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PPREFACE vil
making the myftery ftill more

myfterious.

'My difappoiﬁtm._eﬁts have fome-
times fuggefted to rme, that it
is better for an author to be
perfeély ﬁljéht on_abftrufe points,
than to. treat thereon, unlefs he
poflefles both intention and abi~
lity to be . very explicit, =

T found myfelf reduced to the
neceflity of “attempting the dil-
covery by my own experiments ;
and though I cannot fay this-

| proved






PREFACE i%
be delivered without the leaft
difguife, his reafons fupported by
'i%"f:ryf ingénious - experiments; ~and
his writings thrnu’-gﬁ the whole
appeared evidently calculated to
inveftigate the knowledge 1 had
hitherto fearched for in vain, ¥
thought it but juftice to give
this account of my author, left
the reader fhould tondemn in
hiiri, what, very likely, may be
bﬁfi'ng to the inability of the

tranflator.,

4 I made












yery great extent of his judge-
ment.

I will nat pretend to alledge
howevér, that. every reafon ad-
vanced by him, carries fuch a
degrec of convition with it, as
to leave the mind without a
doubt, nor do I believe, that he
himfelf entertained that opinion
of his arguments, even experi-
ments th;:n}ﬁfl'ves? however {peci-
ous in appearance, do fometimes
illude the mind, and betray us

into






PREFACE 3v
eur. conjectures are' well groué;d+
ed, the _mpfeguenﬁes, .become in=
dubitable, -,.but it ris:tnot; at rail
{furprifing, if, as.we iare totally
uqcér_tain”_.-_in_ refpe& to primary
-Capfﬁg, we-thould fometimes . rea-
fon ourfelves (if I may fo exprefs
it). into errqlr; I am: {ure my
author appears to_be 'thorloughl-ﬂy
aware of this, and thereﬂ}re, I
prefume, he took great pains to

convince himfelf of the certainty

of his hypothefss.

1
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AN

R A Y
I tHe MPsTrnY of

TEMPERING STEEL.

H E diftinguithing chara&er of
T fteel, confidered with refpet to
the offices it ferves, confifts in the pecu-
liar property it has of becoming hard
by means of tempering; a property fo
very effential to many arts, that without

it they could not be exercifed, an infinite

number of tools and machines owing
B their






("8 ) _
which would by no means furnith a fo-
lution of the prefent enquiry, as it will
be found, by the manner in which I
fhall endeavour to explain it, that fteel,
in becoming bard,  departs from a fun-
damental law in that {yftem, which fup-
pofes that bodies of a fimilar nature are
fo much the lefs hard, as they have
more fize with refpect to the fame quan-
tity of matter, becaufe, in this cafe, the
parts being lefs united, cannot hold fo
well together, And it will appear, by
~the experiments which I have made,
that fieel never fails to increafe in mag-
nitude by means of hardening; or, to
come nearer the truth, that tempering
fixes in it that increafe of magnitude

which the fire occafioned.
B 2 The
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tempted to pronounce in favour of the
latter.

_ In the operation of tempering, we
begin by giving a confiderable degree of
heat to the fteel ; we introduce in ifs
fubftance innumerable particles of fire,
which feparate and detach its parts, and,
in-a word, enlarge its dimenfions. In
this ftate it is precipitated into cold wa-
ter : the water very foon puts a ftop to
the action of the fiery matter, which had
penetrated the fteel ; hence a part of
the augmentation which the fire had
occafioned, becomes fixed in the mafs,
it being impoffible it {hould lofe what it
had acquired, unlefs the parts could re-
turn to the place they firft poflefled ;
and that is prcvented by the heat yet

retained
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decreafed in bulk, and by this we may
perceive, that what we before thought
was occafioned by the body’s becoming
hard, was in reality' owing to nothing
elfe than the dilatation of the air which
the water contained.

If the enlargement of fteel, occafioned
by tempering, thould not, by what has
been faid, be fofficiently proved, it will
‘appear lefs doubtful by the examination
of a piece of fteel that is broke, after
having been tempered, which will be
found to be more porous than before ; *

an

* This affertion muft, at firft fight, appear ex-
traordinary ; as thofe who have hardened fteel,
never think that operation well performed, unlefs
the grain of the fteel appears to be much clofer
than that in a foft ftate; but I believe, notwith-
ftanding, Monfieur Reamur is perfe@ly right; for

it
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Perrault, that a piece of fteel wire, after
being tempered, would not pafs thmugfn
the fame hole which it did before it
was hard; this is what I have often
tried, and have always found it prove
the certainty of an augmentation: not,
however, contented with this experiment,
I was defirous to know, if poflible, with
more precifion, how great this augmen-
tation might be ; to this end, I procured
a piece of iron hollowed, fo as to re-
ceive a piece of fteel fix inches long,
two broad, and half an inch thick;
after having hardened pretty highly, the
piece of fteel, which I had made to fit
with the utmoft exa@nefs 'in this iron
cafe, I found it had gained in length

the twelfth part of an inch, there was
C i alfo
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pered.) Now the caufes which may be
fuppofed likely to increafe its hardnefs
in augmenting its fize, may be reduced
to, three; 1ft, either the fire or water
has added a matter to the fieel, which
occafions the increafe, and unites its
parts better together; or 2dly, on the
contrary, the fire has driven from within
the fteel fome kind of matter, which
prevented the parts from being fo well
united as they otherways might be; or
laftly, fome changes have been occafioned
in. the body of the fieel (in the figure,
or in the arrangement of its parts, by
means of which thofe very parts obtain
a better fituation.

I attempted thofe experiments which
I judged moft likely to afford me in-

C 3 formation






(13 )
guments unneceflary, and which will
prove, that the augmentation which fteel
acquires, is not owing ecither to the in-
troduction of water, or any other weighty
{ubftance.
- I'weighed“in a very-exal manner a
picce’ of fteel, which 1 reduced precifely
to' an ounce, and after having heated it
to a full- red, I quenched it in cold
water ; taking it thence, I wiped it quite
dry, and weighed it again, when I found,
not only that it had not gained any
weight, but that it had even loft half a
grain. Now it muft be obferved, that
if the increafe of its fize was occafioned
by the introdu&ion of any fubftance, of
an equal weight with itfelf, the picce
of fteel fhould have acquired a forty-
cighth
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then pretty certain, that it is not by the
introduction of any weighty fubftance,
that fteel in tempering, acquires an in-
creafe both of fize and hardnefs ; the
lofs of the half grain as mentioned,
might poffibly arife from fome {mall
flakes, which the heat had occafioned to
fall from the fleel, notwithftanding I
took every precaution to prevent it, this
is a circumftance however fcarce worth
attention, for the lofs of fo {mall a part
as half a grain, is hardly to be confi-
dered as any lofs at all.

What has been faid in oppofition to
the introduéion of water, will have the
fame force againft that of the particles
of fire, which it may be imagined re~
mained confined in the fteel, when the

water
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parts, might in fome meafure oppofe
their adhefion; but that the fire in rarie
fying the fteel, expelled this air from

among its particles, the return of which

was effeCtually prevented, by the fudden
manner of cooling it, though it would
again have entered the fteel, little by lit«
tle; had it been fuffered to cool by de-

grees; but left any one fhould adopt this
notion, as I myfelf was tempted to do,

I will mention an experiment, which
convinced me of its fallacy. I contrived
means, after having given a very fuffi-
cient heat to a piece of fteel, to let it
cool in a fpace free from  air; now the
reader will readily conceive, that if the
hardnefs of fteel was occalioned by means

of preventing the re-entrance of air, fteel
D cooled
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air, we muft therefore fearch for the
caufe in the alteration, which its texture
undergoes 3 in this light, both Robault
and Perrault, believed they had made
the difcovery; the firft infifts, that the
texture of fteel is rendered more uni-
form by tempering, on account, that the
water puts a ftop to the ation caufed
by the fire, at an inftant, when the
parts were nearly in a ftate of fufion,
and that thefe parts have not time there-
fore to unite themfelves, fo as to become
larger, and thereby leave certain intervals
in the fteel, wherein the teeth of a faw,
or thofe of a file, might eafily engage;
but probably this author never had fuf-
ficient opportunity to examine tempered
ftecl, after it had been broke, or he

D2 would
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in bodies, and is of opinion, that the
fudden manner in which fteel is cooled
by tempering, ferves to enclofe this mat-
ter; if this was the cafe, the matter thus

confined, would have its liberty to efcape,
and doubtlefs would do fo, when the
piece of fteel was broke, and the broken
furface then fhould become foft in an
inftant, but we find on the contrary that
it alw'ajrs prefﬂr'ves its hardnefs; the man-
ner in which he fuppofes a fubtle mat-
‘ter to act herein, is as unfatisfaCtory in
this particular, as it is when confidered
as a general caufe; it is no eafly mat-
ter to content Philofophers on this im-
portant queftion. |

| Independent ¢f any general caufe of
hardnefs, I believe it will be poflible to

difcover
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Now it feems moft reafonable to fip-
pofe, that wherein we find thefe two
bodies to differ from each other; we
may there expe to find the occafion of
that difference which the fame treatment
produces in each; it muft be then
owing to the fulphur and falts, which
the fteel poffefles in greater quantity
than the iron, by which it acquires the
property of becoming hard. 1 fhall
endeavour to explain in what manner
it may occafion the fteel to become
hatrd, when it is cooled fuddenly, and
why, on the contrary, it leaves it foft,
when it is fuffered to cool by flow
degrees;

It is neceflaty to remembeér, that both

iron and - fteel have an aptnefs to im-

bibe
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here.. We have then undef our confis
deration a fingle grain of fteel; the
molecules it is compofed of, and the
elementary ‘parts of thofe molecules,
Now, in expofing to' the fire the piece
of fteel which contains the grain, (at
prefent the obje of our confideration)
we fhall find, that the fulphur and falts,
contained in the molecules, will be
fooner melted than the molecules thema
~ {felves, and are by the heat drove from
among-the parts in which they were
contained, and take place amidt its va-
cancies. Thus the matter, which the
heat had expelled from within the
molecules, now fills up the fpaces be-
tween them : it is pretty evident then,
that; when a grain of fteel has received

E 2 Cer=
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The molecules of this fingle grain, there-
fore, will hold better with each other,
and the grain of fteel will be more
difficult to divide or bréak; or, (what
is the fame thing) the grain is become
more hard. The fame effe, doubtlefs,
muft have been produced to all ‘the
other grains contained in the piece of
fteel, which received the fame degree
of heat, and thus the whole body be-
comes hard.

The pyrites, which is a fort of ful-
phurous ftone, well known among na-
turalifts, inclines us to believe, that parts
of fulphur and falt mixed together, may
have a confiderable degree of hardnefs,
it being acknowledged, that the pyrites
is, in itfelf, bardly any thing more than

E2 falt
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fail of uniting them better together ;
and it ﬂ;ppears very certain, that the
hardening of fteel is produced by means
of fixing a fluid matter, which flows
among the interftices of its parts, and
which is not of a fimple nature, but is,
doubtlefs, ftrongly impregnated with par-
ticles of falt. .

Nothing can ferve better to explain,
and at the fame time confirm, what
has been faid, than the manner of tem-
pering fteel or iron, by inclofing either
ip an iron box, together with fuch in-
gredients as will beft ferve the purpofe
of producing more than an ordinary
hardnefs ; fuch, in fhort, as abound
moft with fulphurous and faline mat-

ter,
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only the interftices, but alfo the mole-
cules themfelves., In this ftate it is
taken from out the box; and quenched
in water, and by this. means it will
become harder by the fame degree of
heat, than if it had been heated in
the common manner., Our explana-
nation affligns the reafon for this dif-
ferﬁnce,—. and the difference, at the fame
time, confirms our explanation ; for
the grains of fteel, thus incafed, and
thus fupplied, are more penetrated with
fulphur and falts, than thofe which are
heated dire@ly on the coals; and by
being cooled fuddenly, more of thofe

matters

This procefs, however, is commonly ufed with
iron only, fleel being capable of receiving a fufhi-
cient degree of hardnefs by the methods ordinarily
practifed for that purpofe.
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tnore ealy to'ﬁ:parate than untempered
fteel. ‘This appears neceflary to allow;
when we confider, that in firetching
two pietes of fleel lof equal diameters,
the one tempered, and the other not,
fhc.piec: which is bard will break by
a lefs degree of force than the other,
To explain which,l it muft be remem-
bered, that as fteel increafes in fize by
tempering, without the addition of any
metallic. body to occafion that increafe,
the number of points therefore which
come .in conta®, are lefs in fteel, after
tempering, than before; confequently,
the whole of the fteel is, in one {enfe,
weaker after being hardened than be-
fore. It feems, however, difficult to
admit, that tempered fteel, which refifts
i)

|
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fixed one of the ends, and to the ‘ﬁthcr
hung a confiderable weight, which I
increafed till the wire broke afunder.
Having repeated this experiment feveral
-times, I conftantly found the fraGure
happen in the part which was hard-
ened, and generally where it had par-
took of the greatelt heat, and which
confequently was the hardeft. I re-
peated this trial {o often, and with fo
many precautions, as left me without a
doubt concerning it. It is not eafy to
afcertain how much the force neceffary
to break a piece of tempered fteel in
this manner, is lefs than what is re-
quired with fteel that is not tempered ;
but, I am convinced, the difference is
very confiderable, and much more than

F2 might
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the grains entire, as will appear by
viewing the furface of fteel that has
been broke afunder, which, however,
even and clofe, {ftill difcovers much
more ragged particles than the farface
of fteel that has been filed, which is
a {ufficient proof that the {eparation
happenéd between the grains, and not
in the grains themfelves ; a chizel,
likewife, cannot cut fteel without di-
viding the grain, it can hardly be fup-
poeled to direct its way precifely between
two grains; thus, the better united the
parts are, which compofe the grain,
the more they will refift to the file
or chizel, which are the methods com-
monly ufed to prove its hardnefs.

| INotwithftanding
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fiot fo numerous as in the other; the
' 'paris,_ therefore, which come in conta&
in the tempered fteel, will not be fo
many in number as ih the piece that
is not hard, and confequently, net having
fo many points of hold, will be eaficr
caufed to feparate; but notwithftanding
the weaknefs of its force, confidered
colle@ively, we may, however, eafily
imagine that it would be more difficult
to feparate one of the grains from its
neighbour, in the piece tempered; than
in that which 1s not tempered, for the
increafed fize of its grain occafions it to
have a .greater fpace of contaét with
the adjoining one, though the contadt,
not being fo often repeated in' the fame
degree of fpace, leaves tempered fleel,

vpon
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for example, w:‘lill be very brittle, and
yet the fame glafs drawn into threads,
will form a fkaine of a very flexible
nature, and the more fo, as the threads
of which -it is compofed are fmaller.
Untempered fteel may be compared to
the mafs formed of the fmalleft parts,
and that which is tempered, to the other.

It re_ni_ains to examine, why fteel which
‘has been hardened, will again become
foft by being heated, or (which is the
{fame thing,) why it would have remained
foft, if inftead of being plunged in water,
it had been left to cool among the coals,
from which it received the heat,

It has already been remarked, that
both iron and fteel have an eagernefs to
imbibe the fulphur and falts, which the

G heat
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contrary, they ~preferve a confiderable
heat for fome time, and if the piece
that is tempered, is pretty {ubftantial,
we may . perceive that it retains its red-
nefs for fome time, under the water,
and during the fpace the fteel is un-
dergoing the change, from a fﬂft body
to a hard one, it is ealy to conceive,
that part of the fulphurous matter, which
the fire had fet in agitation, regains the
place from whence it had been drove.

It may happ;n (according to the dif-
ference of fteel) that, that which is
tempered, after having been made white
hot, may not have more fulphur dif-
pf:rfcd in its parts, than other fteel which
i5 only heated red; this laft remark ex-
plains a fundamental rule, refpe@ing the

different






