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Introduction 

Material Things, Scales and Trans-Operations 
 

Pierre Teissier, Cyrus C. M. Mody  
Brigitte Van Tiggelen 

 
 
 
Short Story of the Collective Project 

Increasingly since the 19th century, chemists’ dual role in society has 
been to enhance natural knowledge by making new forms of matter and to 
improve the human condition by making useful substances or materials. 
Chemists have thus become architects of both matter and society. At the 
same time, materials have shaped chemists and their science by stimulating 
the founding or reorganizing of disciplinary fields, epistemic communities, 
instrumental toolkits, cognitive representations and experimental practices. 
We can therefore speak of a co-construction of the subject and the object 
of chemistry. New materials, and their chemist-advocates, help initiate new 
behaviors in society, such as the past century-plus reconfiguration of con-
sumption habits around the ever-growing number of synthetic materials 
used in commercial brands. In addition, new materials and social configura-
tions orient chemists to pursue some research questions and neglect others. 

We had these ideas in mind in Spring 2012 when we planned the or-
ganization of  an international meeting on this theme. Entitled “Materials 
and Chemistry from Bench to Brand and Back”, the symposium took place 
the 26th of  July 2013 during the 24th International Congress of  the Histo-
ry of  Science, Technology and Medicine (ICHSTM) in Manchester. It was 
organized by Brigitte Van Tiggelen and Pierre Teissier, under the auspices 
of  the Commission on the History of  Modern Chemistry. It was parti-
tioned in four sessions with eight speakers, including Cyrus Mody, and four 
commentators and gathered an average audience of  thirty scholars per ses-
sion for an entire day. A second symposium on the same theme took place 
one month later at Uppsala. Entitled “Materials in the 20th and 21st Cen-
tury”, it was part of  the 9th International Congress for the History of  
Chemistry, on 24th of  August 2013, and featured four speakers and two 
commentators. 

The first symposium raised the interest of  the London based pub-
lisher Pickering & Chatto for a collective book for the “History and Philos-
ophy of  Technoscience” series edited by Alfred Nordmann. The theme of  
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Nordmann’s series appealed to enough of  the contributors to the two sym-
posia that we started to work on a collective book dealing with the co-
construction of  chemists and materials in the 20th century. Unfortunately, 
the acquisition of  Pickering & Chatto by Routledge (Taylor and Francis 
Group) in March 2015 significantly slowed down our editorial process, 
leading us to switch from a private to a public press, the Cahiers François 
Viète, an academic publisher from the (public) University of  Nantes. This 
option had the advantages of  being reliable, free and open access while 
keeping high academic standards through a review process including two 
referees for each chapter. Along the way, these circumstances and reorgani-
zations co-shaped the volume and its object, as much as the rearrangements 
in the list of  contributors. 

The collective book gathers eight case studies related to the long 
20th century and to the interaction between materials and people. The con-
tributors work in six different countries (Belgium, France, Germany, The 
Netherlands, Switzerland, and United Kingdom). The cases are grounded in 
a variety of regions (France, Germany, United Kingdom, United States, 
Western world) and methodological perspectives (chemistry, history, litera-
ture, museum studies, philosophy). In addition to the more traditional 
sources of historians, including institutional archives and scientific articles, 
other kinds of documents have also been used: ads and illustrations (§1), 
artifacts (§2), oral archives (§5, 7), popular literature (§6). The contributions 
furthermore cover a wide spectrum of materials: inorganic, organic, biolog-
ic, arts materials. 
 
 
Historiographic Position in the “Thing Turn” 

The collective book instantiates the recent focus on material culture 
in academic research in general and in the history and philosophy of science 
in particular. In the last decades of the 20th century, Science and Technol-
ogy Studies (STS) emphasized the co-construction of science and society. 
Since the turn of the century, though, a new trend has developed which 
focuses on the role of instruments, materials, and objects (Rheinberger, 
1997; Baird, 2004; Daston, 2004). Chemistry and materials science 
represent fruitful ground for both the earlier and the newer directions of 
investigation – and for reflection on how the co-construction and materiali-
ty perspectives relate to each other. On the one hand, chemistry and mate-
rials science allow one to trace the changing relationships among bench 
scientists, production engineers, inventors, and markets. On the other hand, 
chemistry and materials science are inherently techno-scientific disciplines 
situated between knowing and making. Thus, these disciplines offer an 
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original perspective from which to explore the material culture of the 
“thing turn”. Our volume brings the synthetic sciences – fields that both 
make and understand stuff – to the fore in both history of science and 
technology. The focus on materials allows our contributors to investigate 
the intermingling of facts and artifacts, knowledge and know-how, cogni-
tion and application. It also, following recent contributions (Bensaude Vin-
cent et al., 2017), further erodes the still-sharp distinctions between history 
of science and history of technology. 

To address these topics, we have chosen to focus on the long 20th 
century. This has to be justified. The first reason is institutional and per-
tains to the history of  science, since the two 2013 symposiums were orga-
nized under the auspices of  the Commission on the History of  Modern 
Chemistry, which fosters a particular emphasis on 20th and 21st century 
chemistry. The second reason is historiographical and more related to the 
history of  technology. Our chapters examine the period bridging the 
“second” and “third industrial revolutions” (Caron, 1997). The “second 
industrial revolution”, running from the 1870s to the 1920s, is commonly 
associated with the industrialization of  electricity and chemistry in Europe 
and America based on the formalization of  research and development 
(R&D), the building of  electrical networks, and the invention of  means for 
“scaling-up” chemical reactions. The “third industrial revolution” (Dosi & 
Galambos, 2013) is a fuzzier concept, but roughly it refers to late 20th cen-
tury developments linked to the progressive integration of  African, Asian 
and Oceanian actors into post-1980 neo-liberal globalization. With respect 
to the history of  science and technology, the period between the second 
and third industrial revolutions was characterized by the presence of  the 
“welfare state” and the “cold war”. The perspective of  “temps long” (long 
term) history, unfolding over around a century and a half, allows us to 
stress the continuity of  phenomena and to soften the importance of  rup-
tures. Indeed, most of  our case studies overlap at least one of  the two revo-
lutions mentioned above without reifying ruptures between them. On the 
contrary, the long 20th century exhibits coherent features that weave in and 
out of  most of  the case studies: the consumer society; the developmental 
state; ideological confrontation between East and West; economic and mili-
tary confrontation between North and South; the instrumentation revolu-
tion in chemistry; the capillarity of  economic discourse spreading to all 
corners of  society, including science; etc. 

In spite of  our strongly empirical perspective on history of  science 
and technology, we would like to contribute to two STS debates. The first 
one deals with the changing organization of  science and technology in so-
ciety, related to the concept of  “regimes of  production of  knowledge” (Pe-
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stre, 2003a). This debate centers on whether the entanglement of  science 
and technology is a recent (post-1980) phenomenon or has roots going 
back at least to the “second industrial revolution”. A simple and much-cited 
framework adopted by Michael Gibbons et al. (1994) roughly discriminates 
so-called “mode 1”, or traditional disciplinary sciences, from “mode 2”, or 
modern trans-disciplinary ones. A number of  strong critiques of  this 
framework have been made, however, which offer more thorough interpre-
tations of  developments over the long term. For example, Dominique Pe-
stre (2003b) argued for a long-lasting evolution since the 15th century in 
Europe. However, like Gibbons et al. (1994), he agreed that the 1970s mark 
a neo-liberal rupture in twentieth century science and technology. Other 
models have also appeared, such as the “triple helix of  university-industry-
government relations” (Etzkowitz & Leydesdorff, 1996) or the post-1980 
“epochal break” (Nordmann et al., 2011; also Forman, 2007). 

We did not want to choose among the existing models but we ac-
knowledge the fact that each highlights a certain facet of  the problem. 
None of  them, however, is able to capture the complex entirety of  the co-
shaping of  chemists and materials. Some of  our case studies might provide 
empirical data to facilitate the refinement of  sociological models that ex-
plain late 20th-century transformations in science and technology. Instead 
of  endorsing a model, we adopt the transversal conception of  science of-
fered by Terry Shinn and Pascal Ragouet (2005), which stresses that the 
research process is shaped not only by scientists but also by social and cul-
tural features, including material and instrumental opportunities and con-
straints (Mody, 2011). Indeed, even though each of  our cases examines a 
very localized and finite object of  investigation (a material), all of  the con-
tributions do this in a historically sensitive way, bringing in the context of  
time and space, both local and global, and expanding the theoretical frame-
work through comparisons. 

The second debate is that concerning objectivity. Daston and Gali-
son’s (2007) groundbreaking work on Objectivity showed that scientific iden-
tity is co-produced with communally shared norms for robust knowledge 
production. Yet their equally influential claim that the making of  technos-
cientific objects represents a new form of  objectivity is more questionable. 
In contrast, our chapters demonstrate that in chemistry and materials 
science technoscientific objects have underwritten objectivity for well over 
a century. We follow here the literature on “techno-sciences”, after Gilbert 
Hottois (1984), which emphasizes the close connection between science 
and technology since, at least, the “second industrial revolution”. 
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From Bench to Brand and Back: Scaling and Trans-Operating 

This collective book sketches the mirror dynamics between chemists 
and materials across a wide spectrum of interconnected fields and activities 
ranging from bench research through engineering processes and brand con-
sumers to human cultures and the natural environment. It mainly focuses 
on the circulation and interaction of people, things, and words. The endless 
back and forth between bench substances and brand products exhibits two 
transversal concepts that permeate most of our case studies. 

First, the importance of scaling in grasping the interaction between 
chemists and materials. By scaling, we mean movement both up and down 
along both natural and cultural scales, as well as the dynamic interactions 
between those scales. Chemists, more than most scientists, are often look-
ing to scale up, to amplify what they do in the laboratory in order to build 
the factory and influence the mass-market. It is striking, when reading the 
eight following chapters, to realize the great diversity of the institutions in-
volved in chemistry and materials science in terms of their sizes, organiza-
tional models, and goals: start-up companies, laboratories, universities, 
communities, trade unions, multinational firms, states, international mar-
kets, global networks, etc. Yet chemists are also just as often employed to 
scale down by grasping a bit of the world to isolate it and study it out of its 
normal context or to manipulate it and combine it in the mixed entities 
known as materials. They thus build an astonishing variety of heterogenei-
ties and combinations, at scales ranging from the (sub)atomic to the ma-
croscopic. The circular dynamic of scaling up and down becomes even 
more complex and stimulating when new materials enter the natural envi-
ronment, posing unexpected challenges for regulation, clean-up, and recy-
cling. We thus consider scaling as a process and scales as contingent and 
evolving things rather than essential and static objects. 

The second transversal feature of our collective volume is situated at 
the conjunction of the transgressive character of chemistry and the opera-
tive dimension of techno-science – a conjunction we label trans-operating. 
Chemistry is transgressive in that it blurs traditional dichotomies between 
natural and artificial, making and knowing, realism and positivism (Ben-
saude Vincent, 2005; Llored, 2013). Like other techno-sciences, it is also 
able to operate on its surroundings. Chemists’ hemi-synthesis of molecules 
from natural products, for example, is one of the characteristic practices of 
the artificialization of nature that we wish to highlight. A trans-operating 
process or trans-operation can thus be defined as a performative interaction 
between two entities usually considered to belong to separate spheres (na-
ture versus culture, science versus technology, infrastructure versus super-
structure, etc.). The circulation of materials from bench to brand and back 
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in the eight chapters makes apparent three types of trans-operation: be-
tween things and people (part 1); between knowing and making (part 2); 
and between things and words (part 3). Our concept of “trans-operation” 
thus provides a theoretical frame to organize the different empirical cases. 

 
 

Editorial Organization of the Volume 

The first part of the volume “The Plasticity of Things and People” is 
composed of two chapters which tackle the relation between science and 
design. In chapter 1, “Paint as a Material: The Transformation of Paint 
Chemistry and Technology in America (ca. 1880-1920)”, Augustin Cer-
veaux recounts the emergence of modern paint chemistry and technology 
in the United States at the turn of the 20th century. He shows how legisla-
tive regulations and chemists’ professional struggle for jurisdictions (Ab-
bott, 1988) turned paint chemistry from a decorative art and craft to a 
techno-scientific field based on performance, while paint coats evolved 
from mere mixtures to brand materials. Chapter 2, “Quality Matters for 
Historical Plastics: The Past-Making of Cellulose Nitrates for Future Pre-
servation” by Anita Quye, takes the practical problem of material degrada-
tion of cellulose plastics in contemporary museums as an opportunity to 
explore the plasticity of values according to places, times and communities. 
Thus, one material can lose its aesthetic value for heritage while acquiring 
both a bench value for conservation scientists in the future and an historical 
value for historians of science trying to understand the past. 

The second part, entitled “Knowing by Making and Making by 
Knowing” shows how the interaction between material and conceptual as-
pects of materials fosters a feedback between the creation of materials and 
the creation of economic value in the market, or the creation of knowledge 
and techniques. In chapter 3, “Twentieth Century Fertilizers in France from 
Natural Mixing to Artificial Making (1890-1970)”, Philippe Martin analyzes 
how the interplay of chemical and agronomic knowledge and know-how 
and consumption practices drove the gradual transformation of the French 
fertilizer industry over the course of eight decades. Martin investigates the 
trans-operations between the structure and composition of materials and 
the conceptions of rationality and modernity offered by industrialists and 
administrators who wanted to build faith in artificial materials. Jumping 
from industrial problems to academic communities, in chapter 4, Apostolos 
Gerontas considers “Chromatographs as Epistemic Things: Communities 
around the Extraction of Material Knowledge” during the 1960s and 1970s. 
By examining the production and dissemination of automated apparatus, 
Gerontas highlights the consequences that chromatographic technology 
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had for knowledge production in chemistry. New instruments turned the 
“separation” of molecules into a menial job, forcing a reorganization of 
analytic chemistry’s division of labor. Similarly, chapter 5, “The Exotic 
Glasses of Rennes (France): Local Knowledge-Making in Global Telecom-
munication”, by Pierre Teissier, shows how postwar research on materials 
was organized by a transatlantic division of labor, with new materials com-
ing out of Europe and new physical phenomena manifested in those mate-
rials discovered in the United States. In Teissier’s case study, the accidental 
production of “exotic glasses” in Rennes was shaped both by the bench 
culture of solid-state chemistry and by the telecommunications industry’s 
support for international R&D. 

The third, and last, part of the volume, entitled “Innovating and Re-
cycling: Telling the Stories of Materials,” exhibits the interplay between new 
stories and old materials, or between old stories and new materials. In chap-
ter 6, “Making Sense of Chemistry: Synthetic Rubber in German Popular 
Scientific Literature (1929-2009)”, Jens Soentgen analyzes a large set of 
German popular books to link changing representations of natural and syn-
thetic rubber to changing political contexts. Rubber chemists were alterna-
tively the heroes of industry, autarky, the working class, and the “apolitical” 
market from the Weimar Republic to the 21st century Federal Republic of 
Germany (BRD). With chapter 7, “Point and Line to Plan: The Ontography 
of Carbon Nanomaterials”, Sacha Loeve draws a parallel between the mod-
es of existence of three emblematic nano-materials (fullerenes, nanotubes, 
and graphene) and the three geometrical figures conceptualized by Vassily 
Kandinsky (point, line, plan). He shows how, from bench to brand, these 
materials are continually born anew in the space of indefinite technological 
possibilities saturated by promises of radical novelty: the “nanoworld”. Fi-
nally, chapter 8, “The Diverse Ecology of Electronic Materials”, by Cyrus 
Mody, investigates alternative histories of microelectronics by following 
two material alternatives to silicon that did not migrate from bench to 
brand nor from brand to bench: superconducting materials and fullerenes. 
This allows a better understanding of the evolving organization of the sem-
iconductor (silicon) industry and, more generally, of changes in the relation-
ship between industry and academia. 

 
 

Concluding Remarks 

Such an editorial project inevitably yields unexpected features which 
emerge from the collective efforts of the authors. We have identified at 
least four themes and questions which recur in stimulating if unanticipated 
ways across a number of contributions. The first is related to the study of 
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materials themselves and the making of materials researchers during the 
long 20th century. Most of the chapters develop the idea that materials are 
characterized by multiple features beyond their mere physical and chemical 
properties. Their forms are specifically investigated by chemists for applica-
tions (§1) and packaging (§3), in relation to their transformations over time, 
for worse (§2) or better (§7), their accidental morphology which can be se-
lected (§5) and amplified, or even their systemic integration as devices (§8). 
All these forms are then brought within the one true dogma of materials 
scientists since the 1960s: the relationship between composition or struc-
ture and performance (§1, 2, 5). This dogma is not new, of course: metal-
lurgists and chemists have formalized it for, among other things, the steels 
used for building railroads in the “second industrial revolution” (Misa, 
1995; Chezeau, 2004). Yet as our chapters show, this dogma has been pro-
gressively formalized and expanded over the long twentieth century. 

The second recurring theme of this volume stresses the importance 
of contingency in the historical process. Many of our chapters show that “it 
could have been otherwise” (§1, 3), “it was otherwise” (§5) or “it was told 
otherwise” (§6, 7, 8). However, in spite of a deep consciousness of alterna-
tive paths, several of our chapters also present linear narratives which con-
vey the impression of a gradual determined evolution: for example, the drift 
toward a global neo-liberal order in the final third of the 20th century (§5, 
8). Such a tension between determinism and contingency poses complica-
tions for sociological and economic models, which tend to favor the me-
chanical dynamics of social groups and markets. Yet the same tension also 
undermines the consensus in science and technology studies, which dec-
lares its faith in contingency and non-linear narratives. 

Thus, tensions constitute the third recurring theme of the volume. 
Such dichotomies can be identified with respect to practices, such as the 
opposition between wet and dry syntheses (§8), as well as for moral dis-
courses such as the good/evil dualism (§6). One crucial tension operates at 
a symbolic level between what is usual and what is new. Indeed, in any giv-
en chapter (§1, 3, 6), both the novelty of leading-edge research and the re-
petition of customs can play a role. More deeply, this tension underlies a 
second tension between tradition and modernity that runs all through the 
long 20th century. It would be worth studying the evolutions of the mean-
ing of each end of these oppositions over time. 

The fourth and last recurring theme deals with the generation of 
identity among chemists and their many stakeholders. Our authors treat 
identity as the upshot of a process involving both self and others, in which 
materiality and technology are implicated. This leads to the main theme of 
the volume: the shaping of beings confers identities upon things, and the 
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shaping of things confers identities upon beings (§1, 3, 4, 5, 6 are especially 
clear in this regard). This permanent, ongoing, mutual shaping of material 
substances and human societies also travels across all types of discourses on 
materials and people: commercial ads (§1), collective memory and myths 
(§2, 5, 7), political economy (§3), discipline-building (§4, 5), literature and 
propaganda (§6), and historical narratives (§6, 7, 8). Here again, mechan-
isms are complex. Disciplinary organization (Stichweh, 1994), boundary 
work (Gieryn, 1999), and commemorative practices (Abir-Am & Elliot, 
1999) are central to the shaping of scientific identities. But many other dy-
namics are involved too (Teissier, 2014): things (devices, materials, brands), 
bench practices (concepts, instruments, know-how), professional organiza-
tions (companies, disciplines, networks, trade unions), collective memory 
and myths (monuments, narratives, testimonies). Chemists’ identities are 
also built on a series of hierarchical differentiations whether between chem-
ists and others (§1, 3, 5, 8) or among chemists themselves (§2, 4, 6). The 
latter often, again, reinforces binary dualism: dirty/pure (§1), wet/dry (§8), 
descriptive/predictive (§1, 3, 5), dull/exciting (§5, 7), self/other (§4), and so 
on. 

Taken together, these four recurring themes offer a concise summary 
of our point. Materials, in both their form and function, are co-emergent 
with institutions, communities, organizations, networks, discourses, cultural 
hierarchies, and all the other ingredients of modern societies. Materials are 
also co-emergent with the individuals who populate those societies. In oth-
er words, the foundational 20th-century sociological debate over the prima-
cy of structure or agency was always missing at least one other active pole: 
the materials which constrain and enable both social structure and individu-
al agency. Crucially, the powers of materials are neither deterministic nor 
entirely contingent. Rather, materials mediate the entanglement of social 
structure and individual agency not just locally in any single interaction, but 
also through their never-ending circulation from bench to brand and back. 
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Paint as a Material:  
The Transformation of Paint Chemistry and  

Technology in America (ca. 1880-1920) 
 

Augustin Cerveaux* 
 

Abstract 
This chapter recounts and analyzes the emergence of  modern paint chemistry and techno-
logy in the United States. Until late in the 19th century, painting was above all a decora-
tive art and craft, and chemists’ role in the paint trade was largely circumscribed to the de-
velopment of  new pigments. At the turn of  the 20th century, however, the protective 
dimension of  paints rose in prominence and the standing and influence of  chemists within 
the trade and industry rose tremendously. Charles Dudley, a chemist at the Pennsylvania 
Railroad Company, initiated this movement. A new field quickly coalesced around the 
American Society for Testing Materials, the Paint Manufacturers Association, and later 
the American Chemical Society. In the process, the paint coat became firmly established as 
a material in itself, rather than a mere mixture of  heterogeneous ingredients. The erstwhile 
conflation of  “pure” paint with “good” paint became suddenly obsolete. 
Keywords: paint chemistry and industry, purity and modernity, Charles B. Dudley 
(1842-1909), second industrial revolution, American science. 
 
Résumé 
Ce chapitre retrace et analyse l’émergence de la chimie et de la technologie moderne des 
peintures aux États-Unis. La peinture, jusque vers la fin du XIXe siècle, consistait en un 
artisanat dont la vocation était essentiellement décorative, et le rôle des chimistes consistait 
principalement à découvrir et exploiter de nouveaux pigments. Cependant, au tournant du 
XXe siècle, la dimension protectrice des peintures devient prépondérante, et les chimistes et 
ingénieurs acquièrent une importante position et influence dans le commerce et l’industrie 
des peintures. Un chimiste de la compagnie ferroviaire Pennsylvania Railroad, Charles 
Dudley, a initié ce mouvement, qui s’est ensuite développé au sein de la Société Américaine 
des Tests de Matériaux, de l’Association des Fabricants de Peinture, et plus tard de la 
Société Américaine de Chimie. Au cours de cette transformation, le revêtement de peinture 
devient appréhendé comme un matériau en soi, plutôt que comme une simple mixture 
d’ingrédients hétérogènes. La tradition artisanale identifiant la « pureté » des peintures 
avec leur performance est brusquement remise en cause et dépassée. 

Mots-clés : chimie et industrie des peintures, pureté et modernité, Charles B. Dudley 
(1842-1909), seconde révolution industrielle, science américaine.   
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HE DOMAIN of paints offers a fascinating research avenue to ex-
plore and analyze the co-shaping of chemists and materials. Cars, 
planes, trains, buildings, bridges, and many household appliances 

such as ovens, refrigerators and lamps are coated by paints. Each one of 
them has been formulated by paint chemists, tested and gauged in-doors 
with a variety of laboratory apparatus, and tested outdoors on exposure 
panels and in field service. In turn, as I show in this chapter, paints have 
compelled chemists to leave their benches and venture outside to design 
and implement outdoor testing methods. What makes a paint durable? Why 
does a formulation perform well on wood, and terribly on metal? What 
does it even mean for a paint to “dry”? And above all, how shouldtests and 
procedures leading to reliable and reproducible experimental data about 
paints be designed? These were among the most vexing questions that 
chemists had in mind when they started to erect exposure panel tests 
throughout America at the turn of the 20th century. By exploring these 
questions, these chemists contributed to shape the field of materials science 
and technology in the 20th century.  

In this chapter, I recount and analyze the emergence of modern 
paint chemistry and technology in America, between ca. 1880 and 1920, 
when chemists and engineers, rather than painters, explored this set of 
questions. In the process, paint came to be viewed as a material in itself – a 
coating that could and should be engineered to fit a wide variety of specific 
purposes. Pre-industrial painting was mostly understood as a decorative art 
and craft. Yet the chemists and engineers who would shape modern paint 
technology were above all concerned with their protective properties. 
Paints’ function shifted from aesthetics to protection and durability. New 
forms of paints disseminated, the more conspicuous being the commercial 
availability of “ready-mixed” paints, effectively transforming paints into a 
commodity. Underpinning these changes lay a radical shift in representa-
tion, a disruption in the perceived relationship between materials and func-
tion. Traditional knowledge about paints drew a clear-cut line between co-
lor, brought about by pigments, and durability, resting on the quality of the 
oil which binds pigments together. “Oil is the life of the paint”, a saying 
among painters went. The new representation held instead that both pig-
ments and the binding medium, interacting together to form a material, are 
responsible for color and durability.  

Section 1 briefly touches on pre-industrial painting in Europe, to 
give a broader insight into the changes taking place at the turn of the 20th 
century. I show how painting was historically dedicated to beauty and or-
nament. Section 2 addresses the introduction of ready-mixed paints in 
America during the 1880s, and how it affected painters and favored the in-

T 
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troduction of chemists into the paint trade. Section 3 focuses on the Ame-
rican chemist Charles Dudley, employee of a railroad company, whose re-
search program shattered traditional knowledge about paints. The ensuing 
organization of paint chemistry and technology – upheld by two entities in 
particular, the American Society for Testing Materials and the Paint Manu-
facturer Association – leant on and expanded Dudley’s program, and is the 
object of section 4. The field organized alongside a nationwide and bitter 
controversy over paint regulation and labeling enforcement, largely resul-
ting from the dissemination of ready-mixed paints. In the last section I des-
cribe how the controversy accelerated the demise of the old, pre-industrial 
representation of paints. 

 
 

A Long-Lasting Cultural Tradition of Painting 

Unlike other commodities or technologies that emerged entirely out 
of the industrial revolution – like, say, the railroads or electricity – painting 
was bounded by a longer tradition. In medieval Europe, guilds of profes-
sional painters were established as early as the 12th century. Since the ad-
vent of oil painting in the 14th century, linseed oil and lead-base pigments 
(lead white, lead red and litharge mostly) were the most important materials 
for painting. Virtually all preparations included lead. Lead white served as a 
base, and the desired tint was obtained by adding a small quantity of other 
“colors”, as pigments were called until late in the 19th century. Lead oxides 
were also added to the preparation, to increase the siccative power of the 
oil (reduce its drying time). As a professional guild regulated by the state, 
painters were frequently at odd with plasterers and shipbuilders: painters 
claimed a monopoly over the practice of oil painting, which plasterers often 
used for themselves in finishing their works. For instance, a dispute during 
the 1610s in London was settled by excluding the crucial lead whites from 
the materials plasterers were permitted to use (Englefield, 1923, p. 74-75). 

Painters were primarily engaged for decorative works of various 
kinds – interior objects like cups and cans, as well as carriages and houses. 
It is telling that, in the mid-17th century, when lead pigments and linseed 
oil, praised by master painters, were used in shipbuilding to water-proof the 
hull, no painter affiliated to a guild was permitted to perform these jobs, 
which were reserved for carpenters and workers on shipyards (Englefield, 
1923, p. 134-136; Armitage, 1954, p. 57-60). Yet most shipyards typically 
hosted painters for finishing works. Their trade was understood as distinct 
in nature from carpentry, masonry, and plastering. Painting was mostly a 
decorative art and craft, aligned with its etymological root – from the latin 
verb pingere, which means to impart color. 
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The identification of painting with color-bringing is reflected in the 
textual production of painters, chemists, and philosophers who wrote about 
the trade. There is no entry for “paint” in either Ephraim Chalmers’ Cyclo-
pedia, nor in Jean D’Alembert and Denis Diderot’s Encyclopédie, although the 
entries for “painting” are quite substantial in both. “Paint”, as a noun, sur-
faces scantily in the early 19th century, as a synonym for pigment or “co-
lor”. Until the mid-19th century, “paint” and “painting” referred to a prac-
tice rather than a material thing. Aiming primarily at decoration and 
ornament, it was above all a cultural practice. This is how D’Alembert and 
Diderot (1765, p. 246) introduced “painting” in their Encyclopédie: 

 
To impart colors on a flat surface, so as to represent any figure. Also desi-
gnates the beautification of diverse ornaments in a bedroom, an office, a 
gallery. […] To paint also refers – though improperly – to sizable works on 
buildings. One has to paint a panel, a cradle, or an iron balustrade to prevent 
their rusting. But, in that case, to daub would be more correct. 
 
It’s not that protection was altogether absent from the motives of 

painters. Rather, “paint” and “painting” were not immediately associated 
with protection, unlike “varnish”. The function assigned to each of the two 
major classes of materials in the formulation of paints – vegetable oils and 
mineral pigments – was clear-cut: the pigments bring the color, and the oil 
the stability and durability of the whole.1 Failure of paint-coats to retain 
their color or to stand the deleterious effects of weather was blamed on 
“adulterated” ingredients: the substitution of cheaper oil for linseed oil, or 
cheaper minerals like clay for lead white. A good paint was a “pure” paint, 
                                                      
1 John Smith’s The Art of Painting (1676), among the oldest painting manuals recor-
ded, gives some indication of how to adjust formulas for outdoor works, exposed 
to intense weathering. Compared with indoor formulas, he recommends adding 
stronger solvents and more oil (chap. XVII). The close association of varnish with 
protection, and painting with ornament is particularly eloquent in A Treatise of Japa-
ning and Varnishing, published in London in 1688. In the preface, the authors, John 
Stalker and George Parker, state that “Painting only is able to keep us in our Youth 
and perfection. That Magick Art, more powerful than Medæ’s charms, not only 
renews old age, but happily prevents grey hairs and wrinkles. […] Well then, as 
Painting has made honourable provision for our Bodies, so Japanning has taught 
us a method, no way inferior to it, for the splendor and preservation of our Furni-
ture and Houses. These Buildings, like our Bodies, continually tending to ruin and 
dissolution, are still in want of fresh supplies and reparations: on the one hand they 
are assaulted with unexpected mischances, on the other with the injuries of time 
and weather; but the Art of Japanning has made them almost impregnable against 
both: no damp air, no mouldring worm, or corroding time, can possibly deface it.” 
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The steadily increasing demand for paints certainly pushed for this 
substitution, as ready-mixed paints offered promising opportunities for va-
lue-adding and profits, efficiency, standardization, and labor saving in 
plants and paint shops, and thus curtailed costs. A rapidly industrializing 
America needed more and more paint to protect and beautify its houses, 
barns, ships, carriages, buildings, and railroads. In 1838, a 350 ton vessel 
required about nine short tons of paint and varnish, while a Navy ship 
upon entering service in World War I had on its flanks more than one hun-
dred times as much (not including maintenance). In between, the annual 
domestic production of ships of any kind increased, in tonnage, about three 
hundred times to reach 3.3 million tons in the late 1910s.3. One and a half 
million horse-drawn vehicles were produced in 1900, each requiring bet-
ween six and thirteen paint coats (Kinney, 2004, p. 34). A similar trend 
could be highlighted for houses and railroad equipment, the latter deman-
ding paints for rails, freight, and passenger cars. Paint and varnish produc-
tion grew accordingly, from $27 million in 1869 to 125 in 1909.4 In 1890, 
ready-mixed paints accounted for about twenty-two percent of all the pro-
duction of paint materials and products, in value, and were largely circums-
cribed to house-painting. By 1919 its share in the paint trade had reached 
forty-seven percent, and had penetrated the building, ship construction, 
automobile, and railroad markets.5 The master painters, as a body, felt 
threatened by the introduction of ready-mixed paints. The departure from 
their traditional paint mixing practices represented, after all, a transfer of 
techniques and skills from the painter to the manufacturer, and more omi-
nously threatened the very existence of the painting profession. Sometimes 
master painters went so far as to organize collective boycotts of the manu-
facturers that sold ready-mixed paints.6 

 

                                                      
3 The figure of 1838 comes from (Green, 1965, p. 35), that of 1916 from (Gardner, 
s.d., vol. 2) and the increase in ship tonnage from Statistical Abstracts of the United 
States, Washington: U.S. G.P.O., vol. 1 (1878) table 137 and vol. 43 (1920) table 
267. 
4 Constant 1909 dollar. Source: U.S. Bureau of the Census, Thirteen Census of the 
United States (1909), Washington: U.S. G.P.O., 1913, Vol. X: Manufactures, p. 595 
table 2. 
5 Figures from U.S. Bureau of the Census, Eleventh Census Report, 1890, vol. I 
Manufactures, Part III, p. 292 table 2 and Fourteenth Census Report. 
6 For instance in 1885-1886 in Philadelphia: House Painting and Decorating, vol. 1, n°4 
(Jan. 1886), p. 121. 
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Figure 1 -“The demons of adulteration subdued by chemistry”, House 
Painting and Decorating, vol. 1, n°6 (March 1886). (Source: Photo 
taken by the author) 

 
The comparison with another key material or range of materials of 

the “second industrial revolution”, concretes, and the associated trade and 
body of occupations and expertise, is particularly helpful to shed light on 
the historical development of the paint trade. Both concretes and paints 
underwent tremendous growth in production and consumption in the late 
19th century. Unlike the paint trade however, chemists and engineers, not 
manufacturers or masons, were at the core of the body of expertise setting 
technical standards over concrete, assessing their overall quality and how it 
should be laid or applied (Slaton, 2001). Although both materials shared 
common substances and input, the difference in representation is striking: 
gypsum, for instance, was considered an essential and valuable ingredient in 
the concrete trade, whereas in the paint trade it was vilified as an “adulte-

                                                                                                                       
pigments in general. Unless he has such knowledge he is not competent to draw 
proper deductions from his analysis such as we think should be submitted to 
master painters.” (House Painting and Decorating, vol. 5, n°6 (March 1890), p. 276). 
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rant”. In the former case, gypsum is a necessary component of an unavoi-
dable material in modern building technology and civil engineering: con-
crete. In the later, gypsum is a cheap substitute debasing the purity, and 
therefore the quality, of a decorative preparation. The idea that gypsum is 
good for concretes but bad for paints testifies to a long tradition of painting 
which drew a sharp hierarchy between ingredients. In painting, just a hand-
ful of pigments were considered respectable materials; for concrete, any-
thing could go, as long as performance followed. 

The next section is devoted to Charles B. Dudley (1842-1909), a 
chemist at the Pennsylvania Railroad Company, who was the first to consis-
tently and persistently challenge this representation in the paint trade, which 
posited an inherent hierarchy in painting materials. He was invited in 1890 
and later in 1892 by the Pennsylvania Master Painters Association to lecture 
the painters on the composition and durability of various pigments. His 
underlying thesis – that adulterants were not necessarily detrimental to 
paints – would be bitterly resisted and the subject of nationwide legal 
battles before being fully accepted.10 
 
 
A Functionalized Material: Charles B. Dudley and the Pennsylvania 
Railroad Co. 

During the early 1870s the railroad industry aimed at standardizing 
its mechanical parts and tests assessing the quality and durability of various 
procured materials, including iron and steel rails. The major companies thus 
fostered systematic mechanical investigation and testing facilities. The 
Pennsylvania Railroad Company, one of the largest American railroad 
companies, implemented a department of physical and chemical tests in 
1875, on the premises of the blacksmith and mechanical shops located at 
Altoona, in central Pennsylvania. Chemical analyses were sometimes per-
formed on lubricants, steel, and other materials by contracting chemists, 
and the department would internalize the analyses. Yet the management 
had no clear idea of the department’s organization and outcomes, besides 
the assumption that in-house physical and chemical testing facilities might 

                                                      
10 Dudley is a minor figure in the historiography of science and technology, 
portrayed mostly as one the first leaders of industrial research. His impact on paint 
chemistry and technology, as well as on the historical development of materials 
science and technology, has been overlooked. At any rate, he deserves a more 
prominent place in the historiography. He was in his time a chemist of very high 
standing, with tremendous influence in both industrial and academic circles. He 
presided over the American Chemical Society in 1896 and 1897. 
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benefit the company. Dudley, a Ph.D. in chemistry freshly graduated from 
the Sheffield Scientific School at Yale, was hired to run the chemical part of 
the department. With no pre-established specific missions and duties, he 
was granted, as a managerial experiment, considerable latitude in the choice 
of his investigations and the organization of the laboratory (Usselman, 
2002, p. 195-208; Ely, n.d., p. 51). 

Why did some burning oils, used by coach drivers as signals and the-
refore essential for traffic safety, fail entirely in service? When paint on 
coaches was found badly damaged after cleaning service, who or what was 
to blame: the paint, the soap, or the cleaners? These were the kinds of is-
sues Dudley initially tackled, which led him to detect “adulterated” burning 
oils and soaps and to devise tests preventing the purchase of adulterated 
goods. Interestingly, these early forays into adulterated goods did not con-
dition his approach to the paint issue a few years later, since he came to 
reject the very notion of an adulterated paint. Rather, Dudley framed his 
investigations into paints, from the late 1880s on, on the basis of his fin-
dings and achievements on steel rails during the 1880s. 

Steel rails, made commercially available after the invention of the 
Bessemer process in 1856, had replaced most iron rails by the late 1870s, 
on the basis of a better performance in service. However, there was no re-
liable physical or chemical test of steel from which to infer its actual per-
formance and durability over the span of years or decades. Steel rails’ per-
formance varied importantly from one manufacturer to the next, or even 
from one batch to the next (Chezeau, 2004). The procurement of steel was 
thus a source of major conflicts between railroad companies and steel ma-
nufacturers. Systematically correlating the observed performance and dura-
bility of various samples of rails with the chemical analysis of their consti-
tuent steel, Dudley found that the proportion of four elements in the 
composition of steel – phosphorous, silicon, carbon and manganese – 
could reliably predict the performance of the rail made thereof. On this ba-
sis, he promoted radical changes in procurement practices and specifica-
tions which, as one might expect, were met with considerable controversy 
and triggered heated debates, not least because steel manufacturers were 
reluctant to be told by steel consumers how to process their steel. Yet even-
tually Dudley’s philosophy of specifications took hold. By the late 1880s, 
the role of the laboratory was to a large extent defined by the design and 
enforcement of specifications (Usselman, 2002, p. 204-209; p. 217-223). 
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Around 1887 Dudley tackled what he called the “paint problem”.11 
Despite the vast quantities of paints consumed by the railroad industry, 
there was no reliable guideline securing the purchase of the best paint for-
mulation for any specific application. The economic incentive to devote a 
large share of Dudley’s laboratory’s resources to paints, in a context of un-
reliable technological knowledge, was thus enormous. There was not even, 
in contrast to the steel rail problem, a clear and shared understanding of 
what “paint” referred to. Dudley felt compelled, at the outset of his studies, 
to state that paint “may be said to be any liquid or semi-liquid substance 
applied with a brush to protect or give color, gloss, or all three, to sur-
faces”. He added that “in this sense, both whitewash and varnish can be 
regarded as paints” (“Paints”, p. 414). While aligned with the modern defi-
nition of coating, this understanding departed radically from the historical 
conflation of paint with pigment, and reflected the consumer viewpoint of 
the “problem”. Rather than highlighting the process – the mixing of pig-
ments with a liquid binder – the definition emphasized the function of 
paints. Dudley, as a railroad man, cared more about the durability of the 
paint-coat than about the proper color of the pigment used, or whether the 
substance applied was a paint or a varnish. 

As a chemist, Dudley felt all the more puzzled since the relationship 
between composition and performance seemed even foggier than in the 
steel-rail case. Immersed in a large railroad network covering Eastern and 
Midwestern parts of the U.S. territory, Dudley had access to firsthand data 
about the service performance of numerous paints under a variety of cli-
mate and exposure conditions. He also appropriated and developed an ex-
perimental apparatus and technique at the core of the painters’ and manu-
facturers’ practices: the panel test. Painters usually applied their 
preparations on a wooden board to check the working and drying qualities 
of any specific preparation. The exposure panel was also a commercial arti-
fact, shown to customers. Dudley had different expectations for the dozens 
of panels he erected in the vicinity of the laboratory. He had the latitude to 
devise and conduct experiments aimed at a systematic and general approach 
to the composition-performance conundrum. Assuming that water was the 
most significant factor in the degradation of paint-coats, he assessed the 
                                                      
11 The following presentation of Dudley’s researches on paints is based on his 
series of articles published in The Railroad and Engineering Journal, with his assistant 
F. N. Pease: “Paints”, vol. 64, n°9 (Sept. 1890), p. 414-417; “The Working Qualities 
of Paints”, n°10 (Oct. 1890), p. 452-455; “The Drying of Paint”, n°12 (Dec. 1890), 
p. 545-548; “The Covering Power of Pigments”, vol. 65, n°2 (Feb. 1891), p. 78-82; 
“How to Design a Paint”, n°4 (Apr. 1891), p. 174-177; “Paint Specification”, n°5 
(May 1891), p. 162-167. 
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relative absorption of water by dried coats of various formulations – diffe-
rent proportions of “pure” pigments, adulterants such as barytes, and lin-
seed oil. His conclusion was in direct opposition to the then-prevailing 
theory of pure paints and oil-induced durability of paints: that pigments, or 
supposedly detrimental mineral “adulterants”, mattered a lot to the durabili-
ty of the paint coat.12 

Equally important were his reflections and insights into the physical 
microstructure of paints. Although there is no evidence that Dudley enga-
ged in microscopic studies of paint films, he identified core issues regarding 
the relationship between paint properties and physical microstructure – the 
fineness of pigments’ particles and distribution within the oil medium – on 
which paint technology would concentrate throughout the 20th century. 
Dudley was probably the first to expound the modern explanation of the 
opacity of paints, and highlighted the importance of the pigments’ particle 
size and refractive index in this concern (“The Covering Power of Pig-
ments”, p. 80-81). His experimental studies and conceptual developments 
set the stage for the definition of the concepts of hiding power, tinting 
strength, and the importance of the physical structure of the pigments’ par-
ticles. As such, he can be regarded as one of the most important figures in 
the historical development of modern industrial painting. 
 
 
Reforming the Paint Trade: The American Society for Testing Mate-
rials and the Paint Manufacturers Association 

Dudley’s most important legacy, though, is not his forays into paint 
technology, but the founding of the American Society for Testing Materials 
(ASTM). The success of Dudley’s approach to the conflicts between rail-
road companies and steel manufacturers over the durability of rails – brin-
ging together consumers and manufacturers to agree on a set of specifica-
tions and tests that steel bars should meet – led to a generalization in the 
design and enforcement of specifications for other industries and materials. 

                                                      
12 “We have very little hesitation in saying, and we think all experiments honestly 
made under proper conditions will prove this point, namely, that it is essential for a 
good paint that the amount of pigment per square inch or square foot of surface be 
large. This may look like making the durability of the paint depend on the pigment, 
whereas the common idea is that the oil is the life of the paint. We are quite free to 
confess that in our experience we have not been able to confirm the common 
belief among paint manufacturers and, indeed, among many of the users, that the 
oil is the life of the paint. The pigment is the life of the paint according to our 
experience.” (“How to Design a Paint”, p. 175). 
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Dudley was the driving force behind the formal institution of ASTM in 
1898, and pushed for the creation of a committee specifically dedicated to 
paints in 1902: the committee on “protective coatings for iron and steel”, 
shortened to committee E. It was chaired by an engineer from the federal 
government, and equally composed of chemists or engineers from railroad 
and construction companies, on the one hand, and manufacturers on the 
other. The committee quickly realized that the kind of specifications regula-
ting the purchase of steel rails – like tensile strength tests and impurity le-
vels – would be grossly inappropriate for paints. Instead of focusing single-
handedly on the search for adequate specifications, the committee focused 
on a few seemingly simple questions or issues that vexed manufacturers and 
consumers of paints alike, and tried to standardize testing methods throug-
hout its membership to gain robust and reproducible knowledge on these 
issues. Is a fast-drying paint good or bad for durability? Should metallic sur-
faces be carefully cleaned and sand-blasted before painting? How should 
the tests on exposure panels be prepared and conducted to yield reliable 
and reproducible data about a given paint formulation? These kinds of 
questions, if at all explored, were previously circumscribed within the occu-
pational sphere of master painters. Chemists’ new inroads into the techno-
logical realm of painters entailed a radically enlarged scope of investigation: 
from an auxiliary analytical aide to an overwhelming agent of materials’ per-
formance. 

Above all, in the spirit of ASTM as envisioned by Dudley, the com-
mittee strove to regulate the paint trade so as to ensure a fair competition 
between manufacturers. The committee’s most important sub-committee 
was dedicated to “field tests”, meaning the assessment of paint perfor-
mances in actual service. The sub-committee established restrictive guide-
lines over who would conduct the field tests and how the tests would be 
conducted. Worth mentioning is the fact that independent chemical analysis 
was mandatory – any manufacturer could not at the same time submit a 
sample for testing and provide the analysis stating its composition. Besides, 
the committee kept a sample of each tested formulation for future proofs. 
The kind of chemical analyses performed by Harrison Brothers as a marke-
ting scheme of self-promotion was precisely what was being resisted. Gus-
tave W. Thompson (1865-1942), chief chemist at the National Lead com-
pany and the sub-committee’s chair, summed it up this way: “The purpose 
is not to give any manufacturer any commercial preeminence. It may result, 
in inspection, in the discovery that certain paints have stood well in their 
respective treatment”.13 The promotion of economic fairness and techno-

                                                      
13 ASTM Proceedings, vol. VI (1906), p. 64. 



34 AUGUSTIN CERVEAUX 

logical efficiency through science and expertise was certainly a hallmark of 
the Progressive era. ASTM as a body, and most chemists and engineers 
trying to reform the paint trade, embodied what historian Samuel P. Hayes 
(1959) depicted as the “gospel of efficiency”. It is not surprising that 
Thompson later joined the Progressive party (Ingalls, 1930, p. 396), led by 
Theodore Roosevelt (1858-1919), one of the most influential figures of the 
Progressive movement. 

Among the members of the committee was George B. Heckel (1858-
1941), an influential member of the Paint Manufacturers Association, then 
a recently established national association for ready-mixed paints manufac-
turers headquartered in Philadelphia. One of the major forces driving the 
founding of the Paint Manufacturers Association in 1898 was the threat of 
seemingly imminent government intervention in the regulation of the paint 
trade. Painters and non-professional consumers protested against “adultera-
ted” paints and several bills circulated to legally enforce, at the state level, 
paint labeling – the labeling of ingredients, both in composition and pro-
portion. The prepared paints manufacturers felt threatened by such bills, as 
they were reluctant to disclose what they considered trade secrets, and anti-
cipated the damaging consequences for sales that the listing of “adulte-
rants” on paint labels would entail. Heckel (1931, p. 319-323) monitored 
the advancement of the bills and for a few years successfully prevented 
their enactment.14 

In 1907 Heckel, together with Robert S. Perry, vice-president of 
Harrison Brothers, instituted a “Scientific Section” formally dependent 
upon the Paint Manufacturers Association and endowed with laboratory 
facilities on the premises of Harrison Brothers’ laboratory. The Scientific 
Section was staffed with about a dozen chemists and assistants (cf. table 1), 
and basically imported the methodology developed by ASTM for paint tes-
ting. The section focused initially on wood-painting – that is, tackled the 
issue of house-painting which was beyond ASTM’s scope. Exposure tests 
on wood panels were performed in Atlantic City, Pittsburgh, and Fargo 
(North Dakota), monitored by ASTM and local associations of master pain-
ters. Atlantic City was a favorite choice for early panel tests due to the 
harsh climatic conditions it offered, the proximity to Philadelphia, and be-
cause early ASTM gatherings took place in Atlantic City. Pittsburgh was 
selected because of the existing connection with the Carnegie Technical 
                                                      
14 The regulation of the economic and industrial “jungle”, as it was called by 
popular muckrakers, was certainly a prominent feature of the Progressive Era. Less 
known is the legacy of the Progressive Era for paint legislation – that, quite 
strikingly, either dismissed or altogether ignored the health hazards of lead-paints 
(Warren, 1999, p. 705-736). 
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School and the different climate it offered. The choice behind the selection 
of the Fargo site, detailed in the next section, is more sinuous and yet es-
sential in understanding the rationale behind the panel tests campaign orga-
nized by the Paint Manufacturers Association. The campaign basically in-
tended to smash the idea that “pure” paints performed better. Henry A. 
Gardner (1882-?), the director of the Scientific Section, released the results 
in bulletin formats in 1909, and published a synthesis in 1911 that conclu-
ded unambiguously: “Mixtures of white lead and zinc oxide properly blen-
ded with moderate percentages of reinforcing pigments, such as asbestine, 
barytes, silica and calcium carbonate have proved satisfactory from every 
standpoint and are superior to mixtures of prime white pigments not rein-
forced with inert pigments” (Gardner, 1911, p. 190). 

Besides exposure panels, Gardner introduced in his 1911 manual a 
variety of new apparatuses and tests construing the physical and mechanical 
properties of paint films. He completely overlooked the analytical tech-
niques that aimed to reveal the proportion and stoichiometric formulas of 
pigments, which until then composed the bulk of the scientific treatises on 
paints. “The writer’s desire”, as he put it, “being to treat the subject from 
the standpoint of the physical properties of painting materials” (Gardner, 
1911, p. 70). Following the approach favored by ASTM, the Scientific Sec-
tion departed from the chemical examination of materials to explore their 
physical aspects. Chemical formulas were deemed unreliable to predict the 
performance of paints in “field service”. How could paints of similar com-
position display such wide discrepancies in service performance? The alter-
native to composition as an explanatory and predictive factor of perfor-
mance lay in the exploration of paints’ microstructure. Concomitant to the 
physical and mechanical study of paint films, the Scientific Section systema-
tically examined dried and wet paint films with microscopes. Gardner’s ma-
nual is probably the first to introduce microphotographs of pigments dis-
persed in binding medium, together with a quantitative measure of their 
size and morphology. The microscope provided a new method for pigment 
identification beyond the traditional analytical techniques. It was on this 
basis that the mystery of “reinforcing-through-adulteration” was subse-
quently explained: Gardner noticed that the thickness of the coat, and the-
refore, one may somehow infer, its durability, depended on the coarse ma-
terials that composed the pigments. The early photomicrographs and 
particle size-measurements tended to show that asbestos and silica particles 
were, on average, coarser than the lead and zinc pigments. Not surprisingly 
then, Gardner (1911, p. 86-95) elaborated a classification of pigments not 
according to their elementary composition, but to the size of minute par-
ticles. 
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The Labeling Issue and the Demise of the Old Representation 

As mentioned above, Heckel and Perry successfully lobbied states’ 
legislatures to prevent paint labeling enforcement. That is, until they came 
to grips with the North Dakota state legislature, where powerful state che-
mist Edwin Ladd (1859-1925) had drafted a paint bill in March 1905 which 
entered into effect in January 1906. The decision to launch the Scientific 
Section and the panel tests campaign was reached by Heckel after failing to 
convince Ladd to abandon his bill: “the passage of the North Dakota paint 
law sharply emphasized the need of marshaling, systematizing and correla-
ting the technical facts scattered through the industry” (Heckel, 1931, 
p. 81). However, Heckel succeeded in convincing Ladd to host exposure 
panel tests in Fargo, on the premises of the North Dakota Agricultural Ex-
periment Station run by Ladd. Several chemists of the Experiment Station 
later joined the staff of the Scientific Section. 

Together with the famous chemist Harvey Wiley (1844-1930), Ladd 
was instrumental in the enactment of the federal Pure Food and Drug Act 
in 1906, a landmark victory of the progressive movement under the Roose-
velt administration (Young, 1989, p. 181-183). During the bitter legislative 
and political battle over the Act, Ladd acquired an irreversible distrust of 
manufacturers, and understood the paint adulteration issue just like food 
adulteration: a conflict of interest between consumer protection and uns-
crupulous manufacturers. He had little patience for the arguments from 
industry representatives like Heckel expounding the value of “adulterants” 
for paint performance. To him, the paint trade was above all ridden by a 
pervasive hypocrisy, standing on a general claim of purity that, if confron-
ted with impartial chemical analysis, amounted to a massive lie to consu-
mers. To fight adulteration in the paint trade, he distinguished between 
what he called “statutory pigments” – lead white and zinc oxide – and 
“substitutes” – the rest of the mineral matter usually introduced in paint 
formulation, including the most reviled barytes. Labeling paints that were 
composed of anything besides statutory pigments and linseed oil was man-
datory under the state legislation of North Dakota (Holley & Ladd, 1908). 
In the few years after, Nevada, Texas, Nebraska, Kansas, and Minnesota 
passed similar laws. 

The Paint Manufacturers Association, and Heckel and Perry in parti-
cular, sensed that sea changes were under way, and that their networks of 
informants and lobbyists would no longer prevent the enactment of legisla-
tive requirements that would hurt the industry’s interests. Yet the industry’s 
prospects were bright: years of continuous growth seemed to lie ahead, and 
more and more consumers were shifting to ready-mixed paints despite wi-
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despread suspicion over “adulterated” products. Re-assessing its interests in 
the new context of consumer protection, the Association promoted a new 
marketing and advertising discourse which amounted to a radical change in 
the industry’s self-portrayal. Rather than parroting the lead manufacturers’ 
discourse of old masters-sanctioned, pure-white-lead products, the Associa-
tion attempted to turn a major liability – its dependence upon inferior ma-
terials like alumino-silicates – into an asset. After all, didn’t “science” – in 
the form of ASTM-sanctioned testing methods – prove that adulterated 
paints could actually perform better than pure paints? Harrison Brothers 
was among the first companies to embrace this strategy. In the early 1910s 
the company edited several brochures intended for their dealers and retai-
lers. “The Truth About Paint”, and “Cause & Effect”, two brochures that 
have survived, explain why a diversity of pigments is good for durability 
and include photographs of the company’s laboratory facilities, including 
the recently acquired microscopes (figure 2). 

 

 
 

Figure 2 - Extract of  the Harrison Brothers advertising pamphlet “Cause 
& Effect – a Preachment on Paints”. (Source: Courtesy of  the Hagley 
Museum and Library) 
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The modality of exposure tests, under the supervision of “disinteres-
ted” parties, enabled Harrison Brothers to portray the claims presented in 
the pamphlets not as commercial arguments, but as scientific facts.15 
Others manufacturers followed, such as Toch Brothers Co., whose key 
product, branded R.I.W. – for “Remember, It’s Waterproof”, was claimed 
to be scientifically prepared in the laboratory of the company. “Pure paint” 
advertising did not disappear overnight, of course, but gradually faded away 
during the 1910s and 1920s. 

ASTM and the Paint Manufacturers Association issued circulars re-
commending the adoption of a new nomenclature for paint materials: for-
merly despised “adulterants” were christened “reinforcing pigments”, “ex-
tenders” or “inert fillers”. The new terminology thus conveyed a neutral or 
positive overtone depicting the variety of minerals, besides lead and zinc, 
that entered paints’ composition. Guidelines for branding also departed 
from the obsession with purity: “Commercially pure – The use of this term 
should be avoided if possible” (Gardner, 1915, p. 64). More importantly, 
ASTM redefined the meaning of “adulteration” and “adulterant”: “a subs-
tance substituted partially for another without acknowledgment”, putting 
aside the issue of performance. 

In early 1910, Senator Weldon Heyburn (1852-1912) from Idaho in-
troduced a paint-labeling bill in Congress, modeled on Ladd’s North Dako-
ta bill. Heyburn had previously and successfully introduced the bill which 
would become the Pure Food and Drug Act. The paint bill however failed 
to pass Congress. One of the decisive arguments put forth by witnesses to 
prevent the bill’s enactment was that mandatory labeling would unduly 
stigmatize valuable materials. Manufacturers’ representatives could rely on a 
body of data demonstrating their value, and also plead their willingness to 
reform the paint trade to get rid of the “evil practices” of the past.16 In Sep-

                                                      
15 Letter, T. J. Armstrong to John Doe, May 15, 1913, Hagley Museum and 
Library, Charles Demirjian Collection, Box 1, Harrison Brothers advertisements; 
“The truth about paint”, and “Cause & effect”, Ibid.  A section of the pamphlet 
read : “We wish we could have space and your indulgence to allow of a description 
of the many pigments that go into our products and why they are used. That, 
however, is impossible here. Suffice it to say that the scientific and progressive 
manufacturer has been forced to the conclusion after long and careful experiment 
that the all-perfect pigment has yet to be found. No one pigment which we know 
now can, used alone, produce a paint capable of withstanding the wide variations 
of climate and extremes of temperature of this country”. 
16 Congress, House, Interstate and Foreign Commerce Committee, Hearings on 
H.R. 21901, Manufacture, Sales, etc., of Adulterated or Mislabeled White Lead and 
Mixed Paint, 61st Cong., 2d sess., 31 May 1910. 
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tember of that same year Anderson Polk, chief chemist at a major paint 
company and a long-time member of ASTM, addressed the Master Car and 
Locomotive Painters Association in St-Louis. His lecture was entitled 
“Inert Pigments – Their Use and Abuse”, and Polk enjoined the painters 
and manufacturers to welcome rather than decry inert pigments, and to 
consider paints as a material that can be designed to fit a specific applica-
tion: 

 
A great deal of talk has been made concerning the purity of paint; this is an 
anomaly. We may talk of pure gold or pure linseed oil, or pure turpentine, 
but one cannot talk about pure shoes, or pure carpets, or pure furniture; 
there are some ingredients in paint, such as carbonate of lead, oxide of zinc, 
that are supposed to be pure when as a matter of fact they cannot be abso-
lutely pure under the methods by which they are manufactured. Paint is a 
mixture of solids and liquids; ingredients that are put into it are for the pur-
pose of making it accomplish something to be desired. That something is to 
protect and beautify it. Therefore, it is apparent that it does not matter what 
goes into the paint so long as the consumer is not deceived, and so long as 
the paint accomplishes its desired purpose, e.g. some paints are designed for 
painting buildings, some for barns, some for cars, some for bridges, some 
for signal blades, some for interior decoration, such as painting walls, floors, 
woodwork and furniture; therefore it is necessary first of all to design the 
paint for the particular purpose for which it is to be used. (Polk, 1911, 
p. 27-28) 
 
Thus, in 1910 the paint labeling controversy brought an issue before 

the federal courts that reform chemists had confronted for several years. In 
the process, an inherent ambiguity that propelled the pro-paint labeling 
movement was settled: for what did Ladd really condemn, the discrepancy 
between the grandiloquent ads and the actual composition of stuff, or the 
very presence of – supposedly detrimental – “substitutes” into the compo-
sition of paints? ASTM and the Paint Manufacturers Association had 
marshalled sufficient evidence to prove, including in court, the importance 
of “adulterants” for paints’ material performance. Among his colleagues in 
the chemical profession, Ladd became isolated in his stance on paint label-
ling. 

 
 

Conclusion 

Chemists’ standing and authority within the paint trade and industry 
changed dramatically at the turn of the 20th century: from “consultants and 
testing slaves”, per the phrase of historian James Donnelly, to central fi-
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gures in the promotion of innovation, economic development, and regula-
tion. This generation of chemists rejected what they pejoratively called the 
“doctrine of purity” in the paint trade (Hugues, 1911). They gathered 
around ASTM and the Paint Manufacturers Association, and pushed for a 
full-fledged recognition and integration in academia. The paint and varnish 
division of the American Chemical Society was established in 1923, and a 
community of paint chemists equally represented in academia and industry 
solidified. The relationship between paints’ microstructure and physical 
properties, as raised by Dudley and Gardner, became a major research ave-
nue for this community. For this, chemists relied heavily on colloid chemis-
try and physics, as testified, for instance, by the research program launched 
by DuPont in the mid-1920s (Cerveaux, 2013, p. 262-288). While color and 
decoration absorbed these chemists, protection rose in prominence as a 
function for painting, and became a major objective of their research pro-
grams. 

The process of industrialization thus triggered changes that stood at 
odds with the idea that painting was mostly an ornamental and decorative 
trade, different in nature from the mechanical arts and crafts. Unlike the 
painters of earlier times, chemists and engineers in the 20th century treated 
paint no differently than civil engineers and masons would treat concrete: 
as a reliable material able to fulfill definite functions – namely, the protec-
tion and decoration of a variety of surfaces and materials. During its eigh-
teenth annual meeting in 1915, ASTM redefined paint as “a mixture of 
pigments with vehicle, intended to be spread in thin coats for decoration or 
protection, or both” (Gardner, 1915, p. 66). A few decades before, painters 
or chemists would have found this definition jarring. The distinction bet-
ween paints and varnishes faded: paint, redefined as a coating, came to en-
compass both terms. This shift in representation was followed by an orga-
nizational shift in which Gardner and Heckel played no small a role: the 
Paint Manufacturers Association merged with the National Association of 
Varnish Makers in 1933, to be renamed the National Paint, Varnish, and 
Lacquer Association. 
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Table 1 - Biographical elements of chemists who shaped modern paint chemistry and tech-
nology in America (in alphabetical order of name followed by the date of birth) 
 

Éducation Career 
Abbott, George Alonzo (1874) 
1895: B.S. chemistry, Depauw U. 
1896: A.M 
1908: Ph.D., MIT 

1896-1908: High school teacher 
1908-10: Asst prof., North Dakota Col. 
1910-: Prof. 

Barker, Louis H. ( ?) 
? 

1898: Pennsylvania Railroad Co. 
1905: ASTM committee E member 

Cushman, Allerton S. (1867) 
1888: B.S. Worcester, 1889-1890: 
Freiburg, Heidelberg 
1897: A.M. Harvard 
1898: Ph.D. Harvard 

1892-96: Instructor chem., Saint Louis, Washington 
1898: Asst prof. Harvard 
1899-00: Asst prof. Bryn Mawr 
1901-10: Asst. dir., div. of tests, office of pub. records, 
USDA 
1910-: Director, Inst. of Ind. Research, Washington, D.C. 
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Dunlop, Frederick Levey (1870) 
1892: B.S. Michigan 
1895: Sc. D. Harvard 
1896: Yale 

1896-00: Instr. Industrial chem., Worchester 
1900-01: Instr. Inorg. Chem. (Michigan) 
1901-07: Instr. anal. chem. Michigan 
1907-12: Assoc. chemist, USDA bur. Chem., board of 
food&drug inspection 
1912-16: Consulting chemist, Victor chem works 

Dudley, Charles B. (1842) 
1875: PhD, Sheffield Scientific School, 
Yale 

1875- : Chemist, Pennsylvania Railroad Co. 
1898: ASTM founding member 
1902: ASTM president, committee E member and secre-
tary 

Gardner, Henry Alfred (1882) 
1902: Brown 
1903: U. of Penn. 

Around 1905: Scientific section, P.M.A., Harrison Bro. 
Co. 
1910: Dir., scientific section, educ, bureau, paint manufac-
turers assoc. of the US 
Institute of Paint and Varnish Research, Washington D.C. 

Gregg, Norris B. (1856) 
Washington University, Chemisty 

1877-81: Chemist, Southern White Lead Works, Saint 
Louis 
1882-: Chemist, Mount City Paint & Color Co. 
?-: President, Mount City Paint & Color Co. 
?-: President, P.M.A. 

Havens, Franke S. ( ?) 
1896: PhD Chemistry, Yale 

?-: Chemist, Harrison Brothers, R.S. Perry assistant, tech-
nical matters 

Holley, Clifford Dyer ( ?) 
1900: B.S., Maine 
1902: M.S. 
1904: Ph.D., Michigan 

1901-04: Chemist, Maine Experiment Station 
1904-07: Prof. ind. chem., North Dakota Agri. Coll. 
1908-…: Chief chemist, Acme white Lead & Colors (De-
troit) 

Holton, E.C. ( ?) 
?: MIT 

1898-1930: Chief chemist, Sherwin Williams Co., Cleve-
land 
1902- : ASTM committee E member 

Hooker, Albert Huntington (1865) 
Hon. M.S. Rochester 1920 

1889-90: Chemist, Dighton Color Works 
1892-93: Opaque Shade Cloth Co. 
1894-06: Chief chemist, Heath&Milligan Manuf. Co. 
1906-11: Works manager, Hooker Electrochemical Co. 
(Buffalo, NY) 
1911-: Technical director 
? - : ASTM committee E member 

Job, Robert (1866) 
1890: A.B., Harvard 

1892-06: Chemist, P. and R.R.R. 
1905- : ASTM committee E member 
1906-10: Chemist, Booth, Garrett & Blain 
1910-: Vice-pres. Milton Hersey Co. 

Ladd, Edwin F. Ladd (1859) 
1884: B.S., Chemistry, U. of Maine 

1884-90: Chief chemist, New York Experiment Station 
1890- : Chemist, North Dakota Agricultural college and 
experiment station 
1916: President, Agricultural college and school of che-
mistry and pharmacy 
1921: US Senator, North Dakota 

McNaughton, Malcolm ( ?) 
? 

?: Dixon Crucible Co., paint and lubricating department 
superintendent 
1902: ASTM member committee E 
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Nemzek, Leo P. ( ?) 
?: B.S., North Dakota U. 

?: North Dakota Experimental Station 
Around 1910: Chief Chemist, John Lucas & Co., Philly 
Around 1910: Oil and flax seed analysis, P.M.A. 
Around 1919: Technical director, Paint dpt., Du Pont Co. 

Perry, Robert S. ( ?) 
?: Lehigh University-Chemistry 
?: Royal School of Mines, Freiburg, 
Germany 

1898: Vice-president, Harrison Bro. & Co. 
1905: Exposure panel tests, P.M.A.; Scientific section, 
P.M.A. 

Polk, Anderson W. ( ?) 
? 

1898: Chemist, Lowe Brothers Co. 
1902: ASTM committee E member 

Sabin, Alvah Horton (1851) 
1876: B.S., Bowdoin 
1879: M.S. 

1876-80: Prof. chimie et physique, Ripon 
1882-86: State chemist, Vermont 
1897-…: Lecturer, paint and varnish, N.Y. U. 
1910-38: Consulting chemist, National Lead 

Schaeffer, John A. (1886) 
1904: A.B. (U. of Penn.) 
1905: A.M. 
1908: Ph.D. (chem.) 

1908-11: Prof. Carnegie Inst. Of Tech. 
1911-20: Research dir., Eagle-Picher Lead Co. 
1920-…: Vice-pres., Eagle-Picher Lead Co. 

Thompson, Gustave Whyte (1865) 
- no college education 
1927: Hon. PhD, Armour Institute 

1902: ASTM committee E member and secretary 
1892-19: Chief chemist, National Lead Co. 
1919-20: Vice-prs William Harvey Corp. 
1920: dir., Titanium Pigment Co. 

Toch, Maximilian (1864) 
1884-1886: NY U. chemistry (under 
prof. John W. Draper) + Law School of 
NY U. LL.B. 
1887-1890: Columbia U. (bacteriology & 
micro-chemistry) 
1887 étudie avec Ostwlad et Witt en 
Allemagne 

1887: Toch Brothers Co. 
1904: ASTM committe E member 
1905-06: Lecturer organic chemistry, Columbia 
1909: Municipal lecturer on paint, Col. City NY 
1925-35: Prof. chem. artistic painting, National Academy 
of Design, NYC 
1917-19: In charge of camouflage, USA 

Walker, Percy Halgrave (1867) 
1885-1887: Virginia 
1895: M.S., Iowa 
1896-1897: Heidelberg & Berlin 

...-1904: Prof. assistant multiple colleges 
1904-06: Assayer, USDA Bureau of Chemistry 
1906-16: Chief contract Lab USDA 
Around 1913: ASTM committee E secretary 
1914-37: Bureau of Standards 

 
Source: biographical information gathered from Heckel, Paint Industry, op. cit.; Ernest T. Trigg, 
Fifty-five colorful years, The Pequot Press, 1954; James Cattel and Dean R. Brimhall, American 
Men of Science: A biographical directory, 3rd edition, The Science Press, 1921; ASTM Proceedings, 
1903-1906. 
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Abstract 
The material degradation of an historical artifact through chemical breakdown may place the ob-
ject at the end of its useful heritage “life” in terms of aesthetic value and appearance. But all is not 
lost in the ephemeral world of historical synthetic plastics. The chemical analyses of degraded cellu-
lose nitrate artifacts have unlocked material clues that not only help explain stability variations to 
guide collection care and preservation, but also bring insight into past manufacturing materials, 
methods and quality control during production. Translating the industrial materials of a degrading 
artifact by understanding its past to inform its future can revive it with a new cultural significance, 
and engages heritage scientists, historians and conservators in an innovative community of “com-
plementary science” as defined by Hasok Chang (2004).  
 
Keywords: conservation science, modern plastic materials, cultural value, analytical chemistry, in-
dustrial heritage, history of science, cellulose nitrate, degradation, modern history. 
 
Résumé 
La dégradation matérielle d’un artefact historique par décomposition chimique peut amener l’objet 
à la fin de sa “vie” patrimoniale utile en termes de valeur esthétique et d’apparence. Néanmoins, 
tout n’est pas perdu dans le monde éphémère des plastiques synthétiques historiques. Les recherches 
en chimie analytique sur les artefacts en nitrate de cellulose dégradés ont révélé des indices matériels 
qui non seulement aident à expliquer les variations de stabilité pour améliorer la conservation 
mais engendrent aussi une connaissance accrue dans la fabrication des matériaux, les méthodes et 
contrôles de qualité lors de la production initiale. Traduire les matériaux industriels d'un artefact 
dégradé en comprenant son passé pour informer son futur peut le relancer dans une nouvelle signifi-
cation culturelle et rassembler les chercheurs en patrimoine, les historiens et les restaurateurs en une 
communauté novatrice de “sciences complémentaires” selon la définition d’Hasok Chang (2004). 
 
Mots-clés : science de la conservation, matériaux plastiques modernes, valeur culturelle, analyse 
chimique, patrimoine industriel, histoire des sciences, nitrate de cellulose, dégradation, histoire 
contemporaine. 
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he creative science of taking a familiar material and chemically 
changing it into new forms is epitomized by the revolution in the 
industrial semi-synthesis of plastics from the mid-19th century 

onwards. The earliest embodiment was cellulose nitrate, known to many by 
its most familiar name Celluloid. Cellulose nitrate was made by chemical 
modification of the natural plant polymer, cellulose, and entered commer-
cial production in the 1860s when synthetic organic chemistry and manu-
facturing technology were opening up new worlds of scientific possibilities 
for industry. 

Historical examples of cellulose nitrate that have survived intact and 
in pristine condition to the present day are testimonies to the successful 
balance between raw materials, chemical processing and manufacturing 
skills. But what can be said of cellulose nitrate when the historical material 
degrades, as is happening to a small but nonetheless significant number of 
objects in heritage collections worldwide and exemplified by figure 1? Why 
are some cellulose nitrate artifacts succumbing to the effects of long-term 
aging more readily than others? As importantly, does chemical degradation 
mark the end-point of cultural heritage usefulness for such artifacts? These 
questions are important for conservation scientists and conservators to an-
swer for the preservation of this landmark historical plastic. 

 
 

            
 

Figure 1 - Two pictures of the same cellulose nitrate spectacle frames, in 2002 in visibly good 
condition (left) and in 2014 in a degraded state (right). (Source: Photographs courtesy of Yvonne 
Shashoua, National Museum of Denmark) 

 
 
Degrading cellulose nitrate not only causes its own auto-catalytic de-

struction, but also releases corrosive volatile chemicals that can induce the 
breakdown of objects in its vicinity. Conservation research on cellulose ni-
trate degradation has focused mostly on analytical studies of chemical 
changes to the modified polymer, loss of its additive plasticizers, and the 
accelerating effects of increased temperature and relative humidity on its 

T 
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breakdown (Reilly, 1991; Derrick et al., 1993; Feller, 1994). This under-
standing has been invaluable for informed management of storage and dis-
play environments for historical cellulose nitrate plastic collections (The 
British Standard Institute, 2012, p. 21), but does not satisfactorily explain 
what triggers the seemingly random breakdown of the plastic in the first 
place. 

In this essay, I will discuss how reconnecting the history of cellulose 
nitrate manufacture and the chemistry of past production with present-day 
material characteristics and chemical composition unveil a fuller picture 
that helps to explain the preservation behavior of this aged plastic. Within 
the books and journal articles published between the mid-19th century and 
mid-20th century about the making of cellulose nitrate, the technical details 
and chemistry of the process are well-described alongside practical issues 
that had to be overcome to produce a good-quality material. In these ac-
counts we rediscover the importance of controlling the residual levels of a 
chemical in a fundamental stage of synthesis for the plastic. We find that 
the issue persisted from the earliest days of cellulose nitrate production un-
til its industrial decline in the 1960s, and that quality affected the stability of 
the end-product even within its commercial lifetime. We also see that man-
ufacturers used certain colorants and additives to stabilize the plastic by 
counteracting the effect of detrimental residues. Revisiting this information 
allows us to appreciate the material complexities of cellulose nitrate plastic 
which proved too unpredictable for manufacturers to manage – despite 
decades of dedicated research – when faced with competition from new 
petrochemical plastics. 

By connecting the historical technical literature for the industrial 
production of cellulose nitrate plastic with its chemical composition in his-
torical artifacts, we are able to generate a materially-focused body of prima-
ry evidence relating a product’s quality to its long-term stability. Doing this 
enables us to re-contextualize the significance of a plastic artifact’s material-
ity as it changes from an un-degraded to degraded state, in terms of its 
chemical value rather than its aesthetics or function. Thus the cultural value 
of the degraded heritage artifact takes on new meaning as a consequence of 
changes in its material composition. Instead of physical degradation mark-
ing the end-point in an artifact’s usefulness to historical understanding, it 
becomes a new insight into less tangible aspects of industrial manufacture, 
such as the undocumented reasons and decisions made by the manufactur-
ers about acceptable quality using technical and scientific know-how that 
we no longer know or appreciate. This raises two important ethical ques-
tions for de-acquisition of degraded historical materials. One is that we un-
dervalue material change as an indicator of past manufacturing practice; if 
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tage scientists recognized the problem and became more observant, it was 
realized that certain plastics could degrade within six months even in good 
museum conditions (Keneghan, 2005). Surveys during the early 1990s of 
plastic artifacts in the Victoria and Albert Museum and British Museum 
revealed that 1% were a “high conservation” priority because they were 
actively degrading (Shashoua, 2009, p. 8-9). This number, although small, 
has a big impact because the vapors released from degrading cellulose ni-
trate affect not only the materials of the artifact itself but also other mate-
rials nearby. Cellulose nitrate was widely used to imitate relatively stable 
natural materials like ivory, mother of pearl and tortoiseshell, so it often 
goes unnoticed until a disguised artifacts starts to behave unexpectedly by 
breaking down. 

Most of these historical objects had entered the museum with an un-
known user life behind them, yet despite a stable and controllable museum 
environment, something was causing a few to randomly fall apart even 
within sets of related objects manufactured at the same time by the same 
maker. In the late 1980s the degradation problems of historical cellulose 
nitrate plastic had just been recognized (Green & Bradley, 1988). Some 
conferences were organized on the subject, like “Saving the Twentieth Cen-
tury: The Conservation of Modern Materials” held in 1991 in Ottawa 
(Grattan, 1993). Analytical studies by conservation scientists worldwide 
started reaching similar conclusions – the material was losing its flexibility-
inducing plasticizers and the chemically-modified nitrocellulose polymer 
was breaking down (Shashoua & Ward, 1995). Yet these chemical changes 
could not explain satisfactorily the hit-or-miss behavior of the material. 
Amongst the many chemical complexities of this aged and aging historical 
plastic, might we be overlooking a basic inherent common factor linking 
the stability of today’s artifacts to past manufacturing processes?  

With awareness rising amongst conservators and curators of unstable 
cellulose nitrate plastics in the late 1990s (Springate, 1997), the focus of ex-
plaining destabilization remained on the loss of nitrate from the cellulose. 
Some researchers suggested residual acids from manufacture as a possible 
reason (Selwitz, 1988; Reilly, 1991). Investigating this manufacturing residue 
as a cause of random breakdown in old cellulose nitrate required not only 
that the materials of the artifacts be studied, but also a better understanding 
of quality issues in past production. This would entail a different conserva-
tion science research approach, combining the polymer chemistry of histor-
ical plastics artifacts with original technical manufacturing information, and 
co-using primary evidence from the plastic itself and historical industrial 
documentation. For this endeavor, I initiated an interdisciplinary collabora-
tion between chemistry and conservation science, which led to the doctoral 
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and nitrosulfonic acid esters, oxycellulose and hydrocellulose (Worden, 
1911).  

A well-documented stabilizing step was repeated post-reaction wash-
ing of the esterified cellulose to remove unwanted traces of sulfuric acid 
and sulfate esters. From the earliest days of Hyatts’ process and throughout 
the production decades of cellulose nitrate, this removal of acidic residues 
was a critical stage (Friedel, 1983, p. 17). It was alerted to in many publica-
tions, including key works on cellulose esters by the American chemist Ed-
ward Chauncery Worden (1911, p. 595-596), publications by industrial 
chemists, like Foster Sproxton (1938), manager of the British Xylonite 
Company, and many others well into the 1950s (Miles, 1955). All noted that 
the quality of the end plastic depended on effective washing. The reason 
was that residual sulfuric acid would attack the structure-giving cellulose 
polymer backbone of the plastic, while the sulfate esters could form free 
acids, which catalyzed the degradation if not removed. Washing was done 
in large heated vats with boiling water until the overall acidity was reduced 
to 0.2% sulfate content or less (Worden, 1911). This proved to be a critical 
factor for the degradation susceptibility of historical cellulose nitrate. 

Unstable cellulose nitrate plastic was always a concern of the manu-
facturers, and deemed a sign of a poor quality product. Problems included 
warping and distortion (Meikle, 1995, p. 23), and a yellow or brown color 
forming during ‘seasoning’ after processing or upon long storage (Worden, 
1911). In the late 1920s, Ellington, a polymer chemist, investigated the 
problem with chemical analysis of fourteen transparent cellulose nitrate 
sheets manufactured in Germany, France, Britain, America, Switzerland and 
Japan which had yellowed and degraded (Ellington, 1929). His study 
showed that the two key destabilizing factors were the percentage (%) con-
tent of sulfate and of cellulose sulfate. The stable plastics had less than 0.1% 
total sulfate content whereas the unstable ones had 0.80% to 0.99% free 
sulfate and 0.24% to 0.63% cellulose sulfate. This chimes well with Ste-
wart’s modern analysis by ion chromatography of degraded historical cellu-
lose nitrate plastic objects with varying visual signs of active degradation, 
such as discoloration, cracks, and characteristic square pattern crazing 
(Quye & Williamson, 1999, p.122-135; Shashoua, 2009, p. 151-184). The 
deteriorated aged plastics studied by Stewart all had a minimum of 0.5% 
total sulfate content. This was remarkably close to the 0.2% threshold max-
imum for a good quality plastic advocated by Worden a century earlier, de-
monstrating that manufacturers had the analytical capability and chemical 
understanding to measure and monitor the residual acid content of cellu-
lose nitrate from the start of the 20th century, if not earlier. Indeed, they 
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rent cellulose nitrate covered up a poorly-manufactured product. Antacids 
were encouraged in a book about European cellulose nitrate production in 
the 1910s (Masselon et al., 1912) while a book about the American cellulose 
nitrate industry, published at the same time, endorsed thorough washing 
and advised against antacids (Worden, 1911). Washing was the industry-
wide preference on both sides of the Atlantic. In Ellington’s research of the 
different makes of cellulose nitrate sheet (Ellington, 1929), he classed the 
stable plastics with low sulfate content and little urea or mineral content as 
high quality, viewing the low sulfate levels as good production control. 
Samples with high quantities of sulfate contained appreciable levels of urea 
(0.2% to 1.2%), which Ellington deemed “objectionable” to him as a poly-
mer chemist. He referred to the urea as “artificial stabilisation” because 
manufacturers would have been aware that the sulfate in their material was 
an “undesirable impurity”. Studies of urea in historical cellulose nitrate plas-
tics have not been published yet, but urea content should be investigated to 
see if it is detectable and correlates with the stability of the historical plas-
tics. 

Herein lies an interesting quality question with implications for the 
interpretation of historical collections. If it took better production control 
to make a stable transparent cellulose nitrate than it did for an opaque form 
because the opacifying minerals acted as antacids, were lower quality plas-
tics used to make the expensive-looking simulants like ivory, pearl, coral 
and onyx? If so, the technological value and quality of clear cellulose ni-
trates would be higher than the simulants despite the simulants having 
more aesthetic appeal and looking like a better class of material. Of course 
not all clear cellulose nitrate plastics were necessarily high quality, as evi-
denced by the many instances of degraded historical drawing instruments 
which tend to be transparent, but it does open up a new area for discussion 
about intrinsic and implied material value of historical synthetic simulants 
of natural materials between historians and curators of design and technol-
ogy. 

 
 

Chemistry Matters 

While Stewart’s analytical study of degraded cellulose nitrate plastic 
links long-term stability to residual acids and added opacifiers from manu-
facture, it is only a partial insight into the chemical complexities of the end-
product. Making cellulose nitrate was a multi-stage chemical balancing act. 
With the industry spanning from the 1860s to the early 1960s, it covered a 
monumental period of increasing chemical understanding as well as tech-
nical and social change. Manufacturing transitioned from an arena of expe-
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rimentation and trade secrets to targeted research and greatly enhanced 
chemical knowledge of the materials and product. Yet the basic chemistry 
of the process did not change. What impact did this have on the material 
quality? And what are the implications for historical collections? Do the 
longevity and stability of old cellulose nitrate plastics correlate with date of 
production? To begin finding answers, the role of chemistry in the industry 
needs to be examined more closely.  

Chemistry was intrinsic throughout the whole process of making cel-
lulose nitrate. From its earliest days, the cellulose nitrate industry acknowl-
edged the necessary input of chemists. Raw materials, solvents and addi-
tives had to be selected, purity-tested and prepared. The nitrating acid 
mixture needed specific formulations, while the esterification step required 
monitoring and control. Spent acid had to be removed and recycled. The 
right type and amount of solvent and plasticizer had to be added to the ni-
trated cellulose to make a ‘colloidon’ of the required viscosity for handling 
and shaping. Chemists were employed as in-house analysts and managers to 
select the best materials and to control the process. This included solvent 
solubility tests for the degree of cellulose nitration, and viscosity measure-
ments to assess physical quality for processing (Schüpphaus, 1915; Partidge, 
1929). Hyatt said he was “allowed to employ a chemist [Mr Frank Vander-
poel] for determining our acids and to systemize our nitration, instead of 
merely using hydrometers and thermometers” (Hyatt, 1914). 

The era between the 1870s and early 1900s was one of empirical ven-
ture for the makers, but driven more by tacit technical experience and 
commercial enterprise rather than systematic scientific advances (Friedel, 
1983). The molecular structure of cellulose was not deduced by Cross, Be-
van and Beadle until 1895, although as it turned out advancements in po-
lymer and macromolecular theories over the following decades had little 
effect on improving the quality of manufactured cellulose nitrate plastic. 
The best raw materials and additives were found early on because of indus-
trial trials and observations (Friedel, 1983). This included a good plasticizer 
to soften the nitrocellulose polymer for shaping and molding, and a good 
solvent (Ott, 1940; Friedel 1983). The Hyatts and Daniel Spill used cam-
phor, a natural extract from the wood and bark of the Japanese Formosa 
tree, as a plasticizer from the outset for their cellulose nitrate plastics in the 
1870s. The undesirable pungency of camphor and its cost at the turn of the 
20th century led to the testing of no less than 44 chemicals and many deriv-
atives as substitutes (DuBois, 1907, p. 40-41), while oil of turpentine was 
used in World War I because of camphor supply shortages (Mork, 1917). 
Other alternatives were also trialed periodically (Sachs & Byron, 1921; Dur-
rans & Davidson, 1936), but camphor remained the best choice. Hyatt also 
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decided on ethyl alcohol for the solvent and patented the important process 
of ‘seasoning’ the finished product to allow all solvent traces to evaporate 
for stabilization (Meikle, 1995). 

With good choices of camphor plasticizer and ethyl alcohol solvent 
from the outset, and awareness of residual acids and the benefits of antacid 
stabilizers in place by the start of the 20th century, the industry had estab-
lished in its early days what chemists at that time considered to be the four 
strong pillars of material stability for the plastic. The main advance for the 
cellulose nitrate plastic manufacture in the 20th century was not so much 
the chemistry of the material, but rather controlling the many variables 
mentioned above during the production stages. Old industrial processes 
were revisited and re-evaluated (Lunge, 1901), advancements made in cellu-
lose chemistry (Briggs, 1915), and the benefits of systematic applied chemi-
stry advocated to help solve industrial problems (Bacon & Hamor, 1919). 
In 1920, Staudinger’s macromolecular theory classified plastics as polymers. 
The crystalline structure of cellulose was revealed by X-rays one decade 
later (Clark, 1930). By the end of the 1920s it was agreed that cellulose was 
a polymeric chain of cellobiose monomers (Badgley et al., 1945), but the 
direct impact of these major theoretical chemistry advances on cellulose 
nitrate plastic quality was far less than might be expected. The chemical 
process approach to esterification had changed very little since the begin-
ning (Yarsley et al., 1964, p. 173). Instead, the developments were more ad-
vantageous to manufacturing processes for the new related plastics made 
from cellulose acetate and other cellulose derivatives. 

By the 1920s interest was growing in colloid chemistry to measure 
and characterize the viscosity of colloidon (Bancroft, 1922). This was dri-
ven further in the 1930s by the advent of fiber extrusion and injection-
molding for cellulose acetate, although this did not benefit cellulose nitrate 
plastic much because these mechanical processes did not suit its flammable 
tendencies. The advent of the ultracentrifuge in 1938 improved viscosity 
measurements for cellulose nitrate plastics (Kraemer, 1938). However, the 
chemical complexity and control over minute changes throughout the 
whole process of making cellulose nitrate could not be overcome with the 
extent of knowledge about colloid chemistry at that time (Conaway, 1938). 
By the time polymer chemistry had matured in the 1940s, it was of more 
value to the expanding fiber-making industries for filament extrusion of 
viscose rayon and cellulose acetate, and for tailor-making cellulose deriva-
tives rather than improving cellulose nitrate plastics (Tinsley, 1948). The 
rise of the more controllable petrochemical plastics proved too much com-
petition for the variances of cellulose nitrate (Meikle, 1995, p. 23). Cellulose 
nitrate plastic was by now less appealing because its preparation was so sen-
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sitive, with even small changes in the equilibrium having unpredictable ef-
fects (Conaway, 1938).  

Despite a steady increase in chemical research for commercial cellu-
lose nitrate manufacture from the 1910s to the 1930s, with a move from 
small factory works to scientific institutions and industrial labs (Morris, 
2015, p. 242-252), plus commercial and academic investment in research, 
practical issues of variable chemical reaction parameters for cellulose nitrate 
plastic could not be resolved. Eventually commercial manufacture started 
declining in America in the mid-1950s amid competition from other better-
controlled synthetic plastics (Meikle, 1995, p. 28). In 1963, the few Euro-
pean companies still making cellulose nitrate plastic were working with old 
equipment, while Japanese manufacturers used advanced technology 
(Kaufman, 1963). By this date, cellulose nitrate was no longer produced in 
the USA, but was still available and continued to be used for brush handles 
and spectacle frames (Yarsley et al., 1964). 

What does this overview of past cellulose nitrate plastic manufacture 
offer to the conservation science of cellulose nitrate plastics? The upshot is 
that despite progressive chemical understanding and a rise in research in-
vestment, there were surprisingly few major chemical step-changes for the 
manufactured material. With regards to the common heritage science appli-
cation of material analysis to provenance the origin or date of an historical 
object, the chemical composition of commercial cellulose nitrate plastic can 
only enlighten us a little. The presence of a titanium opacifier would indi-
cate a date post-1916 and, with more research, camphor substitutes used by 
different manufacturers, for example oil of turpentine derivatives, could be 
linked to specific periods. Other factors like the design and style of the ob-
ject and trademarks would be more informative. Nonetheless, material in-
formation is still important to collect for preservation needs. For example, 
oil of turpentine derivatives discolored imitation ivory (Sachs & Byron, 
1921), so its presence in an aged object would predict or explain changes to 
its appearance.  

Gaining better appreciation of the quality challenges that the histori-
cal commercial makers faced to control vagaries in the process makes the 
random degradation between similarly dated or produced objects more un-
derstandable. It is an inherent vice, yet this does not detract from the bene-
fits of analyzing degraded objects materials with well-known provenance, 
instead enhancing further the material picture of production quality effects 
and connecting material evidence to past written observations and tests.  
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Changing Values of Brand Materials 

The correlation between the chemical composition of artifacts and 
their physical condition by Stewart was made possible by the direct analysis 
of various artifacts, from good to poor quality. This invaluable primary 
source research relied on collectors and curators appreciating that, in this 
instance, de-accessioning and sacrificing a small number of historical ob-
jects would answer greater questions about stability to the benefit of many 
more in heritage collections. Some de-accessioning decisions were justified 
on the grounds that material breakdown had reached a critical point such 
that the artifact no longer had significance or value in the context of the 
collection and was also putting other parts of the collection at risk from the 
emissions of its degradation products.  

In this way, these historical materials inadvertently acquired a new 
value for industrial heritage. While on one hand the degradation of material 
culture can result in irretrievable or irreversible loss of the form or function 
of artifacts, on the other these collections of historical materials enter a new 
phase of historical value, becoming “monuments of history” as material 
culture objects that reveal history and passage of time (Muñoz Viñas, 2005). 
Thus, un-degraded and degraded historical cellulose nitrate plastics both 
come to share significance and a material culture value for the conservation 
scientist and industrial historian, where there are mutual interests in prod-
uct, production and quality. From its primary use as a brand material to one 
as an historical object in a heritage collection, an artifact experiences its first 
shift of significance. When it is removed from a collection because of de-
gradation, the same artifact acquires a second and new value, as an invalua-
ble material for experimental conservation science research into the 
processes of aging and deterioration. 

Especially valuable for direct primary source evidence from the past 
are materials with well-documented provenance: where, when, and how 
they were made. For conservation scientists, company archives of products 
and production records provide significant historical clues. Detailed infor-
mation is also essential for reconstructions of historical processes as anoth-
er invaluable resource for technical history research (Staubermann, 2009). It 
is as important to preserve and understand not just the manufactured end-
product but the raw materials and the manufacturing processes, and to pre-
serve manufacturers’ samples and associated knowledge through business 
archives. Increasing digitization allows on-line access to publications from 
the late 19th century and early to mid-20th century, such as Industrial and 
Engineering Chemistry, where much was published about the early plastics in-
dustry and now becomes invaluable for documenting its growth and 
changes. Access to these publications has significantly aided and enhanced 
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research to connect artifacts and modern production for conservation 
science, revealing an abundance of information from other chemical indus-
tries, such as the related synthetic fibers (Quye, 2014) and synthetic dyes 
(Quye, 2016). Likewise, it is essential to preserve the physical evidence of 
the products and documentation of production, and for conservation un-
derstanding to grow about materials for informed “interventive conserva-
tion”1 (Shashoua, 2016), and for collection management of artifacts and 
archives (Brokerhof & Bülow, 2016). Uniting industry and historical ma-
terial culture in this way offers a potent reconnection between maker and 
product. 

 
 

Conclusion: From the Preservation of Materials to Interdisciplinary 
Research 

While there is an obvious desire to keep old cellulose nitrate plastics 
‘alive’ so that their function, form and aesthetic can be appreciated and un-
derstood, their ‘death’ brings an unexpected insight into their material 
composition and manufacture, with the process and products of degrada-
tion providing invaluable pieces of primary chemical evidence of past pro-
duction. Within the degraded plastic itself is a direct connection between 
material stability, the chemistry of the manufacturing process, and quality 
control during manufacture. Linking the chemical evidence in degraded and 
un-degraded cellulose nitrate historical artifacts with contemporaneous 
scientific accounts of their manufacture from those who understood the 
scientific principles of manufacture brings those historians interested in 19th 
century and early 20th century chemical manufacturing closer to direct pri-
mary evidence of quality control.  

This a tale to emphasize that preservation of material culture makes 
knowing and understanding industrial techniques valuable and necessary. 
As observers with the gift of hindsight, we witness in cellulose nitrate plas-
tic a threshold amount of a known malignant acidic residue that was just 
acceptable when made but has now become a destabilizing inherent vice 
with time. That there was a need to rediscover a well-known phenomenon 
first reported over a century ago and common knowledge until just 60 years 
ago says much about how easily and quickly information is lost with the 
decline of a commercial manufacturing industry. Research like Stewart’s 
reconnects the material evidence in the historical object with past manufac-
                                                      
1 “Interventive conservation” deals with the physical treatment of objects, like 
cleaning or repair, whereas “passive conservation” seeks to control environmental 
conditions such as temperature and humidity. 
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turing method information, and revives the understanding to recognize the 
significance of objects and their contextual information. In this case, a qual-
ity issue inherent in a past manufactured product has resurfaced as a conse-
quence of the material being kept by museums and collectors for longer 
than the manufacturers could have expected. 

Researching historical materials for conservation science entails three 
essential aspects for meaningful and progressive insight: interdisciplinary 
collaborations; access to digitized, searchable archives; and an understand-
ing of the chemistry of materials. The research described in this chapter for 
cellulose nitrate would not have been successful without cooperative un-
derstanding between an analytical scientist, a polymer chemist, and a con-
servation scientist. Our multidisciplinary discussions gave insight into the 
past industrial production of a material and connected the research to the 
history of science. In short, the breakdown of an inanimate material 
brought a new community of people together in a dialogue where chemis-
try, conservation and history had to be articulated and interconnected. 

The study presented is by no means a unique example of how pre-
servation brings insight to past technology and production quality. Colla-
borative research between conservation scientists at the Kunst Historische 
in Vienna and historians revealed that the unexpected and unlikely corro-
sion of gold coins minted in the 19th century. The problem transpired to be 
the dies, carrying traces of contamination iron from other coins onto the 
surface of the gold coin (Traum & Griesser, 2006). Taking a look beyond 
what is happening to the aged material now and placing its present chemical 
condition in the context of its production takes historical materials research 
beyond issues of current preservation state into the realms of technical 
production and industrial quality.  

The multidisciplinary collaboration of material chemists and heritage 
scientists, and knowledge exchange with curators and historians of technol-
ogy and industry is enlivening, indeed vital, when the maker’s voice is lost. 
Access to historical manufacturing information greatly assists conservation 
scientists and conservators in their quest to understand more about original 
modern industrial materials. At this point in time there are many examples 
of historical cellulose nitrate, but with loss through degradation, preserva-
tion of these once common mass-produced objects becomes even more 
pressing especially if other sources of related information disappear (Muñoz 
Viñas, 2005).  

While any loss of material culture is lamentable to its collector and 
custodian, especially when the object loses significance because it is no 
longer physically intact nor accessible in its broadest sense, or becomes a 
health hazard or is detrimental to other artifacts, it can attain a new role 
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within historical and socioeconomic frameworks. An historical object tra-
vels different paths in its journey through the material culture world where 
it will be judged by our changing perspectives on value and significance. It 
may seem that the end of its useful ‘life’ will be the day when the object 
loses its material coherence and physically breaks down. To the materials 
scientist, this point can be the start of a new journey of discovery. Even if 
an object can no longer be used or understood, like the spectacles in Figure 
1, its degraded material composition is a bridge to an otherwise distanced 
world of its creation.  

In the context of stabilization of cellulose nitrate plastics, the endea-
vors of the industrial chemists testing the quality of the material for the 
consumer lifetime of the material are similar to the conservation scientists’ 
testing of the composition of aged material to extend the artifact’s lifetime. 
The connections among chemists, polymer scientists, engineers, and indus-
trialists in the historical production of brand plastics are mirrored in the 
knowledge exchange community of chemists, conservation scientists, con-
servators, historians, and curators for the promotion and conservation of 
material collections. When quality matters for industrial heritage, historical 
objects benefit from new conversations in history of science for material 
significance and preservation. 
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Abstract 
Compound fertilizer is a material composed of a mixture of primary nutrients. The physi-
cal constitution and presentation of compound fertilizer evolved from the nineteenth to the 
twentieth century. This material was originally the subject of purely empirical knowledge, 
but later it gradually attracted chemists, who developed it in confrontation with agronom-
ists and farmers. In return, in the interwar period compound fertilizer gave the chemical 
community a sense of mission: to solve the “urgent need” to increase fertilizer consumption 
and to make the product “rational” with respect to transport costs, storage stability, ease of 
use, and, of course, agronomical efficiency. This paper traces the confrontation of actors and 
technical and industrial changes that guided the development of compound fertilizer in 
France from 1890 to 1970. 
 
Keywords: fertilizers, agriculture, adulteration, industry, productivism, chemical innova-
tion. 
 
Résumé  
Mélange d’éléments fertilisants majeurs, l’engrais composé est un matériau, qui évolua 
dans sa constitution physique et dans sa présentation du XIXe au XXe siècle. Initialement 
issu d’un savoir-faire technique empirique, ce matériau est progressivement investi par les 
chimistes, qui le façonnent en confrontation avec les agronomes et les agriculteurs. En re-
tour, ce matériau oriente la communauté des chimistes, qui se sent investi, dans l’Entre-
deux-guerres, d’une mission face à l’impérieuse nécessité d’accroître la consommation 
d’engrais : fabriquer un produit « rationnel » en termes de coût de transport, de stabilité 
au stockage, de facilité d’épandage et bien sûr d’efficacité agronomique. Cet article retrace 
les confrontations des acteurs et les changements techniques et industriels qui guident 
l’évolution des engrais composés en France de 1890 à 1970. 
 
Mots-clés : engrais, agriculture, falsification, industrie, productivisme, innovation chimique. 
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N THE FIELD of fertilizers at the turn of the 20th century, chemists 
felt that they were the bearers of a benevolent mission, especially 
through the development of superphosphate fertilizers. This was ex-

plained to farmers by the Compagnie de Saint-Gobain, one of the two big-
gest French fertilizer manufacturers (along with Etablissements Kuhl-
mann). “The use of chemical fertilizers chemical is no longer in effect a 
simple convenience for agriculture: it is an absolute necessity.”1 With su-
perphosphate, a straight fertilizer, the heavy chemical industry had gained a 
foothold in the fertilizer industry, yet chemical fertilizers still only played a 
supporting role. The major fertilizer remained farmyard manure, a “natural” 
fertilizer compound par excellence for the farmer – a farmer who often pre-
pared his own mixed fertilizers. Manufactured compound fertilizers were 
suspected of adulteration and were virulently hated by French agronomists. 
As one agronomist, Achilles Müntz, said in 1890: “The decrease in the pur-
chase of fertilizer formula is the true measure of the spread of agricultural 
science throughout the countryside” (Müntz & Girard, 1891, p. 407).2 Yet 
eighty years later, in the 1970s, manufactured compound fertilizers ac-
counted for 67% of consumption of fertilizers in France. Today, agronom-
ists recommend them. The production plants of fertilizers are imposing, for 
chemical fertilizers have become commodities across multiple continents 
and the volume of fertilizer consumption has become massive. 

Compound fertilizer is a mixture of the primary nutrients (nitrogen, 
phosphoric acid, and potassium), in contrast to straight fertilizer, which 
consists of a single element. From the nineteenth to the twentieth century, 
fertilizer materials have evolved in their chemical compositions (organic, 
mineral and synthetic compounds) as well as their formulations (powders, 
granules, pellets). Such an evolution raises issues associated with the social 
construction of a product: agronomists, chemists, and industrialists all con-
fronted each other in negotiating product quality, standardization, and the 
opposition between natural and artificial (Jas, 2000; Cohen, 2011). This case 
also highlights the collaboration of chemists and industrialists in technology 
transfers to solve a series of “reverse salients” to advance the industry and 
best meet demand (Caron, 2010; Hughes, 2004). 

                                                      
1 “L’emploi des engrais chimiques n’est plus en effet désormais pour l’agriculture 
une simple convenance : c’est une impérieuse nécessité (Saint-Gobain, 1911).” All 
the translations of the quotations are from the author with slight revisions of the 
editors. 
2 “La décroissance de l’achat des engrais à formule est la véritable mesure de la 
diffusion des sciences agricoles dans les campagnes.” 

I 
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crease in the urban population. This agriculture was based on the aban-
donment of fallow in favor of the “mixed farming/cattle breeding” system. 
The objective was to increase yields per hectare with cattle-manure and, in 
addition, “artificial fertilizers” (manufactured fertilizer or imports such as 
Peruvian guano). Although they encouraged the use of fertilizers, these au-
thorities remained wary of manufactured compound fertilizers offered by 
manufacturers. Compound fertilizers were not well regarded by agronom-
ists: they were seen as including unnecessary ingredients, their prices were 
high relative to fertilizing capacity, their ready-made formulas were not 
adapted to all cultures, and they combined ingredients which agronomists 
felt should be used separately or at different times. In the 1890s, Achille 
Müntz, Chemistry Laboratory Director of the Institut National 
d’Agronomie in Paris, recognized the value of mixing fertilizers for the 
farmer: “With straight fertilizers, nothing is easier than to respond to all 
cases of agricultural practice; they can be used individually or combined in 
pairs, in threes, in the desired proportion to obtain maximum results with 
minimum expenditure”5 (Müntz & Girard, 1891, p. 392-394). Yet Müntz 
also condemned manufactured compound fertilizers: 

 
[Compound] fertilizers offered by businesses must be rejected by the far-
mer. The farmer seeks to give the soil really useful elements in varying pro-
portions, without having products imposed that do not meet this condition. 
Agricultural education will increasingly reduce their sales, and already in 
areas where culture is advanced, its use is restricted. The decrease in the 
purchase of fertilizer formula is the true measure of the distribution of agri-
cultural sciences in the countryside. (our translation from Müntz & Girard, 
1891, p. 407) 
 
Above all, fertilizers, and particularly compound fertilizers, were the 

subject of fraud and adulteration in the nature, origin, quantity, and quality 
of components. The road to recognition of compound fertilizers was long 
and stretched throughout the nineteenth century. The farmer’s representa-
tions of natural and artificial was continually confronted (Cohen, 2011). In 
France, chemists such as Adolphe Bobierre (1850) made combating fraud 

                                                                                                                       
4 Agronomists, members of agricultural societies, landowners, large landowners, 
the readers of the Journal d’Agriculture Pratique of Alexandre Bixio… (Duby & 
Wallon, 1976, p. 105-107). 
5 “Avec les engrais simples, rien n’est plus facile que de répondre à tous les cas de 
la pratique agricole ; on peut les employer isolément ou les combiner deux à deux, 
trois à trois, dans la proportion voulue pour obtenir le maximum de résultats avec 
le minimum de dépenses”. 
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with ammonia or with potassium hydroxide and ammonia.7 (Matignon, 
1930, p. 84) 
 
He added that this was the international issue that “dominates the 

heavy chemical industry”8 (p. 84), especially in the United-States, Germany, 
England, Russia, Poland, and Italy. Indeed, the question of nitrogen had 
been replaced by that of phosphoric acid (Hackspill, 1929). These questions 
were accompanied by three issues: granulation, hygroscopicity, and effec-
tiveness (Ross et al., 1927). To use the terminology of Thomas Hughes 
(2004), it was a “reverse salient” that chemists sought to overcome. Re-
nowned chemists with expertise in nitrogen, such as the Frenchman 
Georges Claude or the Italian Giacomo Fauser (1934), tackled the problem. 
Matignon, a scientist renowned for his work with fertilizers, took part as 
well. He proposed several synthetic processes used in the composition of 
fertilizers. As a professor at the College de France he also organized a 
course, and numerous meetings, on issues affecting agriculture and fertiliz-
ers (Lestel, 2008, p. 363-367). 

In the 1910s, several chemists proposed solutions regarding the am-
moniation of superphosphate, notably Wilson and Haff in the US (Keenen, 
1930) and Von Gerlach in Germany (Matignon, 1923). But all faced a dis-
advantage: retrogradation of phosphoric acid. The chemists of Compagnie 
de Saint-Gobain invented and put on the market in 1924 a phospho-
nitrogen fertilizer named “superam”. Their “homogeneity [was] far greater 
than that of a simple mixture, and [their] dryness of characters and upper 
friability comparable to those of the best dried and ground superphos-
phate”9 (Matignon, 1923, p. 216). In the US, the American Cyanamid 
Company acquired Ammo-Phos Corp, which produced “Ammophos” 
(phosphoric acid and cyanamide) (Haynes, 1949, p. 21-25). These lines of 
research highlight the competition among chemists, with national antagon-
isms in the background. Camille Matignon contrasted the creation of “su-
peram” against German research which resulted in a product that was not 
                                                      
7 “La tendance actuelle, dans l’industrie des engrais, est d’éliminer de ceux-ci toutes 
les substances inertes qu’ils contiennent, substances souvent coûteuses par leur 
origine et leur transport, d’un intérêt nul ou insignifiant pour les plantes. Aussi est-
on orienté dans la recherche des engrais concentrés, formés à partir de l’acide 
phosphorique lui-même, par son union avec l’ammoniaque ou avec la potasse et 
l’ammoniaque.”  
8 “domine toute la grande industrie chimique.” 
9 “homogénéité beaucoup plus grande que celle de simple mélange, et des 
caractères de siccité et de pulvérulence supérieurs à ceux des meilleurs 
superphosphates séchés et broyés.” 
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as good. Similarly, he highlighted the ways in which ammosphos was na-
tionally specific to the US: as he said, it “has the disadvantage of a phos-
phoric acid concentration which is in opposition to the customs of French 
agriculture”10 (Matignon, 1923, p. 217). 

This initial line of research led to a high concentration product 
(highest percentage of nitrogen and phosphoric acid), which limited the use 
of sulfuric acid but did not remove it completely. It was only later, with the 
use of nitric acid, that this was achieved. One solution was the direct reac-
tion of nitric acid with calcium phosphate, but that presented technical 
problems (foam caused by a byproduct of the reaction, calcium nitrate) 
(Gardinier, 1974, p. 84-86). The intermediate solution of Saint-Gobain 
chemists was to implement a process called “sulfonitrique” in which sulfur-
ic acid transforms lime into calcium sulfate and prevents the occurrence of 
calcium nitrate and foam. For their part, the Etablissements Kuhlmann ex-
clusively used nitric acid, but employed a particular highly concentrated 
Russian phosphate from Kola instead of Moroccan phosphate (Ross, 1931). 
In Europe these were known as “complex fertilizers” since at least two 
elements were combined in a chemical reaction. 

Research was also done on combinations of potassium nitrate (NK), 
in particular by the German firms Thorssell and Kristensson (IO) and Kali-
Industrie Aktiengesellschaft, and by Whittaker and Lundstrom of the Bu-
reau of Chemistry and Soils in the US Department of Agriculture (USDA) 
(Ross, 1931). For his part, the French chemist Georges Claude invented 
“potazote” which became famous among agronomists and agricultural un-
ions, as shown by the Bulletin du Syndicat Central des Agriculteurs de Loire-
Inférieure: “science itself has not disdained to address the problem of com-
bined fertilizer, since the great scientist Georges Claude, to whom we al-
ready owe the most elegant method of making synthetic ammonia, has also 
endowed us with a remarkable combined fertilizer” (Anonymous, 1934).11 

But with these new fertilizers with high-concentration materials, it 
was also more difficult to maintain the hygroscopic properties when in 
powder form, which led to the development of granular fertilizers (Slack, 
1967, p. 19). Fertilizers in granular form also appeared for other technical 
reasons: handling hazards, unstable products, and poor preservation in 

                                                      
10 “présente le désavantage d’une concentration en acide phosphorique qui heurte 
les coutumes de l’agriculture française. ” 
11 “la science, elle-même, n’a pas dédaigné de s’occuper du problème de l’engrais 
combiné, puisque le grand savant Georges Claude, auquel nous devons déjà le 
procédé le plus élégant de fabrication de l’ammoniaque synthétique, nous a 
également doté d’un engrais combiné remarquable.” 
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farms (Anonymous, 1946). Agricultural authorities15 strongly encouraged 
farmers to take this path. Industrialization discourse in farming was part of 
the modern and productivist postwar movement (Pessis et al., 2013): 
“Compound fertilizer is the ambassador of rational fertilization”16 (Cham-
bre Syndicale Nationale des Fabricants d’Engrais Composés, 1952, p. 43). 
This product was “rational” in terms of transport cost, storage stability and 
ease of spreading (figure 1). 

This increase in dose was made possible, in particular, thanks to 
progress in plant breeding and mechanization. In the interwar period, 
wheat varieties with long straw lacked the rigidity to withstand heavy fertili-
zation rates. By the end of the 1940s, new varieties were selected with solid 
straws which would not fall due to heavy fertilization (Pambrun, 2009, 
p. 35). The need for ternary compound fertilizers can also be explained by 
the expansion of spring crops (barley and corn), which have a short grow-
ing cycle and need to receive the three primary nutrient elements together 
rather than separately (Chambre Syndicale Nationale des Fabricants 
d’Engrais Composés, 1962, p. 48-49). 

This discourse of intensive agriculture was not unanimously shared 
and increasingly received a rough ride. At the end of the era we are examin-
ing, one of the champions of productivism in the 1950s, the French agro-
nomist René Dumont, renounced his positions on intensive use of fertiliz-
ers (Séjeau, 2004; Dumont et de Ravignan, 1977, p. 268-270). The organic 
movement emerged, particularly in England in the 1930s with Albert How-
ard (Conford, 2002), and in the late 1960s it moved in step with the devel-
opment of the counterculture (Hughes, 1989, p. 443). This movement again 
raises the question of natural and artificial. In France, organizations such as 
the Fédération Nationale des Syndicats de Défense de la Culture Biologique 
et de Protection de la Santé des Sols, advocate a return to the origins of 
organic compound fertilizers. The federation condemned the “use of all 
chemicals that are synthetic pesticides or mineral fertilizers and promotes 
the full and exclusive use of organic fertilizers and products derived from 
them” (Anonymous, 1974).17 

 

                                                      
15 The Institut National de Recherche Agronomique (INRA), established in 1949, 
the Centres d’Études Techniques Agricoles (CETA), on the initiative of farmers, 
appeared from 1944 (Cerf & Lenoir, 1987, p. 34). 
16 “l’engrais composé est l’ambassadeur de la fertilisation rationnelle”. 
17 “l’utilisation de tous les produits chimiques qu’ils soient pesticides de synthèse 
ou engrais minéral et prôn[ant] l’utilisation intégrale et exclusive des engrais 
organiques et des produits issus de leur transformation.” 
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missions under the Marshall Plan (Ndiaye, 2001, p. 77). In the 1950s and 
1960s, chemical companies gradually expanded their industrial research la-
boratories (Anonymous, 1953) and created chemical engineering conglome-
rates. In 1949, the Établissements Kuhlmann constituted a chemical engi-
neering company as a subsidiary, the Société Technique d’Entreprise 
Chimique (STEC) (Léger, 1988, p. 130-131). They justified this creation 
thus: “Because of the considerable development of the chemical industry, 
various companies are continually called upon to use specialized design of-
fices, with an experienced technical staff to design and implement projects 
related to the expansion and the creation of factories” (Kuhlmann, 1958, 
p. 48).19 It was the same for SCPA, who in 1958 decided to create an engi-
neering subsidiary to sell the “process PEC” manufacturing complex ferti-
lizers, which was designed before the war (Torres, 1999, p. 222). 

The manufacture of compound fertilizers, which remained the main 
market for smaller manufacturers who mainly produced fertilizer mixtures 
of organic and inorganic materials, expanded strongly in the 1950s and 
1960s as large chemical groups invested heavily in the promising market for 
fertilizer compounds in granular form. Their chemical engineering compa-
nies provided this technical change through competing granulation 
processes. Apart from ammonium nitrate and potassium chloride, which 
are outside the actual granulation process, the two main fertilizers involved 
in granulation processes are ammonium phosphate and phosphate nitrate. 
The latter two products were aimed at different markets in the 1960s, 
which led to different geographical distributions, technology transfer and 
different competitive strategies associated with different processes. In Eu-
rope, phosphate nitrate grew more than in the United States (25 plants pro-
ducing 200 to 600 t/d to 1965) with the involvement of many large chemi-
cal groups (such as Saint-Gobain or PEC in France, and Norsk Hydro in 
Norway) (Slack, 1967, p. 121-124). In the US, ammonium phosphate was 
dominant, with Dorr-Oliver processes in the 1930s and from 1959 the 
ammoniator-granulator process of the Tennessee Valley Authority20, which 
competed with, among others, the “Spherodizer” method of the Chemical 
and Industrial Corporation (Slack, 1967, p. 111-121). 

                                                      
19 “En raison du développement considérable de l’industrie chimique, les diverses 
sociétés sont appelées à avoir recours sans cesse davantage aux Bureaux d’Etudes 
spécialisés, disposant d’un personnel technique expérimenté, pour concevoir et 
réaliser les projets afférents à l’extension et à la création d’usines”. 
20 In the US, Tennessee Valley Authority, a public body set up under the “New 
Deal” in 1933, played a major role in the development of the use of fertilizers (She-
ridan, 1979). 
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73 plants.23 This was especially the case for binary phosphate potash ferti-
lizer (potassium slag, super-potassium, phospho-potassium, etc.). “Bulk 
blending” based on the intermediate product production capacity of large 
chemical groups, would strengthen the small units in geographic proximity 
to agricultural production while also providing a tailored response to the 
needs of the farmer. 

The “bulk blending” method of manufacturing compound fertilizer 
developed quickly in the United States after 1955 (Slack, 1967, p. 20; Hig-
nett, 1985, p. 5-6). It used a simple mechanical mixture of high-
concentration elements in pellet form to produce high-analysis fertilizer. 
The materials used (ammonium sulfate, ammonium nitrate, triple super-
phosphate, ammonium phosphate, potassium chloride, etc.) were all manu-
factured as pellets by large chemical companies. The advantages of “bulk 
blending” were the cost and the proximity of the farmer and his require-
ments, which offset some of the original disadvantages of homogeneous 
granular fertilizers that we have seen, namely lack of homogeneity and a 
tendency toward caking. This industrial model returned to Müntz’s idea of 
designing a custom compound fertilizer for the farmer. In the US, between 
1959 and 1964, the number of plants adopting “bulk blending” went from 
201 to 1536. 

In France, the SCPA decided to engage in “bulk blending” for po-
tash granulation in 1960 (Torres, 1999, p. 158-159). From 1961 onward it 
operated a binary phospho-potassic granulating production unit in its 
Strasbourg facilities. Soon after it launched commercialization of that prod-
uct in partnership with Établissements Delafoy from Nantes and the SCPA 
production unit installed at Teil (Ardèche). The technology transfer process 
innovation allowed Delafoy to achieve production. The company Delafoy 
in Nantes appealed to the engineer Carbona at the Reno Company’s 
Tréport (Seine-Maritime) factory, which had developed and patented a gra-
nulation process which “constitutes a considerable technical and commer-
cial progress in enabling not only the maintenance, but also the develop-
ment, of the market for simple phosphate fertilizers and 
photopotassiques”.24 Gradually, SCPA developed small regional units for 

                                                      
23 AN IND 19771633/107, Rapport de M. de La Rochefoucauld, Ve Plan de 
Modernisation et d’Equipement, Commission de la chimie, Groupe des engrais, 
sous-groupe des engrais composés, avril 1965. AN stands for French national 
archives. 
24 “constitue un progrès technique et commercial considérable, devant permettre 
non seulement le maintien, mais aussi le développement du marché des engrais 
phosphatés simples et photopotassiques”, AN IND 19771633/008SCPA, Note 
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manufacture of compound fertilizer, designed in partnership with local 
players. 
 
 
Conclusion 

Initially only the domain of industry and empirical expertise, com-
pound fertilizers were subject to adulteration and fueled farmers’ mistrust 
of agronomists. Chemists gradually intervened in this area through the role 
of sulfuric acid, which could make certain organic components more assim-
ilable. Placed far downstream from process design and manufacture of the 
material, they mostly played a role for analysis and control. In the interwar 
period they took control of the compound fertilizer field from design to 
production. The question of straight fertilizers versus compound fertilizers 
became a major issue for the chemical community (both academic and in-
dustrial). 

Positioned between agriculture and industry, chemists were respon-
sible for restoring confidence in compound fertilizers and bringing about 
conditions for the growth of consumption. They showed that they unders-
tood the needs of farmers by making “compound fertilizer” an integrated 
material, combining the major nutrients (nitrogen, phosphorus and potas-
sium acid), as well as by solving problems with the concentration, cost, 
handling, and storage of fertilizers. They did so, in particular, by modifying 
the presentation of fertilizers. French chemists in academic research, such 
as C. Matignon or P. Jolibois, or those closer to industrial research, such as 
G. Claude, were interested in the issues of compound fertilizers. Without 
being dominant in their research, this work nevertheless reoriented their 
careers as teachers (C. Matignon’s conferences), or stimulated them to new 
careers in industry (P. Jolibois became scientific director of Potasses et En-
grais Chimiques) or revitalized their industrial research (the “potatoze” by 
G. Claude). Finally, after World War II, the massive development of the 
production of compound fertilizer in granular form was permitted by the 
development of a cluster of innovations in industrial processes of granula-
tion which were disseminated and implemented by chemists in chemical 
engineering companies, and by the availability of hydrocarbon raw materials 
used to make large volumes of ammonia necessary for the synthesis of ni-
trogen elements. But in reaching its limits, the system also distanced itself 
from the consumer. In contrast, the “bulk blending” production model de-

                                                                                                                       
pour le directoire de l’EMC. Réunion du 27 novembre 1968. Le 22 novembre 
1968. Association en participation SCPA/Delafoy/Reno à Nantes. 



 TWENTIETH CENTURY FERTILIZERS IN FRANCE… 87 

veloped in parallel addressed the cultivator’s needs afresh by offering tailor-
made industrial fertilizers and geographic proximity. 

Over this 80-year period extending from 1890 to 1970, we saw the 
confrontation of actors and technical changes that have guided the evolu-
tion of several kinds of compound fertilizer in France, from a heterogene-
ous mixture of organic materials to an integrated product, and from a pow-
dered form to a granular form. This evolution has taken place at the global 
level with the development of granulated compound fertilizer plants de-
pending on the country. Through academic exchanges or technology trans-
fer, chemists and chemical engineering companies from different parts of 
the world have contributed to this evolution. These changes were accom-
panied by a changing role for chemists – who have become preeminent in 
the fertilizer industry – and industrial structures. 
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Chromatographs as Epistemic Things:  
Communities around the Extraction  

of Material Knowledge 
 

Apostolos Gerontas* 
 
 
 

Abstract 
Automated chromatography – gas chromatography and later high performance liquid 
chromatography – played an important role in the transformation of chemical analysis dur-
ing the 1960s and 1970s. This chapter presents the historical narrative of the production 
and dissemination of chromatographic technology, and discusses the effects of the automa-
tion of separation at the social and epistemic levels. Emphasis is given to materiality, not 
only of chromatographic technological knowledge, but also of the knowledge produced by 
application of this technology in research. 
 
Keywords: gas (GC) and high-performance liquid chromatography (HPLC), instrumenta-
tion, epistemology of things, research technology, scientific identity. 
 
 
Résumé 
La chromatographie automatisée – chromatographie gazeuse et par la suite liquide à haute 
performance – a joué un rôle important dans la transformation de la chimie analytique 
durant les années 1960 et 1970. Ce chapitre présente le récit historique de la fabrication 
et circulation de la technologie chromatographique et discute les effets de l’automatisation de 
la séparation aux niveaux sociaux et épistémiques. L’accent est mis sur la matérialité, 
non seulement de la connaissance de la technologie chromatographique mais encore de la 
connaissance produite par l’application de cette technologie en recherche. 
 
Mot-clés : chromatographie gazeuse (GC) et chromatographie liquide à haute performance 
(HPLC), instrumentation, épistémologie des choses, recherche technologique, identité scien-
tifique. 
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“Every scientific advance is an advance in method.”  

Mikhail Tswett (1910) 
 
 

HEMISTRY was “revolutionized” during the 20th century by the 
introduction of a multitude of instrumental techniques of analysis 
– and by the industrialization of their production, maintenance, 

and promotion (Baird, 2002). On the one hand, the changes in chemical 
analytical practices had a stark epistemological and cultural dimension, af-
fecting not only chemical praxis per se but also chemical theory, world-view, 
and sense of meaning and position of chemistry relative to other disciplines 
and the world. On the other hand, the new analytical methods had a signifi-
cant effect in the organizational structures of modern chemistry. As Egon 
Fahr was already observing in the mid-70s, while the pre-automation “clas-
sical” analytics before World War II mainly focused on reaction phenome-
na and chemical properties, the analytical branch that evolved after the war 
was carried out mainly through the utilization of physical properties of the 
bodies analyzed (Ettre, 2008). 

In the specific case of the professional practice of analytical chemi-
stry, the changes were of a nature and magnitude that can be seen as fun-
damental. The emergence of instrumental techniques at the fore dramatical-
ly shifted the focus – and, therefore, the very meaning – of analytics from 
“separation” to “identification” of compounds. What had been the analyti-
cal chemists’ job, as late as 1940 – namely to “separate” and “quantitatively 
manufacture” compounds utilizing their reaction properties – was down-
graded to a job for research technicians, since the new instrumentation 
made this possible. 

The analytical chemist of the post-war decades became a profession-
al manager of sub-professionally educated personnel (a distinction reflected 
in the academic curricula) that would necessarily free him or her from what 
was previously seen as the “dull” work of separation. Indeed, the analytical 
chemist of the 1950s was able to focus on the elemental properties of com-
pounds, in what an external observer could probably describe as a process 
of chemistry finally becoming a “science” – of the kind that physics was. 
This closing of the distance between chemistry and physics in practice, fo-
cus, and scope not only made chemical practice faster or more effective; it 
created an “identity crisis” too. This change of nature of course became 
visible to professional chemists and specialists as early as 1947, and both its 
“positives” and “negatives” have been commented upon (Baird, 1993). 

C 
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Thus, although analytical chemistry remains the discipline that focus-
es on “signal production and interpretation”, (Lewenstam & Zytkow, 1987, 
p. 308)1 the very nature of the signal read and interpreted changed after the 
1940s, and, therefore, the image that each interpretation paints has become 
increasingly different. Indeed, we witnessed a key event in the general histo-
ry of chemistry: the shift in the focus of chemical analytics from the purely 
chemical properties of chemically defined substances to the properties of 
“molecular species”. Today “molecular structures are no longer considered 
properties of substances; they are now the species whose identity is to be 
determined and which are subject to chemical classification” (Schummer, 
2002, p. 202). On the theoretical-field level this process reflects the transi-
tion from “classical” organic chemistry to physical chemistry, to physical 
organic chemistry, and then to the actual theoretical chemistry of today.  

Despite the fact that the bases of the new methods developed and 
utilized during this period were all set before the war, their domination of 
analytical praxis was only possible after the means of modern electronics 
and optics were available, and after a market for those methods existed at a 
critical level. The rapid development of related industries (pharmaceuticals, 
biomedicine, and food) offered the necessary market for the commercial 
viability of these methods from the 1950s on.  

By the 1970s the literature reports two different terms that tend to 
describe what were considered largely different branches: chemical analysis 
(corresponding to “classical” analysis based on reactions), and instrumental 
analysis (corresponding to the “new ways”). From the same decade on, we 
can register an attempt to cover both terms by the much broader umbrella 
term “separation science”, with claims to a separate disciplinary status, under 
which instrumental analysis is actually the dominant power and classical 
analytics have been reduced to the status of poor relative. 

In the driver’s seat in the new era, not coincidentally,2 we find mostly 
specialists of the new chromatographic instrumentation. Barry Karger, 
Lloyd Snyder, and Csaba Horváth (1973) co-authored a hand-book entitled 
An introduction to Separation Science. There, although the significant differences 
                                                      
1 According to Yuri A. Zolotov (cited in Danzer, 2007, p. 2), the chemical, 
physico-chemical, and physical methods of analytical chemistry do share a basic 
common epistemological characteristic: “All of them […] have the same feature: it 
is the dependence of signal on analyte concentration. The important task of 
analytical chemistry is therefore the discovery and implantation of these 
dependencies into analytical procedures.” 
2 As E. Lederer and M. Lederer (1955) wrote: “No other discovery has exerted as 
great an influence and widened the field of investigation of the organic chemist as 
much as Tswett´s chromatographic adsorption analysis.” 
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between different methods and processes of chemical separation are ac-
knowledged, the authors write in the preface: 

 
we believe, however, that common underlying principles of separation exist 
and that the understanding of these fundamentals can result in a fuller ap-
preciation of the advantages and disadvantages of the specific methods. We 
also believe that these principles lead to the logical establishment of a field 
of separation science. (Karger et al., 1973, p. 9) 
 
And for building up of the necessary connections in the already-

recognized fields, the authors say that  
 
these [separation process] systems are often, beyond their practical useful-
ness, excellent examples to illustrate the underlying physico-chemical prin-
ciples. An introduction to separation science, therefore, is an introduction 
to thermodynamics and transport phenomena as well. (Karger et al., 1973, 
p. 11) 
 
This “separation science” was then, and is still today, a term with an 

ambiguous definition. While it clearly contains chromatography at its cur-
rent center, its claim of unifying methods based on common “physico-
chemical principles”, over and through traditional disciplines, is in doubt – 
and was never fully acknowledged by the broader community of chemists 
and chemistry-related professionals. Its existence as a term however does 
represent, as we shall see, an important epistemic shift in modern chemi-
stry, as well as changes of a social nature that modern instrumentation 
brought to the chemistry-related disciplines. On the one hand, instruments 
of modern chemistry have an independent epistemic value: they are “epis-
temic things”, as defined by H. J. Rheinberger (1997), embodying pheno-
mena and leading through their manipulation and evolution to the produc-
tion of new knowledge,. On the other hand, instrumentation reconfigured 
the position of modern chemists inside their institutions and vis-à-vis their 
own professional practice. 
 
 
Chromatography: From Bench Design to Brand Instruments 

Chromatography appeared as a technique of separation at the turn of 
the 20th century, created as a separation tool by Mikhail Semenovich 
Tswett (1872-1919) to tackle the then-current issue of chlorophyll isolation. 
It was recognized and canonized, after a latent period, as a chemical tool in 
the mid-1930s through the research of Richard Kuhn and Edgar Lederer 
on carotenoids and the subsequent work of other researchers primarily in 
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Germany (Gerontas, 2014). Both of these were critical periods for the es-
tablishment of a series of chemistry-related disciplines and sub-disciplines, 
the re- distribution of relative disciplinary weights and spaces, and the re-
formation of older academic milieus. While the “race for chlorophyll” was 
starting on one side of the European continent in 1901, the word “biochemi-
stry” was not yet officially introduced, and the discipline that today we iden-
tify with physical chemistry had only recently become autonomous from 
the broader chemical world. 

Chromatography, as invented by the physiologist Mikhail Tswett, 
was a physical-chemical technique built to solve a biological problem – 
namely, the isolation of chlorophyll, which was considered by chemists of 
the day to be solvable only through traditional organic analysis. Despite 
being a separation technique, chromatography was created to serve the 
needs of the discipline of physiology: separating, but not interfering with or 
destroying the molecular structure (Gerontas, 2014). Thus, we could con-
sider chromatography’s appearance as a bridgebetween two world-views, 
the strictly mechanistic-constitutional view that organic chemists held about 
living matter, and the more holistic one, which physiologists had to hold. 
Functionality of a molecule – and, therefore, its position in a biological 
cycle – did not need to be destroyed or altered for its separation. This evo-
lutionary step can be considered as of vital importance for the establish-
ment of experimental physiological chemistry and the disciplines which are 
today perceived as standing on it.  

The technology that offered the basis for the automation of the pro-
cedure became available in the mid-1950s. The first complete gas chroma-
tograph apparatus was built in 1952 in Austria (Hinshaw, 2003; Bobleter, 
1990) and, finding a ready market awaiting, the machine gave birth almost 
immediately to a vibrant industry that continued expanding during the fol-
lowing decades.  

At the 1954 National Meeting of the American Chemical Society, 
H. W. Patton of Tennessee Eastman Co. presented what is reportedly the 
first American paper in GC. In it he described a self-constructed system 
using an adsorption column in the elution chromatography mode, an inert 
carrier gas, and commercially available thermal conductivity cells that 
played the role of the detector. Another person present at the meeting, 
L. V. Guild of Burrell Co., realized the possibility of changing this setup 
into a full GC apparatus for commercial production. The new instrument 
was announced next year, under the commercial name Kromo-Tog Model 
K-1 (Ettre, 2008). The machines that followed shared all the main characte-
ristics that made gas chromatography successful: they were user-friendly 
and versatile – planned to be useful from the very start. They did not de-
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mand deep knowledge of chromatography to produce data, but they could 
grow together with the experience and practice of their user (and expanded 
with the purchase of peripherals and applications). Quite importantly, they 
did not demand the user and the manager of the data and the organizer of 
the research to be the same person.  

By the end of the 1960s gas chromatography was the analytical me-
thod most considered as dominant among all the available methods of in-
strumental analysis. As a method, GC was from the beginning characterized 
by its protean abilities: capacity of analyzing samples across a broad qualita-
tive range, easy adaptation for preparative work, and the possibility of use 
on different scales of quantity and precision from the miniscule to the mass 
industrial. Probably a more important characteristic for our subject, howev-
er, was the complexity of the machinery necessary to perform all these 
functions with minor adaptations. In a single apparatus, by the mid-1950s, 
micro-column technology was being used for adsorption, while ultra-
sensitive sensors of different kinds were combined with pumps, pressure 
controllers, and micro-furnaces – all coupled to printing machines and the 
necessary lamps and switches. Apparently, GC was a chemical creature that 
demanded much more than chemistry to live. All these “externals” to the 
technique were built upon theoretical constructs that, even if they offered a 
rather crude description of the phase kinetics in the machines, were effec-
tive enough to support the stone-upon-stone creation of functional appara-
tus. Quite importantly, as figure 1 demonstrates, the particulars of chroma-
tography were decisively hidden from the view of its users and essentially 
black-boxed.  

 

 
 

Figure 1 - F&M Model 700 Dual-Column Gas Chromatograph, ca. 1961 
(Source: Courtesy of the Chemical Heritage Foundation) 
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The fact that the production of the apparatus would have to be dele-
gated outside, away from the chemical laboratory per se was only expected. 
The usefulness of the machine, its potential as a product in a more or less 
secure market, coupled with the possibilities of variations of technology 
that would act protectively against patent restrictions were sure to attract 
companies with a relative know-how in one or more of the technologies 
involved in the complete apparatus. Meanwhile the delegation of this work 
to industry at the same time made the machine more available to interested 
researchers, and afforded a drive towards standardization which could not 
be reached through the alternative “do-it-yourself” strategy. Although this 
process is largely familiar to any chemist nowadays – who usually has an 
inbuilt psychological distance from the instruments that he or she utilizes, 
formed already from his early years of study – it was a relatively unexplored 
path in the 1950s,3 and one that would show some unexpected dimensions. 

On the one hand, industrial players not only utilized expertise trans-
ferred from academia, they also built significant R&D structures them-
selves, which were soon to play an important role in the evolution of the 
instrumental culture of modern chemical research. On the other hand, the 
“outsourcing” of the construction of GC apparatus to industry turned these 
tools into commercial objects like any other and created a vibrant market. 
The companies had the understandable motivation to compete for control 
of this market, not only through improved technology and products, but 
also through service structures, advertisement, “lobbying”, and “special re-
lations” with the “clients” – in this case, universities, hospitals, public insti-
tutions, states, etc. 

The first commercial steps resulted in the rapid expansion of availa-
ble technology, the multiplication of available instruments, and the expan-
sion of available solutions suited to an increasingly larger proportion of re-
search requirements. The second phase had effects which were more 
pronounced in the long-run. After all, since the primary interest of the 

                                                      
3 Several of the companies that participated in GC production (especially in its first 
commercial steps) were companies that had built their technological bases in in-
strumentation – mostly optics and electromagnetism – and their connections to 
academia during the World Wars (mostly during the 2nd, but not only) or by inter-
war momentum and incentives (which included the Great Depression). To offer 
examples, the Varian brothers built their first klystron at Stanford University with 
the help of Prof. William H. Hansen, while aiming “to invent a source of strong 
microwave signals in order to improve air navigation and warn of potential Nazi 
bombing raids” (Varian Associates Edition, 50 years of Innovative Excellence), while 
Burrell Corporation’s interest in gas analysis and adsorption originated in the 
World War I effort concerning gas masks and chemical warfare. 



100 APOSTOLOS GERONTAS 

companies was expansion of the available market, the proportion of re-
searchers working with GC instruments had to be raised. This could be 
achieved only if the “practice” of gas chromatography were disconnected 
from its theory and the connected understanding of the technique, in a 
process that history of technology was to observe several times since.  

By the end of the 1950s, the industrial editions of guides to “practic-
al” gas chromatography would multiply, soon to be followed by relevant 
courses too. Industry offered not just “practical” solutions to already exist-
ing problems of research, it also “suggested” problems that could be solved 
by utilization of GC, and tutored young chemists (and not only chemists) in 
how to “practically” utilize gas chromatography apparatus. Side by side with 
the manuals of the machines, industrial guides appeared, offering tutoring 
in their use. Courses were planned and offered on industrial grounds and at 
universities (but not run by university personnel), while advertisements in 
specialized journals of analytical chemistry – first in the US, later also in Eu-
rope – made a special point of the “simplicity” and the speed of the new 
machines. The “practical and convenient” character of the technique was 
aggressively promoted by the interested companies as a strategy of widen-
ing their available market and their percentage of control over it (Gerontas, 
2013). 

This process of disconnection between theory and praxis was of a 
magnitude (and of a suddenness) that disturbed more traditional chromato-
graphists, not least because it significantly weakened their – then newfound 
– claims that chromatography was a “scientific field”, distinct from the other 
fields of chemistry (Wixom & Gehrke, 2010). While the expansion of the 
applications of GC through the chosen industrial strategies was indeed rap-
id, this very expansion had significant effects on the grounding of these 
very applications in solid theoretical facts. The comprehension level of the 
newly expanded pool of users of the technique was on average lower – and 
a significant part of the “science of chromatography” was being trans-
formed into an empirical “craft”. 

For a concise view of the community’s complaints and concerns, it-
self a compilation of similar concerns over probably one and a half decades, 
we find for example an editorial in the specialized journal Chromatographia, 
written by L. Szepesy (1970, p. 253) under the title “Software must be de-
veloped”: 

 
[T]he instrumentation in gas chromatography and in data processing i.e. the 
hardware, has made a very fast progress. Will the development of basic 
knowledge and theory, i.e. the software, keep level with that? I think the an-
swer is no and the gap will be ever wider. In my opinion we can hardly 
claim at the present time, that chromatography is an exact science. We have 
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insufficient basic knowledge for the description of the elemental processes 
of flow, diffusion and mass transfer taking place in a chromatographic col-
umn. […] We are now witnessing a development in liquid chromatography 
similar to which took place in gas chromatography in the fifties. The hard-
ware for efficient application of liquid chromatography is making fast 
progress.  
 
In a similar tone, the noted chromatographist V. Heines complained 

in 1971 that, concerning the theory of chromatography, “there has been no 
fundamental breakthrough since 1944” (Heines, 1971, p. 280-281). Indeed 
the “general theory of adsorption” which Tswett (1906a; 1906b, p. 238) im-
agined for his original chromatography not only had not materialized, it had 
become somewhat of an impossibility. If in the early 1940s, J. Norton Wil-
son (1940) and Don Devault (& Libby, 1943) wanted to write a “theory of 
chromatography”, by the end of the 1960s the only interesting aim for re-
searchers was writing surveys concerning the “theories” of chromatography 
– loosely using the word “theory” to mean a multitude of models describing 
optimal molecular kinetics. The veteran chromatographists were concerned: 
not only about the “software” of the already existent and successful gas 
chromatography, but also about the fact that the then new-born high per-
formance liquid chromatography was following exactly in GC´s steps.  

 
  

Social and Epistemic Hierarchies: Turning Liquid Chromatography 
to High Performance 

The most persistent shortcoming of GC, and the one most bound to 
this technique’s very nature, was the fact that not all the analyzable sub-
stances can be readily vaporized. Even among the ones that can, not all of 
them can be vaporized without significant losses, damage to their molecular 
structure, or even production of unwanted by-products. This holds true 
generally in the chemistry of organic macromolecules; but it becomes cru-
cial in the chemistry of biological substances, where the functionality of a 
molecule in a process is as important as the isolation of this molecule per se.  

The new focus on protein structures and their newly comprehended 
economic significance in the 1950s attracted the attention of several re-
searchers in the chromatographists’ community. The then developing ion-
exchange chromatography offered the basis for what was in fact the first 
LC instrument. The amino-acid analyzer of S. Moore, W. H. Stein and 
D. H. Spackman – a direct result of research funded, organized, and ex-
ecuted at the Rockefeller Institute for Medical Research – was first de-
scribed in 1958 and entered commercial use one year later (Ettre, 2008; 
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in the 1970s, and due to the initial investment that was necessary for a new 
HPLC machine, the chromatographists’ community started joking that the 
“P” in HPLC stands in reality for “price”. After all, the new machines were 
significantly more expensive than almost any other piece of equipment that 
a laboratory could have (Gerontas, 2014). 

 
 

To Build the Science of Chromatography or the Science of Separation  

The networks that gas chromatography initiated were the primary in-
struments of knowledge transfer and education of the new specialists of the 
field of instrumental chromatography (and, partially at least, “separation 
science”) – specialists who themselves were no longer definable through the 
previously acknowledged disciplinary barriers. From the 1950s on, the new 
group of specialists involved people from almost every field related to 
chemistry, and some that indeed had nothing to do with chemistry alto-
gether. In the new, growing forest, chemical engineers, mechanical engi-
neers, pharmacologists, physicians, electricians, and mathematicians could 
all find a niche and, while finding it, re-define their own selves as ‘‘chroma-
tographists’’ and specialists in the new techniques. The borders separating 
the ‘‘natural’’ categories of knowledge as they were represented by the exist-
ing scientific fields of the time proved to be too thin in all cases of chemical 
instrumentation – and in the case of chromatographic instrumentation too. 

Quite importantly, the mechanization of chromatography created for 
the first time a distinction between the “chromatography-users” and the 
“chromatography-producers”. Not all the new ‘‘chromatographists’’ were in 
a position to understand the technology involved in the new machines even 
down to the basic level, and not all of the producers of this technology 
were actively involved in any kind of research other than the production of 
the technology. With the appearance and expansion of chromatographic 
apparatus, an important number of chromatography specialists were now 
“research-technologists” (Shinn, 2002; 2004). The term “research technolo-
gies” should be taken to mean the instrumental-technological means for 
research which operate in the grey zone between “science” and “technolo-
gy” without explicitly belonging to one of the two, and – even when specia-

                                                                                                                       
high pressure liquid chromatography. Horváth stated at least once (Ettre, 2008) that 
the initial name gave the impression that pressure was the only difference that the 
new apparatus had with traditional column chromatography. Yet there were other 
factors, such as offering super performance. However, considering the fact that it 
is indeed high pressure which is the heart of the HPLC machine, it might just be 
that the word “performance” had a better and more market-oriented sound to it.  



104 APOSTOLOS GERONTAS 

lized – they serve academic research equally as well as industry, forensic 
services, the police, the military, metrology, technical and engineering play-
ers, or whoever else might need this service. 

Since there was no direct correspondence between the new techno-
logic means for practicing chromatography and an established field of 
study, while the design and construction of the new machines suggested 
multi-disciplinarity, automated chromatography failed to find a position in 
the standardized academic curricula (Gerontas, 2013). It was not purely 
chemical enough to be taught in a chemistry department, it was useful to 
biology, medicine, pharmaceutics, and of course, dependent on chemical 
engineering and all the fields that were connected to it, but it did not direct-
ly belong to any of them. Instead, automated chromatography could find a 
position in the already existing universe of instrumentation and the chro-
matography specialists could carve a corner of it for the sake of their self-
identification. Since the 1930s research-technology had migrated massively 
from Europe to the United States and circuits, hubs, and networks of in-
strument specialists and companies had appeared quite quickly. Chemical 
instrumentation (or more correctly instrumentation for chemistry) had its 
own and important niche in this environment, visible, but not in any case 
independent from, the broader instrumentation field which as a whole had 
its own big field-representative. 

The Instrument Society of America – later renamed the International 
Society of Automation (ISA) – was founded in Pittsburgh in 1945, as an 
attempt to unify the numerous local organizations of a similar kind in the 
US. It soon became an increasingly international body with members all 
around the world (a fact that more than anything signifies the need for such 
an instrument-specialized society and its lack elsewhere). Being almost from 
the start the single non-directly-industrial player broadly involved in educa-
tion and certification of technicians and users of instruments, it played a 
significant role in forming the scientific ‘‘under-class’’ of laboratory techni-
cians that fueled the rapid expansion of laboratory automation in the US. 
Designed from its very inception to be interdisciplinary in nature, it soon 
exceeded by far the subject of instrumentation and came to prominence 
worldwide in the more general field of industrial automation. The society 
published (and publishes) several journals – of which the most relevant to 
chemistry are American Laboratory and the International Laboratory – as well as 
books and digests, and provides courses, training and certification to pro-
fessionals in selected locations all through the US. 

The subjects and the organization of the material of the published 
digests of articles coming from the journals and conferences of ISA offer a 
picture of the diverse interests and sub-groups inside the society, and, pos-
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sibly, the different weights that each group held and the positioning of 
chemistry among all the interest groups. The petroleum-related subjects 
seem to have been a standard heavy-weight interest of a significant part of 
the ISA membership especially in the late 1960s and early 1970s (the exis-
tence of the annual National Chemical and Petroleum Instrumentation 
Symposium and the full publication of all its papers from 1960 on indicates 
that). Analysis instrumentation had its own weight; there were indexes of 
proceedings from 1956, American Laboratory and the International Laboratory 
stably focused there, and there were annual anthologies of papers from 
these journals. However, not all instrumental techniques carried the same 
weight. 

Many of the users and virtually all of the producers of the technology 
of gas chromatography were able to find a position in the broad range of 
people involved with ISA and modeled their own smaller groupings and 
practices according to the ones that ISA maintained. Chromatographic 
journals appeared,, and conferences, meetings, and symposia of specialists 
were often organized. The means that ISA had devised for the promotion 
of instrumentation and automation among the interested publics became 
the ways of the chromatography crowd and the involved businesses as well, 
with the businesses at the steering wheel. Instrument-making companies 
organized workshops and teaching events, published handbooks, had their 
own training centers, and participated in the funding of groups and net-
working activities such as symposia and conferences that did a lot both to 
strengthen the shared identity of chromatographists and to attract new tal-
ents to chromatography. Industrially organized workshops and organized 
training at the course-centers of the big instrument producers became the 
primary means of education of the next generation of chromatographists. 

Virtually all the big instrument-producing companies had their own 
course-centers and organized their course material primarily around the 
models that they were commercially producing. A survey of the material 
left from the Perkin-Elmer Corporation’s5 division in Germany reveals that 
the workshops organized and the training offered to new practitioners of 

                                                      
5 Perkin-Elmer, a company with a deep background in optics, was one of the cor-
porations that entered the gas chromatography sector early, and became almost 
dominant in it in the 1960s. The background in optics obviously played a signifi-
cant role in this success story. After the Second World War, the company took 
over a previously German owned factory at the Bodensee. There, next to the train-
ing centers and the production units, the company also operated its own museum 
of instrumentation. The greatest part of the archive material from this museum and 
a big part of the instrument collection are currently in the possession of the Chem-
ical Heritage Foundation.  
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chromatography were rather diverse in character. Slides, demonstrations, 
short lectures, together with notes about specific issues and applications of 
the machines constituted these courses and workshops, and the relative 
weight of each medium often changed. However, all of them did share one 
basic characteristic: they were explicitly practical. The aim of the training of 
the courses and the workshops was invariably not to substitute ‘‘scientific’’ 
training but to create ‘‘plug-and-play’’ (to use the personal computer termi-
nology) users of chromatographic machines as quickly as possible. Thus, in 
the course-material of Perkin- Elmer surviving from its Bodensee course-
center, the material referring to issues concerning chromatographic theory 
is virtually non-existent. Similarly, the (hand) books that were produced by 
the company also focused on the practicality of the apparatus and not the 
underlying principles. 

Furthermore, it was through the active advertising of new machines 
and methodology of these companies that more new chemists and chemi-
stry-related specialists came into contact with the newly available analytical 
technology. Therefore, despite the absence of any means of formal training 
of any kind in the new automated chromatography, the dissemination of 
the technique, the multiplication of its possible applications, and of its prac-
titioners grew in an explosive manner. 

As the noted chromatographists Calvin Giddings and Roy Keller 
(1965) noted in Advances in Chromatography, the “explosive growth” of the 
field had already made it ‘‘difficult for any single individual to maintain a 
coherent view’’ of its progress. Between 1958 and 1963 the specialized Jour-
nal of Chromatography ‘‘swelled’’ from 563 pages to 1,698 pages and ‘‘the 1964 
volumes contained 2,300 pages, an increase of some 300 % over 6 years,’, 
while the 1965 volume was expected to reach 2700 pages. As they continue,  

 
Hais and Macek in their bibliography of paper chromatography covering 
the years 1943-1956 report 10.290 references. A continuation, which covers 
the period 1957-1960, lists 8.300 more. Preston as of October, 1965, pub-
lished about 11,400 cards reporting papers, books, reviews, meetings, etc. 
that have appeared since the inception of the method. (Giddings & Keller, 
p. ix-x) 
 
This “explosive” growth6 of articles, publications, books concerning 

the chromatographic techniques reflected the equally explosive magnifica-

                                                      
6 The term “explosive” has been repeatedly used by practitioners of chromatogra-
phy in personal communications with the author–which may offer us an idea about 
how they perceived the rapidity of the expansion of their field. Quite interesting is 
the fact that chromatographists of different decades were each using the term for 
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tion and generalization of the application of chromatography and the con-
tinuous flow of new recruits to the ranks of chromatography specialists. A 
technique that was initially built for application in the physiological chemi-
stry of the early twentieth century was transformed through mechanization 
into a broad cluster of techniques that could be applied in a variety of sub-
fields of the analytical plateau: in research or in industry, in pharmaceuticals 
or radiochemistry. 

This was the vibrant reality: the specialists of chromatography (and 
around them the specialists of all separation techniques) had their confe-
rences, their journals, funding, companies, unions, and institutions. Re-
search on the improvement of automation of research was a more than va-
lid field and “making the fortune for many people”,7 while the 
chromatography-producers were building up their common identity, narra-
tive, and reproduction mechanisms (Gerontas, 2013). Giving to this identity 
a disciplinary name however, and demarcating it from other identities active 
at the chemistry-related plateau was not that easy – and still it is not fully 
resolved. 

One suggestion came in the form of a claim that there was an inde-
pendent “science of chromatography”. According to this claim (explicitly 
voiced in the title of the Journal of Chromatographic Science since 1963 and nu-
merous publications through the decades up to today), chromatography is 
far more than a technique (or even a cluster of techniques) for chemical 
separations. Instead, chromatography is a scientific discipline, a phenome-
non or a cluster of physical-chemical phenomena with numerous practical 
applications. As such, chromatographic science has chromatography as its 
theoretical epistemic object, while chromatographic applications (instru-
mental or not) have a double function. They are research techniques out-
side chromatographic science per se, and simultaneously the epistemic ob-
jects and the experimental procedures inside the field.  

A competing suggestion was that chromatography, as a cluster of 
techniques, shared more with the other analytical techniques used for 
chemical separation than with anything else. According to this view, as 
mentioned, there are physical-chemical principles which are common and 
underlying for all the mixture separation techniques such as chromatogra-
phy, electrophoresis, distillation, crystallization; etc. Thus, all of these 
should be included in one, unified “science of separation”. This term was 
                                                                                                                       
their decade: so, for Ettre, Giddings and Keller there was an explosion in the 
1960s, for Molnár in the 1970s, for current chromatographists in the biotechnology 
era of the 1980s, etc. If nothing else, that signifies that the “explosion” was a dura-
ble one.  
7 2016 private communication of Jack Gill to the author.  
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significantly more widespread than the “science of chromatography”, as it 
was supported by the existence of a number of journals and academic cur-
ricula after the 1980s. The “science of separation” was also easier to fit into 
the more traditional sense of the discipline. After all, such a separation 
science would at least be reducible to an accepted physical-chemical “theo-
retical” basis. Yet, the term never became catchy enough for such a discip-
line to be fully recognized in the traditional sense.  

On the one hand, this instrumentation science could not be fully 
grounded to theory. A great part of the instrumentation knowledge is never 
reducible to words and remains strictly “praxical” in nature, at least accord-
ing to the meaning given by Heidegger (1954; Ihde, 2009). It is only trans-
ferable in the form of packets of technology: modules and whole instru-
ments. On the other, the organizational structures of the instrumentation 
specialists remained at a pre-academic institutional stage, or a pre-
disciplinary status (Hacking, 1983). 

 
 

Instrumental Processing: Knowledge Production and Materials Dis-
tribution 

As mentioned, the chromatographists were de facto separated into two 
different categories: the chromatography-users, who did not need to have 
deep knowledge of the technology involved to practice chromatography; 
and the chromatography-producers, the research-technologists per se, who 
were the main motors of the development of new instruments, applica-
tions, and solutions. 

For the first category of chromatographists, the technology was ef-
fectively black-boxed. This fact made the reproduction and continuous ex-
pansion of their class an easy matter. No academic curriculum was neces-
sary, no elaborate scientific handbooks and training. The practical training 
at the industrial course-centers, apprenticeships with previous users of the 
machines, coupled with active assistance from the Application Groups of 
the instrument makers were more than enough for the machines to be im-
mediately useful to their buyers. User-friendliness and fast problem solving 
were – for the basic and routine users – significantly more important than 
deep understanding of underlying principles.  

The type of knowledge that came to these consumers and which they 
put to use was largely “praxical” in nature with, however, significant epis-
temic contributions to the outcome of their researches. Instruments effec-
tively altered the world being observed (and the type of observations possi-
ble), creating thus a “different texture of the world” (Baird, 1993, p. 270). 
Practically speaking, the snapshots of reality offered by instruments could 
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be utilized as reality themselves – a radical and revolutionary identification 
in its own right. Since modern science cannot function without viewing the 
world through the technological window, the modern scientist can only 
perceive as objectively real what is represented as such by his or her equip-
ment. Not surprisingly, this new objective reality built by instrumentation is 
highly related to the ability of the modern scientist to imagine reality 
through the instrumentation-generated snapshots of it. That is, the objec-
tive of this reality is easily turned into the mathematically supported prod-
ucts of the subjective of the scientist. As Alfred North Whitehead claimed : 

 
The reason we are on a higher imaginative level is not because we have a 
finer imagination, but because we have better instruments. […] a fresh in-
strument serves the same purpose as foreign travel; it shows things in un-
usual combinations. The gain is more than a mere addition; it is a transfor-
mation. (quoted by Ihde, 2009, p. 46) 
 
Returning to the definition of chemical analysis as the discipline 

which receives and interprets a signal from states of material knowledge, 
chromatographic apparatus did not only alter the sensitivity or the speed of 
separation processes; they gave researchers access to new types of material 
knowledge that could readily be fed onto next-level processes. As we can 
see in the representation of figure 2, if the original mixture (to be separated) 
in a physical equilibrium state is the initial material knowledge of the sepa-
ration process, then the collapse of the equilibrium by the chromatograph 
could be perceived as producing a new type of material knowledge next to 
the signal, which can be further used in the next levels of analysis and/or 
synthesis. Thus, in the analytical process, a chromatograph (of any kind) 
becomes an essential black box: its input being material knowledge, its out-
put the signal (expressed by a chromatogram) and the separated substances 
(new material knowledge).  

The difference between the two types of material knowledge in this 
process could be called the “epistemic contribution” or “epistemic content” 
of the chromatograph – with the chromatograph itself being essentially a 
black-boxed information-producing automaton for its base user. Since the 
epistemic contribution of the machine comes from the destruction of a 
physical equilibrium, it can for any given process be expressed in entropy 
units and/or information units. 
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Figure 2 - The chromatographic process, with the apparatus as a black box  

(Source: picture processed by the author) 
 
 
Next to (and “over”) the basic routine users of the apparatus, how-

ever, was the “higher class” of the producers and the super-users of the 
machines. This group needed a deeper understanding of both the principles 
of chromatography and the technological laws which made the machines 
possible. Since academic pre-graduate training in chromatographic instru-
mentation remained rudimentary well into the 1980s, the training of this 
class was also dependent on apprenticeships and seminars – albeit at a sig-
nificantly higher level. Lineages of research-technology producers appeared, 
great names of the field being the doctoral supervisors of the next genera-
tion of great names and the collaborators both in the academic and indus-
trial sectors of other great names. Quite often, these personal relations 
would also take an “ethnic” and personal character, with lineages of re-
searchers containing an important number of people of the same nationali-
ty, even while extending over different countries or continents. The most 
notable example of this was the “Hungarian School” of chromatography. 
The Hungarian sage of gas chromatography Halász was, in Germany, the 
supervisor of the, also Hungarian, father of HPLC Horváth, who was the 
childhood friend of the Perkin-Elmer senior scientist Ettre. The latter 
played an important role in bringing Horváth to Yale, where he constructed 
the first HPLC. There Horváth and another Hungarian, Molnár (who was 
sent to Yale from Europe by Halász too), developed the solvophobic 
theory of chromatography (Gerontas, 2013).  

If this setting looks pre-disciplinary or a-disciplinary (or even pre-
scientific) in nature, it should be remembered that these are exactly the cha-
racteristics often seen in periods of fast “revolutionary” changes as Hacking 
(1981, 1983) suggests. During these periods traditional institutions are re-
configured, while a number of new groups appear and attempt to carve 
their niche – most probably starting their organization from the traditional 
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“guild” forms and structures. Specifically in analytical chemistry, the intro-
duction of instrumentation brought with it an identity crisis which made 
the setting even more fluid (Baird, 2004, p. 99-103). 

While the formal structuring and recognition of a field of “separation 
science” (or “chromatographic science”) was lacking, mostly because of its 
absence in academic institutions and curricula, this class of chromatograph-
ic instrument producers was really producing new knowledge in the form 
of technological packages and modules. Interestingly, in this process chro-
matographic apparatuses held more than one position, often simultaneous-
ly. Chromatographs were quite often the products of the process, but they 
were also the objects of experimentation; while, also often, the final re-
search products were new applications, physical-chemical parameters, peri-
pherals, and modular adaptations (Gerontas, 2014). What all the products 
shared was the essentially material nature of the knowledge produced, and 
the similar materiality of the knowledge transferred and distributed to the 
consumer class.   

 
 

Conclusion  

Since separation process lies at the basis of any chemical process (be-
ing the first essential step), its automation after the 1950s had crucial effects 
on the overall practice of chemistry. The chromatographic apparatuses – 
initially GC, afterwards HPLC too – played a significant role in the trans-
formations that are usually described by the term “instrumentation revolu-
tion” and stand, even today, at the center of any laboratory (either in their 
initial forms, or as hybrid apparatuses embodying other processes besides 
chromatography).  

Reforming the practice of separation meant the subsequent reforma-
tion of the stratification of the laboratory micro-society and its relation to 
external players. The new laboratory, after the 1960s, was significantly more 
dependent on the logistical and technical support of the instrument makers 
than the laboratory of the past. Furthermore, the distance between mana-
gerial chemists and the laboratory technicians and personnel became more 
pronounced and more significant, socially and economically.  

The new chemist does not only have a psychologically inbuilt dis-
tance from his or her instruments, but also a practical one: while he or she 
is responsible for the management of the laboratory in ways which were 
not necessary in the pre-instrumentation era, there is no longer a need for 
deeper involvement in the experimental procedures and setup per se. A 
great part of these procedures is automated; another great part is computer-
modeled and simulated. The data is presented to the chemist already trans-
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lated and ordered, by both machines and human technicians. Finally, a great 
part of the interpretation of these data can be semi-automated based on 
databases of accumulated knowledge of the past. 

In practice, the introduction of the analytical instrumentation libe-
rated a great amount of “creative force”, while at the same time assisting in 
reinforcing a type of micro-social stratification in the laboratory. As a result, 
highly qualified chemists take managerial roles, occupied primarily with 
planning of research and experimentation. On the other hand, a significant 
part of the work which was once tied to analysis – sample preparation, anal-
ysis per se, statistical processes, basic data interpretation and classification – 
is delegated to computers, students, and technicians.  

For this new laboratory to exist, as we have seen, chromatographic 
apparatus had to be stripped from their theoretical content. Modern ana-
lysts utilizing their instruments for their research cannot always be sure 
about their functions (both in technical principle and in diagnostics). Thus, 
occasionally the act of collecting and processing the data that these instru-
ments supply can be an act of sheer faith on the part of the scientist in-
volved. Not knowing the details of the technology, heavily dependent on 
spare parts and technical assistance from ‘‘outside,’’ the modern scientist 
has been trained to use the high-tech equipment of his or her laboratory, 
but has often not been educated to do so. 

In retrospect, this distancing between practice and academic theory 
had positive effects in the fast innovation, dissemination, and multi-
adaptation of analytical technology, which significantly increased the epis-
temic output of virtually every chemistry-related discipline. Indeed, it could 
probably be argued that the weaker the ‘‘scientific’’ and theoretical back-
ground necessary for the functioning of the chromatographic apparatuses, 
the more effective and broader their application was. Predictably, this wea-
kening of the cognitive element of the chromatographic machines did bring 
a strengthening of the cognitive element of the chemistry-related fields – 
that is, a strengthening of the cognitive element at a higher level of know-
ledge. 

In many ways, chromatography as a case which can be examined 
next to other cases of technological knowledge and dissemination, some of 
them more known and notable due to the more generic character of the 
technology involved (i.e. computer and internet technologies). In these cas-
es, groups of interested technologists (in the case of computers, enthusiasts 
of the Silicon Valley type) side by side with industrial players were the pri-
mary generators of both the knowledge and the translation-transfer 
processes towards a wider public. In those cases, too, we can observe the 
separation between the producers of technology and its consumers, accom-
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panied by a weakening of the cognitive element of these technologies at the 
consumer level. 
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Abstract 
This chapter tackles the question of local knowledge-making in changing scientific and eco-
nomic environments in the field of advanced materials. It relies on a case study at the Uni-
versity of Rennes, in Western France, where the chemistry laboratory of Jacques Lucas 
conducted a program on non-oxide glass materials from the 1960s onwards. The chapter 
aims at explaining how the local production of these “exotic glasses” in Rennes was both 
shaped by a bench culture of solid-state chemistry and international R&D supported by 
the telecommunications industry. This case exhibits how research on materials was orga-
nized by a transatlantic division of labor in the Western world. 
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Résumé 
Ce chapitre aborde la question de la production locale de connaissance dans le domaine des 
matériaux, soumis à un environnement scientifique et économique changeant. Il s’appuie 
sur une étude de cas à l’université de Rennes (France), où le laboratoire de chimie de 
Jacques Lucas a conduit, à partir des années 1960, un programme de recherche sur des 
« verres exotiques », dépourvus d’oxygène. Il vise à expliquer comment la production locale 
de matériaux originaux à Rennes a été façonnée à la fois par la culture de synthèse de la 
chimie du solide et la R&D internationale des télécommunications. Ce cas montre ainsi 
que la recherche sur les matériaux a été organisée dans le monde occidental selon une divi-
sion internationale du travail de part et d’autre de l’Atlantique. 
 
Mots-clés : science et ingénierie des matériaux, chimie du solide, verres, différentiation du 
travail, culture de laboratoire, disciplines scientifiques, R&D des télécommunications. 
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HIS CHAPTER tackles the question of local knowledge-making in 
changing scientific and economic environments in the field of ad-
vanced materials. It relies on a case study around the University of 

Rennes, in Western France. There, a group of chemists from the laboratory 
of Jacques Lucas conducted a program on exotic glass materials from the 
1960s onwards. The chapter aims at explaining how the local production of 
glass materials in Rennes was both shaped by a bench culture of solid-state 
chemistry and an international research and development (R&D)1 envi-
ronment which fostered optical fibers for the building of worldwide tele-
communication networks. This case exhibits how multinational companies 
and national policy-makers organized a Western division of scientific work, 
by relying on local disciplinary opportunities such as Rennes to provide 
brand materials for the booming internet bubble. The techno-economic 
dynamics of telecommunications gather a wide diversity of agents from 
start-up to multinational companies, from academic researchers to financial 
investors, from materials to instruments and theories. 

The historical complexity of such a case can be grasped through 
three types of analytic literature. The first type is the study of scientific 
practices in local contexts, including laboratories, which developed from 
the late 1970s onwards in Sciences and Technology Studies (STS). This 
“practice turn” shifted the attention of scholars from universality to locali-
ty, from explanatory frameworks to descriptive approaches and from the 
articulation of causalities to the mobilization of resources (Merz & Sormani, 
2016, p. 1-9). Second, the case fits what H. Etzkowitz and L. Leydersdoff 
(1997) labeled the “triple-helix of university-industry-government rela-
tions”. Contrary to the “practice turn”, this second STS trend tends to 
over-estimate the global aspect at the expanse of national determinisms and 
local differentiations, as recalled by T. Shinn (2002). Contrary to the first 
two types of literature, the third one, on industrial policies and science poli-

                                                      
1 Here is the list of the acronyms found in the chapter: AT&T (American 
Telephone and Telegraph), CEA (Commissariat à l'Énergie Atomique), CNET 
(Centre National d'Étude des Télécommunications), CGE (Compagnie Générale 
d'Électricité), CNRS (Centre National de la Recherche Scientifique), DGA 
(Direction Générale de l'Armement), GNP (gross national product), MSE 
(materials science and engineering), NATO (North Atlantic Treaty Organization), 
NOGS (Non Oxide Glass Society) NTT (Nippon Telephone and Telegraph), 
OECD (Organization for Economic Co-operation and Development), R&D 
(research and development), STS (science and technology studies), STL (Standard 
Telecommunications Laboratories), UK (United Kingdom), US (United States). 

T 
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cy for innovation and, convincingly elaborates mechanisms for national 
institutions to act, at the expanse of local and global aspects.2 

Thus, none of the three mentioned types of analytic literature pro-
vides a coherent theoretical apparatus that would encompass all the aspects 
of the historical case of Rennes. However, each of them points to one rele-
vant scale of analysis: national administrations for science policy for inno-
vation; specific places such as laboratories or start-ups for the “practical 
turn”; and global networks for the “triple-helix”. By following the glasses of 
Rennes over six decades (1960s-2010s), the chapter successively investigates 
these three scales of knowledge-making. The first part shows how national 
policy-makers shaped different disciplinarities for materials research, which 
organized a division of labor between Europe and the United States during 
the Cold War. The second part analyzes the local reconfiguration of re-
search in Rennes, where the synthesis of non-oxide glasses at the bench and 
their mobilization by the telecommunications industry reshaped the prac-
tices of solid-state chemists towards a hybrid culture. These glasses were 
said to be “exotic” since they deeply differed from the mainstream glasses 
made of silica, a silicon oxide. The third part explores the “elsewhere” 
where bench materials would become brand products: the transnational 
triple-helix devoted to the building of fiber networks in competition with 
satellite communication. The fourth and last part goes back from brand to 
bench in a time of economic crisis to question the cultural changes in the 
knowledge-making of solid-state chemists through their connections with 
the telecommunications industry. The circulation of knowledge, instru-
ments, and materials through the different scales of activity (local, national, 
global) provides a means for scientists to reshape their initial culture 
through the mobilization of economic, political and technological influ-
ences. Thus, the articulation between circulation and differentiation of ma-
terials and scientists can explain the making of knowledge. 

The multi-scale narrative has required the multiplication of 
information sources, which explains the heterogeneity of the corpus: oral 
testimonies of scientists and administrators in materials research and fiber-
optic communication; institutional archives from the laboratory of J. Lucas 
and a professional glass society in Rennes as well as from the Centre 
National de la Recherche Scientifique (CNRS) in Paris; scientific and 
                                                      
2 This is exemplified by the conclusion of an article by Ian Bartle (2002, p. 22-24), 
devoted to the two-decade process of liberalization of electricity and 
telecommunication sectors in Europe: “while national institutions have significantly 
influenced the pace and timing of reform [... it] is the international convergence of 
the norms of competition and privatisation that institutional theories of public 
policy appear particularly weak in explaining.” 
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technological literature, including selected readings and quantitative 
analyses from on-line databases of publications (Science Direct, Web of 
Knowledge) and patents (European Patent Office); secondary literature in 
the domains of history of science and technology, STS, and science policy. 
In spite of its patchwork nature, such an ad hoc corpus is liable to connect 
local specificities to global trends by gathering complementary information. 
On the local side, the epistemological study of knowledge-making is mainly 
extracted from oral archives and scientific articles. On the global side, the 
historical trends of telecommunication would have not been grasped 
without secondary literature. Between local and global approaches, the gap 
is sometimes big since business articles rarely go down to bench materials. 
Quantitative analysis provides a means to bridge the gap in-between. 
 
 
National Policy-Making and the International Division of Labor in 
Materials Research 

Materials research was dependent on national contexts during the 
Cold War. It was framed by different “disciplinary structures” in the West-
ern world with regards to epistemic methods, academic organizations and 
societal functions.3 In the United States (US), advanced materials were giv-
en an important political function in the Cold War. This led to the building 
of a new interdisciplinary entity of materials science and engineering (MSE) 
and to the active support of solid-state physics. In Europe, the field was 
both shaped by industrial and academic dynamics. This favored a balanced, 
although sometimes conflicting, collaboration between solid-state chemists 
and physicists. These differences of “disciplinary structures” between the 
United States and Europe induced an international division of labor in ma-
terials research in the Western world during the second part of the twen-
tieth century. 

 

                                                      
3 This chapter alternatively uses the three complementary ways to consider 
scientific disciplines listed by Rudolf Stichweh (1994, p. 55-56): a set of questions 
and methods, close to the “disciplinary matrix” of Thomas Kuhn (1970); a 
specialized system in interaction with the scientific environment, made of other 
disciplines; a scientific system in interaction with the society at large, including 
different spheres of human activity such as technology, industry, policy, and 
education. 
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ually established in the respective national chemical societies: 1963 for 
Germany, 1976 for France, 1998 for England. In 1978 the first “European 
Conference of Solid-State Chemistry” was organized in Strasbourg (Alsace), 
a symbolic place for the political history of France and Germany. It was 
under the supervision of two well-known professors from each country: 
Paul Hagenmuller (born 1921) from France and Rudolf Hoppe (born 1922) 
from Germany. Three years later, the International Union of Pure and Ap-
plied Chemistry (IUPAC) established its commission on “solid-state chemi-
stry”. Most European solid-state chemists shared the same practices and 
representations of matter. Their “disciplinary matrix”5 was made of three 
elements: high temperature synthesis, making of bulk crystals, and structur-
al analysis by X-ray diffraction. French and German chemists agreed.6 They 
developed “crystallochemistry” as the investigation of the relationship be-
tween synthesis and structure, which allowed the making of original solid 
compounds. It had been renewed by German inorganic chemists in the 
1920s and 1930s (Klemm, 1955). In particular, the research school of Wil-
hem Klemm (1896-1985) in Danzig specialized in the making of series of 
oxide and fluorine crystals by slightly changing the chemical composition 
from one compound to the following in the series. They played around 
with chemical structures like J. S. Bach made musical variations on a theme 
in The Art of Fugue (Hoppe, 1998, p. 178).7 

In Continental Europe, materials research was driven by solid-state 
physics and chemistry, which tended to favor the study of “intrinsic” prop-
erties rather than “extrinsic” ones (Simon, 2005, p. 4). The institutional au-
tonomy of both academic disciplines explained why their approaches dif-
fered from each other. Solid-state physicists, who were more interested in 
the characterization of “purified phenomena”, adopted a global description 
of matter. On the contrary, solid-state chemists, who were more interested 
in making “dirty materials”, preferred to focus on the local arrangement of 

                                                      
5 A disciplinary matrix was defined by Thomas Kuhn (1970) as a set of knowledge, 
methods, values and representations that is shared by a given community of 
research and education at a given time. There is a circularity in this concept since 
the matrix defines the community and vice versa. 
6 According to German chemists’ testimonies, “The typical work for a [solid-state] 
chemist was: 1) synthesis of a new compound, 2) chemical analysis, 3) determina-
tion of the structure, and then publication. Determining the structure represented 
the end-stop.” (Simon, 2005, p. 4). For the French case, see (Teissier, 2010). 
7 Interestingly, a French solid-state chemist who started his career in the 1960s  
also used the musical metaphor to explain crystallochemistry : “Crystallography 
allowed us to play; crystallochemistry allowed us to make the structures sing” 
(Férey, 2010, p. 3). 
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the laboratory level. Over three decades (1949-1982), its number of em-
ployees increased by a factor of 10, from 2,420 technicians and researchers 
to 23,000, and its budget by a factor of 40 (Picard, 1990, p. 214). The 
CNRS missions were to manage its own laboratories on specific research 
and to distribute its employees in university laboratories to strengthen 
French academic research. In 1965-1966, a new category of association 
with the CNRS was created to provide extra funds and means to university 
laboratories with sufficient size and quality. 

This science policy led to the gathering of the five research groups of 
Rennes into one single unit of research and education devoted to “struc-
tures and properties of the matter”. This unit received the CNRS associa-
tion label in 1975 to become the Laboratory of Chemistry and Crystallo-
chemistry of the Elements of Transition (CNRS, 1975). Jacques Prigent was 
the laboratory director. However, each research group kept its autonomy 
under the leadership of a professor: Jean Lang (1927-2014), Dominique 
Weisel, Daniel Grandjean and Jacques Lucas (born in 1937). Each was spe-
cialized in mineral, physical, or crystal chemistry, which contributed to mix-
ing these sub-cultures of chemistry in Prigent’s laboratory. There, two ma-
terials that became known worldwide were produced in the early 1970s. 

First, in Prigent’s group, Marcel Sergeant and his PhD student, Rog-
er Chevrel, investigated crystallochemistry. They learned to synthesize a 
new series of crystals of general formula: MMoNSN+2 (M stood for transi-
tion elements). In 1971, they published an article in French in Journal of Solid 
State Sciences (Chevrel et al., 1971), where they announced the synthesis of 
“new phases of ternary molybdenum sulfides” and their structural analysis 
by X-ray diffraction. The article was read by some researchers at Bell Labs, 
who assumed that these new sulfide structures might have interesting elec-
trical properties (Matricon and Waysand, 1994, 307). The group of Bernd 
Matthias replicated the syntheses and characterized superconducting prop-
erties at very low-temperature, around a few Kelvins, thanks to cryogenic 
electrical devices. They optimized the chemical composition of the different 
phases, by slightly changing the relative quantity of elements, in order to 
increase the critical temperature of superconductivity. They could thus go 
up to 15K, which allowed them to publish in Science in March 1972 the 
“first ternary system” providing “high-temperature superconductors” (Mat-
thias et al., 1972). The Bell Labs group’s approach approximated the MSE 
tetrahedron: optimization (process), phase analysis (structure), supercon-
ductivity (property) in order to increase the temperature of use (perfor-
mance). Solid-state chemists at Rennes, on the contrary, relied on the syn-
thesis of original crystals and their structural analysis. The symbolic gap 
between the Journal of Solid State Sciences and Science revealed the symbolic gap 




































































































































































































































