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Abstract

The thesis examines the relationship between formal education and
the chemical industry from about 1850 to about 1920, It first surveys
relevant literature and discusses historiographical and definitional
matters. It then sketches aspects of the relationship between
science, education and technique during the early nineteenth century.
It moves on to explore the representation of that relationship during
the period of the thesis proper. It argues that this was dominated by
a view articulated largely by academic chemists from the mid-century.
Industrial relevance was exploited as a means of promoting research and
teaching. This, rather than an 'objective' analysis, influenced the
view which was promoted. Alternative, more directly technical,
approaches were envisaged by some industrialists. At the turn of the
century a complex negotiation was in progress, focusing on the place of
technological disciplines in academe.

Attempts to establish chemical technology curricula in the
nineteenth century are surveyed. Reasons are suggested for their
failure, particularly the difficulties in publicly transmitting and
creating commercially sensitive knowledge and the pressures of
curricular and institutional hierarchies. By contrast curricula in
'pure’ chemistry were numerically successful. The thesis examines the
recruitment of chemistry students by the industrial and educational
sectors. It surveys the occupations of a sample of students from a
range of English institutions. It concludes that industrial
recruitment had a greater role than has been suggested by some
scholars. The recruitment and employment of trained men in a number of
chemical firms is surveyed, and it is concluded that their main role
was in routine analysis. Expansion of this activity was slow,
involving vertical routes into managerial positions rather than
functional specialization and bureaucracies. A class of technically-
trained routine analysts was created. The growth of chemical
engineering as academic field and occupation is examined. The roles of
academics and industrialists in conceptualizing the field around ‘'unit
operations' are discussed. An account is given of the emergence of the

Institution of Chemical Engineers.
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Chapter 1. Introduction

In February 1915 the House of Commons debated the promotion by
the Government of a dyestuffs firm which was to address the crisis
brought about by the absence of German dyes ("piece-meal plastic
socialism", as one member described it). During the debate Alfred
Mond, son of the chemical manufacturer Ludwig Mond, told the House,
apparently without intending irony: "(y)ou can pick out from the
universities today, if you like to pay for it, very able men, and there
is no longer any necessity to go to Germany for chemists in order to
run a chemical works in Britain". Philip Magnus argued that German
prowess in industrial chemistry was "in no way due to any superiority
...as regards education": that country's success stemmed rather from
"organisation (in) military, municipal, scientific and industrial
work". Walter Runciman, President of the Board of Trade, remarked
"..o(i)t is the business of the Government, as in all technical
education, to increase the amount of training and instruction for the
production of a larger number of chemists of the second grade".1

Within this debate on public intervention in industry, speakers
returned frequently to a governmental role which was evidently much
less controversial: the production of manpower for private industry.
Their comments signal explicitly some of the themes with which this
thesis will be concerned: the role of foreign chemists; the orientation
towards collective rather than individual activity; and the notion of a
hierarchy among institutions and the students which they produced.
However, some of the underpinning messages are equally significant,
notably Runciman's identification of technical education with the
production of chemists (though of the "second grade") and Mond's vision
of university chemists running chemical works. To what extent, it
might be asked, was a chemical training "technical”, or a university
chemist competent to run chemical works? Such questions reflect the
fact that for chemistry, and for most of the physical sciences during
the period with which this thesis is concerned, the underpinning

assumption of a more or less direct industrial relevance was never far
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from the surface. The main theme of the thesis derives from this
situation. It is concerned with the emergence of chemical components
of the curriculum of higher and technical education within the tension
between academic independence and industrial relevance.

Accounts of the relations between education and industry in
Britain have tended to focus on the foresight of academics and a small
number of industrialists, the 'failures' of government and industry to
heed their warnings and the absence of educational provision and
industrial demand. Those with a particular interest in this field
have, in some cases, seen lack of scientific and technological
education as a key factor influencing British economic performance.
Unfortunately a feature of much of this work is the absence of an
adequate investigation of the cognitive, ideological and institutional
framework within which the relations between education and industry in
Britain were constructed. Often this has been coupled with a tendency
to take at face value the public statements of interested
contemporaries. Indeed some modern accounts constitute little more
than prolonged laments on putative British poor economic performance.2

Some recent work has begun to fill this gap, and to re-examine the
basis of Cardwell's early synoptic account.3 Bud and Roberts have
undertaken detailed explorations of the key institutions of the mid-
century’.4 The 'official' history of the Royal Institute of Chemistry
was a major contribution to the social history of British chemistry.5
MacLeod and Moseley, and other scholars, have investigated the
significance of the Natural Science Tripos.6 Sanderson, though
covering a very wide front, has provided a detailed account of
relations between the universities and industry.7 The industrial
perspective is less well-served. Work such as that of Reader on the
history of ICI has had a largely commercial and financial orientation,
By contrast that of Chandler on the USA and Kocka on Germany has a
wider reference.8

The decades around the turn of the century are of central interest
for the issues under discussion here. At this time in both education
and industry new, if embryonic, institutional forms had replaced those
of the early nineteenth century. A situation was being created which
was at least recognizable in terms of the categories of a modern

industrial society. The present study is an attempt to contribute to
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the process of gaining a better-grounded understanding of the
historical relationship between academic activity and the so-~called
'science-based' industries during this period. The chemical field was
chosen because chemistry was the contemporary academic domain in which
the greatest claims were made for industrial relevance in the
nineteenth century. Until the emergence of the electrical industries
at the close of the nineteenth century these claims were, at least
relative to other disciplines, well-founded. It was also the chemical
sector in which some of the earliest use was made of academically
trained men, and which therefore seemed likely to have developed some
of the earliest examples of bureaucracies and functional specialism
involving such men.

The present account does not cover all possible aspects of the
field uniformly. It has focused particularly on the definition and
institutionalization of curricula, and on the recruitment and role of
trained personnel. It gives relatively little attention to technique
itself: only so much as was thought necessary to make sense of the
areas just referred to. In these circumstances it may be appropriate
to give a brief statement of the author's underpinning view on relevant
historiograpical matters. Examination of the relations between science
and technique is generating a substantial literature, though relatively
little of it has focused on the chemical industry.9 It may be that
this is a consequence of the fact that the reality of industrial
practice and its relations to academic science are particularly
difficult to establish in the chemical field. Much of the work which
has been done needed to confront the paradigm of technique (technology)
as 'applied science' (in the sense of 'application of "pure" science').
In recent years new conceptualizations have been developed and
explored. The modes of interaction between science and technique are
seen as multifaceted, and it has become clear that these relations
cannot be defined merely at the cognitive level. Each is a social
activity. There are social influences on the cognitive development of
each. The relations of the two activities (even the question of when
they can be separately conceptualized) depend on the institutional
framework in play. The present study has been based on the working
assumption that the main arenas involved (academic science, industrial

technique and academic technology) have no necessary cognitive
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relations. Such relations are open to empirical investigation.
Moreover any findings will apply only within a specific period and for
a specific industrial and technological field.

Returning to the thesis itself, an attempt has been made to
undertake a systematic and representative study of curricular
development and employment. Nevertheless it has been necessary to be
very selective, Information on firms and educational activity which
were judged similar to those dicussed here have not been utilized, and
in a number of cases these firms have not been fully investigated. A
variety of constraints made it necessary to take decisions about when
such an exploration would have yielded nothing qualitatively new. The
dangers of this are obvious. Nevertheless it is hoped that the
material which has been used is representative. The limitations which
have been imposed will be indicated in a moment. More important has
been the need to limit the study to certain industrial and academic
domains,

It is not proposed to discuss in detail here the meanings of the
terms 'chemical industry' or 'chemical process industries'. The first
is taken to refer to industries which manufactured products for sale
whose function was based on their chemical characteristics rather than
physical structure. 'Chemical process industries' is taken to refer to
industries involving the manipulation of other products in which
chemical processes had a central role. It can be illustrated by the
dyeing industry. The standard histories of the chemical industry
discuss the issues involved in distinguishing these sectors.10 One
reason for not focusing strongly on this question is that, during most
of the period with which this study is concerned, discussion of the
industrial role of science and education involved very 1little
differentiation between industrial sectors at any level. Moreover, in
attempting to understand relationships such as that at Manchester
between the Technical School and Owens College (treated in chapter 4),
the position of textile-related fields such as dyeing and dyestuff
manufacture cannot be disentangled. However, where the term 'the
chemical industry' is used it is intended to refer specifically to
manufacturing chemistry. In general this means the synthesis, not
extraction, of well-defined inorganic chemicals (notably acids and

alkalis) and organic chemicals (notably dyestuffs and to a lesser
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extent explosives). This applies especially to chapter 8. Little
reference is made to electrochemical firms. The information on this
area suggests that they differ from those discussed here mainly in
physical/electrical aspects: following these aspects through would lead
into the academic fields of physics and electrical engineering. The
most advanced firm, the Castner-Kellner Alkali Co. Ltd., had strong
relations with Brunner, Mond.11

There is an issue of definition in the academic sector, involving
technological curricula, which parallels that just discussed. During
the early part of the period to which this study refers courses
relating to industries involving chemical manipulation usually
encompassed both manufacturing chemistry and some of the chemical
process industries. However, by the turn of the century,
technological curricula orientated towards fields such as dyeing,
brewing, ceramics, leather and food were relatively well-developed. In
this study therefore the account of the earlier period deals with
general courses. However later treatment of technological curricula
has been limited to that which was most clearly orientated towards
manufacturing chemistry proper: that of chemical engineering. Indeed
the tension between more specific courses and chemical engineering,
caused by claims that the latter constituted the 'primary technology'
of industrial chemical manipulations, occupies an important place in
chapter 7. The term 'chemical education' used in the title of the
thesis has thus been interpreted flexibly though, it is hoped,
appropriately.

A number of other definitional matters require attention. When
used here the term 'technique' is intended to refer to the complex of
knowledge and materials (machinery and chemical substances) which was
operated within a particular industrial activity. 'Technology' is used
so far as possible in its older sense of a body of organized and
explicit knowledge of technical matters and not in the sense of
industrial hardware. ‘'Technology' is therefore usually taken to be an
academic category. The title refers to "England", though there is a
detailed account of one initiative in Scotland and, where it seemed
justified, statements have been made referring to the United Kingdom as
a whole. It is nevertheless felt that the limitation in the overall

title is appropriate. The term '‘class' is used on occasions, because
prop ’
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it is impossible to treat the subject matter of this thesis without
drawing on the stratification both of society as a whole and of
industrial personnel. An attempt has been made to use the term in a
pragmatic and limited sense. An effort further to clarify its usage
would have meant writing a different thesis. The role of women in
chemical manufacturing during this period was negligible, and therefore
women students have not been included in the statistical data in
chapter 5.

Chapter 2 broadly surveys the issues involved in the period from
the late eighteenth to the mid-nineteenth century. It looks briefly at
representation, at the institutions present and at industrial activity
in two fields: the Leblanc alkali industry and calico-printing. The
general argument in the first two areas is that categories such as
'pure' and 'applied' science, especially if understood hierarchically,
give 1little purchase on the ways in which contemporaries represented
the relations between science and industrial technique. It is
suggested that this is largely because of the absence of an
institutional underpinning. In the account of industrial activity
itself the complex of informal relations and other routes through which
analytical and descriptive chemistry was involved with, rather than
brought to bear on, industrial technique is discussed.

Chapter 3 turns to the period of the thesis proper. It explores
the ways in which the embryonic body of academic chemists took the
initiative in redefining the notion of chemical practice and setting up
a dichotomized relationship between this practice and industrial
activity. It argues that many of the characteristics of this approach
were grounded in the ideological imperatives of the new 'professional'
academic activity. It gives an account of the ways in which this
approach was developed within the context of the governmental
commissions and other enquiries of the 1860s to the 1880s, and the
response of men from industrial backgrounds. The complexity of the
situation by the turn of the century is surveyed, as new formulations
of technological curricula and of the role of trained men in industry
were developed. It is argued that the new curricula occupied a
problematic position at the focus of the interests of an increasing
diversity of groups, while a new hierarchical distinction between

technical and university education can be discerned.



-7~

Chapter 4 returns to the mid-nineteenth century and looks at one
level of institutional response to the academics' programme. Other
groups and individuals appropriated that element of the programme which
saw public educational activity as the means of training the industrial
workforce. The chapter surveys the main attempts to establish
curricula or forms of certification in "chemical technology" or
"technical chemistry": at the "Andersonian" in Glasgow; at Owens
College, Manchester and the Manchester Technical School; and at
University College, London. It also examines the chemical element of
the Technological Examinations of the City and Guilds of London
Institute and the examination in Technological Chemistry of the
Institute of Chemistry. It argues that much of this activity was
located in institutions in which the influence of industrial
capitalists was strong. In other institutions 'technical' curricula
were introduced as a response to a perceived threat from such
initiatives elsewhere. It concludes that such curricula in technical
chemistry were usually relative failures, explores the reasons for
this, and analyses the constraints and other determinants of their
curricular basis,

Chapter 5 turns back to the chemistry curriculum proper, and
surveys the occupational destinations and other characteristics of
students at a range of institutions. The main institutions surveyed
are: the Royal School of Mines (and associated institutions); the
Society of Arts examinations; Owens College; University College,
London; the City and Guilds Central Institution; and Cambridge
University. This chapter is focused particularly on Cardwell's
argument that the recruitment of academically-trained men by industrial
firms around the turn of the century had only a peripheral influence on
the growth of higher scientific education, and that such employment was
effectively a by-product of the growth of educational provision. It
takes up a substantially different position.

Chapter 6 looks at the situation within the chemical industry
itself. It gives an account of the employment of trained men at a
number of chemical firms: the Leblanc alkali firms of Gaskell, Deacon,
James Muspratt & Co., the Runcorn Soap & Alkali Co. Ltd. and the United
Alkali Co. Ltd.; the ammonia soda firm of Brunner, Mond & Co.; a number

of synthetic dyestuff firms, especially Levinstein and Read Holliday;
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and, more briefly, the explosives firm founded by Nobel, These are
intended to be representative of the industry as delimited earlier in
this introduction. The chapter discusses, so far as possible, the
educational background of employees, the work which they undertook,
their career trajectories and the relations between recruitment,
organizational change and the growth of functional specialism within
firms.

Chapter 7 is concerned with the growth of chemical engineering.
The chapter carries forward the arguments of chapters 3 and 4 to the
early 1920s on a narrower front, It discusses the origins of the term
chemical engineering and its increasing conceptualization by means of
prototype 'unit operations'. It surveys the early attempts to
establish chemical engineering curricula, focusing on those at the City
and Guilds Central Institution and at Imperial College, London. It
looks at the institutional relations of this activity to 'pure'
chemistry. Tensions between chemical engineering and courses based on
specific technologies are considered. The chapter also discusses the
conflicts between formulations of chemical engineering based on a
dichotomized view (i.e. as an amalgam of chemistry and mechanical
engineering) and those which emphasized its novel integrated character,
It explores the ambivalent relationship of industrialists to curricular
innovation. Finally an account is given of the origins of the
Institution of Chemical Engineers, which is seen as convening a diverse
set of interests.

Chapter 8 draws together some of the more important strands of the
previous chapters. It focuses particularly on the structural and
curricular changes within which formal education became central to the

process of defining and creating the industrial workforce.
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Chapter 2. The Background: Aspects of the Relationship between Science

and Industrial Technique in the First Half of the Nineteenth Century

A. The institutional and ideological framework

The relationship referred to in the title has received particular
attention for the late eighteenth and early nineteenth centuries.!
Yet, because of the diverse meanings which can be attributed to the
terms, and particularly to 'science', the argument is prone to problems
of closure or circularity. If science is interpreted as the
intellectual products of a modern academic practice, with its attendant
social apparatus, there is little 'science' to be connected with
technique in that period. If it is identified with a 'rational!
manipulative methodology, then the title 'science' can be applied to
most technical and commercial activity.

It is useful first to indicate how contemporaries expressed this
complex of issues. In 1781 Thomas Henry addressed the newly-
established Manchester Philosophical and Literary Society "On the
advantages of Literature and Philosophy in General, and especially on
the consistency of Literary and Philosophical with Commercial
Pursuits".2 Henry can reasonably be seen as representative of the late
eighteenth century "philosophical™ manufacturer, as well as
illustrating the lack of institutionalization of this position. He had
trained in pharmacy, then moved into various manufacturing interests, as
well as being active in educational and scientific activity in
Manchester.3 In his address he noted of chemistry that it "may be, not
improperly, called the corner stone of the arts. They not only are
supported by her, but many of them derive their very existence from
this source.""4 The sense in which Henry appears to use the term
'chemistry' in this address is rather as the manipulation of materials
than as a field of study.5 The limited occupational basis of the
polarization which he presents is made clear a few lines later, when he

comments that "the chemist is often prevented from availing himself of

the results of his éxperiments, by the want of opportunities for
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repeating them at large"”. Here is no independent scholar dispensing
scientific largesse to an economic world., The limited differentiation
implied by Henry's comments is reflected in his own scientific and
commercial activity: distinctions of motivation and conceptual
structure can be made, but individuals often embodied a practical
integration,

In 1799 Thomas Henry's son, the more famous William, introduced a
series of lectures in Manchester "on the nature and objects of
chemistry" with praise for Watt and Wedgwood, "not less benefactors of
philosophy, than eminent in practical skil]fﬂ6 In reference to the
advantages and attractions of the first of these activities he went on
to note that "though love of speculative refinement has withdrawn
(some) men entirely from the straight path of useful industry" it would
be "unfair to deduce a general condemnation of theoretical knowledge'.
It is difficult to assimilate comments of this kind to any clear
differentiation of science and technique, particularly in view of
Henry's own theoretical activity. Moving forward to 1817 one finds
William Brande praising the Royal Institution, at which he was
Professor of Chemistry, for that "intercourse which has been
facilitated in her apartments, between patrons of science, scientific
men, and the promoters of manufacturers and arts (which) has tended to
inspire that activity and energy which springs most luxuriantly from
the free interchange of opinion."7 Here there is evidence of a more
heterogeneous tone, as might be expected given the conflicts which had
been focused on the Royal Institution, and its establishment of a small
number of 'professional' scientific posts. Nevertheless the dominant
tone is one of integration, of commonality of interest directly
understood (i.e. without the differentiations associated with academic
practice which are a key element in the late nineteenth century) and of
absence of a cognitive hierarchy.

Moving forward again, to 1833, one finds the calico-printer James
Thomson commenting to the Select Committee on Manufactures, Commerce
and Shipping that "the application of science to calico-printing has
attracted the attention of some of the leading manufacturers of this
country, and very successfully." Later he agreed that there were
"several great manufactories in England carried on by gentlemen
perfectly understanding chemistry",8 Thomson and the calico-printing

industry are both significant examples of the integration of scientific
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knowledge and technical activity during the first half of the
nineteenth century, and both will be referred to later in this chapter.
For the present it is again sufficient to note that the relationship
was not presented as problematic (institutionally or in the sense of a
critical national deficiency) or highly differentiated during this
period. Thomson's (and Brande's) relaxed approach contrast strongly
with the tone which would be used a few decades later,

If the notion of a distinct 'science' impacting on technique is to
have any generalized meaning it seems necessary to be able
systematically to identify institutions which both define it and
differentiate it from technical interests. The contexts of scientific
activity in the period can be broadly divided into three:

-as a component of general cultural production,
-as a professional activity,
-as a component of formal education.

It has been argued that the first of these was at its maximum
significance at this time, though Shapin and Thackray have suggested
that the place of science as "a fundamental component of popular
culture'" was not lost until the period 1870-1900.° The activity has
received a good deal of attention, and can be‘approached along various
dimensions. A loosely class-based approach would distinguish at least
three levels: firstly the "aristocratic hegemony" identified by Berman
as having a key role in the Royal Society and other locations for
scientific "polite Culturenlo; secondly the activities dominated by the
emergent capitalistic manufacturers and their associated intellectuals
(physicians, clergy etc), and most obviously illustrated by the
provincial 'Lit and Phils' at Manchester, Derby, Newcastle etc11;
thirdly, the complex of activity associated with the upper reaches of
the working classes in mutual improvement societies, discussion groups
etc.l2 An organizational approach might distinguish the informal,
private activities of the Lunar Society and the network of personal
relationships, from the formal public institutions of the Royal
Society, Lit and Phils and Royal Institution, and the network of
commercial activity (lectures, journals and books) which was growing
rapidly at this period.13 However these do not seem to help in the

identification of a social practice of abstract science systematically

distinguishable from technical activity.

Further sub-division, identifying even the motivations of
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individuals and activities of individual institutions, is possible.
However, the work of men like the Henrys above, Josiah Wedgwood and
even Joseph Priestley, figures central to the scientific 'community' of
the late eighteenth century, and Humphry Davy and John Dalton of the
early nineteenth century, often resists any simple classification.14
More importantly, the problem is carried over into institutions. It is
difficult to locate examples even of the emphases of particular pieces
of work the function of which was simply 'scientific' or
technical/commercial. The tendency to study relatively simple
phenomena, the properties of which were more tractable than those of
much technical activity, is evident. However the limitation to
knowledge 'for its own sake' was not a distinguishing characteristic of
any institutions among those mentioned previously, except possibly the
higher reaches of the Royal Society., Whether indicated by the
interests of the membership (collectively and individually) or papers
produced the distinctions are usually partial and temporary. More
typical is the approach represented by the comment of Martin Wall
(Praelector in Chemistry at Oxford University) when giving a paper to
the Manchester Lite;ary and Philosophical Society in 1785.

My hopes will be fully answered, if...the qualities and
preparation of articles so important may be more perfectly
investigated...and the]Breat expence...of preparing and
importing them diminished.

A similar position'can be detected in a paper given by John Dalton to
the Society nearly 40 years later and entitled "On the nature and
properties of indigo; with directions for the evaluation of different
samplesﬁ}6 The matching of regions of 'pure' science with technical
areas (as, for example; acid-base chemistry with the alkali industry,
chlorine chemistry with the bleaching industry or thermodynamics with
heat engine technique) does not license the conclusion that the one was
pursued in any formal and systematic isolation from the other.l”

The references to the papers of Wall and Dalton in the previous
paragraphs can be exténded to much of the periodical literature of the
time. The turn of the 18th century saw the establishment of a number
of commercial scientific journals such as Nicholson's Journal of
Natural Philosophy (1797), Tilloch's Philosophical Magazine (1798) and
Thomas Thomson's Annals of Philosophy (1813).18 Their content showed

no systematic distinction between 'philosophical' and 'technical'

orientations, and these often mingled in the same paper. This
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characteristic would continue well into the ninteenth century,
extending to journals such as the Watts The Chemist (1840), and even

the early volumes of the Memoirs and Quarterly Journal of the Chemical
Society (1841 and 1847).

The absence of institutionally-defined activity in 'pure' science
renders the professional aspect of the science of the period difficult
to define, There was a growing body of men whose livelihood involved
deploying a conceptually distinct scientific knowledge. Bud and
Roberts, in their social history of nineteenth-century chemistry, have
termed this activity 'professional', rejecting what they see as
retrospective projections of professionalism.19 Certainly the two key
forms of professional scientific activity in the twentieth century
(academic and salaried industrial employment) cannot be identified on a
significant scale at the turn of the eighteenth century or for some
years afterwards. The 'professionals' were, in any case, associated
with activities and institutions defined primarily in terms of their
connections with the broader social position of science, as Brande,
Davy and Faraday at the Royal Institution, or such extrinsic activity
as the expanding chemical lectures for medical students. Outside these
more prestigious and stable activities the major areas open to
'professionals' were such activities as delivering commercial lectures,
writing textbooks or popularizations (the distinction was not obvious
at this time), delivering 'expert' legal testimony for fees, acting as
industrial consultants and exploiting novel materials and processes,
By these means it was possible to earn a comfortable living, if one
having an uncomfortable status.

No systematic work appears to have been done on the extent or
effectiveness of the industrial consultancy undertaken at the period,
though Fullmer has given some indication of the body of men available
in one technical fie]xLzo With the tools available it seems unlikely
that men of science demonstrated any generalized effectiveness beyond
that of a (potentially) systematic, well-operationalized analysis of
the materials and phenomena involved.21 It has been suggested that
Andrew Ure was the first to earn his living entirely by analytical
consultancy, when he moved to London, and this was not until the
1830s.22 Some indication of the position may be gained by Ure's own
comment in 1827 that "most of the improvements in the science of

chemistry consist in bringing the art of analysis nearer to
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perfection".23 He noted elsewhere that by the use of his alkalimeter
"chemical analysis, the highest and most intricate part of the science,
may, I apprehend, be, in many cases, brought within the reach of the
busy manufacturer".? In any case the extent to which contemporary
industrial practice involved systematic experimentation should not be
ignored. Samuel Gray, in his account of manufacturing chemistry, gives
some indication of the approach used.?? Davy's work on tanning was
evidently constrained within an analytical framework, and Berman has
given some indication of the ideological rather than technical
significance which it possessed.26

The failure to establish separate institutional forms for chemical
activity can also be noted. Thus the limited evidence of such activity
(the early Chemical Society of the first decade of the century, the
short-lived and low status Society established by Thomas Hodgkin during
the second decade and the related and equally short-lived journal The
Chemist) drew less on the embryonic 'professionals' than, respectively,
amateur and artisan enthusiasts.2’

These activities possessed only a very limited independent
institutional structure or ideology compared to that which would be
associated with academics and independent consultants later in the
century. The dichotomies of subject matter and motivation referred to
earlier were not developed by the men involved. This can be attributed
to various causes: the absence of a clearly delimited model of their
practice; the low status which they enjoyed, either as mere employees
(their status in the Royal Institution), as equivalent to artisans (in
the court ruling referred to by Fullmer), or as commercialized money-
grubbers; and the doubtful origins and prospects of the men
themselves.28 Chemists were often of lowly origins in comparison with
such groups as astronomers, geologists and botanists during this
period.

As the 'professionals' just referred to cannot easily be
disentangled from the generalist cultural institutions, neither can
they be distinguished from the educational activity undertaken during
the period. According to Hans the scientific element in the
traditional grammar school-university system (in England) was steadily
decreasing during the eighteenth century.29 From before the turn of
the century the activities of the Professors of Chemistry at Cambridge

University (William Farish 1794-1813, Smithson Tennant 1813-1815 and
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James Cumming 1815-61) were limited in comparison with German or
Scottish contemporaries such as Black, Thomson and Liebig, The nadir,
so far as teaching is concerned, appears to have been reached during
the 1830s.30 However, Hans identified a wide range of alternative
activity. This ranged over the entire spectrum from ephemeral self-
help and other organizations in the cities (e.g. the Birmingham Sunday
Society) through academies supplying a kind of secondary education up
to the Dissenting Academies proper. Hans estimated that there were 200
academies of various types by 1790, and singled out that at Hackney,
which lasted till 1820. The scientific content of the curriculum of
these instituions was often substantial. It overlapped with the
commercial lecturing circuit referred to earlier‘.31

Differentiation between the curricular aims of this activity was
made, but it was rarely institutionalized. One of the highest level
initiatives was the School of Practical Chemistry established at Soho
by Bryan Higgins in 1774, and advertised as a "Course of Philosophical,
Pharmaceutical and Technical Chemistry" for "the patrons of natural
philosophy and the useful art§ﬂ32 In Manchester Thomas Barnes
supported the establishment of the New College of Science and Art
(1783) with the argument that its main aim would be that of "connecting
together, liberal science and commercial indust:r)zr."33 Again chemistry
was given a particularly economic emphasis and a course of its own on
the grounds of its "reference to so many of the arts, on which our
manufactures depend."34 Brande, writing of the chemical lectures at
the Royal Institution in 1817, where "the application of Chemistry to
the Arts and Manufactures" formed a large component, nevertheless noted
that "(i)t is here that men of every profession obtain the rudiments of
a branch of liberal education, of which the general opinion renders it
almost disgraceful for any to be ignorant".35 An important turning
point in higher education was the introduction of the requirement of a
chemical certificate for medical practice after 1815, though this also
gives some indication of the lack of separate institutionalization of
chemistry as a teaching subject. The classes at the Royal Institution
and later at University College London were dominated by medical
students.36 Even in 1850 the calico printer Walter Crum commented to
Lyon Playfair in connection with a proposed chemical school at Glasgow

that "we can scarcely have a flourishing school of chemistry without

such an ad junct" (i.e. a sympathetic medical school).37 ¢ Edinburgh
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the Chair of Chemistry was not formally distinguished from Medicine
till 1844,

It is perhaps in the mechanics' institutes that the clearest
formulation of the industrial aspect of science education might be
anticipated. The institutes had many precursors, notably Birkbeck's
own activities at Glasgow, but also in diverse organizations such as
that at Birmingham referred to above and others in the emergent
industrial towns of Liverpool, Manchester and Leeds.38 They
nevertheless represented the most large scale attempt up to that time
to establish a widespread formal education with a science content.39
They were undoubtedly heterogeneous, and any understanding of their
industrial reference is made more complex by their class dimension. The
latter generated some of the most overt disagreement over the aims and
organization of the institutes, and some, such as the first Bradford
institute (1825), were viewed with hostility by local clergy and
manufacturers.40 This may account for the divergence of modern
commentators on the institutes, Shapin and Barnes maintain that the
technically utilitarian aspect was a mere gloss on an attempt to
establish a kind of epistemological hegemony over the intellectual
activity of artisans.4! Simon, from a more orthodox stance, sees the
institutes as an attempt to exploit the inventiveness of the artisan
workforce.42 Given the hetereogeneity referred to above it is likely
that even such diverse views will find supporting evidence.

If one turns to the contemporary representation of the supposed
industrial role of the science purveyed by the institutes, two models
are available. In the first case science was to be an important
supplement to the improvement of skill (broadly understood: artisans
were frequently in direct control of manufacturing plant). The aims of
the Edinburgh Institute were expressed as being to supply "instruction
in the various branches of Science which are of practical application
to mechanics in their several trades, so that they may the better
comprehend the reason for each individual occupation that passes
through their hands, and have more certain rules to follow".*3 Two
aspects of this formulation can be noted. Firstly, it sets up an even-
handed relationship in which science is presented as ancillary to
rather than subsuming industrial practice. Secondly it offers no

explicit class analysis of the nature or relevance of the science to be

taught. The language is, in fact, little different than that of William
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Henry addressing the Manchester Lit & Phil thirty years earlier.
Referring to the use of the term science in contexts such as these C.C,
Gillispie has suggested that it was intended to signify a kind of
'natural history of industry' (meaning some kind of systematized
account of industrial practice), rather than a conceptually and
motivationally distinct field 44 However, such an interpretation
appears to run counter to the internal evidence of the meaning and is
still further contradicted, in the mechanics' institutes and elsewhere,
by the courses in chemistry, heat, light, mechanics etc. which were
offered.

The second model of the industrial role of science which was
offered was related to innovation. Here, specific dicoveries and
inventions were the key: thus in the chemical sector the discovery of a
new substance or interaction between substances could allow radical
innovations. This is supposedly illustrated by chlorine bleaching,
Widespread scientific education would multiply the chances of the
recognition of such phenomena. Accounts of this view did not generally
extend to indicating the mechanisms for their development. An example
of this approach, in heroic mode, can be found in the comment of the
Rev. James Acworth to the assembled Bradford Institute that

some happy thought, suggesting itself to the mind of an
hitherto obscure member of a Mechanics' Institute, may pave
the way to results, faz syrpassing those ... of a Watt, a
Boulton or an Arkwright. 5

The main representation of science's industrial role within the
mechanics' institute movement is encompassed by these two models. The
institutes were not associated with new accounts of the relations
between scientific and technical knowledges, between science education
and industrial activity or of the mechanism by which industrial
personnel would use scientific knowledge. The language of the
supporters of the mechanics' institutes was not different in this
respect from that in which the activities of institutions of higher
status were claimed to be of economic significance: as an amateur
ad junct to innovation and process control., However it is essential, as
Shapin and Barnes have reminded us, not to exaggerate the technically
utilitarian aspect of the institutes. Indeed it is only from this
perspective that the evident failure to confront the conflicts inherent

in the programmes outlined above can be understood.

It was well understood that the immediate interests of masters in
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'science-based’ and other forms of innovation most frequently ran
counter to those of artisans. This was frequently stated publicly
during the period, the most famous example being the comment of Andrew
Ure that "when capital enlists science to her aid, the refractory hand
of labour will always be taught docility".46 Yet, as if to bring out
the contradiction Ure commented elsewhere in the same book that
machinery could give workers time to study science itself.47 As
contemporaries must have been well aware, even the most direct examples
of the utilization of independent scientific knowledge (as in the use
of chlorine for bleaching) were highly mediated. Musson and
Robinson's work on chlorine bleaching serves mainly to show the large
amount of 'empirical' development work required for the solution of
essentially technical problems, with chemical knowledge supplying
mainly an analytical framework.*8 The need for access to the time,
finance and other resources for such work on the part of artisans would
either integrate them into the entrepreneurial role or help in a simple
appropriation of their inventiveness.

It is not necessary to rely on the disingenuousness which Shapin
and Barnes seem to attribute to entrepreneurs to resolve the class-
based contradictions of the institutes. The wider aims of the
promoters of the mechanics' institutes are quite compatible with an
ingenuous belief in scientific knowledge, and its methodology, as
symbol of rational instrumentality. Brougham himself was to offer as a
barely-concealed criticism of the Edinburgh School of Arts that its
name was "quite at variance with the fundamental principle of our
Southern neighbours, that mere science -- the mere pleasures of
speculation, are fit mental food for the whole people."49 The notion
of science in its technical aspect was embedded within a much larger
understanding of rational education.

This last comment, derived as it is from the views of the most
articulate supporters of the institute movement, leads also into a
fundamental sense in which scientific and technical activity can be
seen as integrated. Running through both were methods of analysis and
manipulation, integrated through the predictability of the results of
such manipulation: an 'operational concept of truth'.>9 These
characteristics extended into approaches to social and economic
phenomena. Despite his emphasis on social legitimation, this represents

one of the key aspects of Thackray's account of the position of science



-21-

in Manchester during this period.51 The most convincing ideological
division was between the individualistic, dynamic, instrumental
perspective of the men previously discussed (and the more self-
consciously radical approach of the Utilitarianssz) and ideologies of
archaism and romanticism articulated by such figures as the young
Wordsworth and Carlyle.53 The first grouping extended into the
rationalistic religious tradition within nonconformity, the programme
represented by the mechanics' institutes, the Sunday school movement
and the Society for the Diffusion of Useful Knowledge together with the
growth of 'rational' methods of control within the new large-scale
places of work:.54 Whatever the divisions among these activities, they
represent a broad unifying framework, in which "natural philosophy™ was
the standard of social, technical and intellectual rationality.

It has been argued here that the informally-institutionalized
'science' of the early nineteenth century was separated from technical
activity in ways which were patchy, individualistic and subsumed within
more general differences. Important shifts in the institutional aspect
of this situation occurred around the mid-century. However, before
developing this, the availability and use of scientific knowledge in
two concrete industrial sectors will be considered. The two sectors to
be discussed are calico-printing and alkali manufacture. The former
can be represented as the first industry in which independent chemical
knowledge had a generally important role, and the latter as

illustrative of the chemical industry narrowly understood.
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B. Chemistry in calico-printing and alkali manufacture

The susceptibility of dyeing and calico-printing to improvement by
relatively elementary chemical knowledge is reflected in its personnel
during the early nineteenth century. Calico printers constituted the
largest single group of men from the process industries involved in the
Chemical Society.55 The reasons for this are not mainly concerned with
theoretical knowledge of the dyestuffs themselves, which were mainly
natural products, or the dynamics of the dyeing process itself, which
was a total mystery. The dyeing process was however very sensitive to
conditions which could be controlled through the new metrics of
chemistry and physics. Moreover many of the substances used as adjuncts
to dyeing (sours, mordants etc,) were relatively simple materials which
could be controlled and systematically varied for different effects.
Finally, the body of chemicals used directly and indirectly during the
processes were in many cases synthesized on the spot. The sequence of

contemporary works on dyeing, such as Partridge's Practical Treatise on

Dying (1823) and Smith's Dyer's Instructor (1850) indicates the variety

and sensitivity of dyeing techniques and material substrates.56 No
other industry had this diverse set of connections with analytical and
descriptive chemistry, and to this was added the intrinsic dynamism of
patterned textile production.

As early as 1806 the Norwich firm of Sims and Pitchford employed a
young chemist of unknown education called William Stark (1788-1863).
Stark subsequently found employment as a consultant.”’ However, the
most important centre for calico printing was industrial Lancashire,
particularly the area around Accrington. The families of Hargreaves,
Lightfoot, Mercer and Thomson indicate the complex network of chemical
knowledge overlaid on family and financial connections which
characterized the industry.58 John Lighfoot (1774-1820) was apparently
educated by private tutor, eventually becoming an exciseman and

possessing substantial chemical knowledge. This he passed on to his

son John Emanuel Lightfoot (1802-93) and to the young John Mercer
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(1791-1866) (later F.R.S.), the well-known dyeing chemist and inventor
of "mercerising".59 Lighfoot senior also attended the home of the
local calico-printing family, the Hargreaves as chemical tutor to the
sons, The father, Thomas Hargreaves (1771-1822), owned the largest
local works in partnership with a designer, Adam Dugdale. In 1818
Hargreaves employed an emigrant French chemist, Frederick Steiner, at
his Broad Oak works. Hargreaves'clearly had some interest in using
chemical knowledge in his works, and it may have been this which caused
him to send his sons to John Dalton for tuition. One at least,
William Hargreaves (1815-74), also attended Cambridge University. Two
of his sons, Robert (1808-54) and John junior (1797-1873) are recorded
as having carried out investigatory chemical work with J.E. Lighfoot
and John Mercer. The younger Lighfoot, having also received tuition
from the eldest of Hargreaves' sons and Steiner, had become chemist,
manager and eventually (1840) partner in the Broad Oak works. His
younger brother Thomas (1811-66) succeeded him as manager. Another
brother, Peter (1806-65) also carried out work at the plant, and both
had patents to their names. One of the sons of Thomas was John
Lighfoot (1832-72) the inventor of aniline black, who again was
educated privately by other members of the family before joining the
Hargreaves firm.

John Mercer, after an apprenticeship at the Oakenshaw works of
John Fort, and considerable self-tuition, was employed there about
1818 as "experimental chemist", becoming a partner in 1825, His son
John (1825-79) was sent to Edinburgh University before joining his
father. A third large firm employing men in a chemical capacity about
1818 was that of James Thomson F.R.S. (1779-1850). Thomson owned the
Primrose works at Clitheroe, and had himself been educated at Glasgow
under Andrew Ure, He employed Lyon Playfair, a Swiss chemist called
Hummel (the father of J.J. Hummel, later a Professor at the Yorkshire
College) and various other chemists. He sent his son, Thomas Thomson
(1811-48), to University College London.®0 The works referred to so
far were the largest in the area in 1840.61 The Mayfield works of
Thos. Hoyle and Sons was smaller, but employed at various times John
Graham (1812-69), the brother of Thomas Graham, Professor of Chemistry
at University College London, and John Thom (1817-91), both of whom
had been educated at the Andersonian..62 Both eventually left to set up

their own firms. Thomas Hoyle himself was active in the Manchester
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Mechanics' Institute and the Lit and Phil, presenting a paper on
potassium chlorate ("Oxygenated Muriate of Potash™) in 1798. The firm
eventually passed into the hands of the Neild family, who again were
active in scientific and cultural activity, the son Archibald Neild
undertaking much personal activity in chemistry.63

In 1853 John Mercer, giving evidence to the Society of Arts
Committee on Industrial Instruction, summarized the situation as
follows:

Many of the higher print houses and manufacturing chemists
have from time to time, supplied themselves with young men to
superintend the chemical and colouring departments of their
works, from the chemical sc%%ols of Scotland-- a few from
London, but most from abroad.

He noted about 21 such men employed within local firms. It is
doubtful whether any other industrial sector had such a record during
the period under consideration, with the possible exception of metal
extraction. Even here the situation for iron and steel appears to have
been very different from that with the more valuable metals,0d

Several comments can be made on the situation. The absence of the
exhortation so characteristic of later in the century can first be
noted, together with few expressions of the absence of a supply of
suitable men. The comments of James Thomson to the 1833 Select
Committee which were quoted earlier illustrate this. In 1854 Edmund
Potter noted that "there are an abundance of really practically
educated chemists connected with the trade". Potter was a successful
calico-printer, as well as being active in cultural and scientific
activity in Manchester, and would be noticeably hostile to the claims
of the academic chemists when a member of the 1868 Select Committee on
Scientific Instruction.®® Thus the existing mechanisms for the
transmission and utilization of scientific knowledge were evidently
perceived as adequate to the needs of this sector, with its relatively
well-established modes for the utilization of the descriptive and
analytical chemistry of the period. It is perhaps no coincidence that
the academics of the second half of the century used carefully
disparaging language in reference to the efforts of men like Mercer and
Thomson.67

A second aspect which can be noted is the tendency for the

deployment of chemical knowledge to lead towards an entrepreneurial

role either through partnership (Mercer, Lightfoot), the establishment
of new firms (Thom, Steiner) or both (Graham). Only towards the end of

<
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the period does this appear to become less significant, and Mercer's
1853 list evidently contains many individuals who were likely to remain
as employees. Finally, the strict integration with practical
requirements can be observed. Richard Fort, himself educated at Eton
and Oxford University and a partner of John Mercer told the Society of
Arts in 1853 that

(t)he practical man of active empirical habits, his attention
confined to a few objects and whetted by cupidity (sic) and
competition, would produce better work than pedantic
universalists.68

There are anticipations here of some of the arguments in the later part
of the century. It is evident, from the comments of men like Fort,
Mercer, Potter and Thomson, that the idea of an 'abstract science'
which was elevated over the practice of their industry had little
meaning.

Alkali manufacture might be anticipated to be the archetypal
industry with a strong relationship to independent scientific
knowledge. Its major products were chemically simple, and increasingly
thought of as defined by the theoretical and analytical knowledge of
chemistry (though analytical data continued to be rejected in favour of
traditional criteria: both James Muspratt and Ludwig Mond experienced
this kind of resistance to their novel products). The production of
synthetic alkali became an important ancillary of the textile industry
as the latter expanded, and this was supplemented by its use in the
manufacture of glass, soap and other basic materials, Though many
synthetic routes were explored during the late eighteenth century, that
of Leblanc, with its requirement only for the fairly common raw
materials of limestone, rock salt and coal (together with sulphuric
acid), became dominant during the early nineteenth century. The
question of the date of its introduction into the Britain has been
variously answered.%9 The consensus appears to favour the firm
established by John and William Losh on Tyneside at the turn of the
century, which was said to have been routinely producing Leblanc soda
at the Walker Alkali Works about 1816,

In any event, by the late 1820s the process, with the associated
manufacture of lead chamber sulphuric acid, was well-established on
Tyneside, Merseyside and Clydeside., Material, technical and economic

conditions in this industry were very different from that in calico-

printing. It was more inherently stable, change being brought about by
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pressures for recycling raw materials and improvements in large-scale
plant. The industry tended to figure in encyclopaedias, rather than
having textbooks devoted to it, until the late nineteenth century.70
This is probably a reflection of these characteristics. The normal
mode of non-routine activity was that of repeated attack on intractable
large-scale problems. The innovative relevance of analytical and
descriptive chemistry was less than in dyeing and printing, as was the
possibility of innovation through the use of new materials. The major
role of analytical activity was in the monitoring of overall efficiency
of material transfer, the quality of products and intermediates and the
exchange value of commodities. As suggested above, such uses were not
automatically acceptable. James Muspratt was required to demonstrate
the superior quality of his Leblanc soda in technical rather than
theoretical~chemical terms, by giving it away for use. rather than by
quoting analytical data.’1

A key technical problem (which remained with the industry for much
of the century) was the need to recover the chlorine lost during the
initial acidification of common salt., The physical manifestation of
this was the cloud of damp hydrogen chloride produced during the
process, and later the large quantities of "condensed" acid requiring
disposal. The second major problem was to reclaim the sulphur lost as
a complex of sulphur-bearing compounds known in Widnes as "galligu".
The central engineering problems involved the control of the Glover
condensing towers (especially after the passing of the first Alkali Act
in 1863), control of the furnaces where saltcake was produced and
subsequently converted to "black ash" by a manual process and control
of the lixiviating tanks where the black ash balls were extracted with
water. The lead chamber process involved a separate complex of
problems. These gross, intractable and often unpleasant activities
made alkali manufacture very different from calico-printing and most
other process industries outside gas works.72 Dingle has given an
account of the industry's external relations, showing the consciousness
of alkali manufacturers of their 'marginal' industrial position and
their concern to enter the mainstream of acceptable activity.73

The early personnel of the industry exhibit parallels and
contrasts with calico-printing. William Losh (1770-1861) manager of the
Walker Alkali Works till 1831 was educated in Sweden and Germany and is

said to have studied under Lavoisier, He retained his scientific
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contacts with continental Europe, as well as visiting Leblanc plants
there. He was replaced by W. Septimus Losh "who had been specially
educated to the work™/# Little is known of many of the early Tyneside
manufacturers., John Allen (1791-1860) is said to have been apprenticed
as a pharmacist, and Isaac Cookson (1776-1851) was educated at
Warrington Academy during the period of Priestley's appointment
there.’® Thomas Bell (1774-1845), who entered into partnership with
William Losh and Thomas Wilson at the Walker Ironworks carried out
experimental activity and took out patents on the Leblanc process, but
his education during his early years in Cumbria is unknown.76 The
other partner in the firm, Thomas Wilson (1773-1858) began life as a
miner, moving on to become a schoolteacher, clerk and poet.77 Thomas
Bell's son, Isaac Lowthian Bell (1816-1904),is a familiar figure in the
late nineteenth century technical education movement, He studied at
Edinburgh University and the Sorbonne, and was very active technically
in the manufacture of chemicals and iron and steel.’8 Many years later
he told the Society of Chemical Industry: "I recollect my
disappointment in travelling among the furnaces and mills at home and
abroad to hear so little importance attached to the studies to which I
had been applying myself in Edinburgh and Paris."/? William Losh's
brother James also sent his sons to Paris, one of them lodging with a
Professor of chemistry, despite the fact that his father's intention
appears to have been that his son's career should be be commercial
rather than technical.80

Isaac Lowthian Bell married a daughter of Hugh Lee Pattinson, who
was a partner in another important firm, John Lee and Co., owners of
the Felling Chemical Works. Pattinson was essentially a self-taught
chemist, though he had been a clerk with another early Tyneside alkali
manufacturer and soap boiler, Anthony Clapham.81 Nothing is known of
Lee, except that he was evidently related to the Pattinson family by
marriage. The other partner, George Burnett, was actively involved in
the scientific work of the Newcastle Lit and Phi1.82 Anthony Clapham,
who owned the Friar's Goose works in Gateshead (1827), had originally
been a chemist and druggist, and the well-known Warrington soap and
chemical manufacturer Joseph Crosfield served an apprenticeship with
him in this capacity§3 Both Clapham and another early manufacturer,

Charles Attwood (1791-1875), illustrate the tendency for glass and soap

manufacturers to diversify into alkali production during the 1820s, so
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that many of the skills involved in alkali manufacture had their
origins in the more traditional area.8% Attwood's works was purchased
by the wide-ranging Newcastle entrepreneur Christian Allhusen (1806-
90), and was to form the core of the important Newcastle Chemical Co.

85 Allhusen's partner in this concern was

later in the the century.
Wilton Turner, a Giessen-trained chemist and brother of Edwacd Turner,
professor of chemistry at University College London. Allhusen's view
of Turner's innovative activity does not appear to have been altogether
enthusiastic.86 In contrast to some of these men another early
manufacturer, Thomas Doubleday is known to have had little scientific
interest, and it may be relevant that his firm (originally involved in
soap boiling) failed.87

Another important centre for the industry was Merseyside and south
Lancashire. The pacemaker here was James Muspratt (1793-1886), who had
served an apprenticeship as a druggist..88 After a heterogeneous career
Muspratt began manufacturing alkali by the Leblanc process at Liverpool
about 1823, In 1828 he entered into a partnership at St. Helen's with
Josias Gamble (1776-1848), a Presbyterian minister turned bleaching
powder manufacturer.? Gamble had attended Robert Cleghorn's chemical
lectures while at Glasgow University. The partnership lasted for two
years, before Muspratt continued alone and Gamble embarked on a
separate partnership with the two soap-makers Joseph and James
Crosfield. Gamble was later to employ and enter into a partnership
with James Shanks (1800-67), a medically-trained Scot who had moved
into engineerin&?o Other important works at this time included that
of Andreas Kurtz (1781-1840), who had trained in France before
establishing a chemical works in St. Helen's.9!
individual in the Widnes Leblanc industry, John Hutchinson (1825-65),

did not establish his business there until 1847, He had been trained

The most significant

in chemistry in Paris and there met the son of Andreas Kurtz. He
arrived in St. Helen's in 1845 in order to work for Kurtz, before
moving to Widnes.?? Other firms in the area such as Hazlehurst's and
T. & J. Johnson in Runcorn were originally soap-makers.

The final important centre was the Tennant works in Glasgow.
Charles Tennant (1768-1838) first developed the production and use of
bleaching powder, and subsequently moved into alkali manufacture. The

development of bleaching powder, which had been the foundation of the

works' success, was said to be due mainly to another partner, Charles
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Macintosh. Macintosh had been a student of Joseph Black, and is well
known for other manufacturing activity in chemistry-related fields.93
His son John (1796-1878) was a student of Thomas Thomson at Glasgow
University. Another active technical partner was Alexander Dunlop, one
of whose nephews (also a relative of Tennant's by marriage) was Charles
Tennant Dunlop (1821-57). The latter became chief chemist and
generated innovations in hydrochloric acid and manganese recovery.94
Another technical manager at the works was John Tennent (sic) (1813-67)
who became a partner in 1847.9° He had served an apprenficeship, as
well as studying under Thomas Thomson for some time. Such high level
education was not essential, however, and another chemist at the works,
Thomas Clark (1801-67), had begun work there as a clerk at the age of
15. He stayed there from 1816 to 1826 before moving into educational
activity.96 Charles Tennant's grandson, also called Charles (1823-
1906) appears to have received no academic training beyond the
secondary level, He and his brother John, who died young, served a
commercial apprenticeship at the firm's Liverpool sales office, though
this may have been connected with the presence of the technically-
orientated Tennent and Dunlop.97

The similarities and contrasts between the two industries can be
summarized briefly. The first fall under four headings:

a) the utilization of chemical knowledge beyond the most routine
was associated with owners and their close associates. This was,it
seems, a characteristic of industries involving chemical transformation.
E.X. Muspratt told the Select Committee on Patents in 1872 that he knew
of no case of a working man initiating a chemical (as opposed to
mechanical) innovation, or taking out a chemical patent.98 There
appear to be very few examples of working men utilizing a knowledge of
chemistry to progress through firms to senior positions. Men like John
Mercer and John Lighfoot had an early and quite intimate involvement
with entrepreneurs well before their technical role became important.
Others, like John Graham and John Thom in calico-printing and James
Shanks and John Tennent in alkali manufacture, who appear to have moved
into the industries without such early connections, were certainly not
of working class origin and occupied responsible positions from the
first. This is not to say that chemical knowledge did not constitute
an asset to such men. The position of more routine process monitoring

is more doubtful, There is evidence that, before the turn of the half-
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century, routine testing of the materials at each point in the process

99

of alkali manufacture was commonplace. Some of the earliest
volumetric methods appear to have developed in connection with the
related process of bleaching. Guyton de Morveau gave some indication
of the thrust of this activity when he wrote in 1782

il faut sur-tout pouvoir arriver & cette connoissance par des
moyons simples, expéditifs, qui en peu de jours deviennent
une routine aveugf&bmais sur dans la main des Quvriers les
moins intelligens.

However, the meaning of routine analytical information within a
commercial plant, and its implications for action in processes operated
by artizans, were problematic., Activities within plants seem likely to
have been heterogeneous. This leads to the second similarity across
the sectors,

b) in neither case did chemical knowledge allow the development of
a theoretical model of the processes involved which could be deployed
to practical effect. It is difficult to see how the problems of
chlorine or manganese recovery, or systematic study of dyeing technnique
could be even conceptualized as problems without the use of chemical
knowledge as a basic analytical tool. Nevertheless, the relevance of
the knowledge was at the level of macro-control of variables rather
than useful micro-theories of fundamental processes.

c) 'abstract' chemical knowledge was to varying extents
subordinate to (certainly never dominant over) technological knowledge.
The practitioners in each field generally had a long involvement with
the practical operations required and there is no evidence of either
activity being revolutionized by abstract scientific knowledge. In
calico-printing gradualist change and development was the norm. In the
Leblanc industry the central process remained unchanged and the
ancillary processes relatively intractable for much of the century.,

d) finally, it can be noted that both sectors exhibited diversity
and informality in the mechanisms by which chemical knowledge was
assimilated, Three broad mechanisms are distinguishable. Firstly men
might serve a relevant apprenticeship, often with a pharmacist, and
supplement this by autodidactic activities (Crosfield, Pattinson,
Mercer, Allen). Self-tuition alone appears not have been sufficient.
Secondly, they might be educated by chemically knowledgeable men

formally or informally connected with the industry: this seems more

evident in calico printing (Lighfoot, Hargreaves)., Thirdly they might
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have received some formal academic education. This seems to have been
the largest group, and the only one with any possibility of breaking
into the industry without related experience or family contact (Thom,
J. Graham, Young, Thomson, W. Losh, Wilton Turner, Hutchinson).

The contrasts between the fields are twofold. Firstly descriptive
and analytical chemistry provided a much more innovatively useful tool
in calico-printing. Secondly, and perhaps in consequence of this, the
role of the specialist chemically-trained employee developed more
quickly in calico-printing than in alkali manufacture. By 1850 there
were significant numbers of well-trained employees in calico-printing.
In contrast, a man like James Young (1811-83), trained as assistant to
Graham at the Andersonian and University College London, and employed
by James Muspratt (1839-44) and Tennant, Clow & Co. (1843-52) in their
Lancashire alkali works is a conspicuous but exceptional counter-
example.lo1

Both industries drew on diverse available sources of chemical
knowledge in a relatively unstructured fashion, to an extent and in
forms determined mainly by the specific instrumentality of that
knowledge within the field. The knowledge itself constituted a
valuable, but fundamentally subordinate, tool for innovation and
control. It neither undermined nor revolutionized the existing
knowledge or organizational structure within either industry. These
points, perhaps truism in themselves, are significant when set against

the language which will be discussed in the following chapter.

C. The changing institutional basis of chemistry

The mid-century saw the beginning of the construction of a new
basis for chemistry as a social practice. The origins of this practice
have been carefully surveyed for chemistry by Bud and Roberts.l02  In
the period from 1841 onwards a series of new institutions was founded
and these would constitute important locations for the reconstruction
of the process by which chemical knowledge was created and transmitted.

Chief among these were the London Chemical Society (1841),103 ¢he Royal
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College of Chemistry (1845),104 ¢pe government-funded School of Mines
(1851)105 and Owens College (1851).106 1, addition, these institutions
triggered changes in University and King's Colleges and elsewhere.
Their origins were diverse, drawing on a body of activity in which
chemical knowledge occupied a subordinate position rather than being
supported by independent institutions. They themselves were dynamic
during their first years. Much of the chemical activity undertaken
within them was grounded in the increasingly well-established
procedures of analytical chemistry, though reflecting the influence of
manufacturing and other 'practical' interests. These changes were
merely one strand in the wider-ranging process of specialization and
occupational and institutional change within scientific activity which
occurred from the mid-nineteenth century onwards. This can be placed
under the rubric of 'professionalization', without implying that it was
a unitary or homogeneous process.107

The emergence of a standardized methodology of qualititative and
quantitative analysis was central to the changes in chemistry's
position. The idea that materials could be routinely analysed into
components provided a key heuristic for its uses as a component of
commercial activity, especially that involving exchange of simple
materials, as a progressive research programme of knowledge generation
and as a tool in such fields as medicine, agriculture and the chemical
process industries. The importance and sufficiency of the role of
analysis would later become a contentious issue. The extent to which
it was offered as a generalized methodology in these early days can be
judged from the comments of August Hofmann, the German Professor at the
Royal College of Chemistry, in one of his addresses to the College about
1847. "Medicine", he claimed, "no longer draws the veil of vitality
over processes, the mystery of which may be unlocked by the key of
analysiqu2108 Moreover, the techniques of analysis were
straightforward and "when carried out in the proper manner are sure to
lead to the correct results."

The seedbed of science as a progressive activity institutionalized
in an academic environment was the German university system. The
change which this system underwent during the late eighteenth and
early nineteenth century has undergone considerable study.109 Hufbauer

has demonstrated the shift of chemistry from a field having doubtful

associations with alchemy to one with a status at once utilitarian and
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fundamental during the late eighteenth century. Gustin has accounted
for the emergence of a fully-institutionalized chemical activity in
terms of a gradual shift from pharmacy and other secondary functions to
academic independence through the medium of educational activity.
Morrell has studied the growth of Liebig's laboratory as a research
centre, while R.S. Turner has founded his account of the growth of
formal academic research in Prussia on the specificities of the
relationship between academics and state bureaucracies. Other aspects
of the Prussian state in its industrial-educational involvement have
been focussed on by Henderson. The social significance of the German
universities, contrasting with both ancient and nineteenth-century
foundations in England and Scotland, has been clearly broughftout by
Ringer.llo

The sum of these and other studies has been to indicate the status
of Germany as prototype, but also to demonstrate its contrasts with
Britain. In particular, the wide-ranging social and political
significance of the intellectual, licensed through the universities,
was greater and more thoroughgoing than anything observable in Britain.
It is not surprising that men of an intellectual bent were attracted to
the high scholarship of the German universities, especially in science
and theology, but the migration appears to have had a greater and more
systematic significance. Ashby has estimated that 9,000 students from
Britain attended German universities before 1914111 No study of this
substantial social phenomenon appears to have been undertaken.112 What
cannot be doubted is the great, if specialized, influence of the men
who returned, with or without doctorates. This extended well beyond
the end of the century, but considering only the key chemical posts at
about 1850 one finds Hofmann at the Royal College of Chemistry,
Williamson newly-appointed to the Chair of Practical Chemistry at
University College, Frankland about to be appointed at Owens College,
Lyon Playfair at the Museum of Economic Geology, shortly to give birth
to the Government School of Mines, and Miller at King's College,
London. All possessed German doctorates, Kargon has indicated the
German impact on the city of Manchester during the 1840s, though he has
tended to present this as an outflowing of the view of the social and
economic significance of science personally developed by Liebig.113

All of the institutions referred to above, and to a lesser extent

the Chemical Society, were more or less orientated towards educational
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aims. However the transmission of chemical knowledge, once
institutionalized as an independent body of curricular material, began
to take on a distinct significance from those fields which it serviced.
The concrete manifestation of this was the existence of an
identifiable, if still embryonic,career in teaching. Though it is well
known that Hofmann could earn large sums through consultancy and
related activity, the fact that his central role was that of teacher
was not in question.114 In this he can be contrasted with, say, Brande
at the Royal Institution twenty years earlier. The 'uncoupling' of
chemistry from particular sectors, and its appropriation by specialist
academics, was reinforced by the generalized nature of analytical
chemistry referred to above. This contrasted with the specificity of
the descriptive chemistry which dominated the earlier non-practical
courses before that of Hofmann., Courses in quantitative or qualitative
analysis claimed to offer a standardized method appropriate to handling
any given starting material. The early coupling of chemistry teaching
with medicine, most clearly manifested at University College, was under
threat, as the Royal College of Chemistry explicitly aimed at diverse
sectors.

The element of routine progression which the analytical techniques
favoured, and which led to a fairly straightforward induction into what
would eventually be called 'research', also had a part to play. The
existence of a body of men with such experience was connected with
shifting criteria for the appointment and continued efficiency of
specialist chemistry teachers. That the best chemistry teachers would
contribute to and be up to date with the latest developments was not
quite axiomatic, but it had begun to characterize the novel set of
skills associated with chemistry as an independent practice in the
sphere of higher education. Demonstrated experience in the expansion
of chemical knowledge has been shown to become explicitly incorporated
into the criteria for high level academic appointment at this
period.115 The existing institutional forms for validating such new
knowledge in Germany were matched in Britain, i1lustrated by the
shifting emphasis of the Chemical Society's Journal to a more
application-free orientation.

Thus the development of a new kind of chemical practice was

focused on the new educational institutions during the mid-century, and

involved chemistry as an embryonic, independent, progressive field
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offering generally applicable knowledge, transmitted and created by
specialists, Bud and Roberts have demonstrated in prosopographic terms
the increasingly important role within these institutions taken by the
new 'professional' academics, and their position as the creators and
validators both of new chemical expertise and new chemical knowledge.
This body of activity and personnel represents a radical shift from
that found in the earlier period. The location of chemical
practitioners became more clearly defined during the remainder of the
century, though not without fissures and conflicts. The most obvious of
these during the latter part of the century was in the three-way
tension between academic chemists, analysts/consultants and
pharmaceutical chemists.116 However it was the academics who occupied
the dominant position so far as public representation was concerned,
Perhaps the single most important element in this representation was
the relationship between the 'abstract' chemistry appropriated by
academics and the 'practical' chemistry of technical fields involving
chemical transformations. The developments in this and related issues

are explored in the following chapter,
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Chapter 3, Representations of the Relations between Science,

Education and Industry

A. Abstract science and industry, 1850-1867.

In 1855 a Regius Chair of Technology was established at Edinburgh
University. The circumstances of this Chair can be used to illustrate
a central conflict in the industrial aspect of education during the
second half of the 19th century. The Chair was occupied by George
Wilson (1818—59).1 Wilson had been trained as a doctor of medicine, but
he attempted to combine this with an encyclopaedic knowledge of
industrial activity. In his inaugural address he claimed that the term
"technology" was no "barbarism", but had a respectable ancestry: it
referred to the "science, or doctrine, or Philosophy, or Theory of the
Arts™.2 The idea of technology expressed in this address is of an
independent body of knowledge, sustainable as an academic discipline.
Elsewhere, however, Wilson indicated that, instead of technology
constituting an independent study, it was derivative: "the Physical
Sciences...form the basis of technology".3

During the following year the Principal of Owens College made an
unmistakeable attack on Wilson,while defending the failure of the
College to run a course of applied chemistry because of lack of
students. "We have not here", he wrote, "yet given into the prevailing
absurdity of teaching applied Science when there is no Science to
apply; any more than into the other absurdity of making one man
Professor of Technology in general..."4 Wilson's Chair died with him
in 1859 because, according to Lyon Playfair, "the university had larger
and broader views of technical instruction...™? According to a near-
contemporary these "larger and broader views" amounted mainly to self-
interested opposition from other Professors, of which Playfair was

one.b Men like Playfair used the term "technology", in Wilson's earlier

sense, rarely. It is indeed in 1859 that the OED first records
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"echnology" as referring to "practical arts" themselves rather than as
a "discourse or treatise" on them. The notion of the practical arts as
derivative of "pure" science, and particularly of that science as
created and transmitted in an academic environment, was by contrast one
of their recurring themes,

The aim of this chapter is to draw out the main structure of the
representation of science's industrial relevance, particularly in its
curricular aspect, from the mid-nineteenth century until the first
decade of the twentieth. Though it focuses on public discourse, in
advance of the more concrete subject matter of recruitment, syllabuses,
employment and other institutional changes, this is not because the
former is considered to dominate the latter. However, the view of the
situation offered by early academic scientists has until recently
dominated the historiography of the field, rather as it did much public

discourse at the time.7

An exploration of these and other
representations is, therefore, a necessary prelude to the examination
of more concrete areas, if only to rehabilitate the latter as other
than mere symptoms of failures in political and entrepreneurial
consciousness. In this discussion only limited attention will be given
to accounts of the industrial situation itself, except where they drew
more general conclusions about the role of science or education. Such
accounts will be surveyed in chapter 6.

Among the institutions which constituted the growth points in this
field it was perhaps the new university colleges which were in the most
exposed position. Of these Owens College in Manchester was the
archetype. Some indication that it faced problems in this respect has
already been given. The Manchester businessman John Owens (1790-1846)
stipulated in his will that the college was to offer iﬁstruction in
"such branches of learning as are now and may hereafter be taught in
the English universities™8 The trustees envisaged a professoriate
based on that of the ancient universities, but it is said to have been
the appointment to the Chair of Chemistry which was anticipated with
greatest interest in the town, on the grounds that "in no other
department could Owens College so immediately justify its existence™.?

The essentially industrial understanding of this justification is

clear, yet it is of interest that both of the early appointments to the
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Chair went to candidates whose industrial interests were circumscribed.
Edward Frankland was preferred to John Stenhouse, Robert Angus Smith
and Frederick Penny in 1850, and Henry Roscoe again to Smith and
Frederick Crace Calvert in 1857.10 Equally significant was the fact
that all six men had spent some time in Continental universities, four
of them in Germany. Though the interests of the individuals concerned
are not easy to establish, it seems that records of research activity
were more significant in both apppointments than orientations towards
industry.11

Frankland delivered his inaugural lecture in March 1851, and
showed an ambivalent approach to the industrial significance of his
field. "I am", he said, "far from coinciding with those persons who
would urge upon you the study of chemistry merely on the grounds of its
numerous applications to the arts and manufactures™12 The tactic of
erecting utilitarian straw men was a commonplace of later years. Here
Frankland almost reversed the ploy, for he went on to devote almost his
entire lecture to the uses of chemistry in fuel economy, metal
extraction, medicine and agriculture. The course itself was entitled
"Chemistry, and its Applications to the Arts, etc." In addition a
course in "Technological Chemistry" was offered.l3

It is of interest to compare here the comment of Scott, the first
Principal of Owens, in his Annual Report that "(f)ew are aware how
novel is the experiment here making of a College entirely
unprofessional in its provision..."14 Such differences in emphasis
were neither merely personal nor without effect. The College suffered
in its early years from an inability to weld diverging tendencies and
construct for itself a stable position in the perceptions of its
potential local clients: class sizes declined, as did the reputation of
the College. In his report for 1856 the Principal considered "whether
Manchester has had cause to be disappointed in Owens College, or Owens

College in Manchester,"1 By 1858 the Manchester Guardian could

describe the College as a "mortifying failure" which "supplies a kind
of education which is not wanted; and, secondly,...does not supply the
education which is wanted."l® It referred particularly to the
chemistry department as one which had been given insufficient

prominence. Frankland himself would later comment that the natural
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sciences were held in "comparative disfavour" by the College
authorities in relation to the classics and mathematics.17 Speaking to
the Devonshire Commission in 1871 the second Principal, J. G. Greenwood
observed disingenuously that the chemistry and natural philosophy
chairs had grown in importance through "no conscious effort on the part
of the Trustees or the Professors". The latter "were determined at the
same time to maintain the thoroughly liberal aspect of those studies;
to treat them, that is, in a rigidly scientific manner, and not...with
a direct regard to their industrial and mercantile applications."18

There were other tensions. Frankland did not confine his
activities during his time in Manchester to academic work, and
undertook consultancy for at least two firms: the Hydro-Carbon Gas Co.,
of Salford, and the large alum works of Peter Spence.19 However, when
Spence was prosecuted in 1857 on the grounds that his works was a
public nuisance, Frankland gave evidence for the prosecution. The
defence accused him of betraying Spence's trust, and the prosecuting
counsel found himself hoping optimistically that "the character of the
doctor would stand as well in Manchester as it had done before the
trial"20 Frankland left Manchester later in the year. Other factors
apart, his was scarcely a tenable position for someone likely to be
dependent in various ways on the goodwill of the owners of chemistry-
related industrial firms. His successor, Henry Roscoe, handled the
relations of the chemistry department with local industry more
skilfully, despite acting as an Inspector for the local Board of
Health.2! While this issue is not of immediate curricular
significance, it indicates some of the wider pressures on academic
practitioners in chemistry, stemming from relationships with private
industry.

Inevitably a new college in a provincial industrial town had
difficulty in establishing itself as fulfilling a coherent local role.
Owens' claims to provide a traditional university education, and the
local response to it, was a key element in this. The central
educational challenge was in its departments of physical science,
particularly chemistry, and this can evidently be resolved into a
tension between the claims of a chemical curriculum to be the medium

for a liberal or university education, and its need to provide
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curricula perceived as directly relevant to students intending to enter
manufacturing industry. The difficulties in this were greater than
mere curricular definition. Nevertheless, under Roscoe the chemical
department engaged more enthusiastically with its potential industrial
supporters, attempting to become what he christened later a "University
of the Busy".22 The tensions were a locally—conditioned example of a
national process.

The suggestion that studies in physical science could form the
basis of a "liberal education" was the key tactic of those aiming to
increase the time and resources given to those studies in older
institutions, though it was easily taken over in other contexts. The
efforts of J.M. Wilson, science master at Rugby, in the well-known
book edited by F.W. Farrar, of Farrar himself (e.g. his talks to the
Royal Institution) and of Charles Daubeny all fall into this
category.23 The flexibility of the term "liberal education" has
allowed it to have a role in a variety of prescriptive theories of the

24 The men of science gave their own gloss to the term.

curriéulum.
Rothblatt has pointed out the industrial imagery used by Huxley, and,
in general, the conception of a mental discipline, mechanistically
understood, was the formulation most favoured. This was especially
true when the term was used in conjunction with the highly routinized
procedures of analytical chemistry. The two were unwittingly
juxtaposed by Hofmann in 1849, when he praised the study of natural
science as "a means of mental training, more effectual perhaps than any
other discipline", and, a few pages later, noted that the student of
chemistry learnt "to avail himself of processes, which have been
approved by experience, and which, when carried out in the proper
manner are sure to lead to correct results."25

In general, however, the use of the term 'liberal education'
itself was not favoured by the new professional academics such as
Hofmann, Roscoe and Frankland. Its association with the classical
languages was perhaps too strong: the idea of mental discipline and
gymnastic imagery was a two-edged weapon. Such language was
potentially independent of subject matter, and this, alternating with

claims about the doubtful role of science in a humane education made by

figures such as J.P. Norris and Frederick Temple, could work against



—47-

science in the curriculum.26 It was at this time associated rather
with men like Farrar in bolstering the physical sciences in their
emergence from comparative neglect at the ancient universities and the
public schools. The two Royal Commissions had shown this neglect
clearly, with Cummings at Cambridge suggesting that they had been
actively discouraged as inappropriate to true "academical studies".27
There is an evident parallel with the early days at Owens College. The
establishment of the Natural Science Tripos at Cambridge (1851) and
Final School in Natural Science at Oxford (1850) were the central
elements in the changes in this situation, A course given by a local
surgeon at Rugby about 1850 was one of the earlier attempts to teach
physical science systematically in one of the great public schools, and
was followed in 1859 by the appointment of J.M. Wilson to organize its
teaching.28

The curricular issue overlaps that of the role of the university
and its teachers in the expansion of knowledge. For Newman and the
older\tradition, the idea that educational institutions should adopt
such a role was incorrect and could be harmful. The activity was more
appropriately located in "academies",29 The origins of such a view in
a university curriculum dominated by the crystallized knowledge of the
classics, a teaching body dominated by clergymen and a student body
dominated by “pollmen" are not far to seek. Men from the older
universities such as Whewell and Pattison could in varying degrees
oppose this view. However the major opposition stemmed from academic
men of science within a new institutional framework into which was
integrated a dynamic understanding of knowledge.3o There was thus
little attempt to appropriate and reconstruct older views.
Playfair certainly preferred a direct, robust attack: "How", he asked
in 1852, "is it possible that dead literature can be the parent of
living Science and of active industry?"31

The bracketing of "living science" and "active industry" was of
course intended by Playfair to suggest more than a metaphorical
connection of life and dynamism between "science" and industry. It was
perhaps inevitable that claims for government and other forms of

"public" support for educational institutions later in the century were

grounded in suggestions of general, and particularly industrial,
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utility. Both the Oxford and Cambridge commissions in the 50s took up
this point.32 Though "utility" was explored with ever widening
meanings, directly economic significance lent itself most readily to a
populist propaganda message and, if less sharply, to the recruitment of
students. Yet this emphasis, despite its attractions, posed a threat
to the independence of the new academic practice., Thus the period from
1850 saw an increasingly explicit representation of an academic
activity in science (both research and teaching) as one in which
economic significance could increase even as immediate industrial
connection decreased. The polarization which this implied was most
clearly expressed by Playfair in 1852: "It is abstract and not
practical Science that is the life and soul of industry...">S

It is dangerous to use Playfair to exemplify any position, moreso
when the subject matter is one to which he returned frequently. His
career is well—known.34 He moved through a more diverse set of
activities than men like Roscoe or Huxley: chemist to the calico-
printér James Thomson, teacher at the School of Mines, civil servant,
academic and, finally, politician., His personal commitment to the role
of academic was limited, though he was said by Dewar to have come to
regret leaving academic life3” His emergence as a public figure was
connected with his work for the Prince Consort during the Great
Exhibition. He occupied a leading position as an ideologue for
science's industrial role, the first clearly and vigorously to
articulate a model of that role which reflected the views of the new
academic men of science.36

It is necessary to formulate this model in some detail., The
following quotations, though originating across a wide time scale
nevertheless represent a relatively coherent view. In the first place,
it drew a sharp distinction between "abstract science" or "science
pursued for its own sake" and other related activities, the latter
being variously described as "practical science", or with more obvious
tendentiousness "applied science". These phrases must be treated with
some care: they were rarely defined except within such usage.
"Abstract science" was the ideological focus of the position, and its
concrete institutional location was comparatively visible. In public

discourse, however, it was usually identified in terms of motivation
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and absence of constraints, It was a science "too lofty for
measurement by the yard of utility;—— too inestimable for expression by
a money standard."37 "The discoverer of abstract laws, however
apparently remote from practice, is the real benefactor of his
kind.."38 The man who would pursue "abstract discovery" must "study
science, and, if he can, advance it for its own sake and not for its
application."39 The appropriation of the word "abstract" and ejection
of "practice" in this context were each significant: immediate
industrial activity, then, was not to be understood abstractly, and the
pursuit of "abstract" science was not itself a practice but had some
higher status.

In 1896 Playfair quietly rewrote history, suggesting that the
central aim in setting up the Royal College of Chemistry had been "to
found an institute apart from professional requirements, in which
chemistry would be studied for its own sake, with the expectation that
many. students might follow it as the occupation of their lives, and
have 'an ambition to widen the boundaries by researchﬂmo This
statement is one of the rare examples of Playfair making any concrete
reference to the origins of the "abstract science" which is otherwise
so prominent in his comments. Another example of this, equally
significant, occurs in his 1852 speech to the Society of Arts. There,
after advocating the establishment of "Industrial Colleges" he noted
that they would "materially aid the progress of Science by creating
positions for its professors and for those who would willingly
cultivate Science, but are scared from it by the difficulties they have
to encounter in its prosecution.'l41 This comment is doubly
significant, as giving insight into the curricular emphases of the
proposed colleges, and into one of the major motivations for their
establishment.

The division which has been referred to was by no means presented
as one of equality in intellectual significance. Industrial practice
was presented as "merely" the application or utilization of abstract
science. A favourite metaphor of Playfair's was of industry as the
"overflowings" of science, and others were common, 42 He could
express it more straighforwardly: "The rapid development of industry in

modern days depends on the applications of scientific knowledge..."43
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Abstract science was presented as the basis of industrial activity in
regard to invention and development, and for the understanding and
control of existing processes, Thus, to paraphrase Playfair, all
future industrial competition would be simply a competition in the
creation and dissemination of scientific knowledge: an
"intellectual competition. The latter addition implicitly
defined abstract science (and not the practice of industry) as the
appropriate subject matter of "intellect". It also neatly assimilated
intellectual activity to an ideology of competition., Yet European
countries were ahead in this competition because "their governments
have adopted it as a principle of state™ 4% The correct response was
to set up educational institutions of various types, but most
importantly "Industrial Universities",

At this point, and in general as Playfair moves away from a
discussing "abstract” science, the detail of the activity becomes more
difficult to follow. The question of the curriculum of the new
institutions appears to be answered variously. Playfair's own
activities at Edinburgh during the 1860s appear not to have departed
from the mainstream of academic activity.45 In the 1852 he expressed
the aim of the activity as being to train "a race of men to translate
...abstractions in to worldly utilities",46 Such men would be taught
"how to use the alphabet of Science in reading Manufactures arighﬂﬂ47
Speaking to the assembled Yorkshire College of Science in 1875 a
somewhat different curriculum appears to be recommended, when he
observed that, even in a technical college it was necessary only to
"(t)each science well to the scholars and they will make the
applications for themselves..."*8 Tt can be noted here that the
College, with its proposed Textile Department, represented a movement
away from science alone and towards technological education. This was
the most fundamental threat to the industrial rhetoric of science
education. It had been crudely foreshadowed by Wilson's Chair, and
the explicit threat may have been sufficient to remove some of the
ambiguities often present in Playfair's language.

The views which have been outlined were not, of course, unique to
Playfair. Hofmann can be found taking a very similar position at about

the same period. In an address to the Royal College of Chemistry he
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identified natural science as "the mainspring both of individual and
national prosperity". Supposedly perfect "arts and manufactures"” had
been "entirely superseded by the discovery of new principles".49 Henry
Roscoe, in his inaugural address at Owens College observed of 'steam
ships, railways, telegraphs, reaping machines, steam ploughs, cotton
mills..." that "it is to (Physical Science) that we owe all these
inestimable benefits".”0 It is no coincidence that these men should
exhibit this similarity. Elements of the position they took up would
become characteristic of the growing body of men who earned their
living as academics and thus confronted directly the tension identified
earlier. It could be flexible, as will be discussed below. The group
referred to (led by Williamson, Frankland, and above all Roscoe) were
fundamentally pragmatic in their approach, as befitted men holding a
somewhat precarious new position within the interstices of Victorian
commercial and public activity. The attribution of a dominant
industrial role to science was however a most important component in
the ideology of this group, using 'ideology' to mean not merely a
deliberate construction of perceived self-interest, but a reflected
form of the 'lived' relation between these men and their world.?l It
will be argued in other chapters that the extent to which this
formulation of the industrial curriculum was dominant was determined
also (though in a negative sense) by difficulties in constructing
curricula embodying industrial knowledge directly,

In the period from 1853 to the mid-1860s the relations of
scientific activity and industry received comparatively 1little
attention as 'matters of public concern'. There occurred a limited
growth in educational activity under the auspices of the Department of
Science and Art and the Society of Arts, and in the institutions of
university rank. The period, perhaps because of its marked economic
expansion, did not lend itself to exploitation in the manner of the
later nineteenth century.52 The framework of public intervention in
education was still in a rudimentary form. The field under discussion
was addressed only intermittently, as for example in Robert Angus
Smith's address to the first Social Science Congress in 1857 on
"Science and Social Progress".53 However the appearance, during the

late 50s, of the first synthetic dyes from coal-tar derivatives
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provided a useful propaganda vehicle for the representation referred to
above, and its treatment illustrates the use made of such
opportunities,

The main points of Perkin's discovery of mauve are well-
established.’* He was working as a student at the Royal College of
Chemistry under Hofmann, and possessed a small laboratory at home. He
had been one of many pupils of Thomas Hall at the City of London School
to have been encouraged to study chemistry. While Perkin was
undoubtedly working within an explicit theoretical model derived from
contemporary organic chemistry, his motivation was scarcely one of the
pursuit of 'abstract truth'. In fact, during Easter of 1856 he was
attempting to oxidize toluidine to quinine guided by empirical
formulae. He tried the same process with the homologue aniline and
obtained the first sample of the crude, unpromising-looking aniline
dye. Showing considerable commercial acumen and tenacity, he
established its potential value as a dyestuff and told Hofmann that he
intended to produce it commercially. Hofmann was, it seems, "much
annoyed and spoke in a very discouraging manner.™> Perkin later gave
an account of the numerous technical and commercial difficulties which
had to be overcome to bring the Greenford Green works into production,
and later scholars have suggested that his major achievements were
largely in these fields.56 The years immediately following his success
were marked by a scramble to oxidize aniline and other aromatic bases
with various reagents in the hope of striking it rich, This activity
was undertaken by men like John Simpson, George Maule, and Henry
Medlock.”’ Litigation over patents was rife. Some indication of the
atmosphere of the time is given by the situation in Huddersfield, where
the dyestuff manufacturer Dan Dawson was manufacturing magenta secretly
in his kitchen while awaiting the outcome of litigation between Read
Holliday and Simpson, Maule and Nicholson.”8 Perkin himself was later
critical of the activities undertaken at this time, as was at least one
other contemporary.59

Both Hofmann and Playfair referred to this activity when
constructing of a particular image of the industrial impact of
"academic" science. Playfair, speaking to the Royal Institution in 1862

described Perkin's activity as follows:



-53—

Mr. Perkin had seen and admired the tinctorial power of
aniline, and he had an ambition to render this fugitive
colour permanent, and to in§6oduce it into the arts as a dye,
and he succeeded admirably.

The reference to the "tinctorial power of aniline" appears to be to
Runge's blue, produced in the 1830s by treating aniline with bleaching
powder. If so, Playfair's statement was a distortion on at least two
counts: as crediting both intentionality, and success in that intention
(since the colours are not the same).61 The aim is clear: to elevate
the instrumentality of purely laboratory-derived knowledge, and to
remove the element of serendipity which surrounded the whole affair.,
Hofmann repeated the claim on at least two occasions. Speaking to the
Royal Institution in April 1862 he suggested that Perkin had been
attempting to produce Runge's blue "in a form permanent and applicable
for the purposes of the dyer."62 Such benefits occurred, he suggested,
from "the pursuit of truth...pure and simple", and in the case of
mauve,

(t)he scientific foundation having been laid, the time of
application had arrived, and by one bound, as it were, these
substances, hitherto exclusively the property of the
philosopher, appear in the market-place of life.

He went further in his Report on Class IIA of the 1862 Exhibition.
Perkin's attention had been drawn to Runge's blue "and he for the first
time separated the substance which produces it..."03 Going on to
discuss the other dyestuffs being produced, he stated that the
industrial chemist

can now at his choice pour from the tar-barrel a hundred
different dyes...The transition is not a mere scientific
dream; nor is it only a chemical prevision based on correct
theoretical results; it is something more, it is already in
some cases an accomplished fact.

In view of Perkin's own account of the period, and despite Hofmann's
own formidable work on the nature of rosaniline, it is at least a
somewhat rosy picture of industrial practice based on 'correct
theoretical results". With the exception of Hofmann's work, Perkin was
dismissive of claims for any systematic understanding of dyestuffs.64
These expressions of view have been quoted at some length as
indicating the steps taken to emphasize the power and effectiveness of

"abstract science". Discoveries in this field would provide the

material substrate for innovation, tools for the conversion of any
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suggestive discoveries into commercial products, and for the extension
of such innovation in any desired direction. Earlier technical
knowledge, or the hard-earned techniques generated during development,
received no attention: the "philosophical™ substance becomes the
"commercial® substance "by one bound". The synthetic dyestuff industry
provided a useful and increasingly sophisticated illustration of the
possible interaction between knowledge generated in the course of
academic activity and industrial practice. Yet, in addition to the
other distortions noted above, it can be observed that its distance
from matters of technical and commercial interest was not very great
during the mid-century, This is indicated by the work of men like
Runge, John Leigh, Charles Mansfield and Perkin himself. Mansfield,
for example, acted as a consultant for the firm of Read Holliday in the
field of coal-tar distillatixnh65 It constituted the major example of
such an interaction between academic science and industry well into the
twentieth century, yet the efforts of Playfair and Hofmann indicate
that this status was achieved at some cost to the truth.66

Nor was it entirely without opposition. Henry Cole, a man
occupying a related but subtly different position from the academics,
illustrated the gulf in a parallel address to that of Playfair to the
Society of Arts. Here he displayed a healthy willingness to risk any
dominance of abstract science over industrial practice. "...if we
supply the practical execution, and our neighbours the philosophical
theory, it may after all, be only a proper division of labour between
friends™%7 The Society of Arts itself undertook a survey of views in

its Report on Industrial Instruction in 1853. The calico printer John
68

Mercer took a robust line.

I do not understand abstract chemistry; many of the richest
things in the arts will no doubt be brought from the
discoveries in it; but the young man's time is limited; he
must be instructed in such knowledge as he can apply at
OncCe...

The Committee itself, while accepting the importance of natural science
and advocating "the necessity of teaching the principles of science in
connexion with the arts", noted that it "laid a basis upon which may be
raised with advantage further industrial instruction in the workshop or
factory."69 The differences in emphasis here are important: between

physical science as a systematic cognitive adjunct to industrial
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activity and as "the life and soul of industry".
Others were more forthright in their hostility to attempts to
create an 'atmosphere' of scientific dominance. The first number of

William Crooke s'Chemical News in 1859 contained a letter from "Philo-

technology" (the name is significant) which noted the sometimes

"mistaken views" of scientific men: "...we can scarcely be surprised at

finding the experienced manufacturer very cautious in adopting opinions

"70 The author went

which do not appear to be borne out in practice..,
on to stress mutuality and partnership in the relations of academic

science and technique.

B The language of "technical education" 1867 to 1900.

It is perhaps no coincidence that the more vigorous and productive
propaganda effort after 1867, triggered by Playfair's well-known letter
to Granville published in The Times, coincided in its origins with a
trade depression in the UK./l It seems that the 1867 Exhibition
offered an easily-digestible statistical gloss for feelings of
disquiet. The expanding output of students from institutions of higher
education, and their teachers, provided a distinct and articulate
interest group to help sustain propagandist activity, and to these
could be added the growing body of educational administrators, and
students and examiners of the Science and Art Department. The 1862
Exhibition, with its triumphal focus on the Bessemer process and the
evident British dominance in synthetic dyestuffs, had generated a much
less favourable environment. Even Playfair had found little on which
to focus.’? The period of the 1867 Exhibition however was full of
rumblings about British failure. John Fowler, President of the
Institution of Civil Engineers, and Lord Granville had each voiced
doubts about the British performance, both making educational
references, before Playfair and Taunton's famous initiative,’3
The exposure of Playfair's letter in The Times provoked limited

and heterogeneous reaction there, but in certain circles an extended



-56-

effort was made to examine the questions which he raised. The extent
of this activity ought not to be exaggerated, nor its practical impact
outside these quite limited circles. When Disraeli referred to the
matter later in the year, it formed a limited part of a speech on
franchise reform, and the tone was essentially complacent. The same
could be said of Gladstone's public comments on the issue in 1867.74
In 1872, Gladstone, speaking to the Institution of Civil Engineers on
the question derided "the growing tendency to commit to the patronage
and tutelage of the Government many of the enterprises formerly the
offspring of private enterprise"”. The Times took the opportunity to
comment that if "the State 'does nothing for science'...it need not be
much lamented, considering how very little science stands in need of
its aidM72 Nevertheless, the years following Playfair's letter saw an
enormous number of speeches, articles, books and enquiries, centred on

76 The Schools Inquiry

the three great governmental enquiries.
Commission undertook a special enquiry in 1867, as did the Society of
Arts and the Royal Scottish Society of Arts in 1868. In the chemical
field the two enquiries show something of the incestuous atmosphere
surrounding this activity.77 The Society of Arts invited Edward
Frankland, David Price and Alexander Williamson to recommend a 3 year
syllabus for future chemical manufacturers, while the Schools Inquiry
Commission invited evidence on the chemical sector from Frankland,
Price and James Young. Williamson and Young were quite closely
associated, and Williamson held shares in Young's paraffin
manufacturing company.78

From 1867 onward the large amount of attention which the question
of what was increasingly termed "technical education” received was
dominated by two issues: firstly, the "need" to define an industrially-
relevant curriculum, and, secondly, the social class of its students
or, more exactly, the mapping of curricula against class. The question
of the reality and details of the supposed Continental advances, and
the extent and impact of educational activity there, quickly fell from
sight except when pressed by manufacturers themselves. Indeed, after
the limited correspondence in The Times which followed Granville's
letter showed signs of addressing the substantive question of relative

performance in ircen and steel manufacture, Charles Merrifield,
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Principal of the Royal School of Naval Architecture, wrote to say that
this was not the important issue, What was important was the fact of
Continental educational activity and the need for a British reSponse.‘79
Of the two questions referred to above, the second was more novel.
The absence of class-based differentiation at the cognitive level was
characteristic of the language of the the first half of the nineteenth
century. Indeed the establishment of the Society of Arts examinations
was explicitly identified as aiming to reduce class differences,80
Playfair's comments in 1867 were, however, unambiguous. The British
failure was due to the lack of "good systems of industrial education
for the masters and managers". In a less emphasized part of the letter
he referred also to the effect of "numerous strikes" on industrial
performance.

The chemical witnesses who gave written evidence to the Schools
Inquiry Commission followed Playfair's lead. Frankland and Price
stressed that scientific education was needed for masters and managers,
and James Young emphasized his own movement from artisan to
entrepreneur. This differentiation between classes became a component
of most discussions. The Samuelson Committee was appointed in March
1868, its terms of reference to investigate "the provisions for giving
instruction in theoretical and applied science to the industrial
classes."8l 1Its report began with a move to consider the subject under
the three headings of:

the foremen and workmen engaged in manufactures,
the smaller manufacturers and managers,
the proprietors and managers-in-chief of large industrial

undertakings.
This approach was reflected in the questioning of the witnesses.

Typical of this was the question from Lord Frederick Cavendish to A.J.
Mundella:82

Do you think it is necessary, in order to enable us to
maintain competition with other countries, that all persons
employed in our manufactures should have some scientific
education, or that such education is chiefly necessary for
manufacturers, managers and foremen?—I think it is necessary
simply for manufacturers, managers and foremen.

Mundella's response was equally typical. Gordon Lennox, Chairman of
the Society of Arts at this time, commented that it was necessary to

look for "the first and chief results in a higher class of foremen and
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directors of industry". This emphasis was not without its critics, but
direct criticism, such as the comments of George Howell, onetime
secretary to the Parliamentary Committee of the TUC, was limited.83
Fleeming Jenkin, then Professor of Engineering at Edinburgh University,
speaking of process control within the dyeing industry, put the
position in its most abrasive form, and told the Samuelson Committee
that such elementary "knowledge of the theory of chemistry" as artisans
could gain would be "objectionable" if it was to be used to "alter or
modify the process in any way."84 Jenkin would later tell the
Devonshire Commission that in purely wealth-creating terms the men
should be treated as "the merest possible machines", provoking a sharp
exchange with James Kay—Shuttleworth..85 It is of interest to contrast
the former comment with William Crookes' view that "we have at present
no theory of dyeing worthy of the name", a statement true, it can be
presumed, of the chemical knowledge available to all classes.80

The dominance of the class perspective is indicated by the
struéturing of two other activities which took place during the
following years. In 1873, the Society of Arts initiated its so-called
"Technological" examinations, shortly after its abandonment of the
scientific component of its own examinations in favour of those of the
D.S.A. The Committee which recommended the establishment of the
examinations suggested that they be offered in three grades87

according to the proficiency of the candidate:-

1) The elementary grade, or what may be termed the

"workman's" certificate.

2) The advanced, answering to the "foreman's" certificate.
3) Honours, answering to the manager's certificate.

The Royal Commission on Technical Instruction, in its first main
report, adopted a similar structure to that of 1868 Select Committee,88
This assimilation of "proficiency" to industrial categories by the
Society of Arts indicates that its examination was dominated by such
categories, Yet it appears that the knowledges thought to be
appropriate to each were still in some sense of the same kind--they
occupied the same spectrum, Thus class stratification did not
automatically lead to the assertion of radical differences in
curricula. The situation changed in a gradual manner, and increasing
stress would be laid on such differences.

Artisans and other manual workers were not, therefore, ignored in
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the educational propaganda after 1867. There was in any case a
tradition of support for working class science education, independent
of directly industrial concerns, which had preceded the attenuation
caused by the 1862 Revised Code.8? Advocates of such education in the
later period drew on this tradition, as the supposed instrumental role
of science in industry became focused on the higher levels of
industrial personnel, Science education was represented as having
significance for the artisan workforce in two ways. On the one hand,
if it was undertaken at evening classes,it would provide a pool of men
qualified for promotion to foreman and junior managers by their evident
enthusiasm for "getting on™. 990 1In addition, the concept of the
"intelligent workman" was increasingly invoked. This figure drew to
some extent on some semi-technical knowledge acquired in formal
education— notably skill in engineering drawing—but was anticipated
also to display qualities beyond this., These qualities were only
loosely "technical", and are illustrated by the list suggested by
William Richardson of Platt Brothers to the Devonshire Commission.%!
The "intelligent workman" would, among other things, accept change more
readily, be willing to direct others and accept direction, be able to
shift from one industry to another, and to communicate more
effectively. This amounted to a description of men who would fit more
amenably into the workplace hierarchy and the industrial economy. The
thrust of this approach was towards general education within a
practical and scientific curriculum rather than industrial education in
any narrow sense., This widening of reference for "technical education"
would become for a time entangled with general secondary education.
Though the intended focus in this account is on the chemical
industry, one of the characteristics of the period before 1900 was
precisely not to disaggregate industrial sectors in any systematic
manner. This general approach is particularly clear in the suggestions
made to the Society of Arts by the Committee (referred to above)
charged with producing a curriculum suitable for chemical
manufacturers and other groups.92 The curricula in chemically-related
areas make very few concessions to the specific technical knowledge of
the various occupations covered (including gardening). The emphasis is

rather on straightforward analytical and descriptive chemical
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knowledge, with, for the would-be chemical manufacturers, a minimum of
lectures on the vaguely-titled "Technical Chemistry" in the final year.
It is noticeable that the architectural and engineering courses
suggested by John Scott Russell were considerably more technological in
orientation, and explicitly interpreted "applied sciences" as
independent fields. However, the thrust of the Committee's report was
to limit the transmission of such knowledge to the domain of pupilage.

A more adversarial, and thus developed, view of the positions
adopted at this time can be obtained by considering the evidence of
academics and chemical manufactures to the Samuelson Committee, The
Committee received evidence from W.A, Miller, Playfair, Henry Roscoe
and Edward Frankland: the senior chemical professoriate in Britain at
the time, It is noticeable that chemists were more widely represented
in this respect than less institutionally mature or industrially
significant sciences, Miller appeared as the less forceful academic:
though senior in years and appointment, he had, significantly, a
backgfound in medicine.?3 Playfair's was undoubtedly the dominant
voice, and he presented his evidence early, in conjunction with
Donnelly and Cole of the Science and Art Department, Chemical
manufacturers were represented by Robert Rumney of Manchester, James
Chance of Birmingham and Robert Calvert Clapham of Newcastle. A few
others appeared from related sectors, such as the ironmaster and
engineer James Kitson and the worsted dyer Henry Ripley.

The academics presented an essentially unified picture. The first
element in this position amounted to asserting and elaborating the view
which was associated earlier with Hofmann, Roscoe and Playfair: the
conceptual dominance of abstract science, which in concrete terms meant
that science generated and transmitted in institutions of formal
education, Playfair suggested that superiority in academic activity
was directly responsible for Continental improvements in iron
manufacture, and implied that young graduates could go into senior
technical positions immediately, and be effective there».94 Such men, he
claimed, could earn a starting salary of £300 to £400.95 Frankland
claimed that the chemical manufactures of the Manchester region were
"founded on scientific principles and laws",9° Only in those fields

where men possessing chemical knowledge had worked had improvements



-61-

been made: others which he had visited were "in exactly the same form"
as 10 years previously.97 Williamson took the claims one stage
further, deriding the competence of manufacturers contrasted with the
academics:

It is well known that one of the great obstacles to
successful invention on the part of men of science who are
outside manufactures, consists in the impossibility of
getting their processes fairly carried out in the chemical
manufactories., If they themselves turn manufacturers there
is little difficulty...

Such claims were supported by references to the roles of past
students employed in industry, though these references were carefully
worded, Roscoe provides the best illustration. Referring to the local
alkali industry he noted the new sulphur-recovery process (evidently
that of Ludwig Mond). He pointed to the unnamed patentee's scientific
education in Germany, but made no reference, despite quite hostile
questioning, to his practical works experience in developing the
proce\ss.99 In fact Roscoe evidently knew l