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VII. — On the Hardness of Melals and Alloys.
By F. Crace CaLverr, M.R.A. of Turin, ¥F.C.S. &c.; and
Ricuarp Jomnson, F.C.S., §e.

Read April 6th, 1858.

TaE process at present adopted for determining the com-
parative degree of hardness of bodies consists in rubbing
one body against another, and that which indents or
scratches the other is admitted to be the harder of the
two bodies experimented upon. Thus, for example,

Diamond, Iron,
Topaz, Copper,
Quartz, Tin,
Steel, Lead.

This method is not only very unsatisfactory in its
results, but it is also inapplicable for determining with
precision the various degrees of hardness of the different
metals and their alloys. We therefore thought that it
would be useful and interesting if we were to adopt a
process which would enable us to represent by numbers
the comparative degrees of harduess of various metals and
their alloys.

To carry out these views we devised the following appa-
ratus and method of operating. The machine used is on
the principle of a lever, with this important modification,
that the piece of metal experimented upon can be relieved
from the pressure of the weight employed without re-
moving the weight from the end of the longer arm of the
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lever. The machine consists of a lever H with a counter-
poise B and a plate C, on which the weights are gradually
placed. The fulcrum L bears on a square bar of iron A,

passing through supports E. The bar A is graduated at
a, and has at its end a conical steel point F, 7mm. or 0275
of an inch long, 5mm. or 0°197 of an inch wide at the base,
and 1:25mm. or 0°049 of an inch wide at the point which
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bears on the piece of metal Z to be experimented on, and
this is supported on a solid piece of iron G. The support
or point of resistance W is lowered or raised by the screw
M, and when, therefore, this screw is turned the whole of
the weight on the lever is borne by the support I and the
screw M. When it is necessary, by turning the screw M,
the weight on the lever is re-established on the bar, and
experimented upon.

When we wished to determine the degree of hardness of
a substance we placed it on the plate G, and rested the
point F upon it, noticing the exact mark on « on the bar
A, and then gradnally added weights on the end of the
lever C until the steel point F entered 3-5mm. or 0°128 of
an inch during half an hour, and then read off the weight.
A result was never accepted without at least two experi-
ments were made, which corresponded so far as to present
a difference of only a few pounds. The following table
gives the relative degree of hardness of some of the more
common metals. We specially confined our researches to
this class, wishing the results to be practically useful to
engineers and others who have to employ metals, and
often require to know the comparative hardness of metals
and alloys.

Nasmes of Metals. e Caleint Con
1bs.

Staffordshire Cold Blast Cast

Iron — Grey, No. 3 ......... 4800 1000
FEaals 110 i nad BN 4600 ? 958 ?
Wrought Iron*.................. 4550 948
Platimmmn ..ot it v 1800 375
Copper — Pure .......oocooessses 1445 301
ATNMITIUIL  oseorsrennssasssansss 1300 271
Silver — pure,.....oeeeeveireeeees 1000 208
Zine (5 P oy, oL e e 880 183
Gold Ros AR il 800 167
Cadmim Ao, ... osssssssiassains 520 108
Bismuth do. ...cicecises svananias 250 52
Tin A b it adudnaris 130 27
Lead e L R L 75 16

# This wrought iron was made from the above-mentioned cast iron.
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This table exhibits a curious fact, viz., the high degree
of hardness of cast iron as compared with that of all other
metals, and although we found alloys which possessed an
extraordinary degree of hardness, still none were equal to
cast iron.

The first series of alloys we shall give is that of copper
and zine.

Weicht Obtained | Calculated®*
Formulee of Alloys and per centages. Bmllll(}g}' ed. Cftt}[{lon Cft B]E)Un
> 1bs. o
Cu 82-95 . ?
s WL 2050 | 42708 | 28083
{Cu 79-56 ; e ik,
Zinl Ot} 7 5 da § o overees 2250 | 468°75 | 27682
Cu 7448 L s
Zin Oty {70 deopn | eatiesesri: 2250 | 468775 | 27604
Cu 66°06 ) : ; "y
Zn Cuz {Zn 3394, frr1rerr e 2270 472:92 | 26104
f Cu 49-32) ! :

ZD Cl.l t ztl 50 _68’ ............ 2900 60‘1‘ 17 24‘3 33
Cu Zn, {0 g;ﬁgé} ............ Broke with 1500 Ibs. without
é’n 2464 the point entering.

Cu Zn, }Zu ""SGl ............ Broke with 1500 lbs. with an
}Cﬁ {3.57 J impression 4 mm. deep.
Cu Zng | Zn 8043 e A Syt Entered a little more than the
-{3“ 16'3.0 ) above; broke with 2000 lbs.
Cu Zn, il zu 83'70[ ............ Entered 2 mm. with 1500 1bs.;
a $ broke with 1700 Ibs.

These results show that all the alloys containing an
excess of copper are much harder than the metals com-
posing them, and what is not less interesting, that the
increased degree of hardness is due to the zine, the softer
metal of the two which compose these alloys. The quan-
tity of this metal must, however, not exceed 50 per cent. of
the alloy, or the alloy becomes so hrittle that it breaks as
the steel point penetrates. We believe that some of these
alloys, with an excess of zine, and which are not found in
commerce owing to their white appearance, deserve the

* To calculate the hardness of an alloy we multiplied the per centage
quantity of each metal by the respective hardness of that metal, added the

two results together, and divided by 100. The quotient is the theoretical
hardness.
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attention of engineers. There is in this series an alloy to
which we wish to draw special attention, viz., the alloy
Cu Zn composed in 100 parts of

Geppen s volis sids.l .. 4932
GRS . A0 LENER i B 50-68
100-00

Although this alloy contains about 20 per cent. more
zine than any of the brasses of commerce, still it is, when
carefully prepared, far richer in colour than the ordinary
alloys of commerce. The only reason that we can give
why it has not been introduced into the market is, that
when the amount of zinc employed exceeds 33 per cent. the
brass produced becomes so white that the manufacturers
have deemed it advisable not to exceed that proportion.
If, however, they had increased the quantity to exactly
50'68 per cent. and mixed the metals well, they would
have obtained an alloy as rich in colour as if it had con-
tained 90 per cent. of copper, and of a hardness three
times as great as that given by calculation. In order
to enable engineers to form an opinion as to the value of
this cheap alloy we give them the degrees of hardness of
several commercial brasses : —

Commercial Brasses, Weight Cast Iron =1000.
employed. | Obtained, | Calculated.

Ibs.
Copper 82-05
*Large Bearing” ......... {*Tin 12-82
Zinc 513 | 2700 562 259

Copper 80
LT R {*Tin 10
Zine 10 3600 750 262
S ¥ollow Brass™ i.......00.. { g?&jﬂper gé 2500 590 9258
Copper 800
*P y L] i
“Pumps and Pipes” ...... i Z-iLt:z Eo;g
Lead 75| 1650 | 343 | 257

# These alloys all contain tin.
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The alloy Cu Zn possesses another remarkable property,
viz., the facility with which it is capable of crystallising
in prisms half an inch in length, of extreme flexibility.
There is no doubt that this alloy is a definite chemical
compound, and not a mixture of metals, as alloys are
generally considered to be. Our researches on the con-
ductibility of heat by alloys, which we have recently
presented to the Royal Society, leave no doubt that many
alloys are definite chemical compounds.

On Bronze Alloys.

Formulze of Alloys and per centages. e;:;ﬁig—}:d_ g-.al.%a}l::g %ﬂﬂg{ﬁfg
Ibs.
Calag 4 £5 P it oala 100 8333 | 5167
Cu 11'86 | : ,
2 B o AR 460 95°81 5956
Cu Sng {0:11 éi = [ DnpaSinimns 500 10417 6875
Cu 21" j1 = - :
Ou Bng {on 202 :9} ............... 650 13542 8479
Cu Sn { gg g;g? } ............... At7001bs. the point entered one half
Cu 48'1:' and the alloy broke.
Sn {.”Ju2 {Sn 51'83} ........ LR {At 800 lbs. the al](}j" broke without
‘Cu 6179 the point entering.
Sn Cu, {Sn e } ............... |At 800 1bs. the alloy broke into
( Cu 68-27 } small pieces (blue alloy).
Sn Cuy {50 a7. 3} ............... 13001bs. divided the alloyinto2 pieces
Cu 7 60 \withoutthe pointhavingentered 1mm.
Sn Cu, { Sn 2; 10; ............... The same as the preceding.
{Cu 8482 ; :
BT e ftnssasstonas 4400 | 91666 | 25708
{ Cu 8897 gy :
B Oyl o o Ao iainosss 3710 77292 | 27083
Cu 91-49 . -
Sn Cugy g “gig1 Jrreeeeenssesees 3070 | 63938 | 27770
Cu 93-17 - .
R o R SR 2890 602:08 | 27916

The results obtained from this series of alloys lead to

several conclusions deserving our notice.
marked softness of all the alloys containing an excess of
tin; secondly, the extraordinary fact that an increased

First, the
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quantity of so malleable a metal as copper should so
suddenly render the alloy brittle, for the
Alloy Cu Sn,

or
)
Cf}pper """ 2l 21} is not brittle,
T i 7879
whilst the alloy Cu Sn

or
Cf)pper ...... 34'98} b
Ll S 6502

Therefore the addition of 14 per cent of copper renders a
bronze alloy brittle. This curious fact is observed in all
the alloys with excess of copper, Sn Cuz, Sn Cuz, Sn
Cuy, Sn Cuj;, until we arrive at one containing a great
excess of copper, viz., the alloy Sn Cu,y, consisting of
copper 84-68 and tin 15°32, when the brittleness ceases;
but strange to say this alloy, which contains four-fifths of
its weight of copper, is notwithstanding nearly as hard
asiron. This remarkable influence of copper in the bronze
alloys is also visible in those composed of

Sn Cu,;, containing 8897 of copper.

Sn Cuyy, > 91-49 54

Sn Cuy;, 3 9317 3
Copper acquires such an increased degree of hardness by
being alloyed with tin or zinc that we thought it inter-
esting to ‘ascertain if alloys composed of these two metals
would also have a greater degree of hardness than that
indicated by theory; we accordingly had a series of alloys
prepared in equivalent quantities, and these are the results
arrived at:
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Formulze of Alloys and per centages of each. ﬂmﬁ'{i}‘;ﬁ ‘8;’;31 ﬂ'f]lrll t chisc}:lﬂtgg
= 1000, ! == 1000,
1bs. '
Zn Bn, {S2 20 gg} ............... 300 64:50 6083
Zn Sn {z”‘ gi ig} ............... 330 6875 8270
SR el e 400 8333 | 11000
Sn 3757 4oL .
Sn Zn {z 6243}.._. ........... 450 9370 | 12458
B 2oy o S it 505 | 10520 | 13122
Sn Zn, {%‘]11 ggi;} ............... 600 12500 | 14208
B Za PR SR et 580 | 12083 | 15833

These results show that these metals exert no action on
each other, as the numbers indicating the degrees of hard-
ness of their alloys are rather less than those required
by theory. Our researches on the conductibility of heat
by the three above series of alloys throw, we believe, some
light on the great difference which the alloys of bronze
present as compared with those of tin and zinec; for we
have stated above that the latter conduct heat as a mix-
ture of metals would do, and not as the former series,
which conduct heat as definite chemical compounds.

We shall conclude by giving the degrees of hardness of
two other series of alloys, viz., those composed of lead and
antimony, and lead and tin. In the series of lead and
tin we find that tin also increases the hardness of lead,
but not in the same degree as it does that of copper.
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Lead and Antimony.
Formulz of Alloys and per centages. Weight
employed.
Ibs.
Pb Sb, J,gll)j o g;} ........................... Entered 2-5mm. with 800
Pb 2864 | Ibs.; then broke.
B ENGE Fune o i uilisa s Entered 27mm. with 800
Pb 34-86 { ]]JS.; broke with 900 lbs.
Pb by {p G514 frrrrrreeeeeeer 875
E0 8y {eh co L Entered 2'5mm. with 500
Ph 6161 H)S.; brOke with 600 1bs.
BB b Ao 5ol ik 500
Pb 7632
I o 385
Pb 82:80
8b Bhy {5, 1790 fess++erseeeson 310
Pb 8652
Bb Phy {51, 1948 fereeeseeen 300
Pb 8892
LT e 295
Lead and Tin.
Formulze of All d t cight OBt |t Gaat Teom
'ormulée o oys and per centages, employed. islmu? La
. . 1bs.
R L A T 200 | 4167 | 2396
PP ARl 105 | 4062 | 238
P e S T R R TS
Y i e 125 | 2604 | 2009
T L 100 | 2083 | 1977
Sn b, {g0 200 | 128 | 2604 | 1812
o Kb R 135 | 2812 | 1723
Su Pb, | ED o s 125 | 2604 | 1708
Sn Pb, {gg e s 10 | 2202 | 1677

We have great pleasure in thanking here Mr. Siméon
Stoikowitsch, F.C.S., for his valuable assistance during

these long researches,
VOL, XV,

R



ImEE BHL

Biodiversity Heritage Library

Crace-Calvert, F. and Johnson, Richard Irwin. 1860. "On the Hardness of
Metals and Alloys." Memoirs of the Literary and Philosophical Society of
Manchester 15, 113-121.

View This Item Online: https://www.biodiversitylibrary.org/item/52264
Permalink: https://www.biodiversitylibrary.org/partpdf/305061

Holding Institution
Natural History Museum Library, London

Sponsored by
Natural History Museum Library, London

Copyright & Reuse
Copyright Status: Public domain. The BHL considers that this work is no longer under
copyright protection.

This document was created from content at the Biodiversity Heritage Library, the world's
largest open access digital library for biodiversity literature and archives. Visit BHL at
https://www.biodiversitylibrary.org.

This file was generated 13 January 2024 at 19:33 UTC


https://www.biodiversitylibrary.org/item/52264
https://www.biodiversitylibrary.org/partpdf/305061
https://www.biodiversitylibrary.org

