Materials Info
Nylon

Nylons are one of the most common polymers used as a fiber. Nylon is found in clothing all the time, but also in other places, in the form of a thermoplastic. Nylon's first real success came with it's use in women's stockings, in about 1940. They were a big hit, but they became hard to get, because the next year the United States entered World War II, and nylon was needed to make war materials, like parachutes and ropes. But before stockings or parachutes, the very first nylon product was a toothbrush with nylon bristles.  

Nylons are also called polyamides, because of the characteristic amide groups in the backbone chain. Proteins, such as the silk nylon was made to replace, are also polyamides. These amide groups are very polar, and can hydrogen bond with each other. Because of this, and because the nylon backbone is so regular and symmetrical, nylons are often crystalline, and make very good fibers.

More on Nylon

Nylon is a synthetic fabric made from petroleum products. It was developed in the 1930s as an alternative to silk, although it quickly became unavailable to civilian consumers, because nylon was used extensively during the war. Nylon, like many synthetics, was developed by Wallace Carothers at the Dupont Chemical company, which continues to manufacture it today. Nylon is valued for its light weight, incredible tensile strength, durability, and resistance to damage. It also takes dye easily, making nylon fabrics available in a wide array of colors for consumers.

Today, nylon is among the many polymer products in common daily use throughout the world. It is the second most used fiber in the United States, since it is so versatile and relatively easy to make. Like most petroleum products, it has a very slow decay rate, which unfortunately results in the accumulation of exhausted nylon products in landfills around the world.

Nylon is made through a chemical process called ring opening polymerization, in which a molecule with a cyclic shape is opened and flattened. Other forms of nylon are made through the chemical reaction between two monomers: adipoyl chloride and hexamethylene diamine. When stretched, nylon fibers even out, thin, and smooth until they reach a point at which they have no more give, yet are still very strong. Therefore, after nylon is extruded in a thread form, it is drawn or stretched after it cools to make long, even fibers. Before drawing, nylon has a tangled structure, which straightens out into parallel lines.

The strength of nylon comes from amide groups in its molecular chain, which bond together very well. Nylon also has a very regular shape, which makes it well suited to creating fabrics designed to stand up to intense forces. In fact, nylonwas the primary material used in parachutes and ropes during the Second World War for this reason. It is also used for bulletproof vests and other hard wearing items.

Nylon is very sensitive to heat and should be washed and dried on cool settings. Nylon can also be hung dry, and it is favored by campers because it dries very rapidly. Nylon is a flexible textile, and as a result, it appears in a wide range of applications, from clothing to climbing equipment. Depending on how it is processed, nylon can be formed into the gossamer-like threads used in stockings or into thick toothbrush bristles.

Nylon Characteristics
· Exceptionally strong
· Elastic
· Abrasion resistant
· Lustrous
· Easy to wash
· Resistant to damage from oil and many chemicals
· Can be precolored or dyed in wide range of colors
· Resilient
· Low in moisture absorbency
· Filament yarns provide smooth, soft, long-lasting fabrics
· Spun yarns lend fabrics light weight and warmth
Some Major Nylon Fiber Uses
· Apparel: Blouses, dresses, foundation garments, hosiery, lingerie, underwear, raincoats, ski apparel, windbreakers, swimwear, and cycle wear
· Home Furnishings: Bedspreads, carpets, curtains, upholstery
· Industrial and Other Uses: Tire cord, hoses, conveyer and seat belts, parachutes, racket strings, ropes and nets, sleeping bags, tarpaulins, tents, thread, monofilament fishing line, dental floss
Glass and Ceramics
Glass can be generally divided into two groups: oxide glass and non-oxide glass. The ingredients of oxide glasses include oxides (chemical compounds that include oxygen). Non-oxide glasses are made from compounds that contain no oxides, and which often instead contain sulfides or metals. Oxide glasses are much more widely used commercially.

Composition and Properties of Glass
Most glass is a mixture of silica obtained from beds of fine sand or from pulverized sandstone; an alkali to lower the melting point, usually a form of soda or, for finer glass, potash; lime as a stabilizer; and cullet (waste glass) to assist in melting the mixture. The properties of glass are varied by adding other substances, commonly in the form of oxides, e.g., lead, for brilliance and weight; boron, for thermal and electrical resistance; barium, to increase the refractive index, as in optical glass; cerium, to absorb infrared rays; metallic oxides, to impart color; and manganese, for decolorizing. The term “crystal glass,” derived from rock crystal, was at first applied to clear, highly refractive glass; it has come to denote in the trade a high-grade, colorless glass and is sometimes applied to any fine hand-blown glass.
Glass and Other Ceramics
One of the characteristic properties of a substance is its viscosity, which is a measure of its resistance to flow. Motor oils are more viscous than gasoline, for example, and the maple syrup used on pancakes is more viscous than the vegetable oils used in salad dressings. Viscosity depends on any factor that can influence the ease with which molecules slip past each other. Liquids tend to become more viscous as the molecules become larger, or as the intermolecular forces become stronger. They also become more viscous when cooled.
Imagine what would happen if you cooled a liquid until it became so viscous that it was rigid and yet it lacked any of the long-range order that characterizes the solids discussed in this chapter. You would have something known as a glass. Glasses have three characteristics that make them more closely resemble "frozen liquids" than crystalline solids. First, and foremost, there is no long-range order. Second, there are numerous empty sites or vacancies. Finally, glasses don't contain planes of atoms.

The simplest way to understand the difference between a glass and a crystalline solid is to look at the structure of glassy metals at the atomic scale. By rapidly condensing metal atoms from the gas phase, or by rapidly quenching a molten metal, it is possible to produce glassy metals that have the structure shown in the figure below
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The structure of a glassy metal on the atomic scale.

The amorphous structure of glass makes it brittle. Because glass doesn't contain planes of atoms that can slip past each other, there is no way to relieve stress. Excessive stress therefore forms a crack that starts at a point where there is a surface flaw. Particles on the surface of the crack become separated. The stress that formed the crack is now borne by particles that have fewer neighbors over which the stress can be distributed. As the crack grows, the intensity of the stress at its tip increases. This allows more bonds to break, and the crack widens until the glass breaks. Thus, if you want to cut a piece of glass, start by scoring the glass with a file to produce a scratch along which it will break when stressed.

Glass has been made for at least 6000 years, since the Egyptians coated figurines made from sand (SiO2) with sediment from the Nile river, heated these objects until the coating was molten, and then let them cool. Calcium oxide or "lime" (CaO) and sodium oxide or "soda" (Na2O) from the sediment flowed into the sand to form a glass on the surface of the figurines. Trace amounts of copper oxide (CuO) in the sediment gave rise to a random distribution of Cu2+ ions in the glass that produced a characteristic blue color.

Sand is still the most common ingredient from which glass is made. (More than 90% of the sand consumed each year is used by the glass industry.) Sand consists of an irregular network of silicon atoms held together by Si[image: image2.png]
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Si bonds. If the network was perfectly regular, each silicon atom would be surrounded by four oxygen atoms arranged toward the corner of a tetrahedron. Because each oxygen atom in this network is shared by two silicon atoms, the empirical formula of this solid would be SiO2 and the material would have the structure of quartz. In sand, however, some of the Si[image: image4.png]
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Si bridges are broken, in a random fashion.

Modifiers (or fluxes) such as Na2O and CaO are added to the sand to alter the network structure by replacing Si[image: image6.png]
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Si bonds with Si[image: image8.png]


O- Na+ or Si[image: image9.png]


O- Ca2+ bonds. This separates the SiO2tetrahedral from each other, which makes the mixture more fluid and therefore more likely to form a glass after it has been melted and then cooled. These so-called "soda-lime" glasses account for 90% of the glass produced.

Al2O3 is added to some glasses to increase their durability; MgO is added to slow down the rate at which the glass crystallizes. Replacing Na2O with B2O3 produces a borosilicate glass that expands less on heating. Adding PbO produces lead glasses that are ideally suited for high-quality optical glass.

The most common way of preparing a glass is to heat the mixture of sand and modifiers until it melts, and then cool it quickly so that it solidifies to produce a glass. If the cooling is rapid enough, the particles in the liquid state can't return to the original crystalline arrangement of the starting materials. Instead, they occupy randomly arranged lattice sites in which no planes of atoms can be identified. The result is an amorphous (literally: "without shape") material.

Ceramics
The term ceramic comes from the Greek word for pottery. It is used to describe a broad range of materials that include glass, enamel, concrete, cement, pottery, brick, porcelain, and chinaware. This class of materials is so broad that it is often easier to define ceramics as all solid materials except metals and their alloys that are made by the high-temperature processing of inorganic raw materials.

Ceramics can be either crystalline or glass-like. They can be either pure, single-phase materials or mixtures of two or more discrete substances. Most ceramics are polycrystalline materials, with abrupt changes in crystal orientation or composition across each grain in the structure. Ceramics can have electrical conductivities that resemble metals, such as ReO3 and CrO2.
Ceramics can also make excellent insulators, such as the glass-ceramics used in spark plugs.

One of the most distinctive features of ceramics is their resistance to being worked or shaped after they are fired. With certain exceptions, such as glass tubing or plate glass, they can't be sold by the foot or cut to fit on the job. Their size and shape must be decided on before they are fired and they must be replaced, rather than repaired, when they break.

The primary difference between ceramics and other materials is the chemical bonds that hold these materials together. Although they can contain covalent bonds, such as the Si[image: image10.png]
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Si linkages in glass, they are often characterized by ionic bonds between positive and negative ions. When they form crystals, the strong force of attraction between ions of opposite charge in the planes of ions make it difficult for one plane to slip past another. Ceramics are therefore brittle. They resist compression, but they are much weaker to stress applied in the form of bending.

The use of ceramics traces back to Neolithic times, when clay was first used to make bowls that were baked in campfires. Clay is formed by the weathering of rock to form shinglelike particles of alumina and silica that cling together when wet to form clay minerals, such as kaolinite, which has the formula Al4Si4O10(OH)8.

Today, ceramics play an important role in the search for materials that can resist thermal shock, act as abrasives, or have a better weight-strength ratio. Alumina ceramics are used for missile and rocket nose cones, silicon carbide (SiC) and molybdenum disilicide (MoSi2) are used in rocket nozzles, and ceramic tiles are used for thermal insulation to protect the Space Shuttle on re-entry through the Earth's atmosphere.

Ceramics made from uranium dioxide (UO2) are being used as the fuel elements for nuclear power plants. Ceramics are also used as laser materials, from the chromium-doped crystals that emit a coherent monochromatic pulse of light to the optics through which the light passes. BaTiO3 is used to make ceramic capacitors that have a very high capacitance. It is also used to make piezoelectric materials that develop an electric charge when subjected to a mechanical stress, which are the active elements of phonograph cartridges, sonar, and ultrasonic devices. Magnetic ceramics formed by mixing ZnO, FeO, MnO, NiO, BaO, or SrO with Fe2O3 are used in permanent magnets, computer memory, and telecommunications.

Fibreglass
Fibreglass is material made from extremely fine fibres of glass. It is widely used in the manufacture of insulation and textiles. It is also used as a reinforcing agent for many plastic products; the resulting composite material, properly known as glass-reinforced plastic (GRP) or glass-fibre reinforced epoxy (GRE), is also "fibreglass" in popular usage.

Glassmakers throughout history had experimented with glass fibres, but innovations such as fibreglass were only made possible with the advent of finer machine-tooling. In 1893, Edward Drummond Libbey exhibited a dress at the World Columbian Exposition incorporating glass fibres with the diameter and texture of silk fibres. What is commonly known as "fibreglass" today, however, was invented in 1938 by Russell Games Slayter of Owens-Corning as a material to be used as insulation. It is marketed under the trade name Fiberglas

Formation
Glass fibre is formed when thin strands of silica based or other formulation glass is extruded into fibres with small diameters suitable for textile processing. Glass is unlike other polymers in that it has little crystalline structure and can be considered a substance frozen in its amorphous stage. The properties of the structure of glass in its softened stage are very much like its properties when spun into fibre. One definition of glass is "an inorganic substance in a condition which is continuous with, and analogous to the liquid state of that substance, but which, as a result of a reversible change in viscosity during cooling, has attained so high a degree of viscosity and to be for all practical purposes rigid." (Loewenstein, 4)

The technique of heating and drawing glass into fine fibres has been known to exist for thousands of years; however, the concept of using these fibres for textile applications is more recent. The first commercial production of fibreglass was in 1936. In 1938, Owens-Illinois Glass Company and Corning Glass Works joined to form Owens-Corning Fiberglas Corporation. Until this time all fibreglass had been manufactured as staple. When the two companies joined together to produce and promote fibreglass, they introduced continuous filament glass fibres (Lowenstein, 2). Owens-Corning is still the major fibreglass producer in the market today.
Chemistry
The basis of textile grade glass fibres is silica, SiO2. In its pure form it exists as a polymer, (SiO2)n. It has no true melting point but softens up to 2000�C, where it starts to degrade. At 1713�C, most of the molecules can move about freely. If the glass is then cooled quickly, they will be unable to form an ordered structure (Gupta, 544). In the polymer it forms SiO4 4- groups which are arranged as a tetrahedron with the silicon atom at the centre and four oxygen atoms at the corners. These atoms then form a network bonded at the corners by sharing the oxygen atoms.

The vitreous and crystalline states of silica have similar energy levels on a molecular basis, also implying that the glassy form is extremely stable. In order to induce crystallization, it must be heated to temperatures above 1200�C for long periods of time (Loewenstein, 6).

Although pure silica is a perfectly viable glass and glass fibre, it must be worked with at very high temperatures which are a drawback unless its specific properties are needed. It is usual to introduce impurities in the form of other materials into the glass to lower its working temperature. These other materials also impart various other properties to the glass which may be beneficial in different applications. The first type of glass used was soda-lime glass or A glass. It was not very resistant to alkali. A new type, E-glass was formed that is alkali free (< 2%) and an alumino-borosilicate glass (Volf, 338). This was the first glass produced for continuous filament formation. E-glass still makes up most of the fibreglass production in the world. Its particular components may differ slightly in percentage, but must fall within a specific range. The letter E is used because it was originally for electrical applications. S-glass is a high strength formulation when tensile strength is the most important property. C-glass was developed to resist attack from chemicals, mostly acids which destroy E-glass (Volf, 340).

Since E-glass does not really melt but soften, the softening point is defined as, �the temperature at which a 0.55 � 0.77 mm diameter fibre 9.25 inches long, elongates under its own weight at 1 mm/min when suspended vertically and heated at the rate of 5�C per minute� (Lubin, 152). The strain point is where the glass has a viscosity of 10 14.5 poise. The annealing point, which is the temperature where the internal stresses are reduced to an acceptable commercial limit in 15 minutes. The viscosity at this point should be 10 13 poise (Lubin, 152).


Properties
Glass fibres are useful because of their high ratio of surface area to weight. However, the increased surface makes them much more susceptible to chemical attack. Humidity is an important factor in the tensile strength. Glass strengths are usually tested and reported of virgin fibres which have just been manufactured. Because glass has an amorphous structure, its properties are the same along the fibre and across the fibre (Gupta, 546). However, moisture is easily adsorbed. Moisture can worsen microscopic cracks and surface defects and lessen tenacity. The more the surface is scratched, the less the tenacity is (Volf, 351). The freshest, thinnest fibres are the strongest and this is thought to be due to the fact that it is easier for thinner fibres to bend. In respect to carbon fibres, glass has a higher elongation (Gupta, 546).

The viscosity of the molten glass is very important. During drawing the viscosity is relatively low. If it is too high the fibre will break during drawing. If it is too low the glass will form droplets rather than drawing.

Steel
	What is steel?

	
	There is no one material called steel, just as there is no one material called plastic. There are thousands of different kinds of steel. Steel is the general name given to a large family of alloys of iron with carbon and a variety of different elements. Even small differences in the composition of the steel can have a dramatic effect on its properties. The properties of the steel can also be modified by different mechanical and heat treatments.

	Why steel is so versatile

	
	Steel is such a versatile material because we can adjust its composition and internal structure to tailor its properties. So we can produce a steel for paperclips, a steel for bridges, thin strips of steel for razor blades and large beams for columns and skyscrapers.

In this electronic resource (e-source), we will begin by looking at the underlying structure of steel. You will see how different mechanical and heat processes can modify this structure. We will then look at some examples that illustrate how changing the composition and structure of steel can result in different properties – making the steel suitable for a particular purpose.


	Metallic bonds


		All metals are made up of a vast collection of ions that are held together by metallic bonds. A metal atom has a positive nucleus with negative electrons outside of it. In a solid, each atom loses the outermost electron, which takes part in bonding. They form a lattice of regularly spaced positive ions. Each ion has no control over its bonding electron.


	A cloud of electrons


		The outermost, bonding electrons are no longer bound to individual atoms. They are spread randomly through the lattice. They form a ‘cloud’ of electrons which are free to move through the solid. The electrons behave like a gas that is confined by the edges of the piece of metal.

The bonding electrons no longer belong to any particular metal atom. They are spread out throughout the lattice. We say that they are delocalised because they are not restricted to one part of the metal lattice.

Each positive metal ion is attracted to the negatively charged delocalised electrons. The negative electrons are in turn attracted towards the positive metal ions. It is these attractions that hold the structure together forming metallic bonds.

An analogy which may help you think about this arrangement is to imagine a series of peas embedded in a ball of candy floss. The peas represent the positive metal ions and the candy floss represents the cloud of delocalised electrons.
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	Picture 1.2 Layers of ions can slip overeach other, making a metal malleable and ductile.



	

	
	Why some metals are malleable and some are ductile

Metals are malleable. This means that they can be hammered or pressed into different shapes without breaking. They are also ductile, which means that they can be drawn out into thin wires without breaking.

In each case, we are changing the shape of the metal without cracking or breaking it. This is possible because the metallic bonds are strong but not directed between particular ions.

If we bend a piece a metal, layers of metal ions can slide over one another. This process is called slip. The metal ions that have moved can reform attractions withdelocalised electrons in their new positions. The shape of the metal has changed but the metallic bonds are still present and the material does not break.




Types and uses of steel
Steel is often classified by its carbon content: a high-carbon steel is serviceable for dies and cutting tools because of its great hardness and brittleness; low- or medium-carbon steel is used for sheeting and structural forms because of its amenability to welding and tooling. Alloy steels, now most widely used, contain one or more other elements to give them specific qualities. Aluminum steel is smooth and has a high tensile strength. Chromium steel finds wide use in automobile and airplane parts on account of its hardness, strength, and elasticity, as does the chromium-vanadium variety. Nickel steel is the most widely used of the alloys; it is nonmagnetic and has the tensile properties of high-carbon steel without the brittleness. Nickel-chromium steel possesses a shock resistant quality that makes it suitable for armor plate. Wolfram (tungsten), molybdenum, and high-manganese steel are other alloys. Stainless steel, which was developed in England, has a high tensile strength and resists abrasion and corrosion because of its high chromium content.

Kevlar
Kevlar is an extremely strong material that derives its strength from its weave. It is woven like tiny spider webs. Stephanie Kwolek and Herbert Blades created this special material in 1965 for the Dupont Company. Since then it has been used in a number of ways.

Kevlar is a special way of weaving a liquid into a solid. This is called an aramid weave. Aramid fibers tend to be difficult to corrode, resistant to heat, and have no melting point. Aramid fibers like Kevlar may be slightly corrosive if exposed tochlorine.

Because Kevlar is light, it is the premium choice for bulletproof vests. A variant of Kevlar called nomex is fireproof and may be used by fireman or people responding to disaster situations.

Kevlar has different types of weaves, and the weave that makes a fabric-like material for vests is called Kevlar 29. Kevlar29 may also be used in brake pads, or to replace asbestos. It is also is a major part of the composition of body armor.

Kevlar has two other types, Kevlar, and Kevlar 49. Kevlar may be used to replace rubber items like tires. Kevlar 49 is extremely strong and can replace the more traditional materials used for a boat hull, or be used in simple items like bicycle frames.

Currently, one of the most interesting applications of Kevlar is its use in shelters for protection against tornadoes. The material is used in a shed-like structure that can be placed in a garage. Tests show it can deflect large materials at speeds of up to 250 mph (402.32 kph). In areas with frequent tornadoes, Kevlar shelters may become the best way to protect against strong tornadoes.

Under great compression Kevlar can buckle, and in some cases, be pierced. For example, people quickly found a way to make bullets that could pierce bulletproof armor. These are illegal for sale to consumers. However, a nation’s army, to provide additional strength in ground combat, may use them.

In general, however, Kevlar offers many opportunities for protection and for replacement of materials more likely to corrode. Thus one can expect still more Kevlar products in the future.
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Gore-Tex

GORE-TEX® Manufacture
Gore-Tex is manufactured from polytetrafluoroethylene (PTFE). PTFE is made using an emulsion polymerization process with the fluorosurfactant perfluorooctanoic acid (PFOA), an environmental contaminant.

Design






Schematic diagram of a composite Gore-Tex fabric for outdoor clothing.

Gore-Tex materials are typically based on thermo-mechanically expanded polytetrafluoroethylene (PTFE) and other fluoropolymer products. They are used in a wide variety of applications such as high performance fabrics, medical implants, filter media, insulation for wires and cables, gaskets, and sealants. However, Gore-Tex is best known for its use in protective, yet breathable, rain wear.

The simplest sort of rain wear is a two layer sandwich. The outer layer is typically nylon or polyester and provides strength. The inner one ispolyurethane, aka PU, and provides water resistance, at the cost of breathability.

Early Gore-Tex fabric replaced the inner layer of PU with a thin, porous fluoropolymer membrane (Teflon) with a polyurethane coating that is bonded to a fabric, usually nylon or polyester. This membrane had about 9 billion pores per square inch (around 1.4 billion pores per square centimeter), each of which is approximately 1/20,000 the size of a water droplet, making it impenetrable to liquid water while still allowing the smaller sized water vapour molecules to pass through.

However it was found that when used in clothing the exposed Teflon membrane layer was easily damaged, as well as being compromised by exposure to the wearer's own sweat. As a result a third layer was added - a coating of PU on the inside of the fabric to protect the membrane.[1] This final design has been criticized as offering greatly reduced performance and more marketing benefits than performance ones.[2]
More recent fabrics such as eVent and Epic avoid the need for this inner PU coating[3] and have been shown to have higher breathability as a result, while still being rainproof.[4]
Other uses
Gore-Tex requires that all garments made from their material have taping over the seams, to eliminate leaks. Gore's sister product, Windstopper, is similar to Gore-Tex in being windproof and breathable, but (1) has ability to stretch and (2) is not waterproof. Gore-Tex is playing an increasing role in the conservation of illuminated manuscripts.[6] GoreTex is also used to coat long lasting instrument strings, which avoid going dull after extensive use by repelling sweat and grime from the fingers. [7]
A specially-coated form of Gore-Tex material is the key component of a new fuel cell design of hybrid cars which could make the vehicles more reliable and cheaper to build. [8]
GORE-TEX®

The great American poet Henry Wadsworth Longfellow (1807-1882) once said: "The best thing one can do when it's raining is to let it rain." If he'd lived a few decades longer, he might have come to a different conclusion. Generally, the best thing you can do nowadays when it's raining is to reach for the GORE-TEX to keep yourself dry.

GORE-TEX is an amazing breathable, waterproof textile found in high-performance clothes such as walking/hiking boots and mountain coats. Unlike ordinary synthetic textiles like nylon, GORE-TEX stops rain from getting in but lets perspiration out. So it keeps you dry on the outside and dry on the inside at the same time. Sounds remarkable, doesn it? But how exactly does it work?

Really Cooking

Suppose you're in the kitchen on a cold winter's day and you've got pans boiling away on the stove. Pretty soon, the windows are steaming up with condensation and the whole place feels like a sauna. But there's a storm outside and the rain is practically blowing sideways. What do you do? Well if you have sash windows (ones that open vertically at the top and bottom), you could open the top window just a fraction. Then the steam will drift out without the rain getting in. You'll let water out without letting rain in. Roughly speaking, GORE-TEX works the same way. It allows perspiration to escape one way through your clothes without letting rain come in the other way.

Is that some kind of magic trick? How can water flow through your clothes in only one direction? GORE-TEX isn't one simple material: it's actually a sandwich of three layers. There are two layers of nylon making up the "bread" and then a layer of microporous Teflon® (a brand name for polytetrafluoroethylene or PTFE) in between. You might know Teflon as the slippery coating on non-stick cookware. (Many people think it's a hi-tech remnant from the Apollo moon-landing program, but it was accidentally invented back in 1938 by a DuPont chemist called Roy Plunkett (1910-1994), who was trying to make a better refrigerator.) Teflon's slippery nature makes it great for waterproofing things. Some buildings, including the infamous Millennium Dome in London, are even made with gigantic Teflon roofs. Now no-one's interested in boiling an egg on top of a tent in east London; the Teflon's there to keep out the rain.

Liquid and gas

Now the Teflon in GORE-TEX isn't quite waterproof because it has tiny holes (or pores) in it. That's why it's called microporous Teflon. The pores are less than one micrometer (one millionth of a meter) in diameter—less than one fiftieth the size of a human hair. And this helps to explain why water in one form can't pass through but water in a different form can.

When you sweat, your body produces steam, which is water in the form of a gas. As you probably know, the molecules in a gas are not really joined together. They can whizz freely all over the place, which is why a gas fills whatever it's contained in. Now a water molecule is about 700 times smaller than the pores in microporous GORE-TEX, so when you sweat, the steam can easily flow from your skin, through the GORE-TEX, and out of your clothes. But water in rain is totally different from sweat. It's a liquid made up of droplets, each of which contains trillions of water molecules. A single water drop is about 20,000 times bigger than the holes in microporous GORE-TEX, so there's no way it's coming through!

That, then, is the clever little secret of GORE-TEX—one of the most amazing materials in the modern world. But you could say it's actually the clever little secret of water—perhaps the most amazing material of all time!

Velcro
1941: The beginning
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The story of the discovery of hook and loop fasteners begins with George de Mestral taking a walk through the countryside.
The Swiss engineer enjoyed hunting. One morning in 1941, while returning from the fields with his dog, he noticed how difficult it was to detach the flowers of the mountain thistle from his trousers and his dog’s fur.

Surprised at the tenacity of the flowers, he removed them carefully from his clothing so that he could observe them under a microscope. It was then that he discovered why they clung on so ardently: the flowers were covered in hundreds of tiny but strong hooks and where thus able to attach themselves to animal fur and fabric.

George de Mestral, an experienced inventor, was able to see the potential of this discovery and developed it into an idea that, with much time and effort, would become a revolutionary fastening system that never jammed, and whose simplicity and strength superseded all previous systems.

Created from the first syllables of the French words velours (loop) and crochet (hook), the VELCRO® brand name has since 1959 been given to an extensive range of products that have greatly simplified fastening and closure operations

Millions of vehicles every year are assembled with VELCRO® brand hook and loop fasteners. They simplify assembly, enhance quality and styling, and even reduce costs.

Why do automotive designers choose these rugged fasteners instead of bolts, rivets, screws, and adhesives? Here are just a few reasons:

· Reliable holding power

· Ideal for interior, exterior, underhood, and trunk

· Fewer assembly steps

· Tough and durable

· Won't rust or corrode

· Lower labor and health care costs

· Reduced scrap (misalignments are easily corrected)

· Fewer squeaks and rattles

· Improved design flexibility

· Easier parts consolidation

We provide VELCRO® brand fasteners to automotive OEMs and suppliers around the world, and support them with dedicated technical support and manufacturing facilities on four continents.

Applications

The Automotive Division offers the industry's widest range of hook and loop fasteners to solve assembly problems in different application areas:

Seating
VELCRO® brand MIGG (Mold-In Gasket Generation), DCS (Die-Cut Shapes) combined with VELCRO® brand seating loop are the cost-effective alternatives to ordinary ring-and-wire fasteners or adhesives.

Electrical systems
Wire harness sleeves with integral VELCRO® brand hook and loop help prevent wire damage during shipment and snagging in assembly pull-through, reducing costly rework and warranty claims.

Overhead systems
Headliners can be fastened easily and quickly with VELCRO® brand hook and loop touch fasteners and foam laminates.

Trunk storage
Convenient, heavy-gauge bags with integral VELCRO® brand hook and loop attachments securely hold vehicle tools and fasten directly to trunk carpeting for owner convenience.

 

