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HE vast domain of chemistry is now divided into a number

of fields, worked by different men, and according to
methods differing widely from each other. It has not always
been so. Berzelius, Dumas, Liebig, and some of the minor
stars shining at the same time as these great luminaries, com-
bined the mastery and leadership in inorganic and organic
chemistry as a pure science, with applied chemistry in all its.
branches. In no case, perhaps, has this widely embracing
spirit been more clearly exhibited than in that of Liebig. I will
not dwell for a moment upon his immortal achievements in pure
chemistry; these are, after all, the central tower of the vast
building which he has reared, and they form the foremost title
to his being classed as the greatest of all the chemical giants
our century has produced. But hardly, if at all, inferior to this
are his achievements in applied chemistry. Need I remind my
hearers where Liebig found those two imensely important
fields, agricultural and physiological chemistry, and where he
left them? His merits with respect of industrial chemistry are
perhaps less generally known and appreciated, but they are also
sufficlent to warrant the assertion that during the first half of
this century no teacher of chemistry, except, perhaps Dumas,
occupied so high a place in technical matters, and was more

1Read before the World s Congress of Chemists, August 26, 1893.



482 EDUCATION OF INDUSTRIAL CHEMISTS.

frequently appealed to for assistance and enlightenment by
chemical manufacturers than Liebig. It was probably not a
niere accident that one of the very first men who occupied a
chair entirely devoted to technological chemistry in its stricter
sense, Friedrich Knapp, was Liebig's brother-in-daw. It will
not be disputed that the teachers of industrial chemistry of this
dayv, if they look for their spiritual ancestors of half a century
ago, can find hardly any men of mark who were at that thne
mere specialists in techinology, but they must and can lay claim
to being the humble successors of those grand heroes of pure
science of whom I have spoken at the outset. and who have
combined excellence in theoretical and in applied chemistry.

It is very different to-day. Hardly one of the men whom we
are now proud of revering as our leaders in pure scieuce, is in-
timately counected with industrial chemistry. The last of the
great nmen of whom that could have been said, August Wilhelm
Hofinann, has passed away from us; and he had about thirty
vears ago ceased to be productive in that specialty. Of course,
a good many other first-class theoretical cheinists have sone con-
nection with industrial pursuits; some of them have even taken
out patents, aud devote part of their time to the ‘' business’’ ele.
ment of applied chemistry. But no one of them occupies himself
with teaching industrial chemistry, or working, or writing in that
field ; and few of them have any extended knowledge or interest
in that domain. Industrial chemistry in that respect is exactly
on the sante ground as pharmaceutical, or agricultural, or
physiological chemistry. All of them have branched out too far
and have becomie too closely intertwined with other sciences to
be embraced by the same men whose life-work lies in pure
chemistry; all the less as the latter have been compelled long
ago to parcel up their own field among various workers. It is
now quite an exception for the same man to pursue more than
one of these three directions: General and physical, inorganic
and analytical, and organic chemistry. Nay, the time seems
near at hand when the organic chemists will be divided into
fatty, aromatic, and pyridine chemists, and perhaps some further
shades. It is, of course, indispensable for every chemist to be
acquainted with all the branches of his profession, and for the
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elementary grades even the teaching of those various branches
may be and generally is still left in a single hand. But the
creative work is now distributed among quite a number of classes
of chemists ; and in the highest grades the teaching must be simi-
larly divided among specialists. -Thus at the Zurich Polytech-
nic School there are four full professors for the various depart-
ments of pure and applied chemistry, with four assistant pro-
fessors, and a fifth chair has just been founded.

Since industrial chemistry has become an entirely distinct
department of science, and since the instruction therein has
naturally been entrusted to separate teachers, it is immportant,
both to those who intend to study industrial chenistry as a pro-
fession, and to those who have to employ the men educated for
that pursuit, that it should be taught in the best possible man-
ner. This is so self-evident that it sounds’almost like a common-
place to speak of it; and yet it is far more difficult than it looks.
Whilst the teaching of pure chemistry is carried on very much
the same lines all'over the world, it is certainly not a settled
question how chemical technology is to be taught, and great
differences of opinion exist in that respect, among the leaders
in that branch of science, the governing boards of technical
schools, and the practical manufacturers who look for the best
possible preparation of their employees.

A few years ago public discussions on the best way of educat-
ing young men for the profession of technical chemists took
place very extensively, both in Germany and England. The
societies of chemical industry in both countries, a number of
private gentlemen, and in Prussia even the State Departnient of
Education took part in those discussions. I myself have borne a
good share in them, and whilst standing up for what both ex-
perience and common sense induced me to maintain, I have
given due weight to the arguments brought forward from other
sides. I have also had a good opportunity of carrying out at
least a good portion of those views which I then felt bound to
take, in one of the most flourishing centers of technical instruc-
tion. As far as I can judge, only a faint echo of those discus-
sions has reached the country in which I have now the honor
of speaking. But it cannot be indifferent to this great nation
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how its young men are to be fitted out for carrving ou the pur-
suit of technical chemistry. Indeed. metallurgy, assuredly one
of the greatest American industries, is nothing but a special
case of technical chemistry, and any remarks made upon the
latter apply to a great extent also to the former: but my theme
1s too large to take notice of the special requirements for the
instruction in metallurgy to-day.

I hope, therefore, to be excused, if I touch briefly on the main
points of these discussions on the education of technical chemists,
so far as they may seem to possess interest for this country. [
shall confine my remarks exclusively to the highest class of
teaching, such as is practised at universities and polytechnic
schools; both because time would not permit me to discuss the
lower grade schools as well, most useful though these are in
their way, and because I do not possess the necessary personal
experience and competence for dealing with that part of the
subject.

Before entering upon the course of instruction to be followed
at the colleges themselves, we must necessarily look to the foun.
dation of that edifice; that is the previous training of the young
men who are to enter a college of which technical chemistry
forins one of the principal branches. I am not sufficiently ac-
quainted with the various classes of schools existing in this
country to tread upon this ground; but so many of my hearers
have been in Europe, or at least know European institutions,
that I may take it for granted that I shall be understood when
speaking of the various systems prevailing in Europe. I shall
venture even further, by speaking chiefly of the German and
Swiss schools, which are generally acknowledged as being
among the best of their kind.

In these countries two systems of education are found side by
side, and often in tacit or outspoken opposition to each other,
v7z., the classical or huinanistic, and the modern or realistic sys-
tem. The former, as embodied by the German gymnasieu, the
English grammar schools, and the French Lycées, builds up the
whole of education on the foundation of Latin and Greek,
devoting but little time to modern languages, including the
mother tongue, about as much to mathematics, and very little
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indeed to natural sciences. Youths brought up under this sys-
tem have very frequently turned out splendid men in all walks
of life, and many savants of the first order have sprung from
such classical schools. The devotees of this system are not tired
of repeating, with *hat dogmatic tone fostered by itself, that
higher mental culture cannot be brought about by any other
means. A man, they say, who knows Latin and Greek, or who
at least has known something of these languages at a former
period of his life, has thereby trained his mind in such a wise
that it is open to receive knowledge of all kinds, whether philo-
logical, or historical, or mathematical, or belonging to the
realm of natural science. But they go much further; they
boldly say that nothing but this classical training enables a man
to thoroughly grasp even the inductive sciences in their highest
ramifications. Others may grub about in the lower regions;
they may do useful work in chemical analysis, in collecting
plants or beetles, or stones, and the like; but the fundamental
discoveries, the grand generalizations, all the higher attainments
in science are reserved for those who have drunk from the
fountain of classical studies. Nor are the men who speak in
this way shaken in their belief, which with them amounts to a
dogma, by the hard fact that many men of the highest order, of
whom I will only mention Faraday and Liebig, do not conform
to the rule of the exclusively saving power of classical education.

In this practical country such views are probably very rarely
met with, and inany of my hearers may think that any discus-
sion about them is like fighting with shadows. But in Europe,
at all events, they are realities. Men like Hofmann and Dubois
Reymond (of whom the second later on withdrew from that posi-
tion) have pronounced in their favor, and probably the majority of
German university professors still adhere to thein, more or less
outspokenly. Up to this moment in Germany the majority of
those entering college for the purpose of devoting themselves to
the study of pure science, and all those who enter for medicine,
come from the classical gymnasien, where Latin and Greek
are the central pillars of education; even for the polytechnic
schools the classical gymnasien enjoy the same privileges as the
realschulen, where only Latin or no classical language at all is
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taught, but in lieu of that far more of modern languages. of
mathematics, chemistry, physics, drawing and so forth. It will
be perceived from this that in Europe it is 10t yet a waste of
time and energy to stand up publicly for the conviction that the
classical languages, so far from being helpful in the pursuit of
scientific and especially technical studies. are most decidedly
Injurious to it, both directly and indirectly, by blocking the way
for other matters of far greater importance. I speak feelingly
on this point, for I received a thorough Latin and Greek educa-
tion, and my original intention was to devote myself to the study
of the science of language. I cauuot, therefore. be upbraided
with talking about matters of which I know as much as a blind
man of colors, when discoursing on the value of a training in
the classical languages, which I have loved dearly, and in which
I have worked with far more than the ordinary zeal of a col-
legian. But I am bound to say. as a chemist, that I have
bought my whistle far to dear. It would not be becoming, if I
went any further into personal matters, but thousands are in mv
position, and most of them will, like myself, say that, if we have
done our little share in sonie theoretical or practical branch of
natural science, it has most assuredly not been in counsequence,
but in spite of our classical training, which taught us to esteem
words more highly than things, and book-learning as the only
kind of knowledge worthy of a noble and really cultivated mind.

I have come to the conclusion that, taking men as they are,
and looking at the fact that only a small minority are able to
give an unlimited amount of time to their preparation for practi-
cal life, those who intend to embark in the career of natural
science, in medicine, or in any technical line, ought to content
themselves with only one classical language, that is practically
with Latin, although somme well-meaning enthusiasts would in
this case plead for Greck. In iy opinion a man may get on
perfectly well in every one of the branches named before with-
out knowing even Latin, and I make bold to say, he may also
acquire a mental education as deep and real as that generally
approached through the classical languages; but in Europe, at
all events for the present generation, a knowledge of Latin is
still desirable for those who move in the higher spheres of
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society, whilst it is the mmerest sham to pretend that there exists
in those circles, with trifling exceptions, more than a faint
reniembrance of the Greek with which they painfully struggled
in their earlier years. The whole of the time given to Greek,
and a good deal of that spent on Latin in the gymnasien, is in
the realschulen devoted to modern languages, to mathematics,
to natural science and to drawing, which subjects in my firm
belief are not merely more useful for all practical purposes, but
which form the youthful mnind in a far healthier mould than the
one-sided pursuit of classical studies.

I am afraid I have; after all, dwelt too long on the chapter of
preparatory education, as I am speaking in a country where the
immense prestige enjoyed by the classical languages in the
greater part of Europe does not exist, and where the opinions
which I have stood up for are taken for granted without any
discussion. Let us, therefore, now enter upon our proper field,
the special studies to be pursued at a university or technical col-
lege by those who mean to devote themselves to industrial
chemistry.

It will be granted on all sides that at this time of day no tech-
nical chemist is worthy of that name who does not possess a
sound and thorough knowledge of general chemistry. The
time is past when the rule of thumb was paramount; when
most factory managers recruited themselves from the ranks of
‘‘practical '’ men, understanding thereby mechanics, manual
laborers, or business men, who looked down upon the chemist—
if such a person was at all attached to'the works—as a testing
machine, to be kept in his proper place and to be mistrusted,
whenever he ventured for a moment beyond the hole which was
by courtesy styled the ‘‘laboratory.”” Nor were these ‘‘ practi-
cal nien”’ altogether wrong in their estimation of the ‘‘ chemists’’
they came in contact with; for the majority of those chemists
had started as bottle washers to a ‘‘chemist’’ similarly edu-
cated, and had at best acquired some smattering of chewmistry
at a night school or the like. These men were often qualified
by natural quickness of intellect or by a practical turn of mind
for better things, but science could not lead them on, for of that
they were really almost innocent. ‘T'his sort of works’ chemists
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lowered the standing of the whole profession. FEven many so-
called ‘‘analytical chemists’’ were only brought up to this pro-
fession as apprentices, as to an ordinary handicraft, and these
were only a step or two wore advanced in science than those who
had commenced with the bottle-washing department. This
state of things is not so far removed from the present time as
sonie of my hearers may think. Thirty years ago, when I trans-
ferred my abode from Germany to England. I found it to a
great extent prevailing in the latter country, and it was not
altogetlier unkunown in the former. Even then many scientifi-
cally educated chemists had been turned out, chiefly by the Ger-
man laboratories; but they had mostly to accept positions and
salaries corresponding to the low estimation in which the pro-
fession of chemistry was then held at most chemical works.

The time I mention, saw, however, the commencement of a
better era. Just about that epoch the new industry of coal-tar
colors, which had commenced with the discovery of Perkin's
mauve in 1836, began to assuine larger and larger proportions.
It had becomne abundantly clear that that industry could be car-
ried on and extended by none but scientifically trained chemists;
more than that, it soon became apparent that an elementary
knowledge of chemistry, such as had heen thought quite suf-
ficient for practical purposes, would not do here; that chemists
were required conversant with every recess of their science, and
trained 1ot merely to receive what others had discovered, but to
think independently, to strike out new ways, and to enlarge the
domain of science. Men really capable of doing this found an
abundant field at the color works, and naturally a demand for
good chemists sprung up which was soon overtaken by the un-
remitting supply flowing from about thirty German and Swiss
universities and polytechnic schools. The men who could not
find places in the coal tar industry overflowed into other domains
of manufacturing chemistry, and soon enough it was found that
nien of that stamp were after all far more valuable than the old
‘*testing slaves,”” as they were sometimes ironically called.
The operations of manufacturing chemistry in most of its
branches assumed quite a different face under the light shed
upon them by science, which transformed them from a string of
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merely empirical rules into a carefully elaborated and constant-
ly checked system. The difference, both in the quality of the
articles and the quantitative yields between our time and thirty
years ago, is simply narvellous in many branches of manufactur.
ing chemistry, and nobody dreams of denying that this has
been brought about by the firin hold science has now got over
that industry.

There is no more 1eed of preaching nowadays that a devotee
of techuical chemistry must be a good scientific chemist to
begin with. True, not every student needs or will penetrate
to the more profound depths of science; but so much is uni-
versally granted that during his college career he must enjoy
the fullest opportunity for this, and that consequently not mere-
ly the universities, but the polytechnic schools, and other in-
stitutions of the same character, as they exist in this country
under various names, nust be furnished with first-class teachers
and first-class laboratories for general chemistry. Nor can
there be the slighest doubt that a good knowledge of physics,
mathematics, mineralogy, and geology should be acquired by a
technical chemist, not, of course, to the same extent as chem-
istry itself, but still in a sound manner, not as amateur work.
The biological disciplines will never be wanting at such insti-
tutions, and a knowledge of them is certainly useful and becom-
ing for every educated man, let alone a man of science, but it
would be an exaggeration to say that they are indispensable to
a technical chemist as such, and they are often entirely left out
in his curriculum.

Strange to say, here many students and even many institu-
tions stop. The young men leave college, well grounded in
chemistry and the allied sciences, but entirely or at least almost
entirely ignorant of technology, of mechanical engineering, and
of mechanical drawing. This is the case at all German and at
most other universities, from which we must here carefully
separate the polytechnic schools, and at a number of special
colleges of chemistry. Although at some of these institutions
some little time is given to technology, it is so little that the
results of teaching it are almost nil.

What that means, nobody knows better than I. My college
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studies fell in a time when the polytechnic schools were still
comparatively in their infancy, and although I had from the
first intended to devote myself to industrial chemistry, I thought
it most natural for that purpose, when I had finished the gym-
nasium in 1356, to go to a university, from which T came away
without any knowledge of mechanical drawing, of engineering,
or of chemical teclinology, apart froin sonie meager allusions to
it in the general chemical lectures. Iven now, more than
thirty-seven years after that time, hundreds of young men enter
upon the same career in the same way. Those of them who
either turn over to pure chemistry (whose number must always
be very small) or who are lucky enough to find entrance in the
scientific laboratory of a color works, or else who are content to
be confined for ever in the laboratory of another kind of chemi-
cal works, without a chance of rising to the management, will
have done quite right in having carried on their studies at a
university. But those who ever mean to rise to the position of
superintendent, and to get to practical manufacturing work as
soon as possible, will meet with the samme difficulties I did.
They will soonn become conscious of their utter ignorance of the
means by which manufacturing processes are carried out on the
large scale; they will be constantly put to shame by men or
even youths of infinitely less learning, but familiar with the
working process; they will commit blunder after blunder wlen
left to themselves, and still worse ones when they try to realize
improvements which they have conceived, and which may pos-
sibly be quite right in principle; they will not even be able to
express what they want to an engineer or furnace builder, since
they cannot make or even properly understand technical draw-
ings. Some men, when thus thrown upon their cwn resources,
by dint of natural ability and by long and painful labor, get the
better of all these drawbacks; but many others do not succeed
in their endeavors, and they have either to pass over to some
other career or else they remain locked up in inferior places, no
better than those of the ‘‘ testing slaves’’ I have spoken of.

Far better on the whole is the lot of those young men who
have acquired a knowledge of technology and engineering. It
takes them much less time to be at home in any factory where
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they may have found a position. No previous teaching at any
technical school can get them far enough to enable them to in-
stantly take the manufacture in hand and carry it on like those
who are accustomed to do so. But they have been taught to
think and to see matters in a technical light; they know where
to look for important points essential to the success of opera-
tions on a large scale, and they know how to translate any ideas
of theirs into reality by such means as are suitable for factory
operations. They will, of course, not be entirely exempt from
mistakes; but their blunders will hardly ever be so gross as those
of their colleagues who have received an exclusively scientific
teaching.

A training of the kind just sketched is not, and cannot be
given at an ordinary university, but only at institutions set apart
for that purpose, such as the polytechnic schools, in Europe,
and the various institutes of technology existing in this country.
Strange to say, the hitherto greatest of all industrial nations,
England, is altogether devoid of efficient institutes of the kind;
and although for many years past this deficiency has been clear-
ly recognized, although the undeniable comparative decline of
some important branches of industry, in England, has been
traced to this cause, and although there has been no lack of
royal or municipal commissions, of public discussions, and even
of large expenditure for remedying this state of things, very
little has been effected in that direction. TUnfortunately for
England, her splendid achievements in all realms of mind and
miatter have created there a feeling of innate superiority over all
other nations of the world, more quiet than the loud self-assertion
of the French as the ‘‘grande nation,”’ which professes to march
in the van of civilization, but perhaps even inore deep-seated
and resolute. This feeling produces a strong undercurrent in
English thought which has hitherto paralyzed all useful action
in the quarter I am speaking of. The majority of those who
have ultimately to decide on matters of technical education have
the quiet conviction that, in spite of all the lamentations about
the decline of commerce and the uprising of other nations in in-
dustrial matters, it is quite sufficient to trust to English common-
sense, pluck, and perseverance, which with certainty will tide the
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country over any temporary reverses, and triumph over all these
foreign shains.

Nobody can have greater admiration for the sterling qualities
of the English character than mvself. T have spent a dezen nf
the best vears of a4 man's hife i Fngland., I have become a
loyal British citizen. and an Ilnglish anthor.  But it is precisely
my syinpathy for my adopted sceond fatherland which makes
me mourn that fatal blindness to the defeets of Faglish techni-
cal education prevailing in that country. I wili not speak of
the object lessons whieh this country is daily giving to Fugland,
for instance of the fact that the production of that specially
British article, iron, is now considerably greater in the United
States than in Great Britain. that coai will soon follow suit, and
that Anterican machinery of many descriptions has asserted its
superiority over English machinery in many lmportant cases.
All this 1s well known and is, however reluctantly, conceded in
Euglaud; but the English people comfort themselves to some
extent with the idea that Awmerica, on the one hand, enjoys
immense natural riclies and facilities accounting for ler most
signal industrial triumplhs. and that. on the other hand. the
Americans are Auglo-Saxons like themselves, flesh of their flesh
and blood of their blood. It is surely unnecessary to point out
the fallacy of the latter argument in a city where born Ameri-
cans form ouly a fifth or a sixth of the population. and only a
winority of those born Americans are of purely Anglo.-Saxon
descent, It is very often forgotten on the other side of the
ocean that community of language is something very different
from identity of race, and just in commercial and industrial mat-
ters both the good and the less favorable features of the Ameri-
can and those of the Euglish character are very different.  But
it is unnecessary to pursue this side of the gquestion any further.
Those Englishmen who lhold to the firm belief in the innate in-
dustrial, colonizing, political, and even physical superiority of
their race over all otliers forget that all this is of very recent
date. The Anglo-Saxons had couquered Britain more than a
thousand years, and the Normaus more than five hundred years,
before Fugland possessed a mercantile marine or navy to speak
of. Four hundred vears ago the German Hanse-towns were im-



EDUCATION OF INDUSTRIAL CHEMISTS. 493

mensely superior to England as maritime powers, and much
more recently this applied to the Dutch. The office of the
Hanse-towns, in Londen, was called the Stahlhof, because in
the middle ages no iron or steel was made in Eugland, and the
importation of those articles from Germany formmed a very im-
portant branch of trade. The blast furnace and the cementa-
tion of steel have been brought into England from Westphalia,
the textile industries from the Netherlands. It is barely 150
yvears since England has taken the lead in these industries.
How can Englishmen be blind to the thought that that lead may
pass away {rom them, unless they make the same efforts as
other nations to keep abreast with all advances of science?
Allow me to give you a very striking exaniple of the novelty
of English superiority in the field which is most familiar both
to my hearers and to myself; I mean the alkali trade. The
name Leblanc at once recalls the fact that the manufacture of
soda from common salt was invented in Frauce, but few Eng-
lishmen will realize the further fact that it took thirty-five years
before England entered the race in this field, while numerous
alkali works had been erected in France and elsewlere in the
mean time. It is trune that in England the alkali manufacture
was impossible, so long as an enormous duty weighed upon the
salt; it is equally true that immediately after this incubus had
been removed, the alkali manufacture sprang up in Great
Britain, and in a very short time left all other countries far
behind in that line; it is true that this was not merely due to
favorable external circumstances, such as the cheapness of salt
and coal, and the easy communication with the sea, but perhaps
quite as much to the long string of Eunglish inventious which
have made the English niethods of alkali manufacture the pat-
tern from which all other nations have immensely profited.
Nobody will more heartily acknowledge than I how niuch hounor
and gratitude the whole world owes in that respect to British
inventive genius and British entetprise. But that cannot ob-
literate the fact that, on the one hand, the first British alkali
works is less than seventy years old, and that, on the other
hand, new methods have already partly superseded those worked
out in England, and partly threaten to do so even more in the
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future. We behold here a strange turn of the wheel of fortune.
The invention of a Frenchman, Leblanc, has laid the founda.
tion of England’s greatness in the alkali trade; but an English
invention, the ammonia soda process, could not be worked out
into a practical process in that country, in spite of many en-
deavors, and it was left to a Belgian, Solvay, to do this, and to
reintroduce the process into England, wherc 1t is now carried on
according to Solvay’s method. It is notorious that the English
alkali trade is no longer rapidly expanding, while that of the
other industrial nations has made enormous strides. Customs’
duties and other external circumstances partly account for this;
but a very important part is also plaved by the more careful
scientific training of the managers and chiemists in the other
countries, exceptions on both sides of course, notwithstanding.

How the Germans have wrested the most brilliant of all
chemical industries, that of the coal tar colors, out of the hands
of the English, in whose country the first discovery of these
colors was made, and which had to supply all the raw materials
for them, is an often told story, which I need not repeat here.

All this (I could give many more examples of the sanie class)
further confirms my opinion that no nation, whether the
Anerican, or the Englisli, or any other, has a right to boast of
being forever in the van, and to look down upon other nations
as innately inferior to itself. Natural advantages of situation,
mineral wealtll, inventive genius, accumulated capital, an en-
terprising spirit, are all enormously important factors in creat.
ing and extending industries, but they are not ommnipotent, not
even if all combined; tlie wvictory over all these accidental or
inarticulate forces will ultimately fall to the scientifically trained
human mind; just as the engineer in charge of a large steamer
holds in subordination not merely all the brute powers of fuel,
furnaces, and 1nachinery, but also a large number of human
beings, immensely superior to him in bodily strength, but in-
ferior in knowledge.

Well, how is a first-class engineer brought up? Merely on
a knowledge of the physical and mathematical theorems con-
cerning the action of steam and the laws of motion? Certainly
not. Nobody would expect such a man to be able either to
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build or to work an engine. He must be brought face to face
with the hard facts of reality; he must know all about casting,
forging, and other ways of shaping metal; he must know a great
number of practical points indispensable for designing machinery,
and too many other matters to enumerate here. And it is
just the same with a manufacturing chemist. If he enters
practical life, trusting merely to theoretical knowledge, and to
such practice as he has gained with glass, porcelain, and plati-
num vessels in a laboratory, he is at first as helpless as a child, and
he must begin at the beginning, picking up what he can on his
way. Some people manage to do this very fast, and it is just to
this ‘‘practical sense'’ that the English system of education
leaves the students of chemistry; but, I say it with the fullest
conviction, it is decidedly wrong there. The time is past when
the crudest of all machinery would do for chemical purposes,
and when chemists could try to translate their laboratory opera-
tions into manufacturing work by merely magnifying the ap-
paratus and substituting one material for another, in which at-
tempt they only too frequently broke down. All this has become
the subject of special studies. A manufacturing chemist of
first-class standing must nowadays know almost as much about
the strength of materials as an engineer, and he must add to
this a knowledge of the behavior of all sorts of metals, stone,
earthenware, wood, of various coatings, of joints made in different
ways and so forth, against the action of ever so many chemicals
under varying conditions of concentration, temperature, and
pressure. He must know how to produce heat, and in many
cases cold, to the necessary degree in the most eflicient and
economical way. The construction of furnaces of all kinds be-
longs to his special domain. He must know how to design
large vessels of various materials, both open and closed, with or
without agitating machinery adapted to special requirements.
He must employ presses, pumps, drying apparatus, having re-
gard to what will answer not merely in the engineer’s workshop,
but under the special conditions of chemical attack and of high
temperatures. The arts of disintegration, evaporation, filter-
ing, distilling, fusing, the action of gases upon liquids and
solids, the heating under pressure and other operations con-
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stantly carried on in chemical works have been so thoroughly
developed as to amount almost to special sciences.  Cue of the
most distinguished men in the domain of chemical teclhinology.
who at the saine time would hiave done honor to auy chair of pure
organic chemistry, and who more than any other living techni.
cal chemist represents the theoretical elemeunt in techuology,
Heinrich Caro, formmerly director of the Badische Anilin und
Sodafabrik, in Ludwigshafen, in a lecture delivered last year
before the Berlin Chemical Society, distinctly declares that
chemists for the actual work in a chemical factory (Betriebs
Chemiker) cannot receive their training for the above require-
ments at the Universities, but only at the polvtechnic schools,
and this judgment has all the greater weight, as Dr. Caro was
formerly of the opposite opinion, 7/z., that at least at such large
works as theirs it was best for the clienists to receive a purely
scientific training, leaving the constructing work to the en-
gineers appointed at tlie same works, an opinion which he has
seen reasol to change after prolonged experience with a large
number of chemists from both universities and polytechnic
schools.

Nobody indeed who looks at the present state of chemical in-
dustry with an unprejudiced eye can deny that a mere training
in theoretical chemistry is as unable to cope with the competi.
tion to be met with in the rest of the world, as is the formerly
universal rule-of-thumb management. We must needs teach
our future chemical manufacturers how cliemical operations are
and ought to be carried out on the large scale. To accomplish
this. we must approach the subject from various sides. We
must in the first instance teach our students at least the elements
of mechanical engineering, of building construction, and of fur-
nace building. This supposes a much better knowledge of
mathematics than chemists formerly used to possess, as well as
some practice in mechanical drawing. We must further intro-
duce them to a description of the various classes of work they
meet with in their career. This should be done in different
ways. At all events the leading cheical industries ought to
be described, going into all essential details of apparatus, and
thus serving the double purpose of a preparation for those in-
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tending to enter that special field, and of giving to all others im-
portant suggestions how the appliancesinvented for one manu-
facture may be used in another, possibly entirely different from
the first. Many of my former students who are now employed
in the industry of coal-tar colors, or in dyeing and tissue print-
ing, have told me how useful to them has been the description
which they received as students of the apparatus emploved in
the manufacture of heavy chemicals. The reverse is just as
possible, and actually met with. Thus thirty or even twenty
years ago the use of centrifugal machines and filter presses was
almost unknown in the -alkali and chlorine manufacture; now-
adays it is quite common. For another very practical reason it
is necessary to offer at a technical college instruction in all the
more important branches of technical chemistry, v7z., because
such a college should enable all its students to take situations
wherever they find them open. This applies to the great ma-
jority of students, although there is always a number who go to
college with a specific purpose, principally those connected with
manufacturers whose works they are destined to enter after finish-
ing their studies. I cannot therefore approwve of the plan proposed
by an Austrian professor, according to which each polyvtechni-
cum is to cultivate a separate specialty—say sugar making, or
brewing, or alkali making, or dyeing, or color making, and so
forth—uwith the idea that a youth of eighteen years, before enter-
ing on his academical career, should absolutely fix what special
manufacture he is to devote hiimnself to afterwards. Suppose he
has studied four years with the entire object of becoming a sugar
manufacturer, but at the end of that time it is seen that that
trade is declining, or has migrated elsewhere, or that the supply
of sugar chemists is largely in excess of the demand. What
can he then do but throw up all he has studied and begin over
again on a different line? If he has prepared himself less spec-
ially, but more universally, he will probably not be quite so
useful at a sugar works for the first few months, but he has the
chance of taking to any other manufacture where there is a va-
cancy, and to pick up whatever situation comes in his way.

I certainly cannot approve of the other extreme, introduced
at the Ecole Centrale in Paris, where all the students, whether
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they mean to follow the profession of civil engineering, of nie-
chanical engineering, or of industrial chemistry, are taught
exactly in the same way and receive instruction both in me-
chanical and chemical subjects. I do not know whether that
system produces good engineers; but I ain told it does not pro.
duce good chemists, and I can readily believe it.

I should also like to correct a mistake, not infrequently met
with, 27z., that the teaching of chemical technology is of compar-
atively little value, because the professors themselves generally
are not acquainted with the very last phases of progress made
in the manufactures, seeing that there are constantly new in-
ventions made, many of which are kept secret, or are very im-
perfectly described by patents. This is perfectly true, and yet
it is of very little importance. No teaching of real or imaginary
trade secrets would enable a mere book or laboratory student
to carry on real work on a large scale; only practice itself can
do that. But that practice will be all the more quickly and
thoroughly acquired, the miore the student has heard of tech-
nology generally and of the special branch to which he devotes
himself afterwards. Any fresh improvements he finds applied
when entering a manufactory will be quickly grasped by omne
who enters upon his practical work, armed with such general
preparation asg has been described above, which has taught him
to think and see matters in a technical light. as I have expressed
it above.

There are some subjects which are common to all chemical
operations on a large scale, and which ought to be learned by
every student. The technology of water and of fuel are the
principal subjects in question. and the latter especially opens
out a large field, embracing the coustruction and working of
heating appliances of all kinds. Thesc, together with the cle.
meunts of engineering and building construction on the one hand.
and with the thorough study of theoretical chemistry and the
concomitant sciences of mathematics, physics. mineralogy. and
geology, and lastly with practice in the chemical and physical
laboratory and at the drawing board, ought to fill the first vears
of the study at a technical college. The last years ought to be
devoted to chemical technology proper, and to a special study of
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such subjects as have not been sufficiently mastered before, or
as are likely to form the main occupation of the student in
later life.

The whole study is generally crowned by the obtention of a
degree, in Germany either a ‘‘diploma,”’ or the title of Ph.D.
The latter, owing to the jealousy of the old universities, cannot
yet be conferred by the polytechnic schools themselves, but it is
very frequently earned by their students afterwards. I have
found the greatest possible benefit to arise from this system of
‘‘diploina examination.”” A student, instead of losing himself
in a specialty, and being too much 4dbsorbed thereby, to the det-
riment of his general scientific and technical culture, or of fall-
ing into habits of laziness and dissipation, or else of becoming
an exclusive devotee to athletic sports, is compelled to concen-
trate his energies once more on all the more important branches
of his life-studies, and to carefully rehearse what he has once
learned, but much of which he will have forgotten. Taking
human and especially youthful nature as it is, there is no deny-
ing that mere abstract considerations of what may be good for a
man’'s future are not sufficiently powerful to counteract the
forces, both good and bad, which tend to draw a student away
from his work, and that it is immensely better to hold out to
him an immediate aim to strive for, in healthy competition with
his fellow students. The German polytechnics are in this re-
spect less fortunate than our Swiss institute; in the former
only a'small minority of the students go in for the diploma,
whereas with us most of the students enter with the purpose of
ultimately obtaining the diploma. Many of them drop off on
the way; some otherts, in spite of all exertions, do not reach the
goal, but about h‘alf of the total number of students leave the
school, not merely in possession of a piece of stamped paper, but
in that of all the additional knowledge they have acquired in
quest of that paper, and which they would not have got without
such an inducement. It is a great satisfaction to our institution
that its diploma is eagerly sought, and hard work bestowed
upon it, by nearly all the sons of wealthy manufacturers, who
have been born with a silver spoon in their mouth, and whose
future places are absolutely secure to them without a diploma;
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but these young men are well under the sway of that healthy spirit
of doing work which prevails at our institution. in consequeice
of the great value attributed to the diploma.  Most of these
wealthy voung men are ashmned of stauding lazily by, while
their fellow students strain every nerve for the diploma; they
want to show what mettle they are made ol and they therefore
go in for the diploma as welll to their lasting benefit in more
ways than one.

The diploma examination in our case comprises a full knowl:
edge of general inorganic and orgamic chewmistry. to the same
extent as the universities require for the degree of Ph.D.,
further, of mechanics, physics, und wathematies, inecluding the
elements of the calculus, and at least some of the departments
of natural history. In the field of chemical techmology the
general chapters are compulsory. but the candidate has the
option of being examined in a number of special chapters
according to his choice: further in the elements of engineering
and building construction. Moreover. cach student must do a
considerable amount of special laboratory work extending over
a whole semester, by which he proves Lis skill su all depart-
ments of chenucal analysis and in preparing any chemieal sub-
stances described in chiemical literature or it patents.  For the
diploma itself we do not require any difficult research work:
but most of our graduates aspire to the title of PluD., and {or
this they are obliged to do substantial research work which
generally keeps them in the laboratory about a twelvemonth
over and above their proper college time. When they have
accomplished this they have not merely got an ornamental title,
but they have, what is certainly of greater importance. acquired
such a mastery of our science that we can confidently dismiss
them into practical life. Even then, it is hardly necessary to
say, great differences exist among them. Some remain in
modest situations all their lives, but others vise quickly to
higher places, every one according to lus abilities aud to his
deserts.  The successful men., without a single exception that I
know of. look with warm gratitude on the mnstitution where they
have received their scilentifie traiming and whichh has raised
then above the hap-hazard luck of rule-of-thumnb cxperience as
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well as above the one-sidedness of autodidactic studies—both of
which are excellent as far as they go and not to be despised by
any means in themselves, but neither of which can cope with a-
carefully devised and conscientiously carried out scheme of
training the mind for the profession of a technical chemist such
as I have had the honor of laying before you. Nobody is more.
conscious than I that at no existing institution has the beau ideal
of such a scheme as yet been attained, but at Zurich we
believe that we are, on the whole, on the right way, and that
we shall do well not to exchange our plan for a totally different
one, but rather try to improve it on the lines op which we are
now working.

THE NEED OF STANDARD METHODS FOR THE ANALYSIS
OF IRON AND STEEL, WITH SOMNE PROPOSED
STANDARD METHODS.'

By C. B. DUDLEY AND F. N. PEASE, CHEMIST, AND ASSISTANT CHEMIST, PENNSYLVANIA
RAILROAD COMPANY, ALTOONA, PA.

UCH might be said upon the desirability, nay even neces-

sity of different chemists being able to get concordant or
agreeing results, when working in the same field, or upon the
same sample. If two chemists happen to be engaged in an in-
vestigation, or research in the same field, it is obvious that the
value of any conclusions, which they may reach, is very small,
if the analyses obtained by each, do not agree within reasonable
limits of error. Or again if chemical analyses are to be used as
the basis of commercial transactions, and the chemist in the in-
terest of the buyer, does not get the-same results as the chemist
in the interest of the seller, it is clear that the transaction can
only be brought to a conclusion by arbitration, or mutual con-
cession. Of course what is desired in every case is the truth;
but if two chemists working in the same field, or on the same
sample, do not agree, where is the truth? 'That there is a dif-
ficulty of this kind in the chemical analysis of iron and steel at
the present time, we are confident few who are.well informed on
the state of affairs will be bold enough to deny. And it is not
difficult to see why there should be discrepancy between chem-

1 Read before the World's Congress of Chemists, August z1, 1893.



