. The colleioins have many materials in common and we havéuieal these alongside
some seemingly more unusual materials and others which represent fibre innovations that may be
commonly used in the futurelhe latter include Polylactide (PLA) which we decided to include as an
example of a bidased fibre even thougnone of the collections with whom we worked has an
example of a garment made using this technology yet.

Garment typesthese are limited to items that are worn but exclude shoes as DATS intend to
create a separate resource on footwear. Accessoriesimitet to those found on garments such as
belts, buckles and buttons. The clothes featured indh@erange from maddo-measure outfits to

street style and protective wear alongside a core group of ordinary, everyday clothes. All were made
for adult weaers.

Ways of makingnost of the garments were manufactured commercially. Some were home
made.

Date spanwe have tried to survey the fullest possible range of semi and fully synthetic materials
from their invention in thenineteenthcentury up to the present. We regret that we have been
unable to include documented exemplars of some of the very earliestsgntihetic materials, for
example Chardonnet silk and more examples of regenerated protein fibres.

Geographical coveragep to the middleof the twentieth century, most of thefeatured

garments and the fabrics from which they are made, originaM/@sternEurope and the USA.

Thereafter, there is a wider range of countries of origgilecting the increasigglobalsationof

production However, itis important to remember thamanufactring semisynthetic fibres before

the World WarTwowas not limited to the USA and Western Europe. By the 1930s Japan, for
AyaidryOoSz gl a FyY2y3a GKS ¢g2NI RQa € SIFRAYy3 LINRRdzOSN
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2. Abres in focus

2.1 Simple polymer chemistry

For people with little or no knowledge of chemistry.

All matter (solids, liquids and gases) is ultimately composed of atoms. By 'ultimately’ we mean that
an atom cannot be broken down into further smaller bits of the same Kihdre are more than 118
different kinds of atoms, each kind being known as an element. However, atoms are usually joined
together with other atoms which can be of the same or of a different kind. Atoms combined with
other atoms are called molecules, tlieldages between the atoms being called bonds. Molecules
containing different kinds of atoms are called compounds. The number and kind of each of the
atoms in the molecule, their relative positions and the nature of the bonds joining them, make a
unique conpound. These factors constitute what is called the structure of a molecule.

Chemistry is conveniently divided into different areas. The area dealing with compounds of the
element carbon is known as organic chemistry. In the field of textile orgaeimistry, compounds
comprising atoms of carbon with those of hydrogen, oxygen, nitrogen or chlorine or combinations of
these, are the most common. Each element is represented by an atomic symbol; in the case of the
above five elements the symbols are:H; O, N and CI respectively. The molecular structure of an
organic compound can be displayed using these symbols joined up by short lines or sometimes a
double line (rarely, a triple line) representing the bonds. For example, a molecule of water would be
shown as KO¢H. It is interesting that these elements have specific capabilities of joining thyat

means the number of bonds they can make to other atoms. In the case of our five elements C, H, O,
N and Cl these numbers are 4, 1, 2, 3 and 1 respectifrlgtom's combining number is called its
valency and it is inherent in the nature of the atom.

Although these valencies restrict atoms' combining power, organic compounds are unimaginably
varied, as are their properties. For example, a particular comg@anight decompose spontaneously

at room temperature, whereas another is stable but will decompose when heated. Decomposition
means breaking up the original structure to form smaller and different molecules. However, specific
desired changes in the moleculstructure of an organic compound can be brought about by

processes called chemical reactions. For example, a chemical reaction can be of the form Compound
A mixed with Compound B reacts to form Compounds C and D. Sometimes minor amounts of other
substanes known as catalysts are added to start or to speed up reactions.

Some molecules are very large and contain groups of atoms which are repeated over and over again
being held together by strong chemical bonds. These are known as polymers and the psocess
which they are made is called polymerisation.

Chemical substances are often categorised based on the nature of their principal structural features.

Thus, we have alcohols, esters, amides, carboxylic acids, etc. These kinds of terms are useful in

descrbing a compound with such a group in it. It is the reason there are so many fibres called

L2t 8S&a0GSNE YR LRtelYARSas GKS LINBFTAE wLRteQ YSI
amide) are repeated in the molecule
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Many polymers are synthetic,@, polyamides, polyesters etc., made from petroleum for example,
and many others occur naturally,ge proteins, carbohydrates etc. However, several important
polymers are prepared by converting a naturally occurring polymer into a fibre suitable for making
textiles. Such fibres are often called sesyinthetic. Thus, a major component of wood is cellulase;
naturally occurring carbohydrate polymer which can be treated to convert it into viscasesen
synthetic fibrethat is still a carbohydrate polymer but now in fibrous form suitable for textile use.
Cotton and flax are also forms of cellulose, butytlaee suitable for textiles without the kind of
treatment needed to make viscose. All chemical reactions in nature take place at ambient
temperature and pressure and are mediated by enzymes. Enzymes are proteins with specific
structures which act as catalg for the whole gamut of natural processes, one of them being
polymerisation. By contrast, the polymerisation reactions used to manufacturesanttietic or

fully synthetic fibres, need varied conditions, temperatures, pressures etc., according tomttess,
and often require catalysts which at the present time are never proteins.

The polymer called cellulose is composed of repeating groups having the structure of glucose, which
is itself composed of six carbon atoms, twelve hydrogen atoms andyspematoms. Glucose has a
length of 1 nanometre (1®m). In the fibre there are several hundred of these glucose units, largely
strung in a line. Each glucose unit has three places on it which can react with other substances. In
practice the substance witWhich cellulose is most commonly reacted is acetic anhydride, and the
product is a variety of cellulose acetate. As there are several hundred (x3) places where a cellulose
molecule can react with acetic anhydride, a vast number of cellulose acetateieamall be

formed. The principal factors affecting this reaction are the quantity of acetic anhydride used in
relation to the amount of cellulose, how long the reaction is allowed to take place and the
temperature. Note that the reaction products are alygagoing to be mixtures with different

amounts of acetate except when conditions are such that all the glucose groups in all of the cellulose
molecules are fully reacted. In that case the product will be cellulose triacetate. Both the fully and
the partialy reacted varieties are suitable for commercial use, the partially reacted ones being called
cellulose diacetate. In practice, for convenience and for historical reasons, cellulose acetate is the
name given to this partially reacted product.

Summarisingpolymers are large molecules, comprising repeated groups of atoms all being held
together by strong chemical bondall natural, semi and fully synthetic fibres are polymers

2.2 Fibrecreation

Extrusionmost synthetic and sersynthetic fibres arereated through the process of extrusion,

where a viscous substance made from polymers, either in solutiomotten is forced through a
spinneret (a plate or nozzle with tiny holes) creating continuous filament fibres.

There are three main types @xtrusion: melt dry and wetspinning.Less common methods of

extrusion include electrospinning (used for micro and nano fibres) and blow spinning (used for non
woven textiles).

15



Melt spinning extrusionhe polymer is heated until it becomes a liquid of a viscosity suitable
for extrusion. It is then fed through a spinneret into a cooler air stream and the filaments solidify.
Melt spinning is used for thermoplastics such as polyesteipolyamide.

Dryspinning extrusionthe polymers are dissolved in a solvent. The resulting solution is then
fed through a spinneret into a warm air chamber where the solvent evaporates, and the polymer
filaments solidify. Dry spinning is used for acetate, triacetate,saimde acrylic, spandexinaland

PVC fibres.

Wet spinning extrusionbe polymers are dissolved in a solvent. The resulting solution is then
fed through a spinneret into a coagulating bath where the solvent is removed, leaving the polymer
filaments. Wet pinning is used for lyocell, viscose rayon, and some spandexP¥Cand acrylic
fibres.

After extrusionthe fibres are drawn and either kept as filament or cut to shorter lengths
(staples) and spun into a staple yarn.

e e
Drawing, crimping Solution ext.ruded through Drawing
and cutting / a spinneret \ and winding

~5= =

Staple fibres spun Filament yarn

into yarn

2.3 Fibreconversion processes

How the starting material is converted into the fibre prodeen behard for those lacking a

scientific background to understand. The following graphics provide a simplified visual explanation
of the process from the starting matelie the creation of usable fibres for seven of the most
frequently encountered sermsynthetic and synthetic fibres. They are presented in the order in
which the fibres were invented to provide a sense of how the processes developed and were
refined.

16
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Mixed with carbon disulphide
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Solution is extruded to
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Casein fibre

) =

Waste milk is skimmed Milk is dewatered and
to remove fat purified to obtain

casein powder
E D
i E

Casein powder is The solution is passed
dissolved in an through a spinneret,
alkali solution / creating filaments

Casein filaments are Filament fibres treated
immersed in dilute with formaldehyde and
sulphuric acid aluminium salts

Nylon

\

T

Petroleum
adipic acid water hexamethylenediamine
nylon salt

Polyamide is heated to a liquid

{
Polymerisation @ —> water

i

Melted polymer is extruded
to create polyamide filament
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Acrylic

N

Propylene Ammonia

Petroleum

Acrylonitrile

)
?l Polymerisation

Dissolve in solvent

!

Filter

l

S
Solution extruded to create
acrylic filament

Polyester

sl T

Terephthalic acid Ethylene glycol

NS o
w

Polymerisation

Petroleum

o Polyester is heated to a liquid

i

Melted polymer is extruded
to create polyester filament
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Lyocell

Wood Wood pulp

Q7

——
Raw material is Solution is extruded
dissolved in a non-toxic to create filament

organic solvent

I

O
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———

. ) Filament fibres are
Washed (resulting effluent is finished and dried

processed and recycled)

Polylactide

o B o
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i.e. corn, sugarcane

-
|
L]

Polymerisation

Distil to produce

lactide /

)

PLA chips are heated Melted polymer is extruded
to a liquid to create PLA filament

PLA chips
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2.4 Manufacturinghazards

Fibre chemicals associated with the fibre manufacturing process, as well as being a direct risk to
factory personnel, can also be an environmental hazard through leakages or poorly managed liquid
and gaseous effluents. When production of the first seymtheticfibres started on a large scale,

textile and other manufacturing industries took little account of such hazards, sometimes with life
changing and fatal consequences. However, in the second half oivérgieth century as

technology improved and concernb@ut human health and welfare and the environment became
matters of wider public interest, the control of toxic substances improved greatly. Today, at a time
when manufacturing is global, although strict manufacturing controls and tolerances are mandatory
in some countries and have reduced risks to currently acceptable levels, there is a continuing need
for progress in risk reduction, particularly in those countries where most textiles are now made.

Fromfibre to cloth the process of transforming fibretmcloth involves many processes.

Spinning converts the fibre into yarn which can be woven or knitted, made into-avogan textile,

or used to create a specialist fabric structure such as a pile fabric or lace. Dyeing the yarn can take
place either befoe or after it is made into cloth. @ing and/or printing both involve a series of
preparatory processes. After colouring, the cloth will undergo further physical and chemical finishing
to prepare it for its end usésee section 2.7 CoatingsAll these praedures can involve potentially
harmful chemicals which pose a risk if they are not strictly controlled. There are also concerns about
the potential health implications to wearers from chemical residues which survive in garments at the
point of sale. Thig the subject of important scientific research. Alternative, less toxic chemistries

are also being developed to raise safety standards.

2.5 Fibres at a glance

Those fibreknown as semsgynthetic are regenerated from two types of naturally occurring
materials: cellulosic materials such as trees, cotton and woody plants and proteins such as milk,
soybeans and groundnutBoth typesare also known as regenerated fibres.

Fuly synthetic fibres are manufactured primarily from petroleum or natural gas although, in
response to the relatively recent search for more sustainableisgnhaterials, they may also now
be plant based. They differ however from those that are knowreas-synthetic or regenerated
fibres because man, rather than nature, does the polymerisation.

These tableinclude all classes of semynthetic and synthetic fibres which ¥abeen made in
commercial quantities andre used as major components taxtiles to date Theyaim to capture in

a simple and visually accessible way the complexity of tevelopment, and the relationships
betweenthem. They include their commonly used names and starting materials, the characteristic
part of the conversiomprocess, the resulting fibre product, the most encountered trade names of
the fibre or textile, and the date of first commercial manufacture, the company and the country.
Frequently, different sources cite different facts in this respect. In particularbdginning of
commercial manufacture of a fibre is open to different interpretation thus these dates should be
taken as a guide onlifable 4 shows nefibre materials that appear in the Documented garment
exemplars as rubber substitutes or waterproofing.
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Table 1. Cellulosderived fibres (semsynthetic)

Generic and - '
CommonlyCharacteristic part ¢ Date of first
common names ; Selected trad .
, used the conversion | _. commercial
of the fibre. . . |Fibre produc] names of the
o .| starting | process. Chemical . . manufacture,
Principal name i . . fibre or textilg
materials in BOLD Company & country
BOLD
Chardonnet silk Plant cellulose |Regenerateq
e 1891
lustracellulose | Cotton | reacted withnitric [cellulose afte] Chardonnet .
PR . . . . Soc&tSde la Soie de
artificial silk; art| linters | and sulphuric acidy complete silk Chardonnet. France
silk and then hydrolyse| hydrolysi3 ’
Cuprammonium
P ravon Plant cellulose Cupresa; 1900
Y Cotton |dissolved in aqueoy Regenerateq Cuprama | Vereinigte Glanzstof
lustracellulose . . . ;
) linters cuprammonium cellulose |Bemberg silk  Fabriken (VGF),
glanzstoff; cuprg .
hydroxide Bemberger Germany
cupra
Pine trees| Cellulose reacted Lanusa;
Viscose ravon | soruce- | with carbon Regenerateq Tanboocel 1905
y P ~ | disulphideand then| cellulose | Fibro; Sarille Courtaulds, UK
bambod .
hydrolysed Luvisca
Celanese;
Acetate rayon | _. Partially reacting th Cellulose | Chromspun
Pine trees; . acetate Estron; 1921
acetate cellulose plant cellulose with .
. spruce . . (mostly as | Seracata | British Celanese, U
diacetate acetic anhydride . .
diacetate) | Fibroceta;
Aceta
. Tricel;
. Fully reacting the 1956
. Pine trees; . Cellulose Courpleta
Triacetate plant cellulose with . Courtaulds/Celanesg
spruce . . triacetate |Arnel; Soalor
acetic anhydride UK
Lustron
Modal Viscosecarbon | Regenerated
. . . . Toramomen; cal956
high wet modulug Pine trees| disulphideprocess| cellulose of . .
. . Tufcel Vincel Tachikawa Researc|
rayon HWM; spruce but milder higher :
. . Zantrel Institute, Japan
polynosic rayon conditiong strength
L Il Beech tr lul issolve
I oce)lllo\(/:i(Zcose' eii:ll Eﬁiaztﬁs.lamotl)f r?olinotle Regenerateq Tencel; Exce 1988
y . ’ YPHS Ymorp g Ecovero; |/ 2 dzNIi | dzf R-
modal micre trees; N-oxide and wet cellulose . = A s
Livaeco O2YYSNIDA
modal bambod spun

1 Provided they can be preeated appropriately, other sources of cellulosg food waste) could be used as
starting materials for any of these processes.

2 Cellulose from cotton linters was converted to highly inflammable cellulose nitrate fibres (aka gun cotton!).

These fibres then had to be further chemically treated (hydrolysed@move the nitro groups and so

decrease the flammability. This part of the process would ultimately yield pure regenerated cellulose fibre.

There is evidence that this was achieved although probably over a number of years.

3 Bamboo can be converted fibbrous, cellulosic material suitable for spinning without involving any chemical
treatments- a laborious, expensive and smsdlale process at present. However, many bamboo textiles sold

are regenerated cellulose (viscose), made using carbon disul@éaeboo can be also used in the Lyocell

process.

4 The principal changes adopted to improve wet strength are: no ageing or ripening steps; using weaker acids

and alkalis; full stretching of the fibres.
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Table 2. Proteiuerived fibres (semsynthetic)

Generic and Characteristic par Selected Date of ﬂr.St
common . commercial
Commonly used of the conversion . trade name
names of the| . ) . Fibre product i manufacture,
. .. | starting materialg process. Chemica of the fibre
fibre. Principa . . Company &
. in BOLD or textile
name inBOLDO country
Casein in alkaling Lanital:
Cas_eln_flbrel Cas.eln squﬁon is spur_1 int Regenerated Aralac 1936
milk fibre; from skimmed | acid and the fibre . ) L
: . protein Merinova |Snia Viscosa Itg
azlor? milk hardened with )
Fibrolane A
formaldehyde
The protein is : .
, extracted, dissolve Silkool; 1938/3%
Soybean fibré . . Regenerated Soyalon . .
Soybeans in alkali and spun : . Shinko Jinken
azlor? . ) protein Winshow;
into an acid Sovsilk Co, Japan
formaldehydebath y
Protein in alkaling
) Protein extractedsolution is spun int Ardil; 1946
Peanut fibre : . Regenerated . .
azlor from groundnuts| acid and the fibre rotein Sarelon | (discontinued
(peanuts) hardened with P Fibrolane {1957) ICI Ltd UK
formaldehyde
Isopropanoh; useq 1948
L to extract zein fron| . .
Maize fibre com meal. The ze (discontinued
Zein(a protein) | . L Regenerated | . 1958)
o .~ lis dissolved in alka : Vicara Zyco o
zein fibre | from corn (maize . protein Virginian
and spun into an )
azlor? . Carolina
acidformaldehyde ChemicalUSA
bath
Casein is reacted
Caseirfibre Cqsgln; with substantial Regenerated |Chinon(K-6) 1969
. acrylonitrile (from amounts of )
(modified) . o . |protein grafted tq Cyarrt; Toyobo Co.
petrochemicals)| acrylonitrile prior o .
azlor? . . L polyacrylonitrile | Milvet* Japan
ammonia to dissolving in
alkali and extrusio

1 A casein fibre made without formaldehyde, known as Qmilch, has been under development since 2013, but

is not yet in commercial production (2022).
2 Azlon is the generic name for all fibores made from regeaeerproteins.

3 Protein fibre from soybeans was also manufactured in 18848 by Glidden Co. and Ford Motor Co. using
Shinko Jinken Co.'s patent. In 2003 Shanghai Winshow Soybean Fibre Industry Co., China offered Soysilk and
Winshow products.

4 Cyarn ad Milvet are recently introduced casein fibres and suspected to be modified with polyacrylonitrile or
possibly some other synthetic polymer.
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Table 3a Synthetic fibres (introduced 1§2840)

Generic ang
common Selected| Date of first
names of thf Commonly | Characteristic part of thq trade commercial
fibre. used starting  conversion process. Fibre product | names of| manufacture
Principal | materialg Chemicals iBOLD the fibre o Company &
name in textile country
BOLD
. Rhowyl;
PVGE?3 Petroleum/ Ethylenean.d chlorine Fibravyl 1928
. are reacted in two stage . . IG
chlorofibre;| natural gas o . Poly(vinyl chloride ) .
. . to givevinyl chloride . Farbenindustrig
vinyon chlorine which is polymerised Evilon; German
POl Thermovy y
Hexamethylenediamine Nyiio?(;nBH
Nylon6.6* | Petroleum/ andadipic acidare Poly(hexamethylen y 1939
. . . . Perlon T;
polyamide | natural gas reacted to give the adipamide) BanLon DuPont USA
polymer nylon & Antron
Cyclohexanonés Perlon L; 1939
Nylon6* | Petroleum/ |converted tocaprolactam Polveanrolactam Nylon IG
polyamide | natural gas| which is then heated to ycap Nylon 6: [Farbenindustrig
give the polymer nylon € Kapron Germany
Vlnyl Petroleum/ Ethyle.nells reacted with
chloride- chlorinein two stages .
. natural gas . ; Vinyon CH 1939
vinyl acetate . (to formvinyl chloride . . : _
chlorine; . . .| Poly(vinyl cloride- | Vinyon HH  American
copolymer . ., | and then withacetic acid . . .
acetic acid . co-vinyl acetate) | Vinylite; | Viscose Co.
. | (to formvinyl acetate.
. hydrochloric Pulon USA
chlorofibre; acid The two monomers are
vinyon copolymerised
- . Krehalon;
Sarard Petroleum/ | Vinylidene chloride - renaton, 1940
. Poly(vinylidene | Clorene .
chlorofibre;| natural gas| made fromethylene and ; Dow Chemical
. . L . chloride) Tygan;
vinyon PVD( chlorine | chlorine, is polymerised Permalon USA

1 Only the starting materials used today (2022) are shown. However, prior to WW2, coal was the main starting

material. After the war, petroleum and natural gas gradually replaced cotleB1st century, planbased
alternatives to all fossil fuels are actively being considered as raw materials.
2 PVC, polychloroprene, Saran, vinyl chlctiggyl acetate copolymer and modacrylic fibres (see Table 3b)
have low flammability because of tleihlorine content.
3 PVC, when plasticised, is also widely used as a coating for texgled able 4.

4 The number(s) following 'nylon' indicate the raw material used. Nylon 6,6 is made from two components

each containing 6 carbon atoms, hexamethylenediamine and adipic acid. Nylon 6 is made from one
component of 6 carbon atoms (caprolactam). There are alfgw other speciality nylons, similarly named,
nylon 11 (from aminoundecanoic acid which has 11 carbon atoms and is made from castor oil).
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Table 3b Synthetic fibres (introduced 194950)

alcohol)

hydrolysed to give

poly(vinyl alcohol)

Generic and - Date of first
Commonly| Characteristic part @ Selected .
common names ; commercial
i used the conversion . trade name
of the fibre. . ) Fibre product i manufacture
o | starting |process. Chemicals of the fibre
Principal name i . . Company &
materials BOLD or textile
BOLD country
H
'.examethylene 1,6 1941
Bol thand | Petroleum/ diisocyanateand 1,4 G
Oyurel i natural gas butanediol Polyurethane | Perlon Y Farbenindustrie
(non-elastic) 985 are reacted to give
Germany
the polymer
Petroleum/|  Propyleneand Orlon;
Acrylicé natural gasiammoniaare reacte( Polvacrvlonitrile Dralon 1948
PAN nitrogen | to giveacrylonitrile yacty Acrilan; DuPont USA
(air) which is polymerise}] Courtelle
Dynel;
Veret, 1949
. Petroleum/| Acrylonitrile and . ' .
Modacrylict . y . Poly(acrylonitrile| Teklan Carbide and
. natural gas| vinyl chlorideare . . .
vinyon chlorine copolvmerised co-vinyl chloride) Kanecaron| Carbon Chemica
POty Vinyon N; Co, USA
SEF
Courlene;
Ethyleneis Sontara
Polyethylené | Petroleum/| polymerised, melt Reevon; 1950
. . . Polyethylene
polyolefin; olefin natural gas| spun and the fibres Tyvek Courtaulds UK
are then stretched Marlex;
Dyneema
Vinyl acetate(from
Vinal ethyleneandacetic
. . Petroleum/| ~ .. .
vinyal; vinylal; acid) is polymerised . Kuralon; 1950
.| natural gas Poly(vinyl alcoho .
PVA; poly(vinyl acetic acid and the product Vinylon |Kuraray CoqJapar

1 Only the starting materials used today (2022) are shown. However, prior to WW2, coal was the main starting

material. After the war, petroleum and natural gas gradually replaced coal. In the 21st centuryhasback
alternatives to all fossil fuels aretively being considered as raw materials.

2 Perlon U was a shalivved fibre similar to nylon, discontinued after WW2. However, polyurethanes based on

a macroglycol, a diisocyanate and a diamine, provide elastic fibres or coatings, and were devetpegdat
Elastane, Table 3c.
3 Acrylic fibres are composed of acrylonitrile usualipotymerised with minor amounts (<15%) of other

monomers which provide better properties such as ease of dyeing. However, when-thermner content is
>15% the fibresre known as modacrylics.
4 Modacrylic fibres together with PVC, polychloroprene, Saran and vinyl chiongeacetate copolymer have

low flammability because of their chlorine content. In some modacrylics, eg Verel, some of the vinyl chloride is

replaced by vinylidene chloride which contains more chlorine than vinyl chloride.

5 Polyethylene was originally made by subjecting ethylene to very high pressures; fibres such as Courlene were

produced from it. Stronger, higher melting point fibres were lateyduced at low pressures using special

catalysts; the first of these fibres was known as Marlex 50. Later, super strong polyethylene fibres of very high

molecular weight, such as Dyneema (DSM) were introduced.
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Table 3c Synthetic fibres (introduced 1¢92)

Generic and Date of first
Selected .
common namesCommonly use - . commercial
) . Characteristic part of the conversio| _. trade names
of the fibre. starting . Fibre product ) manufactre,
o . ) process. Chemicals BOLD of the fibre
Principal name i materials or textile Company &
BOLD country
Terylene;
. Dacror? 1952
Polyeste?? | Petroleum/ Dimethyl terephthalateand Poly(ethylene Kode¥; (semi
ethylene glycot are reacted to . .
PET natural gas form the polvmer terephthalate)| Crimplene| commercial}
holy Lirelle; | ICI, UK
Fortel
Meraklon;
Pol | . . ' 1957
° ypropy_ ene Petroleum/ | Propyleneis polymerised at low| Ulstron 95 .
polyolefin; Polypropyleng _| Montecatini,
. natural gas pressure Herkulon;
olefin Italy
Pylen
. - . Lycra;
Typicallytolylene diisocyanateis| Polyurethane y
. i Spanzelle 1959
Elastane reacted with amacroglycolto form|  [strictly a i
Petroleum/ i Dorlastan;| DuPont US
Spandex a prepolymer. This is then react¢poly(urethane
. natural gas . - . ) .| Vyrene | Rubber Co.,
(in the USA) with adiamineto give the final | ether-urea) in
olymer this example] Blwe G USA
poly P Elura
Natural gas
(methane) | Chloroformandhydrofluoric acid 1965
chlorine are reacted to give Toyo Rayon
PTFE fibré fluorspar |monochlorodifluoromethane Thi§ Polytetra Teflon; Co. (now
fluorofibre (calcium is pyrolysedorming fluoroethylene| Toyoflon | Toray Fine
fluoride) |tetrafluoroethylene which is then Chemicals),
hydrofluoric polymerised. Japan
acid
Typicallyisophthaloyl chlorideis
. Petroleum/ yp yl. b y L . Nomex; 1967
Aramid reacted withbenzenel,3-diamine| Polyamide
natural gas . Kevlar | DuPont, USA
to form a polyamide
Poly(ester Methyl-4-hydroxybenzoateis 1968
ether) Petroleum/ reacted withethylene o_X|deand Poly(ester Nippon Rayo
poly(ethylene natural gas the product polymerised by ether) ATell Co. (now
oxybenzoate) 9 heating and the removal of Unitika Co.),
PEB methanal Japan
Lactic acidrom plantsugars/ . Lactron; 1994
. Corn; cassav . . Polylactide Ingeo;
Polylactide sugar cane: starchesis converted to theydic oly(lactic Lact Kanebo
PLA 9 '| dilactide which is polymerised bf PV Y | Gohsen Ltd.
sugar beet . acid) Ecodear;
heating and melt spun Japan
Terramac

1 Only the starting materials used today (2022) are shown. However, prior to WW2, coal was the main starting material.
After the war, petroleum and natural gas gradually replaced coal. In the 21st centurybplsed alternatives to all fossil
fuels are atively being considered as raw materials.

2 Polyester fibre was patented by The Calico Printers' Association in the UK in 1941. The patent was sold to ICl who
developed the fibre as Terylene in the UK and by 1952 limited quantities had been sold. Byrid&3icence from ICl,
DuPont had established full commercial production of polyester fibre in the USA, calling it Dacron.

3 Polyester fibre was also made in the USA by Eastman Kodak usayglbRexanedimethanol in place of ethylene glycol
and soldunder the name Kodel in 1958.

4 See also PTFE membrane, Table 4.
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Table 4. Selected néfibrous synthetic polymers used in clothing

Generic and Date of first
Commonly - Trade .
common names o Characteristic part of th . commercial
used . Typical polymer| names of
the polymer startin conversion process. end product |the polvme manufacture,
material. Principa . 9 Chemicals i8OLD P P y Company &
. material$ material
name inBOLD country
Butadieneis treated with
Petroleum/ chlorineand then Neoprene;
. . Polychloroprené P 1931
Polychloroprené | natural gas partially dechlorinated tg X Duprene
. . L interlayer DuPont, USA
chlorine |givechloroprenewhich ig Baypen
then polymerised
Ethyleneandchlorineare
reacted in two stages tc
PVC coatiny g|ng|nyI Ch|0ltldeWhICh . Rexine; 1932
. Petroleum/ is polymerised. A Poly(vinyl .
vinyl; leathercloth e ) . Koroseal | B.F. Goodrich,
natural gas plasticiser such as | chloride) coating . .
pleather . ) Vinoflex USA
diisononyl phthalateis
then mixed with the
polymer
. Buna S;
Styrenebutadiene Butadieneandstyrenein Poly(butadiene Buna SB cal935
o CO- styrene) . IG
rubber Petroleum ratio 3:1 are : ChemgumS . .
. coating or Farbenindustrie
SBR; G copolymerised . HycarOS;
interlayer L Germany
Pliolite
Typicallyn >-n W
. 1941
Polyurethane diphenylmethane Perlon U
. Petroleum/ . Polyurethane . IG
coating® diisocyanateand a . Insqin; : .
natural gas coating Farbenindustrie
PU leather macroglycolare reacted Desmopan German
to give the polymer y
Chloroformand
hydrofluoric acidare
reacted to give
Natural gas monochloro-
PTFE membrarfe| chlorine dlfluorometha}ne..whlch Polytetrafluore 1976
on pyrolysis yields GoreTex; | W. L. Gore &
polytetrafluoro- | fluorspar ethylene :
. tetrafluoro-ethylene, a . Teflon Associates Inc.
ethylene (calcium L interlayer
. gas which is then USA
fluoride) .
polymerised. On
stretching the polymer
rapidly, a porous
membrane is formed.

1 The polymers in this table are used in the form of films, either as fabric coatings or interlayers.

2 Only the starting materials used today (2022) are shown. However, prior to WW2, coal was the main starting

material. After the war, petroleum and natalrgas gradually replaced coal.
3 Polychloroprene is widely used for wet suits. It has gooeréisistance.

4 PVC fibres were first made commercially in 1928 ptasticisedPVC was discovered later by Waldo Semon

at B.F. Goodrich in 1932. Also note Riite (Table 3a).

5 Polyurethanes are diverse polymers, originally invented in 1941 at IG Farbenindustrie. Perlon U is a fibre,

whereas Insqin is a polyurethane dispersion for coating textiles.
6 Also note PTFE fibre (Table 3c).
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2.6 Blendedfibres

What are blended fibresfany of the documented garments gection5 are made from two

or more different fibres which have been blended to create a single {idra blended fibres may

have different physical properties, for example cotton and psigewhich together form the most
widely used commercial blend in the textile industry, or be different versions of the same fibre, such
as the standard (noshrinkable) and retractable (shrinkable) acrylic fibres used to make fake fur.

Yarns made of dérent fibres and fibre blends are also used structurally. In a woven fabric one yarn
might form the warp and another the weft. There are many historical precedents for this practice. In
the eighteerth century, the fabrics called fustians included a plain weave material woven with a
linen warp and cotton weft, and by the 1820s the use of cotton warps in the British wool textile
industry was widespread.

Benefits of blended fibreshe purpose of combinrig two or more fibres as a mixture or

blend is to take advantage of the positive characteristics of the component parts. The aim is to

improve the overall performance, aesthetic appearance, texture and consistency of the yarns and

fabric; reduce the manufa i dzZNBEND & SELR adzZNB G2 NA A1 = LI NI A Odzf | N
profitability; meet changing consumer preferences, and develop new products.

Blending processesesignand technology play key roles in the blending process.

The method used to créa semi and fully synthetic fibres results in the production of continuous
filaments (seesection 22). Silk is the only traditional natural fibre of filament form. All other natural
fibres are relatively short fibres of differing lengths whielyuire spinning and twisting together to
create yarn lengths. These fibres are called staple fibres. &=hrfully synthetic fibres are also
transformed into staple fibres by cutting the filaments. Staple fibre viscose rayon, which was
commercially avagble in the UK from 1925, was the first marade staple fibre. It is manufactured

by cutting the filament fibre into short lengths before spinning and twisting together tkenstaple
yarn. Staple fibres were integral to the development of blends becausenost efficient way to mix
different fibres is during the process of making a yarn. Blended yarns may be composed of different
staple fibres, or staple fibres combined with filament fibres. Similarly, different yarns and filaments
can be twisted togetheto create a complex yarn.

The ratios between the different fibres in a blend depends on their physical characteristics, tenacity
and extension at break, and the required characteristics of thepgaduct.

The method used to combine the fibres, and degyof blending, ranges from the highest possible
K2Y23SySadte 2F YAEAYy3 06SiG6SSy (KS FTAONBa Ay (KS
twists together fine yarns of different fibres to create a blended yarn rather than mixing the fibres at

the ginning stage (a marl yarn).
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2.7 Anishes and coatings for garments

The coating and finishing of synthetic fibres during garment production grew out of natural fibre
manufacture, with new synthetic materials increasing the rangeoskibilities. Finishing

applications with synthetics are designed to improve fibre properties and performance, like-water
proofing treatments for viscose rayon and cotton.

Lubricantshave an important role in reducing fibre friction in natural and &gtic yarn and

thread manufacture. They are also effective asthtic agents applied as aftéreatments to fabrics

made with cellulose triacetate, nylon, polyester, acrylic and Dynetécrylic, composed of vinyl
chloride-acrylonitrile copolymers) in fuand piled fabrics. These fibres readily acquire electric charge

that they hold onto as static. Its control serves two important consumer purposes. One is reducing

attraction of lint, small airborne particulates and dirt. This makes it easier to cateddabric.

Another is to protect the wearer from little electric shocks, sparks and crackles released from static
build-dzLJ ' YR f SdaSy (GKS RAAO2YTF2NI 2F Waf ALILISNEQ | yi
and misalign around the body. There iscan aesthetic reason. Lubricants help to maintain the

WF¥dzA t ySaaQ 2F adyiuKSGAO FdzZNE yR LIAESR FFLoNROaASD

Binding mediasynthetic polymers are used as binding media for pigments in textile printing and
coloured surface finishes.

Textile coatingechniquesthere are manyvays of applying coatings including:

1 Direct coating, in which the coating is spread on the material with a fixed knife.

9 Spray coating, in which the coating is sprayed directly on the textile by a variety of different
ways.

9 Extrusion coating, in which the coating is passed through a sheet die and transferred directly
onto the textile.

1 Foamed coating, normally used for knitted and woven textiles, in which a foam coating lies on
the surface of the textile and is then pressedmthe textile by a roller.

Artificial leather known under many names, including leatherette, imitation leather, faux
leather, vegan leather, PU leather, and pleattseproduced using a fabric base layer, which is
coated using rollers and given the teré and appearance of real leather. The chemical coating can
be made from eithepolyurethane or PVC. It is commonly usegbickets, shoes, gloves, hats, pants,
belts, watch bandsandhandbags

2.8 Fibresin complex garment structures

The structure of some garment types, for example tailored jackets, can be highly complicated with
multiple layers of construction. The garment label seldom provides their details, but they will include
synthetics, especialiy linings and interfacings.
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Linings:

1 Main body linings: from the 1920s onwards, rayon is used as a cheaper alternative to silk.

1 Sleeve linings: they need to be smooth to help the jacket sleeve slide on and off. An apprentice
GFAf 2ND&a S BOE2NEIONGNg to d1ehdllé Hopwbod states that rayon is the best
material to use for sleeve linings.

1 Pockets: the material for pockets needs to be extremely hardwearing. Nylon is a particularly
strong material and is often used either on its own or asiaforcement for cotton or rayon to
give extra strength.

Interfacingsmis is the layer between the outer fabric and the lining, which is used in tailoring to

give strength and structure. Examples include the canvas forepart, which shapes and stretigghens

front of a jacket and lapel padding. A Burton Tailoring booklet dating from the late 1950s lists 47

different component parts used in the construction of a jacket. Interfacing components were

traditionally made of strong natural fibres such as horseheool and linen. The introduction in the

late 1950s and 1960s of synthetics allowed for many new developments. They could be used either

on their own or blended with natural fibres to give interlinings added strength and a more

permanent shape. For exaie, a 1961 copy dfhe Tailor and Cuttea trade magazine, includes an

F ROSNIUAASYSy i TadnISWI NS MNY G yef 2y AYOGSNFI OAay3

In tailoring, hand stitching is traditionally used to hold thterfacings in place. Fusible interfacings
offer an altenative method of attachment. A fusible interfacing is a textile, either natural or
synthetic, woven or bonded, which is chemically treated on one or both sides to provide adhesion
on the applicatiorof heat. The use of heat and glue in a fusible interfacing, rather than stitching,
speeded up the tailoring construction process. Fusible interfacings began to appear in the 1960s.
Melville Hopwood discusses the advantages of fusible interfacings iailoisrig exercise book

which dates to 1962.

Interlinings:is a liningoften found in coats sewn between the ordinary lining, as described above,
and the outside fabric. They are used for extra warmth and the introduction of synthetic fibres
enabled interinings to provide waterproofingThese interliningare sometimes breathable,

preventing the wearer from getting wet and becoming too warm or cold. Interlinings can be blended
from synthetic and natural fibres. Brands like Aquascutum, Mulberry and Burb&eny use

interlinings for their outerwear ranges.
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3. Featured fibres and materials

This section brings together information about each of the fibrederialsused to make the
garments which are documented $action5. It includes their inventors (when this is knowwhen
they were manufactured in commercial quantiti@sselection of the most common trade names,
commonly used starting materials, their matdrcharacteristics, uses, environmental impact, care
and signs of degradation, recyclability, biodegradability, and potential narratives related to them.

The materials are arranden alphabetical orderdsed on their most used generic name. Other
commonnames are listed on the following lin€he trade names in this section and the tables in
section2.5 Fibres at a glanawe not arranged in any ordeffor more information about the FTIR
spectra please see 4.1 Fibre Identification: FTIR spectrositapyery difficult to find accurate dates
for their introduction and we decided to omit them to avoid misleading inaccuracies.

Acetate Rayonsee section5 Documented garment exemplars; 6; 11
Acetate; cellulose diacetateellulose acetate

1026

1215

08}

1732
06}

Absorbance

1366
0.4+

0.2

4000 3500 3000 2500 2000 1500 1000
Wavelength (cm™)

Inventors (of manufacturing processfharles Frederick Cross (183®35) and Edward John Bevan
(1856;1921)

Patented:1894

Commercially available from1921, BritisiCelaneselUK

Trade namesCelanese; Seraceta; Fortisan; Chromspun; Estron

Commonly used starting materialgotton linters and latewood pulp derived from pine trees and
spruce most recently bambod-or a simplified visual explanation of the process from starting
materials to usable fibre see Sectidr8 Fibre conversion prosees acetate rayon.

Principal characteristicssoft and warm handle with a smooth surface; drapes well; does not shrink;
quick drying but unstable in high heat; moth resistdotv tensile strength and weaker when wet;
unsuitable for garments which arelgject to hard wear; vulnerable to mould in high humidity
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Principal usesin the 1920s and% n & LJ2 LJdzf | NJ T2 NJ 62 YSyYy Q4&,blduge® S y
and sweatersTodaypromoted as a luxury fibre, widely usad a silk substitutéor satins and taffeta
because of its lustrous surfaddore body and better draping qualities than viscose rayon, making it
popular for dress and lining materials
Environmental impactthe wood pulp may be sourced from forests which are not managed
sustinably, and from endangered ancient foredBamboo is often grown as a monocrop harming
the local ecosystem
Care and signs of degradatioso far observation leads us to believe it is a relatively stable fibre.
Becausat attracts water, it is vulneraklto mould in damp conditions, thus relative humidity should
not exceed 70%Must be laundered with care either by hameashing or dry cleaningcetate rayon
garments disintegrate when heated in a dryer
Recyclable?¥es, by mechanical recyclifighemicarecycling is potentially possible
Biodegradableellulose is biodegdable, howevethe rate at which cellulose acetate biodegrades
is affected by the degree akcetylationof the cellulose during its manufactueand the environment
in which theprocess takes place
Potential narratives:

1 The importanceof semi and fully synthetic fibres to the underwear and nightwear

industries
1 Development of different types of viscose fibres

ACFyliC see section5 Documented garment exemplarsd; 14; 20; 22; 33
PAN Polyacrylonitrile

Inventor: Dupont

Invented: 1941

Commercially available from1948, USA

Trade namedcrilan; Orlon; Courtelle; Dralon

Commonly used starting materialgetroleum; natural gas; nitrogen (air)

Principal characteristicgjuite stretchy; soft to the touch; lightweighguick drying with high
moisture wicking abilities; low breathabilithigHy insulating thus very warmstans easily unless
given a surface finish; highly flammable; prone to pilling stiadic.
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Principal usesoften used instead of wool as a knitting material and thus in sweaters and gloves
Also found in hoodies and tracksuasd used to make fake fur
Environmental impact depletion of fossil fuels, a neenewable resource, due to the higinergy
requirement for acrylonitrile productio and its chemical origins in oil and ghake of toxic
chemicals and volatile substances that can harm the environifi@ot handled carefullyAcrylic
fibres are very pronea piling. When washedacrylicfibres enter the water system as microfibres
causing pollution. These fibre fragments are difficult to filter and recycle
Care and signs of degradatioso far observation leads us to believe it is a relatively stable fibre. Its
predisposition to static is increased when air humidity is low: thus, relative humidity levels as a
general guide should not drop below 40%. Constiomagrade covers should be used to protect
against static attraction of dust
Recyclable¥es, and unlike many synthetic materials, it can be recycled in a way that prevents the
materials from degrading. This means the process does not require the ihpatnomaterials.
However, it is accepted by very few recycling contractors
Biodegradable™No
Potential narratives:

1 Environmental impactuse of noarenewable resourcegpxins, microfibres

1 Substitute for wool, arguably protecting animals from hathus a vegan material

Aramid see section5 Documented garment exemplard9; 39

Inventor: Stephanie Kwolek (1922014), Dupont

Invented: 1964

Commercially available froml1967, USA

Trade names Nomex; Kevlar

Commonly used starting material@etroleum; natural gas

Principal characteristicslightweight; outstandingstrength-to-weight ratio, with a tensile strength
equivalent to steelgoodresistance to abrasigwery high melting point, low flammability
Principal uses:protective clothing, for example bullet proof vests and fireproof suits
Environmental impact depletion of fossil fuels, a nenenewable resource. Sulphuric acid is one of
the main chemicals used it its productidulphuricacidis \very toxic to animals and plants and
dangerous unless the correct controls are in place

33



Care and signs of degradatiomo far observation leads us to believe it is a relatively stable.fibre
Recyclable?¥esjt is 100% recyclable and can be used multiple times. There are firms that specialise
in its recycling
Biodegradable™No
Potential narratives:

i substitute for steel

i atechnical textilavhich extendsthe potential of what has been possibknd saves lives

women in science

Casein fibresee section5 Documented garment exemplar43
Milk fibre; azlon &zlon is the generic name for all fibres made from regenerated proteins)

Inventor: AntonioFerretti (188¢1955)

Patented:1935

Commercially available from1936, Snia Viscosa, Italy

Trade namesLanital; Aralac; Merinova; Fibrolane A; Chined (odified casein fibre)

Commonly used starting material€asein from skimmed milk; and for modifieasein fibre:
acrylonitrile (derived from petrochemicals) and ammarftar a simplified visual explanation of the
process from starting materials to usable fibre see Se@i8rFibre conversion processessein
fibre.

Principal characteristicssoft, with a warm handle; good thermal insulation; light and comfortable
to wear with a silky feel; it readily attracts water, making it vulnerable to mould in damp conditions
when relative humidity exceeds 70%b;its original form it had poor wet stretiy

Principal usesinitially developed as a wool substitut@dayit is often blended with other fibres
andused for underwear and clothes worn against the sidobal production is vergmall,and the
fibre is expensive

Environmental impactdepletion offossil fuels, a nomenewable resource, due to the higinergy
requirement for acrylonitrile productionUse of toxic chemicals and volatile substances that can
harm the environment if not handled carefully. More positively, the fibre uses waste milk which
would otherwise be poured away
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Care and signs of degradationasein fibres are susceptible to microbiological grovithey accept
dyes well but have poor wadiastness. Casein fabrics need to be stored rtlative humiditylevel
above 40%. Loweaelative humiditycan result in brittleness and breakage of fibres
RecyclablePotentially.Acrylic, which is also made with acrylonitrile, can be recycled in a way that
prevents the materials from degrading. This means the prodess not require the input of new
materials. However, it is accepted by very few recycling contractors
Biodegradable?es, when it is made with formaldehyd<o, if made with acrylonitrile
Potential narratives:
1 research into the production @lternative fibres as substitutes and in the pursuit of
sustainability
9 the politicisation of textilesthe use oftalian manufacturednilk protein fibre as a
nationalistsymbolby the Italian fascists ithe late 1930sand during World Warwois an
interesting examplef this.

Cuprammonium rayaree section5 Documented garment exemplars; 4
Lustracellulose; glanzstoff; cupro, cupra
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Inventor: Louis Henri Despeissis (d.1892)

Patented: 1890 (lapsed); 1897 (Dr. Hermann Paanybehalf of Max Fremery and Johann Urban)
Commercially available from1900

Trade namesBemberg silk; Bemberger; Cupresa; Cuprama

Commonly used starting materialgotton linters

Principal characteristicdeels and looks silky and smogttan be manudctured with very fine
fibres drapes wellquite stretchy easy to dye and absorbs colour wdlteathable with moderate
moisture wicking and heat retention qualitieanti-static and machine washablprone to pilling
chars when it burns and leaves appery residue
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Principal usesfrom the 1920s, when the properties of cuprammonium had been improved, it
became popular for stockings and underwdanring World WarTwoit was used for parachute
cloth in Germany and USAodayit is utilised fodight weight garments such as lingerie, blouses,
evening wear and linings
Environmental impactCuprammonium is a bgroduct of the cotton indstry whichunlessthe
plants arefarmed organicallyrequires intesive irrigationand theapplication of chenicalfertilisers,
pesticides and herbicides. This can impact on local drinking water suppliexpose workers
those living in the vicinity of theotton fieldsand the environment to landvater and airpollution.
Cotton farming is lso associateavith exploitation of farmers and farm labourersho include
children and forced labauUsing the cotton linters to make cupramnium utilises waste but
further toxic chemicals are involvedinK S FprodutdiBnQits manufacturevas haled in the
United States in 1974 because it contravened US Environmental Protection Agency regulations.
Today closed loop manufacturing processes are used but the responsible disposal of the waste that
can no longer be recycled remains an issue. Thera@mcological certifications for
cuprammonium
Care and signs of degradatiomo far observation leads us to believe it is a relatively stable.fibre
RecyclableXes, by mechanical recycling
Biodegradableuprammoniumis biodegradable undesptimum conditions, but the process may
be inhibited by the chemicals used to dye and finish the fabric
Potential narratives

1 howresearch and developmefdr one industry can benefit anothefhe manufacturing

technology used to create cuprammonium fisreas developed from the technology
originally used to create electric light bulb filaments
1 the social, political and ethical issues of global textile production

Elastanesee section5 Documented garment exemplarg; 28; 34; 3839; 41; 42

Seealso Polyurethane below
SpandeXUSA

Inventor: Joseph Shivers (1922014), DuPont
Invented: 1958
Commercially available from1959 DuPont, USA; US Rubber Co., USA
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Trade namesSpandex; Lycra; Spanzelle; Dorlastan; Vyr8hes C; Elura
Commonly used starting materialgetroleum; natural gas
Principal characteristicscontains at least 85% polyurethane organised in rigid and flexible
segmentsexcellent stretch and recovery which enab@gsodshaperetention, the higher he
percentage of elastane in a garment the closer and firmer théifih breathability, moderate heat
retention
Principal usesstretchy, form fitting clothing: sportwear, close fitting jeans, leggings, tights and
socks, foundation garments and underwe&poday small percentages are found in many materials
and garments from knitwear to dress fahric
Environmental impact made from norrenewable resources in a chemical heavy process. Sheds
micro-plastics. Its environmental impact is compounded by the am@uoduced each year and the
fact that it is not biodegradable
Lycra® is currently developing a range of more sustainable fabrics incorporating varying types and
percentages of recycled materials.eBe fabricsnclude Lycra®EcoMade fibre which is mantufiasx
from 20% factory waste blended with virgin polymer, Lycra®T400®EcoMade fibre, which is made
from 50% recycled PET and 18% plant content blended with virgin polgntetycr&: G NI f A FSu @
Lycr&®- G NI f A T SsedionUJolfecta& 41a S S
Care and signs of degradationan stiffen and become misshapen, so supported handling and
careful mounting for display is particularly important, with attentimmminimising flex at seams,
areas weighted with metal zips, beads and suchikather degr G A 2y 2 F LI NI A Odzf | NI
garments made of Lycra can be prevented by using oxfigenstorage. This, however, reduces
access, increases storage space requirements and has to be repeated
Recyclable?Difficult to recycle, but recycling of Spandexundertaken by Spanflex, Taiwan
Biodegradable?No
Potential narratives:

1 impact on fashia.

1 sculpting of the human body and ensuing impact on sport

1 howonebrandisrespondngto the demand for more sustainable products
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Lyocell see section5 Documented garment exemplargs; 32
Lyocdl viscoseTencek branded modal
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Inventor: Clarence QVicCorsley llpatented the procesdut the methodhad beensubject to
research and developmeffitom the 1960s
Invented: 1981, US patengrantedto McCorsley
Commercially available from1988, Courtaulds, UK (sewwdmmercialproduction) 1992
Courtaulds, Mobile, Alabama, USA
Trade namesTencel; ExcgEcoverolivaeco
Commonly used starting materialsieech and eucalyptus trees, bambd@r a simplified visual
explanation of the process from starting materials to usable fibre see Sex8dribre conversion
processeslyocell.
Principal characteristicsrery vesatile, can be manufactured to look and feel like silk, cotton and
wool; high tensile strength; soft with excellent draping qualities; receptive to dyes and daktur
breathable and moisture wicking; medium risk of pilling
Principal usesfashion, spaswear; often used for its sustainable credentials
Environmental impactthe lyocell fibe spinning process is an environmentatsponsiblegreen
technology that eliminates toxic chemical use and chemical reactions, recycles-asesrever 90%
of the dissolving agent in a closed loop proc@se leadingroducers use wood pulp from
sustainably manageglantation grown, fasgrowing treesjncluding eucalyptus which will grow in
very dry conditionsHowever if the wood pulpisderived from norsustainable sourced,would be
an issue
Care and signs of degradatiotyocell is an extremely stable fibre with high moisture absorption and
antibacterial properties
Recyclable200% lyocell fabric has the potential foruse and remanufacture; blended fabrics are
problematic and cannot be commercially recycled at present
Biodegradable?es
Potential narratives:

1 benefits andchallenges of introducing circular systems to textile production

1 sustainable design
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Modacrylic see section5 Documented garment exemplars4
Vinyon

Inventor: unknown
Patented:unknown
Commercially available froml1948 Carbide and Carbon Chemicals Co. (latewn asnion
Carbide), USAUril 1960, when the US Federal Trade Commission placed modacriyiown
category, itwas classed with acrylic
Trade names:Vinyon Dynel| Verel; Teklan; Kanecaron; Vinyon N; SEF
Commonly used starting materialgetroleum; natural gas; chlorine
Principal characteristicdow flammability; low moisture absorbency and quick dryimgistanding
resistance to chemicals and solventssistant b moths, mildew and sunlighsoft, warm and
resilient but prone to pilling
Principal usesused in higkperformance and protective clothind\lso usedor nightwear, fleeces
and as a substitute for fur
Environmental impact made from a combination of merenewable resources, some of which are
carcinogenic. Creates microfibres
Care and signs of degradationo far observation leads us to believe it is a relatively stable.fibre
is, however, prone to pilling and matting
Recyclable?Yes
Biodegradable™No
Potential narratives:

9 rare use in fashiorin 1968,fashion designer Pierre Cardit922;2020)used Dynel fabric

(which he marketed a€ardin€to make a collection of heahoulded dresses
9 occupational health hazards
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Modal: see sectiorb Documented garment exemplar39
High wet modulus rayon (HWM), polynosic rayon
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Inventors: S.Tachikawa, Japan
Invented: 1951 (US patent applied for)
Commercially available fromcirca 1956 Tachikaw®&esearch Institute, Japan
Trade namesToramomen; Tufcel; Vincel; Zantrel
Commonly used starting materialgine trees, spruce
Principal characteristicshigh breathability, moisturevicking abilities; low heat retention; not prone
to pilling; canbeladlRSNBR Ay | f2¢ GSYLISNI G§dzZNBE WRSt AOIFGSaqQ
Principal usesalternative to silk or cottonUsed forsportswear, underweaand T-shirts
Environmental img@ct: the wood pulp may be sourced from forests which are not managed
sustainably and fromancient and endangered forestsbwever some manufacturers have FSC
(Forest Stewardship Counetigrtification, meaning that the wood used to make the viscose fibres
came from responsibly managed, fully traced forest plantations and are therefore guadambé¢o
contribute to illegal dérestation. The manufacturing process is slightly more environmentally
friendly than that of viscose rayohut, if the correct precautions are not followed, factatischarges
can cause air, land and water pollution. Tgreduction process also results in less waste than that of
viscose rayon
Care and signs of degradatiomo far olservations lead us to believe it is a relatively stable fibre
RecyclableXes
Biodegradable?es
Potential narratives:

9 the development of viscose production

i attitudes to materials capable of imitating natural materials
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Nylort see section5 Documented garment exemplarg; 13; 15; 16; 18; 1921; 23; 24; 26, 27; 28;
29;30; 31;35; 37; 38;41; 42
Polyamia
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Nylon hasseveral variants such as nylon 6 and nylon 66. As fibres, they are similar (see Table 3a) and
both are used for textiles, nylon 66 perhaps more frequently. However, as is common practice, in
this section we use the name nylon without suffix

Inventor: Wallace Carothers (18€8937), DuPont

Patented:1935

Commercially available from1939 DuPont, USA

Trade namesNylon; PerlonBarLon; Brinylon; Antron

Commonly used starting materialgetroleum; natural gasFor a simplified visual explanation of the
process from starting materials to usable fibre see SecZ@Fibre conversion processesylon.
Principal characteristicsstrong, durable and lightweightvashes easily, wrinkle resistant and
waterproof, prone to pilling andstatic; cheap

Principal usesvery versatile, thus it can be found in a wide variety of garments including
windcheaters, sportswear, lingerie, and hosiery. It is used where strength is required, for example in
pockets (seesection2.8. Fibres in complex garmestructures.

Environmental impact made from norrenewable resources in a chemically heavy process.
Cyanides used to make the intermediate adipic acid are highly ttxroduction results in the
release of nitrous oxide, a greenhouse gas that makegréfisant contribution to global warming.
Nylonsheds microfibres and is among the largest causes of microplastic pollution in the oceans
Care and signs of degradatioits predisposition to static is increased when air humidity is low:
thus, relative lumidity levels as a general guide should not drop below 40étined to stretch

under load, so supported handling and careful mounting for display is particularly important, with
attention to minimising flex at seams, areas weighted with metal zips, acllike. Ideally such
garments should be stored flat. Conservatigrade covers should be used to protect against static
attraction of dust. Tendency to discolour and turn yellow

RecyclableYes, Econyfor examplejs acertified recycled nylon textile
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Biodegradable?No

Potential narratives:
1 recycling
1 whatthe world would be like without nylon: how nylon fabric contributes to everyday life
9 hazards associated with the material

Orangefiber: see section5 Documented garment exemplaré0
See also Viscose raybelow
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Inventors (of pulp production processfpdriana Maria Santanocito and Elena Vismara
Patented:2014 (filed)
Commercially available fromat the time of writing, Orange Fiber SRL is still in the research and
development phase with limited commercial production supporting special capsule collections, with,
for example, Salvatore Ferragamo in 2017, H&M Conscious Exclusive Collection ind2B19 a
Marinella in 2021
Commonly used starting materialgitrus waste (rind, skin, pith) from industrial juicing
Principal characteristicssilk-like appearance and soft to the touch; to date used blended with silk,
cotton and elastan@and, mostrecenty, manufactured by Lenzing in a process that mixes orange and
wood pulpto create aimited edition¢ Sy OSt 1 6N} YRSR t&20Stf TFTA0NB
Environmental impactmade from locally sourced citrus juice industry leftovers, which would
otherwise be discarded agaste Gan be produced in an environmentally responsible closed loop
process
Care and signs of degradatioRotentially vulnerable to mould in damp conditions, thus relative
humidity should not exceed 70%
RecyclableNot known
Biodegradable?’es
Potential narratives:

1 women in science

9 utilisation of agricultural anébod industry wastdéo make textile fibres

1 challenges of scaling new products to achieve full commercial production
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Polychloroprenesee section5 Documented garment exemplar36

Neoprene

Polychloroprene is a synthetic rubberidtincluded here because it is widely used for wetsuits and
other items of clothing, especially as an interlayer sandwiched between fibrous materials.

Inventors; Arnold Colling1893;1992)andWallace Carothers (1896937), DuPont, USA
Invented: 1930
Commercially available from1931, DuPonf USA
Trade namesDuprene Neoprene
Commonly used starting materialgetroleum; natural gas; chlorine
Principal characteristicsas a synthetic rubber its uses aieilar tonatural rubber, but it ismore
resistart to water, solventsheatandfire; knownfor its insulating qualitiesexpensive
Principal useswet suitsandclothing protecting against fireAlso use@san interlayer sandwiched
between fibrousmaterials Todayincreasingly used for fashion
Environmental impact made from norrenewable resources in a chemically heavy process
Care and signs of degradatiotess prone to degradation than natural rubbbut degrades fast
when exposed to ultraviolet
Recyclable?Yes butnot every recycling facility will take it as the process is different from that most
frequently used
Biodegralable?No
Potential narratives:

1 substitute fortraditional materials (rubber): pros and cans

1 impact on sport, especiallyetsuits usedor surfing and snorkelling

9 value as a lifsaving material compared with its inherent toxicity
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Polyestersee section5 Documented garment exemplar$2; 16;18; 21; 24; 26; 31, 32, 34; 37
PET

720

1241
1710 1091

0.8 M | Y

o
o

Absorbance

o

0.2

4000 3500 3000 2500 2000 1500 1000
Wavelength (cm"’)

Inventors: RexWhinfield andJ. T. Dickinson
Invented: 1941
Commercially available from1952, ICI LtdJK (semicommercial production)1953 DuPont USA
Trade namesTerylene; DacrorKodel; Crimplene; Lirelle; Fortel;-Bdok
Commonly used starting materialgetroleum; natural gasFor a simplified visual explanation of the
process from starting materials to usable fibre see Se@i8rFibre conversioprocessespolyester.
Principal characteristicscheap to producedgurable, multi-purpose hydrophobic and crease
resistant quick drying, requires no ironing; warm to the touch; moth and mildew praofye to
pilling andstatic.
Principal usesclothing of all kindsParticularly used fadrip dry, noriron shirts, fleeces as wellas
garmentsand accessories exposed to watbksed irblends, especiallgolycotton blends
Environmental impactmade from norrenewable resource Dangeroussubstances involved in its
manufacture include antimony which is likely to remain within the product but if released would
have serious consequences. Newer catalysts for polyester employ titanium compounds which have
muchlessenvironmental impact$hedsmicrofibres
Care and signs of degradatioits predisposition to static is increased when air humidity is low: thus,
relative humidity levels as a general guide should not drop below @¥servatiorgrade covers
should be used to protect againstiatic attraction of dust
RecyclableXes
Biodegradable™No
Potential narratives:

1 good material for research into blends, especially in tailoring where their use was more

about improvements than their cheapness
9 one of the nostused fibres irclothing production: study of its impact
1 thegeneration andmpad of micrdibres: a study by Plymouth Universfiyblished in 2020
discovered that ond0°Cwash could releaskbetween700 and4,000 microfibres per gram
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of fabricdepending on its structureand thatup to 400 microfibes per gram of fabric can be
shedin 20 minutesof normal activitywhenwearing polyester clothing
' the introduction of easy care, drip dry, ndmon fabrics andtsA YLJ- Ol 2y 62YSyQa

Polyetlylene seesection5 Documented garment exemplara?
polyolefin; olefin
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Inventors; Eric Fawcett and Reginald GibsiiLtd. UK
Invented: 1933
Commercially available from1950s UK
Trade namesCourlene Sontara Reevon; TyvelMarlex; Dyneema
Commonly used starting materialgetroleum; natural gas
Principal characteristicsrery strong; resistant to chemical corrosion, weathering and abrasion; fluid
repellent; good electrical insulating properties
Principal usesas a bonded fabric fgsrotective clothing, surgical gowns, bel@mmonlyused for
garment covers and other purposes by museum and heritage collections
Environmental impact made froma non-renewable resourcén a high energy procesghose
emissions generate air pollution
Care and signs of degradatioRolyethylene fabrics may yellow over time. This is generally due to
the inclusion of additives such as optical brighteners in the fabrication process. It is advisable to
store these materia in a cool, dark environment.
Recyclable¥es
Biodegradable™No
Potential narratives:
9 history of protective clothing and how synthetic fibres have transformed them
1 agood material through which to look at the issues surrounding recycling
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1 improvementsi the properties of synthetic fibres over time atide role of research and
development

Polylactideno documented garment exemplars
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Inventor: discovered byVallace Carothers (1896937), 1932

Patented:

Commercially available froml994, Kanebo Ghosen Ltdapan

Trade namesbLactron(said to be the first commercial polylactide fibrégeo, Ecodear, Terramac
Commonly used starting materialgorn, cassava, sugar cane, sugar b&er a simplified visual
explanation of the process from starting materials to usable fibre see Sex8dribre conversion
processespolylactide.

Principal characteristicsgood wicking qualities; UV resistant; can be blended with traditional
natural fibres; good shapetention and resistance to creasing; can be utilised for wadding; can be
washed in warm water but only pressed with a cool iron; low melting point makes dyeing and
finishing challenging

Principal usesused as a sustainable alternative to oil and-based polymers Qurrently being
developed for apparel

Environmental impact made from annually renewable crops of carkasorbing plants in a process
that does not involve solvents

Care and signs of degradatioRolylactide appears to be very stable arakd not require

specialised care. Unlike other synthetic fibres, it does not absorb light in the visible region of the
spectrum This leads to very low strength loss compared to petrolemsed fibres when exposed to
ultraviolet light. It does, however, wa lower colour fastness than synthetics like PET
Recyclable?es, in a chemical recycling facility. Chemical recycling is not yet commercially available
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Biodegradable?/es, in an industrial composting plaint landfill or a domestic composting systeim i
decomposes very slowly
Potential narratives:
1 use of fermentation in the development of blmased fibres
1 the pros and cons of replacing fossil fuel derived polymers with polymers derived from
plants, including agricultural waste

Polynosic rayorsee sectiorb Documented garment exempla39
High wet modulus rayon, modal

Inventors: S.Tachikawa, Japan
Invented: 1951
Commercially available fromc.1956 Tachikawa Research Institute, Japan
Trade namesToramomem; Tafcel; Vincelantral
Commonly used starting materialgine trees, spruce
Principal characteristicshigh breathability, moisturevicking abilities; low heat retention; not prone
to pilling
Principal usesalternative to silk or cotton. Used for; sportswear, underweashirts.
Environmental impactthe wood pulp may be sourced from forests which ar¢ managed
sustainably and from ancient and endangered forestsnvéler some manufacturers have FSC
(Forest Stewardship Counetrtification, meaning that the wood used to make the viscose fibres
came from responsibly managed, fully traced forest plaotadiand are therefore guaranteed not to
contribute to illegal deforestationThe manufacturing process is slightly more environmentally
friendly than that of viscose rayon mainly because less concentrated caustic soda is used to dissolve
and purify the cdulose. However, if the correct precautions are not followed, factiisgharges can
cause air, land and water pollution. The production process also results in less waste than that of
viscose rayon.
Care and signs of degradatioro far observations leauls to believe it is a relatively stable fibre.
RecyclableXes
Biodegradable?es
Potential narratives:

1 the development of viscose production.

1 attitudes to materials capable of imitating natural materials.
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Polyurethanesee sectiors Documented garment exemplars: 33, 35, 42
PUR, PU

Inventors: Otto Bayen(1902;82), Farbenindustrie, Germany
Invented: 1937
Commercially available froml941, | G Farbenindustrie. Germany
Trade namesPerlon U
Commonly used starting materialgetroleum; natural gas
Principal characteristicdightweight, waterproofwith high buoyancy and breathabilitgpmetimes
flexible; resistanto mould, mildew and pests
Principal usesinitial use was as a shelited fitre similarto nylon Ongoing useas a falbic coating
for imitation leather, sportswear and industrial clothindoselyrelated to elastane (see above)
Environmental impact made from a nomrenewable resource in a high energy procddswvever, it
has significant uses beyond the textile industry fostering sustainability as for example in the
insulation of buildings
Care and signs of degradatioMigration of plasticisers to the surface can lead to the garment
becoming stickyRemoval of this stky material is only a temporary solution as more of the
plasticiser will migrate eventually leading to brittleness. Thus, polyurethane garments are best
stored wrapped in silicon release paper to avoid adhesion enclosed in eithefregidostume
boxes @ encased in calico slings/covers in a cool environment
RecyclableXes
Biodegradable™No
Potential narratives:

9 contribution to technical textiles for specialist situations

I animal welfare: substitute for leather
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PTFE membraneée section 4.Documented garment exemplars: 23
Polytetrafluoroethylene membrane

Inventor: Robert Gore
Invented: 1969
Commercially available froml1976, W. L. Gore & Associates
Trade nameGore Tex
Commonly used starting materialsiatural gas, chlorine, fluorspar
Principal characteristicdightweight, waterproof, with high breathabilityResistant to mould,
mildew and pests
Principal usesas a breathable membrane interlayer for waterproof clothing
Environmental impact madefrom a nonrrenewable resource in a high energy process using a highly
toxic chemical (hydrofluoric acid)
Care and signs of degradatiofihe membrane is stable and stromdp special care needed
RecyclableNo
Biodegradable™No
Potential narratives:
1 Verstility of some polymers; in this instance PTFE as membrane, fibre, engineering plastic
or nonstick coating for cooking utensils
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PV Polyvinyl chloride)seesection5 Documented garment exemplarl
Chlorofibre; vinyon
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Inventor: Waldo Semorf1898;1999), 192§Semornwas thefirst to invent material uses for PVC)
Patented:1913, Friedrich Klattel880;1934)
Commercially available froml1928 IG Farbenindustrie, Germany
Trade namesRhovy] Fibravyl; Evilon; Thermovyl
Commonly used starting materialgetroleum; natural gas; chlorine
Principal characteristicsflame-resistant waterproof, crease resistantoft and comfortablewith
good insulation properties
Principal usesprotective clothing, for example for astrong firefighters and the militaryrain
wear; sportswear;fashion including as a substitute for leatheften used as a coatirfgr other
materials
Environmental impact madefrom and manufactured witmon-renewable resourcesinregulated
production causstoxic emissions and water pollutiptoxic additives such as cadmium and |ead
widely used as stablilisers and phthalates as plasticisersafeslisposalof PVdsanissue
Care and signs afegradation: has the propensity to develop a sticky surface due to the migration
of plasticisers from within the bulk of the material. This has historically caused problems such as the
adhesion of dust and wrapping materials. PVC textiles and coated fabrics (Plsathdd be
wrapped using silicon release paper to avoid adhesion and stored encioséter acidfree
costume boxes or encased in calico slings/covers in a cool environment
RecyclableThe high chlorine contergnd presence ohazardous additives less regulated
productsmake recyclingery problematic
Biodegradable™No
Potential narratives:

9 substitute for leather, arguably protecting animals from harm, thus a vegan material

1 relative environmental impadhroughout their life cyclef animal versus PVC produats

fashion
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Styrenebutadienerubber see sectiors Documented garment exemplars: 25
Styrenebutadiene rubber; SBR
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Inventors: Eduard Tschunkur (1885948) andWalter Bock1874;1946) Germany

Invented: 1929

Commercially available fromcircal935 by IG Farbenindustrie, Germany; from 1942 by Firestone,
Goodyear, US Rubber Co., and Goodrich, USA

Trade namesBuna SBBuna S, GR, Chemigur$ and HycabS

Commonly used starting materialgetrochemicalgcoal when first manufactured)

Principal characteristicssimilar to natural rubber; good abrasion resistance, impact strength, and
resilience; high tensile strength; cheap

Principal usesWhere abrasion resistance is required, for exampletgres.

Environmental impact made from norrenewable resources. Increases greenhouse gas emissions.
Acts as pollutant in landfill.

Care and signs of degradationo far observations lead us to believe it is a relatively stable material.
RecyclableXes

Biodegradable™No

Potential narratives:

contribution to technical textiles for specialist situations.

industry creation.

relationship between natural and synthetic materials.

World War Two substitute for unavailable natural rubber.

)l
1
1
1

51



Triacetate see section5 Documented garment exemplars9
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Inventors: PaulSchitzenberger first prepared cellulose acetate in 1&3tarles Frederick Cross
(1855%1935) and Edward John Bevan (185821)developed a manufacturing process in 1894
Patented:1894
Commercially available from1956, Courtaulds/Celanese, UK
Trade namesTricel; Courpleta; Arnel; Soalon; Lustron
Commonly used starting materialgine trees, spruce
Principal characteristicdightweight,drapes wellwith a smooth, silky texturegsistant to shrinking,
fast drying; can be heat set into pleats and treated to resist wrinkies-iron but can be presseait
a medium heatresistant to moth and mildeywprone to static
Principal usesas a fashion fabriand for everyday clothing
Environmental impactthe wood pulp may be sourced from forests which are not managed
sustainably, and from endangered ancient forests
Care and signs of degradatioprone to static especiallwhen air humidity is low. For this reason
relative humidity levelgs a general guide should not drop below 4@dénservatiorgrade covers
should be used to protect against static attraction of dust
Recyclable¥es, by mechanical methodsiemical recycling iglsopotentially possible
Biodegradable®ellulose is biodegdable, however the rate at which cellulose acetate biodegrades
is affected by the degree of acetylation and the environment in which the process takes place
Potential narratives:

9 challenges of recycling cellulosic and cellutdegived sentisynthetic textiles
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Viscose rayOrsee section5 Documented garment exemplars; 2; 5; 7; 8; 10; 11, 15; 17; 18; 39
40, 43
See also Orange fiber viscadmove
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Inventors: Charles Frederick Cross (182935), Edward John Bevan (18%621) and Clayton
Beadle (18681917)

Patented: 1892

Commercially available from1905 Courtaulds &

Trade namestanusa; TanboocgFibro; Sarille; Luvisca

Commonly used starting materialgine trees spruce, bambod-or a simplified visual explanation
of the process from starting materials to usable fibre see Se&idrribre conversion processes
viscose rayon.

Principal characteristicanitially distinguished by its high sheen which led to comparisons with silk
and to the fibrebeing marketed a®¥ I NJIi A F ofOuiith doodalrading qualities; moisture wicking;
losesabout 50% of its strength when wand dry cleaning is recommendgablynosic(modal)or
highwet modulusrayoncommercially available in 19%idressed this problem

Principal usesvery versatileFrst marketed for braids and trimmingkuviscaa mixed fabriavoven
with a cotton warp and viscose weftas soldrom 1908 All-viscose cloth followed and knitted
stockings in 191Zmrly products includeghirts, blouses, underwear, pyjamsmpersand sports
coats De-lustred and textured rayon yarns, developedtiie 1920s and930sA Yy ONB I 8 SR (K S
potential and popularity as a fashion fibrAnimportant fibre during World Wafwoused for many
utility garmens. Widely used today for clothing

Environmental impactthe wood pulp may be sourced frofarests which are not managed
sustainably and from ancient and endangered forebtsvever, some viscose manufactures have
FSC (Forest Stewardship Courgzl}ification, meaning that the wood used to make the viscose
fibres came from responsibly managéddl]y traced forest plantations anidtherefore guaranteed

not to contribute to illegal deforestation. Some manufactures are using waste streams as the raw
material for viscose production, such as Orange Fiber Vigsesebelov). Dischargesespecially b
carbon disulphidefrom factory carcause air, land and water pollution
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Care and signs of degradatioro far observations lead us to believe it is a relatively stable fitsre. |
hygroscopic nature makes it vidnable to mould in damp conditions so riélee humidity should not
exceed 70%
Recyclable?es, by mechanical methads
Biodegradable¥iscose rayon is biodegradable under optimum conditions, but the process may be
inhibited by the chemicals used to dye and finish the fabric
Potential narratives
1  the launch of the mamade fibre industry in théwentieth century made chemistry central
to the production of textile fibres with established chemical businesses such as DuPont
(USA), ICI (Britain) andd. Farbernndustrie (Germanyplaying leading roles
1  the new mamrmade fibres expanded the range of fibres available to designers and, onge the
were fully commercialised and accepted by the public, created more affordable and diverse
fabrics
1  stockings: from viscose to nylon and spand®®8. Cuprammonium also used to make
stockings in the 1920s
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4. Quratorial process

4.1 Acqusition

Most institutions have collecting policies which define the scope of the existing collections and

describethe criteria for processes such as acquisition, storage, preservation, transfer and disposal.

Every acquisition should be able to tell several swaadK I S | Of SI NI NPt S GAGKAY
programme and activitiesFor some ideas about the narrativesich canbe told through semi and

fully synthetic garments, semction6 Potential narratives and research areas.

There is a predisposition towards acquiring objects whose storage needs are understood and can be
met, and whose longevity is knowAs this guide makes clear we are only just beginning to

undertake research to establish how synthetic fibres and fabribsibe over time and their life

span We canoffer general guidelines abowppropriatetemperature and humidityangesfor

objects in storage and on displapd some fibre specific informatioseesection4.5 Caring for

synthetic garmentsand the entrien individual fibres isection3 Featured fibres and materials

There are occasions when a conflict arises betwe¥rtail SNA I f Q&4 LI G§SoyGAF f & &aK?2
unknown behavioural patternand alegitimate proposal to acquire an example to documtst

historical,social and cultural connotaons. This dilemma will become more acute as new materials

made in novel ways come on the markftr instancethose designed to meet the challenge of

climate change Contemporary collecting is an important aspect of developing and enhancing the

relevance of our collections for present and future audien¥és.needto be open to discussing how
suchobjects ould beregistered cared forstudied,and made accessibigithin the museum

4.2 Good documentation practice
Semisynthetic and fully synthetic garments present documentation problems not shared with
garments made from traditional natural materials.

Fibre identificationthe identification of fibres, without materials labelsyisry difficult indeed

and even labelsannot always be trusted. Identification methods which are 100% reliable depend on
scientific analysis (see sectior4ibre identification: FTIR spectrosgdpUnfortunately, this

method is not an option for many museums. We hope that the tips given in secd@orhbined

with the information about the different fibres in sectionF@atured fibres and materigland 5
Documented garment exemplamill provide useful guidance.

It is unrealistic to think that every fibre will be identified. If you are unable to pinpoint the fibre but

FNBE O2yFARSY (G GKF{G AG Aa &8 QuaKyBgafidrgwitilkKBI2 & § N & @4 &
2 NJ WLJ2 a ahelpful.eTke advérbs Iméké i2clear that the identification is not scientifically

proven but is an educated guess on the part of the writéhen the fibre can be identified, the part

of the garment made from it should also be recorded.
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The use of fibre blends in garments, which are often a combination of natural and synthetic fibres
(seesection 26 Blended fibres and the application of finishes andatings such as waterproofing,

duringlk 31 NXSy G Qa LINE RdzO( X 2ofifusivd $h6 coin@Be® strictusé ofisshre 0 O y
garments means that not all the fibres involved can be seen and touched (see section 2.8). Thus,

while it is desirable to identify and record the materials in a garment in as much depth as is possible,

it is likely that often it will not be possible to identify them atir even someln thesecases, their

presence should be documented in the description of the obfeeen if you know what the fibre is,

it can be difficult to decide what to call it. We have opfedwhat we believe to be the clearest of

their most used generic names, as given in bold in the first column of the tables in section 2.5 Fibres

at a glance.

Country of productiondifferent parts of garments may be made in different countries. We

beliewe the country specified on a garments label is the final country involved in the production
chain.

Labelsthese can be extensive, and attention should be paid to them although the information
they provide may not be accurate. We recommend describingythe of label, whether woven or
printed and where it is sewn into the garment. Card labels should be retained. Ideally all labels
should be transcribed and, if it is the case, their translation into multiple languages noted. It is good
to identify the larguages if possible.

Methods:this field has four parts: fibre manufacture, yarn manufacture, fabric construction and

garment construction. For information about how semi and fully synthetic fibres and yarns are
manufacturedsee sections 2.2 Fibre creatiand 2.6 Blended fibres. It is perfectly acceptable to

jdzt t AF& | YSOGK2R gAGK WLI2aaArAofteQ 2NJ WLINRoOolofeQ 2
Documentation is an egoing process. Further research and new technologies may resolve these

guestions.

Measurementssynthetic garments are prone to stretching thus taking measurements can be

problematic. A single measurement of the most useful dimension of the garment is desirable. It
should be stated from where the measurement is taken.

4.3 Dating garments

Whether a garment is made of natural or synthetic materials, valuable information about its date
canbe gleaned from itsut, style and fastenings, the colour(s) and/or pattern(s) of its principal
materials, and the trimmings used to embet it.

Labelsthere areseverali @ LIS& 2F fl6Sta gKAOK Oly | aarad REFEGA
labels fibre and care labelsand size labelsThey can provide evidence collectively and individually

with the result measured against the dataggested by the material and aesthetic characteristics of

the garment.(For a summary of the regulations governing fibre and care labels, and their use in

practice, see section4iFibre and care labels. For andapth study of sizing and information size

labels, see section 8.1 Bibliograpdnyd other resources, Dating.
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al ydzFlI OGdzNBENBR FyR NBGIFIATSNEQ flroSta OlFly 6S @SNE
which has the potential to be traced using trade and telephone directories, afdith@mcompany
NEO2NRa® ¢KS fFo0SftQa RSaAady FyR AlGa F2yid OFy If &
Labels with oubf-date addresses sometimes continued to be used as an economy measure after a

move to new premises, and a manufacturer or ritaimight retain or adopt a historical font as part

of their branding.

Occasionally labels are only used for a specific length of time. The British wartime Utility label (for
clothing, September 194March 1952) is a good example. The first Utility cletHelothes made
from cloth produced under the Utility scheme), labelled CC41, went on sale in 1942,

Size labelsheseindicate that a garmentisready RS® aSy Qa &aAil S$& NBFt SO0
such as the neck (for shirts), chest (faveeater) and waist (for trousers), with today the possible
FRRAGAZ2Y 2F tSy3idkK 2F fS3d 22YSyQa aial Sa I NB 3Sy
measurements or for bras, based on the bust size in inches, qualified with an indication of cup size

by some companies fromthemidcpo na ®{ AT S t 1 0Sfta F2NI s2YSyqQa Of 21
readymade industry became more established in the decades after the end of World War One in

1918 and manufacturers introduced more stock sizes. At first dresswize indicated by letters,

adzOK a WwW{2Q F2NJ I WaYlft 62YFyQ FTYyR W2Q -F2NJ I ¢
YIRS Of2GKSa (G2 adaAad GKS LIzZNOKF&aSNRa FA3Idz2NBE | yR
offered as a service by thetegler or done at homeln the 1950s, following research by the British

Standards Institution (BSI), a more accurate labelling system indicated by numbers (10, 12, 14, 16,

MYy HAUO FYR GKS € SGGSNI w{Q 7T2NJ akhe Ndith AmgiRanW¢ Q F2 N
numbering system.

.NRAGEFEAY RAR y20 FR2LIJG ! YSNAOIFIQa KIFIEF aAl Sa y2NI i
clothes, and half sizes, were popular and were sold in Britain. From th&3iigs some companies

began to introduce migic measurements as well as imperial measurements when measurements

were used as a size indicator. However, it is important to remember that new systems overlapped

with old ones and for a long time there was limited consensus on the form a label shkald\ia

article published in théanchester Guardiah Y mMoppn> WhyS {@adGSY F2NJ /240
1954, p.5) asserted that at the time of writing, when details of the new BSI system were announced,
WGKSNB IINB d LINBaSyild &I3§wWaaooed RS BYNNFRWAISH2A yiEK & AT
FNIAOES O2YYSYUGSRE W! AAYATFNIFAGGSYLIWG G2 NXrdAzyl
YSG 6AGK y2 &adz200SaaQaed {ATAy3a FyR O02YYdzyAOFGAy3 &

Fibre timelinein the case bgarments made from semand fully synthetic fibres, information
gleaned from the look and feel of the material, and the presence of labels, can be supported by and
checked against the date when the fibre became commercially available. However, ibrsantpo

be aware that the latter can differ from country to country, and even within a country. For example,
in the USA nylon stockings were first released for sale to the public in 6 selected stores in
Wilmington, Delaware in October 1939, a few mondinead of the countrywide launch in May

1940. In Britairdomestically-manufactured stockings were not commercially available until

19471 48.
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4.4 Hbre identification

Fibre identification of sermand fully synthetic materialsan be difficult The fibre isoften a blend as
discussedn section 26 Blended fibresand the warp and the wefibresmay be different.
Identificationis importantandfull identificationthe ideal but just noting the presence of likely semi
and fully synthetic materials is helpfiNiot onlydoes itincreaseunderstandng ofthe garment but it
may alsoinfluence the conditions in which it should be kegtd how it should be displaye(For
generalcare guidelines pleasessection4.6 Caring for synthetic garmengnd for care
requirements ofspecific foresseesection 3 Featured fbres) The most important first step is to date
the garment under investigation. See section 4.3 which includes a fibre tim&hmemay help you
narrowdownthe possilbe fibres.

Sight and touchtraditional materialsare identifiedprincipallythrough a comimation of sight
and touch.Thesame methodology can be successfully used irdbatificationof synthetic
materials.We strongly recommendollecing samples of identied materialsof all kindsfor
comparisonwith unknownonesto developa tactile undestanding of themso far as differences are
perceptible. Clive Hallett and Amandi®hnsonFabric for Fashion: The Swatch Bd@knsterdam:
Bis Publishers, 202pfovides such a resourdsy includingl25 swatches of the most used varieties
of natural and synthetic¢abric.

Somematerials have specific characteristitisey may be prone tgpilling and or static; they may
discolour with age obecome sticky. SucHentifying characteriscsare included in the fibre
descriptionsin section 3 Featuredfibres.

Fibreand carelabels:individual countriesand political and economic groups such as the
European Uniophave different regulations governing fibre and care labBfe USA was thest
country to introduce compulsory labelling of textiles with their fibre content in 196lowed by
mandatory care labslin 1972. The European Community introduced compulsory labelling of textile
products with their fibre content in 1971 and thigislation was adopted by new member states
they joined At the time of writing, wash care labels are not required by law in the UK dslElif an
individual damages a garment by using incorrect cleaning methods, the manufacturer is liable for the
costof repair or replacement. Fibre labdisweverare mandatory. &belsof both typesare found

on garments which prelate the legislationthat madethem obligatoy or the producer liable for
damage They were added at the discretion wlanufacturersin the 1950s the labels were text
based.Sandardisedwash codesymbolshave evolved since 1966. For a DATS guide to dating
collectionsusing standardised wash codes on garment Iglpgeasesee?. Bibliographyand other
resources Fibres general):ldentificationaids.

Fibrelabels can be confusinfn the case of sergynthetic and synthetigarments, ften the

registered trade name, for exampleelaneseTerylene or Acrilan, isstedon the label rather than

the synthetic fibretype, in these casesellulose acetatepolyesterand acrylicin addition to this

early labelsoften list onlythe fibre type of the main materiaHoweverfrom the 1970s labelbegan

to identify the material of the liningusuallywithout specifyingwhich part of the garment is made

from which material (For examples of guides to current legislation regarding fibre labels in the USA
EUand UKpleaseseesection 8. Bibliography and other resourcéseneralLabellingregulations)
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FHbres under the microsopé&he use of a light microscope is a good technical test in
identifying textile fibres. Fibres can be examined under powerful magnification normally of a
minimum x100 magnification to enable the characteristics of the fibres todwely viewed.
Microscopes can be used not only for imaging but for measurement of physical and chemical
properties by diffraction, spectroscopy and other specialised methods. For example, microscopes
can be used in several different ways:

9 Electronmagneic radiation (light microscopes)

9 Using electrons (scanning electron microscopes (SEM))

1 By scanning microscopically sharp probe across surfaces (scanning probe microscopes

(SPM)).

The use of light microscopes is a popular choice for identifying texiilesfbecause they can be
accessible to collection care staff in studios and/or in storage areas. This technique is useful for
identifying synthetic fibres in dress artefacts if sampled correctly. Fibres can be examined easily on
glass slides with the usd a mounting medium with low refractive index, usually glycerol is used for
this purpose. This preparation in mounting fibres helps to enhance the contrast of the image under
powerful magnification, including the depth of field which can be adjusted oliteostope. Digital
imagery with associated software can also aid the clarity of images.

Polarised light microscopy (PLM) is another useful technique to identify synthetic fibres. Using a
microscope equipped with two polarised filters which converts tghtlinto a plane of polarised

light that passes through the specimen (the fibre). When the light passes through the filters a fringe
patterning is transmitted though the specimen. Birefring'dititres like synthetic fibres, when placed
between the filters become visible as bright objects on a black background, as well as looking very
attractive with rainbow colours, can provide additional clues to identification (see Figure 1).

Figure 1. Nipn fibre under polarised light microscopy (PLM) showing light transmittance through polarised
filters. (https://cameo.mfa.org/wiki/Nylon_Filament

1 Optical property of a material having a refractive index that depends on the polarisation and propagation direction of
light.
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These are fibres that are mounted lengthwise for examination. Polyester and nylon are smooth,
cylindrical od-like fibres and nylon fibres are often transparent and look like glass rods under a
microscope. The longitudinal view of synthetic fibres usually corresponds to what thesexssnal
shape is like. For example, the most common csesgional fibre Bape, round, will have a smooth
rod-like longitudinal view. A trilobal crosectional view will produce a longitudinal fibre shape with
ridges, lines, or striations running down the fibre lengths.

Cross sectional viewYhen fibres are produced by the mepinning method, changing the
spinneret hole shapes results in variations on the csmgional shape of the fibres (see Figure 2).
Nylon and polyester are often round, trilobal to triskeliorsf¥aped). Crossectional shapes can
often give an insighinto the properties and qualities of the textile i.e., drape, feel, softness and
lustre.

FHgure 2. Crossectional view of variety of shapes in manufactured fibres. a) Hollow round, b) triangular, c)
serrated, d) kidney bean, e) dog bone, f) wavy flat, g) square with voids, and h) hexachannel. (Markova, .,
2019.Textile Fiber Microscopy: a teal ApproachNew Jersey: John Wiley and Sons, p.125.)

Delustrants:Synthetic fibres are normally bright and a delustrant is used to tone down the

brightness. Under the microscope, the delustraan be seen as a speckled fibre surface, referred to
as delustrant granules (see Figure 3).
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Semi dull fiber

Bright fiber

Figure 3. Types of fibre delustering. (Markova, |., 20&8tile Fiber Microscopy: a Practical Approddéw
Jersey: John Wiley and Sons, p.127.)

The microsopic images depicted below are created using a mix of SEM and light microscopy. They
show some of the main synthetic fibre types to enable collection care users to become familiar with
their characteristics under magnification. They include both lightoidrised light microscopy
techniques to indicate the different views that can be achieved in identifying synthetic fibres.

The images below are from a variety of sources and primarily used here as visual aids for users to
gain an understanding of the clateristics of synthetic fibres whilst working with dress archives.
Magnification of synthetic fibres can be found from a variety of sources and can slightly vary from
one to another. Several cross sections are shown of the same fibre type. This isdnstiete the
comparable characteristics when identifying synthetic fibres.

Polyester

20 pm

Figure 4. Light microscope x400 MAG Figure 5. Polarised light microscope x400 MAG
(https://cameo.mfa.org/wiki/Category:FRIL: _Polyester)
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Figure 6. Trilobal shape of polyester fibres x3000 MMarkova, ., 2019Textile Fiber Microscopy: a Practical
Approach New Jersey: John Wiley and Sons3@)1

Figure?. Lightmicroscope x400 MAG Figure8. Polarised light microscope x400 MAG
(https://cameo.mfa.org/wikiNylon_Filamenjt
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Figure 10. Hollow nylon fibres cressctionx1500 MAG(Markova, I., 2019Textile Fiber Microscopy: a
Practical ApproachNew Jersey: John Wiley and Sons3p)1
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Acrylic

Figurell. Light microscope x400 MAG Figurel2. Polarised lighinicroscope x400 MAG
(https://cameo.mfa.org/wiki/Category:FRIlAcrylig

Figure 13. Longitudinal view of acrylic fib(eses as artificial fur) x2000 MA@arkova, |., 2019Textile Fiber
Microscopy: a Practical Approadiew Jersey: John Wiley a8dns, p.32.)
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Figure 14. Kidney bean cressction acrylic fibres (uses as artificial fur) x1500 MMarkova, |., 2019Textile
Fiber Microscopy: a Practical Approablew Jersey: John Wiley and Sons3p)1

Figure 15. Dog bone cresection acrylic blanket fibres x2000 MA®arkova, |., 2019Textile Fiber

Microscopy: a Practical Approadiew Jersey: John Wiley and Sons3p)1
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Figurel6. Light microscope x400 MAG Figurel?. Polarised light ncroscope x400 MAG
(https://cameo.mfa.org/wiki/Category:FRIIRayon

Cuprammonium Rayon

Figurel8. Light microscope200 MAG Figurel9. Polarised light microscop@60 MAG
(https://cameo.mfa.org/wikiCuprammoniumRayon, OSU

Figure20. SEMCrosssectional views x500 MA@ana, Sohel, Subramani Pichandi, Shama Parveen and Raul
Fangueiro, 2014. Regenerated cellulosic fibers and their implications on sustainabRibadmap to

Sustainable Textiles and Clothing: fecendly Raw Materials eEhnologies, and Processing Methops.23%;

276. https://doi.org/10.1007/978981-287-0650_8)
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Acetate

Figure21. Acetate fibre. Light microscope x400 MARtps://cameo.mfa.org/wiki/Category: FRIL:_Acetate)

Viscose

Figure22.Crosssectional SEM image of standard viscose (left) and modal viscose. (fRgidgr, T. et al. 2013
Man-Made Cellulose Fibrest Comparison Based on Morphology and Mechanical Propepti@3
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Regenerated viscose

. . - ’ W et 3
Figure23. Crossectional SEM image of regenerated viscose fibres using increasing amounts of poly(lactic
acid) from left to right. (Roder, T. et al. 20Man-Made Cellulose Fibrea Comparison Based on Morphology
and Mechanical Propertiep.9)

Lyocell

Fgure 24. Crossectional SEM image of Lyocell fibres: TENCEL (left);-ENIBMIM+CL; BMH¥c (right)
(Roder, T. et al. 20181an-Made Cellulose Fibresa Comparison Based on Morphology and Mechanical
Properties p.10.)

Traditional fibresWhen identfying synthetic fibres it is important to be able to rule out traditional
(or what are sometime called natural) fibres. It can also help when looking at blended fibres
discussed at 2.6. To that end, we include magnified cross sections of some traditbicesafdr
comparison with synthetic fibres.

Cotton

Unmercerized cotton Mercerized cotton

Y.
Primary wall— \\ {
; ( \ /
. .o W ) e 2

Figures 25 & 26. Crosgction of cotton fibres with a variety of wall thickness showing mature fibres with thick
cell wall and a small lumen and immature fibres U shapesssection with a thin cell wall (1500x) (Markova
2019: 4) with depiction of physical structure of cotton fibres (Markova 2019: 3).
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Wool

‘3 9.8 um SFSUG16 8
Figure 27. Crossection view of wool fibres showing circular fibre shape (2000x) (some cotton fibresare
in) (Markova 2019: 40).

Linen

Figures 28 & 29. Crosgction view of linen individual fibres (ultimates) and fibres bundles. Individual linen
fibres showing polygonal fibre shape (2000x) with depiction of fibre bundles composed of intifibdes of
polygonal shape. Bast fibres come in fibre bundles which can be separated | to fibre ultimates (Markova 2019:
15).
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Gummy
coating
on raw
silk fibers
(sericin)

Silk fibers

Figures 30 & 31. Crosegctional shape of cultivated silk (China silk) depicting triangular-sexgon.

Triangular crossection becomes very important in cultivated silk. It adds lustre to silk fabrics (1500x) with
depiction of the elliptical shapetwo fibres (two strands) with sericin holding the triangular twin fibroin or
strands together (Markova 2019: 70).

FTIR spectroscopye have found the most practically reliable way of identifying fibres is by
attenuated total reflectance (ATR) Fourierrnisfiorm infrared (FTIR) spectroscoftyexcels at
distinguishing between the fully synthetic polymeric fibres but (where possible) requires a lot

more experience to distinguish between the semi-synthetics, which are based on a limited

number of starting materials with the difference often relating to how they are processed.

In this technique, the fibres are subjected to infrared radiation. Some of the radiation is absorbed
and some of it is passed through (transmitted). The resulting spectrum (graphsessethe
molecular absorption and transmission, creating a molecular fingerprint of the sample fibre. The
spectra of the fibres found in the documented garments are provided in the relevant entries in
section 3 Featured fibres and materials.

The FTIR predure can be run either on selected areas of the garment or sample fibres taken from
it. The process requires the application of considerable pressure which means that involving the
whole garment can lead to damage to the selected areas. Furthermoregppi®ach does not allow
the separation of the warp and weft fibres. We chose fibre sampling as less damaging and more
informative. However, the selection of fibres to sample is crucial. Any analysis can only tell you
about the samples and thus the partthie garment from which they were taken. (For guidance on
taking samples, please see section 4.2.)

A related, completely noinvasive, recently trialled procedure, which also requires taking the object

to the spectroscope, is reflectance FTIR. (For nrdmgmation, please see 7. Bibliography and other
resources, Fibres (general): Analysis.)
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4.5 Synthetictextile sampling guidelins
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What to sam plein a textile sample warp and wetft refer to the direction of the woven threads.
The warp is the lengthwise threads on the fabric loom. The weft are the horizontal threads. They are
threaded over and under the warp threads. The two threads are not alwaysfspuarthe same

material, so it is important to take a fibre sample of both warp and weft for identification.

Toolsand equipment required:
1 Smallsharp pointed scissors
Finely pointed tweezers
Sharp scalpel with curved surgical blade
Microscopeslides and cover slips
Small clear resealable polythene zipper plastic bags and white or coloured paper
Dark coloured cutting mat or other dark cutting surface

= =4 =4 -4

Sampling (for FTIR and microscopyes can be identified from very small samples.
Typically, ~0.5cm is clipped from an exposed yarn end in good condition in an inconspicuous area
(e.g.,selvedge or seam). Sometimes a longer sample may be taken for ease of manipulation. Both
warp and weft yarns should be sampled because some fabrianade of one fibre type in the

warp and another in the weft. Care should be taken that samples are taken from the fabric under
consideration and not sewing threads. It is important to document the sample location(s) in the
written records, accompanied byphotograph. Once taken, fibre samples should be placed in the
fold of a white or coloured paper that has been labelled (this makes it easy to see and manipulate
them) and placed in a small resealable polythene zipper plastic bag. The outside of the lag sho
also be labelled.

When sampling laminate fabrics a thin cr@esction of all the layers is taken from the selvedge of

the material using a curved surgical blade. The curved blade assists with control and enables one to
take samples of the top, bottorand any middling layers to identity them in the correct order.
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The sample is then mounted on a glass slide as if mounting a fibre and the top and bottom is noted.
These samples are then examined under a microscope enabling top, bottom and any middie layer
to be identified.

4.6 Caringfor synthetic garments

General onservation andollection care advicappliesalsoto those made oemt and fully
synthetic fibres and should be followeSuch advicean be found at:
https://collectionstrust.org.uk/wpcontent/uploads/2017/02/MuseumssalleriesCommissiorAn
lllustratedGuideto-the-Careof-Costumeand Textile Collections2000.pdf

For most synthetic garments, dissociation and loss of material information poses the greatest risk for
identifyingfuture preservation needdn 2022a relatively small number of synthetic textileshow

signs of degradatioand research to understand why is starting. &ahis time early signs of

change should be documented, and conservation advice sought as ndetectcommended that
collections containing synthetic and seayintheticfibres and plasticare examined at simonthly

intervals If staffing levels and work programmes make this ideal impossifgilarchecks at longer
intervalscan stilldetect prdolems developing Vigilance is also needed for synthetic plastic

decorative elements like buttons, and stiffening interfacings in belts, collars and cuffs that are
particularly vulnerable to degradation. Appropriate care advice is available in tieWPBIzZNI § 2 N &
D dzA @e8<ction8.1 Bibliographyand other resourcesGeneral Preservation dvice).

Environmental conditionshe temperatureat whichsomesynthetic garments are storeahd
displayedhas more impact on their lontgrm preservation than is thease with natural materials.
As a rule, the storage for all seraind fully synthetic garmentshouldbe kept below20°C. Relative
humidity levels are alsmore crucialand, againas a general guideshould not drop below 40%Fhis
is especially important fozellulose triacetate, nylon, polyesteandactrylic fibreswvhich are prone to
an increase itatic chargavhen air humidity is low and has little air moistusg.the other end of
the airmoisture s@le, rayons and proteibased fibreseadily attract water, making them
vulnerable to mould in damp conditions when relative humidity exceeds 70%.

Storagestore textiles in the dark but also ensure that light levels in storage areas are sufoient
that textiles can be examined without strain when neaeygsStorage space in museums can be
cramped.While ®me garments will be robust enough to be hung in wardrolids very important

to combine vertical storage with horizontal storagigch as acidree boxedor textiles small items

of clothing andgarments that are too fragile to be supported from their shoulders or waist

or mightbecome distortedf hung.Bias cut garments and garments made from jersey and other
stretch fabrics shoald always be stored flat.

Objects showing signs of degradation should ideally be stored in the configuration they would be

displayed for instance on a display mount or padded bodtherwise like garments prone to
stretching,they should be stored flat
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Conservatiorgrade covers should be used to protect against the static attraction of dust to cellulose
triacetate, nylon, polyester and acrylic fibres. Care should also be taken to n@rstatgc build from
textiles rubbing together in storage and when handled. This applies to used and unusegsiagc
garments because anstatic treatments readily wash off after a few cycles of domestic laundering
and it appears that their protectivproperties reduce with ageing.

Handlingand displayasis the case with garments made of traditional materiale|l-fitting,
powder free nitrilegloves should be worn for routine handling. If you want to experience the feel of
the fabric it is important to wash and dry your hands thoroughly before doing so and then to wash
them again once you have finishe@loves should always be worn when hanglmaterials which
incorporate or are decorated with metal threads oils from the skin can cause tarnishifibere are
recycing schemes fodisposing useditrile gloves.

Synthetic fibres comparedwith natural fibres haveincreasedpotential for stretching under load,
especially nylon and synthetic rubbétaganescan stiffen andecomemisshapenSupported
handling and careful mountinipr displayis veryimportant, paying carefuattention to minimising

flex at seams, areageighted with metal zips, beads and suchlike, and bonded fabrics and coated
fibres where layers can delaminate.

Maintain light levels where textiles are displayed at a maximum of 50 lux with UV levels as low as
possible, but preferably below 30 pwattsfuSy o6 (2G4t '+ SRELIZadNBE 2 7F

Examples oflegradationand vulnerability observationsuggestshat many semi
synthetic and syntheticlfres arerelatively stableHowever, ®me aged synthetic finishing and
coating materials on garmenis museum and archive environmerdge showing signs of chemical
degradation and irreversible changésigration of plasticiseto the surface seen iRVC garments
andsomepleather(polyurethane imitation leathel) is the main form of degradation. Remowilthis
sticky material from the surface @sly a temporary solution as more of the plasticiser will migrate
eventually leading to brittlenes3hese types of materials are best storedappedin silicon release
paper to avoid adhesioandenclosedn either acidfree costume boxes or encased in calico
slings/covers in a cool environment.

Some semsynthetics and fully synthetic materials attradist which can accumulate on the surface

of the textile. Gentle and regular brushing with soft conservation grade brushes can help reduce the
impact of dust damaging garments on display, partiduldrose on open display where garments

are displayed withat vitrines.

Wear and tear can affect the condition of some saymthetics and synthetic garments. A typical

example is the effect of perspiration from previous wearers. This can often lead to synthetic fibres
staining and/or rotting in local areas, fexample, the under arm and torso.
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Like wool, some synthetic fabrics, for example acrylic, cuprammonium, nylon and polyester are
prone to pilling. Home gadgets to comb or shave off pilling have been available for decades and may
have been used by prexis owners, so wellvorn garments with and without pilling are best
displayedunmounted in cas¢heir structurehas been weakenedkemoving attached pills, or even

loose ones, from historical garments is not recommended because of material and information loss.

Viscose rayon dating from befoadout 1956has poor wet strength. These garments need

particularly careful handling ihey undergo watebased cleaning treatments and will require gentle
reshaping while drying.
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5. Documented garment examplars
AranggdAy (G KS RIFIGS 2NRSNI 2F GKS I NXYSyidaQ Yl ydzFl Oid

1920s

1.
a | y Ae#exdrawers(underpants)of wovenviscose rayorand cotton
Seesection 3 Viscose rayon

Object number
Westminster Menswear Archive: WMA.2019.185
Designer/MakerManufacturer/Retailer
Cellular Clothing Co. Ltd. for Agrtexbrand
Production country of the garment and components
England
Production date
circal910c20
Description
Pair of pale creardrawersmade ofviscose rayomand cotton with legs to midhigh. They
have a high waist with woven cotton reinforcing the inside fly. At the centre back of the
waist are four eyelet holes tdlaw lacing for fitting. The front fly is open with a two button
and buttonhole fastening at the centre front waist (buttons missing)
Inside the front right waist is the mak@rlabel for Aertex with the name in black lettering
inside an oval in red.
Theyhave been altered by threading a length of white elastic through the waist creating two
holes at the centre back inside waist and two at the front (removed).
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Context
The Cellular Clothing Co. Ltd. was established by mill owner Leslie Haslam tio 1888
manufacture 'Aertex' cotton woven cloth in Bolton, Lancashire. Aertex was registered as a
trademark in 1895. In 1920 the company was acquired by the Amalgamated Cotton Mills
Trust and then in 2001 it was bought by Aertex Mok viscose rayon is used an artificial
silk.
Labels/Inscriptions
Label: THE CELLULAR CLOTHING COY LTD / AERTEX / 38/ LONDON / MADE IN ENGLAND /
ARTIFICIAL SILK / & COTTON

Methods
Fibre manufacture: Farmed (cotton); extruded (viscose rayon)
Yarn manufacture: Spun
Fabric onstruction: Woven
GarmentConstruction: Stitched
Material
Viscose rayomfain material); otton (facing)
Measurements
Length: 55cm
Source
Purchase

More information on this object
https://westminster-atom.arkivum.net/2019185
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2

Jacket of knitted viscose rayon
Seesection 3 Viscose rayon

Object number
V&A: T.3091965

Designer/MakerManufacturer/Retailer
Unknown

Production country of the garment and components
Britain

Production date
1920525

Description
Jacket of machin&nitted viscose rayon, printed with a design in green, yellow and lilac
inspired by Ancient Egypt. Knéength and straightut with a band collar falling open to
suggest revers. Fastened at the waist with a silvered metal clasp on which is an impressed
decoration of roses. Long sleeves with turdeatk cuffs showing the unprinted inside of the
jacket.

Context
Here viscose rayon is used as an alternative to silk.

Labels/Inscriptions

None
Methods
Fibre manufacture: Extruded
Yarn manufacture: Filament, twisted
Fabric construction: Knitted
Garment construction: Stitched
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Material
100% viscoseayon
Measurements
Length: 25.5cm
Source
Bequeathed by Estella Canziani
More information on this object
https://collections.vam.ac.uk/item/O357449/jacketnknown/
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3

Berkshire stockings dfnitted . S Y 6 Sdufammoniumrayon
Seesection 3 Cuprammonium rayon

Object number
MoDiP: AIBDC: 007079
Designer/MakerManufacturer/Retailer
Berkshire(manufacturer)
Production country of the garment and components
USA
Production date
1924¢29
Description
A pair of women'sully-fashioned offwhite stockingswith reinforced foot and toeseamed
along the side of the foot, the heel, and the back of the leg.
Context
Berkshire pioneered the use of rayorstead of silkn the production of women'$ully-
fashionedhosieryin 1924 and the word Bemberg was the trademark of this durable high
guality synthetic yarn.
Labels/Inscriptions
Printed on one toe: Berkshire Stockingsdog
Printed on the heel of the same stockingerkshire Bemberg

Methods
Fibre manufacture: Extruded
Yarn manufacture: Filament, twisted
Fabric construction: Knitted
GarmentConstruction: Stitched
Material
Cuprammoniunrayon(Trade nameBemberg)
Measurements

Length: 92cm
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Source
Purchase

More information on this object
https://www.modip.ac.uk/artefact/aibde
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1930s

4.

Charles James cape of woven cuprammonium rayon and silk
Seesection 3 Cuprammonium rayon

Object number
V&A: T.11977
Designer/MakerManufacturer/Retailer
Charles Jamgslesigner) Colcombet, France (possibly, fabric manufacturer)
Production country of the garment and components
New York, USA
Production date
1936
Description
A long, flared, unlined evening cape made of multiple paékatin in 5 colours, spanning
from the collar of the cape to thé&metre-wide hem. The pale yellow, gold, dark grey and
pink panels are all 100% silk. The pale grey panels are of cuprammonium rayon.
Context
When examined closely, the DATS PSSN douun it very difficult to establish a visible or
tactile difference between the silk and the cuprammonium pan@lgprammonium absorbs
dye welland it may have been chosen hdoz the delicate pale greghade that could be
achieved.The material used ithis cape by Charles Jam@®06;78)was reportedly leftover
millinery ribbon made in the early twentieth century by French manufacturer Colcombet.
Labels/Inscriptions
None
Methods
Fibre manufacture: Extruded
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Yarn manufacture: Filament, tvisted
Fabric construction: Woven
GarmentConstruction: Stitched
Material
Quprammonium rayon (light grey); silk (yellow, gold, pink, dark grey)
Measurements
Length: approx. 150cm
Source
Given by Cecil Beaton
More information on this object
https:// collections.vam.ac.uk/item/O359921/cagsharlesjames/
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5.
Dress of hanepainted woven viscose rayon and acetate rayon
See sction 3 Acetate rayon; Viscose rayon

Object number
V&A: T.46:1, 2017

Designer/MakerManufacturer/Retailer
Unknown, probably custom made for client Leah Barnett RuSs Lyons]191569)

Production country of the garment and components
Britain (probably)

Production date
1937

Description
Full length dress in bladatin weave viscose and acetatgon, handpainted with a
repeating pattern of red, green, white and gold skiers and stemen pine trees, probably
stencilled to ensure the repeat. The dress cut in a slim line, with a straight skirt slit up the
centre front to mid-calf, and a farpleated godet in the centre back. The bodice raglan cut,
short sleeved, with a high round neckline, the collar and cuffs ofgody fur. A short
peplum at the waist gives a jacket effect. The bodice fastens centre front wittbfmund
buttonholes, each of which holds two miniature plastic butt¢psbably urea
formaldehyde)in the form of skis, and the opening below the waist is fastened with press
studs. Black belt in soft suede leather, faced with leather and fasteningwthvhite
plastic skis threaded through metal hoops and attached by a fine silver chain to the belt.
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Context
This dress was owned and worn by Leah Barnett Ross (née Lyong69pHhe was painted
wearing the dress by the society portrait painter JarResniston Barraclough (1881942).
The painting was commissioned by her husband, Basil Ross, whom she married in 1935. The
painting hung in the hallway of the family home.

Labels/Inscriptions
Tape sewn inside the lower hem of the skiridoor Sportg§possibly referring to the
RSaAaA3IAYSNEQ yLYS F2N G6KS RNBaa

Methods
Fibre manufacture: Extruded
Yarn manufacture: Twisted
Fabric construction: Woven
GarmentConstruction: Stitched
Material
Warp of acetate rayon, weft of viscoseyom
Measurements
Length: 145cm, waist circumference: 66cm
Source

Given by Joanna & Philip Ross in memory of Leah Barnett Ross (née Lyons)
More information on this object
https://collections.vam.ac.uk/item/01376931/indoesportsdressunknown/
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1940s

6.

Teddy slip ofwoven Celaneseacetate rayon
Seesection 3 Acetate rayon

Object number
MoDiP. AIBD@®08788
Designer/MakerManufacturer/Retailer
Celanese (fibre and fabric manufacturer)
Production country of the garment and components
UK
Production date
1944¢52
Description
A pink CC41 Utility mark labelled teddy slip with pencil straps, an under pleat
shaped bust, diamond cut under bust with bias cut body and buttons on the gusset.
Context
The printed label states CC41 1101/1. The CC41 denoted best value, reliable goods that met
the| Y godernment's austerity regulationf.ccording tahe Statutory Rles and Orders
publA A KSR o0& | A& erpOffees 58, &y umpei dtaftingavith a 1 dereat a
rayon. 110dwas introduced in 1942. The suffix /1, whiddnoted a dyed fabrig/2 would
denote a printed fabricjvas added in 1944, so this fabriatds frombetween1944and
1952 when use of the Utility mark ceasesicetate rayon was used as a more affordable
option to silk. The slipvasmade in &actory for sale in a shop.
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Labels/Inscriptions
Printed on woven labels sewn into a side se@841 1101/1 MDEFROM ACelaneseUTILITY
FABRIQUse cool iron. / B.S.36 Designed for Bust: 36/37"

Methods
Fibremanufacture Extruded
Yarnmanufacture Filament, twisted
Fabric construction Woven
GarmentConstruction: Stitched
Material
Acetate rayon {rade nameCelanesevith cotton overlock thread
Measurements
Lengthcentre back92cm
Source
Purchase

More information on this object
https://www.modip.ac.uk/artefact/aibde008788
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7.

Jacket of printedwovenviscose rayorwith Utility Mark label
Seesection92.9 Viscosaayon

Object number
MoDiP:AIBDC 000824

Designer/MakerManufacturer/Retailer
Unknown

Production country of the garment and components
UK

Production date
crcal94x52

Description
Utility mark labelled jacket, with threquarter length sleeves, popper front fasteners
beneath fivefabric covered false buttons, simulated belt, and shoulder pads. The-multi
coloured print is based on the traditional paisley design, its busy pattern allowing
unmatched joins, thereby reducing material wastage. One of the shoulder pads has a
completely diferent material patch on the underside.

Context
The CC41 label denoted best value, reliable goods that mdtKgovernment's austerity
NE3dz FGAz2yad | OO2NRAYy3I G2 GKS {4 Gdzi2NE wdz Sz
Stationary Office, 1942, any number starting with a 1 denoted a rayon. 1105 was specifically
Fy Wit @raadz2asS al N OLhe gufix/adéibeyisadpmted & || RNB A
fabric.
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Labels/Inscriptions
Printed on a woven label sewn in@pe ofneck: CC41 1051/2 44.

Methods
Fibre manufacture: Extruded
Yarn manufacture: Filament, twisted
Fabric construction: Woven
GarmentConstructon: Stitched

Material
Viscose ayon

Measurements
Length centre back: 65cm

Source

Purchase from a secorthnd shop
More information on this object
https://www.modip.ac.uk/artefact/aibde000824
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1950s

8

Jacket from a pair of Luviscayfamasof a woven viscose rayorand cotton
blend

Seesection 3Viscose rayon
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Object number

Westminster Menswear Archive: WMA.2019.147.1
Designer/MakerManufacturer/Retailer

Courtauldqfabric); fabric retailed under trade name Luvisca
Production country of the garment and components

Unknown
Production date

Probably1950;60
Description

Blue and white striped pyjama jacket (part of a pair of pyjamas). It is made of Luvisca, a
fabric made of cotton and rayon yarns. The vertical stripes are a mix of broad pakeniolue
narrower stripes of mid and dark blue all edged with narrow white stripes. The jacket has a
turn down collar and fastens centre front with three opaque white ptabuttons. It has a

small opague white plastic button at the collar which fastens with a loop (possibly added
later). On the left chest is a patch pocket with a pointed welt with the stripjased

horizontaly. Label in the form of a hanging loop in thack of the neck in red lettering on

white with an emblem of a red button in a black circle with ' TESTED QUALITY" around the
outside. Size 40.
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Context
Advantages of the cottoxiscose rayon blend are thttie former has much better wet
strength than the latter and thus increases the washabildfthe garment Whereas the
viscae rayon makes the fabric less prone to wringlthan pure cotton and drapes better. It
is also capably afreater depth of colour.

Labels/Inscriptions
Label: Luvisca / REGD.

Methods
Fibre manufacture: Farmed (cotton); extruded (viscose rayon)
Yarn manufacture: Spun
Fabric construction: Woven
GarmentConstruction: Stitched
Material
Viscose rayon and cotton blend
Measurements
Length: 67cm
Source
Purchase

More information on this object
https://westminster-atom.arkivum.net/2019147-1

91



92



9.
Playtex Living Bra dfnitted polyester, nylon,elastaneand woven cotton
Seesection 3Elastane Nylon

¥ L y B

Object number
MoDiP:AIBDC 000255

Designer/MakerManufacturer/Retailer
Playtex(manufacturer)

Production country of the garment and components
Unknown

Production date
Probably1960;70

Description
I 0t Ol ttFe@dSE [AGAY I crifsrose { T BB@sHR & MHC MI |
panels, a long back line to hip and a double row of 7 metal hook and eye fasteners. Playtex
introduced the Living Bra in the late 19408t this example includes elastane, not made in
commercial quantities until 1959, thus it cannot date to before then. There are four sections
of side boning, probablgylon, with cotton lining and/-shapedpanels at the front. The
straps are aly elasticéed at the pointat which they join the bra. Side locks, probably also of
nylon, connect the straps to the top of the bra cups. Complete with original illustrated box,
stating that it includes Spandex Elastic made without rubber.

Context
Playtex was cread in 1947, the name a fusion of the worsLJt | @ Q | y R ,thef | G SEQ®
year commercialelevision was introduced in Britaiit,was the first brand to mention
lingerie in a television commercial. Elastane has the potential to stretch and then return to
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its original shape. Also known by tradenames Spandex and Lycra, it has transformed the
construction of under garments and is at@@dal widely used in fashion where a degree of
permanent elasticity is required.

Labels/Inscriptions
Printed on a woven label sewn into a side seam: PI®S8IXYLE 1261 SIZE 40B

Methods:

Fibre manufacture: Farmed (cotton)extruded(polyester; nylonglastane)
Yarn manufacture: Staple, pun
Fabric construction: Woven(cotton); knitted (polyester; nylonglastane)
GarmentConstruction: Stitched

Material

Polyester (main fabric); nylon (lace effectipstane ootton (lining and straps)
Measurements

Under bust: 73cm
Source

Gift
More information on this object

https:/mww.modip.ac.uk/artefact/aibde000255
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10.

Burton man's suitofvoveng 2 2f I YR | ONMJ flihegruith | ONEB £ A O

ViSCose rayon
Seesection 3Acrylic Viscosegayon

Object number

Leeds Museums and Galleries: LEEDM.S.1987.0011.3

Designer/MakerManufacturer/Retailer

Burton

Production country of the garment and components

UK

Production date

1958

Description

Jackefroma m y Q &pieGegsaitmade ofdark grey wool blended with Acrilan. Single
breasted fastening with three buttons.

Context

96

Burton was probably the mosignificant of Leed3@ultiple tailors. Established in the early

1900s itmassmanufactured botrmadeto-measure andeady-to-wear tailoring. Burton

shops could be found on the high street of most major towns and cities across Britain.
{ey(GKSGAOaA adlI NI G2 FLIWISEFENIAY YSyQa GFAf 2NAY:
on their own. Acrilan, a registered name for an acrylic fibre developed in 1949, was

commercially produced from 1954 onwards. Acrylic fibres added strength tedfieess of

the wool, making the suit harder wearing. Manufacturers advertised that synthetic fabrics

helped to make suitmoth resistantandcrease resistant, and that fixed creases (i.e. trouser

creases) would hold better and longer.



A factory order lablkon the inside of the pocket dates the suit to 1958. The label shows that
it was a made to measure suit. This is a more efficient method of production than a bespoke
suit butit is still more expensive than a ready to wear, off the peg suit. Buresvery
much about making wetlhade suits for the ordinary man.

Labels/Inscriptions
Woven label on internal pockeBURTON tailored Wool blended with ACRILAN

Methods

Fibremanufacture Farmed {vool); extruded(acrylic;viscose rayon
Yarnmanufacture: Spun
Fabric construction: Woven
GarmentConstruction: Stitched
Material
Acrylic (Trade ame: Acrilanpnd wool blengviscose rayorlining)
Measurements
Lengthcentre back: 7ém
Source
Gift
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1960s

11.
Hugh Walker CollectionwomanQ suit of woven viscose rayonined with

acetaterayon
Seesection 3Viscose rayonAcetate rayon

Object number
Leeds Museums and Galleries: LEEAG.2010.0101
Designer/MakerManufacturer/Retailer
Hugh Walke(designerand manufacturer of sujt Moygashel Ltdmanufacturer of textile)
Production country of the garment and components
UK
Production date
circal960
Description
2 2 Y| gulRia a coarsavoven textile. Short sleeves with scallop neck. Trimmed with two
plastic buttons on the waist and knee length straight skirt. Two shop labels still attached
state it is a "Hugh Walker collection" and is made of "Moygashel fabric".
Context
Moygashel Ltdwas a linen mill based in Moygashel, County Tyrone, Ireland, with a
reputation for making quality cloth. It was part of a group consisting of several companies,
including Braidwater Spinning God Smyth's Weaving Factory. It produced aewahge of
fabrics with the percentage of linen fallimg synthetic fibres such as polyester, dcrghd
rayon were usedAccording to the FTIR analysis both the warp and weft of the material of
this suitis male of viscose rayan
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Designs were boughtdm several independent designers as well as from Kemifietul,
the inrhouse designefThe garments were sold through home shopping catalogues. In 1969
the company was bought by Courtaulds. For information about the company see:
https://mww.nmni.com/collections/history/souneand-visuatmediaarchives/living
linen/hoyfmr200075.
Hugh Walker wa a clothing manufacturer based in London

Labels/Inscriptions
Two printed card labels attached outside walgrom The HUGH WALKER Collection
LONDON W endWN A MOYGASHEL fakric

Methods
Fibre manufacture: Extruded
Yarn manufacture: Spun
Fabric onstruction: Woven
GarmentConstruction: Stitched
Material
Viscose rayofouter); acetate rayon (lining)
Measurements
Jacket centre back: 96cm
Source
Unknown
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12.

Suitofwoven/ NA YLX Sy Su LRt &SaGdSN I yR f dzZNBE

Seesection 3Polyester

Object number
Leeds Museums and Galleries: LEEAG.2011.0198
Designer/MakerManufacturer/Retailer
ICI (nanufacturer ofcloth)
Production country of the garment and components
UK
Production date
circa1960
Description
22YFyQa adzhid 2F 2t 01 S (ribbey ®Rimpiehelandliurek.y |
Tailored jacket, unlined and fastening wfthur metal buttons. Skirt, straight, just below
knee length, unlined with elastited waist A card label includes the ingutibn 14/10/0
which may indicate the price: £1440s0d.
Context
Crimplene is the tradename of a polyester yarn that was first launched in 1959. It is a
modified version of Terylene. The patent rights were sold to Imperial Chemicals Industries
Ltd. (ICI)in 1960. Marketed as a convenient fabric due to its crease resistant, quick drying,
wash and wear properties, it was popular throughout the 1960s.
Lurex is a yarn made from a thin stripadfiminiumsandwiched between two plastic films
invented in 1946. lis lighter weight than lamé, does not tarnish, and is strong enough to be
used in power looms to make complex woven fabrics, making new metallic fabdbsas
this onepossible.
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Labels/Inscriptions
Woven label inside jacket back neck: MADE FRX@iMplene (ICWash tub 4 symbol SIZE 12

TO FIT Hips 36 Bust.34
Card label inside jacket back neck: Crimplenew@h care instructions; shop label

style/stock number 14/10/0.

Methods
Fibre manufacture: Extruded
Yarn manufacture: Spun
Fabricconstruction: Woven
GarmentConstruction: Stitched
Material
Polyester{Trade nameCrimpleng; lurex
Measurements
Jacket length centre back5cm
Source
Unknown
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13.

A pair of Brettlesknickers ofknitted Bri-y” € f 2afigton and wool blend

Seesection 3Nylon

Object number

MoDiP. AIBDC 008797

Designer/MakerManufacturer/Retailer

Brettles(manufacturer)

Production country of the garment and components

UK

Production date

1960s

Description

A pair ofcreamwomen'’s long leg, high waisted knickers made by Brettles of circular
pointelle pattern knitted construction with inset gusset.

Context

The Brettles of Belper company date the earlynineteenthcentury and is said to have

supplied silk stockiys to Queen Victorifl813;1901) The company has since been owned

by CourtauldsChilprufeand SlenderellaBoth wool and nylon are moistuwicking and dry

quickly, although nylon dries faster than wool. Wool tends to be itchy which is mediated by

the nylon content.Nylon is harder wearing thanwoolit SEG Sy RAYy 3 (TK&S 3 NX S
sewnon paper price label indicates that it was originally sold for 12/11 (twelve shillings and

eleven pence), a relatively high price.

Labels/Inscriptions

Printed on swing tag attached to waisBrettles WOOL and BRYLON MADE IN ENGLAND
WASHING HINF®ISE LUKEWARM WATER AND SOAP FLAKES. RINSE AND STRETCH INTO
SHAPE. DO NOT IRON.

Wovenlabel sewn into waistBrettles WOOL & BRIYLONMADE IN ENGLAND. W

Handwritten paper tag sewn to waisSB 1064 R&Grace W 12/11

Methods
Fibremanufacture Farmed (wol); extruded (nylon)
Yarnmanufacture Staple, spun
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Fabric construction Knitted
GarmentConstruction: Stitched
Material
Nylon (Trade nameBri-nylon) and wool blend
Measurements
Length:54cm
Source
Purchase
More information on this object
https://www.modip.ac.uk/artefact/aibde008797
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14.

CIF1S FdzNJ 2 O1 Si 2 WoddcliddivndEd Svithtadtate rayanNE t A O
with cotton pocket stabilisers

Seesection 3Acrylic Modacrylic

Object number
MoDiP:AIBDC 000261

Designer/MakerManufacturer/Retailer
Unknown

Production country of the garment and components
Probably UK

Production date
1960z80

Description
A short, lined, dark brown lustrous pile fabric (fake fur) jacket with long sleeves and two
heavy plastic buttons with textured tops, front fastening, half belt and side pockets. The pile
is densely threaded angives the impression of pelts stitched together. The item requires
specialist dry cleaning. The shortness of the jacket dates it on style grounds to the 1960s
however there are signs it has been altered. It could have been cut down from a three
guarter lergth jacket, a style typical of the 1970s, making it an upcycled garment with an
implication of two owners. These factors suggest that it was considered a luxury item.

Context
Polymeric fibres have been used to imitate fur since the late 1920s but teajinalo
improvementstogetherwith the introduction of acrylic, provided a bettguality substitute
from the mid1950s. Pile fabrics typically consist of synthetic fibres pushed through a base
fabric and melted into position.
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Labels/Inscriptions
Twoprinted andone woven label sewn into a side seam (some lettering obscured by seam):
Label 1.COURTELLE ® and modadrylicordler to keep this garment looking luxurious and
W Xe] X [?eX]posure to direct heaX @&tting in the garment and disturbing i{€]le X Also
necessary tg?sHake the garment thoroughly after yay 8 [?sfore on a coat hanger
[?u]se furrier cleaning method when refjred)].
Label 2: IMPORTANT DO NOT DRY CLEAN BDEMMOTOR HEAT THIS GARMENT CLEAN
ONLY BY THE FURRIERIZED METHOD OF FURCLEAN LTD. 3, BELSIZE PLACE, LONDON, N.W
01-794 3242 & 3243 SUEDES LEATHBEREEPSKINS.

Methods
Fibre manufacture: Farmed (cottor)extruded (acrylic and modacrylic)
Yarn manufacture: Staple, spurfbackinglining); cut to lengthinitation fur)
Fabric construction: Woven packinglining);fiboresembedded in woven backing
(imitation fur)
GarmentConstruction: Stitched
Material

Acrylic (Trade name: Courtelli@gacking) modacryligimitation fur); cellulose acetate
(lining) cotton (pocket stabilisers)
Measurements
Length centre back excluding collar: 72cm
Source
Gift
More information on this object
https://www.modip.ac.uk/artefact/aibde000261

H NOT STEAM OR
EAN ONLY BY THE'
of FURCL
3. BELSIZE PLACE
01-794 32

. SUEDES LEATHq
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15.
Alexandre Ltdman's suit ofwoven nylon lined with Milium, a blend of

viscose rayorand metal thread
Seesection 3Nylon Viscosaayon

Object number
Leeds Museums and Galleries: LEEAG.2012.0285

Designer/MakerManufacturer/Retailer
Alexandre Ltd(designer and manufacturer)

Production country of the garment and components
UK

Production date
1960;70

Description
Jacket from a in Y’ @é-piete suit of bluggreytwill with white pinstripe.Jacket fastens with
3 grey buttons; narrows at waidiyvo side pockets with flaps; one external breast pocket;
one internal breast pocket with buttorBoth warp andveft threadsfrom this garment were
found to be nylon by FTIR analydike use of thee relativelynew synthetidibres wasa
fashion trend partly down to consumer demandLined with a grey synthetic satin with
Milium.

Context
Milium fabrict aviscose rayotining fabric woven with metallic thread for added
insulation. Manufactured by Deering Milliken USA and advertisétfeémagazine from
1950 onwards.

Labels/Inscriptions
Woven labebn internal breast pockeALEXANDRE Shape fast tailoring LINED WITH
Milium.
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Methods

Fibremanufacture Extruded

Yarnmanufacture Spun

Fabric construction Woven

GarmentConstruction: Stitched
Material

Nylon(outer); viscose rayoilining)
Measurements

length centre back: #8n
Source

Unknown
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16.

Emilio Pucci trousers of knittedylon (polyamide)
Seesection 3Nylon

Object number
V&A:T.585:21995

Designer/MakerManufacturer/Retailer
Emilio Pucdfdesigner)

Production country of the garment and components
Italy

Production date
1965

Description
A pair of formfitting trousers in brightly coloured printed polyamide (nylon), complete with
integral feet. Each leg is made from one pattern piece, joined at the centre front and shaped
to the leg and backside with a seam aldhg centre back of eachdefrom ankle to waist.
The leg pattern pieces stop above the ankle where the feet begin. Each foot is made with
one pattern piece, sewn along the bottom of the foot from the toe up to the shin. The
trousers have a separate waistband in the same fabric sawait the top, and a diamonrd
shaped gusset insert.

Context
t NI 2F Iy SyaSvyofS gA0GK | aAaf]l aKANI LINARyYy(GSH
MQ® ¢ KNP dzIK 2 dzii  K(19%4,99) WorkBdSdel9 with fevieel teixtizO O A
manufacturers ® develop new textiles for clothing and improve dyeing techniques.
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He was enthusiastic in adopting synthetics alongsidetsgke,nylon was likely chosen for

its ability to maintain a fornfitting shape that would not sag @rease during wear.
Labelsinscriptions

EMILIO PUCCI/ FLORENORLY.

Methods
Fibre manufacture: Extruded
Yarn manufacture: Twisted
Fabric construction: Knitted
GarmentConstruction: Stitched
Material
Nylon (plyamidé
Measurements
Unknown
Source

Given by Mrd/eronica Cohen
More information on this object
https://collections.vam.ac.uk/item/O351201/trousesuit-pucciemilio/

\
EMILIO PV

......
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17.

Ginger Group dress of woven viscose rayon
Seesection 3Viscosaayon

Object number
V&A: T.2151987

Designer/MakerManufacturer/Retailer
Mary Quant/Ginger Groufdesigner)

Production country of the garment and components
Britain

Production date
1966

Description
A mini dress in a polo shirt style with contrasting collar and metal zip opening at the centre
front, short sleeves and a welt pocket on each breast. The plain weave visgosgs quite
rough feeling and has an appearance sintitalinen, with some slos.

Context
Mary Quant launched Ginger Group in 1963 as a lepviered readyto-wear range of
fashionable womensweaihe linenlike viscose of this dress offered characteristics that
would have beenvalued @ G KS DA yaassimgrsD W dakysiash and dry and
would not creasa unlike natural linerr making it an easy to wear and easy to care for
garment.

Labels/Inscriptions
alw, v!!b¢Q{ IAYIASNIDwh!ttk a!59 Lb 9bD[! b5

Methods

Fibre manufacture: Extruded, cut
Yarn manufacture: Staple,spun
Fabric construction: Woven

111



GarmentConstruction: Stitched
Material
100% viscose rayon
Measurements
Unknown
Source
Given by Mrs C. Archer
More information on this object
https://collections.vam.ac.uk/item/O365956/dresguant-mary/
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18.
Jacket from a Burton man's suit of wool blended with Terylengolyester

lined with viscose rayon
Seesection 3Polyester Nylon;Viscose rayon

Object number
Leeds Museums an@alleries: LEEDM1987.0011.4

Designer/MakerManufacturer/Retailer
Burton(designer, manufacturer, and retailer)

Production country of the garment and components
UK

Production date
1966

Description
WI 01 SG ¥ NE Yieck suivih a/bfbivn pleédged Glen check wool and Terylene
blend. Jacket is single breasted fastening with three buttons. Factory order labels on inside
of the pocket date the suit to 1966.

Context
The label shows that isa made to measure suit. This is a more efficient method of
production than a bespoke suit but is still more expensive theaady-to-wear, off the peg
suit. Burton vasvery much about making wethade suits for the ordinary man. For more
about Burton andhe benefits of using synthetic fibres please see number 11.
Terylene is the registered name for a polyester patented in Britain in 1941; commercially
available for some products from October 1952e FTIR analysis suggested the possibility
of some nylorbeing included in the blend.
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Labels/Inscriptions

22@¢Sy t1+r0St 2y AYOUSNYylt oNBlFaid LR2O1SdY . ! wehi
Methods
Fibre manufacture: Farmed (wol); extruded(polyester cellulose acetate
Yarn manufacture: Spun
Fabric onstruction: Woven
GarmentConstruction: Stitched
Material
Wool blended with polyester (trade name: Terylgné@scose rayon
Measurements
Jacket best: 101cm
Source
Gift
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1970s

19.
CNIly]l !'&KSNJ YFEA RNB&aa 2F | ¢NAROSt2yu

Seesection 3Nylon; Triacetate

Object number
MoDiP:AIBDC 002765
Designer/MakerManufacturer/Retailer
Frank Usherdesigner andnanufacturerof garmen); Courtauld{manufacturer of fabric)
Production country of the garment and components
UK
Production date
1970s
Description
l YIFIEA RNB&A Ay LINJayhix 8 B5%/ triaaihitd and&5% dyfon. ¢ NA OSft 2y
Consisting of a vertically striped shirt style bodice with kimono sleeves bearing a floral print
in the same colouras the bodicetrimmed with a broad band of the stripddbric. The full
pleated skirt ignade fram the floral print fabric which terminates in horizontal stripeslion
a cream ground. Good seam allowances. Finished with a 50mm wide fabric belt with a large
round metal buckle covered in the same material. The belt is backed with imitation leather,
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probably PVC. The fabric side of the belt has experienced some discolouration along the
seams and wrinkling along the entire length, possibly a reaction between the different
materials.

Context

The Frank Usher brand began business in London in 1946 anddifatwalk inspired

design and detail at affordable prices. This blend of 65% triacetate and 35% nylon allowed
the designer to accomplish different functional requiremeritse nylon enal#dthe dress

to be washed at home (instead of needing to be deaokd), proviéd durability, crease

and shrink resistance. The triacetate has algi glossy sheen with a good drape that lends
the dress a higlguality appearance.

Labels/Inscriptions

Woven label sewn to nape of neck: Frank Usher LONDON MADE INNENGLA

Three further printed woven labels sewn to tNel y dz¥ | OabelzébR KX Bryclean or
Hand wash in mild soap suds in lukewarm water without rubbing or twisting Dry flat.
Coloured or printed fabrics should be tested for dye fastness as recommended on your
washing powder pack. We do not recommend the use of detergentsnt@oaml dry clean P
/ COURTAULDS Tricelon 65% TRIACETATE 35%witYiLiOmher machine and hand
washing instructions.

Methods
Fibre manufacture: Extruded
Yarn manufacture: Filament, twisted
Fabric construction: Woven
GarmentConstruction: Stitched
Material
65% tiacetate35%nylon (cloth)
Measurements
Length centre back: 155 cm
Source
Gift

More information on this object
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20.
Cardiganof 2 dzNJi St £t Su I ONBf A O

Seesection 3Acrylic

Object number
MoDiP: AIBDC 000252

Designer/MakerManufacturer/Retailer
High Cross (manufactureiQourtaulds (yarn)

Production country of the garment and components
UK

Production date
circal970;80

Description
A women's light blue machine knitted cardigan made from Courtelle acrylic fibre. The
cardigan has long sleeves aimdnt fasteningup to the neck with buttonsThe eight buttons
are made of plastic, probably polyester.

Context
Courtelle is a Courtauldsatdemarked acrylic yarn introduced in 1967. Used as a cheaper
substitute for wool, it feels warm and soft to the touch but is quicker drying, thus easier to
wash, and moth proof. Like wool it is prone to pilling.

Labels/Inscriptions
Machine embroidered on awen label sewn to inside back neck: High Cross. FULLY
FASHIONED IN COURTELLE REGD WARM WASH ONLY BY HAND, LINE DRY, COOL IRON, DR
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Printed on a shaped card swing tag: Containing COURTELLE Regd. acrylic fibre. This swing
ticket is for use in conjunctionith a Courtelle sew on label. Courtelle is the Registered
Trade mark for Courtaulds acrylic fibre.
Methods
Fibre manufacture: Extruded
Yarn manufacture: Saple, un
Fabric construction: Knitted
GarmentConstruction: Stitched
Material
Acrylic (Courtelle)
Measurements
Length centre back: 64cm
Source
Gift
More information on this object
https:/mww.modip.ac.uk/artefact/aibde000252
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