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PREFACE TO THE FIRST EDITION.

Axoxa the manufactures of Great Britain, that of iron has recently risen to a magnitude
which entitles it to rank as the most important, both as regards the value of the products,
and the direct bearing they have on the progress of civilisation and commerce. Iron is a
metal comparatively unknown in uncivilised districts, and it is worthy of remark that the
production and consumption of this metal in proportion to the population is highest in
nations excelling in commerce and the mechanic arts, and declining as we descend the scale
of civilisation, until, arriving at the lowest degree of intelligence displayed by the human
race, it is entirely wanting. The ores of iron are extensively disseminated throughout
the globe, but their conversion in large quantities into metallic iron is limited to a few of
the more advanced European nations and the Anglo-Saxon population of America. The
presence of apparently inexhaustible supplies of ores, obtained with the greatest facility, and
yielding irons of the finest description, immediately contiguous to vast deposits of mineral
fuel peculiarly adapted for their reduction, has resulted in an extraordinary development of
this manufacture in Great Britain. At the present day, the annual production of three of
the principal districts of the United Kingdom, viz. South Wales, South Staffordshire, and
Scotland, considerably exceeds the collective production of all other nations. The im-
portance of this branch of metallurgical industry to the commercial prosperity of the
kingdom may be inferred from the circumstance, that, while the home consumption in
foundries and manufactories absorbs one-half of the production, the quantity exported is
scarcely inferior to the gross produce of all other nations, a fact which shows a high state of
mechanical science and the attainment of a degree of perfection far beyond that common in

other countries. The production of crude iron during the year (1854) exceeded 3% millions
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of tons; and the production of malleable iron amounted to nearly 2 millions of tons; value
in the manufactured form, at current prices, 25 millions ; the number of operatives employed
in the manufacture, including those engaged in the operations of quarrying and mining the
ore, was 238,000; and in giving motion to the various machines, and blowing the various

furnaces, 2120 steam-engines of an aggregate power of 242,000 horses were employed.

On a manufacture of such magnitude and importance there exists no special treatise
beyond the one entitled “ Mushet's Papers on Iron and Steel,” originally published more
than half a century ago, when the annual production scarcely reached 100,000 tons, and
these are confined to a consideration of the then known facts relating to the production of
crude iron. In later years papers on subjects connected with the manufacture have appeared
in various journals, but their scientific value is considerably lessened either through their
antique bearings, or the theoretical views and evident bias of the writers in favour of par-
ticular processes and patented inventions. This paucity of reliable information on the prin-
ciples involved in the various processes of the manufacture, has principally arisen from the
disinclination to communicate their experience so generally manifested by parties practically
acquainted with the subject, but partially, also, from the inability of those otherwise compe-
tent and disposed to undertake the task to illustrate their work by the requisite drawings.
In submitting the following pages, the author deems an apology unnecessary—the general
want of a comprehensive work on the subject is too well known to require comment; the
facts and observations put forward are founded on the results of nearly seventeen years of
practice, and comprise, in addition to descriptive details of the furnaces and machines
employed, and the various operations incidental to the manufacture of iron in a large way,
theoretical analyses of the causes contributing to the economical production of the various
qualities of crude and malleable iron from different descriptions of ores under dissimilar
modes of treatment—the object being the dissemination of correct information on the points

of greatest importance.

The remarks on the hot-blast system, and the conclusions drawn relative to the effect so
commonly ascribed to the application of this invention being due to causes other than the
mere heating, though given after mature consideration, and an attentive examination of the

results produced on different furnaces, are at variance with received opinions on this subject,
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and may lead the reader to the inference that their purpose is other than to convey correct
ideas on a very important depért-ment of the manufacture. In arriving, however, at just
conclusions_it will be remembered that while the surprising economy of the hot-blast in
certain districts previously using very large quantities of coal is freely admitted, the reason
given by writers generally of its superiority, “that the heated blast is better fitted for sup-
porting combustion,” is altogether untenable. It does not account for the heat yielded by
the combustion of a given quantity of coal in the stove grates being so much superior to that
developed by a similar quantity consumed in the furnace; it does not account for the in-
ability of the heated blast to economise fuel in heavily-burdened charcoal furnaces ; it is in-
sufficient to account for the variation in the results obtained with different coals in similarly
formed furnaces, and the dissimilar effects observed with the same fuel in differently shaped
furnaces ; neither does it explain the reason why the beneficial effects of heated air on com-
bustion should be confined to blast furnaces, nor for the cold blast being for a limited period

superior to the hot when introduced into hot-blast furnaces.

The remarks on the withdrawal of the gases from blast furnaces and their subsequent
combustion may also lead to similar misapprehension, and the inference be drawn that the
author deprecates innovation; but on this subject, which has recently been extensively
agitated, it may be well to state that the withdrawal of heat or gases from a furnace, either
at a low level by natural draught, or from a high level by mechanical means, unless attended
by a corresponding disturbance in the smelting operations, implies a superabundance and pre-
vious waste ; the utilization of which, by the erection and adaptation of secondary apparatus,
may be profitable, but the legitimate mode of operating, by which a greater economy may be
attained, is to adapt the quantity of fuel and form of the furnace to the requirements of the
smelting process. If this be done, waste heat or other products capable of utilization will
not be evolved, and the advantages of superior economy be attained without having re-
course to the large outlay of capital incidental to all plans for economising superfluous

products.

On other points, also, in which his views differ from the opinions generally advanced by
writers on iron, the author has been guided by deductions drawn from practical observation,

and however novel may appear the conclusions, he believes they are substantially correct, and
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in the elimination of the principles regulating the economy of the several processes entitled to

greater consideration than mere speculative theories unsupported by practice.

The historical portion of the subject has been omitted. The author’s acknowledgments
are due to Mr. P. L. Simmonds, and other gentlemen, for much valuable matter bearing on
this portion ; its able treatment by Mr. Scrivenor in his * History of the Iron Trade ;" and
the generally little interest taken in it by many manufacturers and parties practically engaged,
has been considered a sufficient reason for confining the work to its present limits.

July, 1855.
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and the advantageous application of the unconsumed gases issuing from the blast furnace,
we may remark that the experience of the last few years does not appear to entirely bear

out the conclusions to ‘which he had arrived.

It must, however, be remembered that Mr. Truran was essentially a practical man, and
that the great value of his work is rather as a record of the exact state of this.industry at
the time at which he wrote, than as a scientific treatise affording information explanatory of
the physical and chemical agencies which play such an important part in this branch of our

manufactures.

With some of his observations of a theoretical nature we cannot ourselves entirely agree,
but there can be no doubt that his remarks on the influence exerted by the area of the
tunnel-head on the working and yield of furnaces are of much practical importance, and

that the attention of ironmasters cannot be too carefully directed to this subject.

London, August, 1862.
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xiv DESCRIPTION OF PLATES.

Fig. 88. Vertical scetion through back tuycre-house and
cinder-fall, showing blast pipe, tuyeres, damplate, and other
details.

Fig. 89. Half plan, tbrough hearth.

»s 90. Vertical scction throngh bottom showing the pe-
culiar form of the fire-bricks of which it is composed.

PLATE XVI.

Large 18-feet blast furnacc—Dowlais iron-works,

Fig. 91. Horizontal seetion through boshes at the level of
the top of hearth, showing castings with which the furnace
is bound together. |

Fig. 92. Horizontal section through hearth at level of
tuyeres, showing tuyeres and pipes in position.

Fig. 93. Vertical section before the hearth and boshes are
put in, with mould by which the in-walls arc built.

Fig. 94. Front view of cinder-fall.

PLATE XVIL

Large 18-feet blast furnace at Dowlais iron-works.
Figs. 95, 96. Elevation and plan.

PLATE XVIII.

Cupola furnace at Dowlais iron-works.

Figs. 97, 98, 99. Front elevation, vertical section and
sectional plan of hearth.

Fig. 100. Sectional plan of hearth of cupola furnace at
Sirhowy iron-works.

PLATE XIX.

Figs. 101, 102. Vertical section, and sectional plan throngh
hearth of blast furnace at Tredegar iron-works.

Figs. 103, 104, Hearth of Aberamman furnace, vertical
section and plan, showing tuyere openings both in sides and
breast. e

Fig. 105. Vertical section of hearth of Ystalyfera furnace,
showing three tuyere openings on each side and one in breast.

PLATE XX.

Blast furnace at Coliness iron-works.
Figs. 106, 107, 108. Elevation, vertical section and plan.

PLATE XXI.

Fig. 109. Vertical section of blast furnacc at Cwm Afon
iron-works.

Figs. 110, 111, Vertical section and plan of hearth of blast
furnaces, Oldbury iron-works,

PLATE XXII

Fig. 112. Vertical section of blast furnace at Towlaw iron-
works.

Fig. 113, Vertical scction of blast furnace at Stockton-
upon-Tees.

PLATE XXIIL

Water-balance lift for pits and for raising materials to fur-
nace top—employcd frequently in South Wales.

Fig. 114. View of framing at top of lift, with ehain whcel
and brake, showing tram arrived at the top, and rcady to be
wheeled off on to the charging plates.

Fig. 115, Side view of top and bottom of lift, showing
tram wheeled on to the platform and ready to be hoisted.

Fig. 116. Vertical section of bucket with escape valve.

s»s 117, Plan of platform on bucket.
,» 118. View of incliued plane furnace-lift, worked by a
steam-engine—mnch used in Staffordshire.

PLATE XXIV.

Fig. 119. Vertical section of pneumatic furnace-lift in
use at Corbyn’s Hall furnace and elsewhere.

Figs. 120, 121, 122. Sectional plan of pneumatic tube, air-
pipes and well, plan of platform and guides. Sketeh of top
pulley for counterbalancing chain.

Fig. 128. Section of valve chest with three passages, placed
on blast pipes of hot-blast furnaces to direct the blast cither
through the stoves or at onmce into the furnaces at plea-
sure.

Fig. 124. Section of hot-blast stove placed between fur-
naces at Ystalyfera, heated by hot gascs abstracted from
the furnace.

PLATE XXV.

Fig. 125. Section of blast stove with V-pipes, horizontal
pipes being built in with fire-brick.

Fig. 126. Section of blast stove with V-pipcs at Pen-y-
darran iron works, A

Figs. 127, 128. Sketches of stove-pipcjunctions, one with
ordinary faucet, the other with separate removable socket.

Fig. 129. Crosssection of blast stove at Dowlais iron-works,
with U-pipes.

PLATE XXVI.

Figs. 130, 131. Longitudinal section and sectional plan of
blast stove at Dowlais iron-works (ountlet at right side of fur-
nace door, is in error).

PLATE XXVII

Figs. 132, 133, 134. Longitudinal scction, transverse sec-
tion, and part of sectional plan of blast-stove used at Ehbw
Vale iron-works, Wales, heated by waste gases from the tunncl
head.

PLATE XXVIII.

Tigs. 135,136, Vertical section and sectional plan of blast-
stove, with upright pipes—used in Staffordshire.

Fig. 137. Sectional plan of divided horizontal pipes, in
which vertical pipes stand.

Fig. 138. Vertical section of blast stove, with tall pipes,
and arch over fire. ‘
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PLATE XXIX.

Figs. 139—144, Varions methods of collecting gases from
farnaces. :

PLATE XXX.

Figs. 145, 146. Mode of collecting the farnace gases in
use at Brymbo iron-works—Danhy’s patent.
Figs. 147, 148. Foundry cupola at Rhymney iron works.
,» 150, 151, 152, 153. Details of blast furnaces, con-
struction, hottom-frame, doors, and loose curh, for charging
holes at furnace-top.

PLATE XXXT.

Details of the construction of blast-furnace blast valves.
Tigs. 154, 155. Sections of valve-hox.

,» 156,157, View and section of valve for slide valve,
with spindle and plain handle.

Figs. 158, 159, 160. Sections of throttle valve.

,, 161, 162, 163, 164. Slide valve, with rack and
pinion, vertical and horizontal sections, view of slide face, side
elevation of hox.

Figs. 165, 166. Vertical and horizontal sections of spindle
valve, with screw.

Figs. 167, 168. Vertical and horizontal section of valve,
with circular slide.

PLATE XXXIIL,

Details of the counstruction of blast furnaces. Tuyere-
pipes.
Fig. 169. Section of telescopic tuyere-pipc for conveying
the blast from the main o the tuyere, at Dowlais iron-works.
Figs. 170, 171, 172. Three views of ball and socket joint of
tuyere-pipe.
Fig. 173. Nozzle-pipe.
» 174, 175. Side and end views of {uyere-pipes at
Ebbw Vale iron-works.
Tigs. 176, 177. Side and end views of compound nozzle-
pipe—Aberdare iron-works.
Fig. 178. Nozzle-pipe.
» 179. Cast-iron tuycre-pipe for hot blast—Dowlais iron-
works.

PLATE XXXTII.

Details of the construction of blast furnaces.

Figs. 180, 181. Section and end view of cast-iron water
tuyere.

Fig. 182. Tuyere-pipe with leather bag for conveying cold
blast—Plymouth iron-works.

Fig. 183. Wrounght-iron tuyere-pipe for hot blast—Dowlais
iron-works.

Tigs. 184, 185. Scction and end view of cast-iron water
tnyeres.

Figs. 186, 187, 188, Scction, cnd view and plan of cast-
iron dry tuyeres.

Figs. 189, 190. Front view and section of water tuyere-
block—Aberdare iron-works.
Fig. 191. Water block—Aberdare iron-works.
,» 192,193, Front view and section of water block.

PLATE XXXIV,

Figs. 194, 195, 196. Elevation plan and cross section of
water block below tuyere—Dowlais iron-works.

Figs. 197, 198, 199. Sectional elevation, plan, and cross
section of water tymp—Langloan iron-works.

Figs. 200, 201. Section and side view of cast-iron tuyere-
pipe with flange-joint, movable only in one plane.

Fig. 202. Water tuyere-block—Ystalyfera iron-works.

,» 203,204, Side view and end view of compound {nyere-

pipe for two tuyeres.

Fig. 205, 206. Front and side view of tymp and damplate.

PLATE XXXV,

Figs. 207, 208. Side and end view of charging barrow.
» 209, 210. Side and end view of charging train.
, 211, 212, Side and end view of coke barrow.

» 213. Filling pike for coke.

PLATE XXXVIL

Fig. 213. Plan of cinder fall, showing ou one side of the
cinder-plate the cinder gutters and tnbs and tramway leading
to the cinder tip, and, on the other side, metal gutter and pig
bed.

Fig. 214. Vertical section of cinder fall through metal
gutter, with cinder flowing into movable tnb.

Fig. 215. Cinder crane ; where cinder is allowed to flow
into holes in the ground instead of tubs, the cinder pig is
lifted hy means of an iron bar cast into it and subsequently
removed.

Figs. 216, 217. Cast-iron pig mould.

5 218, 219. Sections of cast-iron gutters.
»  220. A. B. C—Toals used by moulder.

PLATE XXXVIIL.

Figs. 221, 222. Side and end view of cinder tub with loose
sides.
Fig. 223. A similar tub, with sides removed and cinder pig,
ready to be tipped off.
Fig. 224, A—L.—Furnace-keeper’s fools.
,» 225, Cinder tub, with wrought-iron sides made to
Lift off.

PLATE XXXVIII.
Fig. 926. General view of large high-pressure blowing
engine at Dowlais iron-works.
PLATE XXXTX.

Fig. 227. Large blowing engine Dowlais iron-works—Sec-
tion of blowing cylinder and passages. .
Figs. 928 229. Seatings of single and double air valves.



xvi DESCRIPTION OF PLATES.

PLATE XL.

Large blowing engine—Dowlais iron-works.
Fig. 230, Sectional part plan of blast cylinder, showing air
valves,
Fig. 231. Part plan of top of blast eylinder and air-valve
seats.
Fig. 232. Section of edge of blast piston with junk ring for
hemp packing.
Fig. 233. Section of rib of piston.
» 234, Junk-ring bolt.
» 235, Section of edge of blast piston with leather
packing.
Fig. 236. Part section of air valve for blast cylinder cover.
» 237. Hind pressure gauge.

PLATE XLI

Fig. 238. Vertical transverse section of double refinery
—Dowlais iron-works.

Fig, 239, Section of blast valve-box with tbree separate
valves for three tuyeres.

Fig. 240. Tuyere-pipe with ball joint.

PLATE XLII

Double refinery—Dowlais iron-works.

Fig. 241. Sectional plan of refiuery, with dovetailed joints
to pig mould and two tuyeres on each side.

Fig. 242. Elevation of part of finery fire and section of pig
mould.

Fig. 243. Pig mould jointed with elips.

» 244, 245, Longitudinal and fransverse sections of blast -

valve-box for three tuyeres with single valve.

PLATE XLIII.

Large double refinery—Dowlais iron-works.
Fig. 246. Longitudinal section of fiuery fire.
» 247, Pig-mould blocks, with double-rabbeted joints.
» 248. Section of pig mould.
» 249, 250, 251, Pig of refined metal on cart commonly
used to remove it.
Figs. 252, 253. Two-handed sledge for breaking refincd
metal.
Fig. 245. Spanncr for the same purpose.
» 255, 256, Hot-water tuyere for finery.
» 257,258, Scraper.

PLATE XLIV.

Furnace for boiling pig-iron, as usually constructed in the
South Wales iron-works.
TFig. 259. Sectional plan through body of furnace.
» 260. Vertical lonﬂltudmal section through centre of
- furnace and stack,
Figs. 261, 262. Front and back clevations.

PLATE XLV,

Donble puddling furnace for refined iron.

Figs. 263, 264. Sectional plan and longitudinal section. -
» 265, Side elevation.
» 266, 267, Tub for cinder.

PLATE XLVL

Double boiling furnace, with air boshes.
Figs. 268, 269. Sectional plan and longitudinal section.
»»  270. Cross section through stack.

PLATE XLVII

Puddling furnace for refined platc metal at Dowlais iron-
works.
Figs., 271, 272. Lonnltudmal section and scetional plan.
» 273, Cross section throngh body of furnace, lookmo
toward stack. .
Fig. 274. Back elevation, stack frame.

PLATE XLVIII.

Puddling furnace—Dowlais iron-works.
Fig. 275. Side clevation.
» 276, 277. Plan and end views of top of stack, showing
damper.
Fig. 278. Sectional plan of stack.
»  279. Section of stack, with damper at the bottom.
» 280, 281. View and section of working door.
» 282, View of charging door.

PLATE XLIX.

Puddling furnace, with flue damper—Plymouth iron-works.
Figs. 283, 284. Sectional plan aud longitudinal section.
» 285, Back elevation.
» 286, 287, 288. Plan, side view, and section of cooling
bosh for puddlers’ tools.

PLATE L.

Puddling furnace, Cyfarthfa iron-works.
Figs. 289, 260. Sectional plan and longitudinal section.
» 201, 292. Elevation and plan of carriage for conveying
puddle balls to squeezcr, or shingling hammer.
Figs. 293 to 297. Puddlers’ tools.

PLATE LI

Tigs. 298, 299, 300. Longitudinal scctions of puddling fur-
naces, with iron boshes.
Fig. 300. With boiler in flue.

PLATE LIL

Figs. 301, 302. Transverse scction and plan of part of pud-
dling forge—Dowlais iron-works—showing arrangement of
furnaces, coal and iron tramways, races, &e.
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3 PLATE LIIL

Forge train—Cyfarthfa iron-works.
Fig. 303. Elevation of train complete from crab on driving
shaft to squeezer-crank.
Fig. 304. Elevation of sqneener
» 305, Bed-plate of squeezer and part of bed-plate of
train.
Figs. 306, 307. Side and front view of fast half of coupling
crab.
Figs. 308, 309. Side and front view of rolls’ pinion.
,» 310. Clip for keeping rolls’ coupling up to their place.
,» 311, 312. Side and front view ofloose half of coupling-
crab. \

PLATE LIV,

Forge train—Cyfarthfa iron-works. Details of rolls’ stand-
ards.
Fx, 313. Front elevation of rolls’ standards, showing
choeks, brasses, roll-necks, and setting screws.
Fig. 314. Plan of standard.
,» 315, 316, 317. Horizontal sections of standard.
» 318, 319. Front view and sectional plan of pinion
housing.

PLATE LV.

Forge train—Cyfarthfa iron-works. Details of squeezer.
_ Figs. 320, 321. Side view and sectional plan of squeezer-
Fig. 322. View of top gudgeon.
» 323. Squeezer-crank.
,» 324, 325. Elevation and horizontal section of
standards for squeezer-crank.
Fig. 326. Section of standards for squeezer-arm, showing
gudgeon, &c.
Fig. 327. Side elevation of squeezer-arm standard.
» 328. Horizontal section of the same through brass
bearing.
TFigs. 329, 330. Slde view and cross section of anvil of
squeezer,

PLATE LVL

Forge train—Cyfarthfa iron-works. Details of rolls and
squeezer.
Figs. 331, 332. Side and end view of rou,bmc-roll
» 333, 334, 335. Side view and two end views of con-
necting spindle.
Figs. 336—339. Section, side view, and two end views of
pinion on roll end, with crab for driving squeezer.
Figs. 340, 341. Butt-ends of squeezer eonnecting-rod.
» 342, 343. Side and end view of coupling-box.
s 344, 345. End of squeezer-anvil.
» 346, 347. Section of rolls, showing loose guides and
guides cottered down to rest.
. Fig. 348. Cinder plate to go betwcen rolls to kesp the
cinders out of the bearings.

PLATE LVIIL

Forge trains—Dowlais iron-works.

Fig. 349. Complete elevation of train from engine fly-wheel
to squeezer-crank, with pinions in separate housings and
connecting spindle.

Fig. 350. Similar train, but without connecting spindle,
and with pinions on roll ends.

Figs. 351, 352. Plan and cross section of bed-plate for Fig.
349.

PLATE LVIIL.

Forge traius—Dowlais iron-works. Details of housings.
Fig. 353. Elevation of rolls, housing complete, with chocks,
bearings, roll-necks, &c.
Figs. 354, 355, 350. Horizontal sections of housing.
s 357. Top plan of housing.
» 358, 359. Elevation and sectional plan of pinion
housing.

PLATE LIX.

Forge trains—Dowlais iron-works. Details of rolls.
Figs. 360, 361. Side and end view of roughing-roll.
,» 362, 363. Side and end view of pinion.
» 364 Spindle.
,»» 865,366, Side and end views of coupling-box for
spindles and roll flutes.
Figs. 367, 308, 369. Side and two end views of coupling-
crabs.
Figs. 370—372 and 373—376. Rests and guides for finish-
ing rolls. '

PLATE LX.

Forge trains—Dowlais iron-works. Details of rolls and
squeezer.
TFigs. 377, 378, 379. Side and end views and plan of fore-
plate for roughing-rolls.
Fig. 380. Cross section through finishing-rolls, showing
rests and guides.
Fig. 381. Cross section through ronghing-rolls, showing
foreplate and rest.
Fig. 382. Cross section through gudgeon of squeezer.
,» 383,354, Side and end view of squeezer-crank.
,, 385, 356. Butt-end of the squeezer connecting-rod.

PLATE LXL
Forge train—Dowlais iron-works. Defails of double
squeezer.
Figs. 387, 38S. Elevation and sectional plan of double
squeezer.
Figs. 359, 390. Sections of squeezer-arm through gudgeon,
and thmugh hammer.

Fig. 391. End view of squeezer arm, showing gudgeon.

PLATE LXIIL.

Forge hammer—Dowlais iron-works.
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Fig. 392. Sectional clevation.
» 393. Plan of bed-plate.
» 894, Cross section of harness block, and end view of
helve.
Fig. 395. Section of cam-ring, shaft, and bearing block.
» 396, Plan of cam-shaft hearing block.
»» 397, Plan of harness block.
»» 098, Shingling tongs.

PLATE LXIII.

Forge hammer—Dowlais iron-works. Details of hammer,
Figs. 399, 400. Sections of anvil and block.

»» 401, Plan of anvil and block.

»» 403. Elevation of anvil block, showing sectional helve

supported on “jack.”

Fig. 403. Cross section of cam-ring.

,»» 404, Plan of helve.

»» 405. Side view of helve head.

,» 406, 407. Elevation and section of driving wheels.

» 408. Elevation of eccentric squeezer.

PLATE LXIV.

Mill hammer—Dowlais iron-works. .
Fig. 409. Sectional elevation.
» 410. Plan of helve and driving gear.
»» 411, Section of anvil block.
»» 412. End view of helve and part of harness blocks.
,» 413, Plan of anvil block.
,» 414. View of nose of helve,

PLATE LXV.

Heating furnace at Forest and Cyfarthfa iron-works,
Tigs. 415, 416. Longitudinal section and sectional plan.
» 417, 418, 419. Side and end views, and plan of cart
for carrying piles to the rolls.
Fig. 420. Balling furnace tongs.

PLATE LXVIL

Heating furnace at Dowlais iron-works.

Tigs. 421, 422. Longitudinal section and sectional plan. .
s 423, 424, Side and end view of piling tables,
» 425, Rest.

PLATE LXVIL

Smaller heating furnace—Dowlais iron-works.

Figs. 246, 427. Longitudinal section and sectional plan,
» 428, 429. Elevation and plan of pile carriage. .
» 430—433. Balling furnace tools.

PLATE LXVIIL
Twelve-inch merchant train—Dowlais iron-works.
Fig. 434. Front elevation.
»» 435. Elevation of rolls standard.
,s 436, 437, 438. Sections of standard. .
, 439. Plan of standard.

-

PLATE LXIX.

Details of 12-inch merchant train—Dowlais iron-works, ‘
Fig. 440. Side view.
»» 441, End view of pinion.
s 442, Section of chock and hrass.
»» 443. Rolls spindle.
,» 444. Side view of crab, showing part of engine shaft.
s 445, 446, 447, Front view, side view, and back view of
loose crah. .
Figs. 448, 449, Side and end elevation and sectional plan of
standard.

PLATE LXX.
Details of merchant train—~Dowlais iron-works.
Figs. 451, 452. Side and end view of roll,
» 453, 454, Side and end view of connecting spindle,
between pinions and rolls.
Fig. 455. Top chock for rolls where two only are uscd.
» 456, 457, 458, Plan, side and end view of fore-plate.
» 459, 460, 461. Side and end views, and plan of rest. *
»» 462, 463. Side and end view of coupling-box.
» 464, 465, Side and end view of guides.
» 466. Cross section of bed-plate.

PLATE LXXI

Guide train—Dowlais iron-works.
Fig, 467. Elevation of 8-inch guide train.
» 468. Section of bed-plate.
»» 469, 470, Elevation and sectional plan of pinion
standard.
PLATE LXXII.

Details of guide train—Dowlais iron-works.
TFigs. 475, 476, Side view of connecting spindle between
pinion and rolls,
Figs. 477, 478. Sections of coupling-hoxes.
s 470. Side view of pinion.
s AT1, 472, 473, 474. Side elevation, end elevation,
scetional plan, and plan of rolls’ housing.
Fig. 480. End view of spindle.

PLATE LXXIII.

Details of gunide train—Dowlais jron-works,
Figs, 481, 482, 483, Front clevation, side elevation, and
section of rolls’ housing and rolls.
Fig. 484. Side view of crah.
,» 485, Side view of roll.
» 486. Gauge for screwing down rolls, *
,» 487, 488, 489, Guides for square iron.
5 490, 491, 492, Plan, side view and cross scetion of
guides. X
Figs. 493, 494, Plan and end view of fore-plate.

PLATE LXXIV. *

Slitting mill—Dowlais iron-works.
Fig. 495. General view of slitting mill.
,,» 496, 497. Side view and front view of slitting mill in
detail.
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2 MANUFACTURE OF IRON.

All the great coal formations hitherto discovered eontain argillaceous and carbonaceous
iron ores in greater or less abundance. The Staffordshire, South Wales, North Wales,
Derbyshire, Shropshire, and Scotch coal-fields, eontain valuable seams of argillaceous iron
ore. In the Durham, Lancashire, Somersetshire, and other minor coal-fields, the argillaceous
ores exist in smaller quantities, and produce when smelted crude iron of an inferior quality.

The South Wales coal-field stands pre-eminent for the number and richness of its seams
of argillaceous iron ores. The aggregate thickness of the seams measures twenty-one feet.
The average per-centage of metal in the ores exceeds thirty-two per cent. We subjoin the
analyses of the ores from a number of seams wrought by the Dowlais Iron Company, from

“which their blast furnaces at Dowlais are chiefly supplied. The Penydarran, Plymouth, and
Rhymney furnaces are also worked with the produce of the same seams.

Axaryses of the Principal Seams of Argillaceous Iron Ore in the South Wales Coal-Field.

1 2 3 4 5 6 7
Carbonate of iron . : 5 5 . .| 745 86. A 62. 42.7 59.5 68.2
Silica . 5 . . g , ~ 3 . o] 145 8.3 15.9 27.5 42.7 36.9 21.6
Alumina » 8.3 2 3.8 7.8 7.5 1.9 5.4
Carbonaceous matter — 4.9 1.8 2.1 2.8 — 3.8
Lime . ! 4 3 . . . . " : .8 — 4 — -l - —
Moisture and Loss . . . . A . oL .6 1.3 1. 6 1.4 7 !
Phosphoricacid . . . . . . . .| Trace — — — 2.8 — —_
Manganese . . . . . . . ., 1.3
100. 100. 100. 100, 100, 100. 100.
Per-centage of metalliciron . . . . . .| 359 4146 | 37.2 29.5 20.6 28.7 32.9

These analyses taken from the centre of the iron manufacture in this distriet may be con-
sidered as fairly representing the mean eomposition of the Welsh argillaceous ores, since the
variation at other workings, eastward and westward, is ineonsiderable.

The richness of the respective seams in this basin is influenced by the distance between
them. Thus, where two or more seams of iron ore exist with only a thin parting, their
mean per-centage will be found higher than that of seams having a greater thickness of
ground interposed. The general charaeter of the associated earths is influenced by the com-
position of the matrix, and also, but to a minor degree, by the adjacent seams of rock, shale,
or clod. Seams of argillaceous ore, having either a roof or bedding of siliceous rock, invari-
ably contain a large per-centage of silica. The lowest seams of ore, as they approach the
mountain limestone, are found to econtain a notable per-centage of lime, a substance almost
entirely wanting in the richer seams of the upper series.

On analysing specimens from 68 seams, the produce of which is used in the Dowlais fur-
naees, including the whole of the argﬂlaceous ores of the north outerop, we found that 47, or
more than two-thirds of the number, yielded 30 per cent. and upwards. Two seams exceeded
38 per cent., and 4 exceeded 37 per cent., while 5 reached to 36 per cent., 9 to 35 per cent.,
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Peroxide of iron X . a S e . 60.242
Silica 1 . . . . . .. 25775
Alumina . . . . A . 2 . 6.583
Lime " 3 . . . A . . 3510
Magnesia o . e g ¢ . . 3.188
Potash 5 3 : 5 2 . . . 743
Manganese . 5 ¢ e o 2 . Traces
100.

Metallic iron 41.7 per cent.

The Yorkshire coal-field contains numerous valuable seams of argillaceous iron ores,
and, when this district is supplied with greater facilities for the conveyance of the manufac-
tured iron to market, it is probable that the make will be largely increased. Looking at the
small per-centage of clay and the comparative freedom of these ores from sulphur and
phosphoric acid, this district will no doubt eventually produce large quantities of very
superior iron. 'We annex the composition of five of the seams under the manor of Healaugh
Swaledale, according to analyses made by Dr. Odling :

CoxrosirioxN of Yorkshire Argillaccous Iron Ores.

1 2 3 4 5 MEAN.
Carbonate of iron N T TS RS . ey, Beee i 518050 W "0 0N VIR 7/5880) 79.00 | 65.59 74.3
B lime Ay, B L N e e P ART-=x 3.48 | 11.72 4.72 8.36 | 21.28 9.9
Silieatandiclay T MR g HTE TS S T S S 872 | 10.72 | 10.60 | 10.30 6.16 9.3
Carbonate of magnesia . S 1 BBk 1 PR S a c 25 .63 — — 1.23 43
7 manganese . . + . .« « o .| 'Traces | Traces | Traces —_ — —
Sulphur N o ' ¢ B P . ® — — — - - .63
Carbonaceous matter 5 5 0 o o $ c c 7.05 6.13 8.88 2.33 5.74 5.44

Moisture and loss

100. 100. |100. 100. 100. 100.
Yield of metallic iron . . i A g K . L » 38.8 34.17 36.6 38.1 31.6 35.8

The Scotch mineral field contains large quantities of argillaceous iron ore. Before the
discovery of the more fusible carbonaceous variety these ores formed the chief supply of the
blast furnaces in this district, but of late years they have been comparatively neglected.
Their great value, however, is very manifest from the following analyses by Dr. Colquhoun :

CoxrosiTioN of Scotch Argillaceous Iron Ores.

|
il 2 3 S 5 6 7 8

Protoxide of iron . . 1 . ¥ .| 35.922 45.84 4215 | 38.80 3647 47.33 43.73 53.03
Peroxide of iron . 3 3 = o - 1.16 —_ .80 33 .40 833 47 23
Carbonie acid 4 . : 2 3 .| 32.53 33.63 31.86 30.76 206.35 33.10 32.24 35.17
Protoxide of manganese . . . . . - 20 - .07 A7 13 - —
Lime . . 4 . : » 1 s 8.62 1.90 4.93 ‘ . 5.30 1.97 2.00 2.10 3.33
Magnesia . . . . . p b P 5.19 5.90 480 | 6.70 2.70 2.20 2.77 177
Silica . 4 . . d ! A i 9.56 7.83 9.73 I 10.87 19.20 6.63 9.70 1.40
Alumina . 3 ’ s . . o 5.34 2.53 3.77 ' 6.20 8.03 4.30 513 .63
Carbonaceous matter . 8 . . 3 2.13 1.86 923 SEl ST 2.10 1.70 1.50 3.03
Sulphur . N 3 , sl =4 0. .62 — — .16 —_— .22 .02 -
Moisture 5 A 4 : . A . — .99 — — — — —_ —

100.37 | 100.68 | 100.37 = 101. 98.09 97.94 97.66 98.59
Yield of metallic iron . - . £ s P 28 35.3 33. 30. 28.4 36.7 4. 40.9
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Scams of this ore exist in the other coal-fields, but gencrally the produce of metal is not
equal to that obtained from the Scotch varieties. In the Durham district carbonaccous ores
are wrought to a limited extent. The North Wales field contains seams of this mineral, but
the yield is inferior. In the North Staffordshire district this ore is worked to a considerable
extent. A specimen analysed by Herapath gave:

Protoxide of iron - - ¢ * - . 42925
Bisulphide of iron . : : . . Sl 23153
Protoxide of manganese . 2 . > 3 . 748
Silica 3 . d . S . T 2220
Alumina 4 5 . 5 e . . .50
Lime o . 4 . . c an 409
Magnesia 5 . : e % o . 260
Bituminous matter

Carbonic acid o . A )
Water and loss

100.

Metallic iron 34.2 per cent.

In the South Wales field there are several valuable seams of carbonaceous ores, but
they are wrought to a limited extent only in comparison with the secams of the other ore.
A general dislike to them exists in the Welsh district because, from a want of sufficient
attention to their peculiar composition, a crude iron is obtained, when they form the entire
burden on the furnace, generally of an inferior description, and incapable of being converted
into bars without great waste.

At the Beaufort works three seams of carbonaceous ore, measuring in the aggregate
3 feet 6 inches in thickness, and yielding 34 per cent. of metal, have been partially wrought
for the furnaces. A seam at the Blaina workings averages 38 per cent. of metal, but at the
Nantyglo workings in the same valley the yicld is only 13 per cent.

In the western part of this coal-field the Cwm Afon carbonaceous ore yields 22 and the
Oakwood 21 per cent. At the Yniscedwyn workings this ore yields 36 per cent. From
these statements it will be scen that the variation in the yield of the carbonaceous iron ores
of this basin is greater than in the Scotch, and we may remark that the development of the
seams is more local and irregular.

The composition of a number of seams, principally those wrought by the Dowlais Com-
pany, may be seen in the annexed table of analyses:

Coarrositiox of Welsh Carbonaceous Iron Ores.

471 2 3 4 5 6
Carbonate of iron. ] . . L 58.9 81.6 92.8 29.0 79.8 80.0
Carbonaceous matier . . h A 31.3 11.4 588 23.0 10.1 9.5
Carbonate of lime. . s 3 . A - - .2 .6 2
Siliea . 5 ' X & 35 2.9 7 32.4 5.1 8.2
Alumina 39 1.7 i1 | 14.6 2.4 1.0
Bisulphide of i jron b e 1.0 — — —- 3 -
Moisture and loss Niteay & i 2.4 b | 8 A2 1%
100. 100. 100. | 100. 100. 100.
Yicld of metalliciren . . . . .| 9283 | 393 44.7 14. 38.4 38.5
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smelted along with the leaner argillaceous ores. Probably the time is not distant when these

ores will be largely smelted without the admixture of the leaner varieties.

By analysis we find the average produce of the ore from Ulverstone, Lancashire, to

be nearly as follows :

This we consider to be about the average yield of the red hematites.

Peroxide of iron g

Silica . & ¢ o c . .
Alnmina 5

Lime

Sniphnr

Magnesia

Phosphoric acid

20 =3
e
oo

| = to i Lo o

—
=
=

Metallic iron .49 per cent.

Some varieties of

this ore will produce a greater yield of metal, but taking the average of a cargo as it comes
Arom the mines the yield will not reach 50 per cent.
The analysis of a selected specimen from the same locality gave the following results:

Peroxide of iron 4 d 81.6
Silica 10.2
Alumina et 520
Moisture L . 3 I X N30
Lime . 3 3 . & . e 3 2
100.

Metallic iron 56.6 per cent.

But the analysis of a third sample taken promiscuously from various parts of a cargo
-gave a lower result than either of the foregoing, the quantities, viz.:

Peroxide of iron 60.4
Silica 17.2
Alumina . 6.8
Carbonate of lime . 7.9
Moisture 7.7

=
=
=

Metallic iron 41.8 per cent.

Limited quantities of hematite have been wrought in the Somersetshire carboniferous
limestone. The following is an analysis of a very rich specimen from near Bristol :

Peroxide of iron 85.000
Alumina 6.250
Silica 3.304
Lime 1.087
Magnesia 1.458
Oxide of manganese 1.601
Sulphur 210
Phosphoric acid i A57
Potash, soda, water, and loss . .633
100.

Metallic iron 58.9 per cent.

Cornwall and Devonshire produce considerable quantities of hematite, but the average
produce of metal of the ores from these counties is not equal to that from the Lancashire and

Cumberland ores.
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The use of'siliceous ores in large quantities in the blast furnace, with coal or coke as fuel
has been much increased by the discovery of extensive deposits of these ores in Northampton-
shire and Yorkshirc. The comparatively low cost at which they are mined, taken with the large
per-centage of iron which the best varieties yield when carefully selected, will probably operate
as an inducement for their more extended use in the manufacture of particular qualities of
crude iron. Hitherto a prejudice has existed against the use of these ores otherwise than as a
mixture, from certain peculiaritics displayed by the finished iron. DBut, doubtless, when
their properties become better understood and they are reduced in suitably constructed
furnaces with raw coal, they will yield crude iron which may be manufactured into bars
little inferior to those now obtained from the argillaceous ores.

The general composition of the Northamptonshire ores is shown in the following analysis
by Bernays, of Derby, of the ores mined by the Duston Company :

1 2 3

Peroxide of iron . A A 4 T x .1 67.20 58.40 | 44.00
Sand and siliea 5 3 z s 2 " < ah 400, 21.60 34.00
Alumina . . \ . WA b .1 11.00 5.20 4.59 |
W A O T L N =8 . .| 1040 { 12.00 | 14.08
Unestimated matter . X ] : ) ; / .40 2.80 3.40

100. 100. 100.
Yicld of metallic iron . 1 . . . .o 4T. 40.8 30.8

On analysing portions of a sample obtained at different periods during the delivery of a
large contract, we found the average composition of the ores from the Northamptonshire
district to be nearly as follows:

Peroxide of iron . 54.6
Carbonate of lime ., 9938

»  magnesia 4.0
Protoxide of manganese 5
Silica 10.3
Alumina 28]
Water 9.2

100,

Metallie iron 37.8 per cent. '



FUEL AND FLUX. 11

SECTION 1.
"FUEL AND FLUX.

TrE fossil fuel with which this country abounds is now exclusively used in all the
various operations connected with the manufacture of iron. ~Charcoal, which was once con-
sidered as the only fuel with which-good merchantable iron could be manufactured, is now
from its high price and scarcity only used for the conversion of malleable iron into plates
and bars for tinning, and other purposes where a very superior quality of metal is desired.

The South Wales basin is at present that from which the largest quantity of coal is being
extracted and used in the iron manufacture, and its great area and the superiority of its
products over those obtained from any other formation in this country will doubtless enable
" it to maintain this position for several centuries to come. It possesses coal of nearly every
quality with which we are acquainted. On the eastern side the seams are generally of a
bituminous character. Farther west following the northern out-crop we find them semi-
bituminous, as at the Rhymney, Dowlais, and Penydarran works; and in the Neath Valley
on the western out-crop, we find the different seams changed into anthracite. In the central
portion of the basin, seams of a highly bituminous description are worked and used to a
limited extent in smelting.

That characteristic of the Welsh coals which distinguishes them from all others, is the large
amount of carbon they contain. In smelting as well as in the other operations of the manu-
facture of iron, the useful effect of coals of the bituminous and semi-bituminous classes is in
direct proportion to their richness in carbon. The Welsh coals used in the blast furnace
ordinarily yield from 80 to 92 per cent. of carbon.

On the north-eastern side of the basin near Pontypool, where the coal is of a bituminous
kind and is coked for use in the blast furnace, an analysis gave the following results:

Carbon . 804

Hydrogen 5.7

Oxygen . 5.3

Nitrogen 1.2

Sulphur . 9

Earthy matters 6.5 "
" 100.

Specific gravity 1.29. Yield of coke 66 per cent. The earthy matters show the pro-
portion of ash. :

At the Dowlais works raw coal is used both in smelting and refining. The composition
of the upper four-feet seam—which is considered the best for smelting the various scams in
the Dowlais mountain—is nearly as follows—the specific gravity being 1.30:

c2
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Carbon 87.3
Hydrogen 4.9
Oxygen 3.8
Nitrogen 1.7
Sulphur . 2
Earthy matter 2.1
100

Yield of eoke 84 per cent.

Another seam wrought by the Dowlais Company, but which is not considered a good
furnace coal, yielded : ‘

Carbon . 90.0
Hydrogen 3.8
Oxygen . 3.2
Nitrogen .3
Sulphur 1.3
Earthy matter 1.4

|

—
(=3
o

The thick coal wrought for the Hirwain furnaces, directly on the edge of the great
anthracite formation, yielded by analysis :

%ar(li)on RRS7A
rogen 4.0
N)%:rogen 5 1.5
Sulphur T
Oxygen . 2.0
Earthy matter 4.4

99.8

The anthracite district on the western out-crop yields coal of a superior description for
smelting. An analysis of a specimen from the Swansea Valley, intended as a sample of the
quality of the coals used in the Yniscedewyn and Ystalyfera works (the two largest works in
the anthracite district), afforded the following results: '

Carbon 3 ; ! . . 915
Hydrogen . 3 : D 3.5
Oxygen . : 5 2.6
Sulphur .6
Nitrogen . 3
Earthy matter 15
. 100.

The specific gravity of this coal is 1.38, and the produce of coke 93 per cent.

The Staffordshire coal-field, although inferior in extent to the South Wales, contains a
number of seams with which iron of an excellent quality has been manufactured. Their-
compositions and qualifications for use in the blast furnace differ but slightly from those of
the bituminous coals from the castern side of the Welsh basin.

The bituminous coals used in the minor iron-making districts of Dean Forest, Shrop-
shire, Derbyshire, North Wales, Yorkshire, and Northumberland, are of a weaker character
than the Welsh, and contain considerably less carbon. The proportion which it bears in
the composition of these coals being from 56 to 75 per cent., and the yield of eoke from 55
to 75 per cent.
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Carbonic acid and water . c . . 41.0
Clay . 5 g B c c . 3 1.5
Silica . . . . . . 2.5
Lime. A 3 55.0
100.

In Staffordshire, Dean Forest, and the other iron-producing districts of England, the
limestone formation is much thinner, and the stone, judging from its yield of pure lime,
which constitutes its value for iron-making, is inferior in quality to that from the guarries
around Merthyr Tydvil. In some specimens from the Forest of Dean the quantity of lime is
as low as 86 per cent., while the proportion of silica and clay rises as high as 30 per cent.
of the whole. Such stone, however, is not used in the furnace when any other containing
a larger per-centage of the alkaline earth can be obtained at a remuncrative price.

The composition of the -chalk used as a flux .in the Newcastle furnaces is nearly as
follows : ) '

Carbonie acid and water . . ; . s . 470

Sﬂicﬂ. " . . . . . . . 5 1.5

Lime 3 4 . . 2 . 3 e Di%s
" 100.

From containing so lai'ge a proportion of lime, chalk is well fitted to act as a flux in iron-
~ smelting, but as it is only met with at considerable distances from the great iron-making
districts, it becomes.a costly material as compared with ordinary limestone.

The limestone used at the Alfreton furnaces yiclded in the hands of M. Bunsen :

Lime . g . » s ¢ ; . bd4
Carbonic acid . . ; p . .. 429
Magnesia . . \ .6
Alumina e e 3 2 . ool .8
Moisture and loss . . ” . . . TN
100.

The limestones used at the Scotch blast furnaces are extremely varied in their character
and general composition. The purest specimen we have examined contained :

Lime 3 p . A . s 5 . 55.0
Carbonic acid b . ’ ; g LA 50N
Alumina . % 3 ’ r . s ; 5
Silica. 3 . . . A . Bl o
Tron . ’ . 4 ; b - o JL0)
Moisture % 5 s . : . . e L B

|

—
o
=
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SECTION 1L
CALCINATION OF ORES.

ExpPERIENCE proves to us that the ores used in the manufacture of iron work better in
the blast furnace if previously calcined. This preliminary operation is performed in various
ways, but in Wales kilns are generally used for this purpose. These kilns vary greatly in
their dimensions. The most satisfactory results are obtained with kilns of the description
delineated in Plate I., Figs. 1—5. The floor of the kiln is formed of cast-iron plates, about
2 inches thick. The interior measures 20 fect long, 9 feet wide at top, and 18 feet high.
It is built of masonry, and lined with fire bricks 14 inches long. In front are two arches
with openings into the inside of the kiln, on a level with the floor, through which the
calcined ore is drawn and filled into barrows or waggons for the furnace. Above these
* openings, but within the semicircle of the arch, it is usual to leave four or five apertures, 6
or 8 inches square, for regulating the draught. Around the upper edge of the kiln there is
placed a cast-iron Ting from 12 to 15 inches wide, with a flange about 6 inches high on the:
upper side to protect the brickwork from injury during the filling in of the raw ironstone.

At some works the kilns are of a circular form in the interior; at others they are-
built square and sharp in the angles, but preference is generally given to the form repre-
sented in the plates. Square kilns, or those having sharp angles in their interior, are objec-
tionable on the ground that combustion is slower in the angles than in the centre. If
the heat be regulated to properly calcine the centre of the mass, the stone lying in the:
angles will scarcely have altered from its raw state.

The operation of calcining in kilns may be deseribed thus: Two or three small coal
fires having been lit on the floor of the kiln, raw ironstone is placed on top and around them
until the whole of the floor is covered with ironstone at a dull red heat. A fresh layer of
ironstone, 8 or 9 inches thick, is then added, along with about 5 per cent. by weight of small
coal, and, as soon as this layer has reached a red heat, another is added. This addition of
fresh layers of raw ironstone and coal is repeated as fast as the previous layers have been
heated to the necessary degree.

As a consequence of the small quantity of coal used in the process, by the time that the
kiln is filled up with the successive layers of raw ironstone, the lower portions which were
first ignited are comparatively cold and fit for drawing.

In Scotland and in Staffordshire the calcination of the ironstone is generally effected in
the open air. A space is roughly levelled, on which a stratum of coal of a few inches in
thickness is laid, upon this alayer of raw ironstone of 10 or 12 inches in thickness is placed,
and then a quantity of small coal is thrown over the stone. Additional layers of ironstone
and coal are added until the heap reaches to a height of 4 or 5 feet. The bottom stratum of
coals is then fired, and in a few hours the whole mass will be ignited. The operation, from
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the time of firing till the heap has cooled down sufficiently for drawing, will occupy from
eight to twelve days, depending on the nature of the stone, quantity and quality of fuel, and
size of the heap. _

Calcination in the open air is also carried on to a limited extent in some Welsh works,
the operation being there known as burning in “ clamp,” in contradistinction to burning in
kilns. The method of building and firing these clamps is nearly the same as that pursued in
the Scotch works.

Upon the merits of these two systems of calcination there can be but one opinion.
For if we admit that calcining is a neccessary operation before ironstone enters the blast
furnace—and there are few practical men indeed who question its utility—ve must concede
to the kiln the merit of performing it more cffectually than can be done in the open air.
Under the clamping system, even if the operation has been otherwise successfully performed,
the outside stones are only partially burnt. But the great defect of the system is the
difficulty -experienced in maintaining an equable temperature throughout the heap. Being
open, and exposed on all sides to the weather, air-draughts arc created, and the adjacent
stones are not unfrequently melted into a hard refractory mass. When such a result
threatens any portion of the heap attempts are made to check the draught in that quarter;
and if successfully, the changing direction of the wind will probably bring on the evil in other
places. Again, should heavy rains occur during the burning, a considerable portion of the
whole heap will be found but slightly affected by the operation, on account of the great
surface exposed to the atmosphere, compared with the bulk of the heap. Indeed, when we
consider the rapidity of atmospheric changes in this country, and the extent to which the
calcination of ironstone, conducted on the open-air plan, is affected by them, it is a matter of
surprise that such an inefficient process should be in use at so many old-established works.

We do not know of any advantage possessed by the open-air system over that of kilns,
beyond the simple one that it saves the expense of erecting any kind of apparatus. But this
saving in the first outlay of capital is very small in comparison with the benefits that would
follow from the use of mineral kilns. The first cost of the kiln delineated in Plate I. will not,
in most iron-making districts, exceed 160L Its capacity is equal to 70 tons of argillaceous
ironstone. With ordinary attention it will calcine 146 tons weekly, or 7592 tons annually.
Dividing the interest at 5 per cent. on 160/, which equals 8.. by the number of tons calcined
annually, we obtain one farthing as the cost entailed on each ton of ironstone calcined to
cover the outlay of capital in the erection of kilns.

But-if the open-air system saves this slight outlay to the manufacturer, it is by far the
more expensive of the two systems in the matters of labour and fuel. And here we may
remark that in this as in other cases the prices or items of cost given are such as have
actually been paid at the Dowlais works, where the two methods have been tried on a larger
scale than at any other place.

With kilns the expense of labour in tipping and filling-in the ironstone and small coal
is barely one penny a ton. Small coal only is necessary for the operation, and the quantity
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used, if of an average quality, is 1 cwt. to the ton of ironstone. But, working on the
open-air plan, the cost of the labour expended in stacking and arranging the heaps, and in
subsequently watching them during the time they are under fire, amounts to fourpence per
ton on the raw stone. The consumption of coal will average 2 cwt. of small and half a
cwt. of large to each ton of ironstone. Estimating the small to be worth 2s. 6d., and the
large Gs. per ton, the cost of calcining the common argillaceous ores in kilns will stand :

In Kilns. ; In Clamps. 4
Labourinfilling,&. . . . . . . 1 |Labourinstacking, &. . . s
Small coal, 1 cwt. at 2s. 6d. per ton . 3 . . 13| Small coal, 2 cwts. at 2s. 6d. a ton aat]
Interest on capital laid out on kilns . . d . Qi | Large coal, 4 cwt. at 6s. a ton . 13
Total cost . S N Total cost 83
d.
Cost of calcining in clamps . .S
cac Fom ! ‘Zi
Difference iu favour of kilns 6

A difference of sixpence per ton on the cost of preparing an ironstone yielding 32 per
cent. of iron is equal to one-seventh nearly on the ton of pig-metal. Independently, however,
of this saving, the effectual manner in which kilns perform the operation of calcination
enables the ironstone to be worked in the blast furnace with less fuel, and the resulting metal
is of a better quality.

The carbonaceous ironstone, or black band of Scotland, is calcined in large heaps by a
process similar to that pursued with argillaceous ironstone. The operation is generally
performed at the mouth of the pit. From the large per-centage of carbon contained in this
stone, calcination is effected without using more fuel than is sufficient to ignite the mass at
one or more places, and consequently is effected at a comparatively cheap rate for the open-
air plan. All the disadvantages, however, belonging to this system which result from exposure
to the ever-varying changes of the atmosphere, show themselves even more prominently when
carbonaceous 1ronstone is being calcined. From the comparatively low temperature at which
the metal in carbonaceous ironstone melts, it is a common occurrence to find thin plates of
metallic iron wherever slight wind-draughts have existed. Other parts of the heap will
probably be found cohering together with a temacity requiring the use of steel wedges for
their separation. In one instance which came under our notice the heap of ironstone had
been raised to the height of 20 feet, with a breadth and length in proportion. It was fired,
and allowed to burn for some weeks; when sufficiently cooled down, the operation of filling
it for the blast furnace commenced. A small portion, about one-fourth, was got out without
much difficulty, but the remainder of the heap was found adhering together in such immense
masses that they had to be blasted with gunpowder by experienced quarrymen to reduce
them to manageable dimensions. Even then the lumps sent to the blast furnace frequently
weighed a ton each. The filling of the looser portions was done for about threepence per
ton, but the labour employed in the separation of the large masses exceeded 2s. 6d. per ton
of calcined ironstone.

D
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We consider the employment of kilns, with careful men as burners, to be a matter of
very great importance to the ironmasters of Seotland. Apart from the consideration of having
the ironstone calcined with regularity and certainty, the use of kilns would enable the iron-
master to smelt these ores with a consumption of one-third or one-fourth of the fuel now
used. In other words, a ton of pig-iron would be made with from 10 to 14 cwt. of coal,
instead of 38, which is about the present average consumption.

By referring to the analyses of carbonaceous ironstone at page 5, the proportion
which the carbon bears to the whole will be found to be about 30 per cent. In the
same stone the metallic iron amounts to 28 per cent. Of such an ironstone we require 3.57
tons to produce one ton of pig-metal. The pure carbon being equal to 30 per cent. of the
whole weight, the quantity contained in 3.57 tons of ironstone will be 2404 pounds. Under
the open-air system of calcination in use at the Scotch works, this immense quantity of carbon
is wasted in over-heating and partially fusing the stones into large refractory masses, and
necessarily a large quantity of fuel is required in the blast furnace to convert the ironstone
thus calcined into metalliciron. The general yield is 38 cwts. of coal containing 76 per cent. of
carbon to each ton of pig-metal produced. This will give 3234 pounds of carbon in the 38 cwts.
of coal, or an excess of 830 pounds only over the quantity combined with the ironstone previous.
to calcination. The difference of 830 pounds is equal to 25 per cent., and we thus discover
that the carbon ordinarily contained in the raw carbonaceous ironstones of Scotland, which is
now utterly wasted during their calcination, amounts in weight to three-quarters of the
weight of carbon contained in the fuel subsequently added in order to effect. their fusion and
reduction in the blast furnace.

We are very far from supposing that the whole of the carbon combined with the iron-
stone can be retained and used for the operation of smelting, but we are of opinion that the
addition of 8 to 12 cwts. of coal in the blast furnace will be amply sufficient to compensate
for the loss during calcination in kilns.

That the carbon can be retained in the ironstone during the process of calcination, if
that operation be carefully conducted in properly constructed kilns, there can be no doubt.
If the workmen are attentive to their duties, the heatto which the ironstone is subjected can
be regulated with a nicety and precision unknown with the open-air system. Atno time need
the heat be greater than is found in practice to suffice for coking the combined carbonaceous
matter; and such being the case, the retention of the carbon for profitable use in the blast
furnace may be as effectually accomplished as in coal undergoing the same process in an
oven to fit it for a similar purpose.

The pecuniary profit which would accrue to the irommasters of Scotland by using
kilns in the way we have alluded to, will vary with the cost of coal in the district, but under
existing circumstances the reduced cost of smeltmO' will not be less than 10s. per ton of pig-
iron.

The richer iron ores, such as the red hematite of Lancashire and the brown hydrated
hematites of Cornwall and other places, seldom undergo any calcination before entering the
blast furnace. The omission in the case of oxides of an operation universally, performed on
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the leaner ores of the argillaceous and carbonaceous species, is owing to the small per-centage
of volatile matters which they contain. Water appears to be the principal foreign substance
which a well-regulated system of burning would remove from these ores. Under the most
favourable circumstances, they contain about 6 per cent. of water, which it is advisable to
expel before they are filled into the blast furnace. On numerous occasions, however, we have
found these same ores mixed with as much as from 14 to 15 per cent. of water, a quantity
which is injurious to the working of the furnace. A portion of this water may have been
absorbed during the transit of the ores, but it also frequently happens that they are shipped
in a very wet state from the mines in which they are raised. When in this wet state the ores,
particularly if they are small and intermixed with a portion of their earthy matrix, have the
consistency of concrete. Filled in by barrows, each load drops into the furnace a dense clotted
mass, through which neither blast nor heat can penetrate until it has descended far down
into the body.

The injurious effects on the working of the furnace and the deterioration in the quality
of the resulting pig-iron will be treated of when we come to those sections relating to the
working of the blast furnace. Meanwhile, we would here impress on all those who use these
ores the necessity of adopting means for expelling the water they contain. Calcination in
kilns would seem the most feasible way of accomplishing this desideratum. By itself, how-
ever, the red hematite lies too heavily to be properly roasted by the heat given out during
the combustion of the small coal generally used in the kiln. Its great density also prevents
the passage of the air necessary for combustion.

These difficulties in the way of caleining in kilns are probably the cause of hematite
being so much used in the raw state. At the Dowlais works, however, the plan partially
adopted some years since, was to calcine these ores in the same kiln along with the argillaceous
ironstone. The proportions of hematite ore to one ton of argillaceous stone ranging from
2 to 6 cwt. With the last quantity the kilns worked well, but not so fast as with Welsh
ironstone alone. The beneficial effects of this operation on the hematite were remarkable,
while the additional expense at the kilns for labour and fuel was exceedingly trifling. In-
cluding the cost of the labour of filling into kilns, small coal as fuel, labour in wheeling to
stocking places, and wear and tear of kilns, the cost amounted to about threepence per ton of
raw ore. .

Upon whatever system ironstone is to be calcined care should be taken that the
fragments of ore intended to be treated at one time should be nearly uniform in size. This
uniformity of dimensions is a matter of considerable importance, although it does not receive
that attention which it deserves. We frequently see pieces of ironstone of 2 or 3 inches
in the least diameter undergoing calcination along with lumps 12 to 18 inches in diameter.
With such variations in the dimensions it is very evident that if the quantity of fuel be
regulated to thoroughly roast the smaller pieces it will suffice to calcine the outside only of
the larger lumps. On the other hand, if the proportion of fuel is sufficient to maintain a
heat that will calcine the large lumps, the smaller pieces will have been overheated and fuel
wasted. We have ascertained experimentally that the time necessary to heat argillaceous

D2
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ironstones of different dimensions to the same temperature is nearly in proportion to their
smallest diameters. Thus, if the time necessary for a piece of 12 inches in the smallest
diameter is 24 hours, the time for a picee of 2 inches in diameter will be 4 hours only;
whilst ironstone so divided that it will pass through a sieve containing 30 meshes to the
lineal inch will only require 4 minutes for this operation.

At several works kilns have been erected with a tram-road sufliciently clevated to allow
the waggons to discharge directly into thekiln. (Pl II., Figs. 6—10.) This plan is attended
with a saving of labour, amounting in value to about three-eighths of a penny per ton of
ironstone ; but otherwise we do not consider it to be a desirable practice. Each waggon
probably holds 2 or 3 tons of ore, which fall in a single heap, measuring perhaps
2 or 3 feet in height. Over this we will suppose that a quantity of coal is thrown and
then left to calcine. If an abundance of coal is used the whole will be properly burnt; but
if the quantity of fuel is proportioned only to the requirements of a well-conducted kiln, the
centre of the heap will be more or less imperfectly roasted. From careful observation we
are inclined to believe that filling with the shovel is eventually the cheapest plan, and is
attended with the most satisfactory results in the blast furnace.

Caleination, when performed with the requisite care and attention, effectually deprives
the ironstone of water, sulphur, carbonic acid, and other bodies volatile at the temperature
maintained in the kiln. It is necessary, however, that during the progress of the operation
the heat should be gradually advanced to the point which experience has proved to be most
advantageous. This is provided for in kilns by maintaining the greatest heat 2 or 3
feet below the surface of the incandescent mass ; in the open-air system, by the slow rate at
which the combustion proceeds from the original fire.

If the operation is too much prolonged, or if the temperature employed is too great, the
ironstone will be more or less injured. When the water, carbonic acid, &ec., are expelled,
the operation is complete; but if it is continued after this, the stonc again increases in
weight by the absorption of oxygen, and when in the furnace is more difficult of fusion than
properly roasted stone: In extreme cases this increase of weight by the fixation of oxygen
may amount to 7 or 8 per cent. From the foregoing remarks it is obvious that great care
bestowed on the preparation of the ores for the blast furnace is well repaid where the quality
of the metal and cost of smelting are deemed objects worthy of attention.

When properly calcined the argillaceous ironstone is of a light-reddish colour through-
out, friable and readily splitting into imperfect laminee. In the partially caleined stone the
depth inwards of the reddish colour shows the extent of the calcination, and there will be a
portion of the stone towards the centre of a deep blue-black colour. If the operation has
been so imperfect as to leave a eonsiderable portion undone, the eentre will retain its grey
or indigo-blue colour unchanged. The breadth and presence of each band will show the
extent of the calcination. Pounded ironstone calcined on a red-hot iron plate is observed
gradually to turn black as it absorbs heat, but on allowing it to cool this colour finally
changes into a light red.

Ironstone is found to lose considerably in weight by the expulsion of the water, carbonic
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acid, &c. This loss of weight by calcination varies with*different ores, in some being as high as
50 per cent., while in others it is as low as 6 or 7 per cent. of the original weight. With
the same class of ores the loss is generally in an inverse ratio to the yield of metal.

Argillaceous stones lose from 20 to 33 per cent.—the average of 18 assays was 27 per cent.

Carbonaceous ironstones lose more than any others. The actual loss on these ores
varies with the different kinds, but it is seldom under 28 per cent. Stones containing a
large per-centage of carbonaceous matter lose from 40 to 50 per cent. And in one specimen
which we examined, and which is extensively used in Scotland, the loss reached 60 per cent.
The lean carbonaceous ironstones of the Welsh basin lose from 28 to 37 per cent.

Calcareous ores lose weight in proportion as they contain more or less lime. The
average loss of stones of this class may be taken at 33 per cent. Siliceous ironstones are
amongst the leanest ores used in the blast furnace. They lose in calcination from 235 to 30
per cent.

The rich hematites of Lancashire and Cumberland lose about 6 per cent. in weight in
passing through the calcining kiln. The hydrated hematites of North Wales, Cornwall,
Devonshire, and other places, lose from 12 to 14 per cent. when clean. But if these ores are
mixed with much extraneous matter, which unfortunately for iron-masters is now too often
the case, they have been known to lose 26 per cent. -

PREPARATION OF FUEL.

It is but a few years since raw coal was first adopted as a fuel in smelting. Previously,
the preliminary process of coking was considered as indispensable to the success of
smelting operations; and in the majority of the iron-making districts this erroneous im-
pression prevails at the present day. The causes which have contributed to perpetuate this
system of wasting a large portion of the calorific power of the coal in the coke-yard will be
the subject of a separate section.

In the process of coking the coal is exposed to a slow combustion, by which the volatile
gases are expelled, and the carbon retained for use in the furnace. If carefully conducted,
the loss of carbon is not great, but in the ordinary way of coking, from one-fourth to one-
half of the carbon is dissipated, and the calorific power of the coal in the furnace is reduced
to this extent.

The operation is often conducted in the open air; large quantities, however, are pre-
pared in brick ovens, variously constructed, according to the qualities of the coal, mode of
working, and science displayed.

PREPARATION OF FLUX.

The limestone used as flux, is usually charged into the furnace in the state in which it
comes from the quarry, the preliminary operations being limited to reducing the dimensions
of the blocks, that calcination may be the more readily affected. In a few establishments, how-
ever, the stone is caleined in kilns, by which the water and carbonic acid is expelled, and
lime obtained in the caustic state. This process is performed in kilns, of the construction em-
ployed for the calcination of ores, and is conducted throughout on nearly similar principles.
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SECTION III.
BLAST FURNACES.

Lrection—In the erection of blast furnaces care should be taken to sccure a firm
unyielding foundation on which to build the superstructure. The weight of the masonry,
brickwork, iron gearing, and plates is of itself great, and when to this is added that of
the metal and materials within the furnace, it is evident that a sound foundation is indispen-
sable. It is desirable to have the excavations in a dry soil, but where local considerations
interfere, and water is met with, or a subsequent influx is to be apprehended, efficient drainage
should always be provided. Also a sufficient distance must be maintained between the
furnace and any combustible material, or such as would be liable to injury from heat.*

The thickness of the foundation will depend on the character of the soil and the descrip-
tion of furnace to be erected. Furnaces with a massive square stack tapering considerably
in their height require a less depth than cupola furnaces, in which the entire weight of
furnace and of the materials within its interior is borne by the cast-iron columns and the
narrow space which they enclose. On the space enclosed by the base the square stack
furnace presses with a force of 2 to 2% tons per square foot, and the cupola furnace with a
force of 31 to 33 tons per square foot. In alluvial soils the former require a thickness of
from 3 to 5 feet, the latter from 5 to 8 feet, with a proportionate breadth. The lower
portion may be of common work, but in wet situations, as a precaution against the possible
ascent of moisture, the centre of the upper portion should be carefully built in hydraulic
lime. Having brought the foundation to the level of the existing or intended furnace yard,
the next step is the erection of the furnace itself.

Iorm of Furnace.—The interior of the furnace is usually circular; the exterior is
variously constructed. In South Wales the form generally preferred is that of a truncated
pyramid; frequently, however, the lower half is built nearly vertical, whilst the upper is
wrought o an irregular curve. On the eastern side of the district a considerable number of
cupola furnaces exist. In the Staffordshire and Derbyshire districts the older furnaces have
'square stacks, the newer a circular stack on a square base. The majority of the Scottish
furnaces have a squarc base, surmounted by a circular stack. On the continent of Europe
a large number of the furnaces are built with square stacks; those in Russia, Norway, and
Sweden often being a rude pile of stones, kept together by a few pieces of timber. Those in
America, with the exception of a few of the more recently erected anthracite and coke

* The Stour Valley furnace was erected (1853) on and in contaet with a quantity of combustible débris, which subsequently
ignited; for some time the insidious combustion was not perceived, but the gradual though unequal sinkings of the soil as the
‘carhonaceous matter was eonsumed, caused fractures in the inferior ereetions ; after a short period the engine-stack fell, the boiler

seatings were broken ?ip, the cngine-house was destroyed, and the incline plane for raising the materials to the top fired, which ne-
cessitated a total abandonment of the furnace within a very few months after its ercetion.
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furnaces, are scarcely superior to the Russian, as may be gathered from the many descriptions
extant. The form of the exterior is not material ; little attention, further than to secure the
greatest. economy, need, therefore, be given to this point.

The Material used in the erection of stacks, the lining excepted, may be either brick or
stone. Economical considerations usually determine the most eligible substance. The
principal qualities required are hardness, freedom from brittleness, and power to resist a
moderate degree of heat.

The style of work varies according to the taste of the proprietor. In Wales the furnace
stacks are generally built of plain unhewn rubble-work, in Staffordshire of brick, while the
Scotch furnaces are not unfrequently composed of dressed stone blocks. A large outlay on
the architectural features of a furnace, however, is not judicious, the points to be aimed at
being a sufficient degree of strength and the retention of heat in the interior; the outlay
should, therefore, be limited to securing these rather than spending large sums of money on
ornamental work. The cost of erecting an iron-works, indeed, is so large that economy in
the outlay on every part is indispensable to ensure the commercial suceess of the under-
taking.

In building a blast furnace, as also in the numerous- other erections belonging to iron-
works, it should be borne in mind that they are required for femporary purposes, and that
all outlay in securing unnecessary solidity and strength is so much direct waste. Improve-
ments in the mode of manufacturing are daily being made, by which the cost of the finished
produet is largely reduced. It is desirable, then, that the ironmaster should be able to avail
himself of the new methods with the smallest possible outlay of capital. This he cannot well
do if the new mode involves the sacrifice of existing costly plant. And the reluctance and
inability to sacrifice elaborately-constructed though antiquated apparatus eventually results
in the possessor being left behind his compeers in commercial standing.

Building Blast Furnaces.—In erecting a large furnace with a square stack, the four pillars
to carry the arches over the tuyere-houses and fall are first marked out on the previously
levelled floor. The distance between these pillars measures 8 to 10 feet, and they are usually
built to a height of 8 or 10 feet before springing the arches. The inner portion of the
pillars generally forms part of the internal diameter of the furnace (PL XIX., Fig. 103), but
in certain cases the interior of the furnace below the boshes is of a square form; the inner
portion is then of an anguler figure. (PL XIV, Fig. 87.) Above the springings of the
arches the stack is carried up with the requisite taper to the top, which may vary in height
from 25 feet to 70 feet from the level of the foundation. The taper or batter of the
stack is determined with reference to the material of which it is to be built, and the manner
in which it is to be bound together. In cases where no expense is spared in the binding,
the exterior walls have been carried up vertically; in others, where few or no binders
have been employed, and the mason-work has been of a very common description, the
batter has been from 2 or 21 inches to a foot. The interior is wrought to the required
figure and diameter by a revolving trammel of framed wood. Those parts of the
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pillars which may at any time be in contact with the cinders or fire of the hearth are built
with a facing of fire-brick. And in the wall of one side of the cinder-fall a east-iron bracket
is built, against which the wrought-iron crane used in working the furnace is subsequently
hung.

The fire-brick lining is carried up simultaneously with the stack. It ordinarily eonsists
of an inner eourse of the best fire-bricks, about 14 inches long, manufactured of the required
segmental form, and laid endwise.. It begins at the bottom of the pillars, and is carried up
to the top of the furnace, or to the level of the charging plates. Over the arches that span
the tuyere-houses and cinder-fall a second course of casing bricks commences, and is carried
up along with the other.

To provide for the enlarged diameter arising from the expansion by heat of the brick
lining, a space of from 2 to 3 inches is left between the inner and outer courses. In some
instances this space is rammed with sand, fire-clay, or broken scoriee, with numerous vertical
channels, as outlets for any vapours that may arise. If the sand is rammed in solid, the
steam generated during the drying of the furnace is very likely to cause a rupture of the
casing and outer walling.

Also, in order to give vent to any aqueous vapours or gases that may be given off from the
masonry during the drying and working of the furnace, air-holes are left all around ; they
are about 4 inches square, and proceed from the second course of bricks outwards. Their
greatest distance apart, vertically or horizontally, should not exceed 3 feet. They are a pre-
caution against fracture, which should never be omitted ; and if the furnace is to be blown-
in with very little previous drying, the distance between them should be reduced at least
one-half. They afford, also, an escape into the atmosphere for any gas that may leak through
the brick lining. In furnaces where they have been insufficient in number, the broken and
dilapidated appearance of the masonry is an evidence of the force exerted by the gases during
their liberation. It is usual to build in across each of the arches at the level of the springing
a massive cast-iron mantle about 13 feet long, curved on the inner side concentric with the
curvature of the interior of the furnace, These mantles are connected together by stout
plates having lugs to fit into corresponding recesses in the mantle. The purpose of this
circle of heavy castings is to bind together and strengthen the lower part of the furnace,
where it has been so much weakened by the insertion of the arches. The space between the
mantles and the crown of the arch, a distance of about 4} feet is walled up with fire-bricks.
In some furnaces we have observed this space filled up with a large cast-iron plate, which had
been better omitted. If convenience and facility for working the furnace arc considerations,
the permanent fixing of iron plates of any kind in the tuyere-house is objectionable. Cases
may oecur in the course of working when the presence of such plates may be highly detri-
mental to the success of the operations.

In the old blast furnaces, it was usual to leave in the bottom, underneath the hearth-
stone, numerous small channels or flues, but for what purpose is not very clear. They may
have been intended to prevent the ascent of moisture, by draining the brickwork, but if the
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site has been judiciously selected, moisture cannot penetrate into the hearth. By some they
are considered necessary for ventilating the lower portions of the furnace, but a layer of sand
under the bottom answers every purpose. Certain it is, however, that this mode of con-
structing the bottom, though at one time universally practised and considered indispensable
to its safety, is rarely adopted in modern furnaces.

Until within a comparatively recent period the bottom was invariably formed of large
blocks of coarse sandstone, and wherever practicable, in a single course of from 2} to 3 feet high.
The quarrying, dressing, and setting of these blocks was necessarily very expensive. Sandstone
is still employed in the majority of instances, and, owing to the peculiar action of the hot
blast in creating an intensely high temperature immediately coﬁtiguous to the tuyere, it will
probably continue to be preferred. The bottom thus formed fills up the circular space
between the pillars, and projects 2 or 3 fect into each of the tuyere-houses, and the same
distance into the cinder-fall.

When finished, the surface of the bottom in the direction, from tuyere to tuyere, is
perfectly level, but from the back tuyerc to the front there is a fall of a quarter inch in a
foot.

In numerous furnaces, recently erected or repaired, the bottom is formed of fire brick, and
the experience of nearly twenty years enables us to state that such bottoms work well, and
are less costly than stone. Bricks of the common size were tried in the first instance, but in
practice they were found to be too small. After the furnace had worked a few days, they
floated on the metal in the fluid cinder, from whence they were withdrawn by the workmen. -
It does not appear, however, that any permanent injury resulted from the displacement of
these bricks, for the furnace has since remained in blast for a period of twelve years. But
to prevent the possibility of their floating up, they are now made larger and of a peculiar
form. (See PI. XV, Fig. 90.) By contracting them in width in the middle and intro-
ducing corresponding half bricks, every brick is effectually locked into its place. The bottom
is composed of two courses of these, laid on a course of flat bricks.

At Scotch works where brick bottoms are used, the means employed to retain the bricks
in their position are equally successful. The bricks are made of a length equal to the height
of the bottom, but are moulded to such sections that, when placed on the foundation level,
they form an inverted arch. (See PL XX., Fig. 107.) This plan has the disadvantage of
requiring several moulds, but it makes a sound bottom. The bricks being comparatively
thin, a perfectly homogeneous quality can be insured.

When the surface of the bottom is completed and finished off, the hearth is marked out
upon it. In practice hearths are of different forms and dimensions, and are variously con-
structed.. (Pls. XIV., XVI,, XVIIL, XIX,, XXL)

In the old charcoal furnace the hearth was square, and in the present charcoal furnaces
of the Continent of Europe and the United States of America, this form appears to be almost
universal. As it is generally narrow—seldom exceeding 2 feet in width—we may reasonably
infer that the first builders employed the square form as being the easiest of construction.
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With the modern coke and raw coal furnaces of large dimensions, hearths of proportionate
width have been adopted. Following the model presented by the charcoal furnace, square
hearths are nearly universally used in Continental and American furnaces, and very generally
in the furnaces of this country. In some cases the cireular form is adopted, and there are a
few instances of hearths having a pear-shaped section.

The material of which hearths are constructed may either be sandstone or brick. Iron-
masters who use stone for bottoms employ the same material in building the hearths, while
others who have adopted the less expensive material, brick, find that it answers equally well
for the hearth. The suitability of this latter material, however, depends in a great measure
on the particular mode of working the furnace, which may be contemplated. The quality
of the fuel and density of the blast in cold blast furnaces exereise an important influence on’
the temperature in the several portions of the hearth. And the low specific gravity of
heated blast also causes an inequality in the temperature at the sides of the hearth in com-
parison with that at the centre. Therefore in selecting a material, it is necessary to take
into consideration the causes that will be brought into action to establish a high or low
temperature contiguous to the tuyere.

If the furnace be a large one, and is intended to work up to its full power, there is left
in the sandstone or brickwork on each side, and in the back of the hearth, a small arch about
2 feet in width, widening out or splaying to 5 feet on the outside, and reaching to the cast-
iron mantles, the lower edge of which forms the outer face of the arch. In furnaces with brick
hearths it is usual to start the openings of these arches from the bottom, the space between
up to the tuyere being subsequently filled in with brickwork or other material. But where
sandstone is adopted the tuyere arches are commenced at the required elevation, the solid
sandstone block forming the lower side of the opening. The arch in front is of nearly the
same width as the others, but the height decreases towards the outside, where it doesnot
usually exceed 31 feet from the bottom.

The boshes commence at the top of the hearth; their interior diameter increasing with
their height until they meet the inner lining of brickwork, built during the erection of the
furnace. They are usually constructed of fire-bricks, about 15 inches long, carefully laid in
fire-clay. Considerable diversity of opinion exists respecting the best angle at which they
should incline outwards from the hearth. In our own practice we have generally adopted
an angle of 70 deg. from a horizontal line, as being the most suitable, and the results
warrant us in stating that this angle may be adopted in all furnaces for smelting argilla-
eeous or carbonaceous ores. But when other ores are to be smelted, their character and
that of the fuel will have an important bearing on the form of the boshes as well as that of the
hearth and furnace generally. We purpose examining the relation which these should bear
to each other in another seetion

The form of the furnace, from the boshes to the throat, is also a matter on which a
differenee of opinion exists amongst ironmasters. Formerly it was invariably that of a
truncated cone, as is seen in the majority of the blast furnace sections (see Pls. VII, XIL.),
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but of late years numerous furnaces have been built differently. In Scotland, the body of
the furnace is frequently carried up cylindrically, or nearly so, for a considerable height,
terminating with the usual truncated cone. We shall defer the consideration of the advantages
which are supposed to attend the different forms to a more advanced portion of this work.

To complete the furnace, a chimney, or, as it is termed in South Wales, a ¢ tunnel-head,”
is erccted above the charging-plates. This tunnel-head is generally of a diameter larger than
the mouth of the furnace, and is carried up to a height of 10 or 12 feet: and one or more
openings are left in it, through which the furnace is charged. The ntimber of filling places
varies with the size of the throat. Where there is more than one, each opening is fitted with
a metal door to protect the workmen from the draught. (PL XXX, Figs. 150, 153.) The
tunnel-head is built of brick, strengthened by stout cast-iron rings at top and bottom, and
cast-iron frames to the charging places. It is fitted also with four or five stout iron hoops,
having tightening screws, which effectually secure the brickwork from being fractured by
the great heat evolved from the ignited materials in the throat of the furnace.

In the erection of walled blast furnaces, the exterior line of which deviates from the
vertical, we have found it advisable to work the stones with a square front, and set the courses
with a dip from the level towards the centre of the furnace, corresponding to the batter in
front. Besides the evident saving in labour and material, the work is considerably stronger
and the face less liable to breakage from expansion. In the interior also we advise the
setting of the bricks or stones forming the hearth, and the bricks forming the boshes, in a
similar manner. By so doing the interior cavity, from top to bottom, may be worked without
steps and with little waste of material. With the boshes this mode of setting should always
be followed. We have observed furnaces in England and Scotland, in which the necessary
angle has been given to the boshes by stepping back ecach course the required distance, and
afterwards plastering over the interstices with fire-clay to produce the desired evenness. Were
the other plan followed—the bed of the courses sloped downwards as they recede from the
face of the work, the ends of the bricks form the correct angle of inclination without dressing
or subsequent plastering. In the stone-work of the stack a strong mortar may be used in
the face, but a weaker kind is better for the backing and filling-in, because it permits of slight
movements without disturbing the outside.

The binders employed to prevent the work from opening require to be very strong and
easy of renewal. For this purpose they should be on the outside, or otherwise so placed that
they may be changed in a few hours. The furnace delineated in Pls. XV., XVIL. is strongly
bound, and has stood remarkably well. The lower portions are held together by cast-iron
angle picces and wrought-iron tension rods 2% inches square. The circular portion is bound
throughout with wrought-iron hoops, 3% by 4 inch, placed 6 inches apart, and retained at
this distance by vertical bars of the same dimensions.

In Scotland the outlay on the materials for binding some furnaces has been very large.
At the Muirkirk works a furnace is cased in malleable iron plates fmom top to bottom. At
the Bilston new furnace also a similar expensive binding has been employed. Great
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strength is obtained by this method, but the expense is so considerable as to preclude its
general adoption.

To expedite the operation of drying, two small arches are left in the base of each of the
- pillars of masonry of a size sufficient to contain a fire 3 feet by 1} feet. ¥rom the crown a
flue, about 10 inches square, is carried up through the masonry to the top of the furnace.
(Sce Pls. XV., XVI., Figs. 88, 91, 92.) With this flue the whole, or nearly so, of the holes left
in the masonry for ventilation should communicate. Where this is done, the masonry may
be rapidly and perfectly dried without any of the usual unsightly fissures being produced.

The drying of the furnace previous to blowing in, requires time and fuel commensurate
with its dimensions. If it is a large one, two months may be well spent in the operation,
and a consumption of 70 tons of coal will not be too great. The interior brickwork will be
best dried by a temporary furnace in the cinder-fall, communicating directly with the interior.
While this furnace is in operation the tuyeres should be temporarily bricked up to prevent
the ingress of cold air, and the mouth partially covered over to diminish the draught and
retain the heat within the interior.

When the drying is completed, the temporary furnace in front is removed and the
brick stopping in the tuyecres taken down.

Preparations may now be made for blowing in. These consist in building up the tuyere
openings with brickwork or sandstone to a height of 2 fect on each side, and 2 feet 3 inches
at the back. In some furnaces this height is made up with a hollow cast-iron block, through -
which water is allowed to circulate while the furnace is in blast. (Sec Pl XXXIV., Figs
194, 196.) Above this the cast or wrought-iron tuyeres are placed, with their points flush
with the wall of the hearth, and the remainder of the space filled up with brickwork, 18 to 24
inches thick; or sometimes with a cast-iron breast containing a small pipe bent in a spiral
form, through which water is made to circulate to keep it cool. (See Pls. XXXIII.,
XXXIV., Figs. 189, 193, 202.)

In front of the cinder-fall, a cast metal damplate (P1. XXXIV., Figs. 205, 206) is bolted
to two wrought-iron bolts built into the brickwork of the hearth. Thls plate measures about
6 feet long, 3 feet high, and 3 inches thick. Near the centre, an opening, 9 inches wide by 20
inches high, is left for tapping, the bottom being flush with the bottom of the hearth, and
one side flush with the brickwork inside. In the upper edge a notch, 8 inches wide, is
left for the cinders to flow through. The height from the brickwork of the bottom to
the underside of this notch is an important measurement: in this instance it is 24 inches.
To retard the wearing or burning away of the plate at the underside of the notch the
thickness of metal is there doubled.  On the outer side, close to the tapping-hole, a vertical
flange is cast to sustain the end of a cast-iron plate set on edge, to keep the flowing cinders
on onc side of the fall. ‘

At a distance of about 16 inches above the notch, and 26 inches inside the damplate, it
is usual to fix a tymplate within a recess, provided for that purpose in the brickwork. The
tymp is generally 3 feet high and 2 inches think, with a short flange on the under side as a



BLAST FURNACES. 29

protection to the brickwork over the fall. Tymps having a small water-pipe laid in a ser-
. pentine form in the metal, are in use at several furnaces, where a high local heat prevails.
(PL. XXXIV.,, Figs. 197,199.) At other works, however, we find the furnaces working with
an unprotected breastwork of brick.

There are also fixed in the cinder-fall a wrought-iron crane ; a cast-iron plate, having
its upper edge serrated, to facilitate the removal of large masses of cinder ; a cast-iron trough,
about 6 feet long, to convey the fluid metal from the tapping-hole to the casting-bed or
refinery; and two troughs on the cinder-bed for guiding the fluid cinder into the tubs.
Immediately before filling, the portion of the damplate exposed to the fluid metal is pro-
tected by a stone or mass of brickwork, at a level with the cinder-notch. (See Pl
XXXVL)

The conveyance of the blast to the furnace is accomplished in various ways—by leather
bags, cast-iron pipes, wrought-iron fixed, and wrought-iron telescope pipes. Local circum-
stances and the temperature of the blast employed, principally determine the kind of appa-
ratus to be used.

For cold-blast furnaces, the last-named is probably the most durable, and attended with
the least waste of blast. It consists of a thin wrought-iron pipe, generally 10 inches in diameter
and 6 feet long, having rivetted within one end a light cast-iron cylinder, bored and turned,
and on the other a cast-iron flange. The large end of the sliding telescopic pipe is furnished
with a metal ring, turned to fit the interior of the cylinder, and has a small groove to receive
packing. The length of the sliding pipe should equal that of the fixed; the diameter at the
small end being for the above size cylinder 5 inches, and at the large end 8 inches. To
prevent its entire withdrawal, the interior of the cast-iron cylinder is provided at the outer
end with a small hollow flange, against which the piston is ground air-tight to prevent
leakage. The loose wrought-iron nozzles, placed on the small end of the sliding pipe, should
be about 2 feet long, and of a diameter proportioned to the volume and density of blast to
be delivered. (See Pl. XXXII,, Figs. 169, 173.)

To the cast-iron flange on the rear of the wrought cylindrical pipe, there is attached a
universal joint, consisting of a cup and ball, accurately ground to each other, and connected
by two eye-bolts. This joint allows of any lateral or vertical movement in the pipes that
may be rendered necessary, through changes in the position of the tuyere.

Connected with this joint, or to the elbow pipe leading to the main, is the valve for
regulating the admission of the blast. Various descriptions of valves are employed for this
purpose. One very commonly nsed in the old apparatus was formed of a stont disc of wood,
faced with leather or sheepskin, and furnished with a spill and stalk, similar to the common
spindle-valve of a steam-engine. (Pl XXXI,, Figs. 165, 166.) While in good order, it proves
an effective stop-valve; bnt the return of cinders from the furnace through the pipes
frequently destroys it, and canses delay and waste of material. -

For a considerable period disc-valves turning on a pivot-spindle were very commonly
used. In general they are neat in appearance and require little power to open or shut them
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(Pl. XXXI., Figs. 158, 160.) Practically, however, valves of this description are about the
worst that can be adopted. It is almost impossible, even with a large expenditure of labour
and very careful fitting, to make them air-tight. The best allow considerable leakage of
blast, and to this cause we attribute the general abandonment of valves of this description.

Slide-valves are now very generally used, and unquestionably are much superior to the
others. The movement of the valve is effected by a rack and pinion in the box, with a
spindle projecting through the side. (P1. XXXI.,, Figs. 161, 164); or a rod working through a
stuffing-box. (P1. XXXI, Figs. 154, 157.) In either case, a simple iron slide planed and ground
in tight on a planed face in the interior of the box is employed. The pressure of the blast
being on the back of the slide, whether it is open or shut, causes sufficient adhesion to keep
it in contact with the face, and to retain it in whatever position it may be left. ‘

In several works the valve-boxes are so constructed that the movement of shutting off
the blast from the furnace opens to the atmosphere an orifice nearly cqual in size to the nozzle-
pipe. (Pl XXXI., Figs. 161, 163.) The objectin view appears to be to equalise the resistance
to the movement of the blowing-engine piston, where there is more than one furnace, by
maintaining the previous arca of discharge. The attainment of this object, however, by per-
mitting a portion of the blast, compressed at great cost, to escape into the atmosphere, is not
entitled to commendation. It should rather be sought by regulating the movements of the
blowing-piston, which are perfectly controllable, and so adjusting the quantity of blast com-
pressed to the reduced area of discharge.

Bolted to the stop-valve box is an elbow-pipe, 10 inches bore,with the curve upwards,
joining other pipes from the blowing apparatus. In the majority of works it is usual to have
this elbow turning down, and connected with larger pipes laid below the surface. However
neat such an arrangement may appear, in practice it is attended with many disadvantages.
For instance, when a sudden stoppage of the blowing apparatus occurs, the cinders not
unfrequently flow back through the pipes into the subterraneous mains, and cause expense
and delay; and in the cvent of leakage of blast from the joints, it is difficult to get at them
to stop it.

In the back of the elbow an orifice, about one inch diameter, is drilled in a line with
the centre of the tuyere, and fitted with a metal stopper. Through this orifice a small iron
rod can be introduced to clean the tuyere when fouling ; and when a heated blast is used it
is also convenient for trying the temperature.

The pipes used for hot-blast furnaces differ from the preceding, the wrought-iron
telescope apparatus being absent. Cast-metal pipes, diminishing in size as they recede from
the cup and ball joint, with wrought-iron nozzles similar to those with a cold blast, are in
general use. At some of the Welsh cupola furnaces, a lighter and more compact arrange-
ment has been adopted on account of the limited room for the pipes, as may be seen in the
plate of details. (See P1. XXXII., Figs. 176, 177.)

At the majority of hot-blast furnaces the stop-valve for regulating or shutting off the
supply of blast, is placed in the pipe leading to the heating-stove. But the employiment of
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a single valve in this manner is objectionable, inasmuch as it necessitates the entire stoppage
of the blast during repairs to the heating-stove, which, unfortunately, are of frequent occur-
rence. To avoid such interruptions to the working of the furnace, the heating-stove should
be furnished with two valves, one in the inlet-pipe and another in a box between the stove
and belly-pipes; to this box a range of pipes should be connected to admit cold blast when
the stove is undergoing repairs. (Pl. XXIV., Fig. 123.) c

Leather bags are employed at some works with a cold blast; and where the supply of
blast is not dependent on a single engine or apparatus, and careful workmen are employed,
the connexion lasts a considerable time. They form probably the simplest arrangement that
can be devised, there being no fitting or other expensive workmanship required in their
construction ; while the flexibility of the leather permits of the nozzle being pointed to any
part of the breast. (Pl. XXXIII., Fig. 182.) This mode of conveying the blast is in use at all
the furnaces of the Plymouth .and Duffryn works. '

The top of the furnace round the tunnel-head is floored with cast-iron plates from three-
quarters of an inch to an inch thick ; and where the materials are stacked upon the level of
the furnace top, a continuation of the plate flooring is carried out to the stocking place of
the fuel, ore, and flux, forming a lcvel barrow-road for the fillers to wheel the charges. In
front of each stocking.place it is desirable to have on a level with the floor a lock-up
platform weighing-machine, weighted according to the burden on the furnace. The usual
arrangement is to have two, sometimes three, beam weighing-machines at the bridge plates,
where the guantities are adjusted, recourse being had to a small supplementary stock for
supplying deficiencies. With platform machines, conveniently fixed at the stocking places,
the barrow rests on the machine whilst being filled ; the exact quantity is determined on the
spot ; greater accuracy is thus obtained and much labour economised. A

Cupola Furnaces.—In the erection of cupola furnaces the masonry is limited to the foun-
dation and the stone work of the bottom and hearth. This form of furnace possesses certain
advantages over the massive square stack, but it has been ascertained through the experience
derived from the working of several, that they also are subject to disadvantages of a very
serious character.

The building of a cupola furnace commences with carefully bedding on the levelled
masonry an iron ring of massive proportions, cast in four or more segments. Upon
this ring cast-iron columns of from 12 -to 14 feet high are bolted fast, one on each
side of each of the tuyere openings. Upon the columns a second iron ring is bolted, of an
internal diameter somewhat greater than that of the interior of the furnace, and ranging
from 18 to 24 inches wide by about 3 inches thick, and strengthened by a deep flange on its
outer edge. Four or more vertical binders are now set up, which support, at distances of
from 8 to 12 inches from centre to centre, wrought-iron hoops about 3% inches wide by
§ inch thick, made to fit the calculated exterior diameter of the furnace at their respective
heights. (P1. XVIIL, Figs. 97, 100.)

The building of the furnace itself is performed, imside the network of binders, by starting
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from the upper cast-iron ring a course of walling of the required diameter, and at the usual
distance of 2 or 3 inches a course of casing bricks; the space between them being rammed
in the same manner as in blast-furnaces built with massive stonework stacks. The onter
case of bricks abuts against the binders, which limit the thickness of the walls to the two
courses of brickwork and the intervening space, amounting together to about 26 inches. At
this thickness the walls are carried up to the top, upon which a tunnel head of the usual form
is built.

Neither the construction of the bottom, hearth, or boshes, nor the materials used, differ
from the more common form of furnace. Cupola furnaces are thoroughly dried in a very
short time, on account of the small quantity of brickwork in their construction.

The advantages offered by the cupola furnace over the more common form are dependent
in a great measure on local circumstances. Where the necessary massive iron framing can be
obtained at a low price, and stonework is comparatively expensive, the cupola furnace can
be erected at a cheaper rate, probably at half, or under half, the cost of the other plan. Ttis
evident, however, that the question of expense turns on the cost of the ironwork of the one
compared with that of the masonry walling of the other. For the height and internal
capacity being alike, the foundations, bottom, hearth, boshes, and brickwork will be similar,
and any difference must arise between the walling, in one case, and the iron framing in the
other. Estimating the furnace to be 50 feet high and 275 cubic yards internal capacity,
there will be in the stack, about 1250 cubic yards of masonry, against 30 tons of castings and
14 tons of wrought-iron jointed work in place, in the cupola. The difference in value
between these two quantities, in any locality, will determine the comparative cheapness of the
two modes of furnace building.

It must, however, be borne in mind that the ironwork of the cupola furnace possesses
in proportion to its first cost a prospective value greater than that of the stonework of the
walled stack furnace. The materials of the latter are valuable only as constituting a portion
of the furnace, but the metal work of the former possesses an intrinsic value in whatever
form it is employed. ,

The cupola furnace possesses a decided advantage in the period reqnired for building
and completion for blowing-in. The building and thoroughly drying of a walled stack blast-
furnace of the largest dimensions will require from six to seven months ; the cupola furnace
may be built, dried, and blown-in in three months.

The disadvantages attending this form of furnace are an increased consumption of fuel
in proportion to the quantity of iron smelted, and more serious irregularities in the operation
of the furnace. The increase in the consnmption of fuel is considerable, and in a few years
the additional annual cost thus entailed is found in the aggregate to greatly exceed the
original cost of the furnace. ‘

The further consideration of this subject will be deferred to the section treating on the
causes influencing the consumption of fuel.
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APPARATUS FOR LIFTING MATERIALS.

The apparatus for raising the materials to the level of the charging-plates—where
nature has not afforded facilities—is directly worked by a steam-engine, ér by an hydraulic
or pneumatic apparatus. In South Wales the ironmasters have taken advantage of the
generally mountainous character of that country to build the blast-furnaces on hill-sides,
having back-ground on a level with the furnace top, over which the materials are wheeled
directly into the furnace, and, with the exception of a few instances, it has not been necessary
to erect machinery for lifting the materials. But in the more level districts of England and
Scotland machinery is very generally employed for this purpose.

One of the most common means of raising the loaded barrows is the inclined plane and
stationary engine. An inclined plane is constructed to the furnace top at an angle of about
25 degrees, with two tracks of rails, each track being traversed by a platform carriage,
which is drawn up and let down by a chain from the engine-drum passing over a pulley at
top. When it is at the bottom of the plane the platform is on a level with the adjacent
ground, the barrows are wheeled on to it, and it is drawn up to the top, where it is brought
to a standstill, with the platform on a level with the staging around the furnace. The
barrows having been discharged into the furnace, they are replaced on the platform, which is
lowered, and the opposite carriage with its loaded barrows drawn up. By employing two
carriages the one descending acts as a counterpoise to the one ascending, consequéntly the
load to be raised at each time is simply the weight of the material in the barrows. To work
an inclined plane which supplies four blast-furnaces requires an engine of ten-horse power.
(P1. XXIII., Fig. 118.)

The great wear and tear of the carriages, pulleys, and chains, together with their constant
liability to derangement, and the space occupied by the plane, render this an expensive
method of raising the materials. In the event of the chain breaking, which is not an
unfrequent occurrence, considerable delay occurs in the supply to the furnace, occasioning a
loss, independent of the cost of repairs and renewals. Hence, although in use at many old
furnaces, the inclined plane is rarely adopted in new erections, and is likely to be eventually
altogether superseded by simpler and more efficient machinery.

The water-balance lift employed at some furnaces is a cheap method of raising the
materials. It cdnsists of two cylindrical or rectangular sheet-iron buckets, or cisterns,
suspended from a strong chain which works in a grooved brake-wheel, revolving in standards
at a height of 10 or 11 feet above the level of the staging around the furnace top. Each
bucket is provided with a platform to receive the barrow, and has a valve at the bottom for
discharging the water; it is guided in its ascent and descent by guide-rods bolted to framing
at top and bottom. An upright pipe, supplied with water (generally by a plunger-pump
driven by the blowing-engine), and fitted on the upper part with a box containing two
spindle valves, one for each bucket, completes the essentials of the apparatus. (Pl. XXIIL,,
Figs. 114,117.) The operation of lifting, premising that both buckets are empty, one at the
top, the other at the bottom, is performed by letting into the upper bucket, upon which the
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empty barrow stands, a quantity of water rather more than sufficient to counterbalance the
weight.of the load in the barrow on the lower bucket. On lifting the friction-brake from off
the wheel, the greater weight of the descending bucket draws up the opposite one with its,
load to the top, where the contents of the barrow are discharged into the furnace. To
repeat the operation, the empty barrow isreplaced on the upper bucket, and the valve in the
lower bucket is opened, to allow the water to escape; a loaded barrow is wheeled on to it,
and water is admitted into the upper bucket until it begins to descend. The velocity of the
descent is regulated by the friction-brake, which should be sufficiently powerful to stop the
buckets at any desired spot and to control their speed, so that on their arrival at top and
bottom they may be brought to rest without that eomcussion so common with these
machines. In order that this may be effected by means of the brake the buckets should
exactly balance each other, and a chain should be hung to their bottoms, similar to the one
employed in lifting. Unless a balance-chain be employed, the bucket will descend with an
accelerated velocity and strike heavily upon the bottom framing.

Several modifications of the water-balanee lift may be seen in English and Seotch works.
One consists of a single bucket at one end of the chain with a platform at the other end.
Water is admitted to the bucket at top until it overbalances the load on the platform, which
is thus drawn up and wheeled off. The descent is caused by the excess of weight of the
platform-and empty barrow over that of the empty bucket, and is controlled by the brake.
In another arrangement of this apparatus the descent of the water-bucket and the lift of the
barrow platform are unequal; the bucket probably descends through a, distance of not more
than one-half that through which the materials have to be raised. Separate chain-drums on
the same axle are employed, the diameters of which are proportioned to each other in the
same ratio as the respective courses of the bucket and platform. The velocity in this case
also is under the control of a brake.

The dimensions of a water-balance lift will depend on the size of the barrows and the
number of furnaees it is to supply. At the Dowlais works four furnaces have each of them
- a watér-balanee lift. But one apparatus will generally suffice for three or four furnaces if
the materials to be lifted do not exceed 400 tons daily. The greatest load to be sent up in
the barrows will determine the siz¢ of the buekets. With barrows containing 15 cwt. the
maximum size in use—wrought buckets 5 feet square and 2 feet deep—will'not be too large,
and if of any other form they should be of the same capacity. Inch chains are used for
lifting and balancing, and the pipes for the conveyance and. delivery of the water are
8 inches bore. L

Though the water-balance apparatus is employed at several new furnaces, and is, on the
whole, an inexpensive way of lifting the materials, especially where a sufficient fall of water
can be obtained without having ‘recourse to pumps, yet the liability to accident from the
breaking of the chains must always prevent it from being extensively adopted. Te diminish
this risk two, and sometimes three chains have been combined together, cach of sufficient
strength to carry the load singly; but the use of these chains was attended with a serious
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objection. Where a single chain is employed it works tightly in a V-shaped groove in the
brake-wheel, which thus has a controlling power; but flat chains, which have to be worked on
a plain cylindrical sheive slip when the friction brake is applied to check the speed, and the
brake has no controlling action whatever. At some furnaces steam power has been applied
to the hoisting of the materials by a vertical lift. Two platforms are connected by chains to
opposite sides of a drum keyed on the engine shaft. Guides for steadying the platforms and
catches at the top to maintain them in the required position, similar to those employed in
coal-pits, worked by steam power, are also necessary. But the risk from accident is equally
great, if not greater, than in either of the foregoing machines, and doubtless this is the reason
why vertical lifts, worked by steam power, are comparatively rare.

The pneumatic lifts are of recent date, but already they are in use at several Scotch,
English, and Welsh works. They supply a desideratum of long standing in numerous iron-
-works, being superior to either of the machines already described in freedom from accident,
quietness. of motion, and facility of management.

The pneumatic lift consists of a well in the rear of the furnaces, about 7 feet diameter,
and 8 to 10 feet deeper than the height of lift, made watertight by a brick or metal casing. A
wrought-iron cylindrical tube, open at the lower end, and closed at the top, works up and down
in this well. On the top of the tube a suitable platform is fixed to carry the loaded barrows.
Four chains are attached to the platform and passed over pulleys on the top of the frame-
work, weights nearly sufficient to balance the tube and platform being hung to their
extremities.

Perpendicular timbers act as guides to the platform, which is furnished with four angular
pulleys as guide rollers. A pipe, fitted with a stop valve, is brought from the blast main,
carried down one side of the well to the bottom, turned up in the centre, and brought to
within 4 or 5 feet of the surface. The well is filled with water to within 5 or 6 feet of the
top. The wrought-iron tube, open at the lower end, stands in it, surrounding the central
upright pipe. (PL XXIV., Figs. 119, 122.)

Loaded barrows having been wheeled on to the platform, the stop valve in the blast pipe
is opened, the blast presses against the top of the tube with a force proportionate to its density,
and to the superficial area of the end of the tube. This force raises the platform, carrying
the loaded barrows to the top. On arriving there the blast valve is partially closed, and the
tube is sustained by the elasticity of the blast within. The loaded barrows having been
wheeled off, and their contents discharged into the furnace, they are replaced on the platform
for a descent. The inlet blast valve at the bottom is closed by means of a vertical rod carried
up alongside the framing, and the escape valve in the top of the tube is opened to allow the
confined air gradually to escape into the atmosphere, the pressure being removed from beneath,
the platform descends with a greater or less velocity, dependant on the area of the escape
valve. The density of the blast being fixed, the requisite lifting power will be obtained by
proportioning the diameter of the tube to the load.

The great recommendation possessed by the pneumatic lift over all others consists in the

F2



36 MANUFACTIURE OF IRON.

perfeet control which the workmen have over its movements, and in its freedom from con-
cussion in stopping. In aseending, the speed is easily regulated, the quantity of blast
admitted being adjusted to the requirements of the load and veloeity; and though the motion
may be rapid, yet, by partially shutting the inlet valve before arriving at the top, the whole
weight in motion, amounting probably to 20 or 25 tons, may be brought to rest without any
pereeptible concussion. While this valve is wholly or partially open, the pressure of the blast
will maintain the platform against the stop plates at top, unsupported by catches. The
control over the motion in deseending is equally perfeet. When all is ready for the deseent
the inlet valve is entirely shut, and the eseape or diseharge valve in the closed end of the tube
opened. If this valve were of very large dimensions on opening it, the apparatus would
descend with great rapidity, but with the small valves employed the removal of the pressure
is s0 gradual that the machine cannot deseend so rapidly as to produce injury. By partially
closing this valve the velocity may be reduced; by shutting it, and thus preventing the
further eseape of the confined air, the apparatus may easily be brought to a standstill at any
desired point without any concussion. These are advantages which no other kind of lift
possesses in the same degree.

The employment of additional levers to the valves at top and bottom, aeted on by pro-
jeeting arms, renders the apparatus to some extent self-acting. On approaching the top or
bottom the levers partially shut the valve, so as gradually to destroy the motion by the time
the platform arrives at the stop plates.

At the Corbyn’s Hall new furnaces, one pneumatic lift, with a tube about 51 feet in
diameter, lifts the materials for four blast furnaees. The inlet pipe is equal to 7-ineh bore,
and a pressure of blast 24 Ibs. to the square inch is nsed. The area of the eylindrical tube
in square inehes, multiplied by the pressure, 342 in. x 24 lbs., gives a lifting power of 7981
Ibs. The load of materials lifted each time, including barrows and workmen, averages
5040 1bs., leaving a surplus power of 2941 lbs. to eover the unbalaneed weight of tube and
all contingencies. With a denser blast, such as is used at some Welsh works, the same load
could be raised by a tube of one-half that area; but in practiee it is preferable to use a large
tube and increase the number or weight of the barrows in proportion to the inecreased
power.

The working cost of lifting the materials with a pneumatie apparatus is equally as great as
with an inelined plane or water-balanee lift, but the cost of repairs and renewals is undoubtedly
less. - With an apparatus of the foregoing dimensions, lifting vertieally 50 feet, the eonsump-
tion of blast is about 1200 eubic feet for every 1% tons lifted. Allowing that it requires 8
tons of material to each ton of pig-iron made, an expenditure of 6400 cubie feet of blast,
at a pressure of 21 lbs. to the square ineh, will be required to raise this weight. The eost of
eompressing atmospheric air will be affeeted by local eircumstances, but at several Welsh
works the eost of eompressing 100,000 eubie feet to that density, including all expenses
incidental thereto, will not exeeed 3d. This is equal to %;ths of a penny per ton, and if to
this be added another 2;ths of a penny for the cost of erecting and maintaining the appa-
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ratus, we have a charge of iths of a penny per ton on the pig-iron made as the cost of lifting

the materials 50 feet high.
HEATING APPARATUS.

The use of heated air for the furnaces having been extensively adopted in the manufac-
ture of iron, a description of the apparatus employed will be necessary. We may mention
here that the great saving of fuel and increased make of iron, which the advocates of the hot-
air system so strenuously maintain as invariably following its application, is almost entirely
due to other causes. But we shall enter more fully into this common mistake regarding the
hot blast in our description of blast furnace operations.

In furnaces recently erected, sufficient space is generally left on each side and at the back
to erect a separate stove to each tuyere; but in many old-established works using the hot
blast, owing to the limited room between the furnaces, a single stove placed at the back,
or at a distance from the furnace, is used to heat the blast for all the tuyeres. The plan
of single stoves possesses many advantages over the other, and is adopted wherever
it is practicable to do so. The size of the stove should bear some relation to the quantity of
blast to be heated, but in practice we do not find any general rule observed. At some works,
a single stove employed to heat for one tuyere will be as large as one at other works heat-
ing for an entire furnace.

The plan of stoves generally used, and which we have found capable of maintaining a great
heat, is delineated in Pls. XXV., XXVI,, Figs. 127, 131. It consists of two horizontal pipes,
14-inch bore and 2 inches in thickness of metal, having cast on their upper sides a number of
sockets to receive the same number of small pipes, of a horseshoe figure, which stand in a ver-
tical position, one leg in each horizontal pipe, and form a communication between them. Be-
low and between the horizontal pipes a suitable fire-grate is constructed, furnished with a close-
fitting door. The exterior of the whole structure of pipes is surrounded with walling arched at
the top concentrically with the curve of the vertical pipes, and lined throughout with fire-brick.
At one end a flue is constructed for conveying the smoke, &c., to a chimney about 8 or 9 feet
higher than the roof, having a damper to regulate the draught. To prevent the heated pro-
duets of combustion from escaping too rapidly by this flue, the communication to it is through
a number of small apertures distributed over the further end of the interior ; and as a protection
to the horizontal pipes from the great heat of the fire, with which they would otherwise be
in close contact, they are cased with brickwork the whole length of the fireplace. Vertical
binders, resting in cast-iron sockets built into the walling at the bottom, and connected at
top by wrought-iron bolts, are necessary to enable the walls to withstand the great heat
and the thrust’ outwards of the arched roof.

The blast is admitted to one of the horizontal pipes at the end furthest from the fire, from
whence it passes up through the vertical pipes and down into the opposite horizontal pipe,
one or both ends of which are closed. During its passage through the vertical pipes, the
blast will have absorbed sufficient heat from them to raise its temperature to 600 deg. or 620
deg. We have here supposed that the cold blast is admitted at the end of one of the larger
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pipes, and the hot air, after passing once over the vertical pipes, is delivered at the furthest
end of the opposite horizontal main—the plan adopted at several works. But another, and
perhaps a superior arrangement, consists in eoursing the air through a portion only of the
vertical pipes at one time ; this is accomplished by fixing stop plates in the horizontal pipes
at any required distance, and so causing the blast to take a circuitous course. If the stove
consists of twenty-six vertical pipes, and the first stop is between the fifth and sixth pipes, the
blast will first pass through five pipes to the opposite side; then if the next stop is between
the cleventh and twelfth, it will return through six pipes; and the next stop again between
the eighteenth and nineteenth, it will pass through seven ; finally returning to the same pipe
through eight vertical pipes, after having coursed a distance of between 90 and 100 feet.

The increase in the number of pipes for each course as the blast approaches the end,
compensates for the greater volume of the hot air in the latter courses. The blast enters
probably at a temperature of 50 deg., but leaves at a temperature of about 600 deg. If
its volume be equal to 1000 at entering the stove, it will have expanded to 2050, or just
twice its original volume, on leaving ; hence the area of the pipes must be increased in a
similar ratio, or the velocity of the blast will be very great. And since an increase in the
velocity is attended by a great increase of friction, and consequently by a diminution
of useful effect, the utility of the increased area given to the finishing eourses is generally
admitted. :

Although the usual mode of connecting these pipes is by having sockets cast on the body
of the horizontal pipe to reccive the feet of the vertical pipes, a much superior plan is to cast
spigots on this pipe about 6 inches long, of a size and bore similar to the vertical pipes;
around this spigot, a loose socket-piece, 12 inches long, is clayed and cemented, and the foot
of the vertical pipe is fixed into the part projecting above the spigot. (Pl XXV., Figs.
128, 129.) This plan of joining the pipes is attended with additional expense at first, but
when a defective or burnt-out pipe needs to be changed—a matter of very frequent occur-
rence in all hot-blast apparatus—the time required for the operation is very much less than
if fast sockets werc used. The pipes standing so close together, it requires considerable time to
cut out a defective one; indeed, the labour of getting out the old pipe is two or three times
greater than that of putting in the new one; but with socket rings, if any difficulty occurs,
the ring may be broken off and its place supplied by another.

At the Dowlais works, ecach of four blast furnaces (Nos. 15, 16, 17, and 18) is fitted
with three hot-blast stoves, one to each tuyere. The horizontal pipes are 14 inches internal,
and 18 inches external diamecter. Each pipe has on its upper side 26 sockets, 6 inches deep
and 8} inches between centres. These sockets receive the ends of the vertical pipes, which
measure over the foot and crown 8 feet 3} inches, and over the legs 5 feet 4 inch ; the sectional
area of the interior, which is of a V-shape, is 18 inches. The fireplaces, two to cach stove,
measure 2 feet 3 inches wide by 6 feet 11 inches long.

The superficial area of the pipe surface exposed to the action of the fire in cach stove is
1001 squarefect. This quantity of surface is heated by two grates of an aggregate area of 31
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SECTION 1IV.
BLAST FURNACE OPERATIONS.

THE blowing-in of blast furnaces is an operation demanding great care and an intimate
acquaintance with their management. If it is hastily done, the injury to the furnace may
be such as to require its being blown out to be repaired ; and if due attention is not paid to
the mixture of materials with which the working is commenced, the results will be unsatis-
factory, much difficulty being experienced, and time lost in bringing the furnace into a
healthy working condition.

The arrangements for blowing-in having been completed, as described in a previous
section, a quantity of rough dry timber is placed in the hearth, filling it to a height of five
or six feet. On this a quantity of coke is deposited from the top, filling the remainder of
the hearth and also the boshes. Fire is applied to the timber, which quickly communicates
it to the coke above. Regular charges of calcined ironstone, limestone, and coke are now
filled in till the materials reach the throat of the furnace. The proportions of ironstone
and limestone to the coke vary with the locality, but at the works around Merthyr Tydvil,
the proportions are generally 5% cwt. of calcined ironstone and 13 cwt. of limestone to 4 cwt.
of coke, containing a large per-centage of carbon. Where the rich hematites are to be smelted,
the filling above the coke is conducted in a different manner.

These ores cannot be successfully introduced in quantity before the furnace is brought
into working order. -And if leaner ores are not to be obtained, the mixture of materials at
the commencement may be good grey cinders, with a very small burden of calcined ore and
limestone. On these materials it will be well to let the furnace run for some days, until a
regular flow of good cinder is obtained at the fall, when the proportion of ore may be in-
creased and the cinders diminished.

Everything having been arranged for its admission, blast is let on to the tuyeres, and the
furnace is “blown in.” At first the tuyere pipes are of small diameter, but in this as in too
many other matters connected with iron-works no fixed rule exists, and a great difference in
the sizes employed in blowing-in furnaces at the same works may be observed. And yet with
similar ores and fuels, smelted in furnaces of the same interior dimensions, the diameter of
the nozzle-pipes first used should bear some proportion to those eventually adopted with a
full blast. We have endeavoured to arrive at some fixed ratio, and from the dimensions of
those employed in blowing-in eleven blast furnaces under our own immediate observation, we
find that the average area of the pipes through which blast is first used, is one-fifth of the
area of the pipes ultimately employed. By using nozzles upon this proportion, all risk of
failure in the blowing-in and subsequent injury to the furnace will be avoided.
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For a furnace of an interior capacity of 275 cubic yards, and intended to be blown with
4-inch nozzles, the first set will be 1j-inch bore. After blowing about thirty hours, these
may be replaced by a set of 25-inch bore, and at the expiration of thrce days by a set 23 inches:
In ten days from the time of blowing-in, the pipes may be increased to 3% inches, and in
three weeks to 34 inches. Full size pipes may be used in four or five weeks after blowing-in.

The burden of materials above described should be kept on unaltered for ten days, in
which time the furnace will go to from four hundred to four hundred and fifty charges. It
may then be increased to 6 cwt. of calcined mine and 21 cwt. of limestone to the 4 cwt.
of coke ; with this burden it will go about four hundred charges the first week after altering,
increasing, however, to six hundred and fifty or seven hundred in the third or fourth week.
If the furnace is intended for forge-iron, the alteration in the burden should not be made
until it has worked successfully three or four weeks on grey iron.

After the application of the blast, the founders will commence cleaning the hearth below
the tuyere for the reception of cinders. These will make their appearance about twelve hours
after blowing. In twenty-four hours they will have filled the bottom of the hearth to a
level with the notch in the damplate, and in three days may be directed through the troughs
to the tubs.

The metal will appear in about ten hours after the cinders, and will collect in the hearth
to the amount of 3 or 3% tons in sixty hours after blowing-in. In about eighteen hours
afterwards, another casting of about 2 tons may be made, and from this time the operation
of casting may be performed at the usual stated periods. The quantity of metal at each
casting will increase from 2 tons at the second cast to about 5 tons each cast in the fourth
week. From the first week’s blowing the make of metal will be about 21 tons; from the
second, about 36 tons; from the third, 50 tons; and the fourth week’s work will not fall far
short of 75 tons. With the burden stated and full blast, the make will reach 95 or 100 tons
at the expiration of ten .or twelve weeks; but a greater make than this cannot, under
existing circumstances, be obtained from a furnace of this size working on lean ores for
foundry purposes.

Forcing the furnace so that a greater make of iron may sooner be obtained from it is
attended with the most injurious effects on its subsequent working. In the present day the
majority of furnaces blown-in are permanently injured by this practice. The desire for
meking large and immediate returns outweighs all considerations respecting the destruction
of the boshes and hearth. The blowing-in is performed with large pipes, and the furnace
filled and worked with rich ores, or with calcined ironstone and forge or finery cinders.
White pig-iron and a dark scouring cinder are the natural results of such a proceeding. The
make is considerable for a few weeks, but after that time it diminishes, and great difficulty
is experienced in maintaining the furnace at all in working order. Alterations are then
made in the burden, the quantity of blast is diminished, and the forcing system suspended
for a period, in order to remedy the evils which it inevitably occasions. If the altered mode
of working is persevered in for some weeks the condition of the furnace usually improves,
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and although irreparably injured, it may eontinue in work for a considerable period. But
too often, however, the system is earried on till the boshes are entirely destroyed, the hearth
nearly so, and the brickwork around the tuyeres and over the fall so thinned, that the
outside remains at a red heat. The breast is generally a mass of red-hot bricks, and through
this and the tuyere stoppings the pent-up flame will frequently burst, showing that the in-
terior work has been destroyed. The brieks, indeed, are distinguishable in the cinders, and
it is from the quantity raked out that we are enabled to judge of the state of the hearth and
boshes. The bottom of the hearth is repaired with fire-clay : from the front, but there is no
access to other portions of the hearth, or to the boshes while the furnace is in blast. This
circumstance should be well considered when it is proposed to force a furnace to produce a
great make of metal. Eventually the make is greatly diminished, the metal produced is of
the worst quality, and the amount of fuel to the ton of metal increases in an inverse ratio to
the quantity made. The amount of ironstone is also increased, and a dense black cinder
flows slowly from the hearth. In a few weeks the increase of cost consequent on the in-
creased yield of materials, and the diminution in make, becomes so great, that the furnace is
blown out, and the interior refitted as the only practicable remedy.

A notable instance of this foreing system occurred a few years since at the British Iron
Company’s works, Abersychan. No. 6 furnace was blown-in with such volumes of blast and
rich burden of materials, that a cast of several tons was obtained within 14 hours after
applying blast. And the first week’s blowing resulted in a make of nearly 200 tons, at which
rate it continued for two or three wecks, when it rapidly diminished, falling as low for one
week as 19 tons. From this deplorable state it was got to produee 26 tons a weck, and after
some time the make reached 100 tons, but with a eonsiderably increased expenditure of
materials as compared with the other furnaces. _

The introduction of blast of great density and in large volumes during the * blowing-in” of
furnaces, must produce a very prejudicial effect on the duration of the briekwork of the
interior. If the volume is so great as in the Abersychan furnace, where the melting tem-
perature of pig-iron was ereated and pervaded the hearth and the materials within the boshes,
in a few minutes, the destruetion of the boshes and hearth is inevitable. Brickwork eannot
stand a sudden accession of temperature like this. Stonework will also fail to continue
sound under such an ordeal. Even if the brieks are well manufactured and earcfully set
the great heat of the ascending gases will loosen them from their beds, and the descending
materials striking on them, they are displaced, and descend along with the current of mate-
rials into the hearth. This destruetion of the boshes is aceelerated if the materials smelted
are of a rich quality, and there is a deficiency of flux. It is well known that the cinders
ordinarily produced in a furnace will, on flowing over brickwork, give it a glaze which mate-
rially protects it from the influence of the metal. This effect is successfully produced where
a small blast and suitable burden of materials 1s used at first. But with a large blast and
rich burden the cinders produced are of a hot scouring nature containing a large per centage
-of iron, and the temperature of the brickwork being kept too high it does not receive the
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glaze, and it therefore suffers more readily from the action of the metal. The corroding
effect (if we may be allowed the term) of the fluid metal on the unprotected brickwork is
forcibly shown by the rapidity with which certain portions of the hearth in well-regulated
furnaces are destroyed. The front work at and below the level at which the metal stands
before tapping, has to be renewed every six or eight days by lumps of fire-clay tightly
rammed into the hollows. This fire-clay during the few hours which elapse before it is
covered with metal, has not time to receive a glaze from the cinder, and is therefore speedily
destroyed by the metal, to be again and again renewed.

THEORY OF THE BLAST FURNACE.

The blast furnace employed for the rednction of iron ores into metallic iron may be
considered as an immense laboratory, wherein the most varied chemical processes are con-
ducted with a regularity and rapidity equalled only by the magnitude of the operations per-
formed. In the largest furnaces the weekly consumption of atmospheric air amounts to
2318 tons by weight, and of solid materials, ore, fuel, and flux, 883 tons—total 3201 tons,
or more than 20 tons per hour. By the chemical processes of decomposition and recomposi-
tion in operation within the furnace, this weight of gaseous and solid materials is resolved
into 485 tons of liquid and 2716 tons of gaseous matter. The solids are introduced into the
furnace at the tunnel head, the gases—atmospheric air—through the tuyeres at the hearth.
The liquid products of the furnace are obtained from the hearth in the form of cinder, slag,
or scoria, from a high level, and crude iron from the lowest level. The gaseous products
escape at the tunnel head, and comprise nitrogen, oxygen combined in determinate pro-
portions with carbon forming carbonic acid; and carbonic oxide, hydrogen, hydrogen
in combination with carbon, as light carburetted hydrogen, and other gases in lesser
quantities. |

Hence it will be seen that in the smelting furnace, we have a descending column of
solid materials which enters at the throat, and is resolved into gaseous and liquid products,
the latter escaping at the bottom, and the former at the throat, and an ascending gaseous
column which enters at the bottom and escapes at the throat of the furnace.

The transformations which the ore, fuel, and flux undergo during the smelting process,
will be best considered if we examine first the changes produced on the*descending mass of
materials; secondly, those effected in the ascending body of atmospheric air; thirdly, the
chemical action produced by-the contact of the descending materials with the ascending
column of gases; and, finally, the composition of the gaseous products resulting from the
operations of the furnace. ‘

The changes which take place in the descending iron ores when uncalcined ores are used,
commence in the mouth of the furnace. They there begin to lose their moisture, sulphur,
and other volatile ingredients before they reach the level of the boshes. Below this the ore
is gradually converted from peroxide into magnetic oxide, or, as sometimes occurs, into
metallic iron, having in combination with it a portion of carbon from the fuel to form a
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fusible carbide of iron. In the space from the bottom of the boshes to the level of the
tuyeres, the reduction of the ore and flux to a fluid state is completed. Complete fusion
takes place at a height of 6 or 8 inches above the tuyere, and from thence the resulting fluids
descend into the hearth, where the metal from its greater specific gravity falls to the bottom
more or less freed from the cinder which floats on its surface and protects it from the’
oxydizing influence of the blast. |

Little change takes place in the fuel if coke be employed, until it arrives within the boshes.
But when raw coal is used its distillation commeneces immediately on its entering the furnace
mouth, and during its descent to the boshes it parts with its volatile constituents and becomes
converted into coke. During the further descent of the fuel a portion of its carbon is
absorbed by the ore, and between the top of the hearth and the tuyere it is completely
consumed—the most active combustion taking place a few inches above the centre of the
tuyere.

The flux commences to undergo a change from the time of its reception amongst the
ignited materials. Raw limestone being employed, the carbonic acid is expelled by the heat
evolved, and the stone is converted into caustic lime. In this state it descends until it

reaches a level immediately above the tuyere, where it is fused, and combining with the
' earthy constituents of the ore, it falls into the hearth, and floats upon the surface of the metal
in the form of cinder.

The ascending’ column of air entering the furnace through the tuyeres at bottom is
decomposed on coming in contact with burning fuel, oxygen is absorbed to form car-
bonic acid, and nitrogen is liberated. 'When it reaches the line of fusion the ecarbonic
acid parts with a portion of its oxygen to the descending fuel, and carbonic oxide is pro-
duced, and as the gascous column proceeds upwards, the proportion of carbonic oxide
increases until it arrives at the boshes, from which point up to about half the height of the
furnace the carbonic oxide diminishes, and earbonic acid again increases in quantity. Above
this point the relative proportions of nitrogen, carbonic oxide, and carbonic acid remain nearly
the same; but the volume of hydrogen inereases, and steamn begins to make its appearance,
increasing in quantity up to the throat, when the ascending gases as they escape from the
furnace mouth consist of carbonic acid, carbonic oxide, hydrogen, nitrogen, and aqueous
vapour. These form the principal constituents of the escaping gases of the blast-furnace,
but the composition of the ore, fuel, and flux used in particular instances will modify their
composition, and in some cases add to their number.

The whole of the chemical operations taking place in the interior of the furnace are not
well understood, but from the data at our disposal, however, and from our own observations,
we believe that comparatively little chemical action takes place in the upper portion of the
body. The ore, flux, and fuel, part with their volatile constituents, principally hydrogen
and aqueous vapour, which are thus evolved in great abundance in the vicinity of the throat.
Lower down the carbonic oxide of the ascending column reacts on the oxygen of the ore,
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producing carbonic acid, and converting the ore into a magnetic oxide. This reaction
appears to be continued further down, but the rapid descent of the materials when once
they have reached the boshes leaves the deoxydation and carbonization to be performed
principally in the centre and lower regions of the boshes. Down to the top of the hearth
the fuel contains nearly its original proportion of carbon, but below this level its consumption
is astonishingly rapid. In the hearth the chemical effects of the blast result in the ore
losing its remaining oxygen, which goes to form carbonic acid and carbonic oxide. The
metal thus completely deoxydised, combines with a small portion of carbon, and still
descending arrives with the flux within the region of the intense heat generated by the
action of the blast upon the fuel just above the tuyeres. They here enter into a state of
complete fusion, and form a compound of silica, lime, oxide of iron, and alumina, &c., which
with the fused metal drops below the tuyeres and beyond the disturbing influences
of the blast into the lower part of the hearth. This compound eventually resolves itself
into two distinct layers. In the lowest stratum metallic iron will preponderate; carbon,
silica, alumina, and lime, phosphorus, sulphur, manganese, &c., being present in small
quantities. The upper stratum consists of various fused earthy silicates. But when the
furnace is improperly burdened and the working deranged, the stratum of cinder will contain
an undue proportion of oxide of iron.

CHEMICAL COMPOSITION OF THE PRODUCTS OF THE FURNACE.

The attention of chemists has been frequently directed to ascertain definitely the
composition of the various products of the blast-furnace, both solid and gaseous, with a view
to learn the nature of the operations going on within, and to obtain data upon which to base
efforts both to improve the quality of the crude iron and also to render more certain the
action of the furnace, as well as to utilize to the greatest possible extent the materials em-
ployed in the process of smelting.

Beginning with the gases escaping from the throat, we give the results of the experi-
ments made at one of the Alfreton furnaces, Derbyshire, by Messrs. Bunsen and Playfair,
and of those made by MM. Ebelman, Scheerer and Langberg, and others upon furnace gases
at Clerval, Baerum, and other places on the Continent.

The composition of gases withdrawn from various depths in the interior of the Alfreton
furnace is given in the following table. The apparatus used for collecting the gases
consisted of a vertical tube suspended over the top of the furnace, and freely descending at
the same rate as the materials charged. Connexions were attached at the upper end for col-
lecting the gases, and also an apparatus for ascertaining the pressure exerted within the tube
at different depths.

The materials charged into the Alfreton furnace during twenty-four hours consisted of
80 charges of 420 1bs. of calcined ironstone, 390 lbs. of coal, and 170 1bs. of limestone, pro-



46 ‘ MANUFACIURE OF IRON.

ducing 140 lbs. of crude iron.* We have previously shown that this furnace received
1020 cubic feet of atmospheric air per minute. Calculated by weight and reduced to the
consumpt per minute, we have :

Atwmospheric air . . A s . 58.91 Ibs,
Caleiued ore . c . 3 g e . 2333 ,
Coal . ¢ y . v " 655,
Limestone g - (vl E c N 1344

- And by referring to the analyses of the ore, coal, and limestone, the weight of the gaseous
matters in pounds per minute introduced into the furnaces, or evolved from the respective
materials, will be nearly as follows:

Nitrogen, by the blast (atmospheric air) . c c . 58.91 lbs.
= & coal ! . e 03,
58.94 ,,
Oxygen, by the blast . 5 3 ’ . . 17.89 ,,
W B ¥ ore . c x 2 8 k- \A30,
x coal . . - o b IS PR
% ditto 2 2 ! : ST 4P
» limestone . . . 1 205
28.74 ,,
Carbon, by the coal . L i ) . e S ABI0BY
5 limestone A h . s oo UIL05,
17.33 ,,
Hydrogen, by the coal - 3 3 3 i, o e IR

From the amount of carbon we must deduct the quantity which combines with the
crude iron, equal to 3 per cent. on 777 lbs. of iron, or 231bs., leaving 17.101bs. of carbon
available.

The carbon combines with the oxygen, forming carbonic acid and carbonic oxide. The
17.10 Ibs. of carbon combining with 28.74 Ibs. of oxygen produces 29.2 1bs. of carbonic oxide
and 16.61Ibs. of carbonic acid. Hence the weight of the issuing gases is 105.951bs.,
composed as follows :

Nitrogen . A s c . . 58941bs. = 55.6 per cent.
Carbonic oxide . ; . A ST AR R 1810 7
» lacid . A d . . - J6:60850 4= 1560 5
Hydrogen 5 . 5 3 o I TR = T8 ]
105.95%;, = 100: 3

This is the composition by weight of the ascending column of gases at the level of
escape, calculated from the analyses furnished by Messrs. Bunsen and Playfair. By com-
paring these results with the analyses of the gases from the same furnace, collected at a depth
of 5 feet from the surface of the materials, the consumption of carbon even at this shallow
depth, as represented by the richness of the gases in carbon, is very evident. ‘

% We have adopted Messrs. Bunsen and Playfair’s quantities, but comparing the produce of crude iron (140 Ibs. per charge)
with the consumption and richness of the ore, there is a marked discrepancy. For every 100 lbs. of erude metal obtained, there
was consumed 300 1bs. of calcined ore, containing 60.242 of the peroxide of iron, yielding 122.31bs. Now, as crude metal does

not average 95 per cent. of iron, it follows that for 95 lbs. obtained, 122.3 1bs. were smelted, showing a loss of 24 per cent. on the
metal contained in the ore,
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Five feet deep.  Surface.

Carbonic oxide " % 2 : w97 . .. 26
e A ; - vl e . et

At a depth of 5 feet every 100 Ibs. of the ascending column contained 13.46 Ibs. of
carbon, which is augmented at the level of escape to 17.1 lbs. by the combustion of carbon.
The high temperature has consequently caused the combustion and escape of 20 per cent. of the
carbon in this short depth. Calculated on the number of charges introduced, the time occupied
was only 1 hour and 48 minutes. Now, as the latter weight represents the maximum quan-
tity of gaseous carbon, the deficiency at the lower level clearly proves the combustion of not
less than 20 per cent. of the carbon charged in this short distance. With one-fifth of the
carbon consumed in the first hour and three quarters after charging, we should naturally
infer that the quantity ultimately available for combustion before the tuyere, is but a small
portion of that charged into the furnace.

The composition of the gases escaping from the Baerum charcoal furnace is remarkably -
confirmatory of the position we have taken : That from an imperfect mode of construction
a considerable consumption of coal takes place in the upper part of the coal and coke-fed
furnaces of this country, but which is not seen in the best regulated charcoal furnaces
abroad.

In the Alfreton coal-fed furnace we have seen that the quantity of carbon is diminished
one-fifth by combustion in the first 5 feet of descent, and that at the top it forms 17.1 per
cent. by weight of the escaping gases. The analyses by Messrs. Scheerer and Langberg of
the gases from the Baerum furnace are valuable as showing an important difference from
those of Alfreton. The composition of the gases escaping at top from the respective furnaces
is nearly as follows:

Baerum. Alfreton.
Nitrogen . 3 A L . 415896 o v 856
Carbonic acid . . . . .ol 8168 . 5 156
oxide 3 K 2 . . W78 . .. 276
Carburetted hydrogen . . . . . 200 .. —
Hydrogen . 3 r c c o ek g T2
100. 100,
Carbon in carbonic acid and earbonic oxide . . 11.76 . . 171

The excess of carbon in the Alfreton gases is very remarkable, and sufficiently explains
the greater yield of fuel.

But the contrast is still greater if we descend to a lower level. At half the depth
of the furnace the composition of the Baerum and Alfreton gases is shown by the following
comparative analyses:

) Baerum. Alfreton.
- Nitrogen. . - . . 1 . 63.70 . . 6046
Carbonic acid s 5 A . . 664 . . 1083
3 oxide . p . h . 9590 . . 1948
Carburetted bydro«en . . . e o= B8BTS NI4T0
Hydrogen . p A g . 07 . . 483
100. 100,

Carbon in carbonic acid and carbonic oxide . . 4419 . . 1§29
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By these analyses the immense difference in the richness in carbon of the ascending
column of gases in the respective furnaces, and the consumption at different heights, is
readily secen. In the charcoal furnace the 14.19 per cent. of carbon in the gas at half
the depth is diminished to 11.76 per cent. at the surface of the materials. The car-
bonic acid expelled from the limestone, entering into combination with the gases, ang-
ments their volume and increases the per-centage of carbon as they approach the surface
level. 1In the coal-fed furnace, however, notwithstanding the carbonic acid evolved from the
limestone and the gases escaping from the coal, the per-centage of carbon in the ascending
column is rapidly augmented from 11.29 per cent. at half the depth to 17.1 at the surface.

The presence of carbonic oxide in the gases from the charcoal furnace shows that the
arrangements of blast and fuel in that furnace are not such as attain the greatest possible
economy of fuel. Carbon should escape at the top only as carbonic acid. So long, then, as
carbonic oxide forms a portion of the escaping column, the carbon is in excess of the oxygen
for combustion, With more perfect arrangements the 11.76 of carbon escaping from the
charcoal furnacec may be reduced to 10.2; and the 17.1 from the Alfrcton furnace to 10.0
without causing any disturbance to the smelting process, or impairing the quality of the
resulting metal.

The richness of the blast-furnace gases in carbonic oxide has caused an undue im-
portance to be attached to them for heating purposes. While carbonic oxide enters so
largely into their composition, there can be no doubt but that burnt with air to car-
bonic acid, a considerable quantity of heat is evolved, though the disturbance to the
smelting operation caused by the withdrawal of the gases more than compensates for their
heating value. But the formation of carbonic oxide in such considerable quantities occurs
only with arrangements deficient in protection against the combustion of carbon in the upper
part of the furnace, or incapable of supplying the air requisite for more perfect combustion
at the tuyere. With other arrangements such as we have described carbonic oxide will
disappear from the escaping gases, and with it also their value for heating purposes, except
as regards the hydrogen; and its calorific value is insufficient to warrant the expense
necessary for its utilization.

Since the proportion of carbonic oxide determines the value of these gases for heating
purposes, and this gas is not produced unless from defective arrangements, a large yield of
it, and consequently a successful example of its utilization, can only be taken as evidence
- that the smelting arrangenients are more than ordinarily defective. With a very small
supply of air in proportion to the carbon, which is the rule throughout Scotland, thegreater
value of the gases for heating, and the greater success which has attended their application,
compared with other districts, is readily explained. It must be borne in mind, however,
that whatever means are adopted for the combustion and application of the caloric evolved,
the value of the gas is not equal to that of the carbon unneccessarily consumed in its forma-
tion. If we examine the consumption of gaseous materials at the Gartsherry works, we
shall find that the consumption of oxygen is rarely sufficient to oxidise the carbon which
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escapes at the top in the form of carbonic oxide, carbonic acid being entirely wanting.
The proportion by weight which the respective gases form in the ascending column is nearly
as follows: Nitrogen, 55.6; carbonic oxide, 43; hydrogen, 1.4; total, 100—the carbon
forming 18.4 per cent. of the whole.

However desirable it may be that carbonic oxide should not appear amongst the issuing
gases, it is impossible, with the form of furnace generally in use, to prevent its existence to the
extent of from 20, to 42 per cent. of the entire quantity of gases escaping. In'the existing
furnaces the carbonic acid formed by the union of the oxygen of the ore with carbon, and the
carbonic acid expelled from the limestone, ascend to the throatl and absorb from the ignited
fuel a second volume of carbon, thereby converting the carbonic acid into carbonic oxide.

The composition of the gases withdrawn from various depths in the interior of the
Alfreton furnace, Derbyshire, is given in the following table :

Depth in feet xi Carbonic Carbonic Light Carb. Olefiant
from top. Nitrogen. Acid. Oxide. Hydrogen. Hydrogen. Gas. Cyanogen.
& 55.35 797 25.97 3.75 6.73 43 —
8 54.77 9.42 20.24 §.23 6.49 .85 —
11 52.5 9.41 23.16 4.57 9.33 95 —_
14 50.95 9.10 19.32 6.64 12.42 1.57 ——
17 55.49 12.43 18.77 431 7.62 1.38 -—
20 60.46 10.83 19.43 4.40 482 — —
23 58.28 8.19 29.97 1.64 4.92 — Trace
24 56.75 10.08 25.19 2.33 5.65 —_ Trace
34 58.05 — 37.43 — SaliS — 1.34

In reference to this table it may be remarked that the furnace was driven with a hot
blast, the temperature being 626. Fahr., and pressure, 3.375 lbs. to the square inch. The coal
was used in the raw state. The ore consisted of calcined argillaceous ironstone, The last
line of the table shows the composition of the gaseous column at 33 inches above the tuyere,
and 6 feet above the hearth-stone. ‘

The relative proportions of oxygen to nitrogen, in the ascending gases, as deduced from
the'table of analyses, appear to have been as follows :

Depth. Nitrogen. Oxygen.

5 J s 79.2 . c 249

8 79.2 5 c 23.6
11 79.2 24.6
14 79,2 19.5
17 c 79.2 25.7
20 o 793 23.7
23 5 79.2 28.2
24 79.2 27.7
34 79.2 27.8

The pressure within the tube, as measured by the apparatus above described, appears to
have been equal to that of a column of water of the following heights, the depths being
in feet from the top :

i1
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Depth. Pressure.
5 A 2 12 inches
8 c - »
11 . 3 l 10 >
14 £ n 1.60 ,,
20 d . 1.800 .,
23 5 3 4.70
24 520 .,

Analyses have also been made of the gases produced by the charcoal furnace of Vicker-
hagen, Westphalia, the results of which differ materially from those obtained from the
Alfreton furnace. The composition, by volume, of the Vickerhagen furnace gases appears
to have been as follows ; the heights are in feet above the tuycre :

Height above tuyere . . . .| 17.75ft. | 16.25ft. { 14.75ft. | 13.25ft | 1L75ft. 8.75 ft. 5.75 ft.
Nitrogen e 3 3 5 o 5 62.34 62.25 66.29 62.47 63.89 61.45 64.58
Carbonic acid . . ] x » 8.77 11.14 3.32 3.44 3.60 7.57 5.97
Carbonic oxide . A S@ ST ] 22.24 25.77 30.08 29.27 26.99 26.51
Light carburetted hydrogen 3 . 3.36 3.10 4.04 2.24 1.07 3.84 1.88
Hydrogen . 3 5 e 1.33 1.27 .58 7 2.17 A5 1.06

The results obtained at the charcoal furnace of Baerum, Norway, again, differ very
considerably from those obtained at either the English or the German blast furnace. The
composition, by volume, of the gases from this furnace, taken at various heights above the
tuyere, is represented by the following table :

Height above tuyere . O e .. 23.00ft. | 20.50ft. | 18.00ft. | 15.50ft. | 13.00 ft. 10.00 ft.
Nitrogen . . " 5 . . 5 o - 64.43 62.65 63.20 64.28 66.12 64.97
Carbonic acid . . . g . . .| 22.20 18.21 12.45 4.27 8.50 5.69
Carbonie oxide ; . . q 7 8.04 15.33 18.57 29.17 20.28 26.38
Light carburetted hydro«"en A elish gl g 3.87 1.28 1.27 1.23 1.18 -
Hydrorren . 3 . . & o 1.46 2.53 4.51 1.05 - 3.92 2.96

The composition of the gases issuing from the top of this furnace, estimated by weight,
will be as follows: Nitrogen, 58.95; carbonic acid, 31.68; carbonic oxide, 7.28; light car-
buretted hydrogen, 2.00 ; and hydrogen, .09.

The composition, by volume, of the gases produced in the working of the Clerval

furnace, nsing charcoal as fuel, is stated to have been : .
Height above tuyere . 5 o & .| 95501t | 22.50f. 17.50 ft. 13.30 ft. 9.50 ft. 8.00 ft.
Nitrogen 5 3 3 3 5 5 ool Gt 57.80 58.15 59.14 60.54 63.07
Carbonic acid . . X . . i .| 12.88 13.96 | 13.76 8.86 2.93 —
Carbonic oxide 5 5 3 4 5 = 0 4 DB 22.24 22.65 28.18 33.64 35.01
Hydrogen 3 o 3 9 PG 5.82 6.00 5.44 3.82 3.59 1.92

At the top of the Clerval furnace the ascending column consisted of the following gases,
by volume :

Aqucous vapour d F . . 1.7
Carbonic acid . . 4 12.5
Carburetted hydrogcn 2 % . ¥ 3.6
Carbonic oxide - ) . 15.6
Nitrogen 56.6

B

—
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The composition of the waste material escaping at the bottom of the furnace, the cinder
which issues over the damstone or damplate, has also engaged much attention. This cinder is
of very variable composition, and alters, in fact, with every change in the working of the fur-
nace ; and seldom remains constant in its character for any lengthened period. On it, however,
the practical metallurgist relies for information asto the working of his apparatus ; the appear-
ances which it presents are carefully noted, and any important change in its colour, rate of
flow, or general properties, is immediately taken as indicating a corresponding change in the
interior action of the furnace. A full consideration of this subject will be found in another
section ; at present we shall only consider the chemical composition of the cinder.

The twelve following analyses are of cinders from the Dowlais works, where raw coal is
used as fuel in the furnaces.

Blast-furnace cinders are commonly classified by their colour and external aspect. A
grey, semi-transparent cinder gave the following composition :

Silica . 4 3 - e : . 3840
Alumina . : 2 . . . 14.60
Protoxide of iron . & & : G .54
2 manganese . 5 5 P ) 10D
Lime . s s ¢ : c . 35.66
Maonesm s A . . . 445
Su]phlde of calcium . . . 2 o w8126
Potash . 4 : . . e )
Soda . . c ¢ : 5 . k20
A grey, opaque cinder, breaking with a rough stony fracture, yielded :
Silica . ¢ : o 3 . 4634
Alumina . A L ] s 544
Protoxide of iron. . : . . . 3.92
9 manganese . . A . el S 138
Lime . . x . . . . 24.65
Magnesia . R . . . 55
Sulplnde of calcium . 1 & c o oty
Potash . . . . : . . 233
A brown-coloured cinder, transparent on the surface, opaque underneath, yielded :
Siliea . 5 5 J c % . 40.92
Alumina . £ : 5 e <14.85
Protoxide of iron . ’ : K o
3 manganese . c . . Ele
Lime . . o : : . . 32.29
Maguesia . 3 : . S
Sulphide of calcmm . d 3 : b LB
Potash . . 4 i oI 5 )]
A cinder of a black colour, stony opaque fracture, semi-transparent at the edges, gave :
Silica . s . c . : . 34.96
Alumina . c 2 5 PR 6166
Protoxide of iron . d : : . 6.83
@ manganese . . c R S99
Lime . 5 3 ] : c . 2048
Magnesia . . : : 15130
Sulphide of caleium . : d 4 . 145
Phosphoric acid . c . : SR 2:63
Potash 3 5 : . A . 183 :

A cinder of a dark green colour on the exterior, and a greenish black in the centre of
the masses, smooth glossy fracture, yiclded by analysis :
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A grey, stony cinder, of a bluish colour on the exterior, rough stony fracture in the

interior, yielded :

Silica . o c 38.51
Alumina . . 16.57
Protoxide of iron 2 .54

e manganese . .95
Lime . . 36.23
Magnesia . C 2.71
Potash . 1.60
Sulphide of calcium 2.98

A grey cinder, of smooth fracture in the interior, transparent on the edges, in thin
pieces, and of a glassy smoothness on the exterior, gave on analysis: '

Siliea . 5 5 . 4103
Alumina . 5 - 1947
Protoxide of iron 3 32

v manganese . A7
Lime . 3 . 27.18
Magnesia . . . . 543
Potash . - > . 240
Sulphide of calcium c 3.53

The following analysis is of a cinder of a dull leaden fracture, from one of the furnaces
in the Aberdare valley ; and the mass from which the sample was taken contained numerous
cavities of from 2 to 6 inches in diameter, filled, more or less, with cinder in a peculiar state
of crystallisation. The crystals consisted of straight needles of black cinder, crossing and
interlaced with ‘each other, but of so fine a texture as not to bear handling without

breaking :

Silica . c . 44.99
Protoxide of iron. . % s 10 0086
Alumina c . 1091
Protoxide of manganese . o e LIS
Lime . o . 2843
Magnesia . 3.61
Sulphuric acid ¢ 1.66
Phosphoric acid c . Traces
A sample of these needles was submitted to analysis with the following results :

Silica . : . 39.80
Protoxide of iron . - 425

T manganese w53
Alumina . ¢ c 13.50
Lime . 31.16
Magnesia 4.09
Sulphur 0.48
Phosphoric acid . 0.61

The examination of a number of crystalline cinders, produced by blast-furnaces near

Dudley, gave results not dissimilar to the foregoing.

smelted cinders, yielded by analysis:

Four samples of hot blast, coke-

2 3 | 4

i

Silica . 5 : X 5 . 38.05 38.76 37.63 37.91
Alumina . 3 3 . . 3 1411 14.48 12.78 13.01
Lime . L o $ o 35.70 35.68 33.46 31.43
Magnesia 3 - 7.61 6.84 6.64. 7.24
Protoxide of iron . 1297 1.18 3.91 0.93

35 manganesc 0.40 0.23 2.64 2.79
Potash . 5 & 3 3 3 1.85 111 1.92 2.60
Sulphide of caleiom . . . . 0.82 0.98 0.68 3.65
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idea may be formed as to the derivation of those qualities for which anthracite pig-iron is so

well known.

A blast-furnace cinder of a green colour, discharged by one of the Ebbw Vale furnaces,
working with a mixed burden, of ‘which the 'spathose ores. of the western district formed
part, a hot blast, and the throat of* the furnace closed for collectmg the combustible gases,

gave by analyses : e

Protoxide of 1 uon
- manganese

Alumina
Lime . .
Magnesia . ¢
Su]phur
Phosphorie acid

43.55
3.74
. 095"
. . 2040
. . 2885
g o« = 110
. . 0.65
o « o« 035

This cinder was accompanied by the production of a white plg-lron for the forge, of the

following composmon

Iron .- v [ A

Silieon * . 5
Carbon -+ -,
Sulphur- E
Phosphorus * .
Manganese j
Calcium- -
Magnesium A

.

" .. 80.75
bl et 2200
s gl RS
of Laan 11538
1.52
4.13
0.21
0.05

At Cwm Celyn the furnaces are worked with closed tops, hot blast, and a mixture of
coal and coke as fuel; the cmde): produced by one of these furnaces, under a mixed mineral

burden, yielded :

Siliea .-
Protoxide of 1 1ron
Alumina-

Protoxide of: manoanece o

Lime .
Magnesia .
Sn]plumc acid
Phosphoric acid

50.50

10.10

. 17.20

. 2.24

- . 13.07
. e 504
n . 0927
4 0T G

The cinder was accompanied by the production. of a white pig-iron, for forge purposes,

which presented the following composition : -

Iron .

Siliecon - .
Caleium =~ ',
Carhon . '
Sulphur °
Phosphorus

. 95.618
. L1012
. 0.320

1.590
0.640
0.820

At the Rhymney works some of the furnaces are worked with a mixed burden, hot

blast, and the top closed for utlhsatlon of the gases.

of these furnaces gave:

Silica , -
Protoxide of i mm 2

Alumina -
Lime

- Magnesia
Sulphur. ,

* mangancsé 1
Phosphorlc acid \ .

- A partial analysis of a cinder from one

hC . 42.80

i e
. 1690

. . 2886

113

0.54
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This cinder was accompanied by white - pig-iron, ‘for forge purposes, which- gave as

follows ;

2 -

Iron . . 3 s
Silicon .. e =

Carbon ot c.

Sulpbur . %

Phosphorus ™ .

Manganese 5 £ .
Caloe: 5 oo, 4w o 8
Magnesiom - . 5

~ . 9311
T e e 048
. 135
1.82

1.10

0.93

-0.37

0.21

The Rhymney Company have other furnaces working on a mixed burden, and blown
with a hot blast, but having the throat open and uncontrolled. The white pig-iron produced

by these furnaces is for forge pur

results :

Tron . -

Sdieen, -. - . . :
Carbon A . =
Sulphur . S S
Phospliorus . 3 :
Manganese . d c
Calcium . 5 :
Magnesium . < C

c . 137

91.25
0.38

. 222
e gl

2.62
. 050
o e 00

poses, and a sample taken from one gave the following

Experiments were made on the Continent, at the charcoal blast-furnace of Hamm,
where the ore is smelted without the addition of any material as flux. The burden of ore
was successively largely augmented, and cinders of the following composition appear to have
been discharged under three different proportions of burden : :

Silica o = o meam o SR A0 5T
Alumina . S O ol W TR sl e
Protoxide of iron . g Frepe . 004 ..
™ manganesc . S & - 25.84 .
Magnesia . - . on & - 35.15
Sulphur . SR LI AR 005

. 4839
. - 6.66
. 0.06
. +33.96
10.22
00.8

.0 37.80
. 210
21.50
29.20
8.60
0.02

"The crude irons produced with these cinders were of very different qualities. The first
was accompanied by a grey pig-iron; the second by a white, lammelar, pig-iron; the third
by a granular pig-iron, white, and containing small cavities. With this last the augmentation
of burden had been carried so far as to endanger the furnace:

Iron . e TRl 2 ) $6.73
Manganese 5 5 < RN
Silicon S by . . b L
Graphite . =~ . ! 4 S 238
Carbon s RS N £ . 22.08
Sulphur . o S & < o Traces' .
Phosphorus . 5 3 . - 0.08
Meguesium ¢ Trace

$9.74

. 450
0.56
5.14

. Traces .
0.08

- Rrace: .

95.21
L.79

291
0.01
0.08
Trace

A Dblast-furnace cinder from Torgelow, in Pomerania, smelted with charcoal fuel, from

bog ores containing much phosphorus, yiclded by analysis :

Silica . -
Alumina
Lime . .
Protoxide of iron
b manganese
" Maguesia . :

63.60
3.80
24.00
1.70
390
1.20
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The above cinder was of a bluish-white colour, and was from a furnace which produces
grey pig-iron of the following composition :

Tron . 5 & c c 5 . 9L10
Manganese 5 . . c e 2i80)
Carbon 5 s s 5 £ 260
Silicon . . . . g . . 040
Phosphorus . . . . ¢ . 310

This crude iron is chiefly remarkable for containing a large quantity of phosphorus ;
from another furnace, however, similarly worked, pig-iron was obtained containing a still
larger amount of this body. The composition of some from Pertz was :

Tron . 3 L c c . . 91.40
Manganese . o . . S - )
Carbon . . . . c . 190
Silicon . 5 5 . c .. 0.20
Phospliorus . 5 . o . . 5.60

We will now give examples of the composition of various English and foreign pig-irons,
produced under circumnstances differing either as to character or proportion of fuel, flux,
ore and blast. These analyses have more especial reference to the elucidation of the sources
from which pig-irons derive their peculiar and characteristic properties, as developed in the
cast and manufactured state.

A white pig-iron, smelted at the Dowlais works with a cold blast, from refinery cinders,
and argillaceous shale and limestone as flux, raw coal as fuel. This iron is known in com-
merce as ‘‘kentledge,” and gave the following compositon :

Iron °. 5 c ? c o < WII2%
Silicon c c c c . . 033
Carbon 1.63
Sulphur 1.49
Phosphorus 2.48
Manganese 1.04
Calcium 0.52
Magnesium 0.15

No. 1, grey pig-iron, smelted at the Dowlais works, from the cleanest varieties of calcined
argillaceous ores, the best furnace coal, and a cold blast, in a furnace of smaller dimensions
than those now in use at that establishment, gave by analysis :

Iron . . c ¢ o c . 95.05
Carbon . 5 g c . . )
Silicon . c . 3 3 a 73
Aluminium 2 c c a S O o
Sulphur 0 c ] ; 3 . Traces
Phosphorus 5 : : ¢ . .+ ‘Iraces

A white pig-iron, smelted at the same works, from a lean argillaceous ore, yielded by
analysis :

Tron . 5 c : S A . 90,50
Carbon . A c g s et 27
Silicon 3 4 c o 3 . 06.96
Aluminium 1 s . ] o wic Y
Sulphur 3 5 c 2 c . 032
Phosphorus c c c : . . Traces

The iron made at the same works, with a mineral burden composed of two parts of the
local earbonaceous ore and one part of forge cinders, gave a composition of :
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questionably exists in nearly all irons smelted with coal or coke; must cause much distrust as
to their general correctness: -

ANAjLYSIS of Cold-blast Pig-irons Smelted in Scotland.

Muirkirk. ] Muirkirk.” | Muirkirk. | Carron. Clyde. '
Iron . te w.iaf s09s | 908 9133 | 94010 | 90.824 -
Manganese 3 d 318 e 7.14 2.00 .626 2.458
Sulphur 3 S R Ty —_ o — — - 045
Carbon e + 740 I L706 ¢ 4.88 3.086 2.458
Silicon. Y xS Y 46 .830 - 1.10 1.006 450
Aluminium e Eira - TR Al S 016 |- — 1.022 4.602
Calcium I-r PErlL A = . .018- .20 — —_
Magnesinm i 3 c—_ - — ¢ — — .340
"Axavysts of Hot-blast Pig-irons Smelted in Scotland.
Clyde. .1 Carron. Carron. Clyde. - Clyée.
Iron 97.096 95.422 96.09 94.966 94.345
Manganese . 3 .332 . 336 41 . 160 3.120
Carhon % 4 2.460 2.400 2.:48 1.560 1.416
Silicon J . ©.280 - 1.820 1.49 1.322 520
Aluminiom . 385 488 . 26 1.374 599
Magnesium S &= DI D - — — 792 —

The following analysis of a grey pig-iron from the.Clyde furnaces presents results
different from those exhibited by the preceding analyses of Scotch irons. The composition
of a white pig-iron from these furnaces is likewise given :

Grey iron.
Tron d - 92.30
Free carbon R T )
Combined carboun . . 040
‘Sulphur 3 1.40
Phosphorus . 1.30 ).+
Silicon . . . SO S O SO R i G
Manganese .. RN LA e e R —
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White iron.
92.24

0.30
0.60
0.95
1.79
2.60

A grey pig-iron from the Calder works gave the following as its composition :

Iron . S 94.63
Free carbon % 1.40
Combined carbon ‘ . T )
Sulpbur . 3 o ¢ X .. 035
Phosphorus . : ; =4 1089
Silicon ot 1 IS
Manganese .. 050

The quantities of silicon .and sulphur in.some of the pig-irons smelted from carbona-
ceous ores, with raw coal as fucl, may be seen by the following table :

Silicon.
Monkland . 1.53
Coltness X 2.69
Fglinton . 3.12
Dalnellington . 4.42

Sulphur.
0.390 per cent.

. 0.336
. 0.956
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The' composition of ‘two samples of coke-smelted’ grey plg -irom, is stated, by Brande, to

have been as follows :

s : Tron 3 F L i - ‘9515
] . Carbon F; S p 2.45
Silicon . 1.62

Phosphorus 78

Manganese - - 3 3 A Trace

94.85
. - 166
oo 18,00
- 49

. 'Trace

The composition of two samples of whlte plrr-lron is stated to have been :

Iron 3 . . : : " 96 12
Carbon 3 - e £ bl & 2.33
Silicon . . p o .84
Phosphorus . - - g1
Manganese p Trace

. 94.68
2.64

.26

-l 28
o ot 24l

Experiments were made at Konigshiitte, .in the Hartz, for the purpose of determining
the effect of temperature on the chemical composition of the pig-iron produced. The first
analysis is that of a pig-iron, mottled, with a cold blast; the second, of iron from the same

furnace with the blast heated to 470°.

Iron g 93.29
Combined carbon 2.78
Free carbon 4 4 J ; 1.99
Silicon . s 5 . 4 )2
Phosphorus o al 3 E o4 <98

The specific gravity of both samples was 7.166 :

91.42
1.44
2.71
Sy
. . 12

Similar experiments, made on the Leerbach furnace, in the same district, resulted in the
production of pig-irons of the following composition—the first with a cold blast, the second
Specific gravity, cold blast iron, 7.081; hot blast, 7.077:

with the blast at 230°.

Iron - > y . 93.66
Combined ca:bon ! ! p 3 0.43
Free carbon o - 3 3.83
Silicon » x . 3 . 0.79
Phosphorus o o g e 1.22

91.98
0.95

. 348
o 297
1.68

The pig-iron smelted at Danville, Pennsylvania, from the fossiliferous red oxide, with
anthracite and a hot blast, is stated to yield by analysis :

Jron . 3

Carbon . 4

Silicon - 5 S c
Phosphorus ’ ¥ 5 A S
Sulphur 5 3 c ¢ -

. 90.10
. 648
1.96
1.50
. Traces

The Lehigh iron of the same district, with similar fuel and blast, but different ores,

yielded :

Iron . 3 . 1 3 c
Carbon . 3 : - - -
Silicon L . A
Phosphorus e c .
Sulphur ; c 5 3 .
Copper . g . 3 .
Calcium . 3 p 5 5
Aluminium 5 5 . 3 c

94.39
4.40
1.03

. Traces

0.05
0.02
0.02
0.04

During the working of the blast-furnace belonging to the Anglo-Asturian Company, in
Spain, pig-irons, presenting some unusual properties, were occasionally met with. On one
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.occasion the iron produced was of ‘a tin white colour, smooth on the upper side -of the pig,
and remained unaffected by some years’ exposure in the open air to rain ‘and ‘sun’; -it was
brittle, and capable of being pulverised in a mortar. Its analysis gave the following com-
position :

Iron . 0 . 3 c : < 81.99
Silicon . 5 3 c . . . 1298
Salphur o 4 : : c ., 0:31
Manganesc 5 . ¢ o SN0
Carbon 5 ¢ : ¢ c . L70

The furnace at these works also produced, from another class of ores, a pig-iron of great
strength, and remarkably tough under the cutting tool. An analysis is stated to have
furnished the following results :

Tron . " i 4 5 . . 87.50

Silicon . 5 . : 3 o) St 107

Manganese . . : o 0.94

Phosphorus and arsenic . . 6 B 87

Sulphur 4 : c : s . 37

Carbon -. . : : : TRt o810
SMELTING.

The smelting process, or that by which the iron ore is converted into metallic iron, is
the most important operation of an iron-works. The working of the blast-furnace, therefore,
requires great attention from the ironmaster and his workmen. Any irregularity in its
action, if allowed to go on unchecked, may endanger its safety; and apparently very trifling
circumstances will often produce the most extraordinary changes in the operations within
the furnace. After carefully arranging the proportions of the materials for the production of
grey pig-iron, we shall probably obtain an inferior description several times in a week, and
sometimes, without any apparent cause, the furnace will produce white iron of a coarse
quality for a week together. Irregularities equally great also occasionally occur in the make,
or quantity of metal produced in a definite time. Indeed, the operations connected with the
blast-furnace are more uncertain in their results than any other of those carried on in
iron-works. Moreover, when we consider that the quality of bar-iron is dependant on that
of the pig-metal from which it is manufactured, and that every irregularity in the working,
and every stoppage of the furnace, arising from whatever cause, is attended with loss, we can
casily understand why the healthy working of the furnace, is an object of paramount im-
portance to the ironmaster.

Having already described the various materials used in iron-making, and the manner of
construction of the furnace, we will now proceed to examine the various processes employed
in smelting iron on the large scale.

Where pig-iron of very superior quality for foundry or other purposes, is desired, the
materials used are confined to selected varieties of argillaceous ironstone; coal, either raw or
coked, and limestone. The ironstone, having been previously roasted, is filled into the
furnace by barrows, or, as is still the practice at some few works, by iron baskets. Between
each barrowful of calcined ore the proper quantities of fuel and flux are filled in. " The
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weight of calcined ironstone which is charged into the furnace for a definite measure of the
fuel used is termed the “burden.” This burden varies in different works, and frequently at
different furnaces in the same works, but it is governed by the qualities of the ironstone and
fuel, by the blast and the state of the furnace, as well as by the kind of pig-iron to be
produced. The burden commonly carried by the South Wales furnace coals may be set
down at 10 cwt. of calcined mine to 9 cwt. of coals. The weight of limestone used for flux
depends on the nature of the earths combined with the iron in the ore, but may be taken at
31 cwt.

We have mentioned in another place the loss of metal consequent on the heavy burden
carried by the coal in numerous works, and will here draw attention to the great pecuniary
loss which oceurs from so overburdening the coal. A dark or black cinder is produced at the
majority of the forge-iron furnaces in this country; but by using a larger quantity of coal
grey or yellowish cinders are obtained. It is a question, therefore, for the consideration of
ironmasters whether the quantity of metal lost in the cinders produced with a heavy burden
is not of more value than the coal saved. The dark and black cinders will average 12 per cent.
of metal, and will weigh about two tons per ton of pig-iron obtained. The grey cinder will
average about 6 per cent. of metal, and will weigh per ton of pig-iron rather less than the dark.
So that if the furnace is making 120 tons of iron weekly, the cinders will weigh 240 tons, and
will contain 28.8 tons of metal in one case, and 14.4 in the other. Estimating the excess of
14.4 tons in the dark cinder at the price of forge pigs, 3I, we have a weekly loss of 43L in
metal sent to the tip.  Yet, on the plea of economy, we see nearly one-fourth of the
metallic iron of the ironstone carted away in the cinders; while, with a more rational pro-
portion of fuel, a great part of it might be retained in the shape of good pig-iron. The
quantity of fuel required to be used to produce grey cinders exceeds that required when
black or dark ones are made by about 8 cwts. per ton of pig-iron, or 48 tons weckly, which,
valued at 6s. per ton, does not amount to 157

A definite quantity of ore with its assigned proportion of fuel and flux is termed a
“ charge,” such, for instance, as the quantities just named. And every time this weight of
minerals is filled into the furnace it is said to have ‘“gone one charge.” By the number of
charges which the furnace goes in a given time—say twelve hours, the period usually taken
—the probable make of iron is estimated.
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SECTION V.
OBSERVATIONS ON THE WORKING OF BLAST FURNACES.

Tur plan usually adopted for changingis to fill with barrows, containing aceording to the
materials to be filled and local custom, from 4 to 16 ewts. each. This mode of filling is attended
with the least labour, but we question whether it is the most advantageous as regards either the
yield or quality of the pig-iron. Where the respective materials are thrown into the furnace
in quantities of from 15 to 16 cwt. at once, we cannot expect that complete commingling which
takes place when they are filled in quantities of a few pounds only. On the Continent it is
usual to mix the limestone and ores before filling, but the higher price of labour in this
country is generally given as a reason for not adopting a similar plan. It is probable,
however, that some such method might be adopted with considerable advantage. The
Continental ironmaster, smelting with charcoal, produces a ton of iron with about one-half
the quantity of carbon consumed in this country; and as this superiority is doubtless in some
degree owing to the more thorough eommixture of the materials, the additional labour
employed would be more than compensated by the small consumption of coal and the
superior production.

The mode of filling at present adopted here is the occasion of much irregularity in the
working of the furnace. We have observed fillers, either to avoid a little trouble, or perhaps
from ignorance of the serious nature of the consequences, charge several rounds of ironstone
through one side of the tunnel-head without the usual complement of coal, which has been
charged at the opposite side. In such cases the ironstone in its descent arrives at the tuyeres
with an insufficient quantity of fuel, and the temperature attained is consequently too low
for the perfect reduction and separation of the metal. The nearest tuyere becomes clogged,
and probably entirely closed, by the adhesion of the partially fused mass. These ill consequences
are most apparent with a cold blast. The effect of the immense volume of cold air on a mass
of materials not possessing sufficient carbon to maintain combustion is to produce rapid
cooling, which not unfrequently results in the loss of the tuyere.

The proper proportion of ironstone, flux, and fuel having been determined by analysis
or experiment, it is most important that the workmen engaged in filling should maintain
it regularly in the consecutive charges. For their guidance one or more weighing machines
are placed in the barrow-road to the tunnel-head, having suitable weights placed beyond their
control. We are of opinion, however, that this arrangement fails to guarantee the requisite
aceuracy, from leaving too much at the discretion of the workmen. Supposing each charge
to be correctly weighed by the filler, the existing arrangements would answer very well ; but
as the operation of weighing both occupies time and is attended with labour, it is too
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generally omitted when the superior agents are not by, and even in their presence it is at
best but a rough approximation to the actual weight. It is easy to see that while so much
is left to the judgment and care of a class of workmen but little superior to eommon
labourers, the ‘operations of the blast-furnace must be subject to numerous irregularities in
yield and quality, besides those which may justly be attributed to atmospheric and other
known causes.

The desirableness of having the materials accurately weighed is generally admitted, but
the Jabour and supervision required for it with existing appliances are eonsidered to make
this advantage too expensive. It is neeessary, therefore, that the machines intended for this
purpose should not add to the labour or render necessary any expensive supervision. With
these views we some years sinee pressed upon the proprietors of the Dowlais works the value
of a self-acting machine whieh required no exertion on the part of the workman; and as the
necessity for exercising a rigid economy in materials will eventually compel the adoption of
a machine of this kind at the majority of works, we will briefly describe the principle on
which it was constructed.

In the frame-work and general arrangement it was similar to the ordinary weighing-
machine, the platforin being level with the surface of the ground, and so placed that the
materials from any given spot were obliged to pass over it. To the end of the lever on which
the scale-pan is usually hung a small hollow iron plunger is attached, guided in a vertical
direction by a slender parallel motion. The plunger, worked in a small cylindrical cistern,
partially filled with mercury, and the levers were so proportioned that a resistance of one
pound to the descent of the plunger in the mercury equipoised a weight of 1 cwt. on the
platform. The plunger was also so proportioned in diameter to the load, that it made a
stroke of 3 inches in the mercury for every 12 cwt. on the scale (or about 1 inch per ewt.),
while the platform descended only %;th part of an inch. So that on a load being placed upon
the platform, the plunger descended until the resistance, multiplied by the leverage, equalled
the weight, the amount of which was indicated by an index and pointer.

To render the machine altogether independent of the filler, a registering apparatus was_
attached to it, so constructed that the weight of every barrow-load that had passed over the-
platform during a given time could be ascertained at intervals of a few days. The circum- .
ference of a light metal cylinder was covered with paper sufficiently large for a week’s
working: a pencil was attached to the end of the plunger-rod, and was caused to press
against the paper by a spiral spring in a case. The surface of the cylinder was turned through
a distance of ;%;th of an inch each time the plunger ascended, and whenever it descended the .
pencil drew a line equal to the distance through which it travelled. By this means every-
movement of the plunger was accurately registered, and by referring to the measurements of”
the lines representing the movements, the agreement of the quantities charged with those
ordered could be easily ascertained. A weighing-machine of this kind would be of great
value to ironmasters, as showing the exact consumption of materials, and would also be an
effectual check on the present careless system of weighing.

K 2
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.SCAFFOLDS.

Obstructions to the descent of the materials are called “ scaffolds,” and may be
usually traced to the adhesion of masses of material above and around the boshes. The
primary cause of these we believe to be the increase of bulk which the fuel undergoes in its
descent. Hence coal-fed furnaces are more subject to scaffolding than those fed with coke ;
and in furnaces fed with coal this liability is increased by the sectional form of the furnace.
If the throat is small, and the enlargement immediately below inconsiderable, the liability to
scaffold will be very great.

Irregularities in filling will occasion partial obstruction in the deeper parts of the furnace,
and variations in the quantity and quality of the blast at a tuyere may produce similar cffects.
When it is known that a partial obstruction exists in the hearth or in the bottom of the
boshes, the furnace is turned on hot finid grey iron. The proportion of ore and flux to coal
is largely diminished, and a greater temperature being thus obtained, the refractory mass
gradually melts and a clearance is effected. The operation may be expedited by turning on
a greater volume of blast of undiminished density, proportionate to the more rapid
consumption of fuel. ~Similar measures are adopted when, from accident or other cause, the
hearth becomes partially filled with cold material.

A different course is sometimes pursued in the removal of obstructions which may
have accumulated around the tuyerc. Fresh tuyeres are formed above the accumulated
matter, and the proportion of ore to fuel is largely increased. This alteration of burden is
followed by the production of a sharp irony cinder, that seldom fails to penctrate and carry
away the obstruction. Great caution must, however, be used in the employment of this
remedy, or it will entail effects upon the furnace quite as injurious as those which it is intended
to remove. The diminished consumption of fuel consequent on the production of scouring
cinder reduces the temperature of the heartlh below the point necessary for the separation of
the metal and the flowing of the cinders; hence, if the production of scouring cinder is of
long continuance, there is always a danger of the lower half of the hearth being filled with
solid matter, in order to the removal of which the original proportion of coal to ore or iron-
stone is restored, if not exceeded, that a hot fluid metal may be produced. The high
temperature now maintained in the hearth, with the fluid character of the iron, gradually
fuses the solid mass and cleans the hearth.

TUYERES.

The height of the tuyere above the bottom, though usually dependent upon the
position of the cinder-notch, is partly regulated by the quality of the coal and local custom.
In some furnaces we have observed the centre of the tuyere placed only 20 inches from
the bottom, while in others it is as high as 48 inches.

The distance to which the blast penetrates in the hearth is the principal distinction
between dark and bright tuyeres. The quality of the fuel being similar, a soft voluminous
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blast causes a bright tuyere, while a dense concentrated blast produces a dark one. The
oxygen of the weak blast being absorbed by the fuel close to the tuyere, an intense local heat
is created, and on looking through the blast-pipe a spot of dazzling brightness is presented
to the eye. But with a dense blast the velocity of escape is so much greater that the prin-
cipal part of the air is carried further into the interior of the hearth, consequently, the fnel
next the tuyere is but scantily supplied with oxygen; the dark tube is thus caused, the
great heat being produced in the centre of the hearth.

The bright tuyere is more common with weak, spongy coke than with that of a harder
kind.

Formerly, the blast entered the furnace through a cast-iron dry tuyere. The metal at
the point was protected by a nose of fire-clay, which was renewed at casting-time, and on
other occasions when, from the stoppage of the blast or other cause, it broke off into the
hearth. If it was not immediately replaced, the metal, being unprotected, began to burn,
and the point of the tuycre became contracted. The blast being thus partially intercepted,
the heat increased, and the burning proceeded so rapidly that it was not an unusual thing
to be obliged to change the cast-iron shell at every casting.

The bright tuyere is universal with charcoal furnaces. This is doubtless owing to the
soft blasts generally used, and to the large surface which the fuel presents to the action of
the air. An intensely high local heat is consequently produced, displaying in these furnaces
the most perfect examples of the bright tuyere.

Bright tuyeres are also occasionally seen with a dense blast; but, if the circnmstances
be examined, a sufficient cause is usually discernible. The most common one is removing
the nose of the blast-pipe to a great distance from the point of the tuyere. This causes the
blast to diverge on escaping from the tuyere, and an effect, similar to that of a soft volumi-
nous blast, is produced on the fuel.

It is not an unusual circumstance with the bright tuyere to find accumulations of
metal adhering to the point, which obstruct the passage of the blast. These adhesions,
from being more commonly met with in certain localities, are supposed to arise from
some peculiar property of the iron-stone; but our own observation has been that they
occur most frequently when the burden is temporarily so rich in metal that the usual pro-
portion of cinder to iron is not maintained. Their removal is usually cffected by damming
up the cinder to a level above the tuyere, so that being immersed in a fluid bath they are
cventually melted, and a frec passage allowed for the blast. In adopting this method of
clearing the tuyere, particular attention must be paid to the blowing-engine, so that no stop-
page of the blast may occur while the cinders are at this high level. Should the blast cease
cven for a few minutes the fluid cinder runs back into the pipes, and canses material injury
thereto, as well as delay in refitting.

The dark tuyere is produced, as we have already stated, by the dense concentrated blast
causing the most active combustion at a considerable distance in the hearth. The inter-
mediate materials being deprived of the air necessary for combustion are kept in a compara-
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tively cool state, and form a kind of vitreous tube for the passage of the blast to the central
portions of the hearth. Thisis broken off by the pressure of the superineumbent materials in
their descent after each casting; but its formation commences anew on the re-admission
of the blast. DBetween the castings it will extend inwards from the iron tuyere from 12 to
20 inches. But should it extend farther, and fail to be broken off by the descending mate-
rials, measures are adopted for its removal. This is usually accomplished by the use of iron
bars ; but if it cannot be dislodged by this means, and the clongation continues and threatens
to extend across the hearth, the tuyere is temporarily abandoned, and a fresh one cut out
higher up in the hearth. The new tuyere by fusing the materials at a higher elevation, event-
ually removes the refractory tube beneath.

By some writers the formation of the dark tuyere is attributed to the use of a coke less
instantaneously combustible, which, at the tuyere orifice, has its temperature lowered by an
incessant diseharge of blast. Our own experience Jeads us to a different conclusion. That
the nature of the coke has an influence on its formation we freely admit ; but the density of
the blast is no doubt the primary eause. We do not hear of any sueh effeet heing pro-
duced in chareoal furnaces blown with a soft blast. Here the air diverges at once, and is
completely decomposed within a few inches of its emission; but the dense blast of
modern furnaces it penetrates deeply amongst the materials, and the quantity which
diverges in the immediate vicinity of the tuyere is very trifling. Now, as the quantity
of air brought into contaet with the carbon of the fuel in a given time regulates the degree
of heat attainable, it follows that when a dense coneentrated blast is used, the fuel next the
tuyere being sparingly supplied with this element, the temperature maintained there will be
proportionately low.

We question the correctness of the late Mr. Mushet’s opinion, “That the coke has its
temperature lowered by the blast.” Whatever heat the eoke attains is the effect of the blast,
and the supply of fuel being kept up the degree of heat evolved will be in exact proportion
to the quantity of air brought into eontact with the earbon of the fuel. The theory of a
reduction of the temperature by the blast is contrary to all known laws of combustion.
A less degree of heat may be maintained at a particular spot, but this is the result of a
diminished supply of air to the carbon at that place, and not of an ezcessive quantity, as this
author states.

A soft blast and porous coke invariably produce a bright tuyere, and the cause is suffi-
ciently evident. The blast diverges on its emission from the tuyere, and a large proportion
of air is thus brought into contaet with the fuel, which by its porosity exposes a large surface
of earbon; henee the rapid eombustion of the fuel and the high temperature maintained
elose to the tuyere. With a dense blast the effect would be different—the volume of blast
would be earried further into the hearth, and the material next the tuyere being partially
deprived of air would exist in a eomparatively cool state.

Blowing into the einder is largely praetised in some districts, and, to some extent,
in several Welsh works. The centre of the tuyere is usually placed 4 or 5 inches above the
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bottom of the cinder-notch in the damplate ; but, in some cases, not more than 1 or 2 inches.
But where blowing into the cinder is practised, we find the centre as much as 5 or 6 inches
below the notch. When thus situated, a dense blast is required to keep back the cinder, and
great care is demanded at the blowing-engine so that no stoppage of the blast may occur except
at casting time. And care must-also be taken that the depth of the tuyere in the cinder is
not greater than the descent of the level of the cinder after the metal has been tapped.

It was formerly supposed that blowing into the cinder would deteriorate the quality of
the iron, in consequence of the thinner stratum of cinder which protected it, especially when,
towards casting time, the metal rose in the hearth ; and, were the thickness reduced below a
certain point, this effect would undoubtedly occur. But under ordinary circumstances the
thickness of cinder is from 18 to 30 inches, or from three to five times that of the substratum
of metal, and it may be diminished to twice without injury to the quality of the iron; con-
sequently, the tuyere may be safely brought so much lower.

Blowing into the cinder is more applicable to narrow than to wide hearths. When the
breadth is small the mean temperature within the zone of fusion is proportionably high, and
the fuel within so contracted a space, is consumed too rapidly to yield a maximum effect.
This is partly obviated by blowing into the cinder. The ascending column of heated air, on
reaching the zone of fusion, is equally distributed throughout the whole mass of material,
maintaining a less intense but more lasting combustion.

Bright tuyeres are usual with the hot blast. They have been accounted for on the sup-
position that the heat carried into the furnace increased the temperature around the tuyere,
instead of lowering it, as with cold air. But we are of opinion that the occurrence of bright
tuyeres with hot blast is due to the same causes to which we have attributed them when pro-
duced in furnaces where a soft blast and porous fuel are used. The oxygen in the hot blast
combines more readily with the carbon, and does not penetrate so far into the interior of the
hearth before acting on the fuel, as a cold blast of the same pressure. Besides which, the
elevation of its temperature to the melting point of lead, more than doubles its volume, and as
heat is not considered ponderable, this expansion of the air is followed by a corresponding
reduction of its specific gravity. Now the distance to which the blast penetrates is of course
due to the momentum acquired by it at its exit under pressure from the pipe, and if its
specific gravity be diminished by heating, as in the case of the hot blast, the momentum
acquired will also be diminished, and, consequently, its ability to penetrate among the
materials.

The experiment of blowing into the furnace through a tuyere, situated above the boshes,
has been tried more than once at the Dowlais works. By some practical men it is held that
blowing at this elevation would increase the temperature of the descending materials, lighten
the work at the lower tuyeres, and, consequently, increase the make of the furnace. But the
results with the elevated tuyere were very unsatisfactory, though such as might have been
anticipated on attentive consideration. The blast poured in on the materials caused a high
local heat, which threatened to destroy the surrounding portion of the furnace. A portion
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of the fuel was consumed, partially fusing the adjacent pieces of ironstone, and rendering
them less permeable to the ascending gases and less fusible in the hearth. Hence the con-
sumption of coal was increased.

PRODUCTION OF PIG-IRON.

The relative proportions of ore, fucl, and flux employed vary considerably in the same
locality, while the difference in the practicc obtaining in different districts using the same
class of ores is very great. At some of the large Welsh works an assayer is maintained for
the purpose of assisting the furnace manager in determining the proportions best adapted for
the metal to be manufactured; but at the majority of the works the proportions adopted are
the result of experimental trials made in the furnace, often with a great waste of materials,
injury to the furnace, and loss through a deficiency of make, amounting, on the whole, to a
large item in the cost of production. Too much stress cannot be laid on the importance of
having all the materials that are used in the furnace properly analysed. Unless this be done
the pig-iron will be uneertain in guality, the consumption of fuel and flux being likely to be
as often below as above the requirements of the case. This has become the more necessary
now that the consumption of hematites and siliceous ores is on the increase. The yield of
metal from such ores varies exeeedingly, being in some eascs less than one-eighth of that in
others. And although the ore containing the greater per-centage of metal is always more or
less easily distinguishable by its heaviness, no test short of actual assay should be relied on.
The chief consideration with an iron-master in forming an opinion of an ore is richness in
metal, but an ore may be metallurgically poor, and yet more valuable than a richer one. If
it contains lime in considerable quantities, it may be both used as an ore and the excess of
lime made to act as a flux for other ores. Or, if it contains a large per-centage of carbona-
ceous 1atter, though poor in metal, the cost of smelting it may be so low, through the
reduction in the quantity of fucl #nd flux consumed, that metal is manufactured from it at a
cheaper rate than from richer ores. Indeed, with our present knowledge of the blast-furnace,
an ore that has in combination a large proportion of silica, eannot successfully compete in
low cost of manufacture with those having clay or lime as their gangue. The real value,
however, of any ore at a given spot can be determined only by an accurate analysis, and
comparing the results with those obtained from other ores.

To produce pig-metal of the best quality a single variety of ore is used. The production
of good metal with a mixed burden is difficult and uncertain. Numerous circumstances
concur to render it so. The shape of the furnace may be well adapted for one description
of ore, but not for another. The proportions of fuel, flux, and blast may also suit one and
be altogether unsuitable for the other. Consequently, the best pig-metal is smelted from a
single variety of ore, to which has been added proper proportions of fucl and flux.

The qualities of the metal which the respective classes of ironstone and iron ores yield
differ greatly, and these differences may be traced in the manufactured bars. |

The superiority of the metal produced from one stone or ore over another partially
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arises from the greater or less fusibility of the combined earths. The melting temperatnre
in all cases considerably influences the quality of the metal produced, but its strength and
other valuable properties are also materially affected by the presence of minute quantities of
various earthy and other impurities. When the foreign matter present consists of several
different minerals, the quality of the pig-iron is not so low as it would be, if the same amount
of impurity being present, its composition were less varied ; .while a similar quantity of a
single earth would often so deteriorate the metal as to render it comparatively valueless for
all purposes requiring strength and ductility.

We have stated that the quality of pure iron is the same in all ores. This is obviously
the case, since otherwise iron, instead of being a simple metal, must be a compound body, which
we have no reason at present to suppose. The iron of commerce, however, is a compound.
Pig-iron consists of iron combined with carbon, calcium, silicon, and aluminium, in varying
proportions, besides other substances in more minute quantities. Bar-iron and the various
productions manufactured therefrom also contains carbon, silicon, and other substances.
Absolutely pure iron is a chemical curiosity, and cannot be manufactured in large quantities
in the present state of metallurgical science.

After what has becn already advanced we need hardly observe that the terms good or
bad iron apply only to the metal in its manufactured state, as variously affected by the
impurities combined with it, and in this sense alone we employ them, always intending,
unless it be otherwise specified, the pig and bar-iron of commerce.

The metal smelted from ironstones of the argillaceous class is the best this country
produces. The earthy part of these ores being composed chiefly of alumina and lime, with
an inferior proportion of silica, the stone is of an open porous nature after calcination, and
offers an extended surface for the action of the carbon of the fuel both in a gaseous and solid
state. The earthy matrix, combining with the flux, forms a fluid cinder, from which the
metallic iron readily separates in a comparatively pure-state. From this metal malleable
iron, possessing great strength and ductility, may be manufactured, containing a minimum
per-centage of earthy matters.

The carbonaceous ironstone of the coal formation has, in combination with the metal,
carbon, alumina, silica, lime, and occasionally small quantities of magnesia, sulphur, and
manganese. By calcination the snlphur is expelled aud the carbonaceons matter partially
consnmed. The remaining earths combine with the limestone flux and form a cinder, which
is fluid at a lower temperature than that from argillaceous ironstone. From this cinder the
metallic iron separates by its superior gravity, but from the smaller quantity of cinder
produced, and the lower temperature at which it melts, the separation of the metal is not so
perfect as with the generality of argillaccous ironstones. In consequence of the carbonaceous
matter contained in the stone, and the excessive quantity of fuel used in proportion to the
fluid products obtained, the metal is combined with a large per-centage of carbon and minor
quantities of aluminium, silicon, and mangancse. It is inferior in point of strength and
hardness, but melts at a lower temperature, and is preferred to iron smelted from argillaceous

L
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stone where fusibility and softness are desired. From the comparatively low temperature at
which this metal melts, its conversion into malleable iron is attended with greater waste, and
the finished bar is altogether inferior to that from argillaceous ore.

Ironstones of the calcareous class contain lime as their chief earthy mixture, alumina
and silica in smaller proportions. Lime is sometimes present in sufficient quantity to smelt
the ore without the addition of flux, and in some cases is in excess. When this occurs the
complement of clay is made up by the addition of burnt argillaceous shale. In consequence
of the large quantity of lime, in comparison with the other earthy matters, carried by these
ores, the cinders produeed are thin and exceedingly fluid. The metal readily separates from
this thin cinder, falling to the bottom, but retains in combination a small per-centage of
cinder. This being composed chiefly of lime, the pig-metal produced consists of iron with
calecium and minute portions of carbon, aluminium, and silicon. This metal is inferior in
strength and hardness to that from argillaccous ironstone. If manufactured into malleable
iron bars it possesses great strength and ductility when cold, but is brittle at a red heat.
This red-short property is eminently characteristic of metal smelted from calcareous ironstone,
and constitutes a defect for which no remedy has hitherto been discovered.

The class of ironstones termed siliceous, from their containing a very large per-centage
of silica, with less quantities of alumina and lime, are not extensively used in the manu-
facture of iron. From the large proportion of silica in combination they require a greater
quantity of lime for fluxing; and the excess of silica also renders the cinder infusible at the
temperature at which other ores are ordinarily smelted. A higher temperature has, therefore,
to be maintained, rendering necessary an increased consumption of fuel. In this case the
quantity of cinder is great, but of too thick a consistence for a perfect separation of the metal,
which consequently retains a considerable portion of slag. The pig-iron will be composed of
iron, combined chiefly with silicon, aluminium, calcium, d&ec., being present in minute
quantities. It is inferior in strength, and melts at a higher temperature than either of the
foregoing descriptions of metal. On account of this last quality its conversion into malleable
iron is attended with greater expense in fuel and labour, and the finished bar is hard and
brittle. All iron manufactured from siliceous ovres is cold-short, and not unfrequently red-
short also. In fine, the general quality of the metal from siliceous ores is greatly inferior to
that from any other class, and no improvement in its quality has yet been effected in the
course of its manufacture into bars.

From the great variation in the qualities of the metal produced from the different
classes of ironstones, we may safely eonclude that the quality of pig-iron is affected chiefly by
the nature of the earthy components of the stone. Where a particular matrix predominates
in the ore the guality of the iron will be more or less affected thereby. Thus we observe in
Scotch iron, smelted from the carbonaceous ironstone, that an excess of carbon is followed
by the production of a very grey metal, greatly deficient in strength and hardness. The
siliceous ores are the most difficult to manage. The silicon, combined with the metal, is
infusible at ordinary temperatures, and during the process of manufacture in the forge and
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mill, it is incorporated in the bar, to the manifest injury and deterioration of the metal for
commercial purposes.

Iron ores having alumina, lime, and carbon in nearly equal portions, but a smaller
quantity of silica, would smelt with the greatest facility, and produce metal of good quality.
In the manufacture also of malleable iron this equality of the earthy constituents would be
attended with the best results; for since the red and cold-short characteristies in bar-iron are
mainly owing to an excess of one or other of these earths, their presence in nearly equal
proportions would conduce to the production of metal free from either defect.

This property of the calcareous and siliceous ironstones of producing iron deteriorated
by the presence of an excess of calcium in one case and silicon in the other, is an effectual
barrier to their being worked alone when the resulting metal is intended for conversion into
malleable iron ; and even for castings (except for such as are intended either for ornament
or dead weight) these metals do not possess the requisite strength, and are unsuitable for
machinery subject to vibration and working under great strain. The defects in metals pro-
duced from these ores are now well understood, and the smelter, whenever he has recourse
to them, combines them with an equal or superior weight of argillaceous ores in order to
produce metal suitable for the forge. But the defects incident to each variety of ore will
invariably appear more or less strongly in the finished bar. If a siliceous ore has been used
the metal will be hard and cold-short in proportion to the guantity of such ore used. If
calcareous ores are employed, the hot-short tendency will prevail in a similar ratio. By
mixing all these—argillaceous, calcareous, and siliceous—the resulting metal will exhibit in
the manufactured bar the defects incidental to an excess of the predominating matrix in the
mixture.

The addition of either of these ores to the argillaceous ironstones results in the produc-
tion of a metal inferior to that from the clay ironstone. Mixing an inferior with a superior
metal cannot result in the production of a metal superior to either. Yet we frequently
observe these ores used for improving the argillaceous ores of the coal formation. That the
use of rich ores of these classes results in an increased make of iron from the same sized
furnace we readily admit, but as to the improvement in quality we are sceptical, never having
witnessed such a result in practice.

In South Wales the argillaceous ironstones are invariably selected for the production of
superior iron. But great difference exists in the quality of these ironstones, even when
extracted from the same mine, while some produce, when smelted alone, iron of the finest
quality, equal, indeed, to any manufactured in this country, the metal from others is of a
coarse, inferior description. Having ascertained from observation and experiment the great
superiority of certain seams, the Welsh ironmaster selects these for the production of pigs
for foundry purposes, and for the manufacture of cable bolts and other wrought bars

requiring metal of the first quality.
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BURDEN OF FURNACE.

The proportion of materials for the production of No. 1 foundry iron in Wales will
range from 45 to 55 cwts. of calcined argillaceous ironstone, 40 to 50 cwts. of coal as fuel,
and 15 to 20 cwts. of limestone for flux. The average yicld may be taken at 48 cwts.
calcined ironstone, 45 cwts. of coal, and 17 cwts. of limestone to the ton of pig-metal
produced. Estimated upon the raw stone, the consumption of ironstone will be about 65
cwts.  With these proportions dark grey metal should be obtained at each casting, and if a
lower quality is produced it indicates a deranged condition of the furnace.

In the anthracite district of South Wales dark grey pig-iron is manufactured with a
yield of materials averaging 50 cwts. of calcined ironstone, 40 cwts. of anthracite coal, and
18 cwts. of limestone to the ton of pig-metal. If estimated upon the raw stonc the con-
sumption of ironstone will be 70 cwts.

The yicld of materials at the Staffordshire furnaces is probably greater than at the
Welsh works. The average will probably be near 48 cwts. of calcined mine, 50 cwts. of
coal, and 18 cwts. of limestone to the ton of pig-iron produced.

. At the Scotch blast furnaces, working entirely on carbonaceous ironstone, the consump-
tion of materials is lower than in any other district in this country. The yield of calcined
ironstone will range from 32 to 45 cwts., coal 35 to 45 cwts., and limestone 4 to 6 cwts. to
the ton of pig-iron. The average yicld may be taken at 35 cwts. of calcined ironstone, 38
cwts. of coal, and 5 cwts. of limestone. Estimated on the raw stone the consumption of
ironstone will be about 70 cwts. .

The make of the Dowlais furnace, on the yicld of 48 cwts., will average 90 tons
weekly ; consumption of blast at a pressure of 8 1bs. to the square inch, 6540 cubic feet per
minute; cubic capacity of furnace, 275 yards. Materials consumed per week: coal, 202
tons 10 ewts. ; calcined ironstone, 216 tons; limestone, 76 tons 10 cits. ; atmospheric air,
65,914,800 cubic feet, or, at the ordinary temperature, 2215 tons.

The make of a Staffordshire furnace of 162 cubic yards capacity on the abovementioned
yield of materials will average about 65 tons weekly. Consumption of blast at a pressure
of 21 1bs. to the square inch, 4100 cubic feet per minute. Materials consumed per week:
Calcined ironstone, 156 tons; coal, 162 tons (in the form of coke) ; limestone, 58 tons 10
cwts. ; atmospheric air, at an ordinary density and temperature, 41,328,000 cubic feet,
weighing 1388 tons.

The average weekly make of an anthracite furnace, equal in capacity to 112 cubic yards,
~ 15 50 tons. Consumption of blast at a pressure of 4 lbs. to the square inch, 4000 cubic feet
per minute.  Materials consumed per week: Calcined ironstone, 125 tons; anthracite coal,
100 tons; limestone, 45 tons; atmospheric air, at its ordinary density and temperature,
40,320,000 cubic fect, weighing 1,355 tons.

The capacity of the Scotch furnace represented in Pl X., Fig. 64, is 167 cubic yards.
Average weekly make with carbonaceous ironstone, 140 tons. Consumption of blast, 3120
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cubic feet per minute, under a pressure of 21 lbs. to the square inch. Materials consumed
per week : Calcined carbonaceous ironstone, 245 tons; coal, 266 tons; limestone, 35 tons;
atmospheric air at common density and temperature, 31,169,600 cubit feet, weighing 1047
tons. ] .

From the foregoing figures we ascertain that the Dowlais furnace on foundry iron
consumes of solid materials weekly, 485 tons; the Staffordshire furnace, 322 tons; the
anthracite furnace, 270 tons; and the Scotch furnace, 546 tons. The space occupied by
these materials will be nearly as follows: Dowlais, 731 cubic yards; Staffordshire, 603;

anthracite, 400 yards; Scotch, 802 yards.

PROPORTION OF MATERIALS TO BLAST, ETC.

With the foregoing data for our guidance, the accuracy of which may be relied on, we
will examine the more prominent features of the operations of the blast furnace in these
districts. The anthracite and Scotch furnaces employ heated air, but this circumstance will
not materially affect our inquiries, which will relate to the ratio which the size of the furnace
bears—1stly, to the quantity of materials smelted; 2ndly, to the quantity of pig-metal
produced; 3rdly, to the production of cinder and metal; 4thly, to the volume of blast;
5thly, to the ratio which the volume of blast bears to the metal and cinder produced ; 6thly,
to the ratio which the carbon of the fuel bears to the weight of metal produced; 7thly, to
the relation the carbon bears to the metal and cinder produced ; 8thly; to the velocity and
time occupied by the descending column of materials.

1. The Dowlais furnace has a capacity of 275 cubic yards, and smelts 485 tons, or 13 tons
for each cubic yard; the Staffordshire furnace, of 162 cubic yards, smelts 322 tons, or 2 tons
nearly to the cubic yard; the anthracite furnace, of 112 cubic yards, 270 tons, or 24 tons to
the cubic yard; the Scotch furnace, of 167 cubic yards, smelts 546 tons, or 31 tons to each
cubic yard. Hence the smelting powers of the respective furnaces per yard capacity range
from 13 to 31 tons of ore, fuel, and flux per week.

2. The Dowlais furnace makes 90 tons, or 6L cwts. of metal per cubic yard of capacity ;
the Staffordshire 65 tons of metal, or 8 cwts. nearly per cubic yard; the anthracite furnace
makes 50 tons, or 9 cwts. to each cubic yard ; and the Scotch furnace 140 tons, or 17 cwits.
nearly to each yard capacity: the highest being 17 cwts., and the lowest 61 cwts. for each
cubic yard of capacity. This shows that with rich carbonaceous ironstone nearly three
times the quantity of grey metal can be produced from a given capacity of furnace as can
be done with lean argillaceous ironstones.

~ 3. The weight of the iron and cinder produced will be nearly equal to the weight of the
calcined ironstone, the flux minus its carbonic acid, and the earthy matter or ashes of the
fuel. This mode of estimating the weight of metal and cinder produced, we have ascertained
experimentally, gives within 3 or 4 per cent. of the actual weight; we shall therefore adopt
it in estimating the weight of the products from the other furnaces. The produce of cinder
and metal at the Dowlais furnace amounts to 268 tons per week, equal to 1 ton nearly for
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each yard capacity of furnace; of the Staffordshire furnace, 198 tons, per weck, equal to 1
ton 4 cwis. per yard capacity ; of the Anthracite furnace, 154 tons, equal to 1 ton 7 cwts. per
yard capacity; of the' Scotch furnace, 283 tons, or 1 ton 14 cwts. for each yard capacity
The variation in the produce of cinder and iron per cubic yard capacity, 1 ton to 1 ton 14
cwts., is not so great as in the consumption of materials and make of pig-iron.

4. Into the Dowlais furnace is blown 6540 cubic feet of atmospheric air per minute, or
24 feet for each yard capacity; into the Staffordshire furnace, 4100 feet per minute, or 25
cubic feet per yard; into the Anthracite furnace, 4000 cubic feet, equal to 36 cubic feet
nearly for each cubic yard; into the Scotch furnace, 3120 cubic feet per minute, equal to 19
cubic feet per cubic yard of capacity.

5. For each ton of metal and cinders flowing from the Dowlais furnace, 245,940 cubic
feet of atmospheric air is blown into it; at the Staffordshire furnace the consumption is
208,630 cubic feet to the ton of iron and cinder ; at the Anthracite furnace it is 248,800 cubic
feet; and at the Scotch furnace, 110,140 cubic feet for cach ton of cinder and iron obtained.

Estimated on the pig iron produced, the consumption of blast per ton will be as follows:
Dowlais furnace, 732,386 cubic feet, weighing 25 tons; Staffordshire furnace, 635,800 cubie
feet, weighing 22 tons nearly; Anthracite furnace, 806,400 cubic feet, weighing 27 tons ;
and Scotch furnace, 222,600, cubic feet, weighing 8 tons.

6. By the analyses given in a preceding chapter, we ascertain that the carbon contained
in the Dowlais coal is equal to 87 per cent. of its weight. At this rate 2 tons 5 ewts. of coal,
the quantity consumed per ton of pig-iron made, will contain 4384 lbs. of carbon, or 2 lbs.
nearly for cach pound of metal produced. Calculating on the reduced quantity of carbon in
the Staffordshire coals, the consumption of carbon in that furnace is equal to 4480 lbs., or
2 Ibs. to each pound of metal obtained; in the Anthracite furnace the yield of carbon is
4076 lbs., or 11 lbs. to the pound of metal; in the Scotch furnace the yield of carbon will
be 3234 1bs., or 14 1bs. to each pound of metal obtained.

7. If the quantity of carbon is estimated on the cinder and metal, the total quantity
of solid rendered fluid, the yield will appear more uniform at the several furnaces. At the
Dowlais furnace for cach ton of fluid material obtained 1472 Ibs. of carbon will have been
consumed ; at the Staffordshire furnace, 1454 lbs.; at the Anthracite furnace, 1309 lbs.;
and at the Scoteh furnace, 1600 1bs. '

8. Employing the bulk of materials and capacity of furnace as previously given, we find
that the solid materials are in the Dowlais furnace 63 hours from the time of their being
filled to their reduction at the tuyere; in the Staffordshire furnace, 45 hours; in the
Anthracite furnace, 47 hours; and in the Scotch furnace, 35 hours.

In the Dowlais furnace the velocity of the descending materials is nearly as follows:
Through the throat 18 inches per hour, above the boshes 51 inches, and in the hearth 28
inches per hour. In the Staffordshire furnaces these velocities are respectively 36 inches,
74 inches, and 48 inches per hour ; in the Anthracite furnace they are 15 inches, 5 inches,

and 31 inches per hour; and in the Scotch furnace they are 31 inches, 10 inches, and 41
inches per hour. ‘
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In the production of white pig-iron for forge purposes, a mixture of calcareous or
“siliceous ores and forge, or forge and finery cinder together, is often employed. By using
these ores and cinders the make of the furnace is increased, and the yield of fuel and flux
diminished. The proportion in which they are used at the Dowlais works is varied according
to the quality of bar metal desired; but under ordinary circumstances the yield of the
furnace in common forge iron may be stated as follows:—Calcined argillaceous ironstone
28 cwts., calcareous and siliceous ore 10 cwts., cinder (forge generally, but sometimes forge
and finery mixed) 10 cwts., coal 38 cwts,, limestone 14 cwts. With these materials the
furnaces generally average 110 tons of pig-iron weekly.

For the production of a more inferior forge iron, used only where the quality is not an
object, the furnaces have been burdened with calcareous and siliceous ores and refinery
cinders only. The yield under such burden is usually 16 cwts. of ores, 25 cwts. of cinders,
16 cwts. of limestone, and 36 cwts. of coal. The make, when thus burdened, will average 120
tons a week.*

For the production of cinder-iron, to be used for ballast or other similar purposes, the
furnace is burdened with finery cinders and burnt argillaceous shale. The yield is nearly 36
cwts. of cinders, 14 cwts. of shale, 14 cwts. of limestone, and 38 cwts. of coal to the ton of
iron produced. On ballast, or “kentledge” metal, the make of the furnace will probably
average 110 tons a week.

The capacity of the furnace used for cinder-iron is the same as that for grey iron, and
the quantity of blast is also nearly the same in the three cinder-iron furnaces. These, for
facility of reference, we will call Nos. 1, 2, and 3, cinder-iron furnaces, and will proceed to
reduce the quantities of materials and the ratio which they bear to the metal made,
&c., as in the case of the grey-iron furnace.

At the same yield and make asin the No. 1 cinder-iron furnace, the weekly consumption
of calcined ironstone will be 154 tons, calcareous and siliceous ores 55 tons, cinders 55 tons,
coal 209 tons, limestone 77 tons. At the No. 2 cinder-iron furnace the consumption will be
96 tons of ores, 150 tons of cinders, 96 tons of limestone, and 216 tons of coal. At the
No. 3 cinder-iron furnace the consumption of cinders will be 198 tons, coal 209 tons, shale 77
tons, and limestone 77 tons.

These quantities give a weekly consumption of solid materialsweighing at No. 1 furnace
350 tons, at No 2 furnace 558 tons, and No. 8 furnace 561 tons. If measured their bulk will
be equal to 745 cubic yards for No. 1 furnace, 686 cubic yards for No. 2 furnace, and 699
cubic yards for No. 3 furnace.

On comparing these quantities with those of the foundry iron furnace of the same
works, previously described, we arrive at some important facts, viz.—

_ ¥ For the week ending June 11, 1845, No. 3 and 11 furnaces produced 319 tons 10} ewts. of cinder iron. The yield of mate-
rials being, refinery cinders 24 ewts. 3 qrs. 4 Ibs. ; red ore, Lancashire and Dean Forest, 16 cwis. 0 grs. 15 lbs.; limestone,
16 cwts. 3 qrs. 20 Ibs.; coal, 36 ewts. 0 grs. 41bs. Each of these furnaces is of 275 yards’ capacity; but during this experiment
the volume of blast was not more than sufficient for a furnace of 140 yards’. With this burden and a volume of blast proportioned
to their capacity, these furnaces would have made over 300 tons each in the week.

rd
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The grey-iron furnace smelts 13 tons of materials weekly for each cubic yard of
capacity, the No. 1 cinder-iron furnace 2 tons, the No. 2 cinder-iron furnace 2 tons, and the
No. 8 cinder-iron furnace 2 tons.

The grey-iron furnace makes 61 cwts. of metal weckly for each cubic yard capacity,
the No. 1 cinder-iron furnace 8 cwts., the No. 2 ditto 82 cwts., and the No. 3 ditto 8 cwts.

The grey-iron furnace makes 268 tons of cinder and iron weekly, equal to 1 ton
nearly for each cubic yard capacity, the No. 1 furnace makes 310 tons, or 1 ton 3 cwts. per
yard, the No. 2 furnace 314 tons, equal to 1 ton 3 cwts., and the No. 3 furnace 333 tons,
equal to 1 ton 4 cwts. per yard capacity.

For each ton of metal and cinder from the grey-iron furnace 245,940 cubic feet of
air is consumed. In No. 1 furnace the consumption is 212,900, in No. 2 furnace 210,000,
and in No. 3 furnace it is 199,000 cubic feet nearly.

The weight of the blast consumed for each ton of iron made from the grey-iron furnace
is 25 tons, No. 1 furnace 20 tons, No. 2 furnace 18 tons, and No. 3 furnace 20 tons nearly.

The consumption of carbon in the grey-iron furnace amounts to 4384 lbs. per tom, or
nearly 2 lbs. for each pound of metal. With the No. 1 cinder-iron furnace it is 3659 1bs.,
or 11 lbs. per pound of metal; in No. 2 cinder-iron furnace 3466 lbs., equal to 1% lbs. per
pound of metal, and in No. 8 furnace 3659 Ibs., or full 1} Ibs. per pound of metal.

On the total quantity of cinder and iron produced the yicld of carbon is 1472 lbs.
per ton at grey pig-iron furnace, 1318 1bs. at No. 1 cinder-iron furnace, 1374 lbs. at No. 2
furnace, and 1230 lbs. at No. 8 furnace.

The iron-making materials are changed in the grey-iron furnace every 63 hours ; in the
No. 1 cinder-iron furnace, every 62 hours; in the No. 2 cinder-iron furnace, every 67 hours;
and in the No. 3 cinder-iron furnace, every 65 hours.

From the diversity of opinion which exists respecting the most proper dimensions and
form for the interior of blast furnaces, it is not surprising that the yield of fluid materials
from some furnaces, should be greater for a given capacity than that from others working
under similar conditions of ore, fuel, &. There is an opinion current amongst ironmasters
that the power of the furnace to smelt is in proportion to its capacity, and that large fur-
naces are more economical in fuel and other materials than small ones. The economy of
fuel and materials we shall consider subsequently ; but we may here state that the yield of
metal from furnaces similarly burdened does not depend only upon their capacity.

We have stated that the Dowlais grey-iron furnace has a capacity of 275 yards, and that
the average weekly make is 90 tons, or 61 cwts. for each cubic yard capacity. With similar
ironstones the Staffordshire and Anthracite furnaces, of 162 and 112 yards capacity, smelt
8 and 9 cwts. to cach yard, being an increase of 23 and 38 per cent. over that,obtained at
Dowlais. Whence is this inferiority of the Dowlais furnace ? Looking at the facts we have
produced relative to each furnace, it is not difficult to account for this disparity.

- The conversion of the iron-making materials into grey pig-iron is an operation in-
volving a certain time. In the laboratory, it is true, such iron is produced in two hours;
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but this is accomplished by crushing the stone to an impalpable powder, and by the employ-
ment of an excessive quantity of carbon for the results obtained. The materials remain in
the Dowlais furnace, 63 ; in the Staffordshire, 45 ; and in the Anthracite furnace, 47 hours.
Now, there is no necessity for the materials to be in the Dowlais furnace 63 hours before
smelting : for if 45 and 47 hours are respectively sufficient for completing the deoxydation
and ccmentation in small furnaces, a similar period will be amply sufficient for larger furnaces.
If the materials werc to pass through the Dowlais furnace in 47 hours, the make in pig-
metal would be 120 tons weekly, or 83 cwts. per cubic yard cépacity. But the materials can
descend no faster than they are consumed in the hearth. The rate at which the fuel is con-
sumed and the iron-making materials melted, will depend on the volume and pressure of
blast employed. Without the aid of the blast no reduction could take place. With a small
soft blast the materials will descend slowly, and the make of metal will be small. Increase
the quantity and pressure of the blast, and the materials descend faster, and the make is in-
creased. But thereis a limit to this increase of volume, and, we believe, that as yet blast of
a greater pressure than 8 Ibs. to the square inch has not been applied to smelting. The
maximum volume and pressure should be regulated by the size of the furnace qualities of the
ore, fuel, and flux, and finally, by the degree of carburization desired in the resulting inetal.
Where the other conditions are similar, the volume of blast should-be in proportion to the
cubic capacity of the furnace. -

The Dowlais grey-iron furnace consumes 2330 tons, or estimated on a make of 90 tons
of pig-iron weekly, 25 tons of atmospheric air per ton of metal made; the Staffordshire
furnace, 22 tons; and the Anthracite furnace 27 tons—the average of the three furnaces
being a fraction under 25 tons. Hence the consumption of atmospheric air at the Dowlais
furnace is merely the quantity duc to the make of pig-iron. To produce, then, 120 tons of
pig-iron weekly, instead of 90 tons, as at present, this furnace should have a corresponding
increase in the volume of blast. Instead of 6540 cubic feet per minute, there should be
8720. That it is at present working under a column of blast too small and weak we may
infer from the fact that a furnace at the same works averages, when on grey iron, 70 tons
weekly, though of no more than 160 cubic yards capacity. This is at the rate of 83 cwts.
nearly per cubic yard. In its consumption of blast this small furnace averages from 26 to 28
tons to the ton of metal obtained ; of materials the yield is nearly the same as in the large
furnace.

We have thus far considered furnaces working under a burden of clean argillaceous
ironstone, producing grey pig-iron ; but a similar deficiency of blast exists at the large fur-
naces smelting ores and cinder for the production of forge iron, and as the number of furnaces
on this description of iron is five or six times the number on grey iron, the loss of smelting
power at some works from this cause must be great indeed.

The average make of the large furnaces on a mixture composed of calcined ironstonc,
ore, cinders, fuel, and flux, as previously described, is 110 tons a week, or 8 cwts. per yard
capacity, with a blast of 6540 cubic feet per minute. At the Dowlais works there are two
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furnaces with a capacity of 139 yards each, or just one-half of the large ones, but having a
blast of nearly the same volume and density. They are generally kept on common forge
iron, and, when the burden is similar, these small furnaces produce nearly the same quantity
of metal as the large furnaces of double their capacity; the production being as high as
154 cwts. for each yard capacity.* This high produce is obtained solely by the increased

blast, which amounts to 47 cubic feet per minute per yard capacity of furnace, against 24 feet
~ per yard in the large furnace. Were the large furnaces blown with an equal volume of air, at
the requisite density, for each yard of their capacity, their produce of pig-metal would be
augmented in a similar ratio; and instead of 110 or 115 tons of forge pigs weckly, the make
would be from 220 to 230 tons of metal of equal quality.

This deficiency of blast is a very common feature with the majority of large furnaces. It
has very probably resulted from ironmasters not sufficiently considering that the cubic capacity
of furnaces of the same height is nearly as the square of their largest diameter. Were the
dimensions of the hearth and throat determined by any established rule, the exact capacity
of a furnace might easily be ascertained, if the diameter were known : but since these dimen-
sions vary in practice, we may state that a furnace, 13 feet 3 inches diameter at the boshes,
and 44 feet high in the interior, will contain about 140 cubic yards; and a furnace 18 feet
diameter, and of the same height, 280 cubic yards. Hence an increase from 13 feet 3 inches
to 18 feet in the diameter doubles the.capacity of the interior. Furnaces built prior to the
last 25 years were 13 to 14 feet diameter; since then they have been built as large as 18 feet
and 18 feet 6 inches. With this increase of size there should have been an increase in the volume
of blast, if an augmentation of the make, in ratio with the capacity, was contemplated ; but if a
greatervolume was employed, it is certain that it was not in proportion to the increased capacity.

The Plymouth new furnaces are of nearly the same capacity as the Dowlais, and work
under very similar conditions. The volume of blast thrown in is nearly the same, and when
smelting argillaceous ironstone for foundry or other purposes, the make of pig-iron is as low
in proportion to their capacity as at the Dowlais furnaces. We could mention other furnaces
in the South Wales and other districts, which, from a similar deficiency of blast, are not pro-
ducing metal in proportion to their capacity ; but it is needless to multiply instances.

The advantage which would be obtained by working blast-furnaces to their maximum
power of smelting, in some establishments, would be very considerable. With a full blast the
make of many grey-iron furnaces might be increased one-third, and the make of cinder iron
furnaces doubled, without deteriorating the quality of the pig-metal. This increase would
be equivalent to so mueh additional smelting power ; but when greater power is not desired
the employment of a full blast will cause a smaller number of furnaces to be sufficient, and
will be attended with a corresponding economy in the working charges of the furnaces.

* The make of these two furnaces, No. 6 and 7, for the four weeks ending July 3, 1852, amounted in the aggregate to 875 tons
10 ewts. of cold-blast forge iron, cqual to a weckly produce of 109 tons neatly from each furnace. During the same period six
other furnaces—mostly new ones cr recently repaired—averaging 275 cubic yards capacity each, produce(i3 2706 tons of hot and
cold blast forge iron, equal to a weekly make of 112} tons per furnace. On going over a period of twenty-oue years, we find that
the yield of the small furnaces approaches within 4 or 5 tons of the larger.
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Each ton of coal charged into the furnace suffices for the production of 23.4 cwts. of
liquid matter in the hearth.

Estimated on the carbon in the coal, the ton of iron is produced with a consumption of
43.5 cwts. of carbon, and the ton of liquid matter—iron and cinder—deposited in the hearth
with a consumption of 17.1 ewts. of carbon. .

The solid materials introduced into the furnace weekly measure, in their original form,
1166 cubic yards, the liquid matter obtained measures 172 cubic yards.

The solid materials charged at the top are in the furnace 40 hours before they are
reduced to a liquid state.

The solid materials descend through the throat at the rate of 28 inches per hour, at the
top of the boshes the descent is reduced to 7 inches per hour, but is accclerated at the
Learth to 35 inches per hour.

The consumption of blast per minute is at the rate of 20 cubic feet of air to each yard
capacity of furnace. »

The ton of iron is produced with a consumption of 3,888,490 cubic feet of air.

The air decomposed in smelting one ton of iron weighs 13 tons.

The weight of the air introduced through the tuyere is to the weight of the solid
materials introduced at the top as 16 to 7.

The materials, solid and gascous, charged into the furnace for each ton of iron smelted,
weigh 18.8 tons.

The weekly consumption of solid and gaseous materials weigh altogether 2442 tons, of
which 380 tons are obtained in a liquid form from the hearth, the remaining 2062 tons
escape in the gaseous form at the top. Hence for cach ton of liquid matter obtained 129
cwts. of gases are evolved from the furnace.

The atmospheric air introduced weekly measures 1,872,223 cubic yards; the gases
evolved from the tunnel-head measure 7,488,000 cubic yards.

The ascending gases traverse the furnace at its largest diameter at the rate of 415 feet
per minute, increased at the throat to 1660 feet.

The time which elapses from the admission of the atmospheric air at the tuyere until its
escape at the tunnel-head in combination with the gaseous products of combustion is nearly
7 seconds. '

For the production of white-iron for the forge, in furnaces of the same capacity as the
foregoing, a larger volume of blast is employed with a different burden of materials. The
blast averages 7370 cubic feet per minute. The consumption of materials to a ton of
crude iron averages 28 cwts. of calcined argillaceous ore, 10 cwts. hematite, 10 cwts. of
forge and finery cinders, 42 cwts. of coal, and 14 cwts. of limestone. With these materials
the weekly produce of liquid matter amounts to 170 tons of crude iron and 810 tons of
cinders.

Consumption of solid materials 884 tons, measuring 1103 cubic yards; and of air
2318 tons, measuring 68,983,200 cubic feet. Hence the total weekly consumption amounts
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to 3202 tons, which is resolved during the process into 480 tons of liquid and 2722 tons of
daseous matter.

Under these circumstances the consumption of solid materials is increased to 64 cwts.
per yard capacity ; but the volume is not sensibly greater, consequently they are in the fur-
nace nearly the same time as in the case of grey iron.

The liquid and gaseous products bear nearly the same relation to each other as in the
production of grey-iron. '

But the ton of crude iron is produced with 36.5 ewts. of carbon, and the ton of liquid
matter with 13 cwts. of carbon.

In consequence of the larger volume of blast and comparatively dense manner in which
the materials lie in the furnace, the gascous column escapes with the increased velocity of
2900 feet per minute; hence the time occupied by the ascending gases in traversing the
height of the furnace is reduced to 4 seconds.

For the production of an inferior iron- for the forge, the burden is composed of the
following materials : Hematite 16 cwts., refinery cinders 25 ewts., coal 36 cwts., and lime-
stone 16 cwts. to the ton of crude iron. The capacity of furnace and volume of blast are
the same as in the last instance. From this furnace a weekly produce of 190 tons has been
attained accompanied by the production of 295 tons of cinder. The weekly consumption
of solid materials amounts to 883 tons, measuring 934 yards ; of air 2318 tons.—Total, 3201
tons, which is resolved into 485 tons of liquid and 2716 of gaseous matter.

On the production of this cinder-iron then, the consumption of solid material is at the
rate of 64 cwts. per yard capacity, but from their greater density the time during which they
are passing through the furnace is increased to 46 hours.

The ton of iron is produced with a consumption of 31.3 ewts. of carbon, and the ton of
lignid matter with a consumption of 12 ewts.

The materials used being so much more dense, the ascending column of gases traverses
the height of the furnace in 3.5 seconds.

The Hirwain foundry iron furnace measures 200 cubic yards in capacity nearly, and is
blown with 2541 cubic feet of air per minute. Yield of materials: Calcined ore 46 cwts.,
coke 34 cwts., limestone 16 cwts., to a ton of crude iron. Produce weekly, 90 tons of crude
iron and 150 tons of cinder.

The solid materials introduced weekly weigh 432 tons, and measure 732 cubic yards, and
the air weighs 800 tons and measures 23,783,000 cubic feet.

Consumption of solid material per yard capacity 43 cwts.

Produce of crude iron per yard capacity 9 cwts., of liquid matter 24 cwts.

The ton of iron is produced with a consumption of 32 cwts. of carbon, and the ton of
liquid matter with 12 cwts.

The solid materials composing the descending column are in the furnace 43 hours nearly.

In consequence of the comparatively small volume of air used and the porosity of the
coke, the ascending column is 12 seconds passing through the furnace.
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The employment of a greater volume of blast would enable the quantity of iron yielded
by the Dowlais and Hirwain foundry furnaces to be largely increased ; but unless a largér
proportion of carbon were at the same time used, the quality of the iron would change from
grey to white. The grey quality along with the increased production may be maintained by
the employment of a greater quantity of carbon, and conversely if the volume of blast be
diminished, grey iron may be produced with a lower proportion of carbon, but in less
quantity.

Furnaces smelting carbonaceous ores are not subject to the same limits in point of
production as others. From the large quantity of carbon in combination with the metal, a
greater make of iron may be obtained from the same capacity of furnace. The volume of
blast moreover is much smaller, and the quantity of cinder scarcely exceeds in weight that
of the crude iron. ‘

The furnaces at the Dandyvan works average 167 cubic yards capacity. Blast. 3040
cubic feet per minute. Yield of materials: Calcined carbonaceous ore 33 cwts., coal 40 cwts.,
and limestone 5 cwts. to the ton of crude iron. On. these materials the furnaces average 150
tons' of iron and 140 tons of cinders weekly. The consumption of solid materials is 584
tons 10- cwts., and measures. 785 cubic yards. The blast weighs 950 tons, and measures
28,454,000 cubic feet. Hence, the consumption of materials amounts to 1434 tons, which is
resolved into 290 tons liquid, and 1144 tons of gaseous matter. A ton.of fluid produects is
thus accompanied with 78 cwts. of the agriform against 129 cwts. with the argillaceous ore.

The weekly consumption of solid materials is at the rate of. 70 cwts.. per yard capacity
of furnace.

The weekly produce of liquid matter from the hearth is 34 cwts., and the crude iron
18 cwts: per yard.

Each ton of coal charged into the furnace suffices for the production of 21.cwts..of liquid
matter.

Estimated on the carbon, the ton of iron is produced with 30.4 cwts. of carbon, and the
ton of liquid matter with 15.6 cwts.

The solid materials charged into the furnace at the top are in the furnace 33 hours.

The consumption of blast per minute is at the rate of 18 cubic feet per yard capacity.

The air consumed in smelting one ton of crude iron weighs 6.3 tons.

The gases escape through the throat with a velocity of 1500 feet per minute.

The gaseous column is 7.5 seconds in ascending from the tuyeres to the throat..

Iron smelted from carbonaceons ores with the fuel and blast described, contains a larger
per-centage of carbon than is found in Welsh irons, as will be seen by referring to the
analyses of crude irons. This constitutes the principal defect of the Scotch pig-iron, the
excess of carbon rendering it excessively fluid, and incapable of being readily converted into
malleable iron.  On reviewing the proportion, the liquid matter obtained from the hearth
bears. to the weight of carbon consumed, we find that the Scotch furnace occupies a most
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anomalous position. Smelting the most fusible ore in use 15.6 cwts. of carbon are consumed
for each ton of liquid matter produced. At the Hirwain foundry iron furnace smeltinga
less fusible ore the consumption is only 12 ewts. It is this excessive consumption of carbon,
coupled with the comparatively slow ascent of the gaseous column, which lowers the quality
and strength of the crude iron.

For the production of crude iron from carbonaceous ores, suitable for conversion into
malleable iron of asuperior quality, the proportion of carbon to liquid matter should be re-
duced above one half, and the velocity of the ‘ascending gaseous column doubled. The
metal would then eontain less carbon, and might be the more readily converted into malleable
iron.

The larger consumption of carbon necessary to produce grey iron with a volume of
blast exceeding 20 feet per cubic yard capacity of furnace, is partly due to the more rapid
descent of the materials not permitting a greater quantity of carbon to combine with the
metal, but chiefly, however, we believe to the accelerated velocity with which the ascending
column of gases pass through the furnace. In the Dowlais furnace the ascent occupies 7
seconds, in the Hirwain 13 seconds. Inthe latter the reducing gas in the ascending column
is in contact with the materials nearly twice the length of time that it is in the former, and
doubtless the lower yield of carbon per ton of liquid matter in the case of this furnace is
mainly due to this circumstance ; the degree of carburization being dependent much more on
the velocity of ascent of the gases than in the quantity of solid carbon charged at top ; other-
wise we find it difficult to account for the superior reducing power of a given weight of
carbon in the Hirwain furnace.

The proportions of carbon per ton of crude iron and per ton of liquid matter are almost
identical in the Dowlais crude iron and the Hirwain foundry iron furnaces; but in the former,
notwithstanding that the materials are in the furnace 3 hours longer, the quality of theiron is
an inferior white, while in the latter it is fair ordinary grey. In the velocities with which the
gases pass through the furnace there is a wide difference. They escape from the Dowlais
furnace with a velocity of 2900 feet per minute, and traverse its height in 3.5 seconds; in
the Hirwain furnace the escape is at the reduced rate of 788 feet, and the time of traversing
the height of the furnace is increased to 12 seconds.

If the degree of carburization were entirely dependent on the quantity of wvapour
of carbon broughtin contact with the metal, the Hirwain furnace should enjoy no superiority
over the Dowlais, excepting that arising from the quality of the materials employed. The
like quantites of gaseous carbon being evolved for each ton of crude iron produced. But if
it be allowed that the velocity of the gaseous column affects the degree of carburization,
the difference in the quality of the product of the two furnaces is immediately explained.
When the important part the gaseous matter plays in the reduction of the ore is considered,
the opinion that the velocity of ascent exercises a great influence on the quality of the metal
is greatly strengthened. 1In the Dowlais furnace, the aériform matters ascend at the rate
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of nearly 50 feet per second, and it is while in this rapid motion that the gases have to effect
the deoxydation of the ore and carburization of the metal. The perfect combination of the
oxygen of the ore with the gaseous carbon is certainly to some extent the work of time, and
the great velocity of the ascending column in the Dowlais furnace cannot be so favourable as
the reduced speed of that of the Hirwain furnace; and no doubt the difference in quality
arises, to a great extent, from this cause.

When superior quality is not an object to the ironmaster, the make may be largely
increased by augmenting the volume of blast. The weekly produce of inferior white-iron
may be doubled, and a make of 300 tons be readily attained. These large makes, however,
are not so economical in manufacture as more moderate quantities.

The quantity of ironstone or other material consumed in the manufacture of one ton of
iron is spoken of amongst smelters as the yield of that material. When the consumption is
small for the quantity of metal produced, the yield is considered good, but if large a contrary
judgment is pronounced. This term, although not, strictly speaking, a correct one, is used
in connexion with nearly all the operations of iron-works. In well-regulated establish-
ments the expenditure of materials, labour, stores, &c., in every department per ton of metal
made is recorded, and by inspecting the books the yield of each item may be ascertained for
any given period. It may be necessary, however, to remark here, that in all other cases
throughout this work the term yield is also used in its proper sense—namely, for the net
produce of metal or other substance from a given quantity of material. _

The consumption of argillaceous ironstone in the manufacture of dark grey-iron will
generally be in an inverse ratio to the quantity of metal in the ore. If it contains 29
per cent. the consumption will be 4 tons to each ton of metal produced; if 38 per cent.,
3 tons of stone will be required; but if it contains 46 per cent., the consumption will be
reduced to 48 cwts. of ironstone per ton of iron. A few of the argillaceous ironstones yield
50 per cent.; when calcined with such, the consumption will average 44 cwts. per ton.

The whole of the metal contained in the stone is never obtained: a portion remains in
the cinder even when the smelting has been conducted under the most favourable circum-
stances. The quantity of metal lost in this way will vary with the richness of the ore. With
the leaner ironstones the loss will range from 12 to 14 per cent. of the quantity of iron in the
ore; with richer stones it will range from 8 to 12 per cent.

The grey cinder from blast furnaces using mineral fuel usually contain from 4 to 7 per
cent. of iron. Occasionally instances occur of a lower per-centage, but much more frequently
the higher number is exceeded ; so that if the furnace be producing a large proportion of
cinder to iron, it is evident that the loss from this cause must be very considerable.

In smelting one ton of pig-iron from an ironstone containing 29 per cent. of metal, 4
tons of stone are consumed. This quantity contains 23.2 cwts. of metal, 20 cwts. of which
are obtained as pig, and 3.2 cwts. remain in the cinder. With such an ironstone a large
quantity of limestone will be required for fluxing, and the product of cinder will range from
60 to 70 cwts. per ton of pig-iron. Then if we estimate that the cinder contains no more
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than 5 per cent. of metal, the 3.2 ewts. will be fully accounted for. A loss of 3.2 cwts. on
23.2 cwts. is equal to 14 per cent. nearly.

With richer ironstones the loss of metal in the cinder becomes less; in smelting an ore
containing 50 f>er cent. of iron the production of 1 ton of pig-metal requires the consumption
of 44 cwts. of stone. This will contain 22 cwts. of metallic iron, showing 2 cwts. left in the
cinder for every 20 cwts. produced.

The quantity of limestone required will not be so great as in the former case, in conse-
quence of the smaller proportion of earthy matter present, and the cinder will not necessarily
exceed 40 cwts. per ton of pig-iron.

But this proportion of cinder, at the same low estimate which we previously adopted, will
contain 2 cwts. of metal, representing a loss of 9 per cent. in this instance against 14 per
cent. in the last.

An ironstone may be so lean that the metal remaining in the cinder may equal in
quantity that obtained in pigs. Such ironstones are not used when others containing a
greater per-centage of metal can be obtained. But the obvious disadvantage attending on
the use of lean ores, on account of the large proportion of metal carried away in the cinder,
should induce smelters to consider well how far by a want of attention to this point the cost
of manufacture is increased. In smelting a stone containing only 20 per cent. of metal,
more than 61 tons must be used for each ton of pig-iron obtained, showing metal left in the
cinder to the extent of 25 per cent.; whilst with one so low as 15 per cent. the consumption
of ore will exceed 9 tons, and the loss of metal 35 per cent., or more than one-third of that
existing in the ore will remain in the cinder.

The carbonaceous kind of ore probably produces a ton of pig-iron from a smaller
quantity of stone than any other species. The average per-centage of metal in calcined
Scotch carbonaceous ironstone is nearly 60 per cent.; the quantity consumed per ton of iron
averages 35 cwts. The metal in this quantity of stone weighs 21 cwts,, 1 cwt. only remaining
in the cinder. This comparatively small loss, consequent upon the smallness of the quantity
of cinder produced, places this ore in most favourable contrast with lean argillaceous
ironstone. Instead of a loss of 10 to 14 per cent., as with this latter variety, the carbonaceous
ironstone is smelted with a loss of only 5 per cent. of its metal. This great produce of metal
from a given weight of stone is an important advantage to ironmasters who use carbonaceous
ores, and has doubtless contributed in no small measure to the greatly cxtended use of
this class of ironstones in the blast furnace of late years.

Calcareous ironstones also yield better than the argillaceous kinds, in consequence of the
small quantity of cinder produced. Lime being already present in them in nearly sufficient
proportion for fluxing the other earths, the quantity of cinder is necessarily limited. Besides
which weight for weight the cinder usually contains rather less metal than the average of
that from argillaceous ironstones.

The yield from siliceous ironstones, in proportion to the iron they contain, is inferior to
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that from either of the other varieties. On account of the infusible nature of the earthy
constituents of the ore, a larger quantity of limestone is required for fluxing. This forms,
with the siliceous earths, a cold sluggish cinder, from which the metal does not freely
separate. The quantity of cinders is consequently large, and they contain from 6 to 7 per
cent. of metal. In practice asiliceous ironstone yielding 45 per cent. of metal will not produce
more than 40 per cent. of pig-iron, the cinder retaining the remainder.

The produce of pig-iron from the primary iron ores—the red and hydrated hematites—
is lower in proportion to their richness than from argillaceous or calcareous ironstones.
These ores contain generally about 50 per cent. of metal, but they require the addition of
considerable quantities of burnt argillaceous shale and limestone for flux when grey pig-iron
is desired. In consequence of this addition the flow of cinder is comparatively large—from
45 to 50 cwts. per ton of pig-iron. These cinders retain a portion of the metal originally

in the ore, therefore the quantity required for smelting 1 ton of pig-iron is raised from 40
cwts.—the theoretical yield—to 45 cwts. A loss of 5 cwts. on every 45 cwts. is equal to
11 per cent. The loss thus exceeds by 2 per cent. that with argillaceous ironstones containing
an equal quantity of metal.

The burnt shale generally used to supply the deficiency of fusible earths in the primary
ores contains a small per-centage of iron. This unites with the metal in the ore, and so
raises the yield of pig-iron slightly above that due to the ore alone.

Hitherto we have supposed that the furnace is working well on grey pig-iron, and that the
cinders produced are of a grey stony fracture, but alterations in the quantity or quality of
any of the materials may result in the production of a white metal and dense cinder of a black
glassy exterior and of a dull lead colour within. Whenever from accident or any other cause
such an alteration takes place, the produce of pig-iron in proportion to the ironstone rapidly
diminishes, and the per-centage of metal in the cinder is augmented in a similar degree. Under
ordinary circumstances, a ton of pig-iron will require, as stated already, 44 cwts. of a stone
yielding 50 per cent., and the grey stony cinder produced*will contain metal to the amount
of about 5 per cent. of their weight; but when the operations of the furnace are deranged,
the consumption of ironstone will sometimes rise as high as 60 cwts. per ton of pig-iron, and
the cinder will contain metal to the extent, in extreme cases, of 20 per cent. of its weight.
The consumption of 3 tons of such an ironstone to produce 1 ton of pig-iron, involves a loss
of 10 cwts., or 33 per cent. of the metal contained in it. This quantity of metal is left in
the cinder and lost. A large quantity of ironstone being consumed, the quantity of cinder
corresponds, and, through the imperfect separation of the metal from it, it will weigh 3 tons
per ton of pig-iron. These 3 tons of cinder contain 10 cwts. of metal, or 164 per cent. of
their weight, instead of 5 per cent. as before.

A furnace may work several months without producing a cinder containing so much
metal as 16 per cent.; but in large establishments it is not difficult to find cinder containing
this and larger quantities of metal, cven up to 20 per cent. The average yield of metal in
the furnace-cinder made throiighout South Wales will not fall far short of 10 per cent. It
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is supposed by some smelters that the grey cinder contains no metal, but on reference to the
analyses of cinders produced under different states of the furnace, it will be seen that even the
grey varieties contain from 4 to 7 per cent. of iron.

The greater consumption of materials for a given quantity of iron which occurs when
the furnace is working badly, is shown in the most striking manner by the weekly statement
of materials consumed. For the week ending April 25th, 1846, the make of the foundry
iron furnace was 115 tons 10 cwts.; consumption of calcined ironstone 257 tons, or 45 cwts.
per ton of pig-iron obtained. This was considered a good yield ; but from this point the make
declined, the quality deteriorated, the cinder changed to a dull black colour, and the yields
were in an inverse ratio to the diminished make. In the succeeding month the week’s make
was 86 tons 11 ewts. ; calcined ironstone consumed 278 tons, or 65 cwts. per ton of pig-iron
obtained. Calculating that the per-centage of metal in the ironstone was the same on both
occasions, and with argillaceous ironstone, the variation from week to week is very trifling,
the 278 tons of calcined ironstone should have produced 123 tons 10 cwts. of pig-iron instead
of 86 tons 11 cwts. Thus in the May week the loss of metal from the deranged condition of
the furnace amounted to 37 tons, or 30 per cent. of the quantity obtainable under more
favourable circumstances. From this ruinous condition the furnace recovered in a few weeks,
and in July made, in one week, 121 tons, with a consumption of 48 cwts. of calcined iron- -
stone per ton; but this was evidently forcing it beyond its powers, for in the succeeding
weeks the make fell to 82 tons 14 ewts., and the consumption of ironstone rose to 60 cwts.
Where the furnace is forced to the production of a quantity of metal‘greater than its dimen-
sions warrant, irregularities, such as we have mentioned, will occur, attended with an
increased consumption of ironstone, fuel, and flux, and the cost of the resulting pig-iron,
though inferior in quality, will be greatly above that of the best grey iron made in less
quantities.

The production of pig-iron for forge purposes from a mixed burden is usually accom-
panied by a great loss of metal. The quantity of fuel allowed for smelting a given weight
of materials is in nearly every establishment too little for the perfect reduction of the metal
with existing appliances. From a mistaken idea of economy the burden carried by the fuel
is fixed so high that the yield and quality of the pig-iron are reduced below the proper level.
The cinders are dark brown, black, or lead colour, according to the per-centage of iron they
contain, and a great quantity of metal is lost in the cinder. Were smelters to consider for
an instant the very different values of pig-iron and coal, it is probable that the quantity thus
wasted would be considerably reduced.

We have stated elsewhere that a common burden for forge iron of ordinary quality con-
sists of 28 cwts. of calcined ironstone, 10 cwts. of calcareous orsiliceous iron ores, and 10 cwts.
of forge, or forge and finery cinders for each ton of pig-iron produced. The ironstone will
yield on an average 48 per cent. of metal, the ores 50 per cent., and the cinders 55 per cent.
The quantity of metal in the respective ironmaking materials will be as follows: Calcined iron-
stone, 13.44 cwts. ; ores, 5. cwts. ; cinders, 5.5 cwts. ; total, 23.94 cwts., or 3.94 cwts. beyond
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the quantity of pig-iron obtained. The cinders flowing from a furnace thus burdened weigh
nearly 2 tons for each ton of pig-iron made, and contain by analysis from 10 to 12 per cent.
of metal. If this quantity of cinder contains 3.94 cwts. of metal, the difference between the
supply and the yicld, the proportion will be within a fraction of 10 per cent.. The loss of
3.94 on 23.94 cwts. 1s equal to 17 per cent.

But the majority of the forge iron furnaces in South Wales work with a greater loss than
17 per cent. The cinder produced contains on an average more than 10 per cent. of metal.
It is not an unfrequent circumstance to see furnaces burdened so high, that for a period of
some months 15 to 18 per cent. of the weight of the cinder is oxide of iron.

The loss of iron under such circumstances is very great indeed. At a moderate com-
putation the amount of pig-iron annually throw away in cinders—the greater portion from
an utter disregard of the simplest principles that govern the action of blast furnaces—can-
not be less than 250,000 tons in the South Wales district alone. In other districts smelting
pig-iron for manufacture into bars, the waste in proportion to the quantity smelted, is scarcely
inferior to that in Wales.

This great waste of metal is of comparatively recent origin. It is not more than 30 or
35 years sinece manufacturers commenced using a mixture of cinder and the richer ores for
the production of an inferior description of pig-iron for refining and conversion into bars.
Prior to the year 1820 the forge-iron was smelted from the argillaceous ironstone of the coal
formation without any foreign mixture. The cinders produced were usually grey, and con-
tained a minimum per-centage of metal. This was in a great measure owing to the large con-
sumption of coal—4 to 6 tons—prevalent at that time. Sinee that period, while the consump-
tion of fuel has diminished, the burden has been composed in part of cinder and primary
ores—at first in small quantities—3 cwts. of Lancashire ore to the ton of pig-iron being con-
sidered a large proportion ; latterly, however, the consumption has increased to so great an
extent that these ores frequently form the largest portion of the burden. Wherever this is
the case, unless accompanied by an increase in the quantity of fuel, and the adaptation of the
furnace to the altered burden, the resulting cinders are black in colour, and contain large
quantities of metal. The smelting power of the fuel having previously been taxed to its
utmost, it is unable to carry the furnace through any alteration of burden.

That the general quality of forge pig-iron has been lowered, in consequence of the in-
creased use of cinder and rich ores, there can be no question ; but we may remark that for
many purposes to which bar iron is now applied quality is a secondary consideration, and the
use of cinder and rich ores in moderation is attended with numerous advantages to the
manufacturer.

The quantity of coal consumed to smelt one ton of pig-iron evidently varies with its
richness in carbon and general quality, but is also affected by the nature of the ironstone,
flux, and blast. Considering them by their richness in carbon, and estimating that a given
quantity of anthracite coal is capable of producing 1000 Ibs. of iron, an equal guantity of the
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best Dowlais coal would reduce 954 lbs.; Pontypool bituminous coal, 878; and Scotch
coal, 835 1bs.

In no operation connected with an iron-works has there been a greater reduction made
in the consumption of materials than in the coal for smelting. The rigid economy of fuel
practised in several Welsh works has resulted in a saving of nearly two-thirds of the quan-
tity formerly considered necessary. In 1791 the consumption of coal to each ton of pig-iron
averaged 6 tons; in 1821 it had diminished to 4 tons; and in 1831 to 2 tons 5 cwts., which
is nearly the quantity required at the present day.

The maximum quantity of coal for smelting an ironstone will depend on the quality~ and
fusibility of the combined earths and the yield of metal. The siliceous varieties, on account
of their infusible matrix, require the largest quantity of fuel in smelting; the red and hy-
drated hematites the next largest quantity ; the calcareous ores require less; the argillaceous
ironstones are smelted with comparative facility, but the least consumption of fuel takes place
with the carbonaceous ironstones.

The presence of carbon greatly increases the fusibility of ironstones, and diminishes the
consumption of fuel. Siliceous ores which contain a portion of carbon, although abounding
largely in silica, are smelted with greater facility, and produce a superior metal to those
where this constituent is wanting. In several of the carbonates of the coal formation silica
is the predominating impurity ; but owing to the presence of carbon they are smelted with a
low yield of coal. If the quantity of carbon be large, as in the carbonaceous ironstones,
the eonsumption is reduced nearly one-half, and the fusibility of the ore is so great, that with
this reduced proportion of fuel the production is augmented to nearly twice the quantity
which it is possible to obtain from the same furnace, working on other descriptions of iron-
stone.

The demand for fuel is affected by the richness of the ironstone. It is greatest with
the poorest stones; but when an ironstone contains more than 50 per cent. of metal (carbo-
naceous ironstones excepted) the consumption of fuel is not diminished below the proportion
due to a stone of that per-centage. To produce iron of good quality from the richest iron.
stones a quantity of shale is, as before stated, used to compensate for the deficiency of earths
in the stone, and to form a fluid-cinder for the protection of the iron in the hearth. The
quantity of shale used increases in proportion to the per-centage of metal in the ore, sufficient
being added to reduce the mean yield of metal to 50 per cent. or under : consequently, the
consumption of fuel will equal that for an ironstone of the richness of the aggregate.

In smelting argillaceous ironstone, 45 cwts. of a coal containing 87 per cent. of carbon
is consumed for each ton of grey pig-iron produced. This is nearly 2 lbs. of carbon to each
pound of iron, and this proportion holds good with coals containing less carbon, the quan-
tity of a coal used being generally in an inverse ratio to its yield of carbon. But numerous
other circumstances, also, more or less affect the reducing power of the fuel.

Among raw coals, ton for ton, anthracite reduces the largest amount of metal; and the
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semi-bituminous coal, mined to the east of Merthyr Tydfil, comes next in order. Scotch
coal is that most extensively used in the raw state; but its power is lower than that of cither
of the above-mentioned kinds.

It is with coke as with coal—the harder and denser the coke and the more concentrated
the carbon, the greater the reducing power. A light, hollow, spongy-looking coke, exposes
too great a surface to the action of the blast ; it consumes quickly, without producing 'a very
intense heat; and to maintain the requisite temperature the quantity requires to be largely
increased, and the consumption of carbon—estimated on the amount in the raw coal—is
sometimes double or treble what it would be with coal of a superior description.

The consumption of coal or coke will also depend on its harduess, and its capability to
resist fracture in the furnace.

Breakage or crumbling in the furnace may occur from several causes—either from the
natural weakness of the coke, the great height of the apparatus, the dense character of the
ore, or, if the coke be soft, from its grinding to dust against the ore and flux. Such pieces
only as reach the zone of fusion in a comparatively whole state contribute to the maintenance
of the temperature. The small fragments and dust arc injurious, and do not assist in the
reduction of the metal; so that as much carbon as they contain is consumed in addition
to the quantity that would be required of unbroken coke. The presence of dust and small
coke is proved by their constant discharge at the tunnel-head and under the tymp imme-
diately after casting.

The consumption of coke is increased when it contains much water. The actual
quantity of carbon charged is diminished, and a portion of the heating power of the fuel is
expended in evaporating the water. If this water amounts to 12 per cent. by weight of the
coke—not an unusual circumstance—the smelting powers of the fuel are diminished 12 per
cent. by the weight of the water, and then further by the weight of the fuel consumed in
vapourising this water and restoring the temperature of the materials. This diminution of
heating power has to be met by an increased consumption. If 36 cwts. of dry coke suffice
to produce good pig-iron, the consumption of wet coke, to produce iron of an equal
quality, will be not less than 45.5 cwts. But the consumption of wet coke is usually
greater-than this, which is attributable to the partial disintegration of the pieces by the
escaping vapour.

The admission into the furnace of water in any shape is attended with an increased
consumption of fuel. If it enter with the ironstone the increase in the quantity of fuel will
be in proportion to the degree of saturation, but it will at all times be in excess of the
quantity necessary to evaporate the water.

Where water enters the furnace through the tuyere in the form of moisture in the blast,
the consumption of fuel is increased in proportion to the increase of moisture over that
usually existing in the atmosphere. Water exists in comparatively dry air to the extent of
1.42 per cent., and the quantity contained in the 25 tons of blast thrown in for each ton of
pig-iron weighs 71 cwts. A portion of the 21 lbs. of carbon consumed for each pound of
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iron is evidently wasted in evaporating this water. In a damp state of the atmospherc the
quantity of water in the blast is 6 or 7 cwts. in excess of this weight, and necessarily a
correspondingly increased weight of carbon is consumed.

In the summer-time, on account of the greater quantity of moisture in the atmosphere,
the consumption of fuel is greater than in winter. By reference to the records of the
monthly yields of materials at the Dowlais furnaces, we find that the difference is very
considerable, probably more than is generally believed. Taking the average of five years,
selected promiscuously from twenty-two years’ working, we find that at the foundry iron
furnace the yield of coal per ton of pig-iron was, in the winter months, 49.7 cwts. ; spring,
52.2 cwts. ; summer, 53.1 cwts.; and autumn, 55.4 cwts. The excess of the autumn over
the winter months, 5.7 cwts., is equal to an increase of 11 per cent. At the forge iron
furnace the yields in the winter months are 43.6 cwts.; spring, 44.2; summer, 44.6; and
autumn, 45.8 cwts. The excess of autumn over winter, 2.2 cwts., is equal to 5 per cent.
The variation of yield with the season is still more marked with the ballast iron furnace, the
yields being in winter 43.2 cwts.; spring, 44.1; summer, 50.1; and autumn, 49.5, or 6.3
cwts. more in autumn than in winter, equal to 13 per cent. nearly. The greater uniformity
in the forge iron furnace yields we attribute to the variation in the composition of the burden.
The average consumption of ores during five years was, in winter, 6.6 cwts.; autumn, 8.4
cwts.; and of cinder, in winter, 8.3 cwts.; and autumn, 11.8 cwts. With this increasc of
ores and cinders in autumn, the yield of local ironstone was reduced from 47 cwts. in winter
to 41.2 ewts. in the autumn. An increased use of rich Lancashire ore and forge cinder,
without the addition of clay or other material to improve the quality of the iron, would
result in a diminished yield of fuel.

Throughout the Welsh works the consumption of primary ores is largest in summer and
autumn. In these seasons the trade in sea-borne ores is prosecuted with the greatest activity,
and the manufacturers are, in consequence, well supplied; but in winter and spring the
falling off in the shipments causes a larger consumption of the local ironstones.

The yield of fuel in the furnace is diminished when caustic lime is substituted for lime-
stone. This diminution in the weight of carbon is nearly equal to one-third of the difference
between the weight of the caustic lime and limestone. If the burden of 17 cwts. of limestone
be replaced by an equivalent quantity of caustic lime, say 10.2 cwts., the reduction in weight
will be 6.8 cwts., and one-third of this, 2.26 cwts., will give nearly the reduction in the
weight of carbon, arising from the substitution. If the coal yields 87 per cent. of carbon, the
saving will equal 2.57 cwts. of coal.

But against the diminished consumption in the blast furnace there must be placed the
quantity of coal consumed in calcining the limestone. This will amount to 1.5 cwt. per ton
of limestone, or 1.7 cwt. per ton of iron, leaving an apparent saving of .87 cwt. only; but
the value of the large coal saved from the blast furnace is greatly above that of the fuel used
in the kiln.  For calcining, slack or other small coal may be employed which cannot be used
in the furnace, and which would otherwise be comparatively valueless.
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"Raw coal will reduce and smelt a greater weight of ironstone than the coke from such
coal. At one period of the manufacture the use of coke was universal, but within the last
twenty-five years numerous furnaces have been worked on raw coal. The number of kinds
of coal which may be advantageously used in the existing furnace in the raw state is not
large ; but wherever the change from coke to raw coal has been made, the results are greatly
in favour of raw coal. The advantage is most apparent with coals, which lose considerably
in weight when coked, and least with those approaching to the character of anthracite. The
best of the furnace coals raised at the Dowlais colliery contain 87.3 per cent. of carbon and
2.1 of ash. These coals lost in coking 25 per cent., thus reducing the weight of the coke
below the contents of carbon. A portion of the carbon was consumed in the process of
coking, and was consequently unavailable for smelting. The quantity thus consumed is
represented by the difference between the weight of the carbon and ash in the coal and that
of the coke obtained. The carbon and ash in the Dowlais coal amounts to 89.4 per cent. ;
the coke weighed 75 per cent., leaving a loss of 14.4, or 16 per cent. nearly of carbon. With
such a loss of carbon attendant on the use of coke, the raw coal which retains its carbon un-
diminished may be expected to afford a greater weight of iron, and in practice it is found to
do so. Prior to the use of raw coal in the furnace the coal used for coking averaged 50 cwts.
to the ton of pig-iron, but since the abandonment of coking this weight of iron is smeclted
with a mean consumption of 45 cwts.

In Scotland the use of raw coal is attended with a still greater economy. The furnace
coals of that country average 76.4 per cent. of carbon and 6 per cent. of ash; total of carbon
and ash, 82.4. They lose 55 per cent. by weight in coking, or 37.4 below the amount of
carbon and ash. This loss of 37.4 parts out of 76.4 is equal to a diminution of 50 per
cent. on the smelting power of the coal. Assuming that the quantity of carbon in 38 cwts.
of raw coal is required to reduce 1 ton of pig-iron, it will take 76 cwts. of such coal converted
into coke to yield the same quantity of carbon. Indeed in the earlier period of the manu-
facture a much larger quantity thaun this was consumed in producing a ton of pig-iron.

The consumption of fuel is increased whenever the working of the furnace is deranged
from caunses connected with the ironstone flux or blast, in a similar manner and to the same,
if not to a greater extent than the increased consumption of ironstone. To restore the furnace ‘
to a healthy state the relative quantity of fucl to ironstone must be largely increased, in order
that a greater temperature may be attained for the fusion of the refractory masses adhering
to the sides of the hearth and around the tuyeres. The amount of this increase varies
according to the nature of the case, from 45 cwts.—the usual yield per ton of iron—to 60 or
70 cwts. '

We have stated that the consumption of fuel per ton of pig-iron is smallest with the
carbonaceous ironstones, but if their richness in metal and carbon, and great fusibility be
fully considered, the consumption of fuel still appears excessive. The yield averages 38 cwts.
of a coal containing 76 per cent. of carbon, or 3234 1bs. of carbon for each ton of iron obtained.
To this must be added the carbon mechanically combined with the ironstone in the proportion
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of 30 parts of coal to 28 parts of ironstone, equal to 2404 lbs,, or a total of 5638 1bs. of carbon
consumed for each ton of pig-iron. The average consumption with the argillaceous ore is
4480 Ibs., or 1158 1bs. less than with the carbonaceous. Judging from the greater consumption
of carbon in smelting this ore, it might be inferred that the metal was extracted with difficulty,
but such is not the case. It is now well known as the most fusible of ironstones. Yet for its re-
duction one-fourth more carbon is expended than is found necessary with other stones melting at
a much higher temperature. But if the consumption be estimated on the quantity of materials
rendered fluid—the iron and cinders—the excessive quantity of carbon used in smelting the
carbonaceons ironstone becomes still more apparent. For each ton of fluid materials, with
argillaceous ironstone, 1463 lbs. of carbon are consumed; with the more fusible carbonaceous
ironstone, 2785 lbs., or nearly twice as much. It is difficult to account for the larger
consumption of carbon in smelting a more fusible stone, except upon the supposition that
corresponding waste is incurred through imperfection in the mode of working. In corrobo-
ration of this view, it may be stated that the consumption of atmospheric air is less in
proportion to the consumption of carbon than with other furnaces. For each pound of
carbon consumed in smelting the argillaceous ironstone 168 cubic feet of atmospheric air are
blown into the furnace, but for each pound of carbon consumed in smelting the carbonaceous
ironstone of Scotland, scarcely 40 cubic feet of atmospheric air enters the furnace—a quantity
greatly below that required for the complete combustion of the fuel.

The carbon, mechanically combined with the ironstone, is partially consumed in the
operation of calcination. This loss, however, may be avoided by using kilns instead of
conducting the operation in the open air. With properly constructed kilns and a moderate
degree of attention, the carbon, combined with the ironstone, may be made to suffice for the
requirements of the blast furnace.

The consumption of fuel is rednced when a hot blast is substituted for a cold one. This
diminution is with some kinds of coal considerable, but with others it is trifling, and scarcely
compensates for the greater outlay of capital. In Scotland the reduction in the consumption
of coal in the blast furnace when smelting carbonaceous ironstone amounnts to from 8 to 10
cwts. of coal per ton of iron. In consequence of the low temperature at which the carbonaceous
ironstone melts—a simple wind-draught frequently being sufficient—the increase of tempera-
ture from 50° to 610° approaches to the melting point of the materials, and the carbon pre-
viously consumed in the stove in elevating the blast to this temperature may be withheld, but
with the more refractory ironstones the reduction is not so great. The elevation of the
temperature of the blast to 610° bears a comparatively small proportion to the intensity
required in the blast furnace, therefore the saving obtained by heating the blast is propor-
tionally less. The economy arising from the use of heated air in the furnaces of Wales
amonnts to from 4 to 5 cwts. of coal per ton of pig-iron.

Against the saving in furnace coal, however, there must be placed the coal used in the
stoves in heating the blast. The quantity usually required for this purpose averages in
weight one-half of the amount saved in the furnace, but the coal consumed in the stoves is

o
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usually of a very inferior quality, incapable of being used in the blast-furnace for smelting.
The saving in fuel, therefore—the relative values of the furnace and stove coal being consi-
dered—may be fairly estimated at 3 cwts. in Wales, and 6 to 7 ewts. in Scotland. :

In 1844 and 1845 seven of the Dowlais furnaces were blown with heated air, and the
other eleven with cold. The average yield of coal at the cold-blast furnace was 47.8 cwts.,
and at the hot-blast furnaces 44.4 cwts. The coal used in the heating stoves of the hot-blast
furnace averaged 21 ewts. per ton of iron.

The consumption of limestone is dependent on its richness in lime, and on the quality
and quantity of the earths combined with the ironstone. Other things being equal, the
consumption of limestone will vary with its richness in lime. If the per-centage be about
that of an average good limestone, yielding 54 to 55 per cent. of lime, the quantity for
argillaceous ironstones yielding 48 per cent. of metal will be from 15 to 20 cwts. per ton of
iron. If the limestone yields less lime or contains much silica, the consumption may
be roughly estimated by adding the silica in the flux to that combined with the ironstone,
and charging a sufficiency of limestone to produce the lime necessary for the fusion of both.

As the varieties of ironstone smelted in this country are not numerous, we may state in
reference to them that the consumption of lime will generally be directly as the quantity of
silica and inversely as the quantity of lime in their composition. One of the secams of
argillaceous ironstone, extensively mined at the Dowlais works, yields 33.5 per cent. of
metallic iron, and contains 13.6 of silica. The consumption of raw ironstone of this richness
is 65 cwts. per ton, and of limestone 17 cwts. The quantity of silica in the ironstone and
limestone by calculation amounts to 9.2 cwts., and the lime in the limestone to 9.4 cwts. In
this instance the lime is slightly in excess of the silica. We purpose showing by the quantiies
consumed with different ironstones and limestones that the proportion of silica in the ore
and flux may be safely taken as a correct measure of the quantity of lime necessary to be
added.

The argillaceous ironstones of Scotland contain on the average 30 per cent. of metal in
the raw stone, and 11.3 per cent. of silica. When smelted by themselves the consumption
of raw ironstone to the ton of pig-iron averages 78 ewts., yielding 8.82 cwts. of silica and 3.1
cwts. of lime. The consumption of limestone is 12 cwts. to the ton, yielding 6.48 cwts. of
lime and .25 ewts. of silica. Here the weight of the silica amounts to 9.1 and the lime to
9.6—a difference of about 5 per cent. only.

The Scotch carbonaceous ironstone yields on an average 28 per cent. of metal. . The
consumption of raw stone averages 77 cwts. per ton, yielding 2.5 per cent. of silica and 1.5
per cent. of lime. The consumption of limestone with this ironstone averages 5 ecwts.,
ylelding 54 per cent. of lime and 3 per cent. of silica. 'With these quantities we ascertain
that the silica weighs 2.0 cwts. and the lime 3.85 cwts. Apparently there is a large excess
of lime over the silica, but the excess is accounted for by the ash of the coal. These weigh
2.3 cwts. per ton, and are principally composed of silica.

The calcined ironstone used at the Alfreton furnace, Derbyshire, yields, according to the
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analyses made by M. Bunsen, 42 per cent. of metal. The consumption per ton of pig-iron
is 60 cwts. of calcined ironstone, containing 25.7 per cent. of silica and 3.5 of lime. The
limestone yields 54.4 per cent. of limme, and the consumption is 24.3 cwts. per ton. On these
quantities we find that the silica amounts to 15.4 cwts., and the lime in the limestone and
ironstone amounts to 15.3 cwts.

At the Abersychan furnace, for the production of a forge iron with grey cinder, the
following burden isused : Calcined ironstone 4 cwts., containing 16 per cent. of silica; forge
cinder 5 cwts., containing 28 per cent. of ditto; Northamptonshire ore 5 cwts., averaging
12 per cent. of silica; caustic lime 3 cwts. Hence the quantity of silica in the iron-making
materials is 2.64 cwts. against 3 cwts. of lime.

As far, then, as iron-smelting in Great Britain is concerned, the foregoing examples,
together with the constant result of our own observations, enable us to state with
confidence that if the quantity of silica entering the furnace be known, an approximation
may be made, sufficiently accurate for all practical purposes, to the quantity of lime-
stone necessary for fluxing. We have applied similar calculations to furnaces working
on mixed ores at the Dowlais works, and have invariably found that where a cinder
comparatively free from iron was produced, the quantity of lime was slightly greater than
the silica, but in no instance have we known a furnace to work well when the consumption
of lime was less.

The exception will be when the silica bears a very small proportion to the quantity of
alumina. The consumption of limestone will then be greater than we have stated ; but we may
remark that in the ironstones and ores smelted in this country, the proportion of silica to
alumina on the average is fully as high as three to one. It is on the quantity of silica,
therefore, that we have to calculate the flux.

If the limestone yields a low per-centage of lime, the consumption is rapidly augmented.
It is not unusual for limestone to contain 5 to 10 per cent. of silica, and in some instances
as much as 25 per cent. of this substance is present. The purest stones contain from 1 to 2
per cent. With the knowledge, then, that for the fusion of the silica in the limestone, a cor-
responding weight of lime is needed, we see the importance of employing a limestone as free
as possible from this mineral. If silica were present in the flux to the extent of 8 per cent.
instead of 2.5, the yield of lime would be reduced to 48, out of which 8 parts must be
deducted for fluxing the combined silica, leaving 40 parts only available for the reduction
of the ironstone, instead of the 52.5 as at present. Under such circumstances an increase of
5.5 per cent. of silica is followed by a diminution of the fluxing powers of the limestone of
18 per cent.; and instead of 17 cwts. being consumed as at present, the excess of silica would
require nearly 21 cwts.

An excess of limestone over the quantity required for fluxing the combined earths is
injurious, inasmuch as its fusion absorbs a portion of the heat evolved by the fuel, and to
this extent weakens its reducing power. The temperature in the hearth is lowered, and the
separation of the metal rendered less perfect. If the lime be greatly in excess, and the
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consumption of coal is augmented in proportion, the resulting pig-iron will bear all the
characteristics of having been smelted from calcareous ores. The red-short peculiarity will
be strongly developed, and the strength and general quality sensibly deteriorated.

The consumption of blast is immediately dependent on the quantity of fuel used. TFor
the combustion of one pound of carbon 31.5 cubic feet of oxygen gas is chemically required.
To afford this gas 155 feet of atmospheric air must be consumed. It remains, then, to
ascertain how far the quantities of blast actually blown into the furnace agree with the
theoretical amounts.

The Dowlais foundry iron furnace consumes 732,386 cubic feet of air for the combustion
of the 4384 lbs. of carbon supplied by the fuel, or 167 cubic feet of air to each pound of
carbon—an excess of 12 fect over the theoretical quantity. This is probably as near to the
actual requirement as can be obtained in practice, taking into account that with ‘the best
constructed blowing apparatus, leakage and loss of a portion of the blast must occur.

The Staffordshire foundry iron furnace consumes 635,800 cubic feet of atmospheric air
to 4480 lbs. of carbon, equal to 144 fect per pound of carbon, showing a deficiency of
atmospheric air of 11 feet as compared with the theoretical requirement.

The anthracite furnaces in the Swansea Valley consume 806,400 cubic feet of air to
4076 1bs. of carbon; or 195 cubic feet to each pound of carbon—an excess of 44 feet over
the theoretical quantity. The great difference here between the actual and theoretical quan-
tities is probably owing in some measure to the leakage from a large number of small tuyeres,
coupled with the circumstance that the pressure is considerably higher than at other
furnaces.

The average of these three furnaces is 168 cubic feet for each pound of carbon—a result
sufficiently near the theoretical quantity ; and it is not probable that perfect combustion of
the carbon of the fuel is attained with a smaller consumption.

Applying similar calculations to other cases, we find the No. 1 cinder iron furnace at the
Dowlais works consumes 599,200 cubic feet to 3659 lbs. of carbon, or 163 cubic feet to each
pound.

At the No. 2 cinder iron furnace the consumption of air is 540,900 cubic feet to
3466 1bs. of carbon, or 156 feet to the pound.

At the No. 3 cinder iron furnace (ballast-iron) the consumption of air is 599,200 cubic
feet to 3659 lbs. of carbon, equal to 163 cubic feet to the pound. The average of the three
cinder iron furnaces is 161 cubic feet to the pound of carbon, or 6 feet above the theoretical
quantity required.

The Scotch blast furnace smelting carbonaceous ironstone consumes 222,600 cubic feet
of atmospheric air to 3234 lbs. of carbon in the coal, equal to 67 cubic feet per pound, or
88 cubic fect under the quantity theoretically required for the complete combustion of the
carbon. But this disproportion between the carbon and the amount of blast in the Scotch
furnace becomes still more apparent if we add to the carbon contained in the coal the quan-
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tity mechanically combined with the ironstone—viz. 2404 lbs., making a total of 5638 Ibs.
This gives only 40 feet of air per pound of carbon, instead of 153 feet—the least quantity
with which, theoretically, perfect combustion can be effected.

Assuming the consumption of blast at the Scotch furnaces to be sufficient for fusing the
ironstone and reducing the metal, the quantity of carbon which can combine with the oxygen
of the air is limited to 1436 lbs., or a little more than half of that existing in the ironstone.
This quantity of carbon, with proper arrangements, would maintain an equal, if not greater
heat, for the reduction of the metal than the present consumption. By using four times the
quantity of carbon that the volume of blast thrown in can possibly consume, the heat main-
tained in the hearth is kept very low, compared with furnaces having a full blast, and shows
in the most decisive manner, the fusible nature of carbonaceous ironstone. With such a
disproportion between the carbon and the blast no other ironstone could be smelted. In the
Welsh furnaces using argillaceous ironstone, the use of so low a proportion of air as 40, or
even 60, feet to the pound of carbon, would inevitably result in such an immediate reduction
of temperature as to occasion a setting together of the materials and an entire suspension of
operations. The Scotch ironmaster is saved from such a catastrophe solely by the low tem-
perature at which his carbonaceous ironstone melts.*

The effects upon a furnace of a diminished volume of blast are, waste of fuel, lowering
of the temperature, and the production of a metal more or less debased by the presence of
impurities. In the smelting—and, indeed, in all other operations connected with the manu-
facture of iron where heat is essential—a high temperature and active combustion conduce to
economy both of time and material. In the more advanced stages of the manufacture, where
the effects of variation are more rcadily observable, a dull, heavy draught results in loss of
time, a rapid waste of the metal, a large consumption of coal, and the production of an inferior
bar. Similar effects cannot fail to be produced in the operations of the blast furnace when-
ever the supply of atmospheric air is inadequate to maintain active combustion. In the case
of carbonaceous ironstone it has been shown that the quantity of air supplied is scarcely
more than one-fourth of that chemically required, and, if compared with the actual supply at
other furnaces, the deficiency appears greater rather than otherwise.

There is an opinion current amongst furnace managers that any excess of coal over the
quantity absolutely required for smelting is so much waste, but nothing more. There is
ground, however, for the opinion that when an increased quantity of coal is used, withqut a
corresponding increase in the amount of blast, the additional fuel is decidedly injurious to
the working of the furnace, both as regards the quantity and quality of the metal.

For the complete combustion of the carbon a definite quantity of oxygen is required,
which must be supplied from a sufficient volume of air. The temperature attained will
depend entirely on the quantity of air supplied in a given time. If the necessary quantity be

* Tt must be remembered that in addition to the oxygen supplied by the blast, a certain amount of fuel is consumed by the
oxygen in the ores themselves.
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admitted slowly, the rate of combustion will be slow in proportion, and a minimam tempera-
ture attained. But if the air be supplied rapidly, the combustion becomes active, and although
the same quantity of heat is evolved from similar quantities of carbon and oxygen, as with a
slower combustion, 'yet in consequence of its evolution occupying a shorter period, the tem-
perature attained is proportionately higher. Every increase in the quantity of atmospheric air
admitted to the ignited fuel elevates the temperature of the products of combustion. So
that by the employment of suitable mechanical means for the introduction of sufficient
quantities of atmospheric air, almost any desired heat may be maintained in the interior of a
furnace.

The reverse occurs if the quantity of fuel is increased. The addition of carbon lowers
the temperature.* The volume of air admitted is insufficient to maintain the same active
combustion throughout the larger quantity of carbon. An increase in the quantity of fuel
is equivalent to a reduction in the volume of blast: in either case the quantity of oxygen,
in proportion to carbon, being reduced, the combustion is slower, and the lLieat maintained
less intense. Of course, just so much as the additional fuel lowers the temperature of the
furnace, it is positively injurious.

Furnace managers generally, however, entertain a different opinion respecting the effect
of an increased quantity of fuel in the furnace. Additional fuel is supposed to maintain a

. greater heat and produce a superior pig-iron. With this impression, whenever the quality is
low, or the furnace working badly, the weight of fuel is considerably increased—frequently
so much so that the evil which it is intended to remedy is augmented. In ecorroboration of
what we have already advanced respecting the necessity of proportioning the quantity of
blast to the carbon in the coal, we may remark that in derangements of the blast-furnace,
followed by a maximum yield of fuel, a minimum make occurs, and the weekly consumption
of carbon, and, consequently, its relation to the volume of blast, is but slightly altered. In
a case where the weekly make declined from 98 to 74 tous, the yield of fuel was increased

" from 39 to 54 cwts.; but the week’s consumption of coal increased from 193 to 202 tons

only. In another month the weekly make declined from 80 to 56 tons; the yield of coal
rose from 39.5 to 55 cwts. ; but the week’s consumption of coal diminished with the higher
yield from 158 to 154 tons. And in the following month the make declined to 48 tons; the
yield of fuel increased to 65 cwts. ; but the weekly consumption of coal—156 tons—remained
nearly the same. We have selected these as extreme cases of variation in the yield of fuel
without sensible alterations in the weekly consumption ; but lesser departures from the usual
yield with similar results are of daily occurrence. :
Through these reduced makes and augmented yields of fuel the volume of blast remained

unaltered. Carbon was freely supplied; but as the other element necessary to gencrate a

high temperature was not furnished in the same proportion, the benefits which might have
been produced were lost, and results the opposite of those sought were obtained.

The supply of blast is fixed; no increase in the volume can be effected without altera-

* Owing to the production of carbonic oxide.
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tions of the engine or boilers. Since an increase of blast from the blowing-machine is not
readily attainable, if even it were considered desirable, attempts are made to remove the
derangements occurring in the furnace by the simple addition of fuel. When derangements
occur, and additional blast is not obtainable, no alterations should be made in the quantity
of fuel; but the weight of ironstone, or other ironmaking material, should immediately be
reduced. If this be done, the greater heat maintained in the hearth and boshes, through the
absence of absorbing materials, speedily restores the furnace to a healthy condition.

The power of the blowing-engine at ironworks is almost without exeception much below
what the dimensions of the present blast furnaces require. A large surplus ought to be
available for cases of emergency; but, as a rule, the engines are not sufficiently powerful to
maintain in a thoroughly efficient manner their ordinary duty—that is to say, they are
incapable of discharging air in such quantities and of such a density as would conduce to the
greatest economy of materials and a maximum make.

The blowing machinery at the Scotch ironworks is manifestly incapable of supplying the
air necessary for the perfect combustion of the fucl in the limited time permitted by the descent
of the materials. A low temperature consequently prevails in the hearth, a considerable
quantity of the carbon of the fuel is wasted, and, as a necessary result of the immense
consumption of fuel, the pig-iron produced is surcharged with carbon, both mechanically
mixed and chemically combined, by which its strength is diminished, its manufacture into -
bar-iron rendered more difficult, and the finished bar, when tested, rendered of an inferior
quality.

Although we advocate the employment of ample engine-power and a sufficient blast for
the combustion of the fuel, we are very far from agreeing with the opinion entcrtained by some
ironmasters that with a blast increased in volume and density a diminution in the yield of coal
may be effected. What we desire to impress is the importance of proportioning the volume
of blast to the consumption of fuel, wherever economy in materials and regularity in the
working of the furnace are desired.

A volume of blast, greatly beyond that required for supplying the requisite oxygen to
the fuel, can only be attended by the reverse of beneficial results. What air is not decom-
posed to supply oxygen ascends with the gaseous products of combustion, and, by absorb-
ing heat, reduces the general temperature of the surrounding materials. An excessive
supply, therefore, may produce effects scarcely less injurious than those occasioned by a de-
ficiency.

The quality of the pig-iron from a furnace working upon the same kind of ironstone
may be affected by various causes, but the most common are the variable qualities of fuel
and flux, variations in the pressure and volume of blast, and in the state of the atmosphere.
The quality is probably more dependent on the fuel than on the other materials. If the coal
or coke be deficient in carbon, and contains a large proportion of earthy matters, it is unfit
to be used for smelting. The best grey pig-metal cannot profitably be manufactured with
such coal; and experience has demonstrated that if the fuel contain a notable per-centage of
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sulphur it is unfit for smelting the finer qualities of metal. If such coal be coked the sulphur
is partially expelled during the process, but its complete volatilization requires a higher
temperature. A portion is consequently present in the fuel when it reaches the hearth, and
there combines with and contaminates the metal, diminishing its strength and other valaable
properties.

A weak coal, if used in the blast furnace in its raw state, is very liable to be splintered
by the heat of the ascending gases immediately it has entered the throat. The cohesion of
its particles is weakeuned, and ultimately destroyed by the rapid expansion and escape of its
volatile constituents. Fragments descend with the materials, filling up the interstices and
obstructing the passage of the ascending column of gases and their free action on the iron-
stone, until, on arriving at the hearth, they drop through the melting zone and below the
direct action of the blast, and are finally discharged with the escaping gas under the tymp,
or more commonly cleaned from off the fluid cinder. Under these circumstances, the metal
being deprived of the beneficial effects of a considerable portion of the fuel, is of a quality
below that due to the quantity or composition of the fuel, and from the comparatively low
heat maintained at the tuyeres with such fuel, the metal does not freely separate from the
cinder, and consequently is charged with impurity.

If a weak coal is coked before entering the furnace, its injurious effects on the quality of
the metal are equally apparent. The coke produced being of a light spongy hollow nature,
offers an extended surface for the action of the blast, an intense local heat is generated, and
the fuel is consumed too rapidly for its due action on the ores treated. A furnace working
with such coke will, as a general rule, produce metal of a low quality.

If the coke has been overdone by allowing the coking process to proceed too far, a
portion of the carbon will have been consumed; and as the proportion of fuel is generally
estimated by barrows of a known capacity, the same charge of overdone coke will contain
more ash and less carbon than if properly prepared. Its power of producing metal will,
therefore, be diminished, and since a slicht reduction in the quantity of carbon is perceptible
in the quality of the metal, the employment of such coke invariably results in an immediate
deterioration in the metal produced.

Under the old system of coking in the open air, the coke produced was seldom overdone.
The conversion of the coal into coke was the operation of several days—generally eight or
ten—and, being open to inspection, the combustion of every portion of the heap was under
the control of the workmen. Lately, however, at several works the process has chiefly been
conducted in brick ovens. A greater yield of coke is supposed to follow the use of this
method, but from our own observation we do not find that this increase of yield is at all
commensurate with the defects of the coke so prepared. The operation is conducted with
great rapidity, 3 or 4 tons of coal being charged into an oven, coked and withdrawn every
24 hours. We have yet to learn that this high-pressure system of coking produces a fuel
capable of carrying a higher or even as high a burden as that prepared upon the older and
slower plan. It is certain that coke prepared in ovens is commonly either burnt or under-
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done, and wherever it is used the quality of the metal and working of the furnace are most
variable. * '

The use of coal partially coked deranges the working of the furnace, and has an inju-
rious effect on the quality of the metal. This deterioration in quality will be greater or less
according to the character of the coal. If it be of a highly bituminous description, swelling
considerably in coking, the deterioration will be considerable ; but if of a semi-bituminous
character, increasing but slightly in bulk, the bad effect will not be so great. The cause of
this mischievous effect from the use of partially-coked coal is probably that the hydrogen and
other volatile substances are not completely expelled from the centre of the individual masses.
On being suddenly thrown into the hot furnace the coking process recommences; the uncoked
coal expands, bursting the external crust of coke into fragments, and the rapid expulsion of
its volatile constituents so weakens the cohesion of its particles that it is crushed by the weight
of superincumbent materials. In the hearth the dust and broken pieces of coke are incapable
of maintaining a sufficiently high temperature for the production of grey metal, the usual
quality under such circumstances being white or mottled.

A large quantity of inferior coke is also prepared from the small of highly bituminous
coal. This practice is of very recent date. If, however, the coal, before it has had time to
lose its good qualities by exposure to atmospheric influences, is carefully coked in properly-
arranged ovens, very excellent fuel may be produced. But if, on the other hand, it be allowed
to remain for a long period stored in large heaps, as we have frequently observed it, the coke
produced is of a very inferior quality. This is rea<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>