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Where was the bessemer process invented

Of Iron and Wind: The Bessemer process Text and images by Klara Zahradkova University of the Arts (UdK), Berlin Artist’s comment: The development of the Bessemer converter was long and complex and is therefore impossible to tell in just eight panels. In the beginning it was a chance discovery, then adapted through a series of coincidences and
many favorable circumstances. Will and perseverance also played a major role, as well as the assistance of many people and, finally, good timing. It took so many different steps that the existence of the Bessemer converter seems quite improbable. Yet today it is a common and ubiquitous technology that plays an essential role in everyday life. How to
cite Zahradkova, Klara. “The Bessemer Process.” Environment & Society Portal, Multimedia Library, 2014. . The comic also appears in Alexandra Hamann, Reinhold Leinfelder, Helmuth Trischler, and Henning Wagenbreth, eds., Anthropozan - 30 Meilensteine auf dem Weg in ein neues Erdzeitalter. Eine Comic-Anthologie (Munich: Deutsches
Museum, 2014). This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License. Bessemer Converter Kelham Island Museum It was used by the British Steel Corporation in Workington until 1974/5 and produced the last Bessemer Steel made in Britain in 1974. It was brought to the Museum in
1978 as an example of the revolutionary steelmaking process which first took off in Sheffield. The Bessemer process - the conversion of iron into steel - was invented and patented by Henry Bessemer in 1856. The egg-shaped converter was tilted down to pour molten pig iron in through the top, then swung back to a vertical position and a blast of air
was blown through the base of the converter in a dramatic fiery ‘blow'. Spectacular but dangerous flames and fountains shot out of the top of the converter. The converter was tilted again and the newly made steel was teemed or poured out. The first converters could make seven tonnes of steel in half an hour. In 1858 Henry Bessemer moved to
Sheffield and licensed his method to two steelmakers, John Brown and George Cammell, who both began to produce Bessemer Steel on an unprecedented scale by 1860. Others soon followed and within 20 years, Sheffield alone was producing 10,000 tons of Bessemer steel every week (this was almost a quarter of the country's total output). The
invention marked the beginning of mass steel production, as huge amounts could be produced in a relatively short time compared to crucible steel production. The steel was most widely used for the railways that were stretching around the world. World Environmental and Water Resources Congress 2019 ABSTRACTWilliam Kelly was born in
Pittsburgh on Aug. 21, 1811, and later studied metallurgy at the Western University (now University of Pittsburgh). In the early 1840s, Kelly and his brother set up the profitable Eddyville Iron Works. William Kelly invented the process in which air is blown through molten pig iron to oxidize and remove unwanted impurities to save fuel and produce
the first inexpensive steel. Between 1851 and 1856, Kelly built a series of experimental furnaces in the woods behind his plant. When Kelly learned of the Bessemer patent in 1856, he objected to Bessemer applying in the U.S. and Kelly received a patent in 1857. In 1859, Kelly renewed his experiments at the Cambria Iron Works in Johnstown, PA, and
by 1862 built a steel plant in Wyandotte, MI. Within two years, he produced the first commercial steel, using the Kelly process. In 1863, the Kelly Pneumatic Process Company was organized. Kelly merged with the Bessemer interests in 1866, and thereafter steel production expanded rapidly. William Kelly lived in quiet retirement in Louisville, KY,
until his death on Feb. 11, 1888. Henry Bessemer in the U.K. (1813-1898) did produce the first patent and became known for the steel making process. Bessemer invented over 100 items in the fields of iron, steel, and glass. Unlike most inventors, he managed to bring his own projects to fruition and profited financially from their success. Bessemer
planned Sheffield, England. In 1865, Andrew Carnegie started managing the Keystone Bridge Company. From about 1872-73, at about age 38, he began concentrating on steel, founding near Pittsburgh the J. Edgar Thomson Steel Works, which would eventually evolve into the Carnegie Steel Company. In the 1870s Carnegie’s new company built the
first steel plants in the United States to use the new Bessemer steelmaking process, borrowed from Britain and William Kelly. Steel production method Bessemer converter, schematic diagram The Bessemer process was the first inexpensive industrial process for the mass production of steel from molten pig iron before the development of the open
hearth furnace. The key principle is removal of impurities from the iron by oxidation with air being blown through the molten iron. The oxidation also raises the temperature of the iron mass and keeps it molten. Related decarburizing with air processes had been used outside Europe for hundreds of years, but not on an industrial scale.[1] One such
process (similar to puddling) was known in the 11th century in East Asia, where the scholar Shen Kuo of that era described its use in the Chinese iron and steel industry.[2][3] In the 17th century, accounts by European travelers detailed its possible use by the Japanese.[4] The modern process is named after its inventor, the Englishman Henry
Bessemer, who took out a patent on the process in 1856.[5] The process was said to be independently discovered in 1851 by the American inventor William Kelly[4][6] though the claim is controversial.[7][8][9][10] The process using a basic refractory lining is known as the "basic Bessemer process" or Gilchrist-Thomas process after the English
discoverers Percy Gilchrist and Sidney Gilchrist Thomas. History Bessemer converter, Kelham Island Museum, Sheffield, England (2010). Early history A system akin to the Bessemer process has existed since the 11th century in East Asia.[2][3] Economic historian Robert Hartwell writes that the Chinese of the Song Dynasty (960-1279 CE) innovated a
"partial decarbonization" method of repeated forging of cast iron under a cold blast.[11] Sinologist Joseph Needham and historian of metallurgy Theodore A. Wertime have described the method as a predecessor to the Bessemer process of making steel.[2][12][13] This process was first described by the prolific scholar and polymath government
official Shen Kuo (1031-1095) in 1075, when he visited Cizhou.[11] Hartwell states that perhaps the earliest center where this was practiced was the great iron-production district along the Henan-Hebei border during the 11th century.[11] In the 15th century, the finery process, another process which shares the air-blowing principle with the
Bessemer process, was developed in Europe. In 1740, Benjamin Huntsman developed the crucible technique for steel manufacture, at his workshop in the district of Handsworth in Sheffield. This process had an enormous impact on the quantity and quality of steel production, but it was unrelated to the Bessemer-type process employing
decarburization. Johan Albrecht de Mandelslo described the Japanese use of the Bessemer process.[4] The Japanese may have made use of a Bessemer-type process, which was observed by European travellers in the 17th century.[4] The adventurer Johan Albrecht de Mandelslo describes the process in a book published in English in 1669. He writes,
"They have, among others, particular invention for the melting of iron, without the using of fire, casting it into a tun done about on the inside without about half a foot of earth, where they keep it with continual blowing, take it out by ladles full, to give it what form they please." According to historian Donald Wagner, Mandelslo did not personally visit
Japan, so his description of the process is likely derived from accounts of other Europeans who had traveled to Japan. Wagner believes that the Japanese process may have been similar to the Bessemer process, but cautions that alternative explanations are also plausible.[4] Bessemer's patent William Kelly may have experimented with a similar
process before Bessemer's patent. In the early 1850s, the American inventor William Kelly experimented with a method similar to the Bessemer process, but the claim the two invented the same process remains controversial. When Bessemer's patent for the process was reported by Scientific American, Kelly responded by writing a letter to the
magazine. In the letter, Kelly states that he had previously experimented with the process and claimed that Bessemer knew of Kelly's discovery. He wrote that "I have reason to believe my discovery was known in England three or four years ago, as a number of English puddlers visited this place to see my new process. Several of them have since
returned to England and may have spoken of my invention there."[4] It is suggested Kelly's process was less developed and less successful than Bessemer's process.[14] Sir Henry Bessemer described the origin of his invention in his autobiography written in 1890. During the outbreak of the Crimean War, many English industrialists and inventors
became interested in military technology. According to Bessemer, his invention was inspired by a conversation with Napoleon III in 1854 pertaining to the steel required for better artillery. Bessemer claimed that it "was the spark which kindled one of the greatest revolutions that the present century had to record, for during my solitary ride in a cab
that night from Vincennes to Paris, I made up my mind to try what I could to improve the quality of iron in the manufacture of guns."[5] At the time, steel was used to make only small items like cutlery and tools, but was too expensive for cannons. Starting in January 1855, he began working on a way to produce steel in the massive quantities required
for artillery and by October he filed his first patent related to the Bessemer process. He patented the method a year later in 1856.[5] Henry Bessemer Bessemer licensed the patent for his process to four ironmasters,[when?] for a total of £27,000, but the licensees failed to produce the quality of steel he had promised—it was "rotten hot and rotten
cold", according to his friend, William Clay[15]—and he later bought them back for £32,500.[16] His plan had been to offer the licenses to one company in each of several geographic areas, at a royalty price per ton that included a lower rate on a proportion of their output in order to encourage production, but not so large a proportion that they might
decide to reduce their selling prices. By this method he hoped to cause the new process to gain in standing and market share.[15] He realised that the technical problem was due to impurities in the iron and concluded that the solution lay in knowing when to turn off the flow of air in his process so that the impurities were burned off but just the right
amount of carbon remained. However, despite spending tens of thousands of pounds on experiments, he could not find the answer.[17] Certain grades of steel are sensitive to the 78% nitrogen which was part of the air blast passing through the steel. Bessemer was sued by the patent purchasers who couldn't get it to work. In the end, Bessemer set up
his own steel company because he knew how to do it, even though he could not convey it to his patent users. Bessemer's company became one of the largest in the world and changed the face of steel making.[18] The solution was first discovered by English metallurgist Robert Forester Mushet, who had carried out thousands of experiments in the
Forest of Dean. His method was to first burn off, as far as possible, all the impurities and carbon, then reintroduce carbon and manganese by adding an exact amount of spiegeleisen, an alloy of iron and manganese with trace amounts of carbon and silicon. This had the effect of improving the quality of the finished product, increasing its malleability—
its ability to withstand rolling and forging at high temperatures and making it more suitable for a vast array of uses.[19][20] Mushet's patent ultimately lapsed due to Mushet's inability to pay the patent fees and was acquired by Bessemer. Bessemer earned over 5 million dollars in royalties from the patents.[21] The first company to license the
process was the Manchester firm of W & J Galloway, and they did so before Bessemer announced it at Cheltenham in 1856. They are not included in his list of the four to whom he refunded the license fees. However, they subsequently rescinded their license in 1858 in return for the opportunity to invest in a partnership with Bessemer and others.
This partnership began to manufacture steel in Sheffield from 1858, initially using imported charcoal pig iron from Sweden. This was the first commercial production.[15][22] A 20% share in the Bessemer patent was also purchased for use in Sweden and Norway by Swedish trader and Consul Goran Fredrik Goransson during a visit to London in 1857.
During the first half of 1858, Goransson, together with a small group of engineers, experimented with the Bessemer process at Edsken near Hofors, Sweden before he finally succeeded. Later in 1858 he again met with Henry Bessemer in London, managed to convince him of his success with the process, and negotiated the right to sell his steel in
England. Production continued in Edsken, but it was far too small for the industrial-scale production needed. In 1862 Goransson built a new factory for his Hogbo Iron and Steel Works company on the shore of Lake Storsjon, where the town of Sandviken was founded. The company was renamed Sandviken’s Ironworks, continued to grow and
eventually became Sandvik in the 1970s.[23] Industrial revolution in the United States Alexander Lyman Holley contributed significantly to the success of Bessemer steel in the United States. His A Treatise on Ordnance and Armor is an important work on contemporary weapons manufacturing and steel-making practices. In 1862, he visited
Bessemer's Sheffield works, and became interested in licensing the process for use in the US. Upon returning to the US, Holley met with two iron producers from Troy, New York, John F. Winslow and John Augustus Griswold, who asked him to return to the United Kingdom and negotiate with the Bank of England on their behalf. Holley secured a
license for Griswold and Winslow to use Bessemer's patented processes and returned to the United States in late 1863.[24] The trio began setting up a mill in Troy, New York in 1865. The factory contained a number of Holley's innovations that greatly improved productivity over Bessemer's factory in Sheffield, and the owners gave a successful public
exhibition in 1867. The Troy factory attracted the attention of the Pennsylvania Railroad, which wanted to use the new process to manufacture steel rail. It funded Holley's second mill as part of its Pennsylvania Steel subsidiary. Between 1866 and 1877, the partners were able to license a total of 11 Bessemer steel mills. One of the investors they
attracted was Andrew Carnegie, who saw great promise in the new steel technology after a visit to Bessemer in 1872, and saw it as a useful adjunct to his existing businesses, the Keystone Bridge Company and the Union Iron Works. Holley built the new steel mill for Carnegie, and continued to improve and refine the process. The new mill, known as
the Edgar Thomson Steel Works, opened in 1875, and started the growth of the United States as a major world steel producer.[25] Using the Bessemer process, Carnegie Steel was able to reduce the costs of steel railroad rails from $100 per ton to $50 per ton between 1873 and 1875. The price of steel continued to fall until Carnegie was selling rails
for $18 per ton by the 1890s. Prior to the opening of Carnegie's Thomson Works, steel output in the United States totaled around 157,000 tons per year. By 1910, American companies were producing 26 million tons of steel annually.[26] William Walker Scranton, manager and owner of the Lackawanna Iron & Coal Company in Scranton, Pennsylvania,
had also investigated the process in Europe. He built a mill in 1876 using the Bessemer process for steel rails and quadrupled his production.[27] Bessemer steel was used in the United States primarily for railroad rails. During the construction of the Brooklyn Bridge, a major dispute arose over whether crucible steel should be used instead of the
cheaper Bessemer steel. In 1877, Abram Hewitt wrote a letter urging against the use of Bessemer steel in the construction of the Brooklyn Bridge.[28][29] Bids had been submitted for both crucible steel and Bessemer steel; John A. Roebling's Sons submitted the lowest bid for Bessemer steel,[30] but at Hewitt's direction, the contract was awarded to
J. Lloyd Haigh Co..[31] Technical details Bessemer converter components. Using the Bessemer process, it took between 10 and 20 minutes to convert three to five tons of iron into steel — it used to take at least a full day of heating, stirring and reheating to achieve this.[26] Oxidation The blowing of air through the molten pig iron introduces oxygen
into the melt which results in oxidation, removing impurities found in the pig iron, such as silicon, manganese, and carbon in the form of oxides. These oxides either escape as gas or form a solid slag. The refractory lining of the converter also plays a role in the conversion — clay linings are used when there is little phosphorus in the raw material -
this is known as the acid Bessemer process. When the phosphorus content is high, dolomite, or sometimes magnesite, linings are used in the alkaline Bessemer limestone process. These are also known as Gilchrist-Thomas converters, after their inventors, Percy Gilchrist and Sidney Gilchrist Thomas. In order to produce steel with desired properties,
additives such as spiegeleisen (a ferromanganese alloy), can be added to the molten steel once the impurities have been removed. Managing the process When the required steel had been formed, it was poured into ladles and then transferred into moulds while the lighter slag was left behind. The conversion process, called the "blow", was completed
in approximately 20 minutes. During this period the progress of the oxidation of the impurities was judged by the appearance of the flame issuing from the mouth of the converter. The modern use of photoelectric methods of recording the characteristics of the flame greatly aided the blower in controlling final product quality. After the blow, the liquid
metal was recarburized to the desired point and other alloying materials were added, depending on the desired product. A Bessemer converter could treat a "heat" (batch of hot metal) of 5 to 30 tons at a time.[32] They were usually operated in pairs, one being blown while another was being filled or tapped. Predecessor processes Bessemer converter
at Hogbo Bruk, Sandviken. By the early 19th century the puddling process was widespread. Until technological advances made it possible to work at higher heats, slag impurities could not be removed entirely, but the reverberatory furnace made it possible to heat iron without placing it directly in the fire, offering some degree of protection from the
impurity of the fuel source. Thus, with the advent of this technology, coal began to replace charcoal fuel. The Bessemer process allowed steel to be produced without fuel, using the impurities of the iron to create the necessary heat. This drastically reduced the costs of steel production, but raw materials with the required characteristics could be
difficult to find.[33] High-quality steel was made by the reverse process of adding carbon to carbon-free wrought iron, usually imported from Sweden. The manufacturing process, called the cementation process, consisted of heating bars of wrought iron together with charcoal for periods of up to a week in a long stone box. This produced blister steel.
The blister steel was put in a crucible with wrought iron and melted, producing crucible steel. Up to 3 tons of expensive coke was burnt for each ton of steel produced. Such steel when rolled into bars was sold at £50 to £60 (approximately £3,390 to £4,070 in 2008)[34] a long ton. The most difficult and work-intensive part of the process, however, was
the production of wrought iron done in finery forges in Sweden. This process was refined in the 18th century with the introduction of Benjamin Huntsman's crucible steel-making techniques, which added an additional three hours firing time and required additional large quantities of coke. In making crucible steel, the blister steel bars were broken
into pieces and melted in small crucibles, each containing 20 kg or so. This produced higher quality crucible steel but increased the cost. The Bessemer process reduced the time needed to make steel of this quality to about half an hour while requiring only the coke needed initially to melt the pig iron. The earliest Bessemer converters produced steel
for £7 a long ton, although it initially sold for around £40 a ton. "Basic" vs. acidic Bessemer process Sidney Gilchrist Thomas, a Londoner with a Welsh father, was an industrial chemist who decided to tackle the problem of phosphorus in iron, which resulted in the production of low grade steel. Believing that he had discovered a solution, he contacted
his cousin, Percy Gilchrist, who was a chemist at the Blaenavon Ironworks. The manager at the time, Edward Martin, offered Sidney equipment for large-scale testing and helped him draw up a patent that was taken out in May 1878. Sidney Gilchrist Thomas's invention consisted of using dolomite or sometimes limestone linings for the Bessemer
converter rather than clay, and it became known as the 'basic' Bessemer rather than the 'acid' Bessemer process. An additional advantage was that the processes formed more slag in the converter, and this could be recovered and used very profitably as a phosphate fertilizer.[35] Importance Bessemer furnace in operation in Youngstown, Ohio, 1941.
In 1898, Scientific American published an article called Bessemer Steel and its Effect on the World explaining the significant economic effects of the increased supply in cheap steel. They noted that the expansion of railroads into previously sparsely inhabited regions of the country had led to settlement in those regions, and had made the trade of
certain goods profitable, which had previously been too costly to transport.[36] The Bessemer process revolutionized steel manufacture by decreasing its cost, from £40 per long ton to £6-7 per long ton, along with greatly increasing the scale and speed of production of this vital raw material. The process also decreased the labor requirements for
steel-making. Before it was introduced, steel was far too expensive to make bridges or the framework for buildings and thus wrought iron had been used throughout the Industrial Revolution. After the introduction of the Bessemer process, steel and wrought iron became similarly priced, and some users, primarily railroads, turned to steel. Quality
problems, such as brittleness caused by nitrogen in the blowing air,[37] prevented Bessemer steel from being used for many structural applications.[38] Open-hearth steel was suitable for structural applications. Steel greatly improved the productivity of railroads. Steel rails lasted ten times longer than iron rails. Steel rails, which became heavier as
prices fell, could carry heavier locomotives, which could pull longer trains.[39] Steel rail cars were longer and were able to increase the freight to car weight from 1:1 to 2:1. As early as 1895 in the UK it was being noted that the heyday of the Bessemer process was over and that the open hearth method predominated. The Iron and Coal Trades
Review said that it was "in a semi-moribund condition. Year after year, it has not only ceased to make progress, but it has absolutely declined." It has been suggested, both at that time and more recently, that the cause of this was the lack of trained personnel and investment in technology rather than anything intrinsic to the process itself.[40] For
example, one of the major causes of the decline of the giant ironmaking company Bolckow Vaughan of Middlesbrough was its failure to upgrade its technology.[41] The basic process, the Thomas-Gilchrist process, remained in use longer, especially in Continental Europe, where iron ores were of high phosphorus content[42] and the open-hearth
process was not able to remove all phosphorus; almost all inexpensive construction steel in Germany was produced with this method in the 1950s and 1960s.[43] It was eventually superseded by basic oxygen steelmaking. Obsolescence In the U.S., commercial steel production using this method stopped in 1968. It was replaced by processes such as
the basic oxygen (Linz-Donawitz) process, which offered better control of final chemistry. The Bessemer process was so fast (10-20 minutes for a heat) that it allowed little time for chemical analysis or adjustment of the alloying elements in the steel. Bessemer converters did not remove phosphorus efficiently from the molten steel; as low-phosphorus
ores became more expensive, conversion costs increased. The process permitted only limited amount of scrap steel to be charged, further increasing costs, especially when scrap was inexpensive. Use of electric arc furnace technology competed favourably with the Bessemer process resulting in its obsolescence. Basic oxygen steelmaking is essentially
an improved version of the Bessemer process (decarburization by blowing oxygen as gas into the heat rather than burning the excess carbon away by adding oxygen carrying substances into the heat). The advantages of pure oxygen blast over air blast were known to Henry Bessemer,[citation needed] but 19th-century technology was not advanced
enough to allow for the production of the large quantities of pure oxygen necessary to make it economical. See also Engineering portal Cementation (metallurgy) process Methods of crucible steel production References ~ Ponting, Clive (2000), World History, A New Perspective, Pimlico, ISBN 0-7126-6572-2 ~ a b ¢ Needham, Joseph (2008). Science
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