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RIGINALLY the name ‘“‘steel” was applied to
various combinations of iron and carbon, there

b.ei“g also present, as impurities, small propor-

time htlons of silicon and manganese. At the present
COmI;i Owever, th? use qf the name is exten(_:led to f:oveir
I rOm{lathns of iron Wltl.] tungsten,* vanadium,, nickel,
eleme 'um, molybdenum, titanium and some of the rartler
n0wrfllts. Th?‘se latter co,r?bmafxo'ns are quite g%enerzgn y
“Carbo :Ssthel ,a’lloy stee.ls to dlstmgm}slh them. :.Om ro(_e
Pertie €els,” those in which the ¢ aracteristic [1) :
Carbos are dependent upon the presence in the St?‘e‘oh
Spe ?, alone. The alloy steels are divided into the ‘‘hig
e steels and the Mushet or ‘‘air-hardening’’ steels.

Steelg e Speciﬁc. properties tha.t distingu_ish these difjf?rent

Le, t are due In part to their respective corxjposmonhs,

l‘ela’tivo the Particular elements they may contain ‘and the

to th, © Proportions in which these occur, and, in part,
b Subsequent working and heat treatment.

Eftect of Difference in Composition.—In general, any
Qhagge i the composition of a steel results in som?
acerte- ' its properties. For example, the addltl.on 1—(1)
allgy, :ltln Metallic element to a carbon steel causes, in the
harde“-ee thus for med, a change in position of the proper
addeq Mg temperature point. Tungsten or manganese
Tajge tend to lower this point ; boron and var}adlum, to

he amount of the change is practically pro-
the amount of the element added.

prodll;;l;rther » adding a small proportion of carbon to iron
thy S steel, which has decidedly different properties
the SPUre ron. Increasing the proportion of carbon in
eel.th“S formed, within certain limits, causes .a
thenq ln !0 the degree in which these properties manifest
sil = Bor example, consider the property of ten-
In a o.1 carbon steel (one in which there
Tear] sent obut 0.17% of carbon) the tensile sfrength is very
furthe 5% greater than that of pure iron. Addu}x}g
fate - Carbon cayses this to rise, at approximately t 76
o Carba 2:5% increase in tensile strength for each 0.01%
On addeq,
Prege /¢ alone o differences in proportion of carbon

n . .
figy ot’ Carbon steels are divided into three classes. The

Portion al to

0 Wb CS€ embraces the ‘‘unsaturated”’ steels, tho]fe
se°°ndch the carbon content is lower than 0.89% ; the
O carp ¢ © “saturated” steels, in which the proportion

satllraton,,ls €xactly 0.89% ; and the third, the “sup;ers-
h'gher fgan Steels, those in which the carbon content 1

0.89%.

%mpog'e?t of Heat Treatment.—With a steel of a given
¥ the £, Proper heat treatments may be applied which
speciﬁms¢1ves will alter in form or degree some of its
ol ) "Operties’ or practically eliminate one oOr m.ore
prODert" il Perhaps, add certain new ones. Physical
e f g o Size, shape and ductility are examples .of
‘hardenl:sn Of the second, heating a steel Ifeyond its
N 8 emperature takes away its magnetism, makf-
llardfle rlon'magnetic.” And the third, the property O
Stegy BSS\for Practical purposes—may be added to a
thig it ¥ the process of hardening. In connection with
posen ir:ust be understood that strictly speaking, hz::;
al.dness.a Telative term and that all steel has s
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There are three general heat treatment operations
so considered—forging, hardening and tempering. In all
of these the object sought is to change in some manner
the existing properties of the steel; in other words, to
produce in it certain permanent conditions.” Each of these
operations, broadly speaking, consists of two parts, viz.,
raising and lowering the temperature of the piece. (In
forging, of course, mechanical work is also done upon it.)

Obviously then, the controlling factor in all heat
treatment is temperature. Whether the operation is forg-
ing, hardening or tempering, there is, for any certain
steel and particular use thereof, a definite temperature
point, at which to work the steel, that alone gives the
best results. Insuflicient temperatures, either through
ignorance: of what the correct point is, or through in-
ability to tell when it exists, cause “burned’’ steel. This

is a common failing, resulting in great loss. In degree,’

very slight variations, from the Proper: point, may do
irreparable damage.

Due to temperature variation alone, steel may be had -

in any of three conditions: (1) in the “‘unhardened”’ or
annealed state—when not heated to temperatures above
735° C. (1355° F.); (2) in the “‘hardened”’ state—by
heating to temperatures between 735° C. (1355° F.) and
820° C. (1508° F.); (3) in a state softer than (2), though

harder than (1), when heated to temperatures which ex-

ceed 820° C. (1508° F.).

The Hardening Process.——Hardening a carbon steel
is the process of increasing its degree of hardness, this
property being its power to resist penetration. It is the
result of a change of internal structure which takes place
in the steel when heated properly to a correct tempera-
ture.. In the different carbon steels this change for prac-
tical purposes is effective only in those in which the pro-
portion of carbon is between 0.27% and 2.0%.

When heated, ordinary carbon steels begin to soften
at about 200° C. (392° F.) and continue to soften through-
out a range of 170° C. At the point 370° C. (698° F.)
practically all of the hardness has disappeared. ‘‘Red
hardness” in a steel, is a property which enables it to
remain hard ‘at red heat. In a high-speed steel this
property is of the first importance, 550° C. (1022° F.)
being a minimum temperature at which softening may
begin. This is some 350° C. above the point at which
softening commences in ordinary carbon steels.

The process of hardening a steel is best carried out
in a closed furnace. Of the many sources of energy
capable of producing the required heat, electricity offers
the most attractive advantages. The electric resistance
furnace, as now built in such a variety of sizes of
either muffle or tube chamber types, has one fundamental
point of superiority over all coal, coke, gas or oil-
heated furnaces. It is entirely free from all products
of combustion, the heat being produced by electrical re-
sistance. This is important. It does away with the
chief cause of oxidation of the heated steel. F urther, the
temperature of the electric furnace can be easily and
accurately regulated to, and maintained uniform at, any
desired point. When electric power is generated for
other purposes, the increased cost of this form of energy
for operating furnaces is not sufficient to orgue against
it. Even when current is purchased, the superior quality
of work performed by this kind of furnace, frequently
more than offsets the slightly higher cost of operation.

In the actual heating of a piece of steel, it is essen-
tial to good hardening that small projections or cutting
edges are not heated more rapidly than is the body of




