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			Foreword by the CEO

			As Vacuumschmelze proudly celebrates 100 years of innovation, resilience, and enduring excellence, this English edition arrives at a pivotal moment in our company’s journey. In recent years, VAC has become part of Ara Partners’ portfolio – a partnership that has reinforced our strategic focus on sustainable growth and industrial decarbonization, positioning us strongly to confront complex challenges and seize the many opportunities ahead.

			Today’s global landscape is increasingly defined by profound geopolitical challenges: disruptions of rare earth and permanent magnet supply chains by China, which dominates the market, rising tariffs and trade barriers that heigh-ten tensions in international commerce, the ongoing war in Ukraine, and escalating political instability in the Middle East and beyond. These challenges are compounded by a broader trend of deglobalization. The world’s major political and economic centers – the United States, China, and Europe – are gradually distancing themselves, leading to a realignment of economic ties and strategic alliances.

			This shifting environment demands resilience and adaptability from key industries, including VAC. Yet with every challenge comes opportunity. In this context, VAC has emerged as an essential pillar of the Western supply chain – not only for permanent magnets but also through many other technologies vital to national security and industrial sovereignty. It is therefore no surprise that VAC is attracting strong political attention and support from the United States, Canada, Australia, Japan, and leading European partners such as France, Germany, and the European Union.

			Building on this momentum, a milestone in 2025 will be the start of production at our new state-of-the-art permanent magnet facility in Sumter, South Carolina. This cutting-edge plant not only reflects our commitment to expanding in the North American market but also underscores our determination to secure critical supply chains – vital to both industry and national defense. It represents a major step toward re-industrialization by bringing this important technology back to U.S. soil. Looking ahead, we hope to see additional facilities in North America and Europe – currently the focus of active discussions with customers and vigorous political debate – further strengthening resilience and supporting national sovereignty on both sides of the Atlantic.

			This English edition not only chronicles the rich history of Vacuumschmelze but also reaffirms our commitment to innovation, supply chain resilience, and the global transition toward sustainability. Our story reflects a responsibility to meet the urgent demands of today while laying the foundation for the future.

			We extend our deepest gratitude to the entire VAC team around the globe, whose dedication, expertise, and passion have been instrumental in navigating the challenges and opportunities of recent decades. Your commitment is the cornerstone of our success.

			Special thanks go to those who made this English edition possible: Travis Norton, Mike Curtis, Patrick Trost, Alexander Barcza, and Alexandra Assmann. Their efforts in translating, coordinating, and bringing together all the many elements of this book have been invaluable. Many thanks for your outstanding support in bringing this volume to its final form.

			May this edition serve as a source of inspiration and insight for new readers and partners worldwide as we continue to write the next chapters of Vacuumschmelze’s extraordinary story.

			With sincere regards,

			Dr. Erik Eschen

		

	
		
			Preface

			In 1918, Dr. Wilhelm Rohn filed a patent application for his vacuum melting process. This marked the beginning of the history of today’s Vacuumschmelze in Hanau. At the time, Rohn was an employee at W. C. Heraeus GmbH, and Vacuumschmelze was a division within the company. In 1923 – just over 100 years ago – it was spun off as an independent company. Until 2005, the company – which had long been abbreviated as “VAC” – was always a subsidiary of a large conglomerate: initially it belonged to Heraeus, then Siemens acquired a majority stake; in the 2000s, Siemens streamlined its portfolio and sold Vacuumschmelze to Morgan Crucible. This was followed by a series of investment firms, with a brief stint under the OM Group; today, VAC belongs to Ara Partners, a private equity firm specializing in investments in the decarbonization of industry.

			This publication tells two stories: On the one hand, it illuminates the history of a German medium-sized company that, through consistently high levels of innovation in a very specialized niche, has become an indispensable part of the global high-tech industry. On the other hand, the book describes the development of German industry. The tension between maintaining a medium-sized business and dependence on a large corporation, in which VAC found itself, is in a sense typical of many industrial companies in Germany. The history of Vacuumschmelze was marked by ups and downs – the company navigated through times of crisis, experienced periods of reduced innovation during which it rested on its past successes, and phases in which the owners benefited directly from Vacuumschmelze’s achievements. These, in turn, were followed by periods in which the company benefited significantly from the financial and organizational support of the owners.

			Consequently, the book also documents the history of a dualism that oscillates between entrepreneurial continuity on the one hand and the drive for innovation – perhaps even the compulsion to innovate – on the other.

			The history of VAC is structured chronologically and begins long before its founding, even long before the invention of the vacuum melting process: It begins with the founding of a pharmacy in Hanau in the 17th century, the origin of today’s Heraeus Group, and from there traces the development of vacuum melting from 1913 through the decades. The major turning points, with particular attention to the Nazi era, are examined and analyzed in depth. The company was a key player in the respective economic eras of the Federal Republic of Germany, and with globalization, a typical representative of a German company in the global economic system.

			Every corporate chronicle written by historians and extending to the present day is inevitably confronted with the challenge that historians’ expertise and the quality of sources tend to diminish the closer they get to the present. Over the decades, much is lost – both memories and sources. In the process, not only important details but, above all, numerous unimportant ones disappear. In this sense, time acts as a filter that helps historians decide what is relevant and what is irrelevant. The closer one gets to the present, the more difficult these decisions become. That is why a special approach was chosen for this book: The final chapter, which covers the most recent decade, was not written by historians, but by Dr. Erik Eschen, the CEO of Vacuumschmelze. Dr. Eschen has engaged in intensive discussions with all the key figures who have shaped the last ten years of Vacuumschmelze. Building on the insights from this research, his personal memories, and the historians’ analyses, he traces the history of VAC up to the present day in his text.

			This book is not only the history of Vacuumschmelze; it also exemplifies the development of a German company that weathered the challenges of the 20th century and has now found a new, forward-looking role in the global economy.

		

	
		
			1. Innovation in a Vacuum

			The Origins of Vacuumschmelze in Hanau 
1851–1923

			[image: Undated painting signed 'R. Essler's depiction of the corner building on Hanau's market square where Isaac Heraeus established his pharmacy in 1668.]

			Vacuumschmelze traces its origins to this prominent corner building on Hanau’s market square. Isaac Heraeus opened a pharmacy here in 1668.
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			The Hot Air Shower

			Shortly after the turn of the nineteenth century, people marveled at a new multifunctional device: it could curl feather boas, relieve rheumatism, and be used to warm bath towels and for cleaning and drying gloves. It was also used in beauty treatments and for drying hair. The so-called hot air shower (“Heißluftdusche”) was one of the first electrical household appliances, alongside the electric light, to become widespread not only in upper-class households but also middle-class ones. The device was regarded as a cure for all ills.

			The first hot air shower was introduced to the market in 1900 by the German manufacturer AEG. Weighing just two kilograms, the device was comparatively easy to handle. The only issue was that the flow of hot air, at 90 degrees Celsius, needed to be carefully controlled by users. It was not long before AEG was joined by other manufacturers: The launch of the product was soon followed by blow dryers from the companies Sanitas and Calor. Sanitas named its model, which appeared in 1908, “Föhn,” after the name of the warm downslope wind in meteorology.

			By the 1920s, the decade in which Vacuumschmelze was established, the former marvel of technology had become well-known and its applications had become more specific. Manufacturers now advertised the blow dryer mainly in the beauty sector, highlighting its drying properties. Women were promised they could style the modern “bob” and the perfect curls at home. 

			And for the men? – “I can manage with one shirt now I’ve got a hair dryer at home” – Sanitas advertised its blow dryer by using a picture of a young man sitting on a bar stool with a pipe in his mouth, his torso covered only with a blanket. He holds a blow dryer in one hand to dry his only shirt on a clothesline. 

			The core technology of blow dryer development was the use of special alloys for heating elements. These alloys made it possible to generate high temperatures electrically by passing current through metals with high resistance – without causing them to melt. The air flowing past was then heated by the hot metal.

			The search for suitable compounds took a major step forward with American engineer Thomas Edison’s improvements to the electric light bulb in 1879. The carbon filaments that had been used previously were not durable enough and a suitable metal alloy was sought. Soon alloys of osmium, iridium, and tungsten could be used for light bulbs. 

			For Vacuumschmelze, the alloys were a breakthrough: they enabled the company to make its first mass-produced product. The alloys could be used not only in hair dryers but also in industrial furnaces, boilers, and (electric) radiators.

		

	
		
			[image: 1920s Sanitas advertising leaflet with a cartoon man drying a shirt using a Fön hair dryer, surrounded by laundry and household objects.]

			Promotional leaflet of the Elektrizitäts-Gesellschaft Sanitas from the 1920s.

		

	
		
			The Beginnings: W. C. Heraeus Platinschmelze

			Wilhelm Carl Heraeus 

			The founding of Vacuumschmelze AG in 1923 can be traced back to a patent filed by Dr. Wilhelm Rohn while he was working for W. C. Heraeus Platinum Melting Works (Platinschmelze GmbH). Officially registered as “Heraeus Vacuumschmelze AG,” the company originated as a spin-off from Heraeus, having developed out of one of its internal divisions. The history of VAC is inextricably tied to that of Heraeus, at least in its first few decades.

			The history of Vacuumschmelze therefore begins many years before its official founding: 263 years earlier, to be precise. Pharmacist Isaac Heraeus arrived in Hanau in 1660. There, he married Anna Margarete Leutens, the widow of fellow pharmacist Noë Faucque, who had died the previous year.1 He had owned the Einhorn Pharmacy in Hanau, which Isaac took over through the marriage. Eight years later, he bought a half-timbered house on Marktplatz (town square) and set up his pharmacy “Zum weißen Einhorn” (The White Unicorn) there.2 This pharmacy, housed in a prominent Baroque building at the corner of Nürnberger Strasse and Kölnische Strasse on Hanau’s central square, marked the origin of the Heraeus company.3

			In 1851, Wilhelm Carl Heraeus took over the pharmacy and developed it into a chemical business.4 Wilhelm Carl Heraeus – often referred to by his initials, W. C. –, like generations before him, completed an apprenticeship at a pharmacy. He then went to study in Göttingen. One of his professors was Friedrich Wöhler, a pioneer in organic chemistry and also the developer of a reduction method for producing pure aluminum.5 During his chemistry studies, W. C. Heraeus acquired the scientific foundation for his later work in the metals industry and for his entrepreneurial success.6 

			The location of Hanau itself also played a key role in the development of the business. In the 16th century, refugees from the Netherlands and Wallonia brought precious metalworking to Hanau, and this continued to shape the town’s economy well into the 19th century.7 The goldsmiths and jewelry makers based in Hanau were looking for someone who was able to manufacture bars from the platinum left over from their jewelry production. This precious metal had been known in Europe since the mid-18th century. Jewelry makers valued platinum for its rarity and its silvery shimmer, but its high melting point of 1,768.3 degrees Celsius made further processing incredibly difficult.8 Physicists and chemists, on the other hand, were less interested in the elegance of this precious metal; the reason they treasured platinum was its resistance to heat and acids.9 While gold and silver residues could be poured into bars and processed further, it was initially only possible to process platinum residues in a white-hot forge into so-called “platinum sponges.” These could not be used in jewelry production. At the time, jewelry makers sent their platinum residues to Paris or London, where they were processed into platinum sheets and wire. 

		

	
		
			[image: Painted portrait of Wilhelm Carl Heraeus, shown seated in a dark suit with a bow tie, the pharmacist who expanded the family business into platinum melting.]

			Wilhelm Carl Heraeus took over the family pharmacy in 1851 and expanded it with a platinum melting facility. This venture proved so successful that it soon replaced the pharmacy business.

		

	
		
			W. C. Heraeus identified a lucrative field of business here. He had learned about the work of the French chemist Henri Sainte-Claire Deville from his old professor.10 In 1856, Deville and physicist Jules Henri Debray succeeded in melting platinum. The two scientists heated platinum in a crucible made of refractory lime using a mixture of coal gas and oxygen, and demonstrated the melting of a 600-gram platinum sample.11

			Platinum Melting

			Building on the basis of this work, Wilhelm Carl Heraeus also successfully melted platinum in the same year.12 Unlike his French contemporary, he used a detonating gas he had developed himself, whereby oxygen and hydrogen gas are combined via a tap and ignited. The flame reached a temperature of up to 3,300 degrees Celsius – hot enough to melt platinum.13 The blowtorch that Heraeus developed, with its large flame front, made it possible to melt several kilograms of platinum-containing materials at once. Using this method, W. C. Heraeus made the precious metal usable for industry.14

			Heraeus continued to perfect the process. As demand for platinum steadily increased during the 19th century, platinum melting soon became his company’s core business.15 The Heraeus family firm expanded and its turnover increased accordingly. In 1857, Heraeus Platinschmelze received its first order for export: 30 kg of platinum in the form of rods, sheets, and wire left Hanau bound for New York.16 In Europe, Heraeus benefited from the fact that the first light bulbs required wire made from melted platinum. Early telephones also incorporated non-oxidizing platinum contacts. Added to this was the growing demand for platinum from the jewelry industry.17 While Heraeus Platinschmelze recorded annual platinum sales of 59 kg in 1859, twenty years later this had risen to as much as 400 kg, and in 1888, the platinum goods sold by the company weighed almost one metric ton. Up until World War I in 1914, Russia was the main supplier of platinum nuggets to Heraeus Platinschmelze. The country benefited from large beds of platinum, which had been discovered in the area surrounding the town of Yekaterinburg in 1823.18 Russia exported up to one third of its platinum output to Hanau.19 

			From Workshop to Industrial Firm

			On January 1, 1889, the sons of Wilhelm Carl and Katharina Heraeus took over the management of the business. The brothers Dr. Wilhelm and Heinrich Heraeus were the second generation in the family business, which at this point was still a workshop with ten employees.20 They abandoned the pharmacy business and dedicated themselves entirely to platinum melting. While the platinum trade had already played an increasingly important role in their father’s work, Wilhelm and Heinrich, with the support of their scientific colleague Dr. Richard Küch, focused their business activities on the mechanical processing of molten platinum.21 

			[image: Historical studio photograph of Heinrich Heraeus, Dr. Wilhelm Heraeus, and Dr. Richard Küch standing side by side in suits and caps.]

			On the left and in the center are the brothers Heinrich and Dr. Wilhelm Heraeus. From 1889, they ran the company founded by their father. On the right is Dr. Richard Küch.

			Dr. Küch also developed a process for manufacturing nonporous quartz glass by melting quartz. Quartz glass could be used to manufacture artificial sun lamps for medical use or thermometers, for example. Today, it is an essential component of glass fiber technology.22 The drive to innovate combined with the application of scientific expertise became a fundamental part of the Hanau-based firm’s corporate culture. The platinum business yielded profits, which in turn enabled investments to be made in research and development, allowing the company to continue to differentiate its offering. In addition to platinum and quartz glass manufacturing, the business established an electrical and ceramic department prior to World War I, as well as the new appliance manufacturing department.23 

			From Raw Material to Workpiece

			Despite the establishment of new business areas, platinum processing remained an important part of the company’s portfolio. Platinum was no longer primarily sought after in wire form or as a semi-finished material. Industry was increasingly demanding the precious metal in finished forms, such as kettles and cups, as well as electrodes and contacts.24 The Hanau-based Platinschmelze adapted to changing customer requirements through continuous product improvements. It was once again Richard Küch, for example, who invented a protective solution for the platinum kettles used in the chemical industry. Sulfuric acid, which was a key basic chemical in the 1890s, damaged the bottoms of platinum kettles during its production to such an extent that they had to be frequently repaired. Küch developed a process in which gold was melted onto heated platinum sheets before being rolled. The gold-plated sheets made platinum kettles more resistant to sulfuric acid. The process, which was registered as a patent in 1891, was the first patent Heraeus Platinschmelze held and contributed to the firm’s economic success. The Heraeus brothers also invested these profits in expanding the production capacity and in research and development.25 

			The aluminum department, which was created at the turn of the century, exemplified the development of a new department within the company. In 1899, Heraeus accepted an order from Badische Anilin- und Soda-Fabrik (BASF), a chemical company, in Ludwigshafen to manufacture aluminum equipment. Aluminum was, at this time, considered unsuitable for hard soldering or welding. Working with Wilhelm Heraeus, a hammer-welding process was successfully developed, which made it possible to manufacture aluminum kettles without any visible welding seams. This represented a breakthrough, particularly in the production of equipment needed in the chemical industry. The aluminum apparatus presented by Heraeus at the 1900 World’s Fair was very well received by the chemical industry, as well as by companies in the food industry. With the subsequent establishment of an aluminum department, the processing of this light metal became its own field within platinum melting – a new business field emerged from this technical innovation.26 

			From 1900 onwards, Heraeus also manufactured electrodes for the electrochemical industry. The electrical engineering industry benefited from high demand for electric lighting and electric transport systems as a result of increasing urbanization. The electrical products manufactured in the German Empire also became sought-after export products. This development was led primarily by the companies Siemens and AEG. In 1913, the last year before World War I, the two companies achieved sales of 1.3 million marks, accounting for one third of the world’s entire production in the electrical engineering sector.27

			Heraeus Platinschmelze contributed to this development through thermometals made from platinum, corrosion-resistant equipment parts, pipes, and contact devices, and the production of electrodes and tubes.28 

			The Founding of W. C. Heraeus GmbH

			The platinum melting company rapidly developed into a supplier and metal-processing business and a new production site symbolized the company’s success. In 1896, a factory complex was built on the outskirts of Hanau on Waldseeweg “Im Schwindelfurt,” between Grüner Weg and the Friedberger Bahn. This remains the site of the Heraeus Group’s headquarters today. In 1909, Wilhelm and Heinrich Heraeus converted the business into a private limited company (GmbH). W. C. Heraeus GmbH had equity capital of 5 million Goldmarks, of which the managing directors each contributed half.29

			The company’s commercial success was also apparent in the change in employment figures, which increased tenfold between 1896 and 1914 to reach approximately 400 employees. W. C. Heraeus Platinschmelze supported its workforce and was a pioneer in the provision of employee social benefits. In the years around the turn of the century, the company paid into a pension fund, guaranteed employees paid vacation, and built detached and duplex housing for its employees.30 

			Wilhelm Rohn at Heraeus

			Wilhelm Rohn: A Biography

			Among the 400 employees was Wilhelm Rohn. He joined W. C. Heraeus Platinschmelze in July 1913 at the age of 26. It was Rohn’s first position in an industrial firm.31 His ideas would later help create a new method of processing metals and alloys, and would, in turn, form the basis for the business operations of Heraeus Vacuumschmelze AG, which was founded later and of which he became the first managing director. To this day, the Heraeus Group in Hanau has an entrance on Wilhelm Rohn Street dedicated to the physicist and inventor.

			Wilhelm Rohn was born in Dresden on May 20, 1887. His father, Karl Rohn, came from Bensheim in Hesse, and his mother was Maria Anna Rohn, née Schopper.32 The family was Protestant Christian.33 Wilhelm Rohn grew up in an academic household: his father initially held a professorship in descriptive geometry at the Technische Hochschule Dresden, later becoming the rector there in March 1900. His uncle on his father’s side, and his namesake, Dr. Wilhelm Rohn, was director of the chemical company Verein Chemischer Fabriken in Mannheim.34 It was thanks to his father and uncle that the young Wilhelm Rohn developed an interest in the natural sciences from early childhood. 

		

	
		
			[image: Undated studio portrait of the Rohn family: young Wilhelm sits in front while his mother Anna and his bearded father Dr. Karl Rohn stand behind him.]

			An undated photograph of the Rohn family. Wilhelm is seated in front, with his parents, Dr. Karl and Anna Rohn, standing behind him.

		

	
		
			Karl and Anna Rohn believed it was important for their son to have a good education. Wilhelm attended the Mochmannsche Lehr- und Erziehungsanstalt, a private school in Dresden, up to Quinta (equivalent to the modern fourth grade).35 School fees for the elementary classes attended by Wilhelm Rohn were between 30 and 36 Goldmarks per quarter. The classes were intended to give pupils a preliminary education in sciences. The teachers also enforced strict discipline.36

			Wilhelm Rohn then attended the Kreuzschule in Dresden. The institution, first mentioned in 1370, was affiliated with the Church of St. Nikolaus. In 1388, the church was consecrated as a cruciform church, as it housed a fragment of the cross of Christ as a relic. In 1817, the Kreuzschule became the neo-humanist secondary school Kreuzgymnasium. In the late 19th century, the school embraced the ideas of its teacher Hermann Köchly, who called for the reduction of Latin in favor of German and dedicated himself to improving the teacher-pupil relationship and expanding the teaching of mathematics and natural sciences in Saxony. While at the Kreuzgymnasium, Wilhelm Rohn received an education with an emphasis on the natural sciences.37

			His father, Karl, was a conservative, loyal to the emperor, and held the imperialist beliefs common around the turn of the century, according to which peoples and nations had to struggle for survival. In a speech entitled “The Development of Perspective in Teaching,” which he gave on April 23, 1900 as rector of the Technische Hochschule Dresden, he advocated the thesis that the “struggle for survival [drives] peoples,” aiming to ensure their “existence and welfare.” He went on to say: “The struggle for survival also compels individuals to participate in this [...] Some catastrophe has brought about this struggle in the lives of peoples, but we also have to thank it for the continued development and civilization of mankind.”38 In this way, Karl Rohn presented himself as a supporter of contemporary theories derived from the biological research of Charles Darwin, which were interpreted as applying to society at large. These views were further promoted in connection with European colonialism, which experienced a resurgence before and after 1900.39 Since 1897, the German Empire had also publicly asserted its claim to participate in the global division of power. People saw themselves in competition with one another and with other European powers in the battle to establish the most profitable and most (politically) powerful colonies.40 Today, this worldview may be considered radical and may even appear alien. Around the turn of the century, however, this form of nationalism and the view of social processes formed part of the standard mindset of large segments of the conservative population. 

			Imperialism justified its endeavors, among other reasons, by pointing to the considerable disparity between the technological development of European industrialized nations and the traditional ways of life in the colonies. This disparity served as persuasive proof of the superiority of industrialized nations and helped to both establish imperialism as a theory and derive a kind of imperialistic duty to conquer others. Such views were reinforced by the economic crises in the late 19th century. Industry stopped growing at the rate that had been seen in the era of the industrial revolution and the boom in establishing businesses. After World War II, the political theorist Hannah Arendt argued that imperialist ideas had created conditions conducive to racist doctrines and ultimately to fascism in the 20th century.41 

			At the same time, contemporaries around the turn of the century experienced a strong sense of acceleration. Advances in technology and natural sciences fascinated many people and technological exhibitions were extremely popular in Europe’s major cities. A number of observers perceived the rate of progression and the new complexity as intimidating, while the new technological opportunities encouraged many to look to the future with a sense of euphoria.42 

			These social currents also influenced Wilhelm Rohn during his childhood and youth. After completing his secondary education in 1905, Rohn studied physics at the University of Leipzig. In the same year, his father moved there to become director of the mathematics institute. Two years later, Wilhelm Rohn continued his studies at what was then the Kaiser Wilhelm University of Strasbourg. He graduated in 1911 with a dissertation entitled “Anomalous Dispersion of a Number of Organic Colorants.”43 In July 1913, he took up a position at W. C. Heraeus GmbH in Hanau as head of the Physical Testing Laboratory.44 

			In 1928, Wilhelm Rohn reflected in a letter on his salary: “Before World War I, Heraeus paid a weekly wage of between 22 and 32 marks. Working hours were 60 per week.”45 Rohn did not specify whether these working hours applied to him personally or to the blue-collar workers in the factory. 

			When Rohn began working at Heraeus, Hanau was a medium-sized town and its economy was still dominated by craft and decorative art. Hanau was also a garrison town; in 1914, the town had a population of 40,000, of which approximately 10 percent were members of the military. In the first decade of the new century, the town had invested in its infrastructure through the construction of barracks, as well as street and school buildings and a canal.46 Rohn moved into a house at Brüder-Grimm-Strasse 17, just a few kilometers from the Heraeus production sites.47 

			Thermocouples Made of Precious Metal

			In the early 20th century, Heraeus invested its profits in research and in expanding its product range, which now included electrical temperature-measurement devices. The “Electric Resistance Thermometer made from Platinum Wire,” patented by Heraeus in 1906, consisted of a platinum wire wound around quartz glass, protected by a quartz glass tube, which made it possible to “measure [temperature] safely, accurately, and rapidly.”48 

			By using “thermocouples,” it was possible to reliably measure even high temperatures. This type of temperature measurement was especially in demand in industry.49 

			The “thermoelectric effect” that formed the basis of this invention was discovered by the scientist Thomas Johann Seebeck in 1821. He discovered that an electric current is created between two points of an electrical conductor that have different temperatures. In a modern thermocouple, two different electrical conductors, usually metals, are connected in a circuit and a temperature difference is created at the contact points. The metals have different thermal conductivity and therefore produce different voltages. This difference in voltage is measured by the thermocouple, which allows the temperature at the contact point to be determined.50 As the resulting thermal voltage is very low, other effects can easily mask the result, which is why homogeneous and pure metals are needed.51 The measurements in the thermocouples manufactured by Heraeus were carried out using two wires made from platinum and rhodium.

			Substitutes for Precious Metals

			The problem was that using platinum in thermocouples was too expensive in the long term. Wilhelm Rohn therefore focused particularly on finding substitutes for the expensive and difficult-to-obtain platinum. To this end, Rohn worked with a small number of physicists at Heraeus, who were dedicated to the emerging research field of metallurgical technology.52 

		

	
		
			[image: Four early electrical resistance thermometers with glass tubes and long projecting platinum wires, illustrating Heraeus temperature-measuring technology.]

			The “Elektrische Widerstandsthermometer aus Platindraht” (electrical resistance thermometer made of platinum wire), patented by Heraeus in 1906.

		

	
		
			The search for substitutes for precious metals was not limited to industrial applications; dentistry was also seeking substitutes for costly dental alloys. Since the introduction of general compulsory sickness insurance in 1883 under the then Imperial Chancellor Otto von Bismarck, the number of patients seeking treatment under the insurance fund had increased. As a result, around the turn of the century, dentists increasingly offered a rationalized service and economy- and practicality-oriented treatments prevailed. This also meant that the cheapest available material was used for fillings. Amalgam fulfilled the requirements of the time; therefore, around 1900 about 75 percent of all tooth fillings consisted of it. However, as early as 1899, it started to become known that harmful mercury can leach from amalgam. Gold fillings offered an alternative in theory, but they were far too expensive. In the 1920s, efforts were therefore made to improve amalgam by producing alloys containing precious metals.53

			Wilhelm Rohn faced a similar challenge: in a contribution to an anniversary magazine for Vacuumschmelze in 1933, he described his work during his early years at Heraeus Platinschmelze as follows: “When the price of platinum rose to 6.30 RM per gram as a result of the increasing technical use of this metal during a period of limited annual production around 1913, there arose a desire to be able to manufacture thermocouples from non-precious metals for temperatures between around 500 and 1,100 degrees Celsius, which could meet the same requirement for interchangeability, e.g., different glazes with identical chemical and thermoelectric properties as platinum-rhodium thermocouples.”54 The high costs of platinum are illustrated by the following example: at 6.30 RM per gram, platinum was, compared with the weekly wage at Heraeus of 22 to 32 RM, very expensive. For the cost of one kilogram of platinum, 6,300 RM, the company could have employed one person for around 196 weeks, that is, more than three and a half years.

			Rohn’s aim, therefore, was to manufacture alloys of non-precious metals to replace the platinum and rhodium used in thermocouples while still being able to measure temperatures reliably up to 1,100 degrees Celsius.55 To select appropriate non-precious metals, Rohn initially made a number of theoretical considerations. For example, it had to be possible to draw the metals into wire form. Another selection criterion was their prices: the metals needed to be significantly cheaper than costly platinum. The final criterion was the melting point of the metals. In practical use, they must not undergo any thermoelectric changes at temperatures of up to 1,200 degrees Celsius. The tests carried out by Rohn revealed nickel-based alloys containing chromium, molybdenum, or copper to be promising substances. As the chromium-nickel alloy was found to have almost identical properties to the platinum-rhodium thermocouple at temperatures between 500 and 1,100 degrees Celsius, Rohn and his team soon focused their work on this metal combination. In addition to their similar properties, the successful substitution of chromium-nickel thermocouples for platinum-rhodium ones also had the advantage that measurement instruments that used the platinum-rhodium thermocouple did not need to be recalibrated.56

			The theoretical considerations were followed by practical implementation. Rohn and his colleagues melted the metals both at constant temperature and under a protective atmosphere. This test failed, as chromium and nickel were found to exhibit different and uncontrollable melt losses.57 During the melting process, they bound to oxygen and did not behave identically. However, Rohn and his team had already developed the idea of electrically melting the metals in an air-free environment – that is, in a vacuum – in order to prevent oxidation.58

			[image: Historical group portrait of several dozen workers from the steel-processing department at the Heraeus platinum melting works, posed outside a factory wearing protective clothing.]

			The photograph shows workers from the steel processing department at the Heraeus platinum melting works.

			Melting in a Vacuum

			The vacuum was the key factor in Rohn’s research. He benefited from earlier work, which formed the basis for his continued research. Since the early 20th century, a series of production processes was being carried out in a vacuum, such as certain stages in the manufacture of light bulbs or tube amplifiers. Alongside the American physicist Irving Langmuir, the German physicist Wolfgang Gaede had been involved in developing processes to produce ever more effective vacuums. For example, Gaede substantially improved the required pumps between 1905 and 1915. The first melting processes in a vacuum were already known: Werner von Bolton successfully performed the first melting experiment in a vacuum arc furnace in 1905. The results were unsatisfactory overall, however, because the scientists initially concentrated more on developing the vacuum pumps than on improving the airtightness of the furnaces. They did not notice that leaking furnaces allowed a stream of air to reach the molten material, causing its material properties to deteriorate.59

			[image: Workers from the Heraeus boiler-cleaning department pose in soiled protective clothing, with shovels and hammers, outside the factory at Pentecost in 1902.]

			A group photograph of the “boiler cleaning” department at the Heraeus platinum melting works, taken at Pentecost in 1902. After its founding, Vacuumschmelze employed some of the workers pictured here.

			The vacuum furnace was already being used for production at W. C. Heraeus Platinschmelze. In 1905, the company introduced an electric crucible furnace for annealing in a vacuum. Dr. Ernst Haagn, the assistant to Richard Küch, made the following statement: “We probably cannot fail to notice now which fields of work will benefit especially from the use of the vacuum, in any case, it must ensure more rapid and perhaps also more reliable processes wherever gases are emitted as a result of annealing.”60 

			Rohn and his team were able to use these furnaces for their tests, but their airtightness caused problems. This was also true of Heraeus’ furnaces, in which too much oxygen was being drawn toward the molten material in the stream of air. Rohn and his team identified the problem early on during their tests. The scientists in the physical testing department developed a method for sealing the furnace. Looking back, Rohn explained that only vacuum furnaces that showed an increase in pressure of no more than three millimeters on the display after 24 hours were used.61 

			The improved tightness of the furnaces was ultimately the decisive factor that enabled alloys of non-precious metals to be produced. Now, the chromium-nickel alloys produced in the sealed furnaces met the required specifications. After only a little more than one year of employment, Rohn and his team achieved a breakthrough. Research was suspended, however, due to the outbreak of World War I in 1914.62

			Heraeus and Rohn during World War I

			Since the early 20th century, there had been growing tensions between the European superpowers. The struggle for supremacy in Europe and imperialist ambitions, as described by Rohn’s father in his speech in 1900, dominated relations between the nations. Ultimately, the political situation in the Balkans among the European superpowers became increasingly unstable. The situation between the nations, which had split into two groups of allies, escalated on June 28, 1914, when Serbian separatists assassinated the Austrian heir to the Austro-Hungarian throne, Archduke Franz Ferdinand and his wife Sophie in Sarajevo. The assassination triggered a domino effect, in which one European power after another followed its allies into the conflict: Austria-Hungary declared war on Serbia, and the German Empire followed by declaring war on Russia, Serbia’s ally. The regional conflict surrounding the independence of Serbia developed into World War I.63 

			World War I was characterized by previously unimaginable atrocities. It was tragically defined by new technologies of the industrial age, by attrition warfare, and by the use of modern weapons of mass destruction, such as poison gas.64 The growth of the steel, metal, and chemical industries formed the basis for the production of vast weapons arsenals. The use of chemical weapons, the development of aircraft for air warfare, and the production of the first tanks symbolized the industrialization of warfare.65

			Even before the German Empire declared war on Russia, the Hanauer Anzeiger newspaper wrote of the “enthusiasm inspired by the Fatherland” and summarized the euphoria of war in the summer of 1914 as follows: “Even here in the German Fatherland, a picture is developing that is worth holding in memory. The entire nation has unanimously and openly professed that it sides with its Austrian allies. As if following an inner impulse, the crowds flow in perfect formation to the sites that remind them of the Fatherland, and on the steps of the memorial to the great unifier of Germany, the unforgettable Emperor Wilhelm and before the memorial of Otto von Bismarck, solemnly take a vow of heartfelt loyalty to the German Empire.”66

			[image: Formal black-and-white head-and-shoulders portrait of Dr. Wilhelm Rohn, wearing round glasses, a dark jacket, white shirt, and a dark tie.]

			Portrait of Dr. Wilhelm Rohn.

			Following the German declaration of war on the Russian Empire on August 1, 1914, the Hanauer Anzeiger implored the German population to show unity: “Now all German people stand with their Emperor, as he embodies our national unity. During the extended peacetime, he has not let the naked sword of his ancestors go rusty but has kept it sharp and resolute; our fleet, which may now have to pass the crucial test, is largely his work.”67 

			Wilhelm Rohn, who had just turned 27, was drafted into the army. He was one of sixty-five million soldiers who fought during World War I.68 As regimental adjutant in the 2nd Battalion, 6th Company, he fought on the Western Front and was wounded during the Battle of the Marne in France in September 1914. Rohn suffered a serious shrapnel injury to his left upper arm, which destroyed his humerus.69 He was among the twenty-one million military and civilian wounded during the war.70 After a long hospital stay, Rohn was no longer fit for frontline service but was still capable of working. Before the end of World War I, he returned to his workplace at Heraeus.71 During this time, Rohn received support from his wife, Hedwig Bennekämper, who was born on October 10, 1888. The pair married on May 26, 1915. On February 3, 1916, their first son, Karl, arrived, followed six years later by his brother, Hans, on February 2, 1922. The Rohn family moved to Dammstraße 8 in Hanau.72 The two-story house was directly adjacent to the then “Maintalbahn,” the railroad line between Frankfurt and Aschaffenburg. It had a large garden with a summer house, which the Rohn family sublet.73 

			W. C. Heraeus Platinschmelze GmbH lost its business with clients in the United States as a result of the country’s sanctions but nevertheless initially profited from the outbreak of the war. As a result of the trade routes blockaded by the Allies, the chemical industry in the German Empire was cut off from key supplies of “Chile saltpeter” nitric acid. Meanwhile, the process for large-scale production of nitric acid through the oxidation of ammonia, which was patented by the Baltic-German chemist Wilhelm Ostwald in 1902, came into use. Where sodium nitrate had previously been used to produce nitrogen-rich fertilizer for agriculture, it was used to a significant extent for munitions and explosives during wartime. Platinum gauzes were required as catalysts in the Ostwald process, which Heraeus was able to supply. Platinum from Heraeus was also used in communications devices or height gauges, which were essential in wartime. 

			On the other hand, the outbreak of the war meant the loss of a large number of Heraeus’ younger male employees, as they were called up for military service, just like Rohn. The responsible war ministry also showed no consideration for workers and researchers in war-essential production. The workforce at Heraeus was reduced by half, and women filled some of the vacant positions.74 Despite the conscriptions, Heraeus was able to maintain its operations. For other medium-sized firms, conscription often meant the closure of production and therefore of the entire company. For example, Hanau-based entrepreneur Carl Göbel was forced to give up his store at Freigerichtstraße 2 because he and some of his staff had been called up.75 Hanau’s light railroad, which connected the town with the surrounding area, also had to alter its timetable due to the mobilization.76 The war thus dominated everyday life in Hanau – although the city was far away from the war fronts.

			Heraeus made efforts to support the soldiers during World War I. Various newspaper articles in the Hanauer Anzeiger reported on the donation of molten platinum for soldiers, as part of the “Ludendorff donation drive for the war wounded.”77 In October 1914, the female employees of Heraeus also knitted thirty pairs of woolen socks for the soldiers fighting in the field.78 The socks were certainly only a small contribution when it came to equipping the soldiers at the front, but the article in the Anzeiger demonstrated that the efforts of Heraeus’ employees were at least recognized in Hanau as worthy of public attention.

			Raw Materials and Research during World War I

			After Wilhelm Rohn had returned to his position at Heraeus, he began working on obtaining pure iron alongside his research into alloys and metals.79 This work was likely related to the wartime economy, which had to function without imported iron ore due to the Allied naval blockade. 

			Before the war, the relevant authorities – such as the Prussian Ministry of War – had done little to prepare German industry for warfare. In particular, the iron and steel industry was not ready for the material-intensive battle of World War I’s trench warfare.

			Despite warnings since 1906 that the Empire’s navy, for example, was not strong enough to overcome British blockades and that the supply of raw materials could therefore be threatened, this did not result in efforts to stockpile raw materials, but instead led to the expansion of the naval forces. The state also assumed that industry would survive emergencies without imports. There were already shortages of food and non-ferrous metals, such as copper, nickel, and tin as early as August 1914.80 

			The Empire therefore adopted a stockpiling policy, which regulated the consumption of iron ore and its distribution.81 Independent companies to supply raw materials for the war were established under ministerial supervision. These raw materials companies were granted the right to buy raw materials and distribute them to businesses. The state guaranteed the procurement and distribution of raw materials with constantly increasing loans. By 1916, around thirty of these companies had been established, including the “Kriegs-Chemikalien-Aktiengesellschaft” (chemicals), a “Kriegs-Metall-Aktiengesellschaft” (metal), and the “Kriegsleder-Aktiengesellschaft” (leather).82 

			As the war progressed, it rapidly became apparent that the essential raw materials were lacking in many branches of industry. The substitute economy and research into substitute materials, such as fully or semi-synthetic substances and methods, was therefore strongly encouraged by the state. The static nature of the war also increasingly called for novel developments: as the military departments could provide neither the expertise nor the workforce required for novel developments, the state increasingly turned to private or semi-governmental institutions.83 The state encouraged research, and Wilhelm Rohn and his department also benefited from this. It can be assumed that Rohn received a state grant for his research into substitutes for copper.

			Rohn successfully obtained ordinary ingot iron by melting it in a vacuum to remove carbon and oxygen impurities. By doing this, the iron hardly differed at all from its chemically pure form in terms of softness and toughness. Rohn identified the opportunity to supply iron as a substitute material for copper driving bands used for ammunition.84 The process to “Purify and Refine Liquid Iron” was patented by Rohn on April 19, 1918, shortly before the end of the war.85 The war’s end in November 1918 impeded any further research in this area.86 

			In addition to his work on iron, Rohn also continued his research into platinum substitutes during the war. Testing of non-precious metal alloys resumed in December 1916. To this end, Rohn and his team continued to develop furnaces. In his memoirs, Wilhelm Rohn reported that the first operational vacuum furnace had already been built by early 1917. This furnace was initially able to process batches of only two kilograms and was used primarily for study purposes.87 

			Wilhelm Rohn went on to report that the platinum shortage in the German Empire in 1917 meant that platinum was no longer available for thermocouples. His employer, the Heraeus Platinschmelze, now benefited from his research. Once he had successfully melted reproducible chromium-nickel alloys in a vacuum furnace that were suitable for the manufacture of thermocouples, manufacturing of the alloys for sale could begin in May 1917. Production took place in the furnace that had previously been used only for research purposes in the laboratory.88 

			According to Rohn, his thermocouples with chromium-nickel alloys helped industry to avoid the use of platinum for temperature measurements below 1,000 degrees Celsius, even during the war. As mentioned earlier, the fact that the chromium-nickel alloys had similar properties to the platinum-rhodium thermocouple meant that the display and recording instruments did not need to be modified. The new thermocouples also proved to be longer-lasting.89 Rohn had therefore discovered a new process and proven its efficiency in practice. However, whether the “start of manufacturing in the laboratory” of Heraeus Platinschmelze could have actually broadly covered the needs of industry and the military is doubtful. 

			Expert Testing: Patenting the “Process of Vacuum Melting and Tempering of Metals and Alloys” in 1918 

			The Patent that Changed Everything

			Even during World War I, Wilhelm Rohn was able to file a patent application for his vacuum melting process. This patent became the foundation for the later business idea of Vacuumschmelze and marked the beginning of a company history spanning more than 100 years. 

			With the significant involvement of W. C. Heraeus Platinschmelze GmbH, a research organization to develop and utilize the “vacuum melting process” was established in 1920. Alongside W. C. Heraeus, the firms Stahlwerke Richard Lindenberg (later Deutsche Edelstahlwerke), Chem. Fabrik Griesheim-Elektron (later I.G. Farbenindustrie) and Felten & Guilleaume also participated in “Vacuumschmelze GmbH.”90 The company was registered in Baden-Baden and was intended to support Rohn in the further development of the novel process.91 No evidence has been found of any active business, such as production or trading, for the private limited company.

			On December 6, 1921, the Imperial Patent Office issued a patent retroactively effective as of January 12, 1918 to Wilhelm Rohn and the research organization Vacuumschmelze GmbH in Baden-Baden under number 345161 for the “process of vacuum melting and tempering of metals and alloys.” According to the patent specification, the patent covered a novel process that enabled the technical properties of metals and alloys to be improved.92 Before Wilhelm Rohn developed the vacuum melting process, it had only been possible to manufacture nickel alloys by adding magnesium or aluminum. This was counterproductive for the use of thermocouples, for which especially pure metals were required. The novel process resulted in a pure product that consistently exhibited identical properties. The same was true for other metals that were processed using the vacuum melting method. The addition of manganese, which was required to produce various stainless steels, became redundant in the production of iron. 

			The patent specification detailed three innovations of the process that qualified it for patent protection. (I) The furnace in which the material to be melted was to be placed had to be completely sealed in order to prevent contamination of the material. Furnaces with sliding closures or stuffing boxes, which “always sealed relatively, but never completely,” were described as unusable for the novel process. The patent specification recommended the use of electrical resistance or induction furnaces. (II) A second condition was the duration: vacuum melting required more time than previously used methods. According to the patent specification, it was important that no further observable pressure changes occurred in the static vacuum being used. This was important, as the metals were intended to lose their gas content and other impurities as a result of the vacuum melting process. However, a more specific duration for how long a melting process should last is not mentioned in the patent specification.93 (III) The patent specification gave temperature control as a third condition. However, no exact formula could be provided for this. The patent specification reported cases in which, despite molten products having been “completely degassed,” it was still possible to extract other gases and impurities from the molten product due to temperature fluctuations. Depending on the metal being used and the impurities it contains, the process had to be simply tried out, which is why the patent specification recommended “expert testing.”

		

	
		
			[image: First page of the 1918 German patent specification for Rohn's process of vacuum melting and tempering metals and alloys, with dense two-column text writing.]

			The 1918 patent specification for the “Process for vacuum melting and tempering metals and alloys.” This official document laid the groundwork for the subsequent founding of Vacuumschmelze.

		

	
		
			The determining factor was that the vacuum melting process enabled non-precious metals to be used for thermocouples.94 Heraeus Platinschmelze was able to dispense with the use of platinum in this area and use the costly metal in other areas. 

			Rohn and his team also observed during their research that a number of metals were easier to process as a result of the vacuum melting process than metals that had been processed using conventional melting processes. Not only that, but the vacuum melting process also made it possible to manufacture products according to a precisely calculated composition. It was now possible to manufacture with a level of accuracy that had not been previously achieved.95 In addition to the use of thermocouples for temperature measurement, as described earlier, the non-precious metal alloys were used for live wire. They were also employed in electric light bulbs or as power leads for X-ray tubes. The vacuum-melted metals were characterized by high tensile strength. They were therefore used in dentistry as rods for dental implants.96 

			Wilhelm Rohn was a scientist, but his patents filed before and during World War I also reveal an extensive technical and entrepreneurial understanding. An obituary published after Rohn’s death summarized the combination of his skills: “It has already become clear from the above that only an extraordinary technical ability, one that is rarely encountered, enabled Wilhelm Rohn to solve the tasks he set himself completely. This is how a man who originally trained as a physicist, and who still concerned himself with a purely scientific task in the field of physics in his thesis, became a technician and metallurgist, who was a trailblazer for many contemporaries in his field.”97 

			The End of the War and Postwar Years in Hanau

			Rohn’s scientific breakthrough occurred during a period of economic and political instability. After the end of the war in November 1918, revolutionary riots spread across Germany and also affected Hanau. The city had been a center of the workers’ movement long before World War I. The workers of Hanau’s tobacco industry brought about improvements to their working conditions during a fourteen-day strike in 1871 and, in doing so, boosted the confidence of the workforce. Likewise, in the 19th century, an important metalworkers’ organization was formed in Hanau. From 1900 onwards, the town’s precious metal industry saw disputes between workers and companies.98 By undertaking organized strikes, the Hanau division of the German Metalworkers’ Union pushed through a reduction in daily working hours to nine hours while maintaining the same level of pay. A further aim was the abolition of piecework, which prevailed in the precious metal industry. Their success made the labor unions and associations in Hanau very popular, and in 1907, three quarters of workers in the precious metal industry were members of a labor union. 

			[image: Historical laboratory scene from 1922: four men stand around experimental melting equipment, a large vessel and metal tools used to test base-metal alloys.]

			The melting experiments continued after the war. The photograph shows a melting experiment conducted in 1922 with base-metal alloys.

			After the end of the war, the USPD (the Independent Social-Democratic Party of Germany) was a decisive political power in Hanau. The party had broken away from the SPD (Social-Democratic Party of Germany) in 1916 as a result of disagreements on matters of war. The USPD stood for left-leaning societal ideas and maintained links with the KPD (Communist Party of Germany).99 

			On November 9, 1918, the Oberhessische Zeitung reported “fierce quarreling” during a town council meeting in Hanau held the day before. A debate on food provision and the distribution of wood and coal was followed by riots, and subsequently a food store on the Marktplatz was plundered. The demonstrators and plunderers then fought with the police who had been called in. The leaders of the demonstrations were taken into custody. The Oberhessische Zeitung was able to report that they were “very young fellows.”100 On November 14, 1918, the workers’ and soldiers’ council took over the administration of Hanau. The Hanauer Anzeiger, which was now being published under the control of the workers’ and soldiers’ council, announced: “Workers, citizens! The old powers have fallen, the socialization of society ushered in. Now, the important task is to carry the revolutionary movement into the rural population and to continue its work, in order to ensure its success … The goal of the movement is the socialist republic.”101 However, when the district administrator Carl Christian Schmid, who had been ousted by the revolutionaries, regained his office with the aid of the Prussian military, there were once again raids on stores and riots in the streets.102

			Wilhelm Rohn, like his father, was politically conservative and was critical of the demonstrations. It was reported that he had attempted
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DEUTSCHES REICH

AUSGEGEBEN
AM 6. DEZEMBER 1921

REICHSPATENTAMT

PATENTSCHRIFT

— M 345161 —
KLASSE 40a GRUPPE 17

Vacuumschmelze G.m. b. H. in Baden-Baden und Dr. Wilhelm Rohn in Hanau a. M.
Verfahren zum Vakuumschmelzen und Vergiiten von Metallen und Legierungen.

Patentiert im Deutschen Reiche vom 12. Januar 1918 ab.

Die Schmelzung und dasGieBen von Metallen

und Legierungen im Vakuum ist an sich bekannt. |

Es ist schon fiir sehr verschiedene Zwecke tech-
nisch und wissenschaftlich und unter sehr ver-
5 schiedenen Bedingungen ausgefiihrt oder vor-
geschlagen worden. Teilweise sollte die Eva-
Kuierung nur dazu dienen, die in einer Schmelze
vorhandenen Gase rein mechanisch zom Auf-
steigen zu bringen und abzufiihren und so blasi-
10 gen GuB zu vermeiden. Es war weiter schon er-
kannt worden, daB die Entfernung der Luft aus
dem Ofen Vorteile fiir leicht oxydierbare Metalle
hat. Es ist auch schon angestrebt worden, cin-
zelne Metalle durch eine besondere, dem be-
15 treffonden Metall und Sonderzweck angepaBte
Vakuumbehandlung zu vergiten. So ist vor-
geschlagen worden, die Vakugymbehandlung
Zeit andavern zu lassen, fiir andere
Zwecke das Vakuum sehr niedrig zu halten, und
20 die verschiedensten Temperaturbedingungen
sind fiir solche Sonderbehandlungen angegeben
worden.
Man sollt¢ danach annechmen, daB von dieser

Seite her die Technik wesentliche Bereicherung |

25 hitte erfahren miissen. Dies ist bis jetzt nicht
der Fall gewesen ; man hat nichts von besonderen
Eigenschaften vakuumgeschmolzener Metallc
und Legicrungen oder auch von speziell
gaben gehort, die durch Vakuumschmelzung

30 mit besonders gutem Erfolg gelost werden kénn-
ten. Dies scheint bereits darauf hinzudeuten,
daf bei den bisherigen einschligigen Versuchen
wesentliche Punkte nicht erkannt oder ge-

|

wirdigt worden sind. Eingehende und lang-
wierige Versuche haben in der Tat ergeben, da 35
sich Resultate erzielen lassen, die man bisher
kaum fiir moglich gehalten hitte, geschweige
denn verwirklichen konnte, und daB tatsichlich
Erzeugnisse von ganz spezifischen Eigenschaften
erhalten und Aufgaben gelost werden konnen, 40
die mit den bisherigen Mitteln teils iberhaupt
nicht, teils nicht mit der erwiinschten Prézision
gelost werden konnten. Naturgemi8 ist es bei
dem auBerordentlicher Umfang des Gebietes und
der Fiille von Problemen nicht méglich, in kurzer 45
Zeit eine vollige theoretische Aufklirung und

© technische Durcharbeitung aller einzelnen Aus-

fithrungsformen zu crzielen. Fest steht bis jetzt
nur, daf sich neue und charakteristische Wir-
en erzielen lassen, und es lassen sich dafiir so

hinreichende i angeben, ohne daf
zugleich bereits behauptet werden konnte, ob
alle diese Bedingungen auch notwendige sind.
Ebenso konnen die Begriindungen und Er-
Klsirungen dafiir vorlaufig noch keinen Anspruch 55
auf absolute Exaktheit machen; sie lassen sich
nur so geben, wie sie sich nach dem gegenwiirti-
gen Stand der Erforschung darzubieten scheinen,
ohne daB durch diesc Umsténde jedoch die Tat-
sache berithrt werden konnte, daB neue und 6o
charakteristische Wirkungen und Fortschritte ’
erzielt sind.

Nach diesem gegenwartigen Stand scheint
sich das Wesentliche und Neue ctwa auf folgende
Formel bringen zulassen : Neue charakteristische 65
Eigenschaften sowie wesentliche und iiber-
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