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Experiments with a slag-tapping and a slag pit furnace 
Anneke Boonstra, Thijs van de Manakker, Wim van Dijk 
 
Abstract 
The Prehistoric Open-Air Museum Eindhoven, The Netherlands, took part in the seminar in Lejre 
for several reasons: to make new contacts, to exchange experiences, and to show the other 
participants how far we have progressed in managing the process of reducing bog iron ore. 
On the Lejre premises, two types of iron furnaces were built from loam. Both furnaces were blown 
by two cylindrical hand-driven bellows. The fuel used was charcoal and the iron was extracted from 
bog iron ore found near Eindhoven. 
Furnace 1 was a slag-tap furnace, which was operated for 14 hours. 90 kg. charcoal was used and 
90 kg. bog iron ore, producing 26.76 kg. raw bloom. 
Furnace 2 was a slag-pit furnace, which was operated for 5.5 hours. It used 45 kg. charcoal and 45 
kg. bog iron ore, producing 18.7 kg. raw bloom. 
 
Methods & Goals 
For the last ten years we have been experimenting at our museum in Eindhoven with possible pre-
Christian processes of iron making and metallurgy. Our goal has been to come to the most 
acceptable reconstruction of the whole process involved, from the digging up of the bog iron ore to 
the use of the forged iron and steel objects. 
 
 
We have been proceeding according to the following outline (Richter, 1991): 
 

Question 
---  

Arrangement of procedure for the experiment 
-- 

Experiment 
-- 

Results 
-- 

Comparison of results with possible original findings 
-- 

Positive results: We put the results on record. 
 

Negative results: We make the necessary’s and proceed with next experiment 
 
 
 
In order to reach this goal, of course, one first had to gain complete control of the process of iron 
making. Not, however, using the methods of the 20th century, but in the manner of the people who 
lived in our region during the Iron Age (700 - 50 B.C.). (See also "IJzersterk, 1993".) 
We are fortunate in having the knowledge and skills of our 20th century blacksmith, Thijs van de 
Manakker, to fall back on. After a thorough study of the limited number of finds of archaeological 
iron production furnaces in our region (Slofstra, 1987 and van Nie, 1996), we came up with a 
typical furnace model, with which we have carried out experiments for several years. 

 
The furnace types 
In Lejre, two different types of smelting furnaces were used. These were two standard types, i.e. a 
slag-tapping and a slag-pit furnace. These models were not derived from any particular excavation, 
but had an average diameter etc. The height was determined by practice. The blacksmith/iron-
master had reasonably good access to the slag and the bloom through the tap hole. 
 
The bellows 
The furnace is blown by two cylindrical bellows made from wood and leather, with a capacity of 40 
litres. Each of these can be managed by one person. Between bellows and furnace a piece of iron 
tube (or alternatively a clay tube) at least 75 cm long and with an inner diameter of 27 mm, is 
mounted. The blowers will thus be less troubled by the emanating CO-gases. 
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CO-concentration (Brasser, 1993): 
with top fire: 30 - 250 ppm in plume  
no top fire: up to 1400 ppm in plume.  
 
The movement-rate of the bellows will define the temperature of the furnace. The temperature will 
have to be such that the slag is just running. An increase in temperature will result in too much C in 
the bloom. On average, the right temperature will be reached by a supply of 500 l/min, from each of 
the bellows. 
 
The ore cycle 
Every 10-15 min. the contents of the furnace will drop to such a level that a fresh load of 1.5 kg. 
charcoal and 1.5 kg. ore may be added from the top, i.e. the proportion of ore to charcoal is 1:1. 
The charcoal used by us was from a kiln burning oak (Querqus sp.), birch (Betula sp.) and beech 
(Fagus sp.). The charcoal was pounded to pieces of 1.5 - 4 cm in diameter. The bog iron ore was 
from Stiphout, about 20 km from Eindhoven. For about 4 hours the ore (in pieces the size of a fist) 
was roasted in a charcoal-fire, and afterwards pounded into pieces of 1 — 2 cm in diameter. 
 
Construction of oven 1 – the slag tapping furnace 
The furnace was built in one day from local loam, and continually dried by a fire while under 
construction. The loam had been tempered with quartz-sand and mixed with straw. The sand-floor 
sloping towards the slag-tap was covered with a thin layer of loam. 
 

 
Figure 1. 
 
On the actual day of the experiment, clay-tubes (inner diameter about 2.5 cm) were pushed from 
the inside of the furnace half-way through the air inlets, and fixed with loam which had been 
specially tempered with loam which had been specially tempered with sand and sawdust. The 
tuyères were made from a mixture of the finely pounded waste of a glazed loam wall, slags, 
charcoal and iron-oxide. 
 
The experiment 
The furnace was pre-heated by a wood-fire for 2 hours. The bellows were then connected and 
served. Slowly the furnace was filled with charcoal, at first with 4.5 kg, and when this was glowing 
throughout, another load of 4.5 kg was added.  
As soon as this load was glowing, the furnace was filled to the rim with charcoal, on top of which 
the first 1.5 kg. of ore was loaded. The bellows were blown continually. The contents of the furnace 
were slowly sagging. After about 10—15 min. there was sufficient space for the next load of 1.5 kg. 
charcoal + 1.5 kg. ore to be loaded.  
After the third cycle, the slag was running, this could be checked by pushing an iron rod (6 mm in 
diameter) through the air-inlets and keeping it inside the furnace for 7 seconds: smelting slag will 
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deposit around the rod. This is the time to clear the tap hole: with an iron poker, glowing charcoal 
was carefully removed from the furnace through the tap hole. The furnace was cleared so that 
about 7 cm of the floor became visible.  
The running slag quickly fills the clearance and sets as soon as it reaches the floor. The hardened 
slag is then tapped loose from underneath with a pointed rod and taken out with a pair of tongs. At 
the same time, some more of the charcoal is removed so that the clearance is further increased. 
Every time that a quantity of slag forms it is taken out. This procedure has to be carried out most 
carefully in order to prevent the contents of the furnace from collapsing.  
After the 14th cycle, Thijs noticed a ceiling of iron-bloom. The contents of the furnace were stuck 
on it. In order to get some more space for rod-manoeuvring we removed everything from the floor 
of the furnace, including the thin layer of loam floor itself. The slag was running down along the 
walls, for the most part, near the bellows-nozzles, and was continually being removed from the 
furnace. If the running stopped, we pushed openings with the rod — it is most important to keep 
the slag running. 
After the 60th cycle it was no longer possible to push any openings, so the loading was stopped. 
To test the temperature, a spinning stone made of clay was placed on the furnace floor in order to 
fire it. The distance between the distance between the floor and the underside of the hanging 
bloom was now 12 cm. The tap hole was filled up and the blowing continued for another 20 min., 
until all the charcoal was burnt up. With the rod we probed into the contents of the furnace from 
above. There was bloom contents everywhere with plenty of spiky projections. When the bellows 
were pumped harder, sparkles of burning iron appeared; this meant that the bloom - or at least part 
of it — had reached welding temperature. We therefore decided to attempt to compress the hot 
inside the furnace. We picked a tree trunk with a diameter a little smaller than that of the furnace 
and nailed two handles to it; with a combined effort, we lowered the trunk into the furnace. We 
could only strike two blows before the whole trunk caught fire in an enormous explosion of flames. 
As the handles turned out to be too short, we had to let go of the trunk. It was only with great 
difficulty that we could lift it again from the furnace. 
 
 

 
Figure 2 A.    Figure 2 B. 
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Dismantling the furnace  
The furnace was left to cool down. The following day the tap hole was opened first in order to find 
out what had become of the spinning stone. The spinning stone was almost completely. covered by 
slag. This slag probably had run off during the pounding with the tree-trunk and weighed 4.3 kg. 
The colour of the spinning stone was a pale yellow which means that the firing temperature had 
been too low. The temperature is estimated as having been 400°C at the most. 
The furnace was dismantled and the bloom was removed. The lower part of the bloom appeared to 
be a mixture of slag and iron, as is usual. The upper part was quite homogeneous, containing less 
of the slag. The spiky projections that one normally finds on top of the bloom now appear to have 
been rather crushed during our tree-trunk manoeuvre. It is a pity that we did not make longer 
handles, so that we could have continued the pounding a little longer. 
 
Data 
Duration of experiment: 
2 hours preheating with wood 
1 hour preheating with charcoal + bellows 
14 hours for 60 ore-cycles 
0.5 hour prolonged blowing after cycles stopped 
 
Input: 
9 kg. charcoal for preheating 
60 cycles with 60 x 1.5 kg. charcoal = 90 kg. charcoal 
60 x 1.5 kg. bog-ore = 90 kg. roasted bog-ore 
 
Output: 
27 kg. raw bloom consisting of 23.2 kg. bloom and 3.8 kg. loose particles approximately 45 kg. slag 
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Analysis of this Iron (Hoogovens, J. Vink): 
C 0,21% infra-red spectrometry 
S 0,005%° 
Si 0,7% °x-ray fluorescence- 
P 0,7% "spectrometry 
Ti, V, Cr, Mn, Ni, Cu, Mo < 0,1% 
 
Remaining processes: 

1. 4.2 kg. of the bloom was reheated in order to reduce the slag contents and a small amount 
forged to a bar of 1350g. and 820g. loose particles 

2. 1350 g. of the bar is forged to a bar of 695 + 50 g. = 745 g. 
 
The yield will be: 90 kg. roasted ore (57.2 wt.% 
Fe2O3 =  40 wt. % Fe) 

27 kg. raw bloom (75%)  
13.5 kg. stumpfbar (37.5%)  
6.8 kg. bar (18.8%) 

 
Results of analysis of roasted local bog-ore (Rijksdienst voor Oudheidkundig Bodemonderzoek, I. 
Joosten): 
 
Sample  weight % 
SiO2%  13.58 
Al2O3% 1,67 
FE2O3% 74.25 
FEO%  48.3 
MnO%  1.72 
MgO%  0.13 
CaO%  3.04 
P2O5%  4.46 
 
  Bog-ore Bog-ore  Bog-ore Bog-

ore  
Lejre 
slag 

  Stiphout Stiphout blue 
(1) 

Stiphout 
without 
vivianiet 

roasted   

A (1000°C)       

Glew increase 
% 

      0.3 6.0 

(1000°C)           
Fe total % 40.3 38.8 39.4 57.2 45.5 
FeO % 23.2 21.1 17.8 3.3   
MgO % 0.1 0.1 0.1 0.1 0.3 
Al203 % 1.2 1.4 1.3 1.3 2.9 
SiO2 % 10.0 12.3 13.7 9.9 28.7 
P2O5 % 4.7 4.1 2.4 3.3 3.4 
K2O % 0.17 0.21 0.20 0.18 0.81 
CaO % 2.5 2.3 2.9 3.1 5.8 
Ti02 % 0.1 0.1 0.1 0.1 0.2 
MnO % 1.3 1.3 1.8 1.5 1.5 
 
Table 1. Results of analyses of pieces of iron from experiments done by co-workers of the 
Prehistoric Open-Air Museum in Eindhoven (Holland). 
 
1. Sample bog-ore Stiphout blue is separated into non-blue parts and analysed (3e column), 
because we have a P problem. 
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Construction of furnace 2 – the slag-pit furnace 
Firstly, the pit was dug to a depth of 50 cm and a diameter of 35 cm 4 piles with a diameter of 3 cm 
were driven into the ground (approx. 7 cm deep) against the inner pit wall. The top of the piles has 
to be level with the ground. Three further piles were driven into the centre of the pit at about 6 cm 
from each other, the tops being 5 cm lower than ground level. On top of the piles a coarse 
wickerwork made of willow (Salix sp.) was placed, which was to be covered with a 2.5 cm layer of 
loam as a kind of temporary floor. The loam has to be specially tempered with sand, sawdust and 
straw. The floor sloped from the sides down to the centre of the pit. The upper part of the furnace 
was then moulded from loam. During construction, the furnace was continually heated to speed up 
the drying process of the loam. This has to be done very carefully in order to prevent the temporary 
floor from collapsing. 
 
The experiment 
Prior to the smelting process the tubes have to be attached. A small hole was pushed into the 
centre of the floor. As an extra protection during the dry-heating a couple of small wet boards were 
placed on the floor. Then the furnace was preheated for two hours by burning wood. 
The bellows were then connected. Within one hour the furnace was loaded 9 times with 1.5 kg. of 
charcoal. The bellows were blown steadily. We checked whether the pit opening was stil clear and 
started the first cycle. 
After the 6th cycle the slag started running. A rod was pushed through the tap hole down to the 
lowest part in the centre of the floor. The rod pushed through the liquid slag to widen the opening in 
the floor. This operation being successful, the slag immediately flowed down, disappearing into the 
pit. 
After 8 cycles the tap hole was closed; it would not be necessary to re-open it, as the slag was now 
flowing into the pit on its own. It is our impression that this accelerated the process. 
After 12 cycles, the flames at the top of the furnace diminished. This problem was solved by 
stronger bellows-blowing. We also removed the grit prior to feeding the roasted ore into the 
furnace. This does improve the process: again the flames shot up from the top of the furnace. 
After 17 cycles, the floor-opening was again pushed a little wider, the bellows-nozzles being  
 

 
Figure 3. Oven 2 
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controlled and, if necessary, pricked open, and any damaged connection to the bellows was 
repaired. After the 21st cycle, all of a sudden some slag ran from one of the bellows-nozzles. This 
nozzle was forced open again. 
After 30 cycles we decided to stop, as we were being increasingly troubled by rain. The blowing 
was stopped while the furnace was not yet empty. We dismantled the furnace the following day. 
 
Dismantling the furnace 

 
Figure 4: the dismantled Oven 2 

 
As could be expected, the raw bloom at the top had a spongy texture: a mixture of small pieces of 
charcoal and slag. In order to use a part of this material for bar-iron forging we had to heat it in a 
fire for a considerable time in order to get rid of the slag. Then, while it was still in the fire, we 
squeezed it into a square with a pair of tongs; this could then be forged into a bar. Even at the 
forging stage a considerable quantity of slag was still being released. 
The lower part of the bloom consisted of quite densely packed iron containing rather few slag-
particles and could be forged very well. 
 
Data 
Duration of the experiment: 
2 hours preheating 
1 hour preheating with charcoal 
5.5 hours for 30 ore-cycles 
 
Input: 
13.5 kg. charcoal for pre-heating purposes  
30 ore-cycles using: 30 x 1.5 kg. charcoal = 45 kg. charcoal 30 x 1.5 kg. bog-ore = 45 kg. ore 
 
Output: 
18.7 kg. raw bloom containing 13 kg. in one piece and 
5.7 kg. loose materials. 
Because half of the raw bloom output consisted of the spongy portion we could not give an 
estimate as to the quantity of pure bloom. 
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Future experiments 
Among the questions that remain to be answered are how was iron making done by Iron Age 
people? Would the Iron Age farmer have performed both the iron production and the making of 
tools, or just a part of the process leaving other parts to specialists? According to the findings of 
what frequently appear to be twin-type slag-pit furnaces near rather small settlements, one would 
incline to the latter theory. (Matthijs van Nie lecture (1996) and Peter Mikkelsen lecture (1996)). 
Future experiments should incorporate the use of these twin-type slag-pit furnaces. The procedure 
seems to be more economical. Perhaps such an experiment would answer our questions with 
respect to the findings of twin-type furnaces. 
Working on the bloom while it is still hot is also a topic that needs to be addressed. The first sample 
from our experiment with furnace 1 looks rather promising. In Eindhoven we recently performed a 
second experiment where the bloom was worked (October 5 & 6, 1996). It resulted in saving a 
considerable amount of time during further processing (Report to follow). Saving time would seem 
like a good reason to follow this line of investigation. 
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