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ASDC Dyeing of Synthetic Fibres
6.4 Physical Structure of Fibres

Cellulose ester fibres

CA fibres typically have a degree of substitution, DS, of 2-2.51 whereas in the case of CTA fibres, all
three hydroxyl groups are acetylated (ie DS=3) 2 (Figure 5).
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Figure 5 structural representation of CA and CTA polymers
[CA: 66-84% R = H, ~26-34% R = COCHs; CTA: R = COCHj3]

The processes that are used to manufacture CTA and CA fibres greatly influence both the chemical
and physical properties of the two cellulose ester fibres. The superior regularity of the location of the
unsubstituted -OH groups within the CTA macromolecular chains coupled with the greater homogeneity
of the acetylated cellulose polymer chains enables crystallinity to be developed, which results in the
greater thermoplasticity and hydrophobicity of this particular cellulose ester variant. In contrast, the
partial hydrolysis of the tri-acetylated variant that is necessary to produce CA fibres results in an
irregular arrangement of the -COCHs groups, so that only a poorly-defined crystalline structure can be
developed; consequently, CA displays characteristically much lower crystallinity (and low orientation)
than its CTA counterpart (eg crystallinity/%: CTA ~40-60%; CA ~10 (28)); indeed, CA is often
considered as being completely amorphous. However, CA fibres can be drawn to a high degree of

orientation, as exemplified by the high orientation, high crystallinity Fortisan CA fibres.

1 between 2 and 2.5 of the three hydroxyl groups in each of the pyranose rings in cellulose are acetylated

2 the extent of acetylation can be expressed in terms of acetyl content, ac or acetic acid content, aac: for DS = 1,
ac = 21.1%, aac = 29.4%; for DS = 2, ac = 34.9.1%, aac = 48.8%; for DS = 3, ac = 40.1%, aac = 56.2%; for DS =
3, ac = 44.8%, aac = 62.5%: 27. Zugenmaier P. Characteristics of cellulose acetates :Characterization and
physical properties of cellulose acetates. Macromolecular Symposia. 2004;208(1):81-166.
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Crystal structure

Two CTA crystalline allomorphs have been identified namely CTA /, obtained by acetylation of native
cellulose, and CTA I, which is generated by acetylation of mercerised or regenerated cellulose sources;
the component cellulose macromolecular chains in the orthorhombic unit cells adopt a parallel and anti-
parallel chain arrangement, in CTA | and CTA Il, respectively. Transformation of CTA | to CTA Il is

possible, though the reverse transformation is not possible [see (1)].

Fine structure

CTAfibres are considered to comprise fibrils that entwine to form a fibrillar net, although other structures
may be present; CTA fibres are partially crystalline whereas CA fibres are mostly amorphous because
of differences in the regularity of the residual -OH groups within the polymer chains [see (1) and the

references therein]
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