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Preface
‘My home lies wherever the beacon of France shines, wherever her ingenuity bursts forth before dazzled eyes! Everyone belongs to the climate of their intelligence; I am a fellow citizen of any soul who thinks: truth is my country,’ wrote Alphonse de Larmartine.
He said everything there is to say.
It is crucial that we judge certain industries, which are in reality the pride of France, in a measured way to ensure we are not swept away by negative, romantic, hysterical or unfounded ideologies. This holds true in all fields. Critics should always base their opinions on accurate knowledge of the subject they are investigating or questioning. This is all the more important at a time when science itself is being rejected by a new and dangerous source of information: social networks, which are not always scientifically reliable. And they have plastic in their sights!
What I found most interesting in this book, was the history of plastics. It was a fascinating experience to revisit the tale of the formidable industrial revival that has marked our century; an industrial and social revival strengthened by the contributions of great French scientists.
This book invites us to rethink and re-read so that we can know and understand the plastics industry and the considerable progress and major advantages it brings us every day. For over 100 years, plastic has been our day-to-day ally: wellie boots covered in mud, poo bags tucked in dog owners’ pockets, washing-up gloves, car and bicycle covers, binbags, credit cards and more. During the Covid epidemic, plastic equated to safety, health and well-being. The list is long.
Nonetheless, how can we fail to be moved by fish suffocating after swallowing plastic rubbish dumped in the sea? How can we bear to see our coastlines and beaches littered with detritus that washes in with every high tide? How can we face up to the current climate ‘emergency’, which is now demanding we react rather than act? French environmental policy over recent years has seemed more chaotic than sustainable. But how could it have been otherwise when alarm bells are ringing, telling us to correct the illogical behaviours anchored in our daily habits that have led to this situation?
And all of this, while avoiding blaming the people.
Should we condemn the product? Or its poor end-of-life? Can the people of France alone save the planet? And if so, at what price? In short, should we give in to the denouncers of the ‘Green Obscurantism’ Yves Roucaute discussed.
It is interesting to read intelligent arguments here, alongside a clear definition of the subject and an unblushingly examination of our errors and poor decisions. But this book also deplores the injustices inherent to the available solutions and the blinkers of ideology, while nonetheless managing to remain encouraging, positive and pragmatic.
Yes, work is needed. We must endeavour to educate and encourage our scientists, strive to save our industries, labour to convince people, toil to find evermore sustainable solutions, and work together to escape the rut we are currently stuck in, get back on track and honour our commitments to Brussels. Let no corners be cut, unless we wish to see our industries exiled to countries who import the progress they have been unable to create themselves.
All the faults of our society can be discerned in plastic bashing: waste, ignorance, the denigration of science, criticism from the sidelines, the impact of fashionable trends, and political misrepresentation. Rather than pillorying those who are accused of greenwashing whenever they make the slightest effort, let us educate ourselves, buy more intelligently, keep up with research, be proud of our industry, and beware of plastic bashing, because, by definition, ‘bashing’, is unfounded and meaningless.

Sophie de Menthon



  
    Foreward

    
      For many years, the deliberate and organised destruction of the French plastics industry in its broadest sense has been the rule of the day, leading to mass factory closures. France now imports products we no longer know how to produce. We are, however, capable of getting others to make them for us, while we cross our fingers and hope that our specifications have been respected (on working conditions, traceability, and composition etc.). Our memories of the shortfall in (plastic) masks, during the COVID-19 epidemic are now forgotten. What continues to loom large, however, is France’s 2022 commercial deficit of nearly €164 billion (€85 billion in 2021), which sadly broke records. The economist Marc Touati tells us this figure is a painful wake-up call, alerting us to what is to come.

      Ever since 2018, the French plastics industry has been subjected to an exceptional level of bashing from the media. The scale of the attack was unprecedented in any other sector, except perhaps the nuclear industry, which took a bashing for much longer with clearly visible consequences. (The French exception on the march!). As a consequence, French industry no longer attracts sufficient talent, half-empty professional high school courses are being scrapped because they are not ‘cost-effective’, and companies are refusing orders because they do not have the staff to fulfil them, and so on.

      However, ‘evil’ plastic is still found almost everywhere. And for very good reason: it is very difficult, even impossible, to find substitutes that offer even similar levels of quality and performance. We cannot live without plastic! Even the signatories of a hostile opinion piece in the French newspaper Le Monde on October 28, 2022 admitted as much. In fact, their piece was eloquently entitled, ‘Today, without plastic humans cannot travel, or feed, house, and heal themselves.’

      Meanwhile, the plastics and composite materials sector boasts global growth prospects that would turn a good many other industries green with envy. Any industry that epitomises economic growth to this extent will find the apostles of degrowth politics amongst its leading adversaries. Degrowth is a formidable ideology, supported by associations, pseudo-specialists in plastics, and politicians. All of these opponents have joined forces to slowly suffocate the French plastics industry, which, around twenty years ago (before 2018), ranked second in Europe for the production of plastics with almost 4,000 companies. Today, it stands in third place with 3,000 companies—proof of how effective anti-plastic communications have been, despite relying on arguments that sometimes border on the ridiculous! Meanwhile, certain companies in the sector and some of the professional lobbies tasked with defending the industry in France are changing their names to carefully remove the words ‘plastics’ and ‘plastics processes’. This is probably to adhere to the fashionable green movements of our times, but it seems to be sounding a death knell for the industry.

      Plastic bashing is one aspect of this quasi-fundamentalist environmentalism, whose beliefs are a dogma prohibiting any discussion or reasoned or scientific debate. The dogmatic approach, which was belatedly but happily shattered by reality in the case of the French nuclear industry, has now turned its full force on plastics. Although the European Union (EU) and the United Nations (UN) are aware of the tragic environmental consequences of the unavoidable global issue of plastic pollution and abandoned plastic waste, and those responsible have chosen to strive for a genuine circular economy for plastics, France has taken the easy option of blindly and ineffectively banning plastic, thereby discouraging manufacturers from investing. France’s chosen path is devoid of hope, devoid of industrial vision, and utterly disconnected with events beyond French borders. All it has to offer is the illusion of some pseudo-benefits at the ballot box.

      How many guilt-inducing books and interviews have been published for the French, and only the French, about their use of plastic? Countless numbers. How many books in France provide a factual defence of the plastics industry and denounce plans for the sector’s deindustrialisation—an inevitable byproduct if there is no collective reality check very soon? France cannot continue for much longer to pretend to ignore its daily needs for plastic, while the whole world is investing in the industry.

      Insanity, as Einstein told us, is doing the same thing over and over and expecting different results. Destroying the French plastics industry will only benefit foreign manufacturers, who are already rubbing their hands in glee at the thought of picking up great swathes of the French market. There is, however, another path: an alternative to the dead-end defined by French laws and decrees; a path that is environmentally and economically virtuous and realistic. This book aims to describe it. The benefits of plastic are so great, so obvious, and so evident in almost every moment of our individual and community lives, that restating them seems almost redundant. However, since the advantages plastic offer are usually drowned out by the multitude of calls to sanction, punish, and ban the substance, it is appropriate that we revisit the definition, innovations, and potential of our indispensable ally.
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The art of adapting over time and finding new practical applications


‘He who knows not from whence he came from, cannot know where he is going, because he does not know where he is. In this way, the past is the launch pad to the future,’ said the Imperial Chancellor of the German Empire, Otto von Bismarck (1815-1898).

 

Through most of the objects we touch and use every day, plastic tells a story of progress and innovation, while also embodying the dilemmas of our era. The economic war we are caught up in, which is disguised as an ideological fight against plastic, makes it crucial that we examine the history and origins of plastic, and revisit the remarkable American and European scientists, including too-often forgotten French scientists, who contributed to the industrial saga. The following section therefore focuses on the realities of today’s and tomorrow’s world: a world that needs and will need plastics.


Plain speaking about plastics

In his text, On Modern Art, the German painter Paul Klee said, ‘Art does not produce the visible; it makes visible.’1 This statement is equally true of ‘plastic’, both as a material and as a property. What exactly is plastic? It seems crucial that we define it today, or that we define it better. After all, the best way to grasp a complex issue is surely to create a sufficiently clear and precise idea as a starting point.

The fourth edition of the Académy Française’s French dictionary (1762) defines plastic as, ‘ce qui a la puissance de former’ (that which has the power to shape’). The Larousse dictionary tells us that the word plastique (plastic) derives from the Latin, plasticus, and the Greek plastikos, which is defined as, ‘any substance that can be put into use through modelling or moulding’. It goes on to give an example, which may seem counter-intuitive at first glance, that ‘clay is plastic’. It is, therefore, perfectly logical that drawing, painting and sculpture, for example, are known and taught as ‘plastic arts’.

The artwork Spirit Catcher and Lumen-less Lantern, exhibited by the American sculptor Willie Cole in March 2023, perfectly encapsulates the paradox of plastic, which embodies two ideals: saviour and sinner. The installation consists of two gigantic lights, each made of three thousand plastic bottles that realistically imitate crystal. The artwork conveys two messages. Firstly, it denounces the water crisis in the city of Newark (local tap water had been contaminated by lead piping making it dangerous to drink, and forcing local authorities to distribute water in thousands of plastic bottles to the local population). Secondly, it questions society about the future of these used bottles (no local recycling solution was available and the bottles would have ended up in landfill or the environment if Willie Cole had not collected them from residents). The piece thereby sheds light on the plastic’s shameful end of life.2

At Christmas, in 2023, another initiative saw nearly three thousand used plastic bottles repurposed in the city of Bordeaux as a substitute for the traditional Christmas tree. Its message was that we should support re-foresting and use plastic as a solution. Why not?3

Today, plastic is a political, social, and environmental communications tool. It is even used in teaching! ‘Recycler en s’amusant’ (recycle while having fun) is the name of an association I went to meet in April 2023 at a plastics event organised by Léko, a young, dynamic green household packaging organisation. The association organises creative recycling workshops in schools for children and people with disabilities. It has chosen a highly appropriate slogan in a famous quote from Lavoisier, ‘Nothing is lost, nothing is created, everything is transformed.’ It is a far cry from the anti-plastic diatribes and propaganda directed at young people by some organisations which denounce recycling. Instead, the association is raising environmental awareness in school settings. Its approach involves taking apparently undesirable objects, especially plastic caps, and recycling them into attractive artistic objects.

However, the word ‘plastic’ is not only used to celebrate the creation of inert objects; it can also refer to the living world. Before the word became so scorned by certain people, it was sometimes used in French to pay a compliment about someone’s appearance. People used to say, ‘Elle ou il a une plastique’ (she or he has a good figure).

Aesthetic surgery is also known as ‘plastic surgery’ thanks to operations such as rhinoplasties (nose) and blepharoplasties (eyelids). American television presenter, Joan Rivers, primarily renowned for her caustic humour, summed up plastic surgery perfectly, when she said, ‘I've had so much plastic surgery, when I die, they will donate my body to Tupperware.’4

Although the term, ‘plastic’ does have scientific and chemical connotations, it is above all a synonym for freedom, signalling that something that is available ‘for creation’. Plastic epitomises this freedom like no other material—plastic truly unifies and embodies this creative field of possibilities.

While plastic may sometimes imitate life; the first plastics were also derived from lifeforms.





The plasticity of nature, looking through our ancestors’ eyes

Today, many people think that disposable goods are a modern byproduct of our greedy consumer society. Disposable goods, waste, and materials with plastic properties are equated to modernity and assumed to be responsible for all evils. However, we know that three thousand years ago the Minoan civilisation on Crete was already using single-use cups. Not needing to wash the dishes was a sign of wealth, and thousands of disposable cups have been discovered in Crete during archaeological digs. The finds were exhibited at the British Museum at the end of 2019. The museum’s curator, Julia Farley, pointed out, quite rightly, that, ‘Human beings have always produced rubbish. Making some rubbish is an unavoidable by-product of being human. We are tool-using animals. We wear clothes. Nothing lasts forever. It’s in the very nature of our existence that we make rubbish.5’

The ancient disposable cups found in Crete were made of clay, a natural material that was readily available and cheap at the time. Even back then, chemical reactions using water and high-temperature firing were required before the plasticity of the material could be fully exploited.

Another example of the ancient use of plastics was discovered along with ‘the iceman’, also known as Ötzi, a mummified body found by chance in the Ötztal Alps (hence the name) in 1991. The body was buried with one of the oldest, if not the oldest, plastic material of natural origins: a very strong birch-paste glue used to fix a flint to a handle to make a weapon. The glue was nearly five thousand three hundred years old.6

A little later, when Christopher Columbus ‘discovered’ the Americas on his second voyage (1493-1496), he noticed the indigenous people of Haiti playing with rubber balls. The balls were made from latex, a natural resin with elastic properties which came from a ‘weeping’ tree: the rubber tree Hevea brasiliensis. Sun-worshipping pre-Columbian civilisations, such as the Mayas, therefore, indulged in a sacred ball game over four thousand years ago. As the Mexican scientist Claudio Obregòn explains the ‘pelota ball game’ was a ritual sport. The pelota (ball) was made of rubber and represented the sun or Venus, depending on interpretations.

Despite its long history, it was ultimately two Frenchmen who brought industrial rubber to the rest of the world. On his return from South American in 1736, the scholar and explorer, Charles Marie de La Condamine (1701-1774)7, presented the ‘new’ resin and its interesting properties to the Académie des sciences de Paris (Science Academy of Paris), thereby raising scientific and particularly industrial interest. The astronomer and engineer François Fresneau de La Gataudière (1703-1770) then voyaged to Cayenne to study the rubber tree, returning in 1748.8 He wrote a memoire, which La Condamine published in 1751, and that is how natural rubber ultimately came to be commercialised in Europe.

Similarly, in ancient times casein, gelatine and albumen were widely used in Egypt, China and the ancient Roman Empire as binders in paint or when making furniture.

This begs the question: From the 19th century on, why did humanity transition away from exclusively exploiting natural resources and move on to using new synthetic or semi-synthetic polymers? And the answer to the question is that economic logic brought environmentalism to its senses!





Plastic, animals say thank you!

Shocking images with stunning media success have repeatedly sold us the idea that thousands of turtles are killed every year, suffocated by plastic bags. Vociferous plastic bashers, however, usually conveniently forget to mention some of the reasons why semi-synthetic plastics, and later synthetic plastics, gradually came to replace natural polymers—which were not always quite so ‘natural’ in origin themselves.

Plastic itself contributed to changing uses during the economic boom of the 19th century. Hence, the industrial revolution was also a revolution in plastics and composite materials.

Let us take elephants as an example. Elephant ivory was once the raw material of reference for producing billiard balls (as well as many other products, such as the pommels of walking canes, buttons, piano keys, dominos, and chess pieces). When the famous Union blockade made importing ivory so difficult during the American civil war, the need for an alternative grew increasingly pressing. And what better motivation than a financial incentive in the form of a prize? In 1863, an award of 10,000 US dollars (the equivalent of 240,000 US dollars today after inflation) was offered to anyone who could find a solution. The money was put up by the great billiards expert Michael Phelan (1819-1871), director of the Phelan & Collender company, and the race was on to find a substitute material for ivory. Clearly, at the time the issue was more economic, or entertainment-focused, than environmental.

Seizing the billiard ball by the horns, so to speak, American inventor John Wesley Hyatt (1837-1920) made history with his solution, which was heavily based on the work of the British inventor Alexander Parkes (1813-1890). Parkes is said to have invented the first plastic material created from chemically-modified organic life. However, the nitrocellulose content of his invention, Parkesine, made it costly to make and highly flammable, so, in industrial terms it was a relative flop. John Wesley Hyatt improved Parkes’s original process by adding camphor and thereby perfecting Celluloid9, which remained, nevertheless, just as flammable. Wesley Hyatt’s new plastic was primarily used for combs, replacing both ivory and turtleshell10. Copious quantities of turtleshell were used in the 17th to the 18th centuries in North America. But its use spread further than that. Turtleshell combs have also been found in the cemetery of La Rochelle protestant hospital, in the Netherlands, and in England.11

And to change our vision of plastic still further, what could be better than spectacles? Turtleshell often used to be used for the frames. Nowadays, calling spectacles ‘glasses’ is something of a misnomer, because they are usually made from plastic—including the lenses because plastic is so much lighter to wear, better at withstanding shocks, and cheaper. Turtleshell is sometimes still used for frames, but due to high production costs and scarcity, the material is reserved only for a very special clientele. In 2012, there was a massive scandal in France about the price of the turtleshell spectacles perched on the nose of Audrey Pulvar, who was president of the Fondation pour la nature et l’homme (French foundation for nature and humankind) from 2017 to 2019, an organisation founded by Nicolas Hulot.12 It could be said that she did not always see eye to eye with ecology!

Plastic continued to develop over the years. From the end of the 19th century and albeit with a few minor exceptions (such as Celluloid ping-pong balls, which were used at competition level until July 1st, 2014, when they were replaced by polypropylene), Celluloid was gradually replaced with galalith, a material that was more stable when subjected to heat.13 Also known in French as ivoirine (ivorine) or pierre de lait, which translates as milk stone, galalith is a plastic made from milk casein. It was patented in 1897 by German scientist Wilhelm Krische (1859-1909) and Austrian chemist, Adolf Spitteler (1846-1940)14. Galalith is also one of the unfortunate examples in which France’s lack of interest in new plastics technology allowed others to benefit from her own discoveries. It was actually a Frenchman, the chemist August Trillat (1961-1944), who pioneered the process for ‘insolubilizing’ casein and gelatine using formalin in 1893. Unfortunately, his discovery did not make much of an impression in France but was a big hit in Germany.

The French chemist Hilaire de Chardonnet (1839-1924) also encountered many obstacles during his lifetime, although posterity has finally acknowledged him as the father of synthetic fabrics. In 1884, seeking a solution to silkworm diseases, he invented a synthetic silk for industrial production made from cellulose and collodion. His invention put paid to silkworm farming, which subsequently all but died out. At the time, champions of ‘organic’ worm-produced silk, including Lyon-based merchants and workers, criticised the invention, saying the new fabric was highly flammable. They were not wrong: collodion was essentially nitrocellulose soaked in ether and alcohol. Chardonnet’s silk actually became known in France as ‘mother-in-law’s silk’, because common wisdom suggested that you, ‘give a Chardonnet silk dress to your mother-in-law, she stands by the fire, she burns, and she’s off your hands.’ Four years after Chardonnet’s death, Lyon paid homage to the scientist by naming a square after him (Place Chardonnet) and adorning it with his bust.

While Chardonnet was hard at work in France, scientists in London, Charles Frederick Cross (1855-1935), Edward John Bevan (1856-1921) and Clayton Beadle (1868-1917), filed for a patent in 1892 for what came to be known as ‘viscose’ or ‘rayon’, a synthetic fabric based on cellulose xanthate (also known as xanthogenate). It found tremendous industrial success, primarily in textiles where it replaced natural silk.

In 1894, British scientists filed for another patent for what was to be a world first: the preparation of cellulose acetate. The Swiss Dreyfus brothers, Camille (1878-1956) and Henri (1882-1944), had been striving to find a non-flammable alternative to Celluloid to make film for the photography and cinema industries (many deadly fires were recorded at the time, including the fire at the Bazar de la Charité in Paris which took 120 lives on May 4th, 1897). In 1905, the brothers perfected the first commercial manufacturing process for cellulose acetate. Its non-flammable property made it highly popular and it was primarily used to make textiles, films, toiletries, and varnish. The fibres were also used extensively to cover the wings of French, American and British aeroplanes during World War I.

It should, however, be noted that cellulose acetate was originally discovered in 1865 by the Frenchman Paul Schützenberger (1829-1897). However, his work on the subject was purely academic and he had no plans for industrialisation. French history was repeating itself, and Schützenberger joined the likes of Auguste Trillat, who was the first to discover what is known as galalith but failed to take it further industrially. Trillat incidentally joined the Collège de France in 1888, as part of Schützenberger’s laboratory.

Plastic also made life more comfortable for horses! A French company, Le Sabot, from the Auvergne-Rhône-Alpes region made an invention for protecting horses’ hooves and improving their endurance. Known as ‘the Arion’, it was a plastic (polyurethane to be precise) made-to-measure horse clog, which could be entirely recycled thanks to a process for recovering used soles in a closed-loop recycling system that enabled them to be used for over 1,000 kilometres. Lighter than horseshoes (200 grams compared to 370 grams), the clog absorbed shocks better and transferred fewer vibrations. It was a case of plastic putting its best foot forwards!

Plastic also saved animal skins. This may seem ironic but it is true. To any backward-looking souls who might be tempted to say, ‘perhaps in the past, but not now’, there are some very modern, very concrete examples. For example, the seats in many vehicles are covered with synthetic or semi-synthetic materials that are inappropriately termed ‘similicuir’ in French (pleather in English) or cuir végan (vegan leather in English). I say that using the term is inappropriate because French law no. 2010-29 of January 8th 2010 states that, ‘it is forbidden to use the word ‘cuir’ (leather) in any language as the principal, root, or as an adjective in the name of any material other than those obtained from animal skins through tanning or impregnation to preserve the natural form of the skin’s fibres.’

Leather is an animal product. End of story.

The plastic substitutes used to replace real leather in the examples above are made from Polyvinyl chloride (PVC) or polyurethane (PU). Some plant ingredients are also sometimes used, including pineapple leaves, cork, apple peel, and bamboo in Teslas. Meanwhile, different plastic materials are used to make ‘fake furs’, which usually consist of synthetic polymers (acrylic and polyester), but sometimes also use natural products, such as hemp or corn residue.

However, using animal resources to make products is often a practice reserved for objects sold on a specific market, such as the luxury goods market. Industry’s transition to manufacturing synthetic materials for the ‘general public’, was not, therefore, initially triggered by environmental concerns. This is clear proof that the environmental transition—the real one—can only work if it takes economic realities into account.

Economic realism is also frequently ahead of politics. For example, the Convention on International Trade in Endangered Species of Wild Fauna and Flora, more commonly known as the Washington Convention or CITES, which regulates cross-border trade in 38,000 species of animals and plants, was not implemented until July 1st, 1975. Without overlooking or denying the serious and well-documented issue of human’s dumping waste (plastic or otherwise) into the environment, animal-lovers today should be the first to defend plastic, seeing as the material has saved many endangered species.





Inventors in battle order

The American Civil War played a crucial role in the development of plastic, but it was far from the only key event to do so. The 19th century and the beginning of the 20th century were fundamental to the modern plastics industry and saw a veritable invention war in plastic materials.

The mid-20th century boom in products made of synthetic materials was preceded by many great scientific achievements which prepared the way. Although natural rubber was used in thousands of ways, it also had major drawbacks which hindered its use in modern inventions: it softened at high temperatures and hardened when it was very cold. In 1839, the American Charles Goodyear was looking for a solution to this issue when he accidentally discovered a method for stabilising natural rubber by heating it with sulphur15. But it was the Englishman, Thomas Hancock, who (inspired by Goodyear’s work) filed the first patent for the ‘vulcanisation’ of rubber, a process named after the god Vulcan. We had come full circle—from a natural rubber ball symbolising Venus to Vulcan’s semi-synthetic rubber ball.

The 19th century heralded the era of the pneumatic tyre with a series of discoveries: first, by the Scot, Robert William Thomson, who is generally considered to have invented the tyre; then by his compatriot John Boyd Dunlop who, in 1888, created an air-filled rubber tyre that was inflated with a valve; and last but not least, by the French Michelin brothers who designed the first removable tyre in 1891. This technical progress, achieved using a chemically altered product, boosted the powerful rise of the automobile as well as the boom in bicycles and other cycles, nowadays synonymous with the urban environmentalist who cycles everywhere freely thanks to plastic. I say plastic because converted rubbers and natural chemically modified polymers generally fall under the definition of plastics, as indicated in paragraph 11 of the introductory section of European Directive 2019/904 of June 5th, 2019 which states that, ‘Plastics manufactured with modified natural polymers, or plastics manufactured from bio-based, fossil or synthetic starting substances are not naturally occurring and must therefore fall under this Directive. The adapted definition of plastics should therefore cover polymer-based rubber items and bio-based and biodegradable plastics regardless of whether they are derived from biomass or are intended to biodegrade over time.’

Thus, a material can only be said to be ‘of natural origin’, when it does not exist in nature in its current form, i.e., when it is artificial.

In 1909, the German chemist Fritz Hofmann (1866-1956), who worked for the company Farbenfabriken Vormals Freidrich Bayer and Companion, filed for a patent for the first synthetic rubber made through the polymerisation of methyl isoprene. This new rubber was used in 1910 by the German tyre manufacturer Continental to make car tyres16.

Nevertheless, the first truly synthetic rubber that was perfectly suited (i.e. durable) to tyre manufacturing was discovered in 1929 by an industrial group that is unfortunately better-known for its pro-Nazi sympathies, IG Farben. Walter Bock (1895-1948) and Eduard Tschunkur (1874-1946) succeeded in synthesising a rubbery copolymer from styrene and butadiene in 1929 (known as ‘Buna S’ in Germany). The USA, via the Standard Oil company in New Jersey (Jersey Standard), cooperated with IG Farben at the time and was able to reap the rewards of this work by developing an equivalent to Buna S on a massive scale, which they called GR-S (Government Rubber-Styrene)17.

In 1930, polychloroprene, another category of synthetic rubber, was created by a team of scientists at the American company DuPont. The team included the chemist Arnold Miller Collins (1899-1892) and was managed by the chemist Wallace Carothers (1896-1937), who is discussed further below. Sold as Duprene and later Neoprene, their synthetic rubber is still in use today.

At the same time, in the east, Russian scientists were making major contributions to the development of synthetic rubber. In 1901, the Russian chemist Ivan Kondakov (1857-1931) managed to synthesise a product similar to rubber by making dimethyl butadiene react with potash. Following a rubber blockade by the Entente powers, the Germans began to use Kondakov’s method during World War I, but they made the product with a cheaper lower-quality substitute for natural rubber.

In 1910, the Russian chemist Sergei Vasilievich Lebedev (1874-1934) polymerized butadiene, to make polybutadiene, a new synthetic elastomer. In 1926-1928, a massive natural rubber supply crisis in the Union of Soviet Socialist Republics (USSR) led to a very productive era for Lebedev. In 1926, the Supreme Soviet of the National Economy in the USSR announced a competition open to volunteer scientists, who were asked to develop an industrial manufacturing process for synthetic rubber. The terms of the competition required scientists to appear before a competition jury based in Moscow to describe their method and present two kilograms of a new synthetic rubber along with an industrial production plan based on affordable and readily available raw materials. Within two years, Lebedev had perfected a simple manufacturing process for butadiene using ethyl alcohol (also known as ethanol). He had also drawn up a viable industrial method for producing synthetic rubber based on the polymerisation of butadiene, which used metallic sodium as a catalyst. Lebedev won the competition and was awarded the Order of Lenin in 1931. Based on Lebedev’s work, the USSR built a pilot synthetic rubber manufacturing plant in 1930 (the first in the world). Others soon followed (in Yefremov and Yaroslavl). In 1940, the USSR boasted the greatest synthetic rubber industry in the world, producing 50,000 metric tons per year. The rubber was synthesised with ethanol made from the humble potato (nearly 500 kilograms of potatoes were used to make each tyre).

A journey from East to West—this is how the trajectory of the work on synthetic rubber by little-known Russian chemist Ivan Ivanovich Ostromislensky (1880-1939) might be summed up. He wrote the first Russian textbook on rubber chemistry and technology in 1913 (Rubber and its analogues). He was the first to study the role of activating agents (other than sulphur) in the vulcanisation of rubber. Following the Bolshevik decree of 1919, which nationalised all patents and withdrew them from inventors, Ostromislensky, moved to the USA. He arrived there in 1922, after spending a period in Lithuania in 1921. He worked for the United States Rubber Company, the Goodyear Tire and Rubber Company, and Union Carbide, and his work was used by US industrialists to produce synthetic rubber during World War II. In 1930 he was granted US citizenship and became one of the first five scientists to be enshrined in the International Rubber Science Hall of Fame in 1958. There, he joined the French physicist Henri Bouasse (1866-1953), recognised for his work on the physics of rubber’s elasticity, Charles Goodyear, the English chemist Charles H. Greville Williams (1829-1910) who discovered isoprene, and Carl Otto Weber (1860-1905) recognised for his contributions to vulcanisation and the chemistry of rubber. The Russian-American Science Association describes Ostromislensky as, ‘a genius forgotten in his homeland’.

The transition to synthetic rubber provided solutions to rubber’s technological limitations, but above all made it possible to meet a much higher level of demand than natural rubber could fulfil18. It would, therefore, clearly be irrational to substitute this plastic—a demand being made today by some people in France, who have short-sightedly failed to see the deforestation for the rubber tree.

Carothers, who was doing similar research, later discovered a new type of future plastic, polyester. However, DuPont saw no value in it at the time, and directed its scientists towards a new plastic polymer, nylon, which will be discussed below.

When examining plastics of natural origin, it is impossible to overlook Cellophane, which was accidentally invented in 1908 by the Swiss chemist Jacques Edwin Brandenberger (1872-1952).
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