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Abstract
The present research analyzes the development of Graphics representation applied to
chemical engineering through the years.
This evolution throughout history is not due to the influence of a single discipline, but it was
due to a variety of them, all in the field of Chemistry.
This research starts since antiquity, going through the Renaissance, the industrial revolution
until the new Century, showing the Graphics representation of specific drawings of the
chemical engineering throughout history until the last progress of CAD systems.
This research highlights the influence of chemistry in the history through the graphical
expression in the first prehistoric paintings, through representation used in Greek alchemy,
reaching the new Century with the development of new standards in order to reach a fine
interpretation of complex drawings such as petrochemical structures.
Chemistry in its development, has been partly linked to the graphical drawing, the compounds
are represented by graphics symbols, creating an universal language allowing
Communications regardless of language.
Now, CAD Systems have improved the design and further development of chemical
industries, with complexity in the number of components and auxiliary Systems have led to
the development of more specific CAD Systems that helped the design task of Chemical
Engineering.

1 Introduction
One way of defining the identity of a discipline is to
analyze its development throughout history. Rather than
presenting a detailed development of the evolution of
graphic representation, I will give a brief overview that will
help us understand how its relationship with chemical
engineering has developed with time.
Graphic representation with geometry has been known
for centuries. In fact, ancient mathematicians,
philosophers and geometrists such as Euclid and
Pythagoras developed a large number of theorems to
which modern geometry continually refers.
On the other hand, the term “chemical engineering” is
much more recent. According to Arthur D. Little (1915),
due to the growing number and complexity of the
problems rising with the expansion of chemical industries,
a new branch of engineering began to be recognized that
would eventually be called “chemical engineering”,
separate from mechanical and civil engineering.

1.1

pigments aggregated with animal fat. The most commonly
used colors were ochre from iron oxides, purple from
manganese oxide, and black, mainly from plant carbon.
Cavemen would be astonished by the modern field of
chemical engineering and the world of color, which they
only used as an expression process.
Figures were drawn with different techniques,
highlighting continuous linear tracing (serpentine lines).
They also frequently used the highlights of the rocks or
other natural formations to accentuate the representation
of certain figures. Paint and tracing were applied with the
fingers or by blowing it on the wall with bones. Engravings
were made with chisels. Other techniques, including
indentations on soft surfaces such as clay, were also
used. Rock paintings attest to the intimate relationship
between graphic representation and chemistry (Fig. 1).

From Antiquity to Renaissance

The most primitive drawings are from the upper
Paleolithic (40,000-110,000 years ago). These rock
paintings reflect man’s ability to obtain pigments (Fig. 1)
and apply them to different natural materials, even mixing
them in somewhat more sophisticated processes. Many
of these drawings still remain.
The influence of chemistry in the history of humanity
through graphic representation is manifested by the first
prehistoric paintings. An example of the contents of the
paint used by these ancient artists is natural powder
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During the time of the Greeks, references to practical
chemistry were scarce, and the attention in this period
was focused on establishing a general science of matter
through natural philosophy.

Fig. 3 Mural painting, detail of Iby Thebes tomb. nº36 XXXVI
664-425 BC. Cane blowing [1].

Fig. 1 Graphic representation from the Upper Paleolithic.
Couple stone. Jimena de la Frontera. Cadiz. Symmetry
application.

In the Neolithic, between 5,000 and 3,500 B.C.,
ceramic objects were made by warming clay and were
decorated with geometric shapes as ornaments. This
process is a clear prehistoric example of chemical activity
that has developed into its own industry within chemical
engineering (the ceramics industry).
However, it is in the following period when graphic
representations of technical characteristics rise from
Mesopotamia. The remains of the development of graphic
techniques have reached us in the form of engravings on
clay or stone tablets. They reveal basic knowledge of
plane geometry, such as the division of circumference
into three hundred and sixty parts, regular polygons and
measurement of simple shapes. From this period, we
have the oldest layout plan, which is that of the city of
Nippur (Fig. 2).

Greek geometry evolved through a series of
successive schools. Philosophers from the Ionic school,
specifically Thales of Miletus, the geometrist and
astronomer, were the first to prove the fundamental
geometric statements and introduced the general idea of
the beginning of the universe and of the existence of
primitive matter. Later, it was Pythagoras and his school
who established a great number of theorems, presented
by Euclid in the third century B.C.
Euclid (300 B.C) is without a doubt the most famous
mathematician of antiquity. He wrote “Elements”, in which
he compiled, ordered and argued about the geometricmathematical concepts of his time.
With the school of Alexandria, geometry studies were
developed, establishing theoretical bases and their
justification by graphic constructions with a rule and
compass.
In regard to Greek alchemy, the most important figure
is Zosimus, who, at the beginning of the fourth century
A.D., left the best graphic references of the alchemy of
this period (Fig. 4). These graphic representations include
several laboratory techniques, representing the basic
schemes of simple setups that can be considered as the
first representations of graphic engineering applied to
chemistry. Zosimus is also probably responsible for the
origin of the word “chemistry” (Fig. 5).

Fig. 2 Layout plan of the city of Nippur on a tablet [2].

In the Egyptian ostraca of the New Empire period,
drawings on tablets were then reproduced on the crypt
walls.
Some of these graphic representations show the
beginning of the glass industry (Fig. 3), which was
important in the time of the Egyptians, who were already
using the cane-blowing technique.
Later, it was the Greeks who established the scientific
foundation of what we now know as geometry. However,
the Greeks thought of geometry in terms of theoretical
abstractions, and it was the Romans that later applied
these concepts to their large architectural and
engineering works.
June 15th – 17th, 2011, Venice, Italy

Fig. 4 Graphic representation of a distillation apparatus
made by Zosimus and other Greek alchemists. History of
science and technique. [3].
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Fig. 5 Graphic representation of Egyptian craftsmen
ashing, melting, and weighing gold.

The fall of the Roman Empire gave rise to the Middle
Ages, which is usually perceived as a period of scientific
and technological dearth. However, this stagnation is only
superficial. For example, let us consider the important
architectural achievement of the building of cathedrals. To
achieve these results, the masters and craftsmen of the
time had to use rules and drawing methods. If those
writings have not survived to the present day, it is due to
the professional secrecy that prevailed during the time, in
which information was only transferred to apprentices or
within the guilds.
In regard to the evolution of chemistry during the
Middle Ages, there were great efforts to know and control
the material elements that make up the physical world.
Determining the originating elements that make up all
things and establishing their characteristics, properties
and ways of manipulating them are the primordial tasks
that lead to the effective control of nature. These
empirical steps progressed slowly but steadily with results
that were considered magical. The concept of the
Philosopher’s Stone first appeared during this period.
Until the eighth century, Aristotle’s theory of the four
elements (Fig. 6) that constituted matter remained. These
elements were called Peripatetic Elements and were the
foundation of theoretical chemistry during this lengthy
period.
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1.2.1 Evolution of Chemistry in the Renaissance
and its connection to Graphic Representation
Regarding the development of chemistry, we highlight
Paracelsus (1493-1541), who was the creator of
iatrochemistry, which can be summed up in the basic idea
that “psychologic and pathologic phenomena are based
on chemical reactions” with a very modern approach that
is in some sense related to the biochemistry of today.
Paracelsus embraces the four elements from Aristotle
and adds three alchemy elements: sulfur, mercury and
salt. He deemed that these three principles were present
in the animal, plant and mineral kingdoms, although in
different proportions.

Fig. 7 Representation in exploded perspective of a sulfur-
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pivotal event in human history and science took place. In
1450, the printing press was invented, which marked a
profound revolution in all fields because of all the
possibilities it opened for broadcasting knowledge through
printed text. It is during this period that the geometric
principles of perspective were developed by Giotto (12671337), Filippo Brunelleschi (1377-1446), etc.

AIR

Fig. 6 Graphic representation of the four elements of

sublimation setup. Geber Smith exhibition. Venice 1544 [4].

Paracelsus’ iatrochemistry was founded on the idea
that chemical knowledge could only be achieved through
inspiration. Andreas Libavius (1540-1616) began to
change these ideas. Although he picked up many theories
from Paracelsus, he maintained that chemistry could be
taught like other disciplines provided that its contents
were organized, implying three fundamental aspects in
which Graphic Representation can be involved:

Empedocles. Cohesion principle [5].

Greek alchemists extended throughout the East,
reaching the Arabs, who already possessed many
techniques and much knowledge that had been obtained
from China and India. Arab alchemy spread from the
seventh to the thirteenth centuries. Djabir Ibn Ajan (eight
century) stands out in this period and is attributed with
authoring many writings in which he develops important
techniques used today in chemical engineering describing
basic laboratory processes, such as distillation, plant-oil
extraction and alkali washing.

-

Classification of the techniques and laboratory
experiments, including the careful description of
apparatus, which indirectly implies its graphic
representation in the majority of cases (Fig. 7).
Development of handbooks with simple and clear
procedures.
Creation of a systematic and standardized language
(STANDARD) of chemical substances so that their
names are not confusing or wrong and to allow easy
identification of the substances.

1.2
The Renaissance. Development of the
Representation Systems
In the middle of the fifteenth century, in 1453, historians
mark the beginning of the Modern Age. During this time, a
June 15th – 17th, 2011, Venice, Italy
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1.3

The Industrial Revolution

After the Renaissance, the Industrial Revolution began
with the invention of the steam engine in 1769. As a
consequence, greater specialization led to the complete
separation of technical and artistic drawing.
The notable advances in graphic-representation
methods in the sixteenth century were momentarily
stopped in the seventeenth century and a large part of the
eighteenth century. It was not until the second half of the
eighteenth century that the true enlightenment of
descriptive geometry was developed with abstract
mathematics.

Fig. 8 Laboratory apparatus drawn by Lemery in his Cours
de Chimie. 1675 [6].

It was Libavius who wrote the first chemistry manual,
Alchemia (1597), of great transcendence afterward, as a
didactical discipline. Many other handbooks were written,
and others were translated to other languages such as
Latin, such as that written by Frenchman Nicolás Lemery
(1645-1715), Cours de Chimie (1675), which became the
traditional manual for teaching chemistry for a long time. It
shows free perspectives of the drawings that were
featured in the manuals of that time (Fig. 8-9)
Jean Baptiste van Helmont (1577-1644) marked the
start of a new experimental methodology that favored
meticulous control of operations and the performance of
quantitative measurements in chemistry laboratories, thus
requiring standardized apparatus design.
Robert Boyle (1627-1691) and Isaac Newton (16421727) stand out at the end of this period because of their
corpuscular theory, acid-base theory, and the study of the
gases. The development of these ideas can be attributed
to their great critical skills, attention to detail and the care
applied in all of their experiments.
Newton made important contributions to chemistry;
however, his capital contribution corresponds to his work
as a physicist and mathematician.

1.3.1 The Industrial Revolution. Influence on the
Evolution of chemistry
With the Industrial Revolution came great chemical
discoveries and studies that required representation and
transfer, especially with respect to their design. It is here
that graphic representation gained great importance.
Graphic representations became more evolved in other
industrial and construction activities, while that in
chemistry lagged behind.

Fig. 10 Graphic representation of the apparatus used by
Hales to recover gases.

Fig. 9 Graphic representation of the laboratory and
furnaces. Joannis Conradi Barchusen. 1698. [7]

June 15th – 17th, 2011, Venice, Italy

Lavoisier is considered to be the father of modern
chemistry. His first works were on the distillation of water,
which highlight apparatus for the measurement of gases
(Fig. 10).
He also carried out works on metal, air and water
composition. In 1789, he started a journal focused on
chemistry, called “Annales de Chimie”, where the latest
chemical advances would be recorded. Lavoisier
disproved phlogiston theory and replaced it with oxidation
theory. This turn of traditional ideas in chemistry created a
need a nomenclature revision.
Similar to other sciences, greater research and
evolution in chemistry required the creation of a
standardization that allowed understanding between
technical specialists. Therefore, graphic representations
of
the
elements
arose
(Fig.
11).
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Fig. 12 Chemical graphic symbols proposed in Méthode de
nomenclature chimique, designed by Jean Henri
Hassenfratz.

Fig. 11 Chemical graphic symbols of ancient Greek
manuscripts from the tenth century.

Linnaeus systematized the terminology of biology,
especially botany and zoology, but not chemistry, and
thus a substance could have different names depending
on its origin, leading to a complicated, confusing and
particularistic language. Therefore, Lavoisier and some of
his
collaborators
systematized
the
chemical
nomenclature. Years later, in 1794, Dalton, the father of
modern atomic theory, introduced great changes in the
new nomenclature, aiming to simplify the expression of a
chemical reaction to allow its rapid visualization.
However, it was not until 1869 that elements were named
and classified in Mendeleev’s Periodic Table, the basis of
the current periodic table.
Chemistry has been partially linked to graphic
representation in its development. Compounds are
represented with graphic symbols, creating a universal
language that allows communication independent of the
language of each researcher (Fig. 12-13-14).
It is at the end of this period when the differentiation
between organic, inorganic, analytical and physical
chemistry
began.

Fig.13 Graphic-representation models in different systems
of crystallization and the industrial preparation of alum [8].

Fig. 14 Graphic representation of the industrial facilities for
the preparation of ammonia. Nineteenth century [8].

With respect to its evolution in relation to graphic
representation, chemistry has followed an exponential
curve. With the increase in the size of industries, chemical
engineers must relate to these installations through
graphic documents and make new designs and translate
them into technical layout plans and other graphic
technical documents that facilitate the work. As has been
observed in a sample of different figures in this chapter,
graphic representation has been strongly linked to
chemistry as a way of showing apparatus, processes or
industries with which matter was transformed. Initially, like
June 15th – 17th, 2011, Venice, Italy
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in other engineering fields, the designs were not subject
to specific representation rules. However, with the
development of the discipline, criteria have been unified.
CAD systems have improved and facilitated the design
and development of industrial chemical facilities that,
given the complexity in the number of elements and
auxiliary systems, have fostered the development of
much more specific CAD systems that make the chemical
engineer’s design task easier.

Fig. 17 Representation of different types of stills in
Macquer’s work, 1788 [11].

Fig. 15 Representation of the materials used in Lavoisier’s
decantation experiments, 1798. [9]

.

Fig. 16 Current representation of laboratory glassware from

Fig. 18 Graphic representation of current distillation

the Ace Glass company, 2001. [10]

glassware from the Ace Glass company, 2001 [10].

Figures 15-18 show the representation inertia and the
lack of rules to which we referred.
It should be noted that the images shown in this part of
the work have a great pictorial character, evidence of the
current state of graphic representation in chemical
engineering.

1.4

Current State of Graphic Representation

1.4.1

Standardization

As indicated previously, another fundamental pillar of
graphic representation has been standardization. The
influence of standardization in drawing was established
June 15th – 17th, 2011, Venice, Italy
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when the conventions to simplify tracing and to give
universal value to interpretation were set to make it easier
to read layout plans and to minimize misinterpretation by
those reading them, independent of the drawer.
In 1926, the ISA (International Standardizing
Association) was created with the participation of the
national committees of Germany, France, England,
Belgium and the U.S.A. This association disappeared
during the Second World War, resurfacing in 1946 as the
ISO (International Standardizing Organization).

CAD systems have improved and eased the design
and development of industrial chemical installations,
which, given their complexity in the number of elements
and auxiliary systems, have fostered the development of
much more specific CAD systems that ease the chemical
engineer’s designing task.
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2 Conclusions
The development of chemical engineering has been
partially linked to graphic representation. Chemical
compounds have been represented with graphic symbols,
creating a universal language that allows communication
independent of language. Graphic representation is
strongly linked to chemistry as a way of showing
equipment, processes or industries with which matter is
transformed. Initially, as in other engineering fields, the
designs were not subject to the specific rules of
representation. However, as the field develops, criteria
are being unified.
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