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Get the most from this book


Everyone has to decide their own revision strategy, but it is essential to review your work, learn key facts and test your understanding. These Revision Notes will help you to do that in a planned way, topic by topic. You can check your progress by ticking off each section as you revise.


Track your progress


Use the revision planner on pages 4–7 to plan your revision, topic by topic. Make a note when you have:





•  revised and understood a topic



•  tested yourself



•  practised exam questions and gone online to check your answers and complete the quick quizzes.





You can also keep track of your revision by noting each topic heading in the book. You may find it helpful to add your own notes as you work through each topic.


Features to help you succeed
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Exam tips


Expert tips are given throughout the book to help you polish your exam technique in order to maximise your chances in the exam.
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Typical mistakes


The authors identify the typical mistakes candidates make and explain how you can avoid them.
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Now test yourself


These short, knowledge-based questions provide the first step in testing your learning. Answers are online.
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Definitions and key words


Key terms from the specification are highlighted in bold throughout the book.
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Exam practice


Practice exam questions are provided at the end of each part. Use them to consolidate your revision and practise your exam skills. Answers are online.
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Online


Go online to try out the extra quick quizzes at www.hoddereducation.co.uk/myrevisionnotes
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Part 1 Technical principles



1.1 Materials and their applications


Materials and applications


Choosing the right textile materials for products is complex because of the interplay between fibre, yarn, construction method and finishing processes.


The final choice of fabric will mostly be influenced by product function and the material’s physical and aesthetic properties.
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Key terms


Fibre: a fine, hair-like thread.


Yarn: a long continuous length of twisted (spun) fibres used in the construction of woven and knitted fabrics.


Finishing process: an additional process to improve the appearance and/ or performance of a fabric.


Aesthetics: the beauty or tastefulness of the look of a product, and how attractive it is to the consumer.
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Physical properties and working characteristics of textile materials





•  Tensile strength: the ability to resist breaking under tension.



•  Abrasion resistance: the ability to resist surface wear caused by rubbing contact with another material.



•  Elasticity (crease resistance): the ability to be deformed and then return to the original shape when the force is removed.



•  Absorbency: the ability to absorb and retain liquid.



•  Easy-care: the ability to maintain optimum appearance with the minimum of effort when laundering.



•  Colour fastness: the ability to retain dye during the manufacturing process and when washed or exposed to sunlight.



•  Electrostatic charge: the ability for static electricity to develop in fibres under exceptionally dry conditions.



•  Thermal insulation: the ability to trap air, preventing the transfer of heat through the material.



•  Corrosive solvent resistance: the ability to withstand attack and decay from substances such as chlorine bleach.



•  Microorganism and insect resistance: the ability to withstand attack and decay from organisms such as bacteria and moths.



•  Flammability: the ability to burn or ignite, causing fire or combustion.



•  Thermoplasticity: the ability to become pliable and mouldable when heated, enabling textures and creases to be set and retained once cooled.



•  Formability: the ability to manipulate and deform fabrics without damaging them.
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Exam tip


It is important to remember that the properties of textile materials vary depending on the fibres used and the way the fabric is constructed and finished. Ensure each of these factors is considered in relation to the product and its users when answering product analysis questions.
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Aesthetic properties of textile materials





•  Handle: evaluates how a fabric behaves, performs or feels when touched.



•  Drape: the term used to describe the way a fabric hangs under its own weight.



•  Lustre: refers to a textile material’s ability to reflect light from its surface so it appears glossy.






Classification of materials


All textile fibres are made from long-chain molecules (polymers). The main sources of fibres are natural cellulose, natural protein, manufactured (regenerated) and synthetic fibres. The combination of atoms in the polymers varies for each type of fibre, resulting in fibres from each classification having different properties.
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Key terms


Polymer: a long chain of molecules made up of fibre-forming atoms that are linked together.


Regenerated fibre: a fibre made from natural cellulose that has been chemically modified.


Synthetic fibre: a fibre made entirely from synthetic polymers based on petrochemicals.
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Material classification knowledge is needed so that the most appropriate material is selected for specific applications. Within some classifications a more in-depth knowledge of fibres is required at A-level.
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Key terms


Natural fibre: a fibre that comes from a natural cellulose (plant) or protein (animal) source.


Smart material: a material that is able to react to external stimuli or changes in its environment without human intervention.


Modern material: a material that has been developed through the invention of new or improved processes.


Microfibre: an extremely fine synthetic fibre.


Microencapsulated fibre: a microfibre that has tiny capsules containing health or cosmetic chemicals embedded into its hollow centre.


Nano-fibre: an extremely lightweight strong fibre that is less than one micron in diameter.
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Exam tip


You should know the classification of the fibres listed in this chapter and be able to sort fibres into their correct classification.
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Typical mistake


Modern materials are not smart materials! Don’t confuse the two.
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Methods for investigating and testing materials


Material testing


Material testing is used to help select the most appropriate fabric for a product. When setting up tests the process and parameters must be consistently fair.


Simple workshop tests


Flammability





•  Use precisely cut fabric samples and paper fuses.



•  Light the fuse and use a stopwatch to time how long it takes for the flame to reach the wire marker.



•  Record the time and other predetermined observations such as what happens when the flame comes into contact with the fabric.
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Crease resistance





•  The fabric is folded in half and placed between pieces of paper under the weight.



•  After placing the fabric sample on the measuring block as shown in Figure 1.1.8, leave it to recover for five minutes then calculate the distance between its two ends on the horizontal scale.



•  Record the result and repeat with other fabrics being tested.
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Shrink resistance





•  Sew coloured cross-stitches or use a permanent pen to mark an exact 10 cm square.



•  Retain a control sample and wash the remaining samples at different temperatures and levels of washing machine agitation.



•  Dry and iron the samples.



•  Work out the percentage shrinkage, for example:
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Key term


Control: a sample that is untreated or unchanged.
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Colour fastness


The most important factors affecting colour fastness are washing and exposure to sunlight.





•  Workshop tests can replicate industrial tests for wash fastness. Samples are sewn onto white fabric and washed for a predetermined time at an agreed temperature. The dried samples are compared to a control sample and the white fabric is checked for staining.



•  Reliable workshop testing for light fastness in fabrics is impossible. A prolonged period of time is needed and light intensity cannot be controlled in the same way as in a laboratory.
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Strength



A test for fabric strength is also difficult to replicate in a workshop. It is impossible to achieve the large forces needed to break a fabric using basic tools and equipment. However, some observations can be recorded using a simple test.





•  Prepare same-sized samples.



•  Make a small cut at the warp, weft and bias edges.



•  Tear the samples along the cut to see which tears easily and which fabric requires more force.





Pilling


Pilling is the formation of little balls of fibres (pills) on the surface of a fabric as a result of wear and friction. It occurs when weak fibres from blended staple yarns are pushed out and held on the surface by the stronger fibres. A simple abrasion test can be done to assess pilling.





•  Fabric samples are stapled onto a wooden block.



•  Glass paper is stapled onto a smaller wooden block.



•  The glass paper block is rubbed over the surface of the fabric to simulate wear.



•  The number of passes required for pills to start forming on the surface of the fabric is recorded.
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Industrial tests (A-level only)


Industrial tests are an important way of ensuring a product complies with the designer’s specifications, and include the manufacturer’s quality control checks and quality assurance standards. For example, a product displaying a BSI Kitemark (see Chapter 1.9, page 76) gives an assurance to consumers that the product is safe and meets agreed product performance codes.


Industrial tests are usually carried out in laboratories in controlled conditions using specialist-testing machinery and standardised test pieces of materials.
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Key terms


Quality control (QC): checking the product during the production run to test it against the specification.


Quality assurance (QA): the planning of procedures and policies that ensure good-quality products.


Performance codes: the technical requirements for a product, material or process to be fit for its intended purpose.
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Flammability


Industrial test 1: minimum flame application time to cause ignition





•  The prepared fabric sample is held vertically in a metal frame.



•  A small flame from a Bunsen burner is applied for two seconds, then three, four, six, eight and ten seconds until it catches fire.



•  The test is complete if the fabric burns for more than one second.



•  The time and any other predetermined observations are recorded.





Industrial test 2: flame spread and flame behaviour





•  This test is used on fabrics that have low flammability.



•  A small flame is applied to a prepared fabric sample and removed after ten seconds.



•  The duration of the flame and afterglow are timed and any debris is recorded.



•  The size of the hole burned into the fabric is measured and recorded.






Industrial test 3: rate of flame spread






•  A large sample of fabric is placed in a metal frame.



•  Cotton trip threads, attached to timers, are placed horizontally.



•  A small flame is applied and then removed after ten seconds.



•  As each cotton trip thread is burnt through, its timer will stop, showing the burn distance and allowing the burning rate to be calculated.





Crease resistance





•  Standard test pieces are cut from wrinkle-free fabric.



•  Samples are kept in standard room conditions to ensure the fabric temperature and humidity is identical.



•  A sample is folded in half and compressed under a load for a specified time.



•  The load is removed and one end of the creased sample is clamped onto the instrument. The other end is allowed to fall free.



•  The dial of the instrument is rotated to keep the free edge of the sample in line with the knife edge.



•  At the end of the time allowed for recovery, the recovery angle is recorded from the engraved scale.



•  The larger the angle of recovery the better the crease resistance.
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Shrink resistance





•  The fabric sample is overlocked to prevent fraying.



•  Permanent ink is used to mark precise reference points on the fabric.



•  The prepared fabric samples are washed with pieces of polyester fabric to replicate a normal wash load.



•  The samples are dried using all available options.



•  If the results of re-measuring between the reference points show a change has occurred, the formula used in the workshop test is applied to calculate the percentage change.



•  Fabric shrinkage is shown as a negative percentage. Fabric stretch, as a result of the test, is shown as a positive percentage.
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Colour fastness


Industrial test 1: wash fastness





•  Samples are cut to an agreed size.



•  Each sample is secured in a white fabric ‘envelope’ and washed for a set time at an agreed temperature.



•  The dried samples are compared to the control sample. Changes in colour and the staining of the ‘envelope’ fabric are assessed using grey scales. The best grade is 5 and the worst grade is 1.
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Industrial test 2: wash fastness





•  Samples are cut to an agreed size.



•  A multi-fibre swatch is sewn to the sample.
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Key terms


Colour fastness: the ability of a fibre or fabric to retain dye fastness during manufacturing processes and when washed or exposed to sunlight.


Multi-fibre swatch: a narrow band of woven fabric containing separate segments of acetate, cotton, nylon, polyester, acrylic and wool fibres. It is used to demonstrate the uptake of dye staining when washing different types of fabric.
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•  Accelerated washing (replicates five or more home washes) is performed in canisters placed in a machine called a launderometer.



•  Grey scale cards and the control sample are used to evaluate changes in shade, and the extent of the staining on different fibres is recorded.
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Key terms


Grey scale cards: used to show differences in colour intensity when comparing control samples with samples exposed to washing and UV light.


Xenon arc lamp: produces a bright white light that closely mimics natural sunlight.


Raveled fabric: fabric that has yarn teased or drawn out from its cut edges giving it a frayed appearance.
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Industrial test 3: light fastness





•  Samples are cut to an agreed size.



•  Two-thirds of each sample is enclosed in an opaque cover.



•  The uncovered area of the sample is exposed to intense artificial light generated by a Xenon arc lamp. The light is filtered to replicate the accelerated intensity of natural daylight through glass.



•  The area of the exposed sample is compared with the covered part using grey scale cards.





Strength


Strip test: tensile strength test for woven fabrics





•  Rectangular fabric samples are cut in a direction parallel to the warp and weft.



•  To ensure all yarns in the sample run along its entire length, the width of each sample is reduced to 5 cm by raveling (removing) yarn from both edges.



•  The sample is stretched, and the distance travelled is plotted, giving information on extensibility, yield point, maximum load and final breaking point.



•  The test is repeated with samples cut in the warp and weft directions.



•  Non-woven fabrics are tested for strength in the same way using a strip of fabric that can be cut in any direction as non-woven fabrics have no straight grain.
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Bursting test: strength test for knitted fabrics





•  A circle of knitted fabric is clamped over a rubber diaphragm.



•  Air or water is pumped under pressure into a chamber below the sample fabric and rubber diaphragm.



•  The pressure is applied radially and is increased until the knitted fabric ruptures (bursts).



•  The pressure needed to rupture the fabric is called its ‘bursting strength’.
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Pilling



A Martindale machine tests for abrasion and pilling.





•  Circular samples of the test fabrics are clamped onto one of the machine’s four discs and a weight is put onto each disc.



•  The test samples are rubbed against an abrasive fabric.



•  The machine controls and records the number of rubbing cycles.



•  The test samples are examined at regular intervals for the presence of wear leading to pilling.



•  On completion, the samples are compared, in a light box, with the control sample
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Exam tip


Be able to state the purpose of named fabric tests and describe how each test is carried out fairly. List the differences between workshop and industrial tests.
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Typical mistake


Don’t describe an industrial testing method when a workshop testing method is asked for and remember to explain how the test results are interpreted.
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Now test yourself





1  Place each fibre listed below in the correct column of the table. You should use each fibre once only.
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2  Inorganic fibres are an example of which classification?



3  How do new generation lyocell fibres differ from regenerated fibres?



4  Define what is meant by the term ‘smart material’ and name two different smart materials.



5  Describe the key difference between simple workshop tests and industrial tests.



6  Explain how material tests can be made fair.



7  How is percentage shrinkage in a fabric calculated?



8  Use notes and diagrams to describe how a workshop test for pilling can be set up to mimic a Martindale machine.



9  Why are non-woven fabrics just cut and not raveled when preparing fabric samples for the tensile strength strip test?
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1.2 Performance characteristics of materials



Performance characteristics of fibres


The properties of fibres vary according to their source, internal structure and physical shape.


Natural plant/cellulose fibres


Cotton


Cotton is the most widely used natural plant/cellulose fibre. It comes from the seed fibre found in the cotton bolls of the cotton plant.
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Key terms


Elasticity/extensibility: the measure of how much a fabric will stretch and extend.


Handle: how a fabric feels when touched.
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	Table 1.2.1 Properties/characteristics of cotton and its uses







	Properties/characteristics

	Examples

	Uses






	Naturally breathable, conducts heat away from the body.

Very absorbent.


Non-static as moisture is present.


Good strength due to its natural twist.


Very little elasticity, creases easily.


Highly flammable.


Poor insulator.


Comfortable and soft handle.


Damaged by mildew and prolonged sunlight exposure.


Biodegradable.



	Calico, terry towelling, muslin, flannel, voile, winceyette, chambray, poplin, denim, drill, gingham, madras, seersucker, corduroy, velvet, knitted jersey, velour

	Apparel fabrics: shirts, dresses, jeans, underwear, socks, uniforms.

Home textiles: towels, sheeting, curtains, soft furnishings, throws.


Commercial textiles: medical dressings, nappies, sewing threads, ropes, filters.


Leisure textiles: tents, awnings, boat sails, bags, sportswear.


Blended and mixed, usually with polyester, wool and elastane.









Cotton fibre production (A-level only)





•  Cotton grows in a boll around the seeds of cotton plants.



•  Harvesting is carried out by hand or using a picking machine.



•  The fibres are separated from the seeds using a process called ginning.



•  Mechanical purification is used to remove foreign matter.



•  The fibres are scoured to remove the natural wax coating from the surface of the fibres.



•  The processed cotton fibres are spun into staple fibre yarns.
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Linen


Linen is one of the most expensive natural fibres. It is labour-intensive to produce so is produced in small quantities. Linen comes from the bast fibre of the flax plant stem.






	Table 1.2.2 Properties/characteristics of linen and its uses







	Properties/characteristics

	Examples

	Uses






	Highly absorbent, naturally breathable.

Very strong due to the longer length of the staple fibres.


Poor elasticity, creases easily.


Highly flammable.


Poor insulator.


Flat surface reflects light, so it has a subtle lustre.


Poor drape and stiff handle.


Damaged by mildew, sweat and bleach.


Biodegradable.



	Crash, duck, huckaback, interlining, Holland, union (half linen – fabric has cotton warp yarns and linen weft)

	Apparel fabrics: summer or tropical garments.

Home textiles: tablecloths, dish towels, bed sheets, curtains.


Commercial textiles: lace, trimmings, ropes, tarpaulins, sewing thread.


Leisure textiles: awnings, art canvases.


Blended and mixed, usually with cotton.









Linen fibre production (A-level only)





•  The fibres are loosened from the flax plant stems using a process called retting.



•  The retted stems are crushed in a process called scotching to separate the fibres from the woody outer bark.



•  The fibres are heckled (combed) to remove the short fibres, leaving the long fibres.



•  The processed linen fibres are spun into staple yarn.
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Key terms


Lustre: a natural sheen that gives shine to a fibre.


Drape: the way a fabric hangs or falls.
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Ramie


Ramie is one of the oldest natural fibres. The high cost of fibre extraction and production reduces its competitiveness, however consumer demand for sustainable fibres is leading to increased use.


Ramie fibres can be harvested from the same plant up to three times a year, making it a highly sustainable fibre source.






	Table 1.2.3 Properties/characteristics of ramie and its uses







	Properties/characteristics

	Examples

	Uses






	Good absorbency, breathable.

Keeps it shape and does not shrink.


Harder to dye than cotton.


Naturally white in colour.


Has good strength.


Poor elasticity, creases easily.


Highly flammable.


Poor insulator, cool to wear.


Smooth lustrous appearance.


Stiff and brittle handle.


Resistant to mildew, light and insect attack.


Biodegradable.



	Ramie

	Apparel fabrics: lightweight summer use.

Home textiles: table linens, dish cloths.


Commercial textiles: ribbon, sewing thread, sacks, twine and cord.


Mostly blended with cotton, wool, polyester or acrylic.










Ramie fibre production (A-level only)






•  The stems are harvested by cutting above the root.



•  A laborious process of decortication (scraping and pounding) is used to remove the bark of the stem.



•  The raw fibres are washed, dried and degummed using chemicals to extract the spinnable fibre.



•  The processed ramie fibres are spun into staple yarn.
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Natural animal/protein fibres


Wool


Wool comes from the fleece of a sheep. Wool fibres are classed according to their fineness, length, crimp and the breed of sheep they come from. They are staple fibres made from long chains of protein molecules.
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	Table 1.2.4 Properties/characteristics of wool and its uses







	Properties/characteristics

	Examples

	Uses






	Water repellent and excellent moisture absorption.

Anti-static as moisture is always present.


Heat, moisture and mechanical action shrink and felt the fibres, making wool difficult to care for.



	Worsted, baize, flannel, jersey, tweed, serge, fleece, tartan

	Apparel fabrics: coats, suits, trousers, sweaters, hats, scarves, gloves, socks.

Home textiles: blankets, carpets.


Commercial textiles: loft insulation, noise insulation.


Leisure textiles: horse rugs, athletic and leisure wear.








	Adequate strength but not very durable.

High natural fire resistance, self-extinguishes if set alight.


Excellent elasticity, the natural crimp provides ‘springiness’, enabling creases to fall out.


Good insulation/thermal qualities.


No lustre because the fibres are not smooth.


Origin, fineness and length of fibre determine the handle of wool fabrics. Wool can be soft or itchy.


Biodegradable.



	 

	Blended and mixed usually with cotton, silk, polyester, acrylic and other animal hair fibres.

Sportwool is a mix of merino wool and polyester fibres. The wool draws moisture away from the body, which is wicked away by the polyester, keeping the wearer cool.









Wool fibre production (A-level only)





•  Shearing: the sheep’s fleece is removed by hand typically once a year.



•  Sorting: the longer fibres are separated from the shorter fibres. The longer fibres are processed through the worsted system to make high-end products such as suits. The shorter fibres are processed through the woollen system to make products such as blankets and sweaters.



•  Carbonising and scouring: carbonising is a chemical process that removes vegetable matter such as seeds and grass. Scouring is a mechanical process that washes the fibres to remove the lanolin and dirt.



•  Carding: disentangles clumps of fibres, aligns them parallel to one another in a web, which is then condensed into a continuous strand of fibres called a sliver. The sliver is processed further using a roving machine to compact and hold the fibres closer together, minimising the chance of breakage during spinning.



•  Spinning: The rovings are fed into a mechanised spinning machine and a predetermined amount of twist is applied. The yarn is re-wound onto suitable packages for knitting or weaving.
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Animal hair (A-level only)



Luxurious animal fibres are expensive due to limited supply. They include:





•  cashmere, from the undercoat of cashmere goats



•  mohair, from angora goats



•  angora, from angora rabbits.









	Table 1.2.5 Properties/characteristics of animal hair and its uses







	Properties/characteristics

	Examples

	Uses






	Hair fibres have similar qualities to wool fibres:




•  naturally fire resistant



•  very good thermal insulators



•  soft, luxurious handle and appearance



•  biodegradable.






	Cashmere fibres are very soft, lightweight, lustrous and three times more insulating than wool.

Mohair fibres are long, lightly curled and have a silky lustre. They are naturally elastic, crease resistant and dye well.


Angora fibres are very fine and lightweight. A hollow core makes the fibres very good at absorbing moisture vapour.



	Apparel fabrics: luxury coats, suits, knitwear, shawls.

Home textiles: luxury interior textiles.


Can be used alone or blended with wool to reduce the cost.









Animal hair fibre production (A-level only)





•  In the case of cashmere and angora, the fibres need to be washed and de-haired to remove the coarse guard hairs before being spun into yarn.



•  Angora goats are shorn twice a year to collect the mohair fibres. The fibres are processed in a similar way to wool fibres but extra care is taken to try and keep the delicate fibres clean and free of debris.



•  A wide range of animal hair fibres is used in the textile industry. Other examples include camel, alpaca, vicuna and horsehair.





Silk


Cultivated silk comes from the cocoon of the Bombyx mori silkworm. Vegans and animal rights activists consider cultivated silk production to be unethical as in commercial production, the moth is killed before it can emerge and damage the cocoon breaking the filament fibre.


Production of wild silk is on a smaller scale than cultivated silk. Wild silk comes from the cocoon of other species, for example the tussah silkworm. It is harvested after the moth has left the cocoon. The cocoons differ in colour and have a natural slub texture in the filament. Wild silks tend to be more difficult to unravel as the cocoon has been damaged.
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	Table 1.2.6 Properties/characteristics of silk and its uses







	Properties/characteristics

	Examples

	Uses






	Excellent tensile strength due to the long continuous length of the fibre.

Very absorbent.


Anti-static as moisture is always present.


Weak when wet, so is hard to care for.


Extensible and elastic.


Does not burn easily, self-extinguishes.



	Bourette, chiffon, crêpe, crêpe de Chine, duchesse, habutai, organza, pongee, satin crêpe, taffeta, wild silk (tussah, Honan, shantung)

	Apparel fabrics: formal wear, ties, blouses, lingerie, scarves.

Home textiles:soft furnishings, bed sheets, wall hangings.


Commercial textiles: surgical sutures, sewing and embroidery threads, ribbons.


Blended as a staple fibre with wool.








	
Cool and warm.

Naturally lustrous.


Pleasant handle and comfortable to wear.


Has fluidity and drapes well.


Weakened if exposed to sunlight and sweat.


Biodegradable.



	 

	 







Silk fibre production (A-level only)





•  The silkworm produces the fibre when it pupates. Two filaments of silk fluid are extruded from spinnerets below the silkworm’s mouth. Sericin (silk gum) coats the filaments and holds them together to produce a single filament fibre which, when wound around the body of the silkworm, creates a cocoon.



•  To extract the fibre, cocoons are degummed by soaking them in boiling water. This kills the moths and softens the sericin.



•  The long continuous fibre is unwound (reeled) from the cocoon and is spun with three to ten silk fibres to form a filament yarn.
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Key term


Solvent: a chemical substance used to dissolve or dilute other substances or materials.
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Manufactured regenerated fibres


Manufactured regenerated fibres are made from natural cellulose that has been chemically modified (see Figure 1.2.7). Other examples of manufactured regenerated fibres include cupro, alginate and rubber.
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	Table 1.2.7 The common properties/characteristics of regenerated fibres and their uses
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