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254 DIRECT EXTRACTION OF IRON FROM THE ORE.

DIRECT EXTRACTION OF IRON IN THE MALLEABLE
STATE FROM THE ORE.

In ancient times iron was always extracted from its ores in the
state of malleable iron ; and to this day the same method is practised by
the natives of India, Borneo, and Africa; nor indeed is it yet extinct
in Europe: it is stated, moreover, to be still extensively employed
in Vermont and New Jersey, U.S.! This method will be designated
the direct process, to distinguish it from the modern or indirect process,
in which cast-iron is first produced. The subject will, accordingly, be
treated under these two heads. The apparatus employed is of the
simplest kind, consisting of a small furnace or hearth and a blowing
machine. Only rich ores are employed, and the fuel is invariably
charcoal. A lump of malleable iron is directly obtained, which is
hammered out into a solid more or less rectangular mass, called a
bloom, which is afterwards extended under the hammer into bars. The
term bloom is still in common use, and is clearly derived from the
Saxon word bloma, which is defined by Bosworth as ‘‘metal, mass,
lump.” The ancient furnaces in which the direct process was carried
on were designated bloomeries® The scale of operation is utterly in-
significant compared with the modern indirect process. I shall describe
this process as conducted in different parts of the world.

IRON-SMELTING IN INDIA.?

The Hindoos appear to have carried on the direct process from time
immemorial, as we may certainly infer from the large accumulations
of slag which occur in various localities in India; and, as it is scarcely
possible to imagine anything more rude than their appliances, or any-
thing more diminutive than their scale of operation, it would seem
that they have not made any substantial progress in their art, at least
in many districts. Their furnaces are frequently not larger than a
chimney-pot, and hours of incessant toil are required to produce a few
pounds weight of iron; and yet the price at which they sell the metal
is surprisingly low. They belong to inferior castes, and their occu-
pation is regarded as degrading. They are, nevertheless, hard-working
and useful people, though extremely poor and earning a wretched

! The Manufacture of Tron in all its
various branches. By Frederick Over-
man. Philadelphia, 1854, p. 245.

2 Contributions to Literature, Histori-
cal, Antiquarian, and Metrical. By Mark
Antony Lower, M.A,, F.S.A. London,
1854, p.117. The expression bloma ferri
occurs several times in Domesday Book.
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pittance which barely suffices to keep body and soul together. They
deserve a better fate.

I am indebted to Mr. Howard Blackwell for a succinct and sys-
tematic account of native iron-smelting in India, founded to a consi-
derable extent on his own observation. Mr. Blackwell, under the
direction of the Indian Government, explored the mineral resources,
especially with reference to coal and iron, of various parts of the
country, and, having been himself practically engaged in the manage-
ment of iron-works in England during several years, was well quali-
fied to observe with accuracy the native processes.*

The ores employed are magnetic oxide and rich red and brown
hamatites. Captain Campbell states that he has seen specular iron-
ore used by the Konds of Goomsoor.® The process of smelting varies
somewhat in different districts; and this variation is due partly to
local custom, and partly to the fact that the art has most advanced
where the population is most dense and civilized.

The furnaces may be divided into three typical kinds. The first
kind is employed on the western coast of India, in the western Ghits,
and usually through the Deccan and Carnatic, and is the rudest form
of furnace in use in the less civilized districts and among the Hill
Tribes. The second and third kinds are employed in Central India and
the North-West Provinces, and resemble the simplest forms of the
Catalan forge and the German Stiickofen respectively: they are
greatly in advance of the first, and are capable of producing wrought-
iron in considerable quantities, as well as natural steel.

The blast is produced by bellows very unlike those of Europe. The
bellows in common use consists of the skin of a kid or goat, taken off
the animal by opening the hinder part only ; the holes corresponding to
the legs are sewn up; at the neck-end is inserted a nozzle of bamboo,
and the tail-end is cut transversely, so as to form, when the edges are
bronght together, a long, straight slit for the admission of air. For a
considerable length, but not to the whole extent, of each of the edges or
lips composing this slit, a piece of split bamboo is firmly tied on the
exterior. By this means the slit may be readily closed or opened, and
made to act the part of a valve. The skin should be rendered very
supple by rubbing it with oil or buttermilk. Each furnace is provided
with at least two such bellows. One man is required to work
them, and he sits cross-legged on the ground between them, moving
them alternately in order to keep up a continnous and regular blast.
A leathern thong passes from one of the lips of the valve round his
hand, and to fill the bellows he drops the lower lip and raises the
upper one, when air enters, swelling out the skin into the shape of a
conical bag. He then quickly catches up the lower lip, closes the

¢ He is the author of the Report of the | valley,
Fxamination of the Minerul Districts of | 3 Calcutta Journ. of Nat. Hist, as
the Nerbudda Valley, Printed as No. 144, | quoted in Appendix to the Report of the
New Series of Selections from the Re- | Governmoent Central Muscum of Madrus,
cords of the Bombay Government. He is | 1856, p. 12.
now (1862) directing the collieries of that



256 _ IRON-SMELTING IN INDIA.

valve, and bears with his weight on the inflated skin, forcing out the
contained air through the nozzle into the furnace. Large bellows of
similar construction are made of buffalo-hide, with the exception that
the skin is sewn up along the line of the belly, and the bamboo strips
are fixed together at one end of the valve, and can be separated only
at the other, where they are prolonged beyond the skin, so as to form
convenient handles. Such a bellows requires one man to work it.

Another mode of making and working these bellows is described as
follows : “The open end of the skin is finished by folding the edge of
one side, as a flap, about 4 inches over the other edge, and sewing up
the upper and lower corners, so as to leave a part of both flaps open
for about 9 inches. When the skin is filled with wind, and pressed,
the inner flap closes therefore against the outer, and stops the passage.
Each skin is managed by one man, who places it in his lap, and
squeezes it down with the elbow and lower part of the right arm,
grasping at the same time a projecting sort of handle of leather,
formed at about the part where the tail of the animal might have
been. To enable the blower to fill the skin again with wind, a piece
of string is attached to the lower corner of the posterior part, which
is tied to a peg driven into the ground about a foot behind the man’s
elbow, and keeps the skin distended to its full extent as it lies in his
lap: and a loop of leather is also fastened to the outer flap, through
which the arm is passed, by which the opening into the skin is
distended upon raising the elbow; and the skin being pulled out
horizontally by the neck in one direction, and the string and the peg
in the other, upon pulling up the middle part vertically by the leather
grasped in the hand, the skin is opened out into a triangular shape,
and fills with wind through the open flap. While squeezing the skin
in blowing also, by pressing the hand forward so as to pull against the
string attached to the posterior part, the valve-flaps are made to close
fairly and properly, so as to allow hardly any wind to escape. The
left hand is employed in assisting the right, or in squeezing the
distended parts of the skin upon the side. It will be observed that,
as both the necks of the skins open into the blast-pipe, a portion of
the wind expelled from one skin passes back again into the other, as
they are worked alternately ; a defect which might have been remedied
in a most simple manner, by attaching little hanging door-valves to
the ends of the pipes.”*

In Orissa and some other parts of Bengal, bellows of a very different
and ingenious construction are in use, and will presently be described.”
In the Museum belonging to the India Board are small single-acting
blowing cylinders of wood, of which the piston is packed with feathers.
It will appear in the sequel that such machines are in operation in

6 On the Manufacture of Bar-Iron in 7 I have specimens of these three kinds
Southern India. By Capt. H. Campbell. | of bellows in my collection, for two of
Appendix to the Report on the Govern- | which I am indebted to Mr. Blanford,
ment Central Museum, Mudras, Madras, [ and for a large one of buffalo hide to
1856, p. 13. Extracted from the Calcutta | Colonel Anderson.

Journal of Natural History.
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Borneo. 1 shall have occasion to describe an admirably constructed
Chinese double-acting blowing machine of wood, in which the piston
is also packed with feathers. In the same Museum are preserved most
ingenious bellows constructed entirely of leaves.

The tools are much the same at all Indian furnaces. The anvil
is of wrought-iron, very small, square, and without the beak of an
English anvil, to supply the place of which a separate tool is used.
The hammer, tongs, etc., do not differ sufficiently from those in use in
Europe to require description.

Hard woods, such as teak and babool (Acacia Arabica), are preferred
for charcoal ; but; failing these, any description of wood is used, and
in some places bamboo. According to Mr. Blanford the wood called
sdl (Shorea robusta) is preferred where obtainable. The larger lumps
of charcoal are broken to about the size of walnuts, and the dust
sifted out.

The ore is brown hamatite. It is broken into small particles not
larger than peas, and the fine dust produced in the operation of
crushing is carefully sifted out and thrown aside.

First kind of furnace.—It varies in size, and sometimes in shape; but
the principle of its construction and the method of working are always
the same. In its simplest form, among the Hill Tribes of the Ghits,
it is only 2 ft. high, and yields 5 or 6 1bs. of iron at a charge, while, in
its more advanced state in the Deccan, it is often 4 ft. high, and pro-
duces 30 lbs. of iron at a charge. It is circular in form; its width at
the bottom or across the hearth is from 10 in. to 15 in., and at the top
from 6 in. to 12 in.; and, as stated above, its height ranges from
2 ft. to 4 ft. It is built entirely of clay carefully tempered. In use
the lower part wears rapidly away, and is constantly repaired with a
lining of fresh clay. There are two openings into the bottom of the
farnace, through one of which the blast is admitted, and through the
other the slag or cinder and the iron produced are removed. With
respect to this practice Mr. Blanford informs me, that in all the fur-
naces which he has seen in Bengal and the Carnatic the cinder runs
out at the side, and the iron is withdrawn through the same aperture
as that through which the twyers pass.

The operation of smelting is conducted in the following manner:—
The furnace, if a new one, is carefully dried by keeping a fire in it
for some hours. Two earthen pipes or twyers about 12 in. long and
1 in. in internal diameter are placed side by side in the opening at the
front of the furnace, so as to project 2 in. or 3 in. into the interior of
the furnace, and be 3 in. or 4 in. above the bottom, and with each of
these twyers a bellows is connected. The remainder of the opening is
then filled with clay, and the front opening is in like manner stopped.
The furnace is now filled nearly half full of charcoal, and upon this fire
is put, after which it is filled up to the top with charcoal. The blast
is then applied. The smelters attach a good deal of importance to the
kindling of the firo at a proper height above the twyer, and as it extends
downwards very slowly a small quantity of charcoal remains unburnt
in the bottom of the furnace until almost the end of the operation.

8
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When the charcoal sinks at the top of the furnace, alternate charges
of ore and charcoal are supplied until the proper charge of ore has
been introduced, after which the blast is increased as much as possible
and thus maintained till the close of the operation. Cinder soon
appears in the hearth, and, when it rises to the twyers, is tapped off
by inserting a small bar through the fore part of the furnace. The
greater part, however, of the cinder remains in the furnace and is
taken out along with the iron. In from 4 to 6 hours a charge is com-
pleted, when, the front of the furnace being removed, a small mass of
malleable iron, cinder, and unburnt charcoal is drawn out. If the
operation has been properly conducted, the iron is-sufficiently hot to
be hammered at once into a tolerably sound bloom, with the extrusion
of a thick viscid cinder; but it is sometimes too cold for this purpose,
and must in that case be reheated in an open charcoal fire.

As a large part of the front of this furnace is removed at the end of
each successive charge in order to extract the iron, much time is wasted
and fuel lost from the cooling of the furnace. Hence, it is generally
impossible to work off from one furnace more than two or three charges
daily. .

In districts where this kind of furnace is in operation, there is
usually no division of labour, the same family collecting the ore,
burning the charcoal, making the iron, and immediately afterwards
working it up into such articles as may be required by the villagers.
The smelters are sometimes itinerant, going from village to village
and setting up their furnuce wherever a demand for iron exists, and a
supply of ore and charcoal can be obtained.

Second kind of furnace.—It is generally employed through Central
India and the North-Western Provinces, in which manufactures of all
sorts have acquired a much greater development than in the districts
before mentioned.

The iron-makers here are united in villages of which the sites bave
been determined by the proximity of ore and wood of good quality for
charcoal. Tn the larger villages there is usually a complete subdivi-
sion of labour, miners, charcoal-burners, smelters, and blacksmiths
forming separate classes; and the iron is frequently sent for sale to
considerable distances from the places of manufacture.

The descriptions of the second as well as third kinds of furnaces are
taken from examples occurring in Tendukera, probably the largest
iron-making town in India, and containing from 50 to 6O of such
furnaces.

The second kind of furnace consists of a bank of well-tempered clay
in which is a cylindrical cavity from 15 in. to 18 in. in diameter, and
about 2 ft. 6 in. deep. 'The bank is frequently extended in length, and
contains a row of two or three similar cavities at convenient distances
from each other. At the bottom of each cavity are two openings on
opposite sides.

The modo in which the ore and charcoal are prepared and the fur-
nace set to work is much the same as in that just described. The
furnace being filled with charcoal in the first instance and the blast
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applied, ore and fuel are charged alternately. When the cinder has
accumulated to a certain extent in the hearth, it is tapped off through
the front by inserting an iron bar; but when a charge of iron is ready,
it is taken out through the top of the furnace by means of a pair of
tongs, having previously been formed into a ball, with an iron bar also
introduced through the top. As soon as the ball is removed, the
cinder remaining in the furnace is tapped off through the front, and
fresh charges of ore and charcoal are supplied. Hence, the principal
defect of the first furnace does not exist in this; for as the iron is to a
certain extent manipulated in the furnace iteelf and then removed
without the destruction of the lower part of the furnace, it is possible
to charge again without delay or allowing the whole stracture to cool.
Six Inmps of iron of about 20 1bs. in weight each are made in the day
of 16 hours,.and hammered without reheating into sound blooms. Thig
furnace is obviously a considerable improvement on the first, and is in
fact a small Catalan furnace.

Third kind of furnace.—It is employed in the same district as the
second, but for the manufacture of a superior quality of iron and of
natural steel. It is built of clay, and is usually placed in the side of a
mound. Its entire height on the outside is from 8 ft. to 10 ft., and
within from 6 ft. to 7 ft., so that the bottom of the hearth is from 2 ft.
to 3 ft. above the ground. It is 18 in. square in the interior, and of
the same size from top to bottom. Its front wall is usually not more than
5in. or 6 in. thick, so as to admit of its being removed at pleasure;
and when this is done the body of the furnace presents the appearance
of a vertical trench 18 in. square, cut in the front of a mound of well-
tempered clay. The working bottom of the furnace is formed by a
plate or tile of dried clay, in which are a number of small holes
punched nearly through, and which is placed at an angle of about 45°
with the back of the furnace.

A modification of this furnace is sometimes used, in which the cross-
section is about 15 in. by 21 in., instead of 18 in. square ; and the fuel
consixts of alternate charges of charcoal and wood. This furnace works
well, but possesses no peculiar advantage.

In setting the furnace to work, the bottom plate or tile is first put
in, and then cow-dung is introduced to the depth of about 12 in. On
the top of this bed of cow-dung about 4 in. or 5 in. above the front
edge of the bottom plate are placed two earthen pipes or twyers,
which are at least 18 in. long, and project into the furnace almost to
the back. The furnace is then partially filled with charcoal, lighted,
and afterwards filled to the top with charcoal. 'T'he blast being applied
from the front, the man who works the bellows sits upon a sort of
scaffold raised 2 ft. or 3 ft. from the ground. Cre and charcoal are
alternately charged, and the smelting continues from 12 to 16 hours.
A considerable quantity of cinder is tapped out at intervals by passing
an iron bar through the semi-perforations in the bottom plate into the
furnace, beginning first with the lower holes and afterwards proceed-
ing to the upper ones ; the holes from which the cinder has been drawn

are stopped with clay in turn, as the iron accumulates at the bottom
8 2
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and extends up to them. When the twyers are entirely burnt away,
the iron having risen to their level, the smelting is completed ; the
bottom plate is then removed with an iron bar, and the mass of iron and
cinder which has collected in the bottom of the furnace allowed to fall
to the ground. The lump of iron frequently weighs from 150 to
200 1bs., and is too large to be hammered whole. It is, therefore, cut
by means of a sharp-edged sledge, so that when cold it may be broken
into four pieces. It usually consists of a mixture of malleable iron
and natural steel, the relative amounts of which are stated to depend
more upon the nature of the ore than any modification of the process.
When, however, the object is to produce steel, a large proportion of
charcoal is employed and a gentle blast applied. The steely parts fre-
quently present the same appearances on fracture as the best blister
“steel from Swedish iron ; and they are carefully selected and prepared
for use by being heated to a low red-heat in a charcoal fire and then
cut into small pieces of convenient size for making edge-tools, etec.
When iron is wanted instead of stecl, the pieces into which the lump
has been broken are raised to a welding heat and hammered into bars,
by which means it loses almost all appearance of steel. Sometimes
small quantities of cast-iron are produced in this furnace to the great
annoyance of the smelters, who have much difficulty in separating it
from the rest of the iron. They consider that in this case the iron has
been injured by raising the temperature of the furnace too high.

The last or third kind of furnace differs so much in certain details
from a furnace evidently belonging to this class described by Aikin®
from a MS. of Major Franklin, that 1 insert a short account of the
latter. The accompanying diagrams of this furnace will render any
lengthened description unnecessary.

Fig. 1, ground plan. A, the furnace:
the walls are made of large unburnt bricks
and lined with clay. B, a trench 3 ft.
decp, having a sloping entrance, as shown
by the arrow.—Fig. 2, front elevation.—

. Fig. 3, vertical section.—Fig. 4, the twyer,
T, composed of two diverging ecarthen
pipcs imbedded in & muss of dried clay.
H, hearth-bottom of sandstone, or some
other hard and difficultly fusible rock : its
surfuce slopes towards the front. C, plate
of clay, perforated with holes, which are
opened or stopped up according to circum-
stances. W, a clay wedge for regulating
the dip of the twyer. E E, plates of
burnt clay or thick tiles that fill up the
space in front of the furnace not occupied
Fig.3. by the twyer. D, a mass of cow-dung and

) chaff. There are two bellows to a furnace,

which are fixed in front at a convenient height from the ground. The twyer is

kept ﬁn'nly'in its place by a vertical bar, the bottom of which presses on it, while
the top is hitched into a loop of iron placed between two lateral studs or staples.

® Illustrations of Arts and Manufactures. By Arthur Aikin. T.ondon, 1841, p. 289.
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The entire height of the furnace varies from 4 ft. 4 in. to 8 ft., and its diameter
at the widest part from 1 ft. to 3 ft. 9 in.

It will be observed that the back of the furnace inclines considerably forwards,
and this is stated to be an essential condition of its construction.

By way of special illustration of the first kind of furnace I have
pleasure in presenting a description of iron-smelting in Orissa, Lower
Bengal, from the pen of my friend and former student, Mr. 1I. F.
Blanford, recently of the Geological Survey of India.

* The form of furnace shown in the accompanying woodcuts is that used in the
Tributary Mechals of Orissa, but with some slight modifications may be regarded as
typical of those employed generally by the natives of Lower Bengal. The furnace
from which the original sketches of the woodcuts were taken was seen by me in
operation in the village of Kunkerai, which, like all such villages in this part of
Bengal, is inhabited exclusively by the iron smelters, and is distinguished from the
agricultural villages around by the filth, poverty, and degraded condition of the inha-
bitants. The iron smelters of Orissa, as I believe, generally in Bengal form a class
apart from the agricultural inhabitants, belonging, indced, to the isoluted aboriginal
tribey which, under varying names, are found in all the hilly tracts of the peninsuln,
and are regarded by modern ethnologists as the degenerate relics of the aboriginal
Tamul race. In Orisea there are several of such tribes, differing in their relative
degrees of civilisation : the iron smelters of the Talcheer and neighbouring districts
belong to the large tribe of the Kols or Cules, They are to a certain extent nomadie
in their habits, remaining in one spot only so long as plentiful supplies of ore and
wood are obtainable in the immediste vicinity. These failing, or, as frequently
happens, on the occurrence of anything that is regarded as of cvil omen by these
supenstitious communities, they transport themsclves and property to some more propi-
tious site, and work away as before. The heavy rains and increasing jungles soon
obliterate the remnants of the deserted village, with the exception of the large accu-
mulations of slags, which remain for centuries, monuments of an unprogressad art.
Such lumps of slag are frequently found in jungly districts, where no iron manufucture
bas been carried on within the memory of the inhabitants,

“In the furnace here shown the only essential parts, i. e. pnrts common to all the
furnaces of Orisea, are the cylindrical portion or furnace proper and the betlows
spparatus. The inclined earthen truy with its wooden and bumboo supports I have
only seen in a few villages. The furnace is of the rudest construction. It is built of
the highly ferraginous sandy soil of the country, moistened and kneaded, and is gene-
nally strengthened by a sort of skeleton of strips of flexible wood. Sce sections, figs. 6
and 8, over which the earth is worked. In form it varies from a cylinder, more or less
circular, to a frustum of a tolerubly acute cone, the walls being cither of equal thick-
beas ‘about 3 inches) throughout, or rather thicker towards the base. The height of
the furnace is generally about 3 feet, and the mean internal diumeter about 1 foot;
bat all the dimensions vary according to the skill of the workman, or, more probably,
according to local custom or chance. There are two apertures at the base of tho
furnace : one in front, about a foot in height, and rather less in width than the internal
diameter of the furnace, through which, when the smelting of one charge is finished,
the resulting mass of spongy iron is extracted, and which, during the smelting, is well
Plastered up, the small conical twyer being inserted at the bottom. This twyer is
usually made of the same material as the furnace, viz of a red argillaceous sand,
worked by hand into the required form and sundried ; but sometimes no other twyer
is employed than a lump of moist clay with a hole in it, into which the bamboo pipes
wmmunicating with the bellows are inscrted.! 'The other aperture is smaller, and

? 8ce Mem. Geol. Survey India, Part 1. | of Cuttack. Most of this Report is taken
Pp. 60, 65, &c. from a MS8. of my brother's, cxcept sucl't
! “See p. 16 of Report on Coul and Iron | parts as are taken from published works.
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placed at one side of the furnace an- chiefly balow the ground, forming a communica-
tion between the bottom of the furnace chamber and a small trench into which the
slag flows, filtering out through a small pile of charcoal (sce b, figs. 4, 5). The bed
of the furnace is slightly inclined towards this slag-hole to allow the slag to flow. away
frecly. The latter solidifies as it leaves the furnace into vesicular cakes, which are
removed occasionally with pincers by the workmen.

“ The inclined tray at the back of the furnace is, as above stated, very locally
employed. It is formed of the same material as the furnace, kneaded into shape, and
supported on a bed of spht bamboos laid on a wooden framework. On it is piled a
supply of charcoal which is raked into the furnace as reqmrcd

“ The blowing apparatus employed in Orissa is very ingenious, and is perlmps as
cconomical of human labour as any form of hand-bellows. Sections of it are shown
in figs. 9, 10, in the one case extended, in the other compressed. It consists of &
circular segment of hard wood, usually mango-wood, rudely hollowed, and with a piece
of buffalo hide with a small hole in its centre tied over the top. Into this hole a
strong cord is passed, having a small piece of wood attached to the end to keep it
inside the bellows, while the other end is attached to a bent bamboo firmly fixed
into the ground cloge by. This bamboo acts as a spring, drawing up the string
and coneequently the leather cover of the bellows to its utmost stretch, while air
entors through the central hole. When thus filled, & man places his foot on the
hide, closiug the central hole with his heel, and then throwing the whole weight
of his body on to that foot he depresses the hide and drives the air out through a
bamboo tube inserted in the side and communicating with the furnace. At the
samo time he pulls down the bamboo with the arm of that side. Two such bellows
are placed side by side, thin bamboo tubes priming to the same twyer:; and so,
by jumping on each bellows alternately, the workman keeps up a nearly con-
finuous blast.

I havo never seen this form of bellows clsewhere than in Orissa. The bellows
employed vary greatly in different parts of India.2

“ The drawings are much idealized as regards regularity and neatness of construc-
tion, but the dimensions, cte., are accurately copied from the original. The native is
far too intellectual, muscular, and clean for any Kol that ever lived.”

The slags contain rounded particles of iron, which are separated by
pounding and washing, and are used instead of leaden shot.

Dr. Hooker has published a brief notice of native iron-smelting in
the Nonkreem valley, in the Khasia mountains. The ore is described
as iron-sand (magnetic oxide ?) disseminated through coarse reddish
sand resulting from the decomposition of soft granite occurring in
the locality. In order to procure this iron-sand, the natives conduct
water over the beds of granite sand; and as the lighter particles are
washed away, the remainder is removed to troughs, where the sepa-
ration of the ore is completed. The ore must be very abundant, as
Dr. Hooker states that ¢ the country is everywhere intersected with
trenches for iron-washing, and some large marshes were dammed up
for the same purpose.” * The smelting,” Dr. Hooker states, *is very
rudely carried on in charcoal fires, blown by enormous double-action
bellows, worked by two persons, who stand on the machine, raising
the flaps with their hands, and expanding them with their feet.” In

2 This kind of blowing apparatus was | Oct. 1831. Calcutta. It was observed
described and figured by Mr. Robert Rose | by him in use for making iron at Amdeah,
in the Gleanings of Science, No. 34, | near Sambhalpuir.
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Fig. 7. Front elevation.
L LA i 3 N - s
Fie 4. Side elevation.

Pg. 8. Vertical section on the line a b, fig. 8.

Fig. 9. Vertical section of one of the bellowa,

Fig. 10. Section of one of the bellows, showing

the action of the heel in depressing

n . the #kin and closing the opening in
Z 6. Vertical section through the centre and one of the bellows. 1ts centre.
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illustration of this Dr. Hooker has given the annexed woodcut, which
is from the same block as that in his work. ¢ There is neither furnace
nor flux used in the reduction. The fire is kindled on one side of an
upright stone (like the head-stone of a grave), with a small arched hole
close to the ground : near this hole the bellows are suspended ; and a
bamboo tube from each of its compartments meets in a larger one, by
which the draught is directed under the hole in the stone to the fire.
The ore is run into

oo lumps as large as two

! : fists, with a rugged

surface : these lumps
are afterwards cleft
nearly in two, to
show their purity.”?*
If Dr, Hooker’s en-
graving had not been
accompanied with a
specific description,
I should bave sup-
posed that it was in-
tended to represent
a charcoal fire used
solely for the pur-
pose of re-heating
the iron during the
operation of ham-
mering it out into
bars or other furms.
Details of the con-
struction of the bel-
lows would have
been desirable. As
shown in the en-
graving, they seem
capable of being
worked by the feet
alone; for, by means
of the attachment be-
tween them, as the
air would be expelled by pressing obliquely with the foot on one side,
the other would by the same action become inflated. The two sides may
be thus alternately filled and emptied, so as to produce a continuous
blast. The attractive damsel figured by Dr. looker will naturally
excite the sympathy of the reader. 1 have met with another descrip-
tion of iron-smelting in this district, illustrated by a very artistic

ig. lva. Iron Furnace, Khasta Mountains.

$ Himaluyan Journals. London, 1864, 2, p. 310.
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etching, which leads me to infer that-the bellows seen by Dr. Hooker
were worked as I have suggested. The furnace in this account is
obviously a smelting furnace, and widely differs from that described by
Dr. Hooker. I insert the following extract, which, though short, is
pretty clear and explicit.*

¢ There are large grass huts at least 25 ft. high, the thatch of which
reaches down to the ground on all sides. The interior, of an oval
form, 15 by 20 ft. in the two diameters, is divided into three apart-
ments; the central one being the smelting-room. Two large double
bellows, with the nozzles pointed downwards, are set up on one side
of the apartment, on the upper part of which a man stands with one
foot on each, his back supported by two planks. He holds a stick in
his left hand, which is suspended from the roof, and has two strings
attached to it below, connected with the two bellows: these are
worked quickly by a wriggling motion of the loins, and the strength
of the leg. The nozzles of the bellows unite in a tube which leads
underground, from a sort of wind-chest, to the hearth about 4 ft. in
front of them. Over the hearth is a chimney of pipe-clay braced with
iron hoops, 2 ft. in diameter at the bottom, and about 6 ft. high.
The mouth at bottom is on the side away from the bellows, and the
chimnney inclined from them to direct the heated air from the smelter
towards an opening in the roof. At the right side of the bellows, and
even with the top of the chimney, is a trough containing damp charcoal
and iron-sand : at every motion of his body the operator with a long
spoon tumbles a piece of this charcoal, with the iron-sand adhering to
it, down the funnel of the furnace, and when a mass of melted, or
rather softened, iron is formed on the hearth, it is taken out with
tongs, and beaten with a heavy wooden mallet on a large stone by
way of anvil. The iron in this state is sent down to the plains for
sale or barter.” The fire-clay employed is said to be procured in
large quantity near a limestone hill in the vicinity.

The bellows represented in the illustrative etching seem to be com-
posed of wood and skin or leather, and closely to resemble ordinary
European bellows.

One would naturally suppose that voracious iron-works, consnming
as they do almost every living plant or tree in their vicinity, and
changing a beautiful landscape into a hideous desert, would be regarded
with peculiar abhorrence by an ardent and illustrious botanist, like
my friend Dr. Hooker. But, so far from this, the metallurgist will be
gratified to learn that Dr. Hooker, with a catholicity of scientific
feeling which is somewhat surprising, indited the following passage
even in view of the gorgeous scenery of the Himalayas :—** Few houses
were visible, but the curling smoke from the valleys betrayed their
lurking-places, whilst the tinkling sound of the hammers from the
distant forges on all sides was singularly musical and pleasing ; they

4 8melting of Iron in the Kasya (sic) | Mr. J. Prinscp, and the drawing from
Hills. Jour. of the Asiatic Soc. of Ben- | which it was made and the notico are
gal, 1832, 1, p. 150. The ctching is by | by Mr. W. Cracroft.
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fell on the ear like ‘ bells upon the wind,’ each ring being exquisitely
melodious, and chiming harmoniously with the others. The solitude
and beauty of the scenery, and the emotions excited by the music of
chimes, tended to tranquillize our minds, wearied by the fatigues of
travel and the excitement of pursuits that required unremitting atten-
tion; and we rested for some time, our imaginations wandering to
far-distant scenes, brought vividly to our minds by these familiar
sonnds.”® Whether the ‘‘sweet music” of the forges, or the asso-
ciations which they excited in the mind, contributed most to the
inspiration of Dr. Hooker when he wrote this glowing passage, must
be left to the decision of the reader.

ComMeRCIAL DETAILS.

A few authentic statements concerning yields and cost of extracting
and manufacturing iron in India by the native methods may interest
and perhaps rather astonish British as well as Continental iron-
masters.

In Southern India (1844) lumps, as they come from the furnaces,
and weighing about 11 1bs., are sometimes sold at the rate of 2 annas
(3d.) each. But the best lumps in forging yield only about 6 lbs. of
iron, and generally not more than 3 Ibs. The expense of forging the
crude lumps of iron into rough bars by hand-hammers may be esti-
mated at 40 rupees (41.) per ton of the former; so that the expense of
the bar-iron will be 80 rupees (8..) per ton, which a few years ago,
when the above statement appeared, was less than the market price
at Madras of the cheapest English bar-iron.® To work a furnace about
4 ft. high, four men are required, one master and three labourers, and
they only make 3 Inmps in the day of 12 hours. Captain Campbell
states that in small blast-furnaces not larger than the native ones, he
was able with two men to produce 40 Ibs. of crude iron in a day of
12 hours, with an expenditure of half the quantity of ore and charcoal
consuined by the natives’ The same writer asserts that the worst
Indian iron he has ever seen is as good as the best English iron, and
he supposes that the alleged defects of the former were due to its
almost always containing a considerable portion of steel. Iron pro-
duced in his own native furmaces in Southern India could be drawn
out under the hammer into a fine nail-rod not ¢ inch thick, without
splitting, and might be bent backwards and forwards 6 or 7 times
before it broke. It could be twisted to a considerable extent without
fracture, and a half-inch bar } inch thick bore doubling together cold
and hammering down close to the angle with very little appearance of
separation between the fibres. Indian iron of native manufacture is
stated by some to be generally red-short, cracking at the edges when

3 Op. cit. 2. p. 295. ground that he had not made a proper
¢ Captain Campbell, on whose autho- | allowuncoe for the waste in forging.
rity these statements are made, subee-| 7 Appendix to the Report on the Go-
quently corrected this estimate to 90 | vernment Central Museum of Madras,
rupees (91.) per ton of bar-iron, on the | p. 14.



