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ASDC Dyeing of Synthetic Fibres

6.1 Introduction

Studies of textile fibre dyeing have tended to display little interest in the particular physical
form of a textile material (e.g. yarn, woven fabric, garment, etc.), and are more interested in
the constituents of the fibrous assembly (i.e. filament, fibre, etc.), with primary focus being
placed on the interactions that occur between dyes and fibres at a molecular level. In this
context, this account therefore considers the nature of the macromolecular structure of the
three most commercially important synthetic fibres, namely polyester, polyamide and
polyacrylonitrile, as well as that of the two derivatised cellulosic fibres, cellulose acetate and
cellulose triacetate. In view of the substantial amount of published information available, the
following discussion serves only as an outline of this large and complex area.

By means of brief introduction, all common textile fibres can be considered as ‘assemblages
of semi-crystalline, partially oriented, linear polymers’* (1). Although the structural features
of textile fibres and the polymers from which they are derived have attracted extensive
research interest over many decades, debate still attends many aspects of both the
morphology ? and fine structure 3 of both fibres and polymers. In essence, the polymers that
comprise all common textile fibres are semi-crystalline materials because they contain both
crystalline domains (regions that display a high degree of order®) and amorphous domains

(regions that display a low degree of order)®. The relative extents of crystalline and
amorphous material present within a given fibre varies for different polymers and, for a given
fibre type, depends on the particular conditions encountered during fibre production, which
includes growing conditions in the case of natural fibres such as cotton, processing conditions

1 there are two types of linear polymer namely homochain polymers (eg PE) that contain only C atoms in the main
chain and heterochain polymers (eg PA) that contain atoms other than C in the main chain: 1. Burkinshaw SM.
Physico-chemical aspects of textile coloration. Chichester: Wiley; 2016.

2 in the context of textile fibres, the term morphology refers to various characteristic properties, such as cross-
sectional shape, fineness, lustre, colour, length, etc. which are apparent visually, including those observable using
either optical or electron microscopy: 1.ibid.

3 in the context of textile fibres, the term fine structure is widely used to describe the three-dimensional arrangement
of the composite molecular chains within a polymer and also the interactions between individual polymer chains
and aggregates that comprise several polymer chains: 1.ibid.

4 ‘lateral, longitudinal and directional correlation of adjacent polymer chains’: 1.ibid.
S it is not clear whether the ordered domains in PAN fibres constitute a crystalline phase
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in the case of regenerated man-made fibres (e.g. viscose) as well as spinning conditions in the
case of synthetic fibres such as polyester.

As articulated below, whilst many models have been proposed to describe the structural
arrangement of semi-crystalline (i.e. partially ordered) synthetic fibres and derivatised
cellulosic fibres (and the polymers from which they are derived), the precise nature of the
fine structure of these materials has not been fully resolved. As fine structure concerns the
three-dimensional arrangement of the composite macromolecular chains within a fibre and
their interactions with both individual chains and aggregates that comprise many
macromolecular chains, this involves the concepts of crystallinity® and orientation’, as well as
other aspects that relate to the three-dimensional structure of the constituent polymer
chains.

Although the following account contains references to published work that are considered
relevant and explanatory of a particular area of study, this does not constitute a detailed
inventory of all citations that relate to a particular topic. In an effort to aid understanding of
terms, definitions and concepts, additional information is provided in the form of footnotes.

Synthetic fibres are ‘manufactured from a polymer built up from chemical elements or
compounds, in contrast to fibres made from naturally occurring fibre-forming polymers’ (3)
and, as Figure 1 shows, are a type of man-made fibre (aka manufactured fibre) which ‘does
not occur in nature, although the material of which it is composed may occur naturally’ (3). As
all common synthetic fibres (e.g. PES, PA, etc.) comprise partially crystalline, partially
oriented, linear, organic polymers that are composed of macromolecules derived from low
molar mass, monomers, synthetic fibres differ to their inorganic man-made fibre counterparts
(e.g. CF, GF, etc.) which are derived from inorganic materials and often display pronounced
crystallinity and/or high orientation, as well as their natural polymer fibre counterparts (e.g.
CA, CV, ALG, etc.) which are manufactured from naturally occurring polymers (notably
cellulose).

6 ‘the presence of three-dimensional order on the level of atomic dimensions’: 2. McNaught AD, Wilkinson A.
Compendium of Chemical Terminology, 2nd ed. (the 'Gold Book'): http://goldbook.iupac.org/C01433.html
(accessed 19-07/2013). Oxford: Blackwell; 1997.

7 ‘in terms of textile fibre structure, orientation refers to both fibre orientation (parallelism of the component fibres
to the longitudinal (fibre) axis) and molecular orientation (parallelism of the constituent polymer chains to the fibre
axis); for synthetic fibres, orientation is introduced during processing (spinning, drawing, etc.)’: 1.  Burkinshaw
SM. Physico-chemical aspects of textile coloration. Chichester: Wiley; 2016.
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Figure 1 classification of textile fibres (1)

Synthetic fibres8 are assigned a generic name and many fibres are also given a trade name;
in this discussion, the generic names allocated by la Bureau International pour la
Standardisation des Fibres Artificielles (BISFA) (4) are employed and the corresponding BISFA
abbreviation (e.g. PA, PAN, etc.) (Figure 1).

8 as are man-made fibres
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All synthetic fibres® are produced as continuousfilamentg, that often is cut to produce staple

fibre10 for various end uses, including blending with natural fibres, as exemplified by perhaps
the most important of all textile blend fibres, PES/cotton (aka polycotton). The polymers from
which synthetic fibres are derived are converted into textile fibre using, for example, melt

spinning (e.g. PA, PES), dry spinning (e.g. PAN), wet spinning, (e.g. PAN11), gel spinning (e.g.

aramid, AR12) or electrospinning [see (1)].

This account concerns the dyeing of the three most important synthetic fibres namely
polyester, polyamide, and acrylic. In addition, the following discussion also concerns the
dyeing of two other types of man-made fibre, namely the two cellulose ester fibres, cellulose
acetate, CA, and cellulose triacetate, CTA. Both CA and CTA are derivatised cellulosic fibres
that are produced by esterification (i.e. acetylation) of cellulose and are classified as cellulose
ester fibres (Figure 1). However, whilst aspects of the chemistry, fine structure and physical
properties of CA and CTA fibres echo their cellulose origins, the physical and chemical
properties of the two fibre types differ significantly to those of their cellulosic (e.g. CUP, CV,
CLY, etc.) and other (e.g. ED, ALG) natural polymer fibre counterparts, not only in terms of
their chemical and physical properties, but, more importantly, their dyeability. Indeed, both
CA and CTA are considered to resemble synthetic fibres, notably PES, in terms of the types of
the types of dye (i.e. disperse dyes) and dyeing methods used for their coloration.

A considerable amount of literature has been published concerning these four types of fibre
(and the polymers from which they are derived in general); as such, the following serves only
as a brief overview of the production, preparation, chemistry, fine structure and properties
of these fibre types.

9 fibres of infinite length: 1.Burkinshaw SM. Physico-chemical aspects of textile coloration. Chichester: Wiley;
2016.

10 fipres of finite, usually short length: 1.ibid.
11 PAN fibres can also be produced using dry-wet spinning
12 aromatic polyamide
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