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ON TIE MMHRD NN or 1101 AND> STEL
The following is the paper by Prof. Âkerman which was "«taken

as read " at the meeting of the Iron and Steel Institute, the dia.
cussion havilàg been postponed :

Hardening has, as i.s well known, been employed frem time im.
mýemorial in order to make steel bard, but it is also a long time

ince it became known that the strength and tenacity of iron
cculd be increased by the saine operation. The knowledge of the
effecta of hardening, especially on iron, is, however, by no means
so complete, and stili leas s0 generally diffused, as is desirable.
This question bas, besides, acquired increased interest through
the Paris Exhibition, and above ail from the Terrenoire exhibit
of Siemens-Martin castings of extraordinary strength and free
from blow-holes ; and, as at the meeting of the Iron and Steel
Institute, in Paris, 1 ventured to give expression to the view that
the reason why the strength of undrawn Martin castings ay be
equal to that of drawn ingot-metal of the same degree of hardneas
must be sought for in the compression induced by the hardening,
I have considered it to be my duty to endeavour to explain the
reasons of this in greater detail. For this purpose, however, it
ia necessary in the firat p lace that we encleavour to make our-
selves acquainted with the nature of hardening. If we inquire
what the circumstances are on which it depends, whether more
or leas of the so- called combined carbon in a nialleable iron or
steel exista as hardening or cement carbon, it immediately ap.
pears that the latter is changed into the former by a heating to a
red heat succeeded by a violent forcing together, continued until
cooling i. almost cemplete ; while hacenng-carbn, on the
other Iand, is ch1ange inte cement-carbon by' long-continued
heating fellowed by aoy cooling, witbcut extra compression. In
order to show that iron and carbon may be combined by pressing
together mnre easily than otherwise, Caron upon an anvil, ccvere
with charcoal in fine powder, hammered out quickly a strcngly.
heated piece of iron, which in this way was ateeled on the surface,
while another piece of the sanie ion heated asstrongly, which
was imbedded 'n similar charcoal powder, and allowed te, cool
in it without hammering, did not show the least algn of ateeling.
In the case of strong hardening of hard steel, we bave the maost
powerful compression, for the rapid ccoling produces a great
differen ce of temperature between the outer snd the inner layers of
the piece, the more cooled extsrior layera compressing the interior
with gre.-ter force in proporion, partly as the latter are expended
by being more atrongly heated, and partly as tbe limit of elasti-
city of t he substance is high, se that there is not too great a las
of the compressing force by the extension of the exterior layera.
Again, that hammering favoura the conversion of cement-carbon
into hardening.carboin, or the more intirnate union of the carbon
wlth the iron in which it occurs, more than rolling, may at least,
cccasionaily, te, sme extent, be attributed te the more powerful
compression exerted by the hammer, but still more te the cir-
cunistance that the iron or steel, when the roiling la ended, com-
rnonly bas a far higher temperature than when it bas been drawn
out uander the hammer. For if the iron or ateel b. atifi red hot
when the drawingisa flnishied, a p)art of the carbon converted
inte hardening-carbon, or more.lntimately united with the ion
dnring the compression te whlch it bas been subjected, may b.

gaincha~g~inte cement-carbon durlng the succseding slow
ooln.here is thua a very complets correapondence between

the occurrence of hardening and oement-carbcn and their mutual
conversion in malleable iron and steel on the one aide, aud the
relations of the. combined carbon snd the graphite ln pig-iron oAs
the other.

METHOD5 OF EÂEDENING.

Pr.ceediug te, the hardening, we find that experience bas suffi-
eiently shown that ita effect mainly depends upon the contenta of
combined carbon i the iron, upon the differencea cf temperature
between the iron or steel and the bardeunu fluid, and fürther on
the rapidity cf the cooing. The laat-mentioned. again hs depeud
ont on the quantity cf the hardening fluid, it pcfcgravity,
power cf conducting heat, apeoific heat, boillng-point, and heat
cf vaporisation. 0f the four llMds, mercury, water, cil, and
coal-tar, therefore, the first amdhresmuch more powerfuily
than water, water considerably more powerfnlly than cil, and cil
more pewerfully than coal-tar. Further the hardenlng power of
water la altered net only by differences cf temperature, but also,
by the addition cf different substances which changeits roper.
ties in the respecta juat mentioned. Finally, the rapidity cf
ocling, 50 important for the degree of hardeuing, hs aise, depend.

eut on the way in which the piece hs held down into the harden.
m gfluid. ' For if it be kept still in a hardening fluid of low ape.

ehi gravlty and amail conductivity and speciflo heat, the quantsty.

cf the hardening ftuid la net cf the mane importance as -if the
piece b. unceasingly moved about in it ; but in the latter cas
the cooling of thi iec hat te be unequal, inasmuch as by the
movlnt about the front rrts. are cooled somewhat more rapid!y

thnte back cnes. This ha aIs. the case if by hardeninR lu
running water we make the quantity of the hardening luii, me
to spanliniited. The front part cf the piece, or that which,
is =eme up.stream, le then, of course, ccoled moat rspidly ; and
in order, in such a case, to attain an even hardening it la neceas-
ary te turn round the piece rapidly and uucessingly. The layer
of ît.am which, in the case cf hardening in a substance se easily
converted into vapeur as water, is formed around the warmn piece
is au obstacle te, the contact cf water with it, and thus di.
minishes the speed cf cooling aloUg witb the degree cf bardening
which la depeudent upen it ; but if care be taken that in one way
or another the steam be easily and rapidly carried away as it la
formed, the rapidity cf cooling, on the other hand, on account
cf the great heat of vaporisation cf water, is very considerably
promoted by this conversion into vapeur. Smail pieces, there.
fore, are also very well hardened lu water-dust fiuely distributed
by means cf a streani cf air or steam.; and the higbest degree cf
hardening may, accordîng te Herr Jarolinek, be attained in this
way with s0 moderate a quantity cf water that ail the water-dust
which cornes into contact with the warm piece la brought by it
into the forni cf steani. These influences, exerted by the forma.
tien cf steani, must aise be taken into consideration when, lu
order tuattain an inferior degree c f hardness, warm water hs used
instead cf cold. It cannot accordingly be denied that there are
many factors exceedingly difficuit cf calculation, which exert an
influence ou the speed cf ccoling and thereby ou the degre. cf
hardneas. Nor la it niuch to be wendered at that mistakes aue
readîly committed lu handening, and that great practice la re-
quiredin order to be able confidently to reckon on a certain
effect; and finally, that a workman accustomed te, hardening
conaidere that culy a single method which he bas been in the
habit cf emplcying canê be used for a certain purpose, whule
another equally akilful wcrkman can only attain the
saine result b y a methcd easentially different. It further
appears that the rapidity cf the firat coing, fromn the 6000
to 70 0 1> C., to which steel bas commcnly beeu heated, to 3000 te
4009 C., has a manifold greater influence on the degree cf hard.
ness than the mucceeding ccdling. Thua, Herr Jarolimek bas
shcwn that steel wire may be very well hardened bctb in watevy
vapeur and lu molten tinlead, and even zinc, theugli the laut-
named metal does net meit under 4009 C ., while the cooling cf
the saine steel wire frcm 3009 or 400* tc, 01 C., de net cause
any true hardening, however rapidl i may procesd. lu order
that isteel wire may b. hardenRed in thi way, it is not, however,
allcwed te remain any considerable time lu the molten bath cf
metai, for by lcng.contiuued beating following such a hardening
the degree cf bardening hs afterwards diminishied more and more.
If it b. taken eut again after being dipped lu the bath for quite
a short time, sud afterwards allowed to cool in the air, the de-
gree cf hardeniDg for amall articles hs equal to that attained by
ordinary bardeniug with the temperlng follcwiug upon it.

TIRE EPPECTIOP 7ARDENDIG.

0f thie effects produced by hardening, it was lu old tumes
maiuly the hardnems on whicb attention wus fixed, and from
this hs derlved the old saylug that a substance doms net; take
hardening if it do net thereby become se hard that a common file
cau ne longer exert any ucteworthy influence upon it. From
time immemorial a distinction bas a]se beau made betweeu iron
and steel lu thia way, that the former? wltb common hardening
lu water, l a flot hardened lu the sens. Just iudicated, while steel,on the ccutraqy, hs hardened. We semetimes hear it brought as
an objection againat the old way cf distingulsbiug betweeu ion
and steel, that it la difficuit te determine whether a piece, after
common bardeuing iu water, la te be considlred as having taken
true bardeniug or not. But sncb a reason la, i fact, quite n-
warranted, because, acccrding te the old view, only the varietie.
approximating moat closely to each other cf the hardeat iron
and the seftest ateel cu b. mistaken for each other, and such a
miatake la indeed cf little importance wbeu compsred with the
great mistake juat referred te cf sol iron for soft steel. If it b.
wished wholly tc avoid tue pcaibiity cf maki]g mInstakes
between bard ircu and seft sWe, this even OUg1 ht te Le attaiued
very easily by the methed cf determination, i wbich a sharp-edged
aplinter cf a certain m.lueral-felapar for instance--seratchea iron,
althougb sfter being beated 'to a moderate red hat, it bas beau
suddenly ccoled lu cold water, while steel, after similar treat.
ment, canne b. scratciied by the me minerai. The. substance
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