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PREFACE

THIS book is intended for those students and dyers who
have a good knowledge of general chemistry, and some knowl-
edge of organic chemistry.

The object is to present, briefly, the origin and history
of coal-tar production, and a discussion of the intermediate
products between the coal-tar and the dyes themselves.

The methods of making the dyea are taken up, followed
by a study of the relations of the great classes of dyes, and
also the individual dyes themselves, to one another in the
same class. The development of one color from another by
a change in its composition is explained, and tables showing
the variation of color accompanying change of composition
are include^. The proof of constitution is in many places
given in such detail as to allow the student to comprehend
the bases for the structure of the complex molecules of the
dyes.

The significance of the chromophors and chromogens in
the different classes of dyes is discussed. The use of mordants
and the character of the union between the dyes and animal
and vegetable fibres are also included.

A few manufacturing processes are introduced here and
there in detail, to give clear conceptions of this phase of the
subject. Socie practical experience to assist in compre-
hending the theory of the subject is made possible by a course
of experiments, the performance of which aids in vivifying
this difficult and interesting subject. It is hoped that this
feature of the work will produce a more tangible result than
could otherwise be possible.

The terms sulphonic acid and sulpho acid are used inter-
m
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changeably in indicating those compounds containing the
SO3H group. The author wishes to acknowledge the kindly
and helpful suggestions received from Dr. Arthur C. Langmuir,
Professor John C. Olsen, and Dr. Bernard C. Hesse, in the
preparation of this volume.

Among the many sources drawn upon may be mentioned:
Chemie der organischen Farbstoffe von Dr. R. Nietzski; Tabel-
larische, I'ebersicht der kiinstlichen organischen Farbstoffe von
Schultz uud Julius, also Arthur Green's translation of the same;
A Dictionary of Dyes and Mordants, by Rawson, Gardner and
Laycock; Cain and Thorpe's Synthelic Dyestuffs and Inter-
mediate Products; Chemistry of Dyestuffs by Georgievics.
Practical Methods of Organic Chemistry by Gattermann.
Organic Chemistry by Bernthsen; Organic Chemistry by
Riehter; and Cain's Chemistry of the Diazo Compounds.

IRVING W. FAY.
BROOKLYN, N. Y., December, 1910.
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C O A L - T A R D Y E S

CHAPTER I

INTRODUCTION

ORIGIN OF THE COAL-TAR DYES

THE discovery of the first coal-tar dye was the result of
an accident; one of those happy accidents without which
many of the strides of chemical science could never have
been taken. If an unusually alert mind had not been making
the observations this accident would have passed unrecog-
nized and "the opening of a new department of the science
postponed for no one knows how many years.

In 1856 a young English chemist, W. H. Perkin, was
working as an assistant to the celebrated German chemist
A. W. Hoffman, who at that time held a position in London.
As the Easter vacation of that year approached Hoffman
planned to be away from the laboratory for the holiday.
This leisure time afforded young Perkin opportunity to try
some experiments which had greatly aroused his interest.
He wished to produce synthetically no less a substance
than the valuable alkaloid quinine.

For this purpose he brought together a nitrogenous sub-
stance known as allyl-toluidine, bichromate of potash, and
strong sulphuric acid. The attempt was a failure so far
as obtaining quinine or anything like it, but he noticed that
a colored product had been formed. The most interesting
feature of this work was the quick perception of some possible
value for the new substance. Few chemists would have
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pondered the result, or in the disappointment of the moment
have paid any attention to the unexpected product.

On the contrary, it aroused the curiosity of Perkin to
such a degree that he resolved to investigate the peculiarity
of this strange reaction by using simpler substances. He
then employed in place of allyl-toluidine, the simpler body
known as aniline. This was treated with bichromate of potash
and sulphuric acid. An unpromising black residue was the
only result. Extraction with alcohol however dissolved out
a lilac coloring matter which was later to become the first
commercially successful coal-tar dye.

During the pi^eliminary stages of its purification, Hoffman
returned from his vacation and Perkin showed him the
new dyestuff. As it was not crystalline, and as Hoffman
had a horror of substances that would not crystallize because
of the difficulty in obtaining them in a state of purity, he
advised Perkin to throw it away and have nothing to do with
it. Pcrkin's interest was, however, by this time too thor-
oughly aroused to give it up.

The dye was iinally purified and given the name of mauve,
by which it became familiar in England. Upon the continent
it was known as aniline violet or Pcrkin's violet. It is now
more often called mauveine.

The dye appeared upon the market in the form of an
alcoholic solution. It was too expensive save for the dyeing
of silk for which it was greatly prized by the manufacturers.
At the present time it is used only to a slight extent in the
form of a sulphate called rosolan for bluing white silk and
for printing the English penny postage stamps. (This use
ceased at the end of the last reign.) In this way England
maintained for half a century a unique memorial to her
celebrated chemist, perpetuated even in the remotest corner
of the world wherever its mail service may have penetrated.

Though the mauve never attained a very high "degree of
practical importance, none was ever of so much value in
exciting research for the discovery of other dyes.

Perkin's keen observation and his persistence in develop-
ing his new dyestuff were rewarded both with commercial
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success and with imperishable fame in the scientific world.
He had the rare good fortune to witness for fifty years the
cultivation of this entirely new field of dyestuff chemistry,
wherein the most magnificent scientific results have been
attained and enormous industrial fruits have been reaped by
the utilization of one of the most worthless by-products in
the technical world.

The processes of manufacture were in the early years of
the industry necessarily crude and the products impure.
Nevertheless by these very empirical methods great progress
was made, and research was stimulated to an unwonted
degree.

In the year 1S65, the theoretical side of the science was
enriched by the conception of August Kekule that the
molecule of benzene had the form of a six-sided ring or
hexagon with a single hydrogen attached to each carbon
atom. This extremely important and fruitful idea has given
its author imperishable fame.

From this time, the advances became gradually more
scientific and research could proceed on rational lines. The
chemical activity stimulated by repeated and brilliant
successes in the coal-tar dyes was not wholly confined to
this field, but invaded the domain of the natural colors. Four
years after this, the discovery by Graebe and Liebermann
of the constitution of alizarine, the color principle of the
madder root, used from time immemorial for dyeing the
famous Turkey-red, showed the fruit of the increasingly
scientific character of investigation. This discovery drove
the culture of the madder root out of Europe and replaced
it with a superior product made from the derivatives of
coal-tar.

Twenty years later, 65 tons of a 10 per cent alizarine paste
were produced in Europe each day. With the long continued
manufacture, the price fell from $1.60 per pound in 1S70
for a 10 per cent paste to 20 cents per pound in 1900 for a
20 per cent paste.

A similar fate is about to overtake the cultivation of
indigo in its stronghold in the fields of India. Since the
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oxidation by Nencki in 1S74 of indol to indigo-blue by the
use of ozone, unremitting studies to find its constitution have
been carried on. Adolph Baeyer and his students and
many others have brought out various successful methods
of making indigo from derivatives of coal-tar, some of
which are successful commercial rivals of the natural product.
To such a degree have the synthetical methods progressed
that one German firm in 1900 manufactured as much indigo
of a quality superior to the Indian product as could be
grown upon a quarter of a million acres of ground.

Following the discovery of rosaniline in 1859, dyes of a
great variety of shades were obtained and often of such
extraordinary beauty as to command fabulous prices. In
1874 the magnificent dye, eosin, discovered by Heinrich
Caro, sold for $100 per pound, and on account of its brilliant
dyeings upon silk, it found a demand even at that high
price.

In 1900, the combined production of benzene and toluene
amounted to between 25,000 and 30,000 tons. As these
form about one per cent of the' crude tar, it follows that
3,000,000 tons were subjected to distillation to obtain these
products.

From the early manufacture, of a nature so crude that
during suits, in Paris in the early days, of one manufacturer
against another for infringements of patents neither counsel
nor experts could either dispute or establish the identity of
products made by different oxidizing agents upon the same
raw materials, to the present day, when research is often
able to reveal .the actual structure and how the complex
dye molecule is built up, is a long history of processes which
have been improved by a most persistent and thorough
study, both theoretical and practical, by the celebrated
investigators of the scientific world.



CHAPTER II

COAL-TAR AND ITS PRODUCTS*

W H E N bituminous coal is thoroughly ignited in stoves and
furnaces and a draught of air freely circulates through the
mass, throe principal products are formed: one is water
vapor, a second carbon dioxide, and a third the ash.

If coal be heated equally hot, but inside a long cast-iron
or earthen retort shut off from all contact with the oxygen
of the air, then a great number of products is formed wholly
unlike those resulting from ordinary combustion. This
operation is known as destructive distillation and has been
carried on to an enormous extent in all civilized countries
for the production of illuminating gas.

An estimate made twenty years ago placed the amount of
capital invested in gas works in England alone at $35,000,000.

Four chief products result from the destructive distilla-
tion of bituminous coal as carried on in the gas works: coal-
gas, ammoniacal liquor, coal-tar, and coke. The coal-tar,
once a groat nuisance in the gas industry, is the only substance
obtained from the coal which is of importance to the dye
industry. I t contains more compounds than the other three
products combined.

In the distillation of coal, the tar leaves the hot retort as
a heavy vapor and condenses in the water of the hydraulic
main and in the scrubbers, while the illuminating gas passes
on through another train of purifying apparatus.

The tar itself is a deep black, opaque, syrupy liquid of
unpleasant odor, a little heavier than water and having an
average specific gravity of 1.08 to 1.20. Its black color is
due to finely divided free carbon which varies greatly in the
tar from different works, ranging from 7 to 33 per cent.
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Crude coal-tar is used to some extent for making "tar-
paper," for preserving timber, and coal-tar pitch as a protec-
tive paint for acid pipes and condensing vessels, and furthe]
as a cement in forming certain furnace linings.

The constituents of tar may, according to their chemica
reactions, be divided into three classes: first, the hydrocarbons
second, the phenols, third, the nitrogenous compounds.

The hydrocarbons as the name suggests are composed o
carbon and hydrogen. They are chemically indifferent sub
stances exhibiting neither acid nor alkaline properties. Tlurj
form at the same time the principal and most valuable portioi
of coal-tar. Benzene, toluene, xylene, naphthalene, am
anthracene are the most important of these hydrocarbons.

The second class comprises oxygenated bodies called phenols
they consist of carbon, hydrogen and oxygen. They an
weakly acid bodies and collectively are known as the "ta*
acids.7' They consequently dissolve in a solution of th<
caustic alkalies while they are insoluble in dilute acids. Car
bolic acid or phenol and cresol are the most important of thesi
bodies.

The third class is made up of bodies composed of carbon
hydrogen, and nitrogen. These are of a basic nature an*
dissolve in acids. A large number of individual substance
is comprised in this class, but none in sufficiently large amoun
to render profitable its technical preparation from this source

There remain a number of other substances among whicl
are sulphur, oxygen, and nitrogen derivatives of the hydro
carbons, and carbon disulphide, but those are not isolated
and occur chiefly as impurities in the other classes and serv
to make more tedious their ultimate purification.

The increasing employment of the 0 . W. Hoffman oven
for producing coke, wherein the volatile constituents of t h
coal are saved, augments the total annual product for th«
world which at present cannot be far from 3,000,000 tons
A large part of this is distilled for its various products.
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DISTILLATION OK OOATJ-TA.II

The separation of the constituents of coal-tar depends
upon the selective results of fractional distillation. This
process is based upon the fact that when a, mixture of two
substances having different boiling-points is heated, the one
having the lower boiling-point will be most easily converted
into vapor and escaping from the retort pass most rapidly
over into the distillate. After the greater part of the lower
boiling liquid has passed over, then boiling ceases for a time
until the temperature rises nearly to the boiling point of the
second constituent when the boiling recommences and the
vapor passing over is condensed and collected in a second
receiver.

In practice, if a mixture of absolute alcohol which boils at
78.3° C. and water boiling at 100° 0. were distilled, almost
pure alcohol would pass over first, then a mixture of alcohol
and water, and finally almost pure water. Approximately
complete separation of the mixture would require repeated
distillation. A Savalle still in the case of alcohol will yield
an almost pure alcohol in one or two operations.

The boiling points of the substances in coal-tar vary widely:
benzene boils at S()° 0. and anthracene at 870° 0. It is there-
fore feasible by separating the different fractious, to separate
the constituents effectually. The .first fraction will contain
different compounds from those in the second; the second
different from those in the third, and so on.

The process of distillation is carried on in enormous
vertical cylindrical retorts often capable of containing 35 tons
of tar for a single operation. The bottom of the still is
concave upward, allowing the heat to penetrate the mass of
tar and protected from direct flames by a curtain or arch
of bricks. This prevents the overheating of the residuum
and the burning on of a layer of coke upon the bottom of the
still. The still is entirely enclosed iu brick walls to prevent
radiation and to form passages so that flames may pass
around and half way up the vertical height of the still before
escaping to the Hue.


