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OBSERVATIONE ON SEVERAL MINES IN THE CENTRAL PART OF INDIA,

@, WITH AN ACCOUNT OF THE INDIAN MODE OF MANUFACTURENG IRON AND
PLANS OF THE MACHINERY & IMPLEMENTS s oirca 1829

A
\'.\//

y

An eppertinity afforded by the Government of Bengal in

mode of iron, I beg to offer the result
observations to the "ble court of directers

India Company and I desire more particularly to draw Thm
attention to the simple forge and refinery, by means of which
the process of smelting and decarbenization is performed.
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which intersects the heart of Indiaj and their leocalities are

L\ as Pollows,

IRON MINES OF JABALPUR

nwmmu.f:.mmmmmmum.

m*&;&»#&m-ﬁm P

the ore (HO 12) of the first four, is micaceous, resembling

in ite less oxidated condition Ivon CGlance; at %
exploi

and it is interstratified with %,
Laterite is sﬂu'_?:unnn capped with the other places,
given by Dr Bhchanen 1t is in fragments, buried in feruginous gravelly clay, about

%o a species of igen five or six feet below the surfacej it melts easily; and on

clay very prevalent actual experiment, 170 sers of ore, smelted by 140 of charceal,

in India. produced 70 sers of crude iron n in ten hours, which
is oqual to 40 per centj the ore of is less oxidated
than the otherss it slightly affects the needle when heated,
and seometimes crystallicesj its streak is cherry red, and from
its hardness, it ie prinecipally smelted for steel.

The same kind of ore (No 13) still less oxidated, is in great
abundance, interstratified ue‘ﬁ&m and forms
mountain masses, exhibiting a ety of contortions, as in
the Lorxd hills; in this state, it is shining, =

E
even glittering, but it is never smelted, beczuse there is
better ore on the same spot.

The ore of Jowli (Ne 15) is variety of red oxide,
it ie almost a pure oxide, (» B’hﬂm a good pigment;

it seils the finmgers deeply, and its stain on cloth is difficult
%0 wash outj it melts moxe easily then the former, and on

aotual experiment 185 sers, smelted by 165 of charcoal, preduced
17 sers of crude iron én masset, in something leas than tem hours,
which is mearly 42 per centj it is associated with a compact
variety, (Ve 16 & 17) which appears to mtﬁn_y},u ore,
from the blood red colour reflected from its crystals

when fresh from the minej it lies near the border of a range

of trap hills, and is clearly a deposite, or a vein, in the
fissure of a rock yesembling (¥o 18) which hase
probably been thus changed by act with the trap.

South of the river Nemmada necr the village of
the micaceous variety (No 19) is found in thicker ’
interstratified with vhich separates inte xk
rhomboidss it is : the rook, but its iren
is bad, and as 1t scarcely repays the expence and labour, 1t
is rarely smelted.

The general character of the ore of these mines appears to
range in the class, (p 4) which the Comte de Boumon denominates
fer oxyde su meximum; the migcaceous kind is at times so highly
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Oxidated, that it is nearly pulverulent, and the ochrey variety
is almost a pure exide; the compact species is rare, and

fibrous hematitle (Fe 19) is =ti11 more scarce; in every instance
it is found near the surface, and all the varieties, except

that of Magaila, yield excellent malleable iren.

IRON MINES OF BARAGAONG LAMEERA, & EMLIYA
The mines of % ra and
.tum.mm.u north of the
is remarkably that near this ridge, there is
nature of the orej it lies near the surface
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IRON MINES OF THE DISTRICT OF PAWNA

The best mines of the Panna district are near Brijpur, the
ore is commen argillaceous lying in a thin stratum, between beds
of and yellow earth (Neo 22) the former below, and the
other it; both these earths adhere slightly to the tengue,
and fall to piecces in water, but do not form a paste, the former
disselves rapidly, the latter after a slight ohlnt{n

' tters
@ NOTEssee the 4in a oluster (@) of hills which extend between the Ken and
map which accompeDessan rivers, and the ore, with one exception enly, consists
anies this paper.of varieties of the red oxide, its changes being from the most
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mtuﬂuhmmmm and that of the third
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Fext in succession still proceeding westward, are the mines
of Deora, the ore of which (Ve 26) is of two kinds, one compact
with a metallic lustre, and the other containing a large portion
of clayj the second of these is found high wp in the hills, and
in a vein, or deposite, immediately below the upper
it yields very good malleable iron, not brittle like t
Hotehi, but such as may be drawn into thin plates without bursting.

About five miles farther west are the minesz of Kotah, but the
4ron is bad, and I therefore pass on to the more clebrated mines

of this district, vizd those of and Chandrapura, Which
are situated on the crest of the range, and near the
point where the waters (p 8) separate; thie respect they
correspond With the mines of Barageon and Emiiys before mentioned,

the ore (We 27 & 28) differs both in nature

and oharacter, from all the other oves of this distrio®) it lies
in a thin vein, in fermuginous sandy, or gravelly clay = very
near the surface; and its stresk, in some specimens is yellow,
in others yellowish brown, Whilet that of all the other ores
4s red; in general appearance, it comevhat resembles the ore of

but the grainsare not se perfectly formed; its iren
is exoellent, poesessing tenacity and malleability in 2 high
dogree far excelling every other description of iron produced
in this distriect; grops out in its neighbourhook,
and in all probability ceal exists nomr the mines, but with all
these advantages, the want of water carriage will ever prevent
them from beceming more valuable than they new are,

hatdthahw.mmmn% s and
Kenjra, the oxe of the former (Vo 29) is some that
of Saigerh, and is usually whxed with the other twe, to corvect

thems that of Rejkof (We 30) being nearly acty; amd that of
Lnu:g(!o 31) centaining/move argile. .7(1' ;)

Mtnmmm.nﬂnmmmmumw
hills near the town of Bajns which abounds in iven, and

at a distance 4t appears as if blackened by firej its base is
surrounded by protrusions of greemstone, and its stratification
appeared to me to exhibit marks of derangement; at the foot of

it is a ocavemn, and af chasm, filled with water to the depth

of 220 feet, and an isolated fragment in its neighbourheod seems
4o have been separated from ite yyaxmmt parent mountain by
violence; these appearances are very striking, and furnish grounds
for speculation, but my present business is with its mines, which
ave situated at Bajna, Kexitange, end Suka, near to
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From the mines, I shall preceed up the Hirepur pass
and asgend the table vhich being entirely of
sandstone, and rocks, ie not rich in iron éve; (p 12) there

The Tendukaira mines are situated in & more westwardly position
of the same valley, as these of Jabalpur, and are about ene
mile and a half distant from the village Tendukeiras they are
near a low yange of hills composed of 2
which evidently contains felspar, and e
(Yo 1) of the ore; at times 14 as the character of hormetone,
and when oontiguous te the ore, it is pemetrated by
slender veins, which although filled with the oxide of iron are
very different frem ovdinary clendritie (?) sppearances, as
they are always in shoots, intersecting e=oh other, and never
arborescent (?), and it seems gquite impoesidle that they could
have been produced by infiltration.

hcmunﬂrtmluuthltmtmuﬂ&;%:t
always about 30 feet below ity and in large nmassesx, or ’
in cavaties between the strata of the rock, which in some cases
seems to have sustained vieolencej it is the brown

both fibrous, and compact; but the former is by far the me
prevailing; its general character, and (p 13) appearance is
opaque, and earthy, but when it has a metallie lustre, its
fibres are beautifully fine, and constantly radiated; its most
comnen form is irregular comcentric ¥meiimm lamellae, the

lamellae of which are separsted by s different colour,

Centre for Policy Studies
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o
: ve distinguishing names for it, which I shall
terms used by the native miners annexing thereto =
their Buropean synenimss Gulkoo (Fo 2) includes all the water—

No 4) is distinguished by ite red appearsnce and is
found mixed with the above, (p 14) it perhaps centains
apsenic and is always carvefully picked out,
P (Vo 3) ox yellow oxe, is the yellowish brown variety =
ways intermixed with the other kinds, and marking by its
difference of colour their concentric lamellae form, it rarely
eccurs separate, its streak is yellow, ;

alwayn 45.: 5)1::;::& st maunng ‘o bl e
co gene app ack, s=ometimes
but vexry rarely metallic (:.-65 snd orystallised (No 7) its .
streak is brown, and 4t is good kind of ores Fo 8)

or variegated, is the comcen lamellar veriety

streaked With the yellow oxides it has a fi 4 though
opakey but sometimes uu-mneum!hs s and in
this case ifs fibres ave extremely fine, and of a eilky luetre,
its streak is yellowiszh bro'm and it is reckoned the best kind
of ore, producing most abundantly, good malleable iron, and
also tolerably good steel,

E
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FimuagEs
Their smelting fumaoces; though rude in appearance, are
nevertheless very exact in their interior proportions, and it
has often surprised me to see men vhe are unquestionably X
of their principle, censtruct them with precision, in so
a manner; their unit of measure is the breadth of & middle eixed
man's finger; 24 of which comstitute their large and 20 small
cubits thus there is a wmu‘-w
throughout these fumages, nor of the least consequence,
thet their dimensions are larger or sualler, so long as all the
parte (p 16) are in the same proportion; the length of these
their fingers, their spen,
B g
- supposed to be
A four
- ascertained by
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CROMBTRICAL CONSTRUCTION OF THE FURNACE

To construct the outlines of the furnace geemetrically
(P&Lte 1, fig 1 and 2) yule sn indefinite line A.B, Which suppese
equal to a large cubit of 24 digite or 19-20 English inches, and
divide it inte 6 parte; at ¢ ercet a perpendicular, then from
C to B pet off 6 paris and it will mark the central point of
the greatest bulge, and consequently the peint of greatest heats
next, from B to F set off 6 more pointe, and it will mark the
point of ervemation (?)j them again from F to @, 6§ parts mere,
will mask the line, where it is necessary to recharge the (p 17)

fumace, after the burden has sunk thus low, and from G %0 D -
ar height of the

3
:
:
:
t
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E

be the oblique axis of the fumace (fig 1, K I) bidecting all
the parallels corresponding with CD (fig 2)-

PRACTICAL CONSTRUCTION OF THE FURNACE

To construct it practically = a fosee 3 feet deep in the
annexed foim (Plate 3, 2) the semicircular part
of which contains the furnace walls B, the walls CCC being
composed of unburmt bricks of large dimenmsions; the firet
struocture is mude, preserving enly an approximation te the
vequired form, the interior being afterwaprds cut awayj a large
stone capable of containing heat is placed at the bottom; and
in thie state % is suffered to remain wntil {tloroughly dry; the
next operation ie performed by a more skilful artist who cuts
away the interior, snd plasters it with clay, using the measuves
above deseribed to adjust ite dimensionss he first finishes the

simultaneous results , the imploment becomes the mest important
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and divensiond are given in Plate 1 - fig 7 &8 § the Cureiry
(plate 1, fig 6) is a conves plate of olay, perforated with

holes and used as a grate -~ through which the scoria are
drawvn off, i

When the appendages are ready and the fumace tho
drys 4t is prepared for use in the £ - the
front part is walled up frem Akeira to the top (the top) to
the 1line 58 (plate 1 £ig 1 & 3) which line is asce by the
emall cubit; one ond being placed at B, the ether will measure
CB and C5 (fig 1) ~ the grate is next put in, ite lower edge
resting upon the edge of the stonej and the spage is filled

:
:

1 :

ite sides being every Where 17 parts distant from the walls of
the furnage = as represented in 1
vhere a,bhy0,d, are the walls of
(plus) figs 4 the Akaira; the Oudaire or wedge, is next intre=
duced in opder to adjust its vertical smgle (plate 1 fig 1) and
this being placed satisfactorily, the Pachar is incerted and
the whole has then the appearance represented in Plate 1, fig 3,
whede No 546,7 and 8, are the Akaira, Oudaira, Pachar, and

:
E
:
g
:

CGarrairis nothing now remains but to the whole with clay,
lmmmuotmmm-cmhm'nﬁ(ohﬁm.
» 20

consists in their being regm
atives are !a?nsm% covern by eavrdatwww.cpsindia.org
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dividions to oach of the lege, and two for the space in the
centerj set off a perpendicular from ¢ to D equal 3 parts;
biseot 1t and the middle point will maxk the apex of the central
angles then through the point D rule a line parallel te AB and
from it a® & centre set off cach way I pf & part making together
xiw:iuu« it also inte four, giving one of each to the
legs, twe for the space in the center as beforej and then
by ruling lines to conneet all these peints, the outline will
be complete; the exterior of the implement is plain but the
interior is complex and canmot be desoribed except by a reference
te Plate 23 fig 3 vhich rerryesents it, divided in the middle,

the blest enters the fummace at sn angle of 12°degrees, both
vertically (@) and horizontally = because those tubes are placed
g0 as to reduce that anglej (p 21) Plate 2 fig 1 (plus) represents
the whole apparatus luted together and placed in the fumace the
walls of which are marked @.Des0sdy; and it exhibits at one view,
the whole of the mechanism of this complex machineryj the
furnage when closed up with clay, snd the bellows luted in, is
represented entire in FPlate 3 and 43 the dotted lines shewing
the chimmey - the outer walls, B a mound of earth to strengthen
the walls, ¢ an wpper chimmey of moveable bricks, D planks laid
acress the tremch to support the bellows and the man who works
themy E a stone supporting one end of the plank, ¥ forked
branches supporting an iren bar on which the other end of the
planks resitsy and ¢ a simple apparatus for preventing the bellows
from rising from the planks when they are Worked,

respectively, shew that the furnace is exactly constructed, and
thaet 4t corresponds well enough with the most regular furnaces
of Burepe {Plate 1, fig 1)3 it is alse
of no importance to observe, that the mean of numbers, being
squered and multiplied by the terms of the perpemdicular or axis,

}
:
|
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3:-1"1- the cubity the firet process is te unt‘lan-hn

P square unburnt bricks, as in the ground plan (plate 5 fig 1)
wall¥e - is the chimmey - B the

refinery seat of the refiner, and D the anvilj

see alse (fig 2) for a side view of it = divided in the middle

for the purpose of shewing the interior structure, in whioh 4=

a piece of orude iron under the process of decarbomisationj the

thuﬂthu:,mlnpmtd:hlnﬂsmﬂduﬂ :

of thecrefinery (in dotted lines)- H a forge for the hammermen =
I the anvil - K implements, and L a heap of charceal,.

The furnace of the refinery is the only part which requires
skill in its construction, and this is usually done by the
operator himselfs its geometrical outline is represented
(Plate 5 fig 4) and its oconstruction is as follows. Rule a line
AB egqual five parts, divide it into six = det off four of these
divisions for the tep = let fall a perpendicular from the center
C -~ set off three divisions from C to D for the depth - mule
a line through D - parallel to AB and make §t two divisions,
now rule the outline -~ biseet the perpendicular and the centre
parallel will be equal te three divisions,

The cenéer parallel is the mest impertant part of the fumace
and next to it is the accurate adjustment of the angle of the
blast; I have frequently seen the Indian refiners ebliged te
discontinue their work on account of some errver in thie peoints
the usual measure for the former is thecspan above mentioned

r
eircle of which corresponds with the cemter p lel of fig 4 -
this measure never differs much from 8 inches, and that quantity
may be assumed as-a falr average; = the outer cirele of the
same figure is indefinite = the space between the two = being
merely a slope, chemfering (?) from the imner edge, and gredually
expanding, until it is lost in the sides of the furnace, seo
that in fact it is reverberatorys with regard to the blast, it
is abselutely necessary that it should be directed, at an angle
of (p 24) about 12 degrees, upen the oprosite edge of the inner
circle or to the peint € 1=B=~3; the natives have neo ins
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SMELTING FURNACE

Plate T: fig 1 and 2 represent the front and back view of
& small circular smelting furnace, which is very common in
India = ite measurementx may be taken fyom the scale of the
Plate either in parts or inches; the bellows are the same as
fig 5t Plate 5 and the form of the interior or chimney is
exhibited by dotted lines; fig 3 and 4 of the same plate shew
another deseription of refinery used chiefly for decarbonizing
large masses for the mamufacture of anvils &c worked by twe
Pairs of bellows - tljie refinery might de more extensively
aprlieds; such as for the manufacture of s OF
other heavy work (@) , Pig 5 is a small field black-smith's
forge, conztructed of the same kind of oval bricks, as thore
which are used for covering in the refinery, and luted together
by clays this apparatus may be constructed in half an hours
and is a useful field smithy; fig 6 is a tube of clay, used
in the refinery to preserve the end of the bellows - fig 7
iz atube of the same kind used in the small cireular furnaces,

HODE OF SMELTING AND EEFINING

In the process of their manufacture the Indian smelters
use charceak onlys the ore is broken into pieces about the
#ize of & walmut, but it 15 not washed, nor is it roasted
although it is known to contain a large quantity (p 25) ef
sulphur which might be diseipated by that methed; they commence
wnummmxormmunmumnm
suffer to bum wntil all meisture is expelled; they threw in
& small bucket of ore, and wpen it a larger one of charcoal,
after which the burden is allowed to sink as low as the line G
(Plate 1t £ig 1 and 2) when it 45 agein charged = and afterwards
ore and charcoal are alternately fiven in the same proportions
until the eperation is complete; the scoria begin to to flow
within the space of an hour, and by thet time, it is knowmn
vhether the furnace will wok well er ill = the scoria being a
sure indiocation; 1t is let out by piercing the grate with an
iron spike, and the orifice is acain closed with clay as seon
as &% is drawn off; the bellows are worked by three men - whe
take it by turne; and they should be kept conetantly playing
until the process is compleated; the time of which is ascertained
by introducing & hooked piececef irom through the wind tubes,
into the furnace, which shewe how much of the Akeira yemainsj
for as I have shewn before, it is indispensably necgessary that
this appendage should be totally fused before the eperation
is complete, and when this i» the case, 4t would be useless to
continue longer, because the furnace would cease to Work
properly; it usually continues 12 hours but much depends on
the bellows-gan, and also of the working of the furnace,

The metal is never completely melted by this process = the
heterogeneous mixture of the ore alone is fused and thrown
off in scoria, and the irom deing freed from it falls by its
superior ty to the bottom of the furnace, and there cosgu-
lates into a (p 26) mase or masset; it is never very highly
carbonized, and sometimes it is partially malleable even in
its orude statej when the precess is finished, the bellows are
removed; the front part of the fumace demolisheds and the red
hot masset dregged out, and divided by large before it
has time to cool, hence it Yappens that the parts of the fur—
nace thus broken up, require daily renewal,

This completes the business of the smelting furnace = the
process of decarbonizadion being performed in the refinery, and
T@) WoTEs The refinery is convertible into a blacksmith's
- Toxge by taking out the irem plate and building up a wall

in the middle so as to destroy the reverberating effect.
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"The firet six maxks, afford bar iron (2s far as my knowledge
allows me to judge) of most exoellent quality, possessing all
the desirable properties of malleability, ductility at different
temperatures and of tenacity for all of which I think it can

not be surpassed by the best Swedish irénj the second description
consisting of the three last mumbers in the sccompanying state—
ment has produced very good bars, but in forging and working
it up, the iron appeare somevhat harder, probadly from its still
oon & portion of carbonj the different marks veried in
per cent in bars, the average from the
than 553 per cont,"

mo
It is hecessary to add that the bar iron mentioned above, is
not (@) common bar iren = but highly wrought bers, for use in &
suspension bridgej the hardneses alluded to the three last num-
bers, was evidently eccasioned by the metal “st4ll retaining a
portion of carben", and it is worthy of remark that thie quelity
was confined te those specimens, the ore of which had been moasted.

(0}
COST OF THE IRON

The cost of the iron was as follows., The excavation of a mine
cost 30-12 Nagpur er 25 Caloutta Sicea Rupeesj the construction
of four smelting furnages, tw refineries, and one small round
furnace, ocest 34=~12 Nagour or 30 Sicca Rupees; and the purchase
of skins and manufacture of seven pairs of eiroular bellows cost
30~5 Nagpur or about 25 Siecca Rupees - total of outlay 80 Sigea
Rupees; but as my experiment lasted only five weeks, and the above
outlay was ealoulated to last (p 30) a whole seasen, 2 portion
of it only is chargeable to the cost of the above irens the

The iron wae weighed by the standard of Nagyur - the mound of
which place is about 3 1bs aveirdupeis less than the factory maund
of Calcutta; henpe its weight 4= ebout J1 1bs 10 Ozs aveirdupois,

maunde ayre nearly equal to one English tons the
value of the Calcutta Sicca Rupee ie usuelly reckoned at 2 shillings
of a ton weight of malleable iron in English

(9@) NOTEs The roasting of iven ore, previous to smelting is sup-
repay vwith advantage, the additions)l expence it
mltbmn_d{ﬁmmuhnxm
followst The fumaces of Burepe are I believe
in general perpendiocular that is -~ the ore and fuel fall per—
(p 30) descent is more rapids
: eblique, and the desoent of ore
fuel more gradual and hence sufficient time is gained for
r other volatile ingrdients) before it
roaches the péint of greatest heats this appears to be the

z

Charcoal for the Furmace for the same period 134« 0
For digging orxe 18- 2
: of oxe 15« 5
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Having now exhausted all my information which was obtained
fyom actual experiment end impartial trial and preof I shall
conclude with the following remarks — vhZ: that the Indian
forge ie shle to make crude metal, for tve pounds six shillings,
and good malleable iryen for five pounds ten shillings per English
tonj it is moreover suscepiible of improvementsj it requires but
1ittle outlay; it is portablej and may be transported from place
to place, the implements being the only things necessary to
carrys it may be erected in places Which combine the advantages
of proximity of ove znd fuel and where other fumaces requiring
a large supply of water cannot be gset up ~ and it may be erected
for temporary purposes and abandoned when the object is fulfilled
without material less, the furnages being the enly part which
would be lost and their cest is about 6 shillings each.

The employment of o simple & forge in England would be absurd -
but considering it an instyument adapted to the aexisting condition
of the country Where it is used - it assumes 2 different character -
for suoh is the chespness of labour and fuel that I question
vhether any other furnace would compete with 4t - and if W
jmprovement 1t can be mede capable of working on & larger scalel
arsenal materizls, materials for bridges and other heavy Work =
it oertainly is an object worthy of attention, &8s a great saving
of expence might be effected by its use,

(signed: Jee Frenklin
¥ajor of Bengal Cavalry)

Tontinuation of footnote "Statement of Expence” (p 30 in uss)

6 ¥en for each Smelting Furnace or 24 for 4 furmaces
frop 30th April to 6th June, or 13 menth at 4 Rs each
; per mensem. 1

peskld

Charcoal for the Furnace for the same peried
For digging ore

Carriage of ore

Carriage of charceal

Head MNan

OVINO O

Total Cost of Smelting

1 Lohsar NMistzy at & and five lohare at § (Re) per
mensem for each Refinerys this sum doubldd for two
and for a peried of five weeks is

Teakwood Charceal for the Relineries

Head Man

Total Cost of Refining
Total Cos} of Smelting

TCTAL EXPENCE

FEhe B

(Notes see diary page 28)

83 Centre for Policy Studies D/mmmz.m[ Archives CPS-TS-36 . % 7




