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ROUND TABLE AND JIGS.

METALLURSY

By PROF. H, 0. HOFMAN.

Metallurgy may be defined as the art
of extracting metals from the ores and
of refining them and fashioning them
for use in metal industries. In order
to cover the field it is necessary to have
a knowledge of mineralogy to identify
the character of the ore, of chemistry
and physics to recover the metal and
free the product from impurities, and
of mechanical engineering to give the
metal or alloy produced the forms that
are requived by the trade.

The progress that has been made dur-
ing the last seventy-five years in
metallurgical practice has greatly in-
creaged the demands upon the metal-
lurgist. Some fifty years ago, metal-
lurgical establishments were small, the
processes carried out were the outcome
of many years of practical experience,
the whole was an art with a slight in-
fusion of science. The older metallur-
gists, however, were keen observers and
by persistent endeavor obtained a prac-
tical insight into the behavior of metals
asd metallic compounds that astonishes
the wore scentifically trained metal-
lurgist of today when he determines
Ly precision measurement the limits
within which the chemical re-acticns
of the processes can take place. As late
as thirty years ago, the main equip-
ment of the metallurgist was a general
knowledge of mathematics, physies and
chemistry, with some mineralogy and
perhaps o smattering of mechanical en-
gineering in addition to an acqueintance
with the metallurgical operations car-
ried out in different works. This was
sufficient for the Eurcpean metallurgi-
cal plants of that date, small in size and
working along beaten paths, With the
opening up of the mining distriets in
this country, new conditicns had to
be met; the established uropean
methods of ore trestment failed when
transferred bodily to this continnent,
they had to be adapted to new sur-
roundings or, in many cases, thrown
over entirely and new means devised
to attain given ends. This required go-
ing more deeply into the general
sciences, The high cost of lahor be-
came the cause of the introduction of
mechanical handling of materials in
place of the customary working by
band. The enlargement of individual
retallurgical establishments and the
concentration of metallurgical work in
places centrally located for the receipt
of ores, fluxes and fuels and for the dis-
tribution of the products, made it neces-
sary for the metallurgist to become
more familiar with mechanical engineer-
ing than was formerly thought neces-
sary; competition forced him also to
increase the yield of metal from his
ore, to enlarge the duty of his ap-
paratus, and to improve the charaeter
of his product.

In recent years electrical transmis-
sion of power has made it necessary
for the metallurgist te have a train-
ing in the fundamentals of electrical
engineering; the application of elec-
tricity to the treatment of ores and re-
fining of metals calls for some knowl-
edge of electro-chemistry. The modern
methods of thermal measurement have
.made it possible to control processes to

4 vonsiderable degree; this eontrol has
opencd up a comparatively new field,
the application of thermo-chemical con-
siderations to metallurgical practice;
lastly, the laws of solutions as applied
to the constitution of =alloys com-

bined with thermal measurements,
1 1o wpleal  examination and me-
chanical testing have furnished the

guiding line for the ' explanation
of the mmass of heterogenous infor-
mation aceumulated by years of
rule-of-thumb  practice and for fu-
iure research in the attempts to im-
prove the physical and chemical prop-
erties of metallic produets.

The metallurgist of today, therefore,
must have some knowledge of mechani-
cat and electrieal engineering, of electro-
chemistry in addition to the old-estab-
lished auxiliary requirements of mathe-
matics, physics, chemistry and mineral-
ogy to assist him in his special study of
metalmirgy: he must bave made his own
some of the fundamental teachings of
thepretical chemistry and  the micro-
seapical  examination of metallurgical
products must not be mew to him.

The Institute aims to give its stu-
dents in four years a general and a
technical training. Regarding the lat-
ter, this instruction can cover iz the
available time only the leading prin-
ciples and illustrate their application in
metallurgical practice by brief discus-
sions of characteristic examples. The
corner-stome of  Institute-instruction, a
combination of lecture and laboratory,
is well represented in the metallurgical
laboratories in which the student car-
ries out the lezding metallurgical oper-
ations with apparatus smaller than
working-size, but always large enough
to give quantitative results, The lab-

or recitation, thus one supplements the
other; the weekly conferences held to
discuss the class experiments or the
research that is carried on by individ-
ual students, vitalize all metallurgical
work.

The subject of metallurgy is so large
that it is impossible to cover the whole
field in any adequate manner within
the time allotted to it im the under-
gradnate course, Of the two ways open,
trying to cover the whole superficially
or a part thoroughly, the latter has been
chosen, It is therefore advisable for the
student to stay one additional year af-
ter graduating and become thoroughly
grounded in all the studies which form
the foundations of modern metallurgi-
cal engineering.

The prospects of the graduate to find
cmployment are good. There is a large
field as to the character and place of
work. Iron and steel, lead, copper, zine,
nickel and some of the minor non-fer-
rous metals are treated near the centres
of civilization; the precious and asso-
ciated metnls are worked in the isolated
lpeations where they ocour. Employ-
ment in populated centres, where com-
petition is large, gives smaller pecuni-
ary reward than in mining districts
proper. A graduate from the Imstitute,
however, receives in either case, more
than is required to make his living and
Lto be independent. The future success,
professionzlly as well as pecuniarily,
depends Iargely upon the man himself
and on the manner in which he meets
the demands of his employers and the

rejuirements of his surroundings.

oratory runs parallel with the lectures|

METALLURGICAL LAB.

By PROF. H. 0. HOFMAN AND
C. R. HAYWARD.

The coneeption of having a metallur-

.gical laboratory is in harmony with the

general principle of teaching followed at
the Institute. There was no precedent,
something new had to be created. Thers
existed assay laboratories, but investi-
gations into ore-treatment on a labora-
tory scale had mnot been thought of,
much less the placing of students in
touch with the operations discussed in
the class-room. The beginnings of the
laboratory were modest indeed; assay-
ing and cre-treatment were confined to
the present furnace department in the
“pit.” In time the whole basement of
Rogers building was occupied, the addi-
tion of a sub-basement division had be-
come necessary. Any one seeing the
crowded condition that prevails at pres-
ent could easily recognize why the plans
for the future eall for three times the
area occupied at present.

The aim followed in carrying out the
work in a metaliurgical laboratory is to
make the student personally familiar
with the leading metallurgical opera-
tions, to teach him their physical and
chemieal contrel, and to induce him to
carry on independently metallurgical
investigations. Until within about two
years, work in a metallurgical lab-
oratory was confined to ore-ireatment.
This branch has been fully developed
here and has served as a model for
most laboratories that have been erect-
ed sinece in technieal schools, and there
is hardly an institution that has not
followed the example of Iaboratory in-
struction set by the Institute. The
second branch of metallurgical labora-
tory work, the study of the constitu-
tion and physical properties of metals
and alloys and their changes as effect-
ed by heat treatment and mechanical
working, is not as yet as fully developed
as the first, on account of lack of space,
but the facilities offered under the pres-
ent cramped conditions compare favor-
ably with those given elsewhere with
institutions that started fresh with
abundant space and facilities.

In the fall term characteristic metal-
lurgieal processes are carried out which
embody the principal operations. The
processes are worked quantitatively, in
each of them the material going in is
balanced againat that which comes out;
thus e. g., a complete account of stock
of metal is taken showing the direct
yield and the losses and their distri-
bution; again a heat balance iz made
which gives an insight into the sources
whence the necessary heat was derived
and how it was expended; further there
is prepared a statement of the materials
consumed and of the labor and power
required for a given treatment, and this
furnishes the economic data essential
for considerations of cost. Thus =«
metallurgical process is studied chemi.
cally and industrially also mechani-
cally when this peoint of view forms an
essentinl part of the whole.

In the class work the processes of
roasting in hand reverberatory and the
Briickner furnaces, blast-roasting, amelt-
ing in the blast furnace and the rever-
beratory furnace , converting matte,
zine desilverization, pan amalgamation
and electrolytic refining of copper have
been chosen as embodying the leading

metallurgical operations with which
every student ought to be familar by
personal contact. Each of these pro-
cesses requires a number of manipula-
tions and observations, and every
student does the necessary work and
makes the records of his measurements.
The individual records are then collated
and the whole is presented to the class
at the conference, called laboratory re-
ports. Here the student sees his own
records tabulated with those of the
members of his section. The result of
the work is analyzed and discussed.

In the individual work wet processes
form the basis of study, as these per-
mit the use of quantities of ore suff-
ciently small for the individual student
to treat by himself. Thus, chlerinating,
brominating and eyaniding gold ores,
oxidizing and chloridizing roasting of
copper, gold and silver ores in muffle-
furnaces, and leaching silver ores with
hyposulphite and cyanide solutions are
carried thromgh by every student. An
ore is thus treated by a number of
students, the treatment is the same
excepting one variable, and this is
changed in such a manner that when
the individual tests are assembled and
tabulated, the eurve drawn will show
the best conditions of working in re-
gard to the variable quantity that has
been under observation.

In the combined class and individual
work, heat treatment and microscopical
examination of metals, =alloys and
metallurgical products form the subject
of study. Heat treatment and the de-
termination of melting points are car-
ried on in the heat laboratory in charge
of Professor C. L. Norten. Every
student does individual work upon his
own specimens, each of which forms
part of a series; Iater he polishes his
specimens in the metallougraphical
laboratory and examines them miero-
seopically. The individual cooling curves
are assembled to a freezing-point curve,
and this is compared with the estab-
lished curve. The student exemines be-
sides his own specimens, those of his
colleagues as well as perfect specimens
prepared elsewhere so as to compare
his own work with that which is
standard. He further makes sketches of
the magnified surfaces seen through the
microscope and thus fixes in his mind
the structural features, Desides the
specimens thus prepared by the mem-
bers of the section or class, the micro-
structures of some of the leading in-
dustrial alloys are examined and their
constitutions explained in connection
with the established freezing-point
curves. Iron, steel, copper-cuperous o0x-
ide, copper-silver, lead-antimony, brass,
bronze and one or two ternary alloys
are thus brought to the attention of the
students.

Work in the spring term is given over
exclusively to individual research which
usualty forms part of the thesis re-
quired for graduvation. The subjects are
taken from the whole range of metal-
Turgy, depending largely upon the
preference of the individual student,
They usually embody, the treatment of
an ore by an established process, varia-
tion of an established process to suit
a given ore, study of limits of chemical
reactions in metallurgical processes, in-
vestigations into fnels, refractories and
other re-agents commonly used in pro-
cesses, tracing of freezing-point curveu
of metals, alloys and wmetallurgical
productas with microscopical examination

of polished surfaces.
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