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Lesson 1 Development of Textile Industry

— Objectives
1. State the definition of textiles.
2. Introduce the development of textile industry.
3. State the major types of textiles.

The word textile comes from the Latin term textilis ( “woven” , and the verb textere, “to
weave” ). Today, the word textile is more generalized to refer to products made from fibers'. A
fiber is defined, in a very general way, as any product ( capable of being woven or otherwise made
into a fabric). It may be thought of as the smallest visible unit of textile production. These
definitions are quite broad, and it is often difficult for a textile technologist to delineate what is and
is not a fiber or a textile.

Fibers (the usual starting place for a study of textiles) , may be agricultural products (such
as cotton or wool) or units (such as nylon or polyester) manufactured in a chemical plant. Fibers
then serve as the raw material in the next stage of textile manufacturing. They may be spun into a
strand, called a yarn, which can be used to knit a sweater, to sew two pieces of fabric together, or
to weave a fabric. Fibers also may be made directly into a broad range of nonwoven fabrics such as
felt for a hat or the underlayment for a modern highway.

Fabric is a planar structure produced by interlacing yarns in processes such as weaving,
knitting, knotting, and braiding, or by binding fibers together to form a structure. Fabrics are
produced in such forms as the flat sheets for a bed, the tubular body of a T-shirt, or the shaped
nose cone of a rocket. Many of these fabrics are not aesthetically pleasing during the early stages of
their manufacture. To enhance their appearance and improve their functional performance, fabrics
can be dyed or printed, then treated with special finishes. The result is called dyed and finished
fabric.

Understanding the broad variety of textile products available requires systematic study. This
text introduces such a study by first categorizing products as fibers, yarns, fabrics, and dyed and
finished textiles. Within these product classes, textiles are described by their primary end uses,
most frequently by the primary textile markets: apparel, domestic and industrial. The delineation
of the products within these market categories is not precise. Some statistics include all clothing

products in the apparel classification; others place protective clothing and military uniforms in the
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industrial textile category’. Domestic or household textiles include such products as towels,
sheets, draperies, upholstery, and some carpets and rugs. The industrial textile market
encompasses products as diverse as tire cord, filters, automotive upholstery, hot air balloons and
parachutes. Carpets and floor coverings are such a large market in both the industrial and
household sectors that the figures for floor coverings frequently are segregated as a fourth primary
textile market.

The textile properties of concern to the consumer in each of these markets are likely to be
quite different. For some apparel textiles, color and style may be more important than durability
and requirements for care’. Color and moisture absorbency may be important criteria to a consumer
selecting a bath towel. Durability, mechanical properties, and price may be the important criteria
to the purchasing officer responsible for selecting the cord to be used in manufacturing tires.

Traditionally, the textile and apparel industries had consisted of small firms competing
vigorously. Economics textbooks often used them as examples of perfect competition. By the
1940s, some firms had been consolidated in an effort to increase profits through economies of
scale. In the 1950s, J. Sencer Love began to acquire the firms that would become Burlington
Industries. Thirty years later, in the 1980s, Burlington Industries and its competitors were
restructured through mergers, acquisitions and leveraged buyouts. Changes in ownership and in
the corporate structure of the major textile firms are expected to continue into the 1990s.

After the consolidation of the industry in the 1940s and 1950s, manufacturing productivity
increased. Individual firms gained control of a larger share of the market and concentrated their
production efforts in specific areas. Larger firms could afford to modernize production facilities and
to fund new product development. Recent modernizations have focused on the installation of highly
automated equipment that reduces the number of employees in production areas.

Traditionally, the textile and apparel industries were referred to as labor-intensive rather than
capital-intensive. The basic machines used for textile and apparel production were relatively
inexpensive, but they required large numbers of skilled and semiskilled workers to keep them
operating. Labor was cheap and plentiful in the textile-producing states. The number of people
employed by the textile industry in the United States has decreased in recent years. Employment
dropped from 709,000 in July 1990 to 667,000 in July 1991. The automation of the industry and
increased importing of textiles from overseas are responsible for many of the changes in employment
figures. The skill level of employees is changing as well, because workers responsible for highly
automated equipment must receive special training.

Just as changes in textile manufacturing have occurred over the years, so has textile
consumption changed. Between 1950 and 1955, the average worldwide cotton fiber consumption
was 17,839, 680 pounds. The United States was the major consumer, followed by Western
Europe, Eastern Europe, China, India and Japan. Between 1985 and 1989, average cotton
consumption was 39,760,320 pounds per year. China was the major consumer, followed by

Eastern Europe, India, United States, Western Europe, Pakistan and Brazil. The world economy



is changing and the textile industry is at the forefront of that change.
In 1980s, fiber consumption in the United States increased 9 percent. Wool consumption

increased 50 percent; cotton, almost 33 percent; manufactured fibers, 6.5 percent; and other

fibers decreased 57 percent.

New Words and Expressions

textile 252 h

fiber “HYE

spin g4k

weave PR

knit GE

sweater £Le, HEE
fabric K[y '
underlayment B2

knotting AES

braiding A

dye Yefa, Yokl
finish 21

apparel textiles HR % F 95 4 i
domestic textiles FHGES
upholstery et

towel EH

rug IR
parachute (%37 20

tire cord RIRT T4
filter V¥l

durability Y, FE
moisture absorbency e
mechanical properties VLA fiE

Notes to the Text

1. Today, the word textile is more generalized to refer to products made from fibers.

BAE “textile” X MiA)SE 45 FHET 4R ALY ™ dh
2. dyed and finished fabric
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3. ...others place protective clothing and military uniforms in the industrial textile category.

“place” TEAAIPRBNE “H “HIEE, protective clothing R,

4. requirements for care

HEPPRIFRYER

Questions on Reading

1. What are textiles?

2. What are the main kinds of textiles described by their end uses?



Lesson 2 Textile Fibers and Their Properties

— Objectives
1. Define fibers and textile fibers.

2. Describe the classification of textile fibers.

3. State the essential properties of textile fibers.

Fibers, the primary materials from which most textile products are made, can be defined as
units of hairlike dimensions, with a length at least one hundred times greater than the width. Many
substances found in nature can be classified as fibers according to this definition. However, only a
limited number of these materials are useful in the production of yarns and fabrics.

As is known to all of us, textile fibers may be found in nature or created by man. Those that
are found in nature are known as natural fibers, which are taken from either animal, vegetable, or
mineral sources. Animal fibers could be further subdivided into those fibers from the hair of an
animal such as wool and those from an extruded web such as silk. Plant fibers could be further
subdivided according to the part of the plant that produces the fiber: the leaf, a hair produced
from a seedpod, or the stem. The latter are called bast fibers. Chemically, the classification might
be protein for animal fibers, cellulosic for plant fibers, and names of the specific minerals ( such
as asbestos) for mineral fibers'. Using this scheme, wool is an animal, hair, or protein fiber and
cotton is a plant, seedpod, or cellulosic fiber.

Those that are created by man through technology are known as man-made fibers’, which are
subdivided into two basic classifications. Regenerated man-made fibers’ are made from natural
materials that cannot be used for textiles in their original form, but that can be regenerated into
usable fibers by chemical treatment and processing. These regenerated fibers are made from such
diverse substances as wood, corn, protein, small cotton bits called linters, and seaweed. True
synthetic man-made fibers* are made or “synthesized” completely from chemical substances such
as petroleum derivatives. And it was not until 1885, when the first man-made fiber Rayon was
produced commercially that man began to make use of both the natural fiber and the man-made
fiber to produce textile products.

Whether a fiber can be utilized in the creation of a yarn or fabric depends upon the physical
and chemical properties of the fiber. The essential physical properties or primary properties are

those required for manufacturing or processing the fibers into yarn or fabric. They include a high
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length-to-width ratio, adequate strength, flexibility, cohesiveness and uniformity. Many fibrous
substances lack one or more essential qualities required of textile fibers. They may not, for
example, be sufficiently long to be spun into a yarn. Or they may be too weak, too inflexible, and
too thick in diameter to use, or too easily damaged in spinning and weaving. It is, therefore, clear
that out of the fibrous substances found in nature, only those that have desirable properties, which
have led to their great development as raw materials for the textile industry, have been utilized by
man for the manufacture of textiles’. Hence the term textile fibers.

The secondary fiber properties help determined consumer satisfaction with a product influence
the selection of specific end use, and affect processing. These include mass, fineness, luster,
color, moisture absorption, elongation and recovery, resiliency, thermal properties, and abrasion
resistance.

Fach textile fiber has its own talents or eccentricities, silk has high luster, wool does not
though with markedly superiority in the case of heavier fabrics; cashmere is exceptionally soft and
luxurious to the touch; and the color of camel’s hair cannot be removed easily. But comparison of
fiber qualities and characteristics requires the use of certain basic terms and a technical
vocabulary. Definitions of these terms and their meanings covering, in the main, length, fineness
or diameter, strength or tenacity, elongation, elasticity or resiliency, cohiesion, flexibility,
absorbency or moisture content®, twist, spinnability, abrasive resistance, and dimensional stability
are of importance in textile engineering from the viewpoint of technological processes.

Being the fundamental units used in the making of textile yarns and fabrics, textile fibers
contribute to the hand, texture, and appearance of fabrics; they influence and contribute to the
performance of fabrics; they determine to a large extent the amount and kind of service required of
fabrics; and they have much to do with the cost of fabric. Successful textile fibers must be readily
available, constant in supply and inexpensive. They must, of course, have, so far as their

properties are concerned, sufficient strength, pliability, length, and cohesiveness to be spun into

yarns.
New Words and Expressions
hairlike FELUUK, BERH
dimension R~F
width R, I8
classify 3%,
silk vz
wool *E
cotton ﬁ ’ ﬁﬂf‘
asbestos Vay::!
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regenerate
diverse
protein
linter
seaweed
synthetic
derivative
rayon
talent
eccentricity
superiority
cashmere
soft
luxurious
touch
camel
fineness
tenacity
elongation
elasticity
resiliency
cohesion
absorbency
texture
pliability
twist

spinnability
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Notes to the Text

1. Chemically, the classification might be protein for animal fibers, cellulosic for plant

fibers, and names of the specific minerals (such as asbestos) for mineral fibers.
MALHE R, ST ETIRR B AR 4, MYARRNTRRAE, 79
FAUT (AR HBREHE.

2. man-made fiber

N FR4 manufactured fiber , {L2F41 4

3. regenerated man-made fiber
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4. synthetic man-made fiber
Gl
5. It is, therefore, clear that ...
therefore 23H AR, WT4RHET, Fn “Ht” WER, It BEXEE, that 5|54
FiEMNE, AAFFLATBIER “ BAR, "
6. moisture content ‘

KA, GERRERIRHRRR . B —METRREIEI# (moisture regain)

Questions on Reading

What is fiber?
What are textile fibers?
What are the essential properties of textile fibers?

B W N =

How the fiber properties influence the fabric performances?



Lesson 3 Natural Cellulosic Fiber—Cotton

— Objectives

1. Introduce the major varieties of cotton.
2. State the main properties of cotton fiber.
3. Introduce the methods of measuring fiber length and linear density.

Cotton, which comes from seed-hairs, is the most widely used of the natural cellulosic fibers
and is well known to most consumers. The cotton grows on the plant as long hair attached to the
seeds (inside the boll).

There are numerous varieties of cotton grown all over the world. Such basic characteristics as
length and fineness of the cotton fiber are dependent on the type of the seed used. However, fiber
properties are also sensitive to changes in environmental conditions during the growth period. All
variety of cotton inherently contains a small percentage of short fibers. But any drastic changes in
climatic conditions can result in the unbalance of the normal properties. The proportions of short
and immature fibers in cotton are a major factor in determining its quality and are a source of
nuisance during processing'. Maturity of cotton is characterized by the degree of the development
of the cell wall>. If a cotton fiber has a well-developed wall thickness, it is said to be mature; on
the other hand, a cotton fiber with a thin and poorly developed cell wall is said to be immature.

Before yarn manufacture, cotton is graded, sorted, and blended to insure uniform yarn
quality. Cotton is graded on the basis of its color, staple length, fineness and freedom from foreign
matter. In American, cotton can be divided into seven-step scale from good-middling’ (best) to
good-ordinary *( poorest). Good-middling is the whitest, longest, finest, cleanest, and most
lustrous of the lot. It requires the least amount of effort to produce high-quality cotton goods.
Good-ordinary may be yellowish or gray, contain many bits of twigs and other trash, and is made
up of the shortest, coarsest, dullest fibers.

The cotton fiber may be from 0. 3cm to 5. 5cm long. Under the microscope, it appears as a
ribbonlike structure that is twisted at irregular intervals along its length. The twists, called
“convolutions” , increase the fiber-to-fiber friction necessary to secure a strong spun yarn. The
fiber ranges in color from a yellowish to pure white, and may be very lustrous. However, most

cotton is dull.
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The cross-section of cotton fiber is kidney-shaped with a central hollow core known as the
lumen. The fiber is found to consist of an outer shell, or cuticle, which surrounds the primary
wall. The primary wall, in turn, covers the secondary wall surrounding the lumen.

Technically, the most important fiber length is called the “staple length”.

There are several methods that have been developed over a period of years for the
measurement of fiber length. These include :

(1) Individual fiber methods’.

(2) Comb sorters methods ( mechanical and semimechanical sorters).

(3) Scanning methods.

Method (1) is a very tedious and time-consuming one and is only used by research workers.

Although the comb sorters are very useful in providing information on the length distribution
and in determining the amount of short fibers present in the sample, the method is tedious and
time consuming too. To overcome these difficulties, a number of other devices have been
developed in which a representative tuft of a material is scanned photoelectrically from end to end
for a property linearly related to number. One of the most extensively used instruments in which
the principle of photoelectric scanning is utilized is the Fibrograph developed by Hertel for the
measurement of cotton fiber length. This method involves the presentation of the test specimen for
scanning in the form of a pair of fiber tufts. The instrument is used mainly to obtain the average or
mean length and the upper half mean length of fibers®. .

The linear density of a sample of fibers can be determined either by an individual fiber
method or by the cut middles method. The former method can be combined with the individual
fiber method used for measuring the fiber length, a known number of fibers whose length has been
measured is weighed the weight divided by the total length then gives the linear density of fibers.
The ASTM’ standard method for cotton suggests the weighing of the groups of fibers of known
length ranges. From each group, approximately 100 fibers are taken, and the weight and the count
of the fibers are obtained (the two shortest groups and the fibers that weigh less than 2 mg are
ignored). From the weightings, the mean fiber linear density ( micrograms per inch) is
calculated.

In the cut-middles method, a known length ( generally lcm) from the middle of tufts of
parallelized fibers is sliced out by means of razor blades set in a holder at a desired distance.
Fibers in groups of 100 are counted from each of the tufts and weighed, care being taken to avoid
fibers shorter than lcm. These methods are not suitable for highly crimped fibers because of the

error introduced into the length measurement.

New Words and Expressions
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species T, Pyfh
Gossypium ® (B%)
environmental HEW
inherently &A1

Immature A R
property Y

nuisance wE, hE
maturity count AR H S E
maturity RAE

mature B

textile EAEAt

staple PIWAr 4

comb sorter i AT 4 BE S BT
sample R

tuft (4] 7%
Fibrograph R4 B R

Notes to the Text

. The proportions of short and immature fibers in a cotton are a major factor in determining
its quality and are a source of nuisance during processing.
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. Maturity of cotton is characterized by the degree of the development of the cell wall.
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. good-middling

REM, ZEM

. good-ordinary
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. individual fiber methods

YRk

. mean length and the upper half mean length of fibers
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. ASTM
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