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Abstract                                                                                          
A comprehensive Material and Process course is a very important part of the industrial 
design student’s curriculum. It is essential for the I.D. student to understand the potentials 
and limitations of materials and the manufacturing processes in order to design intelligently. 
 
One of the most difficult problems with teaching a technical course such as Materials and 
Processes is keeping the interest of the students. In the effort of making the course more 
then a series of information based tests, the author decided to utilize a hands on experiential 
approach to learning about materials and process. If handled properly it is still possible to 
cover technical information comprehensively. Taught in an experiential manner, information 
changes from being dry and lifeless to having a context, will become part of the student’s life 
experience and remembered much more readily. 
 
A very good example of a hands on project that the author assigned to his class was iron 
smelting. More specifically the project entailed researching, designing, constructing and using 
an iron smelting furnace. As in every design project research was of paramount importance. 
The following questions were a few of the many that were investigated: Is there iron ore in 
Louisiana? What kind of iron ore is used for smelting i.e. (concentration and chemical 
composition)? Where can iron ore be obtained? How does the modern blast furnace work? 
Which fuel should be used; coke, coal, or charcoal? What is the difference between pig iron 
and wrought iron and what do we know about how wrought iron is produced? What is the 
theory behind the bloomery smelting process of the sort that was used by the Dogon people 
in West Africa? What are the functional considerations regarding the design of a smelting 
furnace? This project was exciting partly because no one knew exactly where it was going to 
lead. The process of being physically involved was a very important part of the learning 
process. It can be safely said that this year’s Materials and Process class understands iron ore 
and how iron ore becomes cast iron, pig iron, wrought iron and steel much better then if 
they had only studied it in a traditional manner such as through a text book. Researching, 
designing, touching, shoveling, sifting, smelling, heating, watching, are very important to a 
true understanding of the iron smelting process.  
 
    We have documented this class project by collecting photographs and slides of all the 
steps taken by my students in finding iron ore, designing and building a furnace and smelting 
iron. We have also documented the specific smelts and the results we obtained. In this paper 
the author intends to describe our smelting 
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Introducing the project to the class 
 
This project began by having my materials and processes class read in class some literature 
the instructor had collected on early ironworking, smelting with charcoal, wrought iron, and 
the Coalbrookdale Company. This reading session provided good historical and technical 
background information, giving the students a context in which to understand iron smelting. 
The rest of the class period was spent discussing ramifications of the newly acquired 
information. We discussed the methods of early charcoal iron smelting before the fires were 
forced hotter with air, and how this kind of smelting continues in parts of Africa today. We 
talked of the iron workers in fifteenth century Europe; how they managed to bring up the 
temperature of their fires high enough to melt iron and how they developed techniques for 
using the molten iron. We also became engaged in a discussion of how the evolution of our 
technology is related to the supply of resources; how in Europe by the 1700’s the limited 
supply of charcoal due to the lack of availability of wood, led to Abraham Darby’s iron 
smelting experimentation and paved the way to an era where coke was used to fuel the 
furnaces. 
 
By the end of the class there was a group of students that had become so excited about the 
smelting process that we decided that we had to do some of this smelting ourselves. The 
idea of creating our own furnace and smelting iron ore fell right into my goals of the class. I 
had made it clear from the onset that this course was going to be “hands on” and that we 
were going to learn by doing and experimenting rather than by only accepting what had been 
done by others before us. Our failures (the author was sure we would have them), would be 
our best teacher. We left the class that day with the challenge of researching the iron 
smelting process. Three students were engaged and enthusiastic.  
 
Inagina – A film about the Dogon blacksmiths smelting iron  
 



Along with my class I became immersed in the research of iron smelting. I found through 
internet research, a wonderful film, Inagina, depicting a group of elder iron smelters from 
the Dogon tribe in Mali, rebuilding and using a traditional furnace to smelt iron. Due to the 
influx of European steel into the Mali area the practice of the traditional iron smelting had 
been abandoned. Anthropologist Eric Huysecom and cameraman Bernard Agustoni 
convinced a group of eleven elder iron smelters, to rekindle the smelting knowledge of their 
descendents and perform what might be the last traditional iron smelt by the Dogon people. 
Inagina is a powerful film and will be amusing to many, not just those interested in iron 
smelting. The rituals of the Dogon smelters that dictated specific functions critical to the 
successful smelting, merged the technical with human behavior and made the film all the 
more fascinating. The type of furnace the Dogon smelters used was not a blast furnace but 
rather a bloomery. The furnace had 13 tuyers (tubes made of refractory material) located at 
the bottom to let air in. No air was forced through these openings. The iron collected at the 
end of the smelt was in the form of a bloom (a spongy mass of malleable iron and slag). The 
iron doesn’t go through a molten state as does the pig iron from a modern blast furnace. The 
temperature of the Dogon smelter’s furnace fluctuated between 1400 and 1800 F. , low 
compared to the melting point of iron which is around 2500 F.  
 
The mystical qualities and rituals that are part of the Dogon smelters tradition and were 
displayed so beautifully in this film, made a big impression on my class. The three students, 
that were involved in designing the smelting furnace, incorporated ideas and concepts that 
were generated from the documentary. The film gave them a good example of how ritual 
and design can be married in such a way that one reinforces the other. 
 
A field trip to a local foundry 

 
Lafayette, Louisiana is by no means an industrial Mecca but 
neither is it devoid of industry altogether. I made 
arrangements for our class to take a field trip to a foundry in 
our area. The Moresi foundry is located about 45 minutes 
away from us. It was founded by Mr. and Mrs. Moresi in 
1852. It makes and refurbishes cast iron parts for the sugar 
cane industry. About five to ten years ago the global 
competition became severe. Castings were produced so 
cheaply globally that the Moresi foundry had to rethink how 
they were going to do business. Instead of trying to compete 
with a country that pays less in wages and has fewer 
environmental restrictions, they decided to buy the castings 
that were made in these other countries and specialize in 
milling the parts. The shift from lower to higher skilled labor 
saved them from bankruptcy. Much of the credit for the 
survival of this foundry 
goes to Jim 

 
Farmer, who is overseeing its operation now. All the 
old foundry equipment, although it hadn’t been used 
since 1997, was still there for my class to see. They 

Figure 1. The cupola at Moresi 
foundry  



had a giant cupola which was used to take pig iron from the smelting industry, melt it down, 
add other components and make gray iron. The gray iron used to be poured into sand molds 
and became castings that were then machined to the appropriate tolerances. The milling 
operations there were most amazing. Never in my life have I ever seen such large lathes and 
milling equipment. One piece that they were turning, a crusher roller included a shaft and a 
shell, weighed  
65,000 lbs. To put the shaft into the shell they used a technique called interference fitting. 
This operation required a piece of equipment called a press that is capable of exerting 10,000 
psi. My class was able to see first hand the process that industry takes going from pig iron to 
a machined part. The fact that the equipment was old made it easier for us to understand 
how everything worked. It was all very visually accessible. I fell in love with the old wooden 
patterns that they used to make the sand molds. By the end of the day I had bought an old 
obsolete cypress pattern used to make a mold for a large gear. The pattern was probably 150 
years old and needless to say beautifully crafted. 
 

 
 

 
 
Designing the furnace 
 
The three students, Ryan Broussard, Paul Hebert 
and Corey Laperouse who had committed to 
creating a smelting furnace were also in my design 
class. I was happy to allow them to have both the 
research and design of the furnace as a project for 
both classes. The students started this project by 
researching their subject as thoroughly as possible. 
(I’ve always maintained that research is a very 
important part of design.) Next I had the students 
generate form both in models and  
3-d drawings based on their research. I ask my 
students to model and draw intelligently. A model 
or drawing should be based on solving a problem. 
The type of drawing or model that a student makes 
should depend on the type of question that is asked. 

I tell my students that a model that is generated from a question about the mechanics of a 
product will be a very different from a model from which a question about finishes or ritual 
behavior is being asked. 
 

Figure 3. Conceptual drawings 

Figure 4. Placing the brick 



After substantial research and generation of many possible furnace forms the students felt 
they should go ahead with a quick and dirty prototype. They felt that in the making of the 
furnace ideas would naturally change due to functional considerations. Many changes would 
only become evident when the furnace was used. The argument was that during the making 
and running of the furnace the design would become evident. As it turned out they were 

right; the quick and dirty model turned out not to 
be so quick and dirty. It took at least a week to 
make it at a cost of about $250 dollars and the only 
thing that was dirty about it was the smoke that 
came out of the stack. It evolved into a hansom and 
effective smelting machine. 
 
The furnace that my students designed was 
influenced in part by others who have previously 
built bloomery furnaces. Two men, Lee Sauder and 
Skip Williams from 
Lexington Virginia 
have been involved 

with the same ambition of smelting malleable iron from iron 
ore in a one step process. They have been involved with this 
interesting endeavor for a few years now and have collected 
quite a body of information. They have created a wonderful 
website, http://iron.wlu.edu , which is a must for anybody 
that is interested in the process of smelting. Some of our 
know-how and general confidence came from reading about 
these two smelters trials and tribulations. 
  

Figure 5. Discussing the brick design 

Figure 6. Building the upper half of 
the furnace 



I have decided not to write a step by step do-it-
yourself description of how to construct the furnace 
my students designed and built. With a little ingenuity, 
and careful attention to my drawing on page 6, (figure 
9) you will end up with an excellent smelting machine. 
I will give the reader a few tips. You will most likely 
need oxy-acetylene equipment, a grinder, electric drill, 
a circular saw with a metal cut off abrasive disc, 
various hand tools, an open space you don’t mind 
getting dirty, a group of resourceful students, and a 
good positive attitude. My students started with an oil 
drum. This is appropriate considering they are in 
Louisiana. They cut 9” off the top (upper shell of 
furnace) and 12” off the bottom (lower shell of 
furnace) and left the metal bottom alone. Then they 
cut the top out of the upper part of the drum but 
instead of cutting the top out clean they left a one 
inch rim behind. They 
flipped the upper piece 
over. The rim they left 
held the top bricks in 
place when they 
separated or opened up 

the furnace. The shell of the furnace is lined with K-23, soft 
fire brick (better insulation value) where as the bottom is lined 
with super duty, hard fire brick (better on wear and tear). The 
air that is forced into the furnace is a critical issue. From what 
we read in various places it is better for the air to be preheated 
before it enters the furnace. My students figured that if you 
make a chamber around the circumference of the furnace by 
the time it enters the heating chamber it will be hot. They were 
hoping that the temperature of the air would be around 900 
degrees F. when the air entered the chamber. For the stack they 
flipped an old flower pot over and cut out the clay bottom. At the time we thought it was a 
great idea because of it being a refractory material. The problem was that flower pots are 
made of a low fire clay and can’t take the heat of our furnace. We covered the clay pot with a 
castable refractory called Mizzou. I suggest that you use another material to get the top 
shape, instead of a flower pot, maybe even a material that can be pulled out from the inside, 
after the Mizzou hardens. To make the air cavity that rings the furnace the students used a 
snake of Styrofoam that burned out from the heat of the furnace. The inside of the furnace 
was covered with about a one half inch of Mizzou. Remember that the furnace was  built in 
two pieces so that you will be able to get to the bloom after the smelt. Our furnace was 
designed so that there was no easy crack (where the furnace separates) for the heat to go out. 
Notice how the inside bottom fire bricks on the top half of the furnace are cut at 45 degrees 
and how there is a solid lip of Mizzou at this point to prevent heat from escaping (see Figure 
9). We allowed the intake pipe to protrude into the furnace but made sure that the pipe had 
Mizzou surrounding it to protect it from the intense heat. We also welded four handles, two 
on each side of the furnace so we would be able to lift up the top of the furnace with the 

Figure 8. Pouring the Mizzou 

Figure 7. A flower pot turned over  
with bottom taken out for the  stack  



help of two 2” pipes. The leaf blower was noisy so we built an insulated box to surround the 
blower to keep down the noise. We put a hole in the box for intake air and of course also a 
hole for the hose going to the furnace. The most expensive items of your furnace will be the 
refractory materials. The fire brick will cost about $4.50 per brick. Our furnace took about 
30 bricks. The Mizzou goes for $38 for a forty lb bag, and you will need at least two bags. A 
leaf blower can be expensive but I am sure someone has one they don’t mind lending for a 
good cause.  
 
Obtaining iron ore 
A critical component of the smelting process is the ore. We needed a source and preferably 
one that was in our proximity. I asked our class to research ore deposit location in the 
United States. This assignment provided an opportunity for my students to research a 
natural resource pertinent to one of the largest industries in the country. Because industry 
and resources are so interdependent my students became aware of some profound historical 
connections. There were large iron mines in Minnesota and Michigan and there were the 
Great Lakes for transportation. No wonder Detroit became a likely spot for the automobile 
industry. The United States Geological Survey prints a state-by-state mineral yearbook that 
breaks down the mineral resources of each particular state. The problem with this source is 
that the statistics are based on what raw material is commercially viable in a given state. The 
tally of materials comes from actual industry use. So, for example, in a state like Alabama, 
which we know has some very rich iron deposits, the yearbook states that there is no iron 
ore. The fact is that iron ore is not presently being used commercially in Alabama but it does 
exist. I challenged our class to find ore in Louisiana. I thought it would be nice to extract 
iron from our own ore. So far we haven’t found ore in Louisiana that has enough iron 
concentration to smelt with. The closest iron ore deposits to Louisiana that were 
concentrated enough for our purposes were in Birmingham Alabama and northeastern 
Texas. Either location would have required a major trip with a pickup truck. Before we went 
to that kind of trouble, I decided to see if any of the iron ore mining companies might want 
to sponsor this project by donating ore. I called two companies Cleveland Cliffs Inc. of 
Cleveland, Ohio and The National Steel Pellet Company of Keewatin, Minnesota. In both 
cases the companies were more than willing to help out. Between the two I received some 
700 lbs. of iron ore free of charge. I consider them both sponsors of this project and thank 
them for their generous contribution. The type of iron ore we received was crude iron ore, 
of the Hematite (Fe2 O3) variety and had about 30 to 35% Fe. 
 
 



 
 
 

Figure 9. Plan and section of our bloomery furnace. 



The Smelting Process 
It took us three smelts before we had a successful bloom of malleable 
iron. On the first smelt we didn’t have charcoal and we wanted to get 
the furnace going so we used coal instead. This was not a good idea. 
We ended up with a bloom but the metal was predictably not 
malleable. On the next smelt I had found a source for charcoal. We 
started at 8:30 PM and started the furnace with dry oak wood that I 
had found. We fed oak wood into the furnace for about three hours 
or until about 11:30 pm. At that time we added 10 lbs of natural lump 
hardwood charcoal to the furnace. Once the charcoal was good and 
hot we took 10 lbs of iron ore and using metal mesh we placed the 
ore on top of the furnace until the ore turned cherry red (one good 
reason to do the smelt at night). This procedure is recommended by 
both the Dogon smelters and the Rockbridge Bloomery. After letting 
the ore cool down we broke it up into grape size pieces with a 

hammer. At 12:20 am. we added 5 lbs or half of our prepared batch to the furnace. We then 
added another 10 lbs of charcoal, and immediately after the remainder of the ore (5 lbs) and 

a last 10 lb bag of charcoal. We set the blower on low (it had 
been on high) and let the furnace run. At about 3:00 am it had 
burned half way down but we were too tired to stay up thus 
we decided to do as the Dogon blacksmiths did and smelt 
with no forced air. As it turned out this was a bad decision but 
a decision that was educational. We ended up with what I am 
calling a pre-bloom (figure 11). The iron ore was fused 
together but it had not reached the temperature that was 
necessary to turn it into a bloom. On our third smelt we 
corrected the mistakes we had made previously. We used the 
same recipe as we had before but we started in the morning so 

we could go to sleep at a reasonable hour and instead of turning off the forced air we kept 
the blower on low during the whole smelting process. Our bloom was waiting for us about 
3” below the air intake.  
 
Plans for the future 
Our smelting project is ongoing with no end in site. The 
more we have investigated the more doors for research have 
opened up for us. I am particularly interested in bloomery 
smelting and understanding more about the process. I would 
like to have my class design a furnace that requires no forced 
air. It would also be interesting to be involved in a more 
empirically based study of the bloomery smelting process. For 
this endeavor a furnace would have to be designed with this 
in mind. I can envision a furnace that has multiple 
thermocouples at various critical locations where readings 
could be taken. It would also be advantageous to be able to 
see into the furnace by virtue of multiple strategically placed peep holes. Another plan is to 
bring a furnace to a future IDSA National Education Convention, preferably when the 

Figure 10. Furnace 
at full blast  

Figure 12. Our first bloom 
of malleable iron 
 

Figure 11. A pre-bloom 



convention happens to be close to Louisiana, and do a demonstration smelt over a 12 hour 
period. 
 
Conclusion  
I believe that studying the smelting process more thoroughly could very likely produce 
information that might well have value to industry. The project also has its own intrinsic 
value that deepens our understanding of the very beginnings of the industrial revolution. 
And after all where would we be today without the industrial revolution? A Materials and 
Processes course doesn’t have to be dry and lifeless. Incorporating a hands-on research 
project into the course makes for a different type of learning experience. I picked a project 
that was relatively new to me and therefore was able to taste and share the excitement that 
my students experienced. I maintain that it is not really possible to understand a process 
such as iron smelting without actually doing it. It is in the researching, designing, touching, 
shoveling, sifting, smelling, heating, observing, that a more complete understanding of the 
process is made. 
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Web Sites: 
Experimental Bloomery in Tranemo. 
               http://hem.passagen.se/lestark/index.html 

Experimental Iron Smelting at Scatness.     http://www.brad.ac.uk/acad/archsci/field_proj/scat_smelting/ 

The Rockbridge Bloomery.  
               http://iron.wlu.edu/ 
 
Films: 
Inagina – The Dogon Blacksmiths.  
               http://archeo.unige.ch/inagina/index.gb.html 
               English Version can be ordered from: Documentary Educational Resources, 101 Morse Street, 

Watertown, Massachusettes 02172  Tel. (616) 926-0491 

Ovambo Smelting Video 
               http://www.era.anthropology.ac.uk/Era_Resources/Era/P-C_Museum/smelt_index.html 
 


