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Unit 1 Fibers £ 4t

1.1 Overview iR

Fiber is a class of materials that are continuous filaments or are
in discrete elongated pieces, similar to lengths of thread. They
are very important in the biology of both plants and animals, for
holding tissues together. Human uses of fibers are diverse. They
can be spun into filaments, string or rope, used as a component
of composite materials, or matted into sheets to make products
such as paper or felt. Fibers are often used in the manufacture of
other materials. Synthetic fibers can be produced very cheaply
and in large amounts compared to natural fibers, but natural
fibers enjoy some benefits, such as comfort, over their man-

made counterparts.

1.1.1 Natural Fibers &k &F 4t

Natural fibers include those produced by plants, animals, and
geological processes, They are biodegradable over time. They
can be classified according to their origin:

Vegetable fibers are generally based on arrangements of

cellulose, often with lignin: examples include cotton, hemp,
jute, flax, ramie, and sisal. Plant fibers are employed in the
manufacture of paper and textile (cloth), and dietary fiber is an
important component of human nutrition.

Wood fiber, distinguished from vegetable fiber, is from tree
sources. Forms include groundwood, thermomechanical pulp
(TMP) and bleached or unbleached kraft or sulfite pulps. Kraft

and sulfite, also called sulphite, refer to the type of pulping

process used to remove the lignin bonding the original wood
structure, thus freeing the fibers for use in paper and engineered
wood products such as fiberboard.

Animal fibers consist largely of particular proteins. Instances are

spider silk, sinew, catgut, wool and hair such as cashmere,

mohair and angora, fur such as sheepskin, rabbit, mink, fox,

beaver, etc.
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Mineral fibers comprise asbestos. Asbestos is the only naturally
occurring long mineral fiber. Short, fiber-like minerals include

wollastonite, attapulgite and halloysite.

1.1.2 Chemical Fibers {L 3 £F 4%

There are two sorts of chemical fibers: synthetic fibers and regenerated
fibers. Synthetic fibers generally come from synthetic materials
such as petrochemicals. Regenerated fibers are manufactured
from natural cellulose, including rayon, modal, and the more
recently developed Lyocell. Cellulose-based fibers are of two types,

regenerated or pure cellulose such as from the cupro-ammonium

process and cellulose derivatives such as the cellulose acetates.
1.1.2.1 Inorganic Fibers & £F 4

Fiberglass, made from specific glass, and optical fiber, made

from purified natural quartz, are also man-made fibers that come
from natural raw materials. Metallic fibers can be drawn from
ductile metals such as copper, gold or silver and extruded or
deposited from more brittle ones, such as nickel, aluminum or
iron. Carbon fibers are often based on carbonised polymers, but
the end product is pure carbon.

1.1.2.2 Synthetic Fibers & B £ 4

Synthetic fibers are a subset of man-made fibers, which are based
on synthetic chemicals (often from petrochemical sources) rather
than arising from natural materials by a purely physical process.
Such fibers are made from: polyamide nylon, PET or PBT
polyester, phenol-formaldehyde (PF), polyvinyl alcohol fiber
(PVA), polyvinyl chloride fiber (PVC), polyolefins (PP and
PE), acrylic polymers, pure polyacrylonitrile. PAN fibers are
used to make carbon fiber by roasted them in a low oxygen
environment. Traditional acrylic fiber is used more often as a
synthetic replacement for wool. Carbon fibers and PF fibers are
noted as two resin-based fibers that are not thermoplastic, most
others can be melted.

Aromatic polyamids (aramids) such as Twaron, Kevlar and

Nomex thermally degrade at high temperatures and do not melt.
These fibers have strong bonding between polymer chains
polyethylene (PE), eventually with extremely long chains /
HMPE (e. g. Dyneema or Spectra). Elastomers can even be

used, e. g. spandex although urethane fibers are starting to
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Unit 1 Fier %4

replace spandex technology.
Coextruded fibers have two distinct polymers forming the

fiber, usually as a core-sheath or side-by-side. Coated fibers

exist such as nickel-coated to provide static elimination, silver-
coated to provide anti-bacterial properties and aluminum-coated
to provide RF deflection for radar chaff. Radar chaff is actually a
spool of continuous glass tow that has been aluminum coated.
An aircraft-mounted high speed cutter chops it up as it spews
from a moving aircraft to confuse radar signals.

1.1.2.3 Microfibers 8 2 £F 4

Microfibers in textiles refer to sub-denier fibers (such as polyester

drawn to 0, 5 Denier). Denier and dtex are two measurements of

fiber yield based on weight and length. If the fiber density is known
you also have a fiber diameter, otherwise it is simpler to measure
diameters in micrometers. Microfibers in technical fibers refer to
ultra fine fibers (glass or meltblown thermoplastics) are often used
in filtration. Newer fiber designs include extruding fiber that splits
into multiple finer fibers.

Most synthetic fibers are round in cross-section, but special
designs can be hollow, oval, star-shaped or trilobal. The latter
design provides more optically reflective properties. Synthetic
textile fibers are often crimped to provide bulk in a woven, non

woven or knitted structure. Fiber surfaces can also be dull or

bright, Dull surfaces reflect more light while bright tends to
transmit light and make the fiber more transparent.

Very short and/or irregular fibers have been called fibrils.
Natural cellulose, such as cotton or bleached kraft show smaller

fibrils jutting out and away from the main fiber structure.

1.2 Natural Fibers K&K T4

1.2.1 Cotton #&

Cotton is a soft, staple fiber that grows in a form known as a
boll around the seeds of the cotton plant, a shrub native to

tropical and subtropical regions around the world, including

Americas, India and Africa. The fiber most often is spun into
yarn or thread and used to make a soft, breathable textile, which

is the most widely used natural-fiber cloth in clothing today.
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1.2.1.1 Cultivation #ig

Successful cultivation of cotton requires a long frost-free period,

plenty of sunshine, and a moderate rainfall, usually from 600 to
1200mm (24 to 48 inches). Soils usually need to be fairly heavy,
although the level of nutrients does not need to be exceptional.
In general, these conditions are met within the seasonally dry tropics
and subtropics in the Northern and Southern hemispheres, but a large
proportion of the cotton grown today is cultivated in areas with
less rainfall that obtain the water from irrigation. Production of
the crop for a given year usually starts soon after harvesting the
preceding autumn. Planting time in spring in the Northern
hemisphere varies from the beginning of February to the
beginning of June. The area of the United States known as the
South Plains is the largest contiguous cotton-growing region in
the world. Tt is heavily dependent on irrigation water drawn from
the Ogallala Aquifer.

Cotton is a thirsty crop, and as water resources get tighter
around the world, economies that rely on it face difficulties and
conflict, as well as potential environmental problems. For
example, cotton has led to desertification in areas of Uzbekistan,
where it is a major export. In the days of the Soviet Union, the
Aral Sea was tapped for agricultural irrigation, largely of cotton,
and now salination is widespread.
1.2.1.2 Competition From Synthetic Fibers S &R T H =S
The era of manufactured fibers began with the development of
Rayon in France in the 1890s. Rayon is derived from a natural
cellulose and cannot be considered synthetic, but requires
extensive processing in a manufacturing process and led the less
expensive replacement of more naturally derived materials. A
succession of new synthetic fibers were introduced by the
chemicals industry in the following decades. Acetate in fiber
form was developed in 1924, Nylon, the first fiber synthesized
entirely from petrochemicals, was introduced as a sewing thread
by DuPont in 1936, followed by Dupont’s acrylic in 1944. Some
garments were created from fabrics based on these fiBers, such
as women’s hosiery from nylon, but it was not until the
introduction of polyester into the fiber marketplace in the early
1950s that the market for cotton came under threat. The rapid

uptake of polyester garments in the 1960s caused economic
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hardship in cotton exporting economies, especially in Central
American countries such as Nicaragua where cotton production
had boomed tenfold between 1950 and 1965 with the advent of
cheap chemical pesticides. Cotton production recovered in the
19705, but crashed to pre-1960 levels in the early 1990s.

Beginning as a self-help program in the mid-1960s, the
Cotton Research & Promotion Program was organized by the
U. S. cotton producers in response to cotton’s steady decline in
market share. At that time, producers voted to set up a per-bale
assessment system to fund the program, with built-in safeguards
to protect their investments. With the passage of the Cotton
Research & Promotion Act of 1966, the program joined forces
and began battling synthetic competitors and re-establishing
markets for cotton. Today, the success of this program has made
cotton the best-selling fiber in the U. S. and one of the best-
selling fibers in the world.

Administered by the Cotton Board and conducted by Cotton
Incorporated, the Cotton Research & Promotion Program works
to greatly increase the demand for and profitability of cotton
through various research and promotion activities. It is funded
by the U. S. cotton producers and importers.
1.2.1.3 Uses i
Cotton is used to make a number of textile products. These include
terrycloth, used to make highly absorbent bath towels and robes;
denim, used to make blue jeans; chambray, popularly used in
the manufacture of blue work shirts (from which we get the term

“blue-collar”); and corduroy, seersucker, and cotton twill.

Socks, underwear, and most T-shirts are made from cotton. Bed
sheets often are made from cotton, Cotton also is used to make
yarn used in crochet and knitting, Fabric also can be made from
recycled or recovered cotton that otherwise would be thrown
away during the spinning, weaving, or cutting process. While
many fabrics are completely made of cotton, some materials
blend cotton with other fibers, including rayoh and synthetic
fibers such as polyester. It can either be used in knitted or woven
fabrics, as it can be blended with elastine to make a stretchier
thread for knitted fabrics, and things such as stretch jeans.

In addition to the textile industry, cotton is in fishnets, coffee

filters, tents, gunpowder, cotton paper, and bookbinding. The
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first Chinese paper was made of cotton fiber. Fire hoses were
once made of cotton.

Cotton linters are fine, silky fibers which adhere to the
seeds of the cotton plant after ginning. These curly fibers
typically are less than 1/8 in (3 mm) long. The term also may
apply to the longer textile fiber staple lint as well as the shorter
fuzzy fibers from some upland species. Linters are traditionally
used in the manufacture of paper and as a raw material in the
manufacture of cellulose.

Shiny cotton is a processed version of the fiber that can be
made into cloth resembling satin for shirts and suits. However,
its hydrophobic property of not easily taking up water makes it
unfit for the purpose of bath and dish towels (although examples
of these made from shiny cotton are seen).

The term Egyptian cotton refers to the extra long staple
cotton grown in Egypt and favored for the luxury and upmarket
During the U, S. Civil War, with heavy

European investments, Egyptian-grown cotton became a major

brands worldwide.

alternate source for British textile mills. Egyptian cotton is more
durable and softer than American Pima cotton, which is why it is
more expensive, Pima cotton is American cotton that is grown in
the southwestern states of the U. S,

In South Asia, cotton is widely used in mattresses, which is
the most common type of mattress used in that region.
1.2.1.4 Properties of Cotton Fibers 3 £F 4 14 R

Table 1-1. Properties of cotton fibers.,

A
LA

RIEH

BT

[from: http://en. wikipedia. org/wiki/Cotton]]

Property Evaluation
Shape Fairly uniform in width, 12— 20 micrometers; length varies from 1 cm to 6 cm
(34 10 2Y4 inches); typical length is 2.2 cm to 3.3 cm (%% to 114 inches).
Luster high

Tenacity (strength)

Dry 3.0—5.0 g/d
Wet 3.3—6.0 g/d
Resiliency low

Density 1.54—1.56 g/cm?®
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g%

Property

Evaluation

Moisture absorption

raw: conditioned 8.5%
saturation 15—25%
mercerized: conditioned 8.5—10.3%
saturation 15—27% +
Dimensional stability good

Resistance to acids
alkali

organic solvents
sunlight
microorganisms

insects

damage, weaken fibers
resistant; no harmful effects
high resistance to most

Prolonged exposure weakens {ibers.

Mildew and rot— producing bacteria damage fibers.

Silverfish damage fibers.

Thermal reactions
to heat

to flame

Decomposes after prolonged exposure to temperatures of 150°C or over.

Burns readily.

1.2.2 Flax TE Bk

Flax is native to the region extending from the eastern Mediter-
ranean to India and was probably first domesticated in the Fertile
Crescent. Flax was extensively cultivated in ancient Egypt.

Flax is an erect annual plant growing to 1. 2 m tall, with slender

stems. The leaves are glaucous green, slender lanceolate, 20-40

mm long and 3 mm broad. The flowers are pure pale blue, 15-25
mm diameter, with five petals; they can also be bright red. The
fruit is a round, dry capsule 5-9 mm diameter, containing several
glossy brown seeds shaped like an apple pip, 4-7 mm long.

In addition to refer to the plant itself, “flax” may refer to
the unspun fibers of the flax plant.
1.2.2.1 Uses W8
Flax is grown both for its seeds and for its fibers. Various parts of the
plant have been used to make fabric, dye, paper, medicines, fishing
nets, hair gels and soap. It is also grown as an ornamental plant in
gardens.
1.2.2.2 Flax Fibers IV §f 7 4

Flax fibers are amongst the oldest fiber crops in the world. The
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use of flax for the production of linen goes back 5000 years.
Pictures on tombs and temple walls at Thebes depict flowering
flax plants. The use of flax fiber in the manufacturing of cloth in
northern Europe dates back to Neolithic times. In North
America, flax was introduced by the Puritans. Currently most
flax produced in the USA and Canada are seed flax types for the
production of linseed oil or flaxseeds for human nutrition.

Flax fiber is extracted from the bast or skin of the stem of

the flax plant. Flax fiber is soft, lustrous and flexible. It is
stronger than cotton fiber but less elastic. The best grades are
used for linen fabrics such as damasks, lace and sheeting.
Coarser grades are used for the manufacturing of twine and rope.
Flax fiber is also a raw material for the high-quality paper
industry for the use of printed banknotes and rolling paper for
cigarettes. Flax mills for spinning flaxen yarn were invented by
John Kendrew and Thomas Porthouse of Darlington in 1787,
1.2.2.3 Cultivation #i{§
The linseed producing countries are Canada(~34%), China(~
25.5%) and India ( ~ 9%), though there is also significant
production in USA(~8%), Ethiopia(~3.5%) and throughout
Europe. In the United States, three states, North Dakota,
South Dakota, and Minnesota, raise nearly 100% of this plant.

The soils most suitable for flax, besides the alluvial kind,
are deep friable loams, and containing a large proportion of
organic matter. Heavy clays are unsuitable, as are soils of a
gravelly or dry sandy nature. Farming flax requires few
fertilizers or pesticides. Within six weeks of sowing, the plant
will reach 10-15 c¢m in height, and will grow several centimeters
per day under its optimal growth conditions, reaching 70-80 c¢m
within fifteen days.
1.2.2.4 Maturation 5%

Flax is harvested for fiber production after approximately 100
days, a month after the plant flowers and two weeks after the
seed capsules form. The base of the plant will begin to turn
yellow; if the plant is still green the seed will not be useful, and
the fiber will be underdeveloped. The fiber degrades once the
plant is brown.

1.2.2.5 Harvesting Methods ¥ %] 75 5%

There are two ways to harvest {lax, one involving mechanized
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