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5. Metals, Extraction and Use

Copper

Literature Agricola, Georgius, Vom Bergkwerk XII Bücher, Basel, 1557, AgGe, EBGF, IN EA740/1

Importance For the manufacturing of firearms, copper has special importance as a
major alloy component of bronze. Other than that, copper parts are rarely
found on firearms.

History The bronze axe found with ‘Oetzi’ proves that copper was already known
in the final years of the Stone Age. Copper ore could occasionally be
found on the surface, but usually had to be mined with backbreaking
effort. The rocks were ground into small pieces by hammering them on a
hard surface. This way, the actual ore was separated from the barren rock. 

Extraction At this point, the smelting of the materials begins, meaning the conversion
from ore to metal. Azurite and malachite are oxidized copper compounds
that are smelted without further preparations. On the other hand, ore con-
taining sulphur such as copper pyrite must go through an extraction
process. For this, the ground rock must be roasted in the fire. During this
roasting process, a part of the sulphur reacts with oxygen and escapes as
sulphur dioxide. One roasting isn’t enough as the copper rock still con-
tains sulphur segments, which requires the process to be repeated. For this
process, a so-called roasting board can be used. This rectangular board is
made of pounded clay. It has a slight depression in the center and is
framed with rocks. The dry firewood is piled on the roasting board so the
ore can be placed on top of it. Only after it has reacted with the oxygen
can the ore collect in the middle of the depression.  Because of the
board’s clay lining most of the roasted ore can then be collected after this
process. 

Smelting
Process

The actual smelting process in the shaft furnace begins. This furnace is
built from bricks and is lined with clay. With this furnace, the copper is
extracted from the ore. Copper has a high melting point and the furnace
has to reach a temperature of 1000 degrees Celsius. To achieve this, one
had to bellow the air through the wind pipe to supply the glowing charcoal
with oxygen. As soon as the melting point in the furnace is reached, the
copper separates from the impurities, leaving iron containing slag. When
the furnace is opened, this slag flows out through a hole into the skimming
pit. All that remains at the bottom of the furnace is a casting pie raw
copper. 
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Copper Extraction

Fig. 5 – 1

Woodcut, Erhard Schön, ca. 1525             Source: EBGF

Exploration:
� In his manuscript, Vom Bergwerk XII Bücher, Georgius Agricola writes:

“The divining rods are dipping, although the miners usually don’t speak
any spells while divining. Some see the power of the ore shaft essential
for the movement. Others think it’s more in the handling of the rod, yet
others think it’s in the power of the rod”. 

� A second method was to establish digging trenches.

Ore Extraction:
The extraction happens in the following order:
� Mining of the ore with picks
� Transport with handcarts and winch
� Grinding of the ore 
� Washing of the ore 

Fig. 5 – 2 Smelting of Copper Ore:

� Charcoal and copper ore are
layered into the shaft furnace

� At high temperatures the copper
begins to melt

� Liquid slag is removed when
tapping

� The cooled copper pie is taken out
from the bottom of the furnace

Georgius Agricola
Vom Bergkwerck XII Bücher, 1557
Source: AgGe
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Tin

Literature Agricola, Georgius, Vom Bergkwerck XII Bücher, Basel, 1557, AgGe, EBGF, IN EA740/1

Importance In the manufacturing of firearms, tin has importance mainly as an alloy in
bronze. It was however, used as a bond between various materials by
soldering. 

Properties Tin is a heavy metal, that is shiny and silver coloured. It is very soft and
can be marked by a fingernail. It is an element in the periodic system of
elements with the symbol Sn and the atomic number 50. Remarkable is its
low melting point and relatively high boiling point.

Because of its low melting point, tin is well suited to cast various vessels
and objects, as well as to bond together metal parts by so-called soft
soldering. These bonds are only strong enough for lightly stressed parts. As
a surface coating for iron parts, tin is used as an effective protection
against corrosion.

History It is assumed that man has known about tin since roughly 3500BC. In the
Taurus Mountains of South Turkey, the tin mine Kestel and the tin foundry
Goeltepe was discovered, dating back to approximately 3000BC.

Besides lead, tin was used to produce objects very early in history. The
Roman writer, Plinius, called tin ‘Plumbum Album’ which means white
lead. On the other hand, he called lead ‘Plumbum Nigrum’ meaning
black lead. In Latin, tin is called ‘Stannum’.  From that stems the chemical
symbol Sn. 

Long after bronze was replaced by iron, tin gained in importance in the
middle of the 19th century thanks to the industrial manufacturing of tin
plate.

Extraction Tin is easily mined from tin ore, the cassiterite a reddish brown black ore,
also known as pewter oxide (SnO2). Such mining is possible underground
and in open pit. 

After mining with pick and shovel, the ore is reduced with a hammer or
other pounding tool. It is then enriched through a flotation process. After
the reduction with carbon, the tin is heated to just slightly above its melting
point so that it can be drained from the furnace without the slag which
melts at higher temperature.
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Tin Extraction

Fig. 5 – 3

Georgius Agricola
Vom Bergkwerck XII Bücher, 1557
Source: AgGe

Washing of Tin:
� The ore mixed with soil or sand is cru-

shed if necessary
� In a trough, the crushed ore is rinsed in a

creek
� Sand and soil falls through the holes of a

metal sheet, the larger tin grains remain
on the sheet and are collected by a
helper

� Smaller grains of tin in the mud are
washed again. Because they are heavier
particles, they remain on the board in the
channel. They too are collected by a
helper.

Fig. 5 – 4

Georgius Agricola
Vom Bergkwerck XII Bücher, 1557
Source: AgGe

Roasting of Tin in a Saiger Furnace:

� In the Saiger furnace, a fire is made with
wood and the tin pieces still containing
slag are placed on it

� The tin melts, and runs through a groove
into a trough from where it is taken with
a ladle and poured into ingots

� These ingots are then used at the tin
foundry

Fig. 5 – 5

Georgius Agricola
Vom Bergkwerck XII Bücher, 1557
Source: AgGe

Tin Foundry:
� The tin ingots are put into the furnace in

layers with charcoal
� With bellows, air is blown into the fur-

nace
� The tin melts and through a pre oven

reaches the tap
� From the tap, the liquid tin is guided to

the mold
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Bronze

Literature Agricola, Georgius, Vom Bergkwerck XII Bücher, Basel, 1557, AgGe, EBGF, IN EA740/1
Roast, Harald, Cast Bronce, Cleveland, 1953, EBGF, IN D676
Spycher, Albert, Der Bronzeguss, ein antikes Handwerk, Basel, 1991, SpAl
www.wikipedia.de, Bronze, Glocke, 2007, wiki

Bells The first bells were probably made 4000 years ago in China. An early record
which reputes the use of bells in Jewry is the Jaspisshegel from the 8th century
BC with the inscription ‘Amos der Schreiber’, (Amos the writer). For the first
Christian writers, such as Justinus (100-165AD) and Origines (185 -254 AD),
the twelve little bells on the skirt of the High Priest and the ‘new bell’ were the
undisputed acoustic symbol, that in this area the Christian message was
announced and received. Initially, large bells were introduced at the
beginning of the 5th century to monasteries in Europe. The successor of Pope
Gregor the Great, Pope Sabinian (604 – 606AD) ordered the ringing of a
bell outside of the walls of a monastery in addition to the seven ringings at
praying hours, within the monastery. 
The oldest church bell in Germany is located in the ruins in Bad Hersfeld and
was cast by orders from Abbot Meginher in 1038AD. The oldest church bell
still in existence in Switzerland is located in the rectory of Wagenhausen close
to Stein am Rhein. It was cast in the year 1291 AD (the year Switzerland was
founded). The early church bells of the 11th and 12th century were the appro-
ximate size of a beehive. The casting of these bells had the advantage that
the required sand core was approximately the same size as the diameter, and
a small bell could be cast in a simple mould. This was however complicated
by the desire to have decorations and inscriptions on the bells. As well, there
was a high demand on precise pitch and a nice sound. The manufacturing of
bronze bells was a specialized craft. 

Weapons In the 12th century, the bronze casting technique reached a standard that
allowed short barrels of good quality to be cast for firearms. For nice soun-
ding bells, a hard, brittle bronze was required. For the barrels of firearms, a
tough, elastic bronze was needed. An optimal bronze recipe for bronze bar-
rels had to be developed. The difficulty to fabricate long and thin cores for
the bore, limited the casting to relatively short barrels. The production of
moulds, the early solidifying of the liquid bronze in the mould, and the for-
mation of voids were problems that still needed to be solved. Also of high
importance were optimal, and not too lengthy, flow paths, flow path edges,
wall thicknesses and a good mould venting. The technology to produce long,
small caliber, bronze gun barrels of satisfactory quality was only developed
and achieved towards the end of the 14th century.
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Foundry
Technology

The foundry technology was further developed in such a masterful way that in
1469, Urban, the person in charge of war materials, cast huge gun barrels of
18.5 tonnes, for orders from the Turk Mohammed II. During the siege of
Constantinople outside of the city’s fortification walls, Urban built 13 breech
loading guns with bronze barrels of 5 meter lengths and a caliber of 66 centi-
meters. The powder chambers could be screwed onto the barrel with a thread
with a diameter of about 60 centimeters. With these 13 so-called Dar-
danellen cannons and their balls of 720 pounds, Mohammed II was able to
take over Constantinople in only six weeks. Up until this point, Constanti-
nople, with its up to 5 meter thick walls was believed to be unconquerable.
During this attack, there was supposedly only one cannon that split.

Fourteen years after the siege, the chronicler Kritoboulos, wrote a detailed
report about the casting of these huge guns: 
“Take pure, light and rich clay and make it smooth by kneading it for a few
days. The mass is held together through the mixing in linen, hemp and other
things. Everything is worked through and mixed so that it becomes a compact
mass. Then, you make a round, very long and slightly conical cylinder as the
core for the cast. It measured 40 palms and the front of the gun had a
circumference of 12 palms.  The back end of the barrel, with the chamber to
be filled with the powder, had a circumference of 4 palms or a bit more…..A
form was made in which the core was centered, with a space between them
large enough to be filled with bronze from the furnace. The outer form which
is made from the same clay is additionally reinforced all around by iron,
wood, soil and rocks that should prevent the heavy weight of the bronze from
splitting the form and ruining the cast. For the cast, they built 2 furnaces
nearby, one on each side. These towers were built very stable. Inside they
were reinforced with tiles and rich clay, outside with large shaped stones,
cement and similar materials. They threw large amounts, about 1500 talents
(37 tons) of bronze into the furnaces. Then they added charcoal and wood
and spread it so that the metal was covered below, on top and everywhere,
as well, the ovens were covered up except for the drains. All around there
were bellows that were worked uninterrupted for 3 days and 3 nights until all
of the bronze was melted and was as liquid as water. When the drains were
opened, the bronze flowed through clay pipes into the form until it was
full……Then the gun was cast. When the bronze shrunk and cooled off, the
outer form was removed, and the metal that was polished shone all over. The
nature of this machine is unbelievable and unfathomable. The old rulers and
generals knew nothing of this kind….. It is a new invention made 150 years
ago by Germans or Celts.”
Source: PoDu, S. 37, 38

From today’s view, the fabrication of bronze barrels can be seen as a very
specialized craft. It deserves our full appreciation. 
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Bronze Smelting

Fig. 5 – 6

Georgius Agricola
Vom Bergkwerck XII Bücher, 1557
Source: AgGe

Ca.1550:
Non-Ferrous Metal Smelting
Furnace

� For the smelting of bronze, in most
cases, the same furnace as for
copper smelting is used. 

� In a shaft furnace, copper and tin
are melted in the desired ratio and
mixed as an alloy.

� On the left side of the picture, the
raw material is filled into the fur-
nace.

� In the middle, the fore hearth is
tapped.

Fig. 5 – 7

Woodcut of a Foundry
Source: wiki, Bells

Ca.1565:
Bell Foundry

� Left corner:  Military Mortar
� Middle:  Apothecary Mortar,

vessels, gun barrel
� Right corner:  Small and large

bells
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Lead

Literature Agricola, Georgius, Vom Bergkwerck XII Bücher, Basel, 1557, AgGe, EBGF, IN EA740/1
www.wikipedia.de, Blei, 2007, wiki

Importance In connection with firearms, lead has a significant importance in the fabri-
cation of bullets. For firearms themselves, lead is not used. 

Properties Lead is a chemical element with the symbol Pb and belongs to the heavy
metals. Because of its pliability and its low melting point, it is the metal
that has been used the longest. Like most heavy metals it is poisonous. 

History In the early Bronze Age, lead, as well as antimony and arsenic, was used
to produce bronze until tin became more accepted.  The Babylonians
already had vases of lead. The Romans used the metal as a material for
vessels, missiles, seals and water lines. From today’s view, the adding of
so-called ‘lead sugar’ as an additive to sweeten wine is, especially
concerning. (‘Lead sugar’ can be researched by looking it up under lead
acetate)

The high demand for lead and especially tin is mentioned as the reason
for the Roman occupation of Britain. In the south west region of Cornwall,
there were significant findings of ore. The Romans mined lead until their
retreat in the Battle of Varus, in Westfalia. The Roman processing of lead,
led to pollution which is still evident today: ice cores from Greenland show
a measurable increase of lead content in the atmosphere between the 5th

and the 3rd century BC. Later, lead was of importance to make church
windows. 

Projectiles After the invention of firearms, lead became very important to the military
as a material for bullets for light firearms. Since the soldiers often had to
cast their own bullets, it was not uncommon that they stole all the lead
they could find. 

Alchemy Lead played an important role in alchemy, because of its similarities to
gold (similar weight and softness). Lead was a good starting point for gold
synthesis. (Synthesis as colour change from grey to yellow)
 
With the start of the Industrial Revolution, large amounts of lead were
necessary in the chemical industry, for example in the production of
sulphuric acid in the lead chamber process. At that time, it was the most
important non-ferrous metal. 
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Lead Production

Fig. 5 – 8

Georgius Agricola
Vom Bergkwerck XII Bücher, 1557
Source: AgGe

Roasting of Lead:

� Under a grate, hot embers are
created with charcoal.

� The crushed and pre-cleaned lead
sulphite is put over the embers on
a grate. 

� It reacts with oxygen and is split
with lead and sulphur dioxide.

� The lead is poured into ingots for
later use.

Fig. 5 – 9

Georgius Agricola
Vom Bergkwerck XII Bücher, 1557
Source: AgGe

Lead Foundry:

� As in the tin foundry, the lead
ingots are piled in layers with the
charcoal in the furnace

� The helper on the left is working
the bellows to supply the fire with
fresh air 

� On the right, the founder taps the
furnace and takes out the melted
lead 

Fig. 5 – 10

Olin Mathieson, Chemical Corporation
Source: New Hawen, Connecticut

Casting of Lead Shot:

� The casts can be made from bur-
ned clay, stone or metal. 

� ‘Lost Moulds’ are destroyed after
the casting and are made mainly
from clay or compacted sand.
Reusable moulds of metal or stone
are usually made from two halves.

� In the edging shown, a founder
makes lead shot by pouring the
liquid lead through a sieve and
the lead drops fall into water. 
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Iron

Literature Agricola, Georgius, Vom Bergkwerck XII Bücher, AgGe, Basel, 1557, EBGF, IN EA740/1
www.wikipedia.de, Blei, 2007, wiki

Egyptians

Chinese

Roman

The Egyptians had already forged weapons, scythes and ship’s fittings
from iron. The oldest iron part found as of today comes from the pyramid
of Cheops. Its age is estimated to be 4900 years.
The Chinese date the invention of steel to 2000BC. At that time, Indian
steel was also well known. From the Orient and from Egypt, the know-
ledge travelled to Greece. This meant that Romans and Greeks also
began to use iron. However, only a few pieces have been found from this
period. It is remarkable, that Greeks did not only use iron for weapons or
tools in agriculture, but also made artful vessels, jewelry and sculptures.
Such artifacts were found in Etruscan and Roman burial sites. With the fall
of the Roman Empire, the art of blacksmithing was lost again. 

10th Century Numerous wars led blacksmiths away from the arts, and more into the
direction of new weapons. This is why the art of blacksmithing was not well
nurtured, but from the 10th century on, the art of blacksmithing influenced
architecture in a major way. The church also used this new technique for
doors, gates, trunks, window bars and chandeliers.

12th Century As early as the 12th century, artistic blacksmithing had developed as a craft
and the mechanical strength was further developed so that it was possible
to manufacture gun barrels. However, the high demand for the strength of
the guns was barely met. The iron used was of unsatisfactory quality and
the necessary metallurgical knowledge to improve it was missing. To
improve the iron, just like in alchemy, the trial and error method had to be
used. An added difficulty was that the necessary iron ore differed in its
composition and qualities from mine to mine. As well, suitable converting
process had to be developed. The necessary complicated devices had to
be available and needed to be operated.  Because of difficulties in casting
long bronze barrels, the blacksmithing technique came into use. Even at
that, only relatively short barrels were made initially. 

Mons Meg The blacksmith and welding craft improved tremendously over the years.
So that for example, in 1489 in Flanders, it was possible to forge a can-
non barrel with a weight of 6.6 tons. The barrel was forged from iron rods
and had iron bands around as reinforcement. It had a caliber of 48 centi-
meters and a length of 3 meters. This huge barrel had a powder chamber
that was detachable with a thread. It was considered an early breech
loading gun. This cannon known as ‘Mons Meg’ was capable of shooting
iron balls with a weight of 510 kilograms as far as 1250 meters and stone
balls of 250 kilograms as far as 2500 meters. 
Today, the ‘Mons Meg’ is located in the Castle of Edinburgh.
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Around 1450, forged iron rod barrels were slowly replaced by wound
barrels. They were made by wrapping an iron band in a spiral fashion
around a mandrel and then the seams were forge welded. With this, the
strength and safety of the barrels was greatly improved. 

Damascus Around 1500, the first Damascus barrels appeared. They were fabricated
skillfully and systematically by forging together iron bands from soft and
hard steel. Strength and safety could be further improved. With that, the
thickness of the barrel wall and the weight of the barrel could be decrea-
sed. Through edging and chemical colouring, an esthetically pleasing look
of the barrel was also achieved. Only the best, well qualified blacksmiths
were, with immense investment in time, capable of making these
technically and artistically crafted, very high standard barrels. For this
reason, Damascus barrels were mainly made for hunting and for splendor
guns for the wealthy. (see also page 137)

As a result of the rising demand and the increase in consistent strength
and quality of the product, the trades for rough, barrel, lock and fitting
smiths emerged in various centers. 

Here, also, the achievements of the blacksmiths were tremendous for those
times. 

.

Mining of Ore and Production

Fig. 5 – 11

Georgius Agricola
Vom Bergkwerck XII Bücher, 1557
Source: AgGe

Ca. 1550:
Exploration

Exploration of ore by:

� Searching of veins with divining
rods

� Open pit mining
� Digging of exploration tunnels



 5.  Metals, Extraction and Use Iron94

Fig. 5 – 12

Georgius Agricola
Vom Bergkwerck XII Bücher, 1557
Source: AgGe

Ca.1550:
Arrangement of Shafts

A. Main Shaft
B/C. Drift
D. Side Shaft
E. Tunnel
F. Mouth of tunnel

Agricola writes: “It is advantageous if
a shaft connects with a tunnel, for
then, the miners and other workmen
carry on more easily the work they
have undertaken: but, if the shaft is
not so deep, it is recommended to
drift from one or both sides of it.
From these openings, the owner or
foreman becomes acquainted with
the veins and stringers that unite with
the principal vein or cut across it, or
divide it obliquely.”

Fig. 5 – 13

Georgius Agricola
Vom Bergkwerck XII Bücher, 1557
Source: AgGe

Ca. 1550:
Entry into the Mine and Mining

Various methods of entry:

� Use of a ladder
� Vertical repelling with a hoist
� Repelling via a slide with a hoist
� Descent via a stairway
� Use of a mule
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Fig. 5 – 14

Georgius Agricola
Vom Bergkwerck XII Bücher, 1557
Source: AgGe

Ca. 1550:
Ventilation

Woodcut from the manuscript “De Re
Metallica Libri XII from Georgius
Agricola, 1556

The so-called Wetterfuehrung provi-
ded the ventilation to the tunnels by
blowing fresh air into the tunnels
through pipes:

� A horse sets in motion a vertical
drive shaft, the teeth on the wheel
activates the bellows with a lever

� A horse works the bellows by trea-
ding a tread wheel

� The bellows are pushed together
by workers

Fig. 5 – 15

Georgius Agricola
Vom Bergkwerck XII Bücher, 1557
Source: AgGe

Ca. 1550:
Transport of Ore from the
Tunnels

The term ‘fahrnis’ describes the
transportation equipment used, to
move the mined ore from the mining
tunnels:

� Several horses set a vertical drive
shaft in motion

� The gear wheel with wooden teeth
driven over a smaller gear drives a
vertical shaft

� At the end of the drive shaft, a
chain is wound to hoist up a
bucket with ore from the shaft

� In the middle of the horizontal
shaft, there is a brake wheel

� With a lever system, a miner can
activate the brake
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Fig. 5 – 16

Georgius Agricola
Vom Bergkwerck XII Bücher, 1557
Source: AgGe

Ca. 1550:
Delivery of the Ore to the Smelter

� With 2 or 4 wheeled carts, the ore
is driven to the smelter

� The paths are made with gravel or
wooden planks

� The master of the works marks the
number of carts on a stick

� The ore is unloaded from the carts
and ready to be processed

Fig. 5 – 17

Georgius Agricola
Vom Bergkwerck XII Bücher, 1557
Source: AgGe

Ca. 1550:
Upgrading of the Ore in the Blast
Furnace

� The furnace is heated with char-
coal

� The coarsely prepared ore and
fuel are layered 

� Ventilation is provided by bellows
� At a temperature of 1200 degrees

Celsius to 1499 degrees Celsius,
the iron is reduced to its solid form
and the slag is separated

� To melt the iron, a temperature of
more than 1540 degrees Celsius
is avoided

� Slag containing iron clumps
remain and are forged for further
processing
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Fig. 5 – 18

Georgius Agricola
Vom Bergkwerck XII Bücher, 1557
Source: AgGe

Ca. 1550:
Forging of the Iron Clumps

� From the pile of raw material the
ore is put into the refining furnace
and cleaned by melting it

� The contamination is separated as
slag and exits the refining furnace
on the side

� The still brittle iron lumps are bro-
ken up with a large hammer

� With a large water powered ham-
mer, the lumps are compacted
and the quality of the iron is
improved

Fig. 5 – 19

Georgius Agricola
Vom Bergkwerck XII Bücher, 1557
Source: AgGe

Ca. 1550:
Production of wrought Iron in an
Iron Shaft Furnace

� The refined iron ore and the
charcoal are placed in layers into
the shaft furnace

� The iron is melted and the iron
lumps are cast

� The raw iron lumps are ready for
transport to the blacksmith
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Fig. 5 – 20

Radierung von Jost Amann, 1568
Source: Wiki, Schmied

Ca. 1570:
Ferrier and Wheelwright

� Forge in the background
� Blacksmith and helper forge a

horseshoe on the anvil

Fig. 5 – 21

Radierung von Jost Amann, 1568
Source: Wiki, Schmied

Ca. 1570:
Fabricating Shop

� In the background are bellows
and a forge, in which the iron
pieces are heated to the tempe-
rature where they can be forged

� In the foreground a blacksmith
and his helper forge an object

� Behind them are two helpers de-
burring and possibly decorating
objects by embossing


