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Polymeric Biomaterials – Polymers History

The majority of biomaterials used in humans are synthetic polymers, such as the polyurethanes or Dacron (polyethylene terephthalate), rather than polymers found in nature, such as proteins or polysaccharides. Their properties - governed by their chemical composition and molecular organization - vary widely, from the soft and delicate water-absorbing hydrogels made into contact lenses (Glow or SSERC login required to access this resource which is part of the RSC The World of Carbon -> Polymers in Everyday Things -> Contact Lenses) to the resilient elastomers found in short- and long-term cardiovascular devices or the high-strength acrylics used in orthopaedics and dentistry. 

Materials science and engineering
For many years, chemists have explored the substance and structure of materials found in nature. By subjecting these natural substances to processes such as heating, new materials have been created. Scientists find and create new materials through discovery and experimentation, while engineers create new products and processes for practical applications. 

After World War II, the discovery and application of materials became less experimental and based on more scientific principles.  Wartime demands and shortages encouraged scientists to seek substitutes and materials to replace and surpass the materials that were available. Needs in the electronics, medical, communications, food, aerospace, and other industries stimulated the development on new materials. "Materials science and engineering" – a blend of scientific fundamentals and practical engineering - emerged in the 1960s reflecting this trend and the realisation that the solutions to many of the world's most challenging technological problems lay in the field of materials. The foundations of materials science are physical chemistry, polymer chemistry, and condensed matter physics. Materials engineering is concerned with material applications. While material scientists and engineers modify and create new polymers, synthesising polymers like polyethylene or polyamides, nature also produces polymers. Polysaccharides are the most common polymers on Earth, consisting of single monosaccharides based on glucose. Starch, cellulose and chitin are the best known and the most abundant.

Rubber
The History of Rubber video explains how rubber was discovered by the native people of Central America (scientists) and its uses and development over the ages. It was used initially for: games – flexible and bounces, and shoes and clothes - resistant to water and stretches.  Charles Goodyear – scientist experimenting and improved the properties of rubber (vulcanisation). John Dunlop – engineer inventing the pneumatic tyre ‘a solution to a problem’.

Background information for Polymer Histories

Cellulose (Polysaccharide)

In 1838 the French chemist Anselme Payen discovered Cellulose the most widespread polymer in nature. It is a natural polymer made of repeated units of the glucose monomer and found in the main structural part of plants. The woody parts of trees and plant leaves are also mainly cellulose. Its purest natural form is cotton. Cellulose is not soluble in water nor is it digestible by humans. It is the major constituent of textiles made from cotton, linen and other plant fibres and paper. 

Cellulose can be converted into cellophane (a thin transparent film) and rayon (an important fibre); both are identical to cellulose in chemical structure and known as "regenerated cellulose fibres". Cellulose is also used to make the water-soluble adhesives found in wallpaper paste; the thickeners and stabilisers in processed foods; and is becoming popular as an environmentally friendly material for building insulation (after treatment with boric acid to make it fire retardant). Many properties of cellulose depend on its chain length or degree of polymerization. Films and tubes manufactured from cellulose were used as membranes in artificial kidneys.  It is used with salicyclic acid to cure warts. New medical applications include a novel wound healing system and tissue engineering scaffolds.

In the 1860s, John Wesley Hyatt experimented with cellulose nitrate and became involved in devising a method for replacing ivory in the production of billiard balls. In 1869 he patented the use of collodion for billiard balls. Cellulose nitrates main use was smokeless gunpowder. In 1870 John Wesley Hyatt recognised the value of camphor as a plasticiser for cellulose nitrate and produced a modified cellulose nitrate (also known as celluloid). Celluloid was used as a film base for photographic and movie films from the late 1880s until the 1930s. However, because of its explosive nature not all applications were successful and the unstable nitrate films caused numerous fires. The billiard balls were also extremely flammable and sometimes portions of the outer shell would explode upon impact. Celluloid is highly flammable, easily decomposes and is no longer widely used. In 1887 Count Hilaire de Chardonnet devised a way of spinning solutions of cellulose nitrate into Chardonnet silk, the first synthetic fibre. Cellulose acetate created in 1900 by Henri Dreyfus is a less flammable material.

Chitin and Chitosan (Polysaccharides)

Discovered in 1811 by a professor named Bracconot who worked in the natural history department in France the polymer was isolated during a study of mushrooms. It was later found in insects as well and its name was changed to chitin. Chitin is present in the cell walls of fungi and is the fundamental substance in the exoskeletons of crustaceans, insects, and spiders. It is considered the second most abundant natural polymer in the world and is nearly identical to cellulose, except chitin has a small amount of nitrogen. 

Chitin is natural, non-toxic, non-allergenic, anti-microbial and biodegradable. It has a strong positive charge, which allows it to bind with negatively charged surfaces or materials, including metals, skin and macromolecules such as proteins. Lack of adequate manufacturing facilities and cutthroat competition from synthetic polymers restricted the commercial development of chitin. One of its first uses was in wound dressings.  Revived interest in chitin in the 1970s was encouraged by the need to make better use of shellfish shells. Composed of millions of tightly interwoven strands it is a tough and flexible glue that holds the shell together. Chitin is also used for water purification, as an additive and preservative for food, an additive in toothpaste, and in body creams and moisturisers.

Chitosan derived from chitin by chemical deacetylation was discovered by C. Roughet in 1859. Chitosan is also found in nature, for examples it is a key component in fungal cell walls. Chitosan has unique characteristics and can bind up toxic substances. Chitin in crab and shrimp shells has been used for its abilities to increase the healing of wounds and to treat burn patients. 
Polylactic acid or Polylactide (PLA)

Polylactic acid does not occur naturally. During the search for a replacement polymer for silk, Wallace Carothers and his team of chemists at DuPont, discovered polylactic acid in 1932 by heating lactic acid in a vacuum. It was abandoned until DuPont patented the process in 1952 and began to produce polylactide commercially. 

Polylactic acid is biodegradable and absorbable in the body. Due to the high cost of producing the polymer it was initially manufactured for medical grade applications, such as sutures, implants and controlled drug release. Advances in the fermentation of glucose, which forms lactic acid, has dramatically lowered the cost of production and significantly increased interest in the polymer. It is currently manufactured from renewable agricultural resources, such as corn starch, tapioca products and sugar cane. 

Polylactide exhibits many properties that are equivalent to or better than many petroleum-based plastics, which makes it suitable for a variety of applications. It is: clear and naturally glossy; resistant to moisture and grease; has flavour and odour barrier characteristics; non-volatile, nontoxic and odourless; and can be made with different mechanical properties e.g. rigid or flexible. Its products include packaging materials, fibres, films, clothing, plant pots and diapers. In 2003 Sanyo Mavic Media developed MildDisc based on polylactic acid as a replacement for polycarbonate compact discs. 

After their intended use, products made from polylactide can either be recycled, hydrolysed to convert it back to lactic acid (the monomer), or composted/biodegraded through hydrolysis and microbial action into carbon dioxide and water. Its mechanical properties and absorbability make the polymer an ideal candidate for implants in bone or soft tissue, and sutures that are absorbed by the body. The time frame for the polymer to be absorbed by the body may be as little as a few weeks to a few years and can be regulated by the manufacturing process. In the 1980’s the engineer Professor Langer and surgeon Dr Vacanti started investigating the use of polylactic acid for tissue engineering scaffolds.

Polyamide

The best-known natural polyamide fibre is silk, produced by the silkworm. According to the legend it was discovered by the Chinese princess Xi Ling Shi when a cocoon of silk dropped into her cup of tea. Silk was the most zealously guarded secret in history, with the Chinese keeping their monopoly on the production of silk for almost two thousand years. Two monks on a mission to China committed industrial espionage and brought hidden silkworms back to the Asia with them. When the United States of America’s main source of silk was restricted due to Japan's war with China, scientists directed their efforts to finding an artificial substitute. Silk is very comfortable to wear, absorbs moisture, easily dyed, retains its shape and is the strongest natural fibre. Clothes, curtains and other fabrics are made from silk. It was also one of the first materials used for sutures.

In the early 1930s Wallace Carothers and his team of chemists at DuPont were investigating synthetic fibres, searching for an alternative to silk. One promising candidate formed a strong, elastic, largely insoluble fibre with a relatively high melting temperature whose strength was similar to, and in some cases surpassed, the strengths of natural fibres. DuPont chose this material for production and nylon was born. To promote the new fibre, Du Pont showed nylon stockings at the New York World's Fair that same year. It was advertised as a wonder fibre made from “coal, air, and water”. 

During wartime nylon was used for parachutes. Nylons function best in contexts in which strength, and not flexibility, is the desired attribute. George de Mestral, inspired by cockleburs caught in his jacket invented Velcro choosing nylon fibres for the hook-and-eye system. Nylon is widely used and can be found in bullet proof vests (Kevlar), tire cord, rope, clothing, cars, and sports equipment. Medical applications include catheters, gloves and gowns. 



