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3Iay, is so reinarkable thiat it is ta be regretted that
noa imicroseopical examiniation of the ietal was iuider-
takei. It iighit even lie fouid thatt le I.ý-inclh cube
of metal deseribed as east iron was a furnace accretioni
composed of metal witl uiinconsiied particles of
charcal appearing in t lie analysis as graphitie carbonl.
Owing to roasting. the analysis of ancieit irons pre-
sents great difliculties; aid these are notably thie
case with cast iron. A cast-iron cannon ball. for
example. recently discovered, in mîuakinîg tlie Paris
underground railway, under the site Of tle old Bas-
tille, whilst retaining its original shape, was found
to consist chiefly of iron oxide. Its specifie gravity
was 4.854, instead of 7.6: and under the microscope it
was found tlat the pearlite, whicl. in atdmîixture with
cemenitite, uîsually constitutes ordiiary white pig-iron
vas oxidised throughaut. whilst the cemlientite had

preserved its ietallic state. Au analysis of the cai-
ion baill by Mr. A. Portlier gave 5.9 per cent. of carbon,
0.25 per cent. of silicon, 0.75 per cent. of ianganese,
2.9 per cent. of moisture, 72.0 per cent. of iron. and
17.45 per cent. of oxygenî. Tie higli percentage of
carbon shows that soie of the iron lad beci expelled;
the original carbon percentage in the pig hiavinlg pro-

abily been below 4. It is interesting to compare
tlese results with the analysis given by Nir. lay iof
supposed Roman cast iron. that lad been sbiljectel
to oxidising influences for ane thousand five liundred
years. His figures are as follows:-Iron, 94.08; coin-
bined earbon, 0.23; graphite, 3.0; silicon, 1.05; suipluir,
0.48; pliosphorus, 0.75; and maunganese, 0.40 per cent.

Ili the early Middle Ages, altlhoiughi little progress
vas made in ironî sieltinlg, great advances were made

in tlhe mnîîipilation of iron and steel. ile sword was
the triumîpli of tlie sinith's art ; but the mn:uiifact ure of
defensive armour called for skill of no iean order. ''ie
value of iron vas, however, fully recognised. Writing
in 1260, Barthololmew the English Franciscain. says:

Use of iron is more needful to mien in manv things
tlai use of gold; though1 covetolus lien love more gold
tian iron. Without iron the counonalty be nt sure
against enemies. without dread of iront the coinmon
right is not governed; withl iron innocent men are de-
fended; and foollhardiiess of wicked men is chastiscd
witi dread of iron. And well nigh- i handiwork is
wrouglt witlout iron; no field is cared without iron.
nueitlier tilling craft uscd, nor building builded without
iron."

h'lie invention of gupiîowder. somewlhere about 1310
to 1320. had a remarkable influence on iron manf:ie-
turer; and it is interesting. in tracinig the history of
ordnance, to sec the advances in the iron industry oc-
casioned by the increasing denands of the artillerist.
Altiouglh tle first canion of iBerthold Schiwarz were
cast, in bronze. il vas not long hefore far more durable
cainon were .forged of iron bars liooped togetler:
and the huge canion suchi as Mons 1cg (1155) at
Edinuirgi and La Dulle Griète at Ghent are remnark-
able exaiples of the skill in forging attained. Thie
furnaces in whichi wrouglit iron was Made at tiis epclh
-the Catalan hucarth. the Corsicain furnace, the Os-
mund furnace, and the Germîan Stiickofii-:are fully
described in the historical treatise-s of Beek (5 vols.,
3runiswick, 1884-1903) and of Swaik (Ph1iladelpIia,
1892), as well as in the standard mnetlhalurgical treatises
of Percv, Bauerman, and othiers. From tiese fur-
iaces. in which the iietal w.as obtainled in the mlle-
able statte in one operation, to the blast furnace, the
trzansition was graduai. Thie basis of modern netal-

luîrgy vas afforded by the discovery of Cast iron, and
by the employmuent a wator-wheels. in the year 1323,
for working the blast. 'Tlie works were then renoved
fron the forests to the river-valleys. Iron canion
balls were cast by Ulrich Behan in Meimingen in
1388. but cast-iron cannon are nut mientionied before the
fifteenti cenitury. li 1412 two canion, each 45 lbs.
in weight , were cast for the town of Lille, and in 1422
(ast-iron canon were in use in the Hussite wars. Th'le
exphlmation of the late use of iron for eastings is un-
doibtedly to be founiid in tIhe uiisuitaiility of the white
pig-iron originally made. It was not until the leight
of the furnaces was increased that silicon could be re-
duced and grev pig obtiiied.

All the metallurgical operations of the ancients were
entirely empirical. Nothing was known iof the assay-
iig ores. Colour and weight were the oily indications
of the qualitv of an iron ore. Tie idea of the trans-
mutation of netals, which fornied the ain of the
cheiical operations of the middle ages, did not go
baek to classic times. Geber, in the eighth century,
w.as the first to recognise a netal as a fusible and
malleable substance. He taught tliat ail netals con-
sist of sulphiur and quoicksilver in varving proportions.
Alcheiv did iothiing to advance the iroi industry:
but there were besides the alcliemists other philosophers
who cared notling ifor thlese things. Pre-eniinent
amnong t liese were Theophilus, the priest an iiionk, and
Leonardo da Vinci, the artist. Tie former was a Ger-
iian who lived in the second half of the Aieventh cin-
tury. He was nlot only ani author, but also a skilled
worker in netals; and his book coitains, besides the
usu:al superstitions of the age. iany praetical observa-
tions. and gives a good idea of tIe workshlo) practice
of a iedizval muetallurgist. Leonardo dia Vinici, whio
lived 300 years later, was not only a great painter and
sculptor, but also an eigineer and philoropler. with
anii istonishing knowledge of physics and iecianie.
lie developed the idea of the artesian well, and con-
st rueted dee) boring plant. punps, water-whelis,
hydraulic presses. eanals. and locks. He made a
steam cannon, and lad a dim idea of iany olier late
inventions. lis nictallurgical knowledge was con-
siderable. Anoaîg the imanty drawiigi, let bv imîu,
one of a file-citting machine is specially reiarkable.

Georgius Agricola. who wrote the first systeiatic
treatise on ining. living in Saxonv, wlerc noa iroi was
worked, says but little about iron siîmelt.ing. His illus-
trations show Ihe increased lieight of the furnace; but
lie uakes no refereice to nielting or casting iron. The
subject, of iron foiuding is. however, noticed by Lazarus
Ereker in his work on assaving, publisled ini 1574.

With the discoverv of cast iron and the introduction
of tlhe blast furnace. the first starge in the history of
iron closes with the end of the fifteeiitlh century.
Epoch-iakinig inventions and discoveries soon followe;.
'T'le introductionî of coal as fuel for sneltinîg by Dud

udley in 1618, the replacement of coal by coke. the
uilding by Janes Watt of the first blowing engine at

the Carron ironworks in 1760. of puddling by Henry
Cort in 1784. of the liot blast. bv Neilson inu 1828, of
the Bessener process in 1S56, of open-leartlh steel
naking in 1861, and of basic steel naking in 1879,
are a few of the great iiprovements thait have led to
the marvellous developient of the iron trade in ttis
and other countries, and have rendered it possible for
thle world to producc. ab il is now loing, 4*5 million
tons of pig-iron anmmaly.


