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ABSTRACT 

Ferdinand Hurter was an industrial chemist and one of the earliest chemical engineers. He was 

born in Switzerland in 1844 and, after obtaining his Doctorate in chemistry at Heidelberg 

University, he came to England in 1867. He joined Gaskell Deacon & Co, a major Leblanc alkali 

manufacturer in Widnes, the leading alkali town in Britain, as Works Chemist. During the next 

thirty years, the most successful period in the history of the Leblanc alkali industry, he devoted 

his considerable talents, both practical and theoretical, to developing and improving a wide range 

of processes. He was the author of a large number of publications and patents, and has been 

described as the first person to put the British chemical industry on a truly scientific basis. 

When the British Leblanc alkali manufacturers amalgamated in 1890 to form the United 

Alkali Company, Hurter was appointed to the prestigious position of Chief Chemist, in which 

post he served until his early death in 1898. He was a leading figure in a number of learned 

societies, and also took an interest in technical education. 

The accusation by certain historians that, in the 1890's, Hurter advised the United Alkali 

Company not to adopt the electrolytic process for manufacturing alkali, and thus caused the 
decline and eventual demise of the Leblanc industry, is fully investigated. It is concluded that the 

allegation was substantially unfounded. 
The purpose of this thesis is to carry out an in-depth study of Hurter's professional career, so 

as to evaluate his influence on the development and prosperity of the British alkali industry. He 

made many major contributions to chemical manufacturing, and was one of the most outstanding 

and talented personalities in the chemical industry during the nineteenth century. 
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CHAPTER 1 

INTRODUCTION & OBJECTIVES 

Ferdinand Hurter was regarded by many of his contemporaries as one of the leading figures in the 

nineteenth century inorganic chemicals industry in Britain. It was claimed that he was a pioneer 
in the application of scientific methods to chemical manufacturing processes. Many of his 

published papers, which cover a wide range of subjects, are classic documents in the history of 

chemical manufacturing. Hurter was born in Switzerland in 1844. After receiving his education 
in the Gymnasium in Schaffhausen, he entered the textiles dyeing industry as an apprentice, aged 

sixteen. When he was nineteen he felt the need for a better scientific education, being dissatisfied 

with the rule-of-thumb procedures used in the industry, and went to study chemistry at Zurich 

Confederated Polytechnic School. In 1865 he went on to Heidelberg to work under Bunsen and 
Kirchoff and in 1866, just a year after arriving there, he was awarded the degrees of Doctor of 
Philosophy summa cum laude and Master of Liberal Arts. Hardie [ 1.1 ] was unable to discover 

the subject of Hurter's research for his doctorate, but the point is explained in a letter from the 

Heidelberg University archivist dated 1978: 

... 
I can advise you that Ferdinand Hurter did not submit any dissertation at the Faculty of Philosophy of the 

University of Heidelberg. Preparation of a dissertation in the nineteenth century was not a condition of 

graduation [1.2]. 

On qualifying, Hurter was offered a professorship in chemistry, but he refused this and came to 
England in 1867, obtaining employment as Works Chemist with Gaskell Deacon & Co, Widnes, 

a major Leblanc chemical manufacturer. He remained with the firm until he joined the United 
Alkali Co (UAC) in 1890. 

When Hurter arrived in England in 1867, the British Leblanc alkali industry was approaching 

the peak of its commercial success. It was producing a wide range of products, the most 
important of which were sodium carbonate and bleaching powder. From the beginnings of the 

Leblanc industry in the 1780s up to that time, however, there had been only limited technological 

innovation, the principal advances being increases in the sizes of production plants and the total 
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quantities of chemicals produced. The opportunity existed to make major technological 

improvements to the processes and so improve the profitability of the industry. 

No attempt has been made to write a detailed history of the alkali industry; the information 

which is provided is to assist in evaluating Hurter's work. Detailed accounts of those chemical 

processes with which he was involved are given in the contemporary literature; these are 

referenced throughout the text, or included in the Bibliography. Brief descriptions are provided 

where these are essential to the understanding of the matter under discussion. 

Hurter's work cannot be evaluated in isolation from the changing state of the British alkali 

industry during the period which he spent in it. It will be shown that he made a large number of 

contributions which were of great value to both the technological development and the economic 

optimisation of a wide range of processes. His career began at the start of this period of greatest 

prosperity for the Leblanc alkali industry and ended when the fortunes of UAC (which 

incorporated most of the British Leblanc companies) were beginning to decline -a decline which 

was to continue until the amalgamation of the company into ICI in 1926. 

Hurter's most prolific period of invention and technological research was during his employment by 

Gaskell Deacon & Co. His wvork, covering a wide range of subjects, often involved the application of 

basic theoretical principles of physics and chemistry both to laboratory scale experimentation and to 

the design and optimisation of full-scale chemical production plant. 

The second part of his career, in the prestigious post of Chief Chemist of UAC, the largest 

chemical manufacturer in Britain, shows a different aspect of his character. He established UAC's 

Central Laboratory, one of the first research departments in the country devoted to chemical 

manufacturing. The appointment Evas a major watershed in Hurter's life, revealing managerial skills 

which he had hitherto neither exercised nor demonstrated. It is regrettable that he was in poor health for 

much of his time with UAC and, after a strenuous business visit to the USA, Hurter died suddenly in 

1898, at the early age of fifty four, cutting short a promising and still-developing career. 

The decision to carry out the research described in this thesis «gas influenced by comments made by the 

historian, Hardie: 

Hurter was one of the very first to apply rigorous physical chemical methods to an industrial process [1.3]. 

The scientific career of Dr Hurter reflected more intimately than that of any other man the development 

and decline of the Leblanc system [ 1.4]. 
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These are confirmed by the remarks of Hurter's professional associate for many years, George Lunge. 

Lunge was accorded the honour of delivering the first Hurter Memorial Lecture in the year after 

Hurter's death. He reviewed Hurter's career in the British chemical industry and concluded: 

Hurter will always be looked upon as one of the pioneers in the application of mathematics [i. e physico- 

chemical principles] to problems of technological chemistry, and therefore in the establishment of a true 

scientific base for manufacturing chemistry [ 1.5]. 

Hurter was widely acknowledged as one of the first industrial chemists to apply the theoretical 

principles of both physics, e. g. fluid flow and heat transmission, and chemistry, e. g. thermodynamics 

and reaction kinetics, to chemical manufacturing processes. The principal purpose of his career was to 

improve these processes, so as to maximise the profits of the Leblanc alkali industry and prolong its 

life. The matters which he particularly addressed were: 

Increasing the conversion efficiency of a chemical process, producing a greater yield of product 

per unit of raw materials. Improving its thermal efficiency, thus reducing fuel costs. 

Increasing the purity, and hence the selling price, of products. 

Reducing labour costs by introducing sophisticated process techniques. 

Using better materials for constructing chemical plant, thus reducing maintenance costs. 

Minimising the capital cost of new plant and equipment. 

Hurter paid a great deal of attention to the economic viability of chemical processes. In the early days 

of the Leblanc industry this matter was not assigned a high priority, since there was little competition 
from other manufacturers. In the latter part of the nineteenth century, however, it became essential to 

maximise the profitability of a process, so as to be able to face up to competition. Hurter recognised the 

need for this early in his career and developed an expertise in the subject which would normally have 

been outside the remit of a laboratory-based chemist. 

There has been only one major criticism of Hurter's work: that he played a significant part in the 
decline and eventual failure of the British Leblanc alkali industry by advising the Board of UAC not to 



adopt Castner's electrolytic alkali process. This thesis examines the evidence for and against this 

allegation in depth and it is concluded that it was substantially without foundation. 

It has also been suggested that, because he spent the whole of his working life in the Leblanc 

industry and was obviously thoroughly committed to it, Hurter was blinkered in his attitude to the 

ammonia-soda and electrolytic alkali processes. This will be shown not to be the case; he was very 

knowledgeable and open-minded about them. He invented a version of the ammonia-soda process and 

also a highly successful electrolytic process for manufacturing potassium chlorate. 

In addition to his work in industrial chemistry, Hurter was enthusiastic about education and training in 

technology: embodying the communication of information in the broadest sense. His interests included 

the membership of learned societies, the publication of many learned papers and patents, contributions 
to books, the training of process managers and operatives, and lecturing. 

In the course of evaluating Hurter's contributions to the British chemical industry, information on 
his personality has emerged from his personal letters, contributions to scientific meetings and comments 

made about him by contemporaries and by latter-day historians. It is felt that this should be included, 

since it has a bearing on his professional career. However, because it is not directly connected with his 

technical and scientific contributions to the chemical industry, it appears as Appendix X. 

In 1871 Hurter became friendly with Vero Charles Driffield, Gaskell Deacon's Works Engineer, 

who had formerly been a professional photographer. Although he had left the profession, Driffield 

retained an interest in photography and tried to persuade Hurter to take up the hobby. Hurter felt that 

photography was not sufficiently scientific to interest him and he set out to apply physico-chemical 

principles (particularly reaction kinetics) to it. His publications on photographic science were numerous 

and of high quality; his research on the subject is still highly regarded today. He became as famous for 

his work on photography as he was for that on industrial chemistry. Many of his photographic 

experiments were carried out in a special darkroom which was constructed at UAC's Central 

Laboratory, although he does not appear to have suggested to the company that they might 

commercially exploit any of his photographic inventions. His photographic research has been fully 

studied and documented (see the Photographic Bibliography). It is not directly relevant to this thesis 

and is not dealt with in detail, although brief references to it are unavoidable. However, it is felt that 

some mention of this aspect of his life should be included to demonstrate the breadth of his abilities and 
interests. 

In view of Hurter's undoubtedly outstanding abilities and reputation, it is surprising that a full account 

of his life in the British chemical industry has never been written; only brief references have been made 

to it by historians. It is believed that this thesis is the first document to produce a comprehensive and 
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objective evaluation of Hurter's professional career. It is based on his many published papers, patent 
specifications, reports and private papers, as well as comments on his professional abilities by his 

contemporaries and by latter-day historians. 

Much of the thesis consists of a detailed account and in-depth analysis of the vast amount of 

scientific material which Hurter published during his career. The technical merit of this work and its 

value to the industry is assessed and evaluated. His interests were so numerous and wide ranging - from 

the complex reaction kinetics of the lead chamber sulphuric acid process to popular science lectures for 

the general public - that it has not been easy to ensure that everything he did has been included. It is 

believed that very little has been omitted, even if only a brief mention of some items has been possible. 

Hurter's major achievements, such as his research into the manufacture of chlorine and sulphuric 

acid, his studies of gas-liquid absorption and electrolytic processes, and his work in establishing the 

UAC Central Laboratory, have been allocated chapters of their own. Other contributions to the 

development of the British alkali industry are described in Chapter 8, although some of these might 

properly have been awarded longer accounts in their own right. 

The objectives of this thesis may now be now formally stated: 

To appraise Hurter's professional abilities as an industrial chemist and to evaluate his contributions 
to the development of the British chemical industry, in particular the Leblanc alkali industry. His 

major scientific and technical achievements will be examined. 

To study Hurter's career in the context of the technological and economic development of the 

British alkali industry during the latter part of the nineteenth century. 

To consider how his work contributed to the prosperity of the Leblanc industry during its period of 

growth and, in the subsequent period of its decline, was instrumental in prolonging its life. 

To investigate the allegation that Hurter's advice to the Board of UAC not to adopt the electrolytic 
alkali process was the cause of the demise of the Leblanc industry in Britain. 

To review his abilities and interests in education and training. 
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CHAPTER 2 

BACKGROUND 

The purpose of this chapter is to give an overview of the development of the British alkali industry 

during the nineteenth century, so as to provide a background to the study of Hurter's work. 

The earliest of the three synthetic alkali processes (Leblanc, ammonia-soda and electrolytic) was 

patented by Leblanc in 1791 [2.1]. The Leblanc industry came into existence at the end of the 

eighteenth century to satisfy the requirements of the new industries of the Industrial Revolution for 

large quantities of alkali at an economic price. By 1820, alkali manufactured by the Leblanc process 
had virtually displaced that made from naturally occurring substances, but it was neither as pure nor as 

cheap as it might have been had a strongly competitive product existed [2.2]. 

During the greater part of the nineteenth century, the alkali industry was, to all intents and 

purposes, the British chemical industry. Despite this, up until the 1860s, only limited technological 

improvements were made to its processes; the principal advances were increases in the size of process 

plants and the overall scale of production. The period of greatest development and commercial success 

of the Leblanc industry was, arguably, from about 1860 to 1880. After that it gradually declined, to be 

replaced by the ammonia-soda and, later, the electrolytic allcali processes. 
Until 1890 the industry consisted of a large number of independent companies, usually family 

concerns or small partnerships; there was minimal commercial co-operation between them. By 1890, 

however, so great were the problems of competition from other sources (mainly ammonia-soda), that 
UAC was formed as a defensive measure; virtually all the British Leblanc manufacturers were 
absorbed into the new organisation. 

During the nineteenth century Leblanc's basic alkali process developed into the Leblanc System of 
chemical manufacturing processes. These included: the production of sodium carbonate (soda), sodium 
hydroxide (caustic soda), sodium bicarbonate, bleaching powder, chlorine, sodium and potassium 

perchlorates and sulphuric acid. The processes employed are well-described in contemporary text- 
books by Kingzett [2.3] and Lunge [2.4]; a flow diagram of the Leblanc System is shown in 
Appendix I and that of the sulphuric acid process in Appendix II. 

The Leblanc process was not without its problems. Emissions of hydrogen chloride, sulphur 
dioxide and oxides of nitrogen caused atmospheric pollution, and sulphur-containing "alkali waste" 
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caused land pollution. The loss of sulphur, chlorine and oxides of nitrogen affected profitability. In time 

it became possible to recover these, converting the hydrogen chloride to chlorine; by the 1870s the latter 

had become one of the most important products of the industry. Despite these improvements, though, it 

was always recognised that an alkali process which did not possess the problems of the Leblanc 

process would be preferred. 

In 1861 the Solvay brothers patented their version of the ammonia-soda process which, after 

overcoming some technical and financial problems, soon began to displace the Leblanc process. The 

cheaper and purer soda made by the Solvay process was its main attraction, but its chief disadvantage 

was that chlorine could not be easily manufactured from its calcium chloride waste. The Leblanc 

industry was able to survive for a number of years principally because of the commercial value of the 

chlorine (sold as bleaching powder) which it produced. 

The competitive situation between the Leblanc and ammonia-soda processes changed 
substantially in the 1890s, following the invention of electrolytic alkali processes. These converted salt 
directly into sodium hydroxide and chlorine, thereby overcoming the disadvantages of both the Leblanc 

and ammonia-soda processes. Chlorine made by electrolysis was purer and cheaper than that made by 

the Leblanc industry, and caustic soda was a more profitable product than sodium carbonate. The 

electrolytic process never entirely replaced its predecessors, however, since sodium carbonate continued 

to be required for certain specialised applications. Additionally, there was an economic advantage in 

running the electrolytic process in tandem with ammonia-soda, so as to ensure a proper chlor-alkali 

balance. 

During the 1880s, the period when the ammonia-soda process was becoming established and 

successful, the Leblanc alkali industry was suffering severe set-backs: a general trade depression; 

cheaper and purer ammonia-soda; foreign competition; restrictive legislation; and transport tariffs. 

The competition between the Leblanc and ammonia-soda processes is demonstrated by comparing 
their production costs between 1872, when Brunner, Mond first produced ammonia-soda, and 1894 

(Appendix III). In 1872, Brunner, Mond's costs were slightly lower than those of the Leblanc 

manufacturers [2.5], but the situation was soon to alter substantially in favour of ammonia-soda. 
Between 1880 and 1891 there was a steady increase in its market share of alkali, although the total 

output of soda from the two processes remained substantially constant (Appendix M. 

This competition resulted, by 1892, in a fall in the production costs of alkali made by both the 
Leblanc and ammonia-soda processes, but for different reasons. In the case of ammonia-soda, this was 
to be anticipated because of improvements to the process as it became established. To counter this, the 
Leblanc manufacturers were forced to make improvements to their processes, for which there had been 

little incentive pnor to the introduction of ammonia-soda. By 1894, these improvements had halved the 
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production cost of soda manufactured by the Leblanc industry, so that ammonia-soda was in the lead 

by only a small margin. 

Because of the fierce comp'+rtion from ammonia-soda, much of the process plant in the Leblanc 

industry would probably have been redundant by the 1890s, had not it not been for the production of 

chlorine. Hydrochloric acid was the cheapest source of chlorine for making both bleaching powder and 

potassium chlorate. Only the Leblanc industry could make bleaching powder and it became one of its 

principal products. Demand for it rose steadily until 1880, then remained constant until 1890. Its 

commercial position was strengthened by the fact that a potential process for the electrochemical 

bleaching of paper had not proved successful. 

One disadvantage was that the total production capacity of the bleaching powder plants began to 

exceed the demand for the product. This was due largely to improvements which had been made to 

them, many of which resulted from the research which Hurter had carried out (see Chapter 4). 

Individual manufacturers were forced to compete with each other, with the result that bleaching powder 

was sold at uneconomic prices (Appendix V). The same problem was experienced with soda. 

Many of the Leblanc manufacturers attempted to meet the challenge from ammonia-soda by 
diversifying their products and by increased efficiency, but it soon became obvious that this strategy 
alone would not be sufficient. If the industry were to survive, concerted action was needed, probably in 

the form of a merger along the lines of the Salt Union [2.6]. 

From the beginnings of the Industrial Revolution there had been various forms of co-operation, 
for commercial protection, in many industries [2.7]. From as early as 1838 a number of informal 

agreements had been created between British alkali manufacturers. These were later followed by 

formal alliances, e. g. the Alkali Manufacturers' Association, the Bleaching Powder Association and the 

Widnes Traders Association. 

In the late 1880s Sir Edward Sullivan, a major Leblanc manufacturer, used the Bleaching Powder 

Association as his forum to advocate formal amalgamation of the Leblanc companies, but failed to 

attract very much support. By 1889, its members realised that the time had come for the industry to be 

put on a sounder and more rational footing. Their companies needed to be amalgamated into a single 

undertaking, thus accomplishing economies of scale and countering the threat from ammonia-soda. 
Of the manufacturers approached, some were enthusiastic, others hesitated but, by 1890, the time 

for action had come. A "strictly private" circular on the capitalization of the new company was sent to 

all potential vendors of individual firms [2.8]. A committee of experts from within the industry 
inspected and provided valuations of all the factories which might become part of UAC [2.9). 
Sufficient capital was raised for the new company to be formed and it was incorporated on 
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I November 1890, in the face of some opposition from the press, a national financial crisis and 

hostility from customers who feared that a monopoly was being created. 
The formation of UAC is described in the many histories of the company [2.10] to [2.15]. A 

private publication by UAC describes how it viewed its position in both the British and world chemical 

markets [2.16]. Lindert and Trace provide a review of the British alkali industry which examines the 

complex economics of the chlor-alkali balance, before and after the formation of UAC [2.17]. 

Discussions in this thesis of the history of UAC are based on the above sources and on others which 

are individually referenced. They are intentionally brief, their purpose being to provide a background 

against which Hurter's contributions to the British chemical industry may be evaluated. 

Forty firms comprised UAC, contributing forty eight factories (see Appendix VI). In addition to 

manufacturing the traditional products of the Leblanc system, the constituent companies were involved 

in many other activities. A wide range of "non-Leblanc" chemicals was being produced because many 

of the individual firms had, even before amalgamation, begun to diversify their manufacturing interests. 

In addition to chemical works, UAC acquired: railway track and rolling stock; a fleet of ships; brick 

and pipe works; stone and limestone quarries; sulphur mines; employees' housing; and freehold land 

[2.181. 

Hurter's employer, Gaskell Deacon & Co, was one of the largest companies to become part of 
UAC. In 1890, production of its principal product, soda ash, was 15% of UAC's total production and 
it was the second largest producer of saltcake, soda ash and bleaching powder in Britain [2.19]. It is 

not surprising, therefore, that the directors of Gaskell Deacon had considerable influence in the newly- 
formed company. Holbrook Gaskell I was elected Honorary Vice-President (later President); his sons, 
Holbrook Gaskell II and James Gaskell, both became directors. Eustace Carey, Works Manager and 

partner at Gaskell Deacon, became Company Secretary and Hurter was appointed Chief Chemist. 

UAC was more effective than the earlier trade associations had been in strengthening the Leblanc 

industry. Its size enabled it to compete with the ammonia-soda industry, as well as with foreign 

manufacturers. Virtually all the soda made in Britain by the Leblanc process was produced by UAC. 

In the early 1890s the company made great improvements to its profitability by reducing production 

costs, but it has never received full credit for this achievement. Although UAC was unable directly to 

overcome the threat from ammonia-soda, a commercial agreement was reached with Brunner, Mond & 

Co, the principal producer of amr monia-soda in Britain, and UAC made a modest start on 

manufacturing ammonia-soda itself. 

In 1890 the position regarding the manufacture of alkali and chlorine was clear: soda ash was 

made by the ammonia-soda process, and caustic soda and chlorine by the Leblanc system. The 

possibility of a successful electrolytic alkali process being introduced was recognised, but it was felt 

that this was some years off and did not pose an immediate threat to the two chemical processes. This 
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prediction proved to be over-optimistic since, within a year or two, a number of promising electrolytic 

processes began to make their appearance. 

Despite the technological and commercial efforts which went into forming UAC and ensuring a 

profitable future for the company, it suffered grave set-backs from which it never fully recovered. Its 

decision not to adopt the electrolytic alkali process in the 1890s undoubtedly contributed greatly to its 

decline, but this was not its only problem. 

From its earliest days UAC was never in a strong position financially, for a number of reasons. 

These included: competition from the ammonia-soda and, later, the electrolytic alkali processes; 

competition from overseas manufacturers; the general trade recession during the 1890s; the rising cost 

of fuel; and the protectionist policy of the USA. Also, when UAC was formed, far too generous a price 

had been paid for some of the less profitable component companies with the result that, in subsequent 

years, there Evas never really sufficient capital available to improve and expand its operations. 

A programme was put in place to rationalise the company's production pattern and this resulted in 

the closure of a number of inefficient production units: in some cases entire factories. Progress was 

slow, however, due to understandable opposition from their former owners, who were now directors of 
UAC. Some of the problems with these individuals were described by Sir Frederick Norman, a leading 

figure in the Leblanc industry: 

The formation of the U. A. Co. soon realised the fears that I had forecasted viz: - That you could not clamp a 

body of rivals together and then get them to sink their idiosyncrasies. Full soon under the pretence of 

policy lurked the disposition to find places for pals and pander to old parochialisms [2.20]. 

The formation of UAC lost the Leblanc manufacturers some of their former customers. One of the 

most important of these was William Lever, a major soap manufacturer. Fearing that the price of alkali 

would rise due to a monopoly, he erected his own soda ash and caustic soda plants and, for a time, 

there was a serious risk that he might also compete with UAC on the open market [2.21]. 

An editorial in the Chemical Trade Journal describes, at first hand, the position in the alkali 
industry in the early 1890s [2.22]. In some financial circles it was felt that, by 1894, the Leblanc 

industry had only a few months of life remaining, but the editor did not agree that the situation was as 

serious as that. The British producers of alkali, whether it was made by the Leblanc or ammonia-soda 

processes, were in a bad way in the world markets anyway, which was why UAC's new ammonia-soda 

works had proved disappointing commercially. UAC and Brunner, Mond had together produced more 

ammonia-soda than was required, reducing the market price "to a starvation rate". Also, because 

ammonia-soda had displaced soda made by the Leblanc process, salt-cake had become an unwanted 
low-value product and UAC was forced to react to the situation by reducing the amount which was 

produced. This action was, fortunately, facilitated by the fact that the quantity of saltcake which was 



required eventually to manufacture bleaching powder had already been reduced to a third by the 

introduction of the highly efficient Deacon process. Even so, there was still little profit to be made in 

alkali manufacture and there was a constant battle to maintain an economic balance between the 

products of the Leblanc and ammonia-soda industries. A further set-back to UAC at that time was the 

substantial reduction in the demand for bleaching powder (Appendix V), mainly from the paper and 

textile industries [2.23]. 

Drastic measures were urgently needed if UAC were to survive and, hopefully, prosper. Plans to 

rationalise its manufacturing operations and to diversify into new product areas had been made soon 

after the company came into existence, but they were not implemented as speedily or as effectively as 

the situation demanded. 

Diversification had not been in the minds of UAC's Board when the formation of the company 

was planned, although it was clear that some degree of rationalisation of the many and diverse 

manufacturing units would be required. At that time, the perceived reason for the amalgamation was 

the protection of the commercial interests of the firms which comprised UAC. 

It was not intended that the Leblanc process be abandoned, although it was felt that some 

ammonia-soda might be manufactured. This point was referred to in the prospectus for the new 

company, since an ammonia-soda works - Mathieson's of Widnes - had been acquired at the time of 
formation [2.24]. One of the first and most important diversification developments was to expand the 

production of ammonia-soda. A large new ammonia-soda works commenced operations at Fleetwood 

in 1893 (Chapter 6) and from then on the company began to reduce its production of soda by the 
Leblanc process [2.25]. The minutes of the Board meeting of 12 December 1895 record that: 

It was resolved that the policy of the company is to reduce the manufacture of Leblanc soda ash in favour 

of ammonia-soda and that the ammonia-soda committee be instructed to report upon the cost of a new 

unit at Fleetwood [2.26]. 

During the 1890s and the early twentieth century, UAC developed a wide range of new products, 

making full use of the research facilities of Hurter's Central Laboratory (Chapter 9). Sadly, though, 

the company never really realised the potential which it possessed when it was formed. Had its 

foundation been more soundly based financially, and the efforts made during its early years to ensure 
its prosperity been more effective, it could have become one of the world's great chemical companies. 
Apart from a boost to its fortunes during World War I, UAC's progress during the early twentieth 

century was unremarkable, and it was this period which saw the decline and virtual demise of the 
Leblanc process. The company ended its life in 1926, when it became part of Imperial Chemical 
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Industries. It should perhaps be credited, though, with the fact that it had remained in business for 

thirty-six years without falling into receivership, or being taken over. 
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CHAPTER 3 

CHLORINE 

The Deacon chlorine process «gas the first major project of Hurter's career and one of the most 

important. In carrying out this work, he moved away from the traditional role of a laboratory-based 

chemist into the fields of pilot plant and production scale development and chemical engineering design. 

This early experience probably stimulated his interest in the application of scientific research to the 

development and improvement of chemical processes, which was to become the main purpose of his 

career in the alkali industry. 

Chlorine, whose main use was for making bleaching powder, had been manufactured from the 

early days of the Leblanc system. When Hurter entered the industry in 1867 it was growing in 

importance and, by the 1880s, was beginning to replace soda as the industry's principal product. 

During the second half of the nineteenth century, attempts were made by the Leblanc manufacturers to 

increase the output of chlorine and improve the efficiency of its production methods. Two major 

processes resulted: Weldon's in 1866 and Deacon's in 1868. 

Until the invention of the electrolytic chlorine process in the 1890s, all the methods of manufacturing 

chlorine were based upon the oxidation of hydrochloric acid, differing only in the way in which this 

was done. In 1774 Scheele found that manganese dioxide was a suitable oxidising agent and it was 

used by all commercial processes for the next eighty years. A serious problem was that all the 

expensive manganese dioxide was converted to manganese sulphate and chloride, and could not be 

recovered. The value of the lost manganese dioxide was a considerable proportion of the cost of the 

chlorine which was produced; inventors of new chlorine processes concentrated their efforts on 

recovering it. Dunlop's process was patented in 1855 [3.1]; the percentage of manganese dioxide 

recovered was not high, but the fact that it was possible encouraged others. His process was, however, 

costly and had limited commercial application. Several inventions used oxidising agents other than 

manganese dioxide, but none achieved commercial success. 

During the 1830s, the Leblanc manufacturers began to address the long-standing problem of the 

discharge of hydrogen chloride into the atmosphere, by dissolving it in water in absorption towers (see 

Chapter 7). At first, much of the hydrochloric acid produced in this way was run to waste, since there 
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was more than enough to satisfy current demands from industry. Unfortunately, this acid effluent 

replaced the air pollution problem by one of river pollution. The situation improved when it was found 

that hydrochloric acid was a suitable raw material for chlorine manufacture. New processes based 

upon hydrochloric acid soon began to replace the earlier ones which started from salt and sulphuric 

acid. However, in 1862, only 25% of the available hydrogen chloride was utilised in this way [3.21. 

The manganese dioxide chlorine process continued to improve and, by 1866, the amount of 

chlorine produced by it had risen substantially in response to increasing demand, particularly as a result 

of the growth of the textiles and paper industries, which used chlorine for bleaching. 

The most commercially successful chlorine process at that time was invented by Weldon. Its novel 
feature was the recovery of manganese dioxide, but the entire process became known as Weldon's 

chlorine process [3.3,3.41. Although it recovered 95% of the manganese dioxide, only one-third of the 

available chlorine in the hydrochloric acid was converted to chlorine. This was, however, of high 

concentration and very suitable for bleaching powder manufacture (see Chapter 4). 

Weldon's process is discussed here because it was one of the two chlorine processes of the late 

nineteenth century, the other being Deacon's. Although technically different, they were often operated 
together until well into the twentieth century, when the electrolytic alkali process displaced them. 

In 1869, just after Deacon had patented his chlorine process, Weldon's was in operation at Gaskell 

Deacon's works and Hurter worked with Weldon on a study of its chemistry. Holbrook Gaskell 11, 

Deacon's partner, described the work: 

Weldon's process is doing very well ... 
Mr Weldon has read a paper before the British Association in 

which he shows that the Peroxide of Manganese is combined with the time forming a Manganite of 
Calcium. Dr Hurter assisted him in his experiments to find out what the compound was... [3.5] 

Hurter's involvement is surprising, since Deacon's process was expected to become a competitor of 
Weldon's, and Hurter was Deacon's employee. It is possible that Deacon may have contracted Hurter 

out to Weldon to assist him, because of Hurter's growing reputation as an investigative chemist. 
Weldon attempted to improve his process by developing two new versions based on reactions 

involving magnesium compounds [3.61, [3.71. These had a short commercial life and were unable to 

compete with the Deacon process. In 1883 Hurter presented a paper to the SCI, reviewing the current 
chlorine processes: Deacon, Weldon No. 1, Weldon No. 2 and Weldon-Pechiney [3.8]. Because of the 

similarity between Weldon No. 2 and Weldon-Pechiney, coupled with trade secrecy, many chemists 
were unclear about the details of these. Hurter confused Weldon No. 2 with Weldon-Pechiney and, 
during the discussion of his paper, Weldon corrected him: 
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I agree with his [Hurter's] criticism of what he has called "Weldon No. 2", but he is in error in supposing 

that the process to which he has referred by that name is the process which we are now endeavouring to 

realise at Salindres [ie the Weldon-Pechiney]. The error is not his but it nevertheless is an error, and hence 

his criticism of "Weldon No. 2" does not apply to the process that my friend M. Pechiney will succeed in 

realising. That process, while it undoubtedly grew out of the magnesium manganite process [Weldon 

No. 2] which Dr Hurter has referred to, differs therefrom very materially indeed. 

Which Hurter acknowledged, but without apology: 

... 
I am very much obliged to Mr Weldon for his compliments [on the Deacon process]. Of course, if the 

process I have discussed as Weldon's process No. 2 is not the one which is about to be worked on a large 

scale at Salindres [the Weldon-Pechiney], my remarks fall to the ground ... 

The advantages of a process which would be able to use air for the direct oxidation of hydrogen 

chloride to chlorine, instead of manganese dioxide, were obvious from an early date: several of these 

were invented between 1845 and 1866 [3.9]. Although none was commercially viable, the stage was set 
for the invention of the Deacon chlorine process, which in time was as successful as Weldon's. The fact 

that many of the earlier processes had tried copper salts as a catalyst for the oxidation is significant. 

Deacon studied copper salts as catalysts for the oxidation of both hydrogen chloride and sulphur 
dioxide (for the manufacture of sulphuric acid) in 1867. The first patent for his chlorine process was 

obtained in 1868, after he had solved the problem of catalysing the reaction in a large flow of mixed 

gases at a temperature low enough to produce chlorine in economic quantities [3.10]. 

In a paper to the British Association in 1870, Deacon described a more sophisticated version of 
the process, in which the metallic oxides were replaced by a refractory material impregnated with 

copper sulphate [3.11]. Hurter published a comprehensive heat balance for the process [3.12]. This 

was a piece of classical chemical engineering which, although a routine procedure at the present time, 

was innovative then. A description of the earliest operational form of the Deacon process was given by 
Kingzett in 1877 [3.13]. 

Deacon's invention was a continuous gas-phase process, whereas earlier ones had been batch 

processes carried out in the liquid phase. The advantages of Deacon's process were that it was easier to 

obtain steady operating conditions, and hydrogen chloride could be used direct from the Leblanc 

saltcake furnaces. Deacon described the development of the process and the mechanism of the catalytic 
reaction in 1872 [3.14]. It is probable that Hurter carried out a good deal of the work described in it; its 

style suggests that he may have written some of it. 

Deacon began work on his process soon after the Norwegians Waage and Guldberg revived 
Berthollet's law of mass action in 1864 [3.15]. He described his understanding of the reaction: 
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Hydrochloric acid gas and ... air [are passed] over heated compounds ... one of the elements of which must 
have the power of absorbing oxygen ... when heated and must possess, when subsequently treated with 
hydrochloric acid and heated,... the power of decomposing such acid and of... yielding chlorine ... 

[3.10). 

It was not until 1928 that Beebe and Summers explained the mechanism of the first reaction: the 

conversion of copper sulphate to chloride [3.16]. 

Kingzett suggested that the mechanism of the second reaction: the catalytic oxidation of hydrogen 

chloride to chlorine, was that the copper chloride first reacted with oxygen to form chlorine and copper 

oxide, which reacted with hydrogen chloride to form copper chloride [3.13]. 

Hurter's interpretation was similar, but he assumed the existence of intermediate compounds: 
basic cuprous chloride, or cupric chloride. He was probably correct in the light of modem knowledge 

of catalytic mechanisms [3.17], [3.18], but the final explanation was not provided until the publication 

of the First Report of the Committee on Contact Catalysis, 1922 [3.17]. 

Deacon's paper to the Chemical Society reveals how his background (as an industrial engineer 
rather than a chemist) formed his ideas on the mechanism of catalysis [3.19]. He probably benefited 

from discussions with Hurter, who had the advantage of a good theoretical background, received from 

Bunsen. Deacon referred to "Bunsen's Gasometry", written in 1857, in which it is stated that: 

... chemical affinity is the result of the attractive forces exerted by all the molecules within the sphere of 

chemical attraction, whether these molecules take part in the chemical action or not [3.20]. 

Deacon understood that the copper atoms in the catalyst affected the affinity between the hydrogen and 
chlorine atoms in the hydrogen chloride. The main conclusions of his paper, viz, that the surface of the 

catalyst was more important than its mass; the amount of copper chloride was not related to the 

amount of chlorine produced; and the molecule of the copper salt "is only a medium or fulcrum for the 

other forces", are generally acceptable in the light of present-day catalytic theory. 
The Deacon process was one of the first examples of the use of catalysis on the production scale. 

The phenomenon of catalysis was not new in the mid-nineteenth century, but it was far from being fully 

understood. An account of early theories of catalysis is given by Partington [3.21]. 

It might be thought that Deacon's process, because of its technical elegance, was an instant success 
when it was introduced in 1868. This was far from being so: years of development were required to 
perfect it. Even Deacon, writing to a potential licensee of his process in 1870, expressed some 
reservations: 
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In reply to yours of yesterday, Mr Weldon's process is a bird in hand. My process, as far as the commercial 

manufacture of bleaching powder [is concerned], is not [3.22]. 

It was certainly Deacon's intention that his process would be more profitable than any other; in 1872 he 

wrote: 

My problem has been how, readily, regularly, and continuously to make from a heated current of 

hydrochloric acid gas, mixed with air, the largest quantity of chlorine in the smallest space, in the shortest 

time, at the least cost [3.14]. 

Deacon died from typhoid in 1876 at the early age of fifty four and so did not live to see his ambition 
fully achieved [3.23]. Progress towards the final version of his process was slow; in 1877 Kingzett 

remarked: 

... 
for some period [after 1870], it was doubtful whether or not it [the Deacon process] would rival or even 

displace the Weldon process. Further experience, however, discovered difficulties in the working of this 

beautiful method ... which lessen its applicability. Although several plants have been erected ... most of 

them have been since abandoned, and at the present time ... most of the chlorine is manufactured [by] the 

process of Mr Weldon [3.13]. 

Hurter's laboratory notebooks confirm that he carried out much of the development work on the 

process [3.24]. Between 1871 and 1872 this included: the mechanical design of the decomposing 

furnace; the amount of copper sulphate to be charged into it; the fuel requirements for heating the 

decomposer and super heater; the compilation of tables showing the weight and volume of gases 

produced per ton of salt decomposed; the operation of gas compressors; the construction of gas 

analysis apparatus; the analysis of arsenic and antimony dust deposits in the decomposer; and the 

adverse effects of clay on the solubility of copper sulphate. The notebooks also contain a full history of 

the operation of a decomposer and a statistical study of the cracking of pipes leading from the 

decomposer to the condenser. Other improvements are described in patent specifications. Between 

1870 and Deacon's death in 1876, a number of improvements were made to the decomposer [3.25] to 

[3.28] and to the catalyst [3.29] to [3.34]. 

In 1873 Hurter effected a major improvement to the thermal efficiency, and hence the profitability, 

of the process. The decomposer was provided with a double wall and the annular space so provided 

acted as a heat exchanger, in which the feed gas to the decomposer was pre-heated by heat from the 

exothermic oxidation reaction [3.35]. 
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Initially there were problems in controlling the gas flow rate through the decomposer, so as to 

ensure a constant temperature in it. To facilitate this, an accurate method of measuring high gas flow 

rates was required. Because there was no suitable instrument available, Hurter himself developed an 

suitable anemometer of the pitot tube type [3.36], [3.37]. 

Until 1883, poisoning of the catalyst by impurities in "roaster gas", the hydrogen chloride 

produced in the high temperature furnaces of the second stage of saltcake manufacture, precluded its 

use for making chlorine. The principal impurity was arsenic from the pyrites used in sulphuric acid 

manufacture. As early as 1871 Deacon insisted that only pure hydrogen chloride should be used [3.26]. 

He also believed that sulphuric acid was a catalyst poison, but this was probably not so [3.32]. In 1875 

he patented a process for removing sulphuric acid from "roaster gas", but this proved unsuccessful in 

plant trials [3.38]. 

Because of the problem with "roaster gas", only the purer "pan gas", from the first stage of 
saltcake manufacture, was used to make chlorine. Although this was only about half of the available 
hydrogen chloride, the Deacon process was widely operated in this way from about 1872 and was 

commercially successful. However, it was necessary also to run a Weldon plant to deal with the 

"roaster gas", which was first dissolved in water in absorption towers and then processed as "roaster 

acid". 

The problem was solved in 1883 by the German, Hasenclever, who had devised numerous 
improvements to the Leblanc system [3.39]. He mixed "roaster acid" with hot concentrated sulphuric 

acid and blew air through it, producing pure hydrogen chloride which passed to the decomposer. The 

sulphuric acid was diluted by the water in the "roaster acid" and had to be reconcentrated. Although the 

cost of this operation had to be taken into account, the ability now to process "roaster acid" made the 

new process more profitable than the basic Deacon process. Furthermore, unconverted hydrogen 

chloride leaving the decomposer could be recycled. 
If Hurter was so talented a chemist, why was it left to Hasenclever to devise a means of purifying 

"roaster acid? It seems likely that Hurter could have solved this relatively simple problem, had this been 

necessary. In 1883, however, there was no great need to use "roaster acid" because sufficient chlorine 

was being produced by the Deacon and Weldon processes to satisfy the demand in Britain for 

bleaching powder. Hasenclever was working in Germany, where the situation may well have been 
different. Later in the nineteenth century, the increased demand for chlorine resulted in the Deacon- 

Hasenclever process becoming widely employed in Britain. Details of the final version are given in a 
UAC internal report [3.40], an American manual of industrial chemistry [3.41] and an ICI internal 

report [3.32]. 

Even before the introduction of Hasenclever's improvement, Deacon's process had attracted 

considerable interest and he had begun issuing licences for it as early as 1871 [3.42] to [3.44]. After 
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the improvement was made, the process was able to compete on equal terms with Weldon's. Although 

it was superior to it in a number of ways, it never replaced it; both continued in use until well into the 

twentieth century. This was because Deacon's chlorine, although less contaminated with trace 

impurities than Weldon's, had a concentration of only 5% to 10%, compared to Weldon's 85% [3.45]. 

This dilute chlorine could not be processed in traditional bleaching powder chambers and it was 

necessary for Hurter to design a new type (see Chapter 4). 

The final version of Deacon's process, which he never in fact lived to see, satisfied all his original 

aspirations: 

The chlorine produced was cheaper than that made by his only rival, Weldon, whose process 

required two tons of salt to produce one ton of bleaching powder. Deacon's first process required 

thirty three cwt and the final Deacon-Hasenclever development only one ton [3.9]. 

It was a single-stage continuous process, having a low labour requirement. 

The continuous process ensured that the quality and flow rate of the chlorine passing to the 

bleaching powder chambers remained constant. 

In 1888, after an interval of about thirteen years, Hurter and Henry Wade Deacon introduced further 

improvements. The first of these was to dry the hydrogen chloride with sulphuric acid before it entered 

the decomposer [3.46]. Previously, drying had been effected by cooling the gas, but much hydrogen 

chloride was lost in the condensate. This valuable development greatly improved the overall efficiency 

of the process and it was widely implemented [3.32). 

A process was proposed for recovering unreacted hydrogen chloride which left the decomposer, 

although this does not appear to have been developed further [3.47). 

Hurter invented a process to produce hydrogen chloride for manufacturing Deacon chlorine by 

reacting salt with sulphuric acid in the liquid phase, rather than in the saltcake furnace [3.48]. It is 

probable that this came about because, as ammonia-soda began to replace Leblanc soda, the 

manufacture of saltcake decreased. It does not appear that the process was developed commercially, 
however. 

The work which Hurter carried out on developing Deacon's process was the earliest major project of 
his career and one of the most important. He received full recognition for this from both his 

contemporaries and from historians. 
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At a meeting of the SCI in 1883, Weldon, speaking about the Deacon process, which was a 

serious rival to his oN%n, generously remarked: 

As regards ... the Deacon process, no-one admires that process more than I do. I regard it as the most 

beautiful industrial chemical process ever invented, and no words I could use would adequately express 

my admiration for the genius and skill which, through years of patient labour, Dr Hurter has devoted to its 

realisation [3.8]. 

Ludwig Mond, at a meeting of the Society in 1888, remarked: 

Dr Hurter's classical research on the decomposition of hydrochloric acid by air by means of catalytic 

substances. 

.. the well-known [Deacon] process now in use, the beauty, simplicity and thoroughly scientific character 

of which, combined with commercial efficiency, will make the names of Henry Deacon and Ferdinand 

Hurter ever famous in the annals of industrial chemistry [3.49]. 

An obituary of Hurter records that: 

Dr Hurter was closely associated with the late Mr Henry Deacon in the chlorine process which bears his 

name. Though Dr Hurter was ever too modest a chemist to lay claim to any share of the merits of that 

process, yet all his friends knew perfectly well who was the originator of the many details which made a 

crude process into one which was at once practicable and profitable [3.50]. 

Hardie wrote in 1950: 

Probably historical justice would have been better served had the method been named the Deacon-Hurter 

process [3.20]. 

And Hardie and Pratt in 1966: 

The finally effective form of Deacon's process was the result of ten years of research by Ferdinand Hurter 

... [3.51] 

Deacon also acknowledged Hurter's work, but his remarks were somewhat understated, probably 

because he believed that, since Hurter was his paid employee, the work was simply part of his normal 
duties. Even this limited acknowledgment was more, perhaps, than would have been obtained from 
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other employers at that time. The first reference by Deacon to Hurter's work is in a paper to the British 

Association in 1870: 

A regular series of experiments were then decided upon, and all were performed by Dr Hurter in our 

laboratory, and to this gentleman belongs much of the credit of the success attending the experiments 

hitherto made. I claim the discovery and the reasoning that led up to it ... 
but all subsequent progress has 

been the result of constant conference between Dr Hurter ... and myself and I am glad to have this 

opportunity of acknowledging the value of [his] assistance [3.52]. 

And in 1872, in his paper to the Chemical Society, he said: 

I would acknowledge the assistance throughout of our laboratory chief, Dr F Hurter 
... 

[3.14] 

Lunge commented: 

Deacon has himself publicly recognised the important services rendered in the working-out of his process 

by Ferdinand Hurter [3.53] 

Hurter's name does not appear on any of the patents granted to Deacon, but this was not unusual at 

that time; the patent would have been in Deacon's name as the principal inventor. After Deacon's death 

in 1876, his son Henry Wade Deacon took over the company's commercial affairs and Hurter assumed 

responsibility for the technical development of the process. His name appeared on all subsequent 

patents. 

Hurter's interest in chlorine manufacture was not confined to the Deacon process. In a paper presented 

to the SCI in 1883, he discussed the thermodynamic considerations necessary for liberating chlorine 
from chlorine compounds. The value of this data for comparing the relative efficiencies of the various 

chlorine manufacturing processes was discussed. Regarding the ammonia-soda and Leblanc processes, 
he stated that : 

the low cost of the carrier of chlorine has enabled the ammonia-soda process to take the lead in the 

manufacture of soda, and the peculiarly loose combination of hydrogen and chlorine has given the Leblanc 

process command of the chlorine industry 
.... 

the only practical way of decomposing common salt on account of the very great affinity of the two 

elements, sodium and chlorine, is by a double decomposition 
... [3.54]. 
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It is seen that, at the time of publication of the paper, Hurter believed that only a chemically-based 

process could be used for manufacturing soda. The situation did eventually change, as a result of the 

invention of the electrolytic alkali process. 

In 1891 Hurter carried out research on two new processes for manufacturing chlorine. The first of 

these was based on the gas-phase oxidation of hydrogen chloride; it had been invented in 1889 by de 

Wilde and Reychler, consultants to UAC. Between 1890 and 1894, they assigned a number of their 

patents to that company [3.39]. Their process consisted of passing, alternately, currents of air and 

hydrogen chloride through a heated mixture of manganese chloride, magnesium chloride and 

magnesium sulphate in a decomposer [3.55], chlorine being formed. Each alternate operation was 

conducted at a different temperature, causing chlorine to be produced at different concentrations, 

malting it necessary to use two different types of bleaching powder chamber. Also, thermal stresses 

caused deterioration of the equipment. 

Hurter, now Chief Chemist of UAC, applied his chemical engineering expertise to these problems, 

devising an arrangement of two heaters in parallel, one running on air, the other on hydrogen chloride. 

Each heater was connected to a decomposer. During the first "run" the exit gases from the two 

decomposers were mixed together. The heaters and decomposers were then interchanged and a second 

"run" carried out. In this way both decomposers were maintained at the same temperature and the 

chlorine concentration in the combined product gas. stream was constant [3.56], [3.57]. 

Although there is no evidence that this process was operated commercially, Hurtees sophisticated 

technique of interchanging reactors to ensure constant operating conditions - the "push-pull" system - 

was highly innovative. It is a procedure which is employed in present-day chemical processes, such as 

the steam reforming of hydrocarbons. It seems likely that this was the first example of its use and that 

Hurter may well have invented the technique. 

In 1891 Hurter evaluated a process for making chlorine by oxidising hydrogen chloride with nitric 

acid, which had been patented by Davis [3.58] to [3.61]. He concluded that the process was difficult to 

carry out and could not compete with Deacon's. He returned to the subject in 1896, when he presented 

the results of his own research to the Liverpool meeting of the British Association, in a paper entitled 

'"The manufacture of chlorine by means of nitric acid". He described experiments in which anhydrous 

hydrogen chloride was passed into a mixture of nitric and sulphuric acids. This was expected to yield 

chlorine, nitrogen dioxide and water; the nitrogen dioxide then being re-oxidised to nitric acid. 

The journal, "Engineering", commented: 

There is a certain fascination about such a continuous process, as the numerous attempts and patents 

testify . 
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Success in the laboratory has, however, as yet always been followed by failure in practical application. 

Large bulks of sulphuric acid are needed and have to be concentrated. The plant required for this purpose 

is very costly and it would, moreover ... 
be very difficult to find materials which will withstand the strong 

acids employed [3.62]. 

Quite apart from these process problems, Hurter's experiments did not proceed as expected. The 

product of the reaction was a colourless gas which was decomposed spontaneously into nitrogen 

dioxide and chlorine by the action of light or heat. Hurter decided that it was nitryl chloride. This 

substance had first been prepared by Muller as early as 1862 [3.63] and so its existence would 

certainly have been known to Hurter in 1896. Surprisingly, the authoritative work on inorganic 

chemistry by Mellor attributes the discovery of nitryl chloride to Hasenbach in 1905 and does not 

mention the earlier work [3.64]. Hurter had not, of course, discovered nitryl chloride, but simply a new 

method of making it. 

In reporting the matter, Hardie made an important mistake. He claimed that: 

[Hurter had]... obtained a new, light-sensitive gas... the new compound... [3.65] 

There is also an implied criticism of Hurter for not publicising his "discovery" of a new gas. In fact, as 

Hurter well knew, it was not a new gas at all. He might have been expected to publicise the discovery 

of a new method of making nitryl chloride, but the fact that he did not do so gives an indication of his 

pragmatism. He did not proceed further with the matter because he decided that to manufacture 

chlorine by this route (the original purpose of his research) was difficult, expensive and would probably 

not be commercially viable [3.66], [3.67]. 

Why then did he present this paper, in view of its unpromising nature? The probable explanation 

is that it was customary for an eminent local scientist to contribute to a British Association meeting. 

Given the somewhat abstruse nature of Hurtei's paper, it may have been that "politics" had an influence 

on its being accepted. Because the paper was a "second level" contribution, a full transcript of it was 

not published; the only record is a summary published in the JSCI [3.66]. 

*** 

Hurter's work on the Deacon chlorine process was one of the most successful projects of his 

professional career. Although his university education had been largely academic, including very little 

applied chemistry or chemical engineering, the work shows that he learned these subjects quickly, his 

notebooks demonstrating his abilities in full-scale process experimentation and development. 
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Chlorine, and its derivative bleaching powder, were, by the 1880s, becoming the principal products 

of the Leblanc industry, replacing soda, which was made more cheaply by the ammonia-soda process. 
Hurter's work on developing a successful process for manufacturing chlorine was a major technical 

achievement which helped prolong the life of the Leblanc industry. 

His work on chlorine manufacture is an excellent demonstration of his ability to work with both 

pure and applied chemistry, to acquire practical production experience and to bring a sound theoretical 

approach to the development of a chemical process. 
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CHAPTER 4 

BLEACHING POWDER 

Most of the chlorine made by the Deacon process was used for making bleaching powder. Because this 

chlorine was of a much lower concentration than that made by the Weldon process, the bleaching 

powder plant associated with this was unsuitable for Deacon chlorine. Hurter embarked upon a 

comprehensive programme of research with the objective of designing a suitable plant. A sophisticated 

and efficient piece of equipment resulted, which was in widespread use for many years. In the course of 

carrying out the research, Hurter produced data which was invaluable for optimising not only Deacon 

bleaching powder plants, but also those which were employed in association with Weldon chlorine 

plants, and so the whole bleaching powder industry benefited from his work. 

Hurter's published work and his laboratory notebooks show that the project was almost entirely in 

his hands, from laboratory studies of the mechanism of absorption of chlorine in lime, through to the 

design and construction of full-scale production plant. 

As the textile industry developed in the eighteenth century, new processes for bleaching cloth were 
invented. By 1756, the bleaching agents: alkali, milk and sunlight had been replaced by sulphuric acid, 

and this change had stimulated the development of the new lead chamber sulphuric acid process. In 

1787 Berthollet proposed the use of chlorine water, which was made by passing chlorine gas into cold 

potassium hydroxide solution, for bleaching. This was expensive to produce, however, so in 1798 

Macintosh invented "bleaching powder", made by absorbing chlorine in slaked lime. The process was a 

commercial success: the new bleach was easier to transport and safer to use than was sulphuric acid. It 

was, however, a crude material chemically and its formula was the subject of discussion among 
chemists for many years. Partington traces the debate from 1813 to 1935 [4.11, when it was finally 

decided that bleaching powder was substantially a mixture of calcium hypochlorite and basic calcium 
chloride. The strength of bleaching powder was expressed in terms of the percentage chlorine available 
for bleaching. Thus, bleaching powder which contained, for example, 37% available chlorine was 
termed 37% bleaching powder. 

Until the electrolytic alkali process was invented at the end of the nineteenth century, chlorine (and 
hence bleaching powder) manufacture was exclusively the province of the Leblanc industry, since it 

was in&practicable for it to be made by the ammonia-soda process [4.2]. 
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The techniques of textile bleaching are described by Muspratt [4.3J, and the manufacture of 
bleaching powder by the same author [4.4] and by Partington [4.5]. This process used high strength 
(85% to 95%) chlorine made by the Weldon and similar processes. A summary of it is as follows: 

Slaked lime was made by sprinkling quicklime with water. The fine powder formed was cooled 

and sieved. It was spread in a thin layer on the floor of a lead box with an asphalt floor, which was 

about six feet high, fifteen feet wide and one hundred feet long. The lime was raked into furrows, the 

chamber sealed and chlorine admitted. The absorption of chlorine into the lime was monitored by 

observing the change in the colour of the chlorine. Absorption was rapid at first, decreased over a 

period of twelve to twenty four hours, then ceased. The solid mass was then raked over and the process 

repeated. Finally, unused chlorine was removed by blowing lime dust into the chamber and the 

bleaching powder was raked out. 

This traditional bleaching powder plant could not be used with Deacon chlorine, because the latter 

was too dilute (5% to 10%), so Hurter and Deacon designed a new type of plant. It consisted of a 

number of chambers which contained stacks of shelves through which the chlorine flowed over layers 

of lime. This was a counter-current gas-solid contact operation, with the solid phase moving 
intermittently. 

Although it was labour intensive, the process included two innovations: the lime was spread very 
thinly to ensure efficient absorption of the chlorine; and it was an early attempt at a continuous process, 

a considerable improvement over the traditional intermittent one. The Deacon bleaching powder 

process did not replace the traditional process, however. The Weldon and Deacon chlorine processes, 

with their associated bleaching powder plants, were often operated side by side. 
Deacon patented the basic version of the process in 1870 [4.6], but Hurter's laboratory notebooks 

and published papers show that he carried out the experimental work on it. A later patent by Deacon 

describes how the process could be improved to make it fully counter-current, with both gas and solid 

phases in motion [4.7]. A thin layer of lime was maintained on inclined shelves set one above the other 

in a vertical chamber. The shelves sloped in opposite directions, so that the powder slid across then 

and progressed downwards through the chamber. The idea does not, however, appear to have been 

adopted, since a Brunner Mond report of 1904 [4.8], describes the plant arrangement as it was in 

Deacon's original patent. 

Hurter's research on bleaching powder had the following objectives: 

To design a plant to manufacture bleaching powder from dilute (Deacon) chlorine. 
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To optimise the operation of this plant with respect to bleaching powder strength and production 

output. 

To make improvements to the traditional bleaching powder process. 

He decided that fundamental research was needed into the theory and practice of bleaching powder 

manufacture. The existing process was primitive and its mechanism had never been properly 

understood. His work was published in 1877 in three papers which gave practical recommendations for 

designing and improving production plants [4.9] to [4.11]. A summary of his research follows; the 

original papers provide a great deal of detail of his experimental results and of the mathematical 

formulae which he derived from them. 

His experimental work began with a study in the laboratory of the physics of the flow of a gas 
through a layer of solid particles, using air and fine sand; he found that the gas velocity was 

proportional to its pressure and inversely proportional to the depth of the layer. Using this data, he 

investigated the effects of the following factors on the absorption of dilute (Deacon) chlorine in slaked 
lime: contact time; chlorine concentration; depth of the lime layer; the adverse effects of contaminants 

in the chlorine: carbon dioxide, hydrogen chloride and water vapour; and temperature. 

His study of the detrimental effects of contaminants in the chlorine on the formation of bleaching 

powder showed that carbon dioxide and water vapour presented the greatest problem, hydrogen 

chloride less so. Because carbon dioxide was difficult to remove from the chlorine, it was important to 

exclude it from it in the first place. 
He studied the effects of carbon dioxide in the full-scale process and found that, provided the 

chlorine entering the bleaching powder chambers was well above 5%, carbon dioxide was not a 

problem. Below 5%, it converted the lime to calcium carbonate, reducing the absorption efficiency and 

making it difficult to produce high strength bleaching powder. 
The carbon dioxide entered the chlorine at the chlorine plant, where the process gases passed 

through a heater and a decomposition oven, both of which were heated by products of combustion. 
These contained carbon dioxide which could leak into the chlorine. Typical carbon dioxide 

concentrations in the gas throughout the process were: 5% at the entrance to the heater, 19% at the inlet 

to the decomposition oven and 38% at its outlet. It was therefore important to check the chlorine plant 

regularly for leakages and this was done indirectly, by monitoring the efficiency of the bleaching 

powder plant. An acceptable bleaching powder strength was 37%; below this, the gas tightness of the 

chlorine plant required attention. 
Hydrogen chloride adversely affected the absorption of chlorine in lime, but could be easily 

removed from the chlorine by dissolution in water. 
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Water vapour Evas more serious. At a content of 3% in the chlorine, an impenetrable layer was 
formed on the surface of the lime, inhibiting chlorine absorption. Higher concentrations of water 

vapour could reduce the lime bed to mud. Water also encouraged the formation of calcium chlorate in 

the bleaching powder. It was therefore essential to dry the chlorine before it reached the bleaching 

powder chambers; this was done in sulphuric acid drying towers. Hurter concluded that, if water and 

carbon dioxide were excluded from the chlorine, then high quality bleaching powder could be made 

from Deacon chlorine; this had been confirmed in practice. 

He examined the effects of temperature on bleaching powder manufacture. It was easier to 

produce high quality bleaching powder in winter than in summer, but on very cold days chlorine 

absorption could slow down and even stop. He had assumed that the absorption rate rose with 

temperature, as in many other chemical reactions, so higher temperatures were advantageous. This was 

not always so: above a certain temperature, the bleaching powder could become overheated, changing 

from a fine powder to a crumbly mass. To prevent this, the heat had to be dissipated. Riddel had 

patented a rotating cooler for this purpose [4.12]. 

Figures for the heat generated during the absorption were used to specify the cooling requirements 

for the chambers. It was found that concentrated (Weldon) chlorine could not be used in Deacon 

chambers, due to overheating; it had to be diluted with air and dried before it could be processed in a 

Deacon plant. This was vital information at factories where both Weldon and Deacon chlorine and 
bleaching powder plants were in operation. 

Hurter was aware of the problems of scaling up laboratory experiments when designing 

production plant, but he believed that his laboratory results were of value nonetheless. He therefore 

proceeded to study the absorption of chlorine in lime, especially the relationship between absorption 

rate and time, on a full-scale production plant. An understanding of this was essential to the efficient 

operation of a plant, since it affected the time required to manufacture a given quantity of product, 

which in turn was related to the cost of labour. 

In the traditional process, the lime was turned over by hand when the calcium hydroxide contained 
about 37% chlorine. In the Deacon plant, because the chlorine was dilute, a larger surface area and a 
smaller depth of lime were required and the labour cost could be unacceptably high. It was therefore 

necessary to determine the optimum depth of the lime layer. Hurter found that the ability of a bed of 
lime which was covered with bleaching powder to absorb chlorine was only about half that of fresh 
lime. At the beginning of the process absorption was very fast then, as the gas penetrated deeper, it 

slowly fell to zero as the lime became saturated. Thus the bed of lime could be regarded as a number of 
thin layers which absorbed chlorine to differing degrees, producing acceptable bleaching powder 
ranging through to unreacted calcium hydroxide. For practical purposes the absorption was considered 
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as proceeding in three stages: the first, during which the absorption rate fell from 100% to 50%; the 

second, during which it was approximately constant; and the third, when it gradually fell to zero. 
Although the laboratory work had shown that, in theory, the depth of the lime layer would not 

affect the rate of absorption of chlorine, it appeared that, to optimise the economics of the process, the 

bleaching powder chambers should be designed so that the whole depth of the lime was penetrated by 

chlorine, and all of this was absorbed, within an acceptable time. To satisfy the first requirement, the 

depth of the lime layer had to be calculated and, for the second, its total surface area. The most 

concentrated chlorine came into contact with completed bleaching powder and the most depleted 

chlorine with fresh lime. Thus an average concentration of half that of the fresh chlorine was presented 

to the lime overall. In traditional bleaching powder plants, three to four days were required to complete 

the absorption and other operations, so Hurter assumed a batch time of ninety six hours when 
designing the chambers for dilute chlorine. His theory predicted an optimum depth of lime bed as 1.6 

cm, which was confirmed in practice. 

Finally, he calculated the depth to which chlorine of a given concentration would need to penetrate 

lime to produce 36% bleaching powder. He also showed that, if the lime layer was raked up into ridges, 

the absorption time was more than halved, due to the greater surface area of lime which was exposed to 

the gas. 

After completing his experiments in the laboratory and on the plant, Hurter adopted a theoretical 

approach to derive formulae which related chlorine flow rate, partial pressure and time. Obtaining good 

agreement between this theoretical data and his experimental results, he proceeded to the design of a 
full-scale production plant. 

He used his formulae to calculate the dimensions of a plant for use with dilute (Deacon) chlorine 

which would produce twenty five tons of bleaching powder per week. He reported that six years' 

experience in operating this plant had shown good agreement between the theoretical prediction of its 

performance and the results obtained in practice. 
He had found that, when the Deacon chlorine plant was working well, with a high chlorine 

pressure, as much as forty tons per week of bleaching powder could be produced. If, however, it was 
running badly, when the chlorine concentration might fall as low as 5%, the absorption time rose 
considerably and the output fell to sixteen tons per week. Below 5%, chlorine absorption was found to 
be negligible. This proved how essential it was to eliminate leakages of air into the process equipment, 

which diluted the chlorine. 
In 1892, when he was at UAC, Hurter returned to the subject of bleaching powder manufacture 

when he patented a modification to the Deacon chlorine plant [4.13]. The purpose of this was to 
improve the operation of the associated bleaching powder plant, by controlling the temperature of the 
chlorine passing from the sulphuric acid drying tower to the bleaching powder chambers. Contact with 
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the acid usually raised the temperature of the chlorine above ambient, except in very cold weather, 
when it could become too cold to be absorbed efficiently by the lime. The modification kept the gas 

temperature constant, greatly improving the efficiency of the plant. 

The gas was cooled by refrigerating the sulphuric acid in the drying tower and also, if necessary, 

cooling the gas in a heat exchanger using refrigerated brine. If the gas had to be heated (in cold 

weather), the heat of solution of water in sulphuric acid was employed, also the heat exchanger could 

be fed with hot water. 
The chemical engineering reasoning behind this invention was novel, sophisticated and years 

ahead of its time. The concept of controlling an operating parameter (in this case, temperature) by 

varying the conditions in secondary equipment (the drying tower) was innovative. Also the use of 
refrigeration for process temperature control, although not unusual today, was uncommon in the 1890s. 

*** 

Hurter's detailed and painstaking research on bleaching powder production had an entirely practical 

objective. Deacon's chlorine process suffered from one disadvantage: the chlorine produced by it was 

too dilute to enable it to be used for making bleaching powder in traditional plants. Instead of using the 

commonly employed empirical type of approach to develop a plant suitable for dilute chlorine, Hurter, 

characteristically, went fully into the theory and practice of the subject. As a result, the plant which he 

designed was sophisticated and highly efficient. His research also produced data for use in improving 

traditional plants and so the whole bleaching powder industry benefited from his work. 
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CHAPTER 5 

SULPHURIC ACID 

From the earliest days of the Industrial Revolution, sulphuric acid was one of the most important 

chemicals used. Lord Beaconsfield was well aware of its immense industrial importance when he 

wrote: 

There is no better barometer to show the state of an industrial nation than the figure representing the 

consumption of sulphuric acid per head of the population [5.1 ]. 

Justus von Liebig was of the same opinion: 

It is no exaggeration to say that we may fairly judge of the commercial prosperity of a country from the 

amount of sulphuric acid it consumes [5.2). 

The manufacture of sulphuric acid was the vital preliminary stage, in fact could be regarded as the first 

stage, of the Leblanc system. The process was also important in its own right for providing sulphuric 

acid for many other applications: the manufacture of fertilisers, explosives, dyestuffs and other 

chemicals. Lunge gives a comprehensive description of the methods of manufacture and uses of 

sulphuric acid [5.3]. One of the best accounts of the history of sulphuric acid manufacture is by 

Dickinson [5.4]. 

This chapter is concerned mainly with Hurter's work on the lead chamber sulphuric acid process. 

During the nineteenth century this was the only feasible industrial process for manufacturing the acid, 

until the contact process came into commercial use in 1898. When Hurter arrived in Britain, the lead 

chamber process had been in use for almost a century and a number of improvements had already been 

made to it. Because of its industrial and economic importance, research on its development continued 

until well into the twentieth century. Hurter made a number of valuable contributions to this. 

Full descriptions of the lead chamber process are given in many textbooks but, to assist in 

understanding Hurter's work, a summary follows. A flow diagram is given in Appendix II. 
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Sulphur, iron pyrites (iron sulphide), or gas-works spent oxide, were roasted in a current of air to 

produce sulphur dioxide. The sulphur dioxide passed from the sulphur burner, up the Glover tower, 

countercurrent to a stream of sulphuric acid from the Gay-Lussac tower. This acid contained the 

oxides of nitrogen which had left the lead chamber. In the Glover tower, the Gay Lussac acid was 

heated by the hot sulphur dioxide, the oxides of nitrogen were released from it and the gas mixture 

passed into the lead chamber. In the chamber, excess air from the sulphur burners reacted with sulphur 

dioxide to form sulphur trioxide, the reaction being "assisted" by a mixture of nitric oxide, nitrogen 

dioxide and nitrogen trioxide. The oxides of nitrogen were obtained in the first instance from sodium 

nitrate (nitre); thereafter, most of it was re-cycled. Reaction between the sulphur trioxide and water or 

steam produced sulphuric acid, which flowed from the bottom of the chamber. The oxides of nitrogen, 

nitrogen from the air and unreacted sulphur dioxide passed to the bottom of the Gay Lussac tower, 

where the oxides of nitrogen and sulphur dioxide were recovered by dissolution in cold sulphuric acid. 

The nitrogen and oxygen (with some oxides of nitrogen) were vented to atmosphere. The acid from the 

Gay Lussac tower was then recycled to the top of the Glover tower. Not all the oxides of nitrogen could 

be recovered and losses from the system were replaced by adding small amounts to the sulphur dioxide 

just before it entered the chamber. 

The term "nitre" was used to describe a variety of compounds by nineteenth century chemists: 

sodium nitrate, potassium nitrate, or the mixture of oxides of nitrogen used in the lead chamber 

process. In this thesis it means sodium nitrate. 
The reactions in the lead chamber plant were complex; the subject exercised the attention of 

chemists for over 100 years. The position as understood in the latter part of the nineteenth century was 

given by Lunge [5.5] and by Hurter [5.6]. The (probably) final opinion on the matter was published by 

Stivenius-Nielsen in 1943 [5.7]. 

The economic optimisation of any process is of vital importance and, in the nineteenth century, 

nowhere was this more true than in the case of sulphuric acid manufacture. It was the key to the 

economic viability not only of the Leblanc system but also of many other chemical processes. Many 

improvements were made to the lead chamber process over the years, the principal ones being due to 

Clement and Desormes (1793), Holker (1810), Gay-Lussac (1827) and Glover (1859) [5.8]. 

A major factor in the profitability of the lead chamber process was the provision of oxides of 

nitrogen. This was a major cost on the process due both to their actual loss from the system and to the 

need to remove them from the final product. 
The oxides of nitrogen were lost from the system as "mechanical" losses (dissolved in the product 

acid and the vent gases) and as "chemical" losses (irreversible chemical decomposition, mainly in the 
Glover tower, by reduction to lower oxides and nitrogen). Air pollution by oxides of nitrogen emitted 
from the plant's vent stack was a serious problem. 
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In the second half of the nineteenth century, improving the economics of the lead chamber process, 

particularly by minimising the losses of oxides of nitrogen, became almost an obsession with sulphuric 

acid plant managers. The description given below of a massive correspondence in the technical 

literature about the function of the Glover tower confirms this. 

Hurter was fully involved with operating and improving the lead chamber process from his 

earliest days with Gaskell Deacon. He carried out research on a number of matters, including: the 

denitration of acid in the Glover tower and the reactions associated with this; and a study of the 

thermodynamics and reaction kinetics of the whole process. His earliest work on the Glover tower 

was carried out in 1869. He recalled in 1896: 

I am proud to say that the first Glover tower introduced in Lancashire started work on the 29th December 

1868 under my superintendence, the second on the 21st May 1869, and the third in July 1870, in the 

works of Gaskell Deacon and Co., where I was then chemist [5.9]. 

Before discussing the Glover tower, however, it is necessary to consider the first major improvement to 

the lead chamber process, the Gay-Lussac tower. Its function was to absorb in sulphuric acid the 

oxides of nitrogen which were contained in the vent gases from the process, so as to prevent their loss 

into the atmosphere. The acid Evas then diluted and heated with steam, when the oxides of nitrogen were 

recovered from it and recycled to the chambers. The system was first tried out in France in 1827 by 

Gay-Lussac, who found that it reduced the consumption of sodium nitrate by two-thirds. The invention 

was, however, largely ignored in Britain at the time, because sodium nitrate was so cheap that it was 

not worth going to the trouble and expense of installing the tower. 

The Glover tower was invented in 1859 by John Glover. It offered substantial benefits to the lead 

chamber process: 

It recovered oxides of nitrogen from the product acid and re-cycled them for re-use by transfer 

into the sulphur dioxide leaving the burners. 

It concentrated the acid from the chambers and from the Gay-Lussac tower. This acid was then 

re-cycled to the Gay-Lussac tower for recovering oxides of nitrogen. 

It generated steam for the chambers and cooled the burner gases. 

Once the Glover tower became established, the Gay-Lussac tower was gradually introduced in 

partnership «ith it, producing the lead chamber plant in its final form (see Appendix II). A typical plant 
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consisted of a number of Gay-Lussac and Glover towers in combination with a series of lead 

chambers; this was known as a "with towers" plant. The adoption of these improvements was neither 
widespread nor immediate, however; "without towers" plants continued in operation for some years. 

In 1896, at the fifth Annual Meeting of the SCI, John Glover was presented with a medal in 

recognition of his invention. Hurter was not present at the meeting, but he submitted a written 
contribution in which he described the background to the invention of the Glover tower and the benefits 

which it had conferred upon the lead chamber process, particularly the improvement of its profitability 
[5.9]. 

Hurter had not always been favourably disposed towards the Glover tower, however. Between 

1874 and 1879, a long series of papers appeared in Dinglers Polytechnisches Journal and in Chemical 

News. The purpose of the correspondence was to resolve, by soundly-based scientific discussion, the 

question as to whether the Glover tower did, in fact, reduce the "chemical" losses of oxides of nitrogen 
from the process. The other advantages of the Glover tower were not in dispute. 

There was a major difference of opinion between Hurter and Lunge about the function of the 
Glover tower, which the correspondence did not resolve. Hurter believed that the Glover tower did not 
de-nitrate (i. e. recover the oxides of nitrogen from) the acid passing through it to any significant extent; 

Lunge believed that it did. The other participants either supported, or disagreed with, these views. 
Agreement was not obtained at that time; in fact the matter was not resolved until several years later. 

The correspondence is fully documented in references [5.10] to [5.36]. 

The massive correspondence, which consisted of lengthy dissertations and shorter letters, 

contained over 50,000 words, of which 14,000 were by Hurter and 15,000 by Lunge (a university 

professor with industrial experience), with shorter contributions from Vorster and McTear (both alkali 

manufacturers) and Davis (one of HM Alkali Inspectors). Hurter's longest paper was of 7,500 words. 

Vorster, Hurter, McTear and Davis carried out their investigations both in the laboratory and on 
full-scale production plants. Lunge's work was done on a glass pilot plant, which he constructed 
himself. Hurter's comprehensive research was particularly detailed and of his customary high standard, 
he reported an enormous amount of experimental data which he obtained on Gaskell Deacon's 

sulphuric acid plants. 
The researchers encountered difficulties in obtaining an accurate material balance of oxides of 

nitrogen throughout the process. There was doubt as to the accuracy and reliability of the methods used 
for determining the concentration of oxides of nitrogen in sulphuric acid and in the vent gases and for 

measuring the vent gas mass flow rates. Work had to be carried out to resolve all these matters, so that 

the principal objective of the research could be properly pursued. 

The final conclusion of the correspondence - which was more subjective than objective - was that, 

whilst many sulphuric acid manufacturers were convinced that the Glover tower recovered oxides of 
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nitrogen to an extent which benefited the economics of the process, this had not been established by the 

research described in it. 

The purpose of discussing the Glover tower correspondence is not primarily to examine its 

technical subject matter: the function and efficiency of the Glover tower. Its value lies in providing 
information about the attitudes and inter-relationships of nineteenth century industrial chemists; about 
Hurter's character and professional abilities; and about his contribution to the understanding of the lead 

chamber process. It shows that chemists from different backgrounds: industry, government service and 

university were willing to devote a great deal of time and trouble to carrying out extensive programmes 

of research, both in the laboratory and on process plant, and writing lengthy papers for publication. It 

is debatable whether the subject of the correspondence was of sufficient importance to justify such 

efforts. It is most unlikely that, in the modem-day chemical industry, such a programme of work would 
be permitted to proceed without proper economic justification. Nonetheless, the participants deserve 

credit for the large amount of work which was done and the meticulous way in which it was carried 

out. 

The tenacity of Lunge and Hurter in persisting with their opinions, only being diverted from them 

when convincing counter arguments were advanced, is perhaps due to their Germanic origins and 

education. During the course of the correspondence they appeared to exhibit some antagonism towards 

each other, but Hurter was willing to capitulate (though never apologetically) when a point was proved 

against him. They were, however, surprisingly generous to each other at other times. It appears that 

they regarded their differences purely as matters of scientific fact - dispassionately and objectively - 

with no personal feelings involved. Hurter and Lunge had earlier collaborated amicably, in 1884, on the 

production of the Alkali-Makers' Pocketbook (Chapter 12), but were to differ again, in 1893, on the 

subject of absorption tower design (Chapter 7). 

The correspondence illustrates the emerging desire among industrial chemists in the late nineteenth 

century for a proper scientific understanding of chemical processes. This is confirmed repeatedly in the 

technical literature of the time, particularly the Journal of the Society of Chemical Industry, which was 
introduced in 1882 (see Chapter 12). 

Eventually, the function of the Glover tower became properly understood and Hurter was finally 

convinced of its efficiency in recovering oxides of nitrogen [5.37]. A written contribution to the SCI 

meeting in 1896 confirms that he had revised his earlier opinions [5.9]. He explained his understanding 
of the principal purpose of the Glover tower: this was to recover oxides of nitrogen, but he emphasised 
that this was not done entirely in the Glover tower itself. Some oxides were recovered in the Glover 

tower, but most were recovered in the Gay Lussac tower by dissolution in concentrated acid which had 
been produced in the Glover tower. 
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It is to Hurter's credit that he was willing to acknowledge the final outcome of the matter in this 

way, but it is clear that he did not do so without first being firmly convinced that it had been properly 

and scientifically proved. 

Hurter was responsible for an impressive study of the complex theories of the reactions in the lead 

chamber process. In 1882 he published the results of his work in a series of three papers entitled "The 

dynamic theory of the manufacture of sulphuric acid" [5.38] to [5.40]. The research described is a 

good example of his practice of applying a theoretical approach to the study of a production process, 

with the object of producing practical recommendations for improving it. These papers were probably 

the most theoretical and mathematically complex of all Hurter's publications. He applied the new 

science of reaction kinetics (known then as chemical dynamics), a subject in which he had shown an 

interest in a number of other areas. 

Although the lead chamber process had at that time been in use for about a hundred years, the 

reactions involved in it were far from being properly understood. There had been a great deal of debate 

on the subject, but for much of the time progress had been hindered by there having been no means 

available for writing down either chemical formulae or reactions. Furthermore, the study of reaction 

kinetics was very much in its infancy. 

The "primary" reactions of the lead chamber process were: the oxidation of sulphur to sulphur 

dioxide and then to sulphur trioxide; and reacting the trioxide with water to produce sulphuric acid. 

The reaction was "facilitated" by oxides of nitrogen. There were also several "secondary" reactions, 

which were often used to explain the loss of oxides of nitrogen from the system. Hurter reported upon 

only the primary ones on this occasion. 

Because the objective of his research was primarily practical, the experimental work was carried 

out on full-scale lead chamber plants in normal operation. The relationship between the dimensions of 

the chambers and the temperature within them was found to depend upon the way in which a number 

of chambers was combined in sets. The data could be used to devise the most efficient arrangement of 

the chambers. 
Hurter applied a principle of reaction kinetics which referred to the velocity, or rate, of chemical 

change. Previous research in this field had been confined to simple reactions involving only two 

substances. Harcourt had claimed that: 

When, in any chemical system, a change occurs whereby one substance only is caused to decrease in 

amount, the other substances being kept constant, then the amounts of the substance which vanish in 

equal times form a geometric progression. 
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This explanation was too simple even for the primary reactions of the lead chamber process, so Hurter 

proposed the following, which he had derived from the dynamic theory of gases, as advanced by 

Kronig, Clausius and Maxwell: 

The rate of chemical change depends upon, and is proportional to, the facility with which groups of 

molecules favourable to the particular change can form in the system in which the change occurs. 

Hurter carried out a mathematical analysis of this principle as it applied to the primary reactions of the 

process, and then proceeded to practical trials on operational production plant. He chose to carry out 

the research on lead chamber plants of the "without towers" type because, in this arrangement, all the 

oxides of nitrogen which entered the process were consumed and none were recycled, thereby giving an 

exact measure of the amount used. He obtained figures for chamber volume, average annual nitre 

consumption and the strength and quantity of acid produced from five different sulphuric acid works. 

He determined the percentage conversion of sulphur dioxide to sulphur trioxide (and hence the amount 

of acid produced) in successive chambers of a series. This was related to the heat of reaction and 

therefore to the temperature. The amounts of acid produced and the heat of reaction evolved in each 

chamber were found to decrease geometrically. He also obtained relationships between the chamber 

temperatures and the amount of acid made in each chamber and between chamber volume and the 

concentration of oxygen and sulphur dioxide in the gas phase. 

He concluded that the work done by a set of chambers depended upon the quantity of nitre used 

and upon the strength of the acid produced, and that this decreased geometrically, as did the chamber 

temperatures. The temperature of the first chamber depended on its fraction of the total volume of all 

the chambers (i. e. was related to the number of chambers connected to it). Finally, he deduced the 

composition of the gases which would give the optimum product yield with a minimum of chamber 

space; he found this to be that which gave about 7.95% oxygen in the vent gas. 

The stated purpose of Hurter's research was to provide a proper understanding of the operating 

conditions of the lead chamber process, thus enabling improvements to be made to it. He seemed also 

to be using the work as an intellectual exercise to demonstrate his abilities in physical chemistry and 

mathematics. It shows that he was familiar with the work of at least some of the leading workers in the 

emerging disciplines of thermodynamics and reaction kinetics, although it is a pity that he included no 
literature references. He concluded his paper with the following words: 

The application of a principle of chemical dynamics has given us in a short time, and with greater 

precision, results which it has otherwise taken a century's experience to arrive at. 
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