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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

1
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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 . 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

2
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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 [ 'faibo] n. £F4E, £ 4EfH| G

yamn [ jamn] n. 4,84k

fabric [ 'faebrik] n. 89,4, 2%
pre-treatment [ 'pri:-itristmont | n. BjALE
dyeing [ 'daiip] n. Juf8, RETE RETHE
printing [ 'printip | n. ENIE,EIETE

. finishing [ 'finifig] n. JS¥H, A

I I R
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8. fineness [ 'fainnis) n. 4B, ZH, oI E, PR
9. flexibility [ fleksobiliti] n. Ttk , Bt , Sk, Plahts

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.

4

strength [ stren®] n. 3R77, 58, IKEE

extensibility [ iks,tensa'biliti] n. ¥, T, TR
elasticity [ilas'tisiti] n. B ke Bh R4 0
resistance [ri'zistons] n. PHIEM:, KL, KT, A
cross-sectional [ 'kros-'sekfanal] adj. VI K

staple [ 'steipl] n. £74E, 4 %, BHR , FEKE

filament [ 'filomont ] n. #,K %

knitted [ nitid] adj. 4FU4

jumper ['dzampo] n. AL FMELRIMK, ERLBHEIMK
stress [ stres] n. K f

tights [ taits] n. BB

wrinkle [ 'rigkl] n. 4580, ¥85%

acid ['®sid] n. B

alkali [ 'zlkolai] n. B,

bleacher [ 'bliztfa] n. AN, EHEMA, EAT) . EHIA
detergent [ di'tardzont] n. ¥k, WyeHl

weakening [ 'witkanip] n. 2855, $4k

yellowing [ 'jelouin] n. & ,FH

brightness [ 'braitnis] n. BAZE, @FH, S0, (BF) BIE
off-white [ 'oif-wait] adj. KH, KB, JiH

shade [ feid] n. Bifa,aid, 8, G0 RKRE
polymer [ 'polima] n. AW

cellulosic [ ;selju'lousik] adj. H4EER

protein [ 'prouti:n] n. BEME adj. BHREK

viscose [ 'viskous] n. KEEBCW, KA 4

polyamide [ poli'eemaid] n. RBZ

polyester [ 'poliesta] n. BHE§

polycrylic [ poli'saiklik] n. REBBRIALEY L

cotton [ 'kotn] n. #,Hi1E, LR

linen ('linin] n. SRR, WRRLGIRE: adj. TERREY, JLRRATHY
viscous [ ‘viskos] adj. Z¥ERY
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41. mineral [ 'minoral] n. %, 56

42. spinneret [ 'spinoret] n. %5243k WE#z3k

43, asbestos [ &z'bestos] n. A

44. regenerate [ri'dzenorit] ve. g4 vi. B, B4 adl. FEN,EFR
45. modified [ 'modifaid] adj. #PER, R &, BOEK

46. synthetic [ sin'Oetik] adj. &K, AEH

47. rayon [ 'reion] n. A%, NiE4 4%

48. acetate [ '®si,teit] n. EERRLL, BEHG, BEBRLAT 4

49. flax [ fleks] n. LR, KA

50. cellulose [ 'seljulous] n. £4E#&

51. jute [dzust] n. BHK

52. ramie [ 'remi] n. SRR, *RRE%E

53. mohair [ 'mouhes] n. TWE, ZBHILEE adj. DEEBHM

54. cashmere [kee['mis] n. [ Zj]1FFREINK, IW¥5R,ELH

55. cuprammonium [ kju:pra'mouniom] n. &K, HE L%

56. polyolefin [ poli'oulofin] n. FHE

57. polyvinyl [ poli'vainil] n. BZ&

58. elastane [i'leestein] n. BEEERFMELT 2, AREL ; (18) H3E0H (Ftra)

Phrases and expressions
1. wet process JEANT
. length to diameter ratio K&

2
3. diacetate fibre —EEEELF4E
4. triacetate fibre = EEAELF4E

Notes
[1] So many things are demanded of fibres in many different uses.

X H,“So many things” #5“ I H L HAHRTE” ,“demand of” H“FTR . TE" .
[2] However,...they are to be...to take colour.

“are to” FR“ LA MER, WATREN,
[3] The fibre lengths vary from 10 to 50 millimeters for cotton and from 50 to 200 millimeters for

wool.
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AR —F TV R RIS G . [ —R48 i £ 1815, BI“ The fibre lengths vary”
[4] Life would be very dull if all textile products were off-white.

BHUES, 404 would + BhRAIEIEE M, NG if + EiF + AN EXEH, KRS
RERLMR

Translated text

H 22404

HAERGRTVHER, FIENSALRBRBFEREN. HHAMENTEROFEL
B ORE BENERESE LT, HAEFRBEME T HRREH RS ST E0HERETRT
LR . B, BTSSR MR T2 5, A LB EH— T HENE X EHER,

HARLGHE? FHERB/PHTTRYIFESET, ERERRNKEL AEMTIHE.

AR G RAERIRTEZ T . ARBIFEN SRR ERARR, ATV RIS
HELITEA LU At : SR AR LE SR BE SRR LA 25 5 (R RN B LA R et

L. ki

FEFHRIERE /D, KRETTEE ER. MAEERKR N 2000: 1 ~5000: 1,
REHRERERE, FREAE, G, REFEKBER 10 ~50 mm, TEBLFHEKER 50 ~
200 mm,— MBI AELERR — R X BT RIRK L, XBF RN KB WHEETEF K.
H, XMRB A BRIMEEER L, HERE—WRRESEKZTE, F 2 AEFEELU
BAERER, UEENREN T XA/ H5& T,

2. B

GEMBRREEREBRTWREN AL HIERE, Hit, F AN ELNEE —EHR
Ko BR,HEOXTERKPERBE R A 4 LS SN N A A EBE

3. sEfhvERIRE:

GIFHRTEE AP R BREINN S . R ARAERT , REEMAEE . REET R4
SHEFEENE RN TSHTMRE, ROERZE, FEETER B, A EERE]
AR E . INRAEBA M, AR RSFRIRASTERAIMRTEY, REEUE
— MRS, T WA ERTREEMENRYE, REBEARTTD

4. TALEEE R H B

EEX¥KEAMPEPE, FESRBARSARGHF, XEEARQELE R (R 6.
R EERD AR (TR , RS B EE R, SERBOBEIRR TR
EHAE. WAAMAEETTHAARETEEENER, LPFHENGERERXFHFER L
BRBEAENERGT . FARKBESRENFTFEON. —BRAIBRPRERERE
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#1200 T, BEMAENYHERZBHELTRESH, QEET RN LU R, FnfE
WA A BN ET RAEE G N A ReEER R 1EL.

5. arEAt

REBWAREERKOAKN WRFENGRBERKE N, RITWERSZRER
Rk, HEFEGEEM SERE O, AR LA K)G B B TR G , XA REXS T 3t
F 3R BB (B BSR4t — 1 BRI A Ml L

HTETHR GTREMA, BHETES L. REBUNTERRSY, HHMEER &
BRI AL RE, W TR RA % TR 4 BT 4 R B4 2 R BT R IR
MR 4% . BT K07 R R A R IR BN R AR, (IR RA A E
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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. v

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



