Chapter 1

Fibre, Yarn and Fabric

1.1 Text
What is a fibre

Fibres are the foundation of textile industry. All textiles are made up of fibres. All of the
production flows and formulae in textiles wet processing stages including pre-treatment, dyeing,

printing and final finishing are designed and conducted on the basis of the properties of the fibres
from which the textiles are made. So it is necessary for us to review the fibre’s definition and
properties before we discuss the wet treatment of textiles.

What is a fibre? Fibre is the smallest visible unit of matter that has a high length to diameter

ratio, fineness and flexibility.

The above definition for textile fibres is very broad. So many things are demanded of fibres in
many different uses''!. However, some characteristics can be identified which all textile fibres must
have if they are to be commercially successful: a high length to diameter ratio, strength,
extensibility and elasticity, resistance to chemicals, heat and sunlight, and ability to take colour !,

1. Length to diameter ratio

Fibres generally have a small cross-sectional area and a length that greatly exceeds the

diameter. For cotton and wool, the length to diameter ratio is in the region of 2000: 1 to 5000: 1.
These fibres are produced naturally in short lengths, known as staple fibre. The fibre lengths vary
from 10 to 50 millimeters for cotton and from 50 to 200 millimeters for wool”®). Man-made fibres
can be produced with many kilometers of yarn on a single package. The length to diameter ratio of
the fibre is then infinite. This type of fibre is termed continuous filament. Silk is the only natural
continuous filament fibre. Many man-made fibres are also produced as staple, so that they can be
processed on the same machinery as the natural staple fibres.

2. Strength

The strength of a textile material ultimately. depends on the strength of the individual fibres
from which it is made. Consequently, fibres must have a certain level of strength if they are to be



useful. A high strength is clearly more important in fibres used for reinforcement of the rubber in a
tire than for the fibres used in a knitted jumper.

3. Extensibility and elasticity

In use stresses will frequently be applied to textile materials. The materials need to extend
under the stress and be flexible. The fibres in a pair of tights need to extend every time when the
wearer bends her legs. But having extended, the fibres need to be elastic and return to their original
length. If they do not, the tights will quickly become wrinkly at the knees and ankles. Tights are
just one particular application, all fibres need to be extensible and elastic, but to different degree.

4. Resistance to chemicals, heat and sunlight

In normal use and during care procedures, fibres will be exposed to conditions that may

damage them. These conditions may include chemicals such as acids, alkalis, bleachers,

detergents, or organic solvents including dry cleaning fluid, and physical effects such as heat or
sunlight. The extent to which fibres are exposed depends on the particular use. Resistance to
sunlight is more important in curtains than it is in underwear. Almost all fibres are exposed to
harmful conditions to some extent. Domestic washing powders are mildly alkali and contain
bleachers. The temperature during normal ironing can easily reach 200 C. The effect of the high
temperature on the fibres will be slow in most case and involve some weakening, with perhaps
yellowing of white fibres and loss of brightness of coloured products.

5. Ability to be coloured

Most fibres are normally an off-white colour. Life would be very dull if all textile products were
off-white'). Consequently, fibres need to be coloured ideally, they should be coloured by dyeing at
a late stage of processing; this enables a quick response to customers’ demands for the latest shade.

Fibres are usually grouped in order to research or discuss or apply them conveniently. Most of
fibres are polymer. Based on their chemical composition, fibres can be classified into many groups
such as cellulosic fibre, protein fibre, viscose fibre, polyamide fibre, polyester fibre and polycrylic
fibre, etc.. But the most convenient grouping divides them into two basic groups according to their
origins: i. e. mnatural and man-made fibres. Natural fibres refer to all fibres that occur in fibre form
in nature, including cotton, linen, wool, silk, and so on, which have been known and used for
thousands of years. As natural fibres cannot meet the requirement of people, many polymers that do
not naturally exist in the form of fibre have been processed into the fibre form, usually by forcing
the viscous polymers through a spinneret that consists of a series of tiny holes arranged in a circle,
and used as fibres. These products are known as man-made fibres. Most of the man-made fibres

have only been produced in the last 40 years, but they have made a great difference to present-day



society, in the types of clothes that we wear as well as the comfort and convenience of living.
The two basic groups can then be further subdivided. The natural fibres can be subdivided into
the three types of cellulosic, protein and mineral fibres according to their origins. The cellulosic
fibres come from plant materials, the protein fibres come from animal sources and there is a mineral
fibre in nature, which is asbestos. Man-made fibres are usually subdivided into four groups:

regenerated, modified, synthetic and mineral fibres, according to their polymer origins. The

regenerated fibres are manufactured from natural polymers and can be divided into three types:
rayon, acetate and protein. Modified fibres include diacetate and triacetate fibres, which are also

made from cellulose, but the cellulose is modified chemically so that it can be dissolved in an
organic solvent. Synthetic fibres are those fibres that are made synthetically from the raw materials
none of which is previously polymer in nature. The term “synthetic” means that the polymer is
entirely man-rhade. Mineral fibres in the category of synthetic fibres are glass, steel and carbon
fibres, all of which are found in industrial end-uses. Table 1-1 shows the classifications of general

fibres.

Table 1-1 The classifications of general fibres

Natural fibres Man-made fibres
Cellulosic Protein - Mineral Regenerated Modified Synthetic Mineral
Cotton Wool Asbestos Viscose rayon diacetate Polyamide Glass
Flax Silk Cuprammonium rayon triacetate Polyeaster Steel
Jute Mohair Protein regenerated fibre Polycrylic Carbon
Ramie Cashmere Polyolefin
Other animal hair| Polyvinyl
Elastane
New words

fibre [faiba]l n. OO M O OO

yarn [ jaxn] n. 00O

fabric [ 'faebrik] n. OO0 M M O
pre-treatment [ 'pri:-tristmont] n. 0O O 0O
dyeing ['daiig] ». OO0 M OOOMOOO
printing ['printin} n. OO M OO0
finishing ['finifin] . OO0 O M OO0
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8. fineness ['fainnis ) n. DO MO M OO0MMOO

9. flexibility [ fleksabiliti} ». 00D MO O0MOOMMO0O
10. strength [strengf] n. OO M O O

11. extensibility [iks;tensa'biliti] ». OO0 DM OO0 MM OO
12. elasticity [iles'tisiti] n. O 0 M OO0 M UMM OO

13. resistance [ri'zistons] n. OO0 MO M OO M O

14. cross-sectional [ 'kros-'sekfanal] adj. 0 0 00O

15. staple ['steipl ] n. OO0 MO O0MOMOOO

16. filament [ 'filomant] A, O [ O

17. knitted [ nitid] adj. 00 O

18. jumper ['dzampo] n. 00D ODO0O0O00000000000
19. stress [ stres] n. O 0O

20. tights [taits] n. 0000

21. wrinkle ['rigkl] n. 0 O @D O

22. acid ['&sid] n. O

23. alkali ['zlkslai] n. O

24, bleacher [blistfo] n. 00D M OOD0OMOOOMOOO
25. detergent [di'tardzont] n. D00 M OO

26. weakening [ 'witkonin] n. 0O 0O D O

27. yellowing ['jelouip] n. 0O 0O [ O

28. brightness ['braitnis ] ». O 0 [M 0O M 00O O O
29. off-white [ 'aif-wait] adj. OO O 0O

30. shade [feid] n. OO0 M OMOMMOOMOO0OO

31. polymer ['polims] n. OO0

32. cellulosic [ selju'lousik] adi. 0 00O

33. protein ['prautizn] n. 000 adi. 0000

34, viscose ['viskous] n. OO O MOOO

35. polyamide [ poli'®maid] n. OO0

36. polyester [ 'poliesta] n. 0O

37. polycrylic [ poli'saiklik] ». 0O 000000

38. cotton ['kotn] n. O 0O M O

39, linen [linin] n. OO0MOO0O00 . OOODMOOO
40. viscous [ ‘'viskes] adj. OO0



4], mineral [ 'minaral] n. 0 O M O

42. spinneret ['spinoret] n. OO 00 O O

43, asbestos [ &z'bestos] n. 0O

44. regenerate [ri'ldzenorit] vte. 000 wvi 00MO adi. 000D OO0
45. modified [ 'modifaid] adj. OO O M OO0 OO

46. synthetic [sin'Oetik] adj, 0 0 0 O O

47. rayon ['reion] n. DO 0O M OODO

48. acetate ['@si,teit] n. 000 MO0 ODODO

49, flax [fleks] n. OO0 M O

50. cellulose [ 'seljulous] ». O ODO

51. jute [dzust] n. OO

52. ramie ['remil n. 0O MM OO0

53. mohair ['mauhes] n. 0O DO M OOOOO adi. O0OOOO

54. cashmere [ke['mis] n. [ 0000 M 00O

55. cuprammonium [ kjurpro'mouniom] n. 000 M OO0 O

56. polyolefin [ poli'sulofin] . 000

57. polyvinyl [ poli'vainil] n. 000

58. elastane [i'lestein] n. 0000000 MOOD (O @MOODDMmMOODODO

Phrases and expressions
1. wet process 0 0[O
. length to diameter ratio 0O O

2
3. diacetate fibre U O 000
4, triacetate fibre OO 000

Notes
[1] So many things are demanded of fibres in many different uses.
0 O So many things "0 0 0 00 OO "demand of" I O O O "0
[2] However....they are to be...to take colour.
Tareto’ U0 O0D'00D0MWOODOODODO
[3] The fibre lengths vary from 10 to 50 millimeters for cotton and from 50 to 200 millimeters for

wool.



O00D0000000000000DO0000000 The fibre lengths vary” ,
[4] Life would be very dull if all textile products were off-white.
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Reading material
Fine structure of fibre

Fibre structure can be viewed at three different levels: i. e. gross morphology, fine structure
and chemical structure. The gross morphology of a fibre is normally defined as the shape and
appearance of the fibre under an optical microscope. The fine structure of a fibre is concerned with
the arrangement of the polymer molecules within the fibre. The chemical structure of a fibre is
concerned with the characteristics of the molecules which make up the fibre.

Unlike microscopic examinations where difference in fibre surface and characteristic shapes can
be identified and appropriately labeled, fine structure cannot be observed even by the most powerful
microscopes. The information that exists in this field comes from X-ray studies and other equally
elaborate techniques. '

The pattern of molecular arrangement within any fibre varies widely. The molecules may be
highly oriented, which means that they run parallel to each other and to the longitudinal axis of the
fibre. Alternatively, they may be of low orientation, in which case they mostly lie at an angle to
one another, crossing over at various points.

Linear polymer molecules cannot be completely ordered along their entire lengths. They tend
to pass through alternating regions of order and disorder. Where several molecules converge and
follow the same path for a fraction of their entire length, they give rise to crystallization — parallel
arrangements of molecules held together by strong intermolecular forces. Where they fail to come
together in the manner described, they form non-crystalline or amorphous regions.

Many attempts have been made to illustrate this phenomenon by simulation and model making.
The fringed micelle is one such model which was first proposed in the 1930s and to a large extent
still remains fundamentally appropriate.

1.2 Text
Natural cellulosic fibres

The basis of the chemical composition of all vegetable fibres is cellulose, which is present to a
greater or lesser extent. Apart from these vegetable fibres, some man-made fibres, such as viscose

and cuprammonium rayon fibres also consist of cellulose. In order to distinguish them from the



man-made cellulosic fibres, the vegetable fibres are called natural cellulosic fibres.

Natural cellulosic fibres are usually divided into four types: seed fibres ( such as cotton and
kapok) , bast fibres (flax, jute and ramie) , leaf fibres (sisal and pina) and fruit fibres (coir).

1. Cotton

Cotton is by far the most important textile fibre and makes up nearly 50 percent of the total
weight of fibres used in the world!!!. Cotton is obtained from the cotton plant that grows in warm
climates in most part of the world. Cotton is single cell fibre and develops from the epidermis of the
cotton seed. Cotton consists of cellulose and non-cellulosic materials. Non-cellulosic materials in
cotton fibre include protein, wax, pectin, mineral substances, etc. They can range from 4% to
12% together and are referred to as impurities by the manufacturer of cotton goods. Table 1-2

shows the composition of mature cotton fibres.

Table 1-2 Composition of mature cotton fibres

Constituents Percentage by dry weight( % )
Cellulose 88.0-—96.5
Protein 1.0—1.9
Wax 0.4—1.2
Ash ‘ 0.7—1.6
Pectin 0.4—1.2
Others 0.5—0.8

Cellulose can be considered to be a condensation polymer formed from the glucose units.
Initially, two glucose units combine to form a cellobiose molecule with the elimination of water;
and these polymerize further to form a chain of cellobiose. The molecular structure of cellulose is

shown as followed ;

CH,OH OH .
RN 0 HO 7 SV

HO - 1,0 ’

\
\ /

4 /
OH CH,0H

The molecular structure of cellulose

The helical reversal structure of natural cellulose shows the constantly recurring cellobiose unit,



consisting of two glucose units each with six carbon atoms. The length of the cellobiose unit along
the fibre axis is 1. 03 nm. There are 3000—5000 C, or glucose units joined together in natural
cellulosic fibres. This corresponds to a molecular weight of 300000—500000.

A morphological structure of the cotton fibre is described as follows. The outer most layer of
the cotton fibre is the cuticle covered by waxes and pectins, and these surround as a primary wall,
built of cellulose, pectins and proteinic material. The inner part of the cotton fibre comprises the
secondary wall, subdivided into several layers of parallel cellulose fibrillac, and the lumen. The
non-cellulosic material is mainly situated in the primary wall and the secondary wall mainly
composed of cellulose. The smallest unit of the fibrillae is the elementary fibril, consisting of
densely packed bundles of cellulose chains, for which highly ordered ( crystalline) regions alternate
with less ordered ( amorphous) regions in a longitudinal direction. Inside the microfibrils a
microcapillary system is developed. The capillary system is responsible for swelling and absorption
process which are important for the wet treatment of cotton. When cotton fibres dry from their
initial fully swollen state, the cell wall collapse to give a typical kidney-sha cross-section. Due
to its chemical composition and structure, cotton is hydrophilic.

2. Flax (linen)

Flax is a bast fibre obtained from the flax plant by a complicated process to separate fibre from
the woody core. This process is known as retting. After retting is complete, the stack is bundled
together and passed between fluttering rollers that break the outer woody covering into small

particles. It is then subjected to scutching process, which separates the outer covering from the

fibre. Flax fibres are multicellular, with each cell having tapering end and a narrow lumen'?’. The
fibres show longitudinal striations and nodes. The ultimate fibres are composed of elementary
fibrillae, which are spirally arranged. The fibrillae are held together by a binding or gummy
substances. Flax is an assembly of the fibrillae cemented togethervwithin the fibres and an assembly

of these fibres into bundles'*!.

Due to the existence of the gummy substances, flax is prone to
discoloration.

Cellulose is the main ingredient of flax fibre. The unretted flax contains about 78% cellulose,
16.7% hemicellulose, 1.8% pectins, 2% lignin and 1.5% fats and waxes. The polymer of flax
consists with a degree of polymerization of about 18000 cellobiose units.

Flax has relatively high strength. It is resistant to alkalis but is easily damaged by acids. Flax
is considered to be the oldest textile fibre in the western world. It had been used traditionally in the
manufacture of cloths, tent fabric, sewing thread, fishing lines, table cloth for a long time, but

today it is often used as a component of blends.



3. Ramie

Ramie is also a bast fibre. Ramie plant has been grown in China for centuries, so ramie fibre
is often referred to as China grass. The ribbons of ramie fibre are removed from the stalks of the
ramie plant by the process of decortication. Due to the presence of a large quantity of gum, the

ribbons must be treated to separate them into fibres for spinning by a degumming process.

Commercial degumming is carried out by treating the fibres with caustic soda solution for several
hours. The use of mixed bacterial cultures and enzymes is also reported to remove the gum from
ramie fibre!*’.

Like other vegetable fibres, the main component of the purified ramie fibre is still cellulose,
but ramie has high degree of both polymerization and orientation. The crystalline degree of ramie
fibre is high, which impart a low molecular accessibility to the fibre. So ramie fibre is highly
resistant to alkalis, microorganisms and insects. It is not easy to be damaged by cold acid and to be
dyed™!. The cell of the fibre is long and the cross-section is irregular in shape. The lumen narrows
and disappears towards the end of the cell. Ramie fibre is white, lustrous, stiff and fairly coarse
like canvas. It has high strength. This is attributed to its highly ordered structure. Ramie fibre is

often blended with cotton for the use in clothing such as shirts, suitings, sweaters and blouses. The

ramie adds strength and the cotton introduces softness. Ramie fibre absorbs water rapidly and fabrics
made from it will launder easily and dry quickly.

4. Jute

Jute is a lignocellulosic bast fibre. Jute tends to be brown in colour due to about 20% lignin
present in the fibre. The individual jute fibres are very short and they cannot be used for spinning.
So Jute fibres are processed into the form of bundles of fibrous material held together by a gummy
substance. The removal of the gummy substance causes massive loss of strength.

Jute is mainly grown in Bangladesh and India. It is herbaceous annual plant, which grows as
high as 20 feet. Jute fibres are extracted from the stem of the plant by retting which usually
consists of physical stage and microbial stage. The function of the physical stage is to swell and
break down the outer cuticle layer of the stem; the microbial stage is to partially destroy some
impurity components by fermentation through bacterial action and remove them from the jute
fibres.

The cross-section of jute fibre is polygonal, usually with five or six sides. It has thick
walls and a broad lumen of oval cross-section. Chemically, jute fibres are composed of mainly
polysaccharides and lignin, although a number of minor components, such as waxes, pectins,

inorganic salts, nitrogenous substances, coloring matter etc. , are found. It is a low-cost fibre



but rather intensive labor. It has been used traditionally for clothes, carpet backing and

packaging.

New words

kapok [ 'keipok] n. OO

.sisal ['sisal] n. OO0 OO0

. pina ['pimna] n. O pineapple (I (0 O O O

coir ['kola] n. O OO0

. non-cellulosic [ non-selju'lousik] adi. 00000
. glucose] 'gluzkousOp, OO0

cellobiose [ ;sela'baisus] n. 0000

. morphological [ ma:fa'lodzikel] adj. OO0 0O
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. lumen [ljuimin] n. OO DO
. crystalline [ 'kristalain] adj. 000
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. amorphous [a'moifas] adj. 0000
. microfibril [ ;maikrau'faibril] n. U 0O O
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. microcapillary [ 'maikrauka'pilori] n. 00 00O

. capillary [ka'pilori] n. 000 adi. 0000 MOOOO
. kidney-shaped [ 'kidni-feipt] adj. 000

. hydrophilic [ haidrau'filik] adj. DO D0 MO0

. retting [ 'retig] n. XD (D O

. multicellular [ ;malti'seljulo] adj. 0000

. striation [ strai'eifon] n. 0 O M O O O

. unretted [ anretid] adj. 0O OO
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. hemicellulose [ ;hemi'seljulous] n. 00O 00O
.rbbon ['riban] n. O OO ODO
. decortication [ di'ks:tikeifan] n. OO

N
NN

. enzyme [ 'enzaim] n. O
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. accessibility [ ,&ekasesi'biliti] n. 000
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. canvas [ 'kenves] n. OO

. sweater ['sweto]l n. OO OOMDDODO
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30. Bangladesh [ ba:pgls'def] n. DU UL

31. herbaceous [ ha:'beifoas] adj. 000

32. microbial [ mai'kroaubisl] a4j. 00 00

33. fermentation [ foimen'teifon] n. O O

34. polygonal [ 'poligenl] adj. 0000 ODO 0O

35. polysaccharide [ poli'seekoraid] n. D 00 OO0
36. low-cost [lou-kost] adj. DO 0O OO0O

Phrases and expressions

primary wall [ [

. secondary wall 0 00O

fluttering roller 0 0O 0 0 [0

. scutching process [ U U [

. degumming process U0 TO M OO0
.causticsoda OOMOOODOOO
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Notes
[1] Cotton is by far the most important textile fibre and makes up nearly 50 percent of the total
weight of fibres used in the world.
byfar UO O OOOMMD ODO0OO0OO0MAOdO0O"0
(2] Flax fibres are multicellular, with each cell having tapering ends and a narrow lumen.
O0Owith DO OOOMOOOOQO
[3] Flax is an assembly of the fibrillae cemented together within the fibres and an assembly of these
fibres into bundles.
O0MmO0oO00o00o0o00ooD0moo0oooooooDmooooogoooon
[4] The use, of mixed bacterial cultures and enzymes is also reported to remove the gum from ramie
fibre.
UOOOO0O The use of mixed bacterial cultures and enzymes to remove the gum from
ramie fibre is also reported”
[5] It is not easy to be damaged by cold acid and to be dyed.
UbobooobooobooobooddOOmm is not easy to be damaged by cold acid
and it is not easy to be dyed,
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Reading material
Degradation of cellulose

Cellulose can be degraded by the action of acids, alkalis, oxidizing agents, enzymes, heat or
radiation. The study of degradation of cellulose has important implications for satisfactory dyeing
and finishing, since even slight degradation during processing may be accompanied by unacceptable
loss of strength and other undesirable effects.

Most of cellulosic fibres have poor resistance to aqueous acids. For example, when cotton is
treated with a dilute solution of hydrogen chloride, the rate of hydrolysis is very rapid and the
strength loss of the cotton is great. So it‘is not usually allowed to treat cellulosic fibres with acids,
especially with strong acids and at high temperatures.

The glycosidic linkages in cellulose are not attacked by alkali at temperature lower than about
170 . However, the preparation of cellulosic textiles for dyeing frequently includes hot alkaline
treatments that cause greater weight loss than be accounted for by the removal of non-cellulosic
substances. In this case degradation of cellulose is present.

Since each intermediate unit in a cellulose molecule contains three hydroxy groups, the number



of possible oxidation products is considerable. These oxidations may damage textiles, it is,
therefore, necessary to choose safe bleaching agent and maintain proper conditions.
Biodeterioration of cellulosic textiles is a serious problem and many efforts have gone into
methods of prevention. If damp cotton is exposed to air, mildew may gradually develop on it,
accompanied by staining that is difficult or impossible to remove. Prolonged exposure also causes a
serious loss of tensile strength. In the biodeterioration process, enzymes play an important role.
Cellulose can be heated for many hours up to about 120 T without any serious deleterious
effect. In dry air at high temperatures, however, considerable depolymerization takes place,
accompanied by the formation of carbonyl and carboxyl groups in the solid material, the evolution

of water, carbon monoxide, and carbon dioxide, and a loss of tensile strength.

1.3 Text
Natural protein fibres

Natural protein fibres such as wool and silk are obtained from animal hairs and animal
secretions. All of these fibres are composed of protein in which the repeated unit is amino acid. The
amino acids are linked to each other by the peptide bond (—CO—NH—) to form the protein
polymer. Some of man-made fibres are also made from amino acids, but only animal fibres are the
natural protein fibre. Natural protein fibres have higher moisture regain and warmth than natural
cellulosic fibres. Natural protein fibres have good resiliency and good elastic recovery but have poor
resistance to alkalis.

1. Wool

In the category of animal hair fibres, wool is the most important fibre and produced in the
largest amount; other animal hair fibres such as mohair, cashmere and vicuna are only produced on
a small scale. Wool is the fur-like covering of sheep that are raised in many countries around the
world. It is obtained by shearing the fibrous covering from the sheep. The shorn-off wool is dirty
and about 50% of its weight consists of natural and other impurities such as grease, suint, sand,
dirt, vegetable matter, etc. So the raw wool should be treated through a series of processes
including sorting, scouring and carbonization before it is used in spinning. The ultimate quality of
wool relating to the fineness, length, physical strength, handle, luster, absorbency, etc. depends
on many factors including the processes mentioned above. It is also affected by the species of
sheep, climatic condition under which the animal is raised, the health of the animal, and so on.



