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Iron Making in Great Britain
The indirect-reduction period of iron making began in
Continental Europe around the year 1400, preceding Britain
by a century.

During this period, the commercially-pure

form of iron, wrought iron, was the final product.

In order

to reach this desirable state, the iron had to undergo
several processes of refinement.

The most critical of these

was the smelting of iron ore in a blast furnace.

The

resulting molten metal was then cast into pig iron by
running it into a comb shaped sand bed.1
The iron found in nature is in the form of an oxide, a
brownish rock of varying levels of purity.

Before it can be

utilized commercially, this natural iron oxide (ore) must be
reduced to metal.

The reduction process is dependent upon

the fact that if iron oxide is heated in contact with a
material that has a greater attraction to oxygen than iron )

I

has, the oxygen will leave the iron to form a compound with l
the other material, and a fairly pure form of metallic iron
will be left behind.

Throughout history, iron ore has been
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The

charcoal or coke serve as both a source of heat and a
redUCi ng agent, carbon.
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In the coke smelting process, the

oxygen in the ore unites with the carbon to form carbon
monoxide, and the iron in the ore is reduced to metallic
form.

After being reduced, the iron is known as cast or pig

iron.2
Considering iron smelting on the European scale, the
blast furnace clearly evolved from the bloomery , as opposed
'i

~

to making a complete technological ~ran~gression.

The shaft

bloomery had a long history and much importance in some
areas of Europe.

In the shaft bloomery furnace, iron ore

and charcoal were kept in contact at a high temperature for
a longer period of time than in lower furnaces in order to
allow the iron to attract a large amount of carbon.

As an

iron higher in carbon has a lower melting point than the
normal bloom, in some situations a liquid metal developed
the hearth.

The chance occurrence was utilized on the

Continent in the Middle Ages.

Cast iron became a common

yield of the evolving high furnace.

The

was mastered to where it was possible to
or cast iron by varying the proportions of charcoal and ore
and by controlling the blast and temperature of the furnace.
Excavations have indicated that these developments were
occurring in Germany and Sweden in the fourteenth and
fifteenth centuries.

Many Continental i ronworkers were
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experienced in the production of cast iron by the end of the
fifteenth century.3
The evolution of the blast furnace on the Continent is
in contrast with its hasty introduction into the late
fifteenth century Weald.

Limited archeological evidence

indicates that high shaft bloomery furnaces were not used in
medieval England.

The large migration of foreign workers

into England in the early sixteenth century supports the
fact that their skills were necessary for the develqpment of ~~ j~~
a new smeltin~-process.4
The blast furnace was introduced first into Sussex,
England, in 1500.

It was a new technical process which was

quicker and more dependable and produced larger amounts of
iron with the help of mechanical power.

While bloomeries

were operated manually, blast furnaces were far too big for
the muscular power of man.

Water power was necessary at

first to blow blast furnaces.5
Fieldwork and excavations conducted between 1970 and
1985 in Sussex and Kent (the Weald) have served to give an
understanding of the use of early charcoal blast furnaces.
The results from the field can be placed alongside
references in contemporary accounts, early descriptions of
iron smelting, and details shown by Continental landscape
painters of the time.6
Blast furnaces of the Weald followed a plan which was
similar to that illustrated by Flemish landscape painters.
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This included a tower with ashlar facing, rubble core , and a
stone or brick-faced inner chamber.

Most of the furnaces

were square, with sides fluctuating in length between 5.5
and 8 meters.

The following are plan dimensions of Wealden

blast furnaces in meters:
Batsford I

5.5 x 5.5

Bats ford II (ordnance)

8.0 x 5.5

Chingley

5.5 x 5.5

Maynards Gate (ordnance)

6.5 x 6.5

Panningridge I

5.2 x 5.2

Pippingford I (ordnance)

8.0 x 8.0

Pippingford II

5.5 x 5.5

As no stacks have survived in the Weald, it is not possible
to measure the heights of furnaces.

In his diary Sir James

Hope gave a height of twenty feet (6.1 m) for Barden furnace
in 1646.

The mid-seventeenth-century furnace at Reckley, in

Yorkshire, still stands at a height of 5.5 meters.

In

Swedenborg's 1734 description of Gloucester furnace, in
Lamberhurst, he recorded it to be twenty-eight feet (8.6 m)
tall; this measurement, if correct, would mean that if the
shaft were completely charged, it would create a burdensome
weight that chanced crushing charcoal in the lower levels of
the stacks.

It was standard that the two sides of the stack

had arches.

One of them served the purpose of blowing and

the other tapping.

Many existing furnaces have cast-iron

lintels over these accesses.

This practice is further
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supported by 1541 building accounts for Robertsbridge
furnace.

They note the purchase of pigs of iron during

construction.

Other sites demonstrate that beams of

triangular section are extremely similar to large pigs.
Exterior timber frames were utilized to add sup port to early
furnaces.

Richard Lenard's 1636 picture of a furnace on a

fireback cast shows this frame (Plate 1).

Further support

comes from the presence of corner posts at Batsford,
Chingley, and Maynards Gate, and from a reference in the
1542 to 1543 building account of Panningridge furnace.

This

bracing was crucial to the support of the corner between the
two arches (often referred to as the 'pillar').

-:A
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at Bradford and Chingley sh ow th at th e pillar was of an
unstable nature.

.

.

record that the pillar had to be rebuilt several times.
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It was rebuilt within the chamb er in the

base of the tower for each smelting campaign.

It was

constructed of a sandstone that would erode slowly and
evenly, without breaking down or inducing large formations
of slag.
fire. 11 8

Bourbon stated, "Harder stone that can resist the
Refractory stone blocks did not completely fill

the space with which the hearth was built.

At Chingley some

of the space was left void with cinder placed between the
hearth stones and the back wall.

Chingley was the only site

in which a hearth fragment survived (Plate 2).
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The hearth was an important element of the Wealden
blast furnace.
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hearth found there allows an approximation of sixty
centimeters square for its internal dimensions in plan.

The

fragment had undergone much accretion as opposed to the
erosion suffered more often by its contemporaries.

Walter

Burrell of Cuckfield informed John Ray of this erosion in
1672: »The hearth grows wider and wider, so that at first it
contains so much as will make a sow of six or seven hundred
pound weight, at last it will contain so much as will make a
sow of two thousand pound."9
rectangular in plan.

Wealden hearths were also

Sir James Hope was told that the

hearth at Barden measured 2 X 3 feet.

Hearths were prone to

wear to a circular form, and as the result, hearths and
furnace shafts were built to a circular plan in many parts
of the country by the end of the seventeenth century.
Another aspect of the hearth was the fore hearth, a forward
extension described by Hope as the 'panne' and by
contemporary accounts as the •mouth' of the furnace.

Hope

said that it was used for the removal of slags, but it is
also possible that it was used for loading small amounts of
molten metal into molds.

Hope reported the 'panne' at

Barden to be eighteen inches deep and projecting eighteen
inches outside the hearth.10
The stack was another component of the early blast
furnace.

The furnace interior widened out above the hearth

to form the 'bosh'.
level.

No Wealden stack has survived at this

Contemporary measurements tell us-'\nat

~ Barden
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measured five feet by six feet at the bosh, while Gloucester
was seven feet six inches by eight feet.

John Ray's 1674

account of furnace practice said that the area above the
interior of the furnace was brick.
in other parts of England.

Hard stone was also used

Accounts from the eighteenth

century point out that high-alumina bricks (bricks mixed
with clay) were used to form the lining of the bosh.

This

part of the structure had to be resistant to the fluxing
materials found in the charge.

A destroyed hearth and shaft

create recognizable debris that help to locate the position
,,..

of the stack.

\.A, .
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Fieldwork has placed several mounds

\_, /

consisting of weathered brick, slag covered refractories,
and collections of semi-reduced ore with charcoal.

At the

end of a blast, charcoal stayed in the hearth and in the
bottom portion of the shaft.

Another type of evidence which

typically remains is a mass of cast iron with adherents such
as charcoal, ore, and refractory fragments (often called a
'bear').

These can be found in the bottom of the hearth.

Bears would be removed when the furnace was relined, but
their weight made them difficult to carry far .

Materials

from collapsed furnaces demonstrate the extreme frailty that
these structures acquired after long use.
porous and baked after just a few firings.

They turned
Clearly the

external timber structure must have had an important role.
This support structure continued to be used until the end of
the use of stone and brick furnaces.

In the late eighteenth
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century in the Midlands and the north of England,
wrought-iron ties replaced wood.

Because of their fragile

nature, furnaces were frequently rebuilt.

There are

references to this fact in the accounts of furnaces such as
Panningridge, Waldron, Heathfield, and Ashburnham.
Additionally , new furnaces were constructed on rubble bases
formed fr om previous furnaces at Batsford and Panningridge.
Stonework on the north side of the furnace at Chingley
exposes the fact that the building had been reduced to its
foundation before it was reconstructed.11
Hearth drains were occasionally built beneath the
furnace.

The drain at Chingley is a simple cinder-filled

trench which runs from the hearth-base to a porous filling
over the channeled tail-race (Plate 2).

Pippingford II has

brick ducts connected with a stone-lined drain, which passed
through the bellows to emerge in the wheelpit wall (Plate
3).

The drain at Maynards Gate had a different approach.

It vented upwards to disperse the water at a high level.
This approach is visible in
other areas of the country.

eighteent~entury

hearths in

Trenches were also dug around

furnaces the outside of furnaces in order benefit the
drainage.

A Maynards Gate the trench is present on three

sides which was capped by a stone floor.

The water was

discharged into the wheelpit.12
Access to the top of the furnace was necessary in order
to charge it with charcoal and ore.

This was done by

Ficks
several means.
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Many furnaces were built on platforms sliced

into a steep hill.

This allowed the charging level to be

formed from a

slop~terrace.

gain access.

Drainage reasons forced a bridge

Bridges were also utilized to

t~uilt
~

between a hill and the wall of the freestanding furnace at
Chingley.

The most frequent practice in the Weald was to

build a bank.13
The bellows was the blowing mechanism of the blast
furnace.

The large bellow~· boards were 4 to 4.5 meters long

at Barden, while at Heathfield they were up to 5 meters in
length.

References to hides in furnace accounts support the

fact that leather was used for the sides.

Typical nails and

offcuts of leather have been found at Chingley.

Staining

from leather was identified on bellows-house floors at
Pippingford and Panningridge.
refer to vent boards.

Accounts from Panningridge

Flap- valves were used for the purpose

of allowing the bellows to fill with air.

Wooden hinges

that have been found at Chingley could have been attached to
these flaps.

At Chingley and Pippingford I, the fronts ends

of the bellows were mounted on sleepers; the sleepers were
close to the periphery face of the hearth masonry.
Excavations have not identified the shaped stones which
would match what the bellow tuyeres would look like.

Hope's

descriptions show that iron pipes were not always used to
transport the blast into the hearth: " .•. t~er pype-ends came
not within one half foot of the innersyde of the fornace.

11
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However, sixteenth century Robertsbridge and Panningridge
accounts show that tuyere irons were used.

With the

exception of Panningridge II and Pippingford II, all of the

.._,________
excavated Wealden bellows shafts were placed
laid_ parallel
with the dam with about 4.5 meters from the tuyere space in
the hearth .

The camshaft was an appendage of the spindle

of the water-wheel.

As Hope names it the 'axle tree,' it

was likely made of a single piece of timber.

The two sets

or mortises, each for three cams, cut into the fragment of a
shaft at Chingley, support the practice of having two pairs
of bellows (Plate 4).

Such a practice would allow each to

operate three times per revolution of the water-wheel.
Thus , with the spacing of the earns, there would be six
blasts to the revolution.

It is questionable whether the

earns were made of hardwood or cast iron .
have encased the axle-shaft.

Bear ings would

While a wooden block for a

bearing has been found on the bellows floor at Chingley,
there is no evidence as to what the bearing was made of.

A

second support for the axle-shaft would have been
constructed on the far side of the wheelpit.

A description

of the Barden bellows indicates that the cams functioned
through levers.

These raised the bellows board sixty

centimeters; the board was then lowered by a lever with a
counter-weight.

The vertical posts upon which the bellows

boards were pivoted have survived at Chingley.
forked tops and pivot-pinholes.

They feature

The non-moving parts of the
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bellows required fixed mountings.
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Post-holes and beam-slots

were identified at Batsford I and Panningridge I; timbers
were found in place at Chingley.
bellows areas.

Roofs usually covered the

Sixteenth century artists showed this to be

true on the continent.

Tile fragments were found on the

bellows floor at Maynards Gate.

Foundations of timber walls

were identified at the foot of the dam, behind the path of
the axle-shaft, at Chingley and at Panningridge I.

Accounts

of Waldron furnace and Continental illustrations support the
fact that these buildings could be easily thatched, as
we11.14
The blast furnace represented considerable progress
because it allowed ironmaking to expand beyond the domestic
stage, but it also created problems wh ich became very
serious over time.15

The growth of the iron industry was

largely inhibited by the fact that water power was neither
abundant nor reliable.

Natural occurrences such as droughts

a nd frosts were extremely harmful to the industry.

The iron

industry became one in which the prerequisites of iron ore,
timber for charcoa l, and streams for power were all provided
by nature.

The Weald developed into Britain's largest

iron-producing region in the sixteenth century.16
As trade increased, timber resources began to dwindle.
Britain's forests were extremely limited.

The charcoal

burners had to compete with the shipbuilders for supplies of
oak.

Charcoal shortage was serious by the early seventeenth

Ficks
century.
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Many inventors and capitalists tried to find the

answer to the problem, but none of them succeeded until 1709
when Abraham Darby converted his small charcoal blast
furnace at Coalbrookdale, in Shropshire, to use mineral
fuel.

As coal could not be used in its raw form in the

blast furnace, he carbonized it by subjecting it to
controlled burning and used the resulting coke as his fuel.
While Darby did not invent the coking process, he was the
first to use coke in the blast furnace.17
Darby's 1709 furnace no longer exists, but a coke fired
furnace of 1777 is preserved on the same location (Plate 5).
The furnace was originally built to burn charcoal in 1638,
but it was converted to coke-burning by Darby in 1709.

The

furnace was then rebuilt in 1777 in order to give it greater
capacity. 18
size.

The surprising feature Of the furnace is its
IX
It is small and 1 ~oes not seem that furnaces of this

size could have produced enough metal for all of the work
that the Darbys are known to have carried out.

Thus, this

site serves to keep our sense of scale in check.

The Darbys

encountered technical problems in the beginning, but they
were solved and eventually coke-smelting became widespread

~·

The introduction of mineral fuel smelting was the

/ l eatest innovation in the history of iron making.

The iron

trade was freed from its dependence on dwindling supplies of
charcoal, and it was given a basis for expansion at a time
at which its downfall appeared close at hand.19

1)

Ficks

~~

13

An eighteenth"-Century blast furnace is a large brick or

masonry structure, essentially square in arrangement, and
easily mistaken for a lime kiln without proper
examination (Plate 5 and Plate 6).

The interior of the

furnace is square or circular at the bottom.

The sides run

up parallel for a short distance and then slope outwards for
a few feet more.

Above this level, what is called the

boshes, the internal shape (the stack) tapers in again, but
less sharply, to the top.

The interior of the structure

typically shows evidence of vitrification from the extreme
heat of the operations.

The shape of the interior may be

confusing if the fireback lining has disappeared partially
or completely, causing no fire marking to be seen.20
The iron industry continued to suffer from constant
power shortage.

This problem was solved in the latter half

of the eighteenth century when steam engines became
available .

By 1784, Ne wcomen, Watt, and others had produced

steam engines capable of blowing blast furnaces and powering
a number of large tools.

Thus, dependence upon the

unreliable power of streams was over and the locations of
iron works were only limited to where nature had deposited
the ores and coal.

Some of the nineteenth-century blowing

engines were very
large; the blowing engine houses at Lilleshall demonstrate
the scale of the buildings which were required to house them
(Plate 7).21
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The iron industry made great leaps with the beginning
of the nineteenth century.

It was able to use vast deposits

of coal and iron ore in various parts of Britain and have
mechanical power at their will.

Charcoal-smelting was

almost completely abandoned and iron-making began a
widespread movement from the traditional wood, ore, and
water-power centers (i.e. Sussex) to the newer coalfield
centers (i.e. Shropshire, the Black Country, and South
Wales).22
The rise in iron-making set the backdrop for the next
technical development: J.B. Neilson's introduction of the
use of the hot blast for blast furnaces in 1828.

Prior to

this date, the air for combustion had always been blown in
at ambient temperature.

Early hot blast temperatures

started out around one hundred fifty degrees Celsius.
Throughout history, economies in furnace fuel have created
the need to make improvements in the blast
heating-equipment.

As the result, temperatures have been

raised and fuel economy has improved.23
During the first half of the nineteenth century, few
iron makers were concerned about exercising fuel economy;
coal prices were cheap .

One of the few attempts that were

made to do so was the use of blast furnace gas.

There was

alot of flammable gas that was given off and it burned in a
great flame at the top of the furnace.

Several attempts

were made to collect the gas and burn it under boilers or in
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The trouble was that in order to collect

the gas, it was necessary to close the top of the furnace
and yet leave a means of charging the raw materials.

The

solution, found in the bell-and-cone apparatus of George
Parry in 1850, adversely affected the working of the furnace
(Plate 8). The collection and use of blast furnace gas
eventually became a standard practice.24
Artifacts from the nineteenth-century iron industry
were destroyed for either of two possible reasons: the old
buildings and equipment had to be demolished to make room
for new plants or people held the misconception that the
buildings were not old enough to be of interest.25
The best evidence of what a typical British nineteenth•
century blast furnace consisted of can be found in the 1868
report on the world's principal iron and steel works, Iron
and Steel

Manufactur~.

In this report, a detailed

description was given of a "Blast Furnace at the Teeside
Iron Works" (Plate 9).

The furnace was seventy-five feet

high from the bottom of the hearth to the stage.

The bottom

of the hearth, which was on the same plane with the floor of
the works, was ten feet above the concrete foundations.

The

hearth was cylinder shaped, eight feet high by eight feet in
diameter.

The boshes increased in diameter equally for a

height of twenty feet.
suddenly for four feet.

At that point, they increased less
The largest diameter of the boshes,

which was twenty-four feet, was reached at a height of
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twenty-four feet above the hearth.
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After twenty-one feet

more in height, the diameter decreased to twenty-two feet
six inches.

The sides then began to decrease more rapidly.

For twelve more feet in height, the diameter fell to fifteen
feet.

At this point the furnace once again became

cylindrical for a height of four feet six inches.

The final

area of contraction at the top was fitted with a cast iron
be11.26
The stack of the furnace was supported by four brick
piers.

Its diameter outside at ground level was

thirty-eight feet.

This diameter decreased to twenty-nine

feet at the top below the cornice.
constructed completely of firebrick.

The furnace was
Bricks of normal size

were used for the exterior, while large lumps were used for
the interior portion.

The stack was hooped a s was the

practice of the time.

A cast iron ring surrounded the lower

part of the hearth .

Built of segments bolted together, the

ring mostly formed a series of water boshes.

These were

utilized not only to take advantage of the cooling effect of
water, but also, by recording the temperature of the water,
it was possible to gauge the efficiency of the furnace.
wat ~~oop

also served to stop any iron that might force its

way' the joints of the hearth bricks.

~

The

The upper part of the

hearth and the lower part of the boshes were additionally
strengthened by cast-iron rings and castings.27
The top of the furnace was fitted with a bell and
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hopper.
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Side openings were furnished below the hopper for

the purpose of removing waste gases, which were used for
heating the blast stoves and steam boilers.

The hopper was

a conical casting that had a loose face against which the
bell was supported.

The face was dropped into its position

after the bell was inserted.

While most bells were entirely

conical at the time, the bell on this furnace was conical at
its upper part only and spherical at the lower part, which
was born against the seat.

This alteration was a more

reliable way of ensuring a tight joint.

The bell was hung

from a chain and balance lever.28
The blast furnace period of Great Britain has its
footings in the high furnace period of Continental Europe.
After its introduction into Britain, the blast furnace
ushered in the age of mechanization.

Water was the first

form of power that the blast furnace utilized.

Excavations

in the Wield portion of England serve to give a better
understanding of the sixteenth century charcoal-burning
blast furnace.

This early furnace was plagued by the

limitations that nature imposed upon it.
taken to overcome these limitations.

Certain steps were

Abraham Darby's

invention of the coke-burning furnace overcame the problem
of timber shortages.

Power shortages were solved with the

a v ailability of the steam engine.

Fuel economies in the

nineteenth century led to attempts to improve the
productivity and efficiency of the blast furnace.

J.B.
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Neilson's introduction of the hot blast furnace proved to be
instrumental.

George Parry's bell and dome apparatus

enabled gases from the furnace to be collected and utilized.
As few artifacts survive from the nineteenth century, a
description of a Teeside hot blast furnace can be used to
understand what the practices of the industry were at the
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Fig.55 Four excavated blast furnaces (1) Panningridge furnace (early phase) (TQ
687174); (2) Chingley furnace (TQ 685327); (3) Batsford furnace (TQ 6311 53) (after
Bedwin 1980: 97); (4) Maynards Gate furnace (TQ 539298) (after Bedwin 1978;
opp.166). These four excavated furnaces date from the sixteenth century and show
features typical of their period. Those on the left cast pig iron: Chingley had a casting
area (A) over a culverted tail-race, a layout apparently originally used at Panningridge,
which was later modified to cast on the opposite (west) !rtde, where pig-beds could still
be seen. The two gun-casting furnaces (right) had casting pits (B) close to wheel-races,
and in the case of Batsford (3) the line of the channel has been altered to accommodate
the pit. In all four cases the bellows were sited between the furnace and the bay.
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