Smelt 2015 post-smelt Notes
by Pete Stanaitis

About the "Lee Sauder" smelting process:

This process is sorta "upside down" from making cast iron.  To contrast the two processes:

When making cast iron, the slag floats on top of the liquid molten cast iron, IIRC.  You tap the slag off at some certain higher level in the furnace, hoping to get all the slag out of there.  

THEN you tap down lower on the furnace to get the cast iron to flow out.  That cast iron flows like water.

This could be considered a continuous process.

For this wrought iron making process, we force the iron (the "bloom") to start forming well above the floor of the furnace by building up a DEEP layer of charcoal, almost up to the tuyere, for the first gooey, drippy-but-not-quite-liquid material to form upon.

Then the slag forms BELOW  the bloom!  We tap the slag at intervals so it doesn't rise up to the height of the bloom, but the bloom continues to form much higher up and is removed more or less intact at the end of the run.
This is definitely a batch process.

Here's a bit about how it works:
  Once the entire charcoal "floor" is completely covered with this mixture of reduced iron and some slag,  the mass  spreads out to the edges of the furnace and it STICKS to the furnace wall.

  As this is happening, the charcoal beneath this newly forming bloom is being eaten away as the oxygen in the incoming air combines with it.  Fortunately for us, the bloom is self supporting and further smelting will actually "build" the bloom at that location.  
Eventually, the charcoal  below the  bloom is completely consumed, making a cavity that is as much as 9 inches deep, because that was the height of the charcoal base that we built for it. It's this area where the slag consolidates as it forms as the ore is reduced.
We continue charging  the furnace until the bloom has gotten so big that it threatens to cover the tuyere.  Then we have to stop charging, allowing  the latest charge to mostly be processed.

As soon as the last charge is mostly consumed, we open the tap arch and  recover the bloom while it is still hot enough to allow consolidation (hammering it while it is still at forge welding temperature to forge all the bits into one homogeneous mass).

We must tap the slag sooner rather than later because, if we wait too long, the slag rises up to the bloom, and it may even start to contaminate the bloom.

Miscellaneous technical details of this latest smelt & comments for the future:
Curing the furnace

We had too large of a fire to begin curing the outside of the furnace so we think it dried too much before we began drying the inside.  This caused the furnace to crack almost all the way down one side because the wooden interior form had not been burned out.  So, as the clay wall lost moisture and shrunk, it cracked since it could not shrink inward.  

  Sounds terrible, but cracks always do occur.  Anyway, we patched this crack and it didn't cause us any problems during  the rest of the smelt.  I can tell you, though, that we were worried about it!  Actually, I think we did less overall patching during this smelt that we have had to do with earlier runs.
Blower pressure notes:

We do measure the pressure of the blower at its output.  But it's really the air flow that we need to control.

  Our current blower has a "blank-off" pressure (maximum pressure when the exhaust port is blocked) of 7" WC.  We adjust the pressure leaving the blower by partially blocking the intake port of the blower.

When we start out with a "freshly lit" furnace fully charged with ore/charcoal, and we adjust for  a pressure "head" of 5" water column (WC), we can be pretty sure that we are blowing a "good" amount of air into the pipe that goes to the tuyere. But that is still too much air volume for the furnace, so we have a relief valve at the incoming end of the tuyere that can dump about half of the air before it gets to inside of the furnace.  Sorry, I don't know exactly how we got to that value, but it works with our setup.

Keeping  the tuyere open:

We started out with 5" WC pressure and the leak (pressure relief valve at the tuyere) set about 5/8 of the way closed.

After about 2 hours, we started to see something partially covering  the tuyere.  We increased pressure to about 6.2" WC and rodded out the tuyere twice over about a 1/2 hour period.  We also closed the leak completely to help to blow the "crud" out of the tuyere.  It worked.
  Then, about 3 hours into it,  we decided it was time to tap slag, and that was a good idea.

Shoulda watched the DVD more closely.

But, for this smelt, we had hardly any trouble with the tuyere, compared to our bad smelt in 2013.  Guardedly, I say that maybe we are starting to understand what we are doing????

Tap continuously or not?

Some argument about whether to close the tap hole. 
Finally decided "yes" to closing it, but main reason was to keep the heat up, not to stop the slag.  Still aren't sure how Lee Sauder does it.

Documentation BIG NOTE:

  There are ambiguities  between the DVD and the "updated" text that we got off Lee's website.

In future, we should spend with our team during  the planning stages to DECIDE which path to follow and when.

Ore, quantity:

We were short on roasted, sorted ore.  We had only about 80 pounds.  Shoulda had at least 100+.  Maybe even 150.  
On the upside, last fall (October, 2014) we didn't do a smelt but we DID prepare ore. That was the first time that we took the time to pick out rocks before roasting and pick out more rocks and other suspicious looking material after roasting.  This was a very good thing and we must continue to do that.

Charging, Ore:

  Looking at a video later on, John noticed that we were sprinkling the ore around on the surface of the newly added charcoal.  We were, however, avoiding the tuyere area when we did it.  But, John remembers that Lee wanted the ore to be poured into a more concentrated area.

 Charcoal and charcoal preparation goal:

  Need John's 200 gallon stock tank to be FULL of unclassified charcoal for a "full" run.

During charcoal preparation we did a good job of sifting out fines, but John feels we should have a charcoal charging pail with a screened bottom so any fines produced as we load the charging bucket will fall through.

Team size:

  We had GREAT team participation.
Furnace building:

  We can easily keep 4 to 6 people busy during material prep and furnace building.

The mixing of the material REALLY does need to be done on Thursday!!

Make the mix a little wetter than we did this year.

Roasting:

 This is a one to two person job.  But this is one of the jobs that really needs to be completed well before the furnace is being constructed.

Charcoal classification:

If the charcoal is to be classified  (sifted to save the 1" chunks) during the smelt, a minimum of 4 people are needed.  And at least 1/4 of the charcoal needs to be ready before the furnace is lit.
Curing the furnace:

2 person job.

Operating the furnace during the smelt:

Absolute minimum of 2 trained people.  
In closing:
I probably missed some important notes, so feel free to add to these notes.
Once we figured out the tapping vs. tuyere/plugging, we might have been able to continue smelting for several more hours.

