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euring Mark Aspery’s Wesverville demonstration &
CBA 5kill Level: I
Water Leaf 1

riunding hammer 1 Use rounding hammar
T narrow the kase
aof the leaf,

‘ Water Leaves
)‘ ‘QE by Eden Sanders, San Andreas, Crlifornia, @&)
. based om photographs taken by fohn Graham

i 2% k" Aat 5tr1.::

2 Cut cornars to make
a point,

H
3 Use croas pean ardly ewages

L thin edges and

dongate the leaf. i j

4 g2 a swage and _

N round edge of and J_ tall vise swage
Wwﬂ o riopled sdgts, )
Feld ard forge wald on thres oides, L 5 Fold and forae weld oo hmnr vl g a wor

o four sides,

o Searf the end to attach
ta gnill, curtain red or....

Water Leaf 2

{] 1 Raund the tlp.

L

‘\1 2 Use crose puen to thin Se00png TN teat
{  theedges and chape & 457 swiage desighed
the lzaf. to b uzed i 5 Wse.
> 3 3 Flatten cut the pegn
marks with rounging
hatimat, and scoop the
lzaf In A 457 swage with
4 Rlpgle the edges over rounded sedge of andl 2nd a swage # Wide crods peoh,

Laing a leafing hammer.

& Cut kar hatiway to fold
leaf back over the bar,
arel farge weld.

& Sgarf the end of the
weld to sult application.

e

May/June 2006 www.calsmith.org California Blacksmith 3



Show and Tel

Phot os D Gi ett

nt Damascus f ol

Cracks in hammer face form p



Daveods

bi

r d

foot

cand|l

e

hol der

Wooden

handl e

Dave

put on

Wi

r

e brush

(rod

on

t

he



From t

he I ron tr

JULY-AUGUST 2011

l ium Ontario BI

THE IRON TRILLIUM
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THE DARK AGES RECREATION COMPANY’S
ECONONORSE IRON SMELTER

The EconoMNorse 15 a small, quek to
buld ron fiumace, made from easy to
acquire materials. It takes i rough size
and general operating characteristics
from a blend of Viking Aze archasclogy
and modemm practical experiance. The
rough form was developad in Fall of
2004 by members of the Dark Ages Re-
Creation Company, with further
refinements made m Fabruary of 2003
with gmdance from Sauder / Williams
MeCarthy.

A dorect bloomery frnace works by
reducing won oxide ores (FalO3 or
Fei(4d) as thev fall and react through a
column of super heated carbon
monoxtds gas produced by bummg
charcoal. The resultmg metallic ron
does not melt, but 1s at the “sticky” stage,
Just below welding temperatures. The
particles sinter info a bloom mass,
collecting matde a poel of Liguid glass
slag just below the tuyers.

Past experience has shown that the
smelter team 1deally should consizt of at
least THREE indivaduals, with an
additional person as record keeper.
Chareozl and ore should be preparad
beafore the actual smalt.

The basic structure 13 made up of three
cireles of standard five bricks set zbove
one another, with e1ght fire bricks
standing on end making each laver (for a
total of 24}, Thiz gives an internal zize
roughly 25 em in diameter and about 60
e hugh The bricks are contaimed mzids
a support strocture mads of a evlinder of
sheat mefal {or leaning stone slabs)
about 60 cm in diameter. The zap
between these two 15 filled with a loose
wmix of 30/50 wood ash and zand (or
other msulating material).

The mtemmal floor of the smelter should
be built up to a depth at least 5 cm deep
with a tampead dovwn mixture of wood
ash and charceal dust. A gap m the first
laver of bricks should be constructed
about the size of 2 smgle brick laymg
honzontal to form at fap arch. If the
whole structure 13 constructed on plinth

of bricks containing a built up laver of
sand / ash / charcoal fines, the slag
tapping process 13 made eazier.

The movere (a1 inlet) can be made of 2
simple length of 2 - 3 cm OD schadule
40 (or standard black threaded) steel
pipe. Ideal 12 a ceranue kiln support tube,
available at pottery suppliers. The fuyere
15 placed on top of the fivst layer of
bricks, in 2 small zap in the second laver
- at 90 degrees to the tap arch. Above the
tuyers, this zap should be filled with part
bricks and sealed with clay. The tuyera
should profruds about 5 om inside the
smelter wall (B). It should be positionad
on a shight down angle of roughly 20 -
25 degrees (), and stzbilized with spare
bricks or wood blocks. The shape and
quality of the bloom 12 zreatly sffected
by the position of the tuvera.

Agr flow can be provided by a old
vaouum cleansr blower or great bellows.
If an electric blower is usad, it should be
equipped with either a shding plate awr
valve or adjustable meter speed control.
The zir volumes requred are
considerable, and must be deliversd both
constantly and consistently over the
entire smelt. A flow i1z a vanable
related 1o smelter diameter, and for thus
size will be approximately 800 - 300 1
min. (Requires 1.2-1.5 luire per cm?2 area
at tuyera level )

Expect to consume from 50 - 75 kz of
hardwood charceal per smelt. This
should be broken up and then sersened
so that no preces are larger than 2.5 cm
dia. (walnut) or smazller than 1 cm (pea).
The fines ars used as msulating material.

Iron ore may be natural rock, primary
bog ore, industrial taconite or hematite
blaztmg guit. "Spanish Red” potter’s
oxtde 15 best preparad by muxing with
10%% white silica sand and 10% whole
wheat flour inte a dough, then zllowed to
dryv. The key 15 the ore needs to contain
at lzast 50%: Fa content. Fock or tacomite
ores should be roasted - heated to critical
temiperature. This assists the breakmg
process. The ore should be broken to

between pez and rice {1 to .2 cm) size,
retatning the dust.

The smeltar should be preheated, starting
with softwood splits and no air blast.
The fire size plus aw blast will be
merzased over zbout 2 one howr perted.
Then the finnace 1= fillad with rough
chareoal, with graded fuel used after. As
cotrect operating temperature, the
smelter consumes a standard galvanized
pail (roughly 1.75 kg) every 8 - 10
minutes. Chareeal should heap up over
the top of the smelter and be addad
whanever the level drops to even with
the top edze. At & minutes per charze,
the finnace i to hot, and cast iron may
be the result. Over 12 mumutes per charge
and the fumace 15 too cold, and the
metallic iron mayv not sinter corracily.
Correct operating temperature can be
modified by adyesting air flow.

After about 30 minutes, the combustion
zone should be observad just below the
top level of the fiunace and the first . 3
kg charge of ore 15 added. Ore should be
sprikled evenly over the top, and
distributed through each bucket of
chareoz! (not added as 2 single =lab) Itis
suggested that a standard sized long
handled scoop be used for this, Note that
varions ore types will have different
volumes to achieve this weight,

About ene hour inte the smelt, the
smelter should ‘take off” with
consumption rates rapidly mereazing
(marking the formation of the lower =lag
bowl. The consumption rate 15 stabilized
bv ncreazing the amount of ore added
per fusl chargs to maintain the trme
mterval, typically increasing by 23 kg
amounts. Normally the ore additions will
peak iz the range of 1.75 - 3 kz added
per standard chareoal charge.

The rate and volume of slag created wall
vary due to ore type. but a balance must
be made between maintanung a bowl of
ligid =lag, and not “drowning’ the
frvere. Tappmg 1= done bv removing the
brick blocking the tap arch, then dizgging
away the loose matenial to expoze the
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bottom of the slag bowl Typically a rod
15 used to plerce the solid bowl through
to the Liquid slag above. Fetuming
tapped slag to the top of the smelter
effectively recyeles won still embeddad
1 the slaz mto the growing bloom. If
there is a large volume of slag, but it is
too viscous to easily mn, a small amount
of forge seals can be added with the

charges.

How long the sequence of adding ors
charges should continne will depend on
qust how large a metallic bloom 15
dezired. The Econcl{orse Smelter has
succassfully produced blooms as small
as 3 kg, but with careful managzement of
the slag bowl, monster blooms of 10 - 20
kg are possible. Generzlly, at 2 pomt
ranging from 5 to & hours into the smelt,
addition of ore charges should be
stopped. A further 2 - 3 fuel charges
should be added to allow the final o1e
charges to reduce, and drop to sinter to
the bloom. These lazt chargas ara
allowed to bum down to elose to tuvere
lavel, reducing air volume all the while.

With the EcenolNorse, extraction begins
with removing the metal sheeting
containing the brick core of the fiunace
(also spilling the hot imsulating matarial),
Then the top most laver of bricks can be
removed. At this pomt 1t should prove
possible to pry loose the bloom mass
from the slagz bowl. Fire resistant
clothing, gloves and full face shialds

abzolutely requirad!

Primary consolidation of the bloom can
be imdertaken nsmg the residual heat of
smelting. The ideal surface 15 the top of a
hardwood stump. If care is taken with
dizmantling the smelter, 1t now can be
operated as a large forge for further
compression of the bloom mass.
Typically the original foot ball shape of
the bloom 15 hammered mto a hockey
puck, then hot cut with an axe - a shape
found with artifact blooms.

Exact vizld dependent on ore purtty
(from 25 - 23% expectad)

Exact carbon content of the resulting
metal 15 related to 2 large number of
variables over the smelting sequance!

"Smelting ron 15 extremely dangerons. It
ivolves very high levels of heat and
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potentially toxic matersals. Do WOT
attempt this without suitable
pracautions.”

Thanks to McDonalds Home Hardwars
(Dumdalk) for thew support.

Handeut © Darrall Markewatz - 2003,
011

The EconolNorse Iron Smelter was a
demonstration for CANIRON 8 - 2011
bv members of the Dark Aze: Fe-
creation Company: Neil Peterson,
Fachard Schwraitzer, David Cox, Sam
Falzona,
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For Further Information:
Dark Ages Fe-creation
Company
www.darkcompany.ca'iron
Lee Sauder & Skip Williams

at the Rockbridge Bloomery

http:/1ren wlu edu
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Forging acorns from steel pipe

To forge acorns from 1" pipe. you need two important tools: a “pipe stake™ and a “spring
pipe fuller”.

Pipe Stake

A pipe stake is made by welding two 57 sections of 1.5” round bar to a flat plate, and
welding a 37 piece of 17 x 17 bar to the plate to serve as a tang to fit your hardie hole or
to clamp in your post vise.
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Pipe forging on the anvil step

Materials:
*  About 8" of 1" &lack iron pipe.
WARNING: Do not use galvanized pipe!
It produces toxic zinc vapor when heated.

*  About 12" of 1/4" diameter mild steel rod.

Forging the Cap Overhang
First step in forging an acom is to forge the overhanging part of the cap.

Use the spring pipe fuller to neck down the pipe at an orange or vellow heatl 75" back
from the end of the pipe. about . Always rotate the pipe about a quarter turn between
blows. If vou let the necked-down portion get too far out of round, 1t may be difficult to
correct it. Neck it dowmn to about half its original diameter.

from Steve

Mc Gr ew Spokan

The “spring pipe fuller” jaws need to match
the size of the pipe vou will be forging. The
width of the opening needs to be about 1. 5
times the pipe diameter, and the height of
the opening should be about one-fourth of
the pipe diameter.

The edges of the jaws should be rounded.
The shoulders of the tool, which will meet
when the tool is closed, should also be
rounded. The pipe stake can be mild steel.
The spring for the fuller can be water-
gquenched mild steel. but 1t's a good idea to
use tool steel for the jaws of the spring pipe
fuller, because it takes quite a beating.

Spring Pipe Fuller

In order to forge pipe. it 1s important to hit
simultaneously from at least three directions,
toward the axis of the pipe. The pipe stake
ensures this providing two “anvil” supports

i that hut upwards as the pipe is struck

4 dowmwards by your hammer.

A spring pipe fuller actually hits the pipe from
four directions at once.

P
— - ,. |
( |
It's possible to forge a pipe using the — T N ,;},Jf_ 1
step berween the horn and face of your S —
anvil. too, because the step provides two i

impact points. —

The Spring Pipe Fuller in action

Using the spring pipe fuller

WARNING: when you quench pipe,
make sure it is pointing in a safe
direction, because it is very likely to
blast scalding water for 10 or 15 feet!

Nut end quenched to the neck

At an orange-to-yellow heat, quench both ends of the pipe. The end that will be the nut
should be quenched all the way to the neck, and the end that will be the cap and stem
should be quenched not quite to the shoulder above the top of the neck. Work quickly at
this point, because the neck and shoulder will cool quickly. The purpose of quenching is
to minimize distortion of the pipe except at the shoulder that will become the acorn's cap.

Now drive the cap end into the nut end.
The hot shoulders of the cap end will swell
shightly and roll down over the cooled nut
end.

Drive the cap end over the nut end Rolled-over cap edge



Forge the nut tip down to nearly 1/4" diameter

Insert 1/4" rod through the pipe

Now use the pipe stake to forge the short end of the pipe down to a shape suitable for the
nut of the acorn. As soon as the hole at the end is nearly down to 1/4" diameter, insert a

Y4” rod through the pipe, then forge the nut all the way to its tip. Just forge the tip of the

nut down small enough to clamp the rod firmly in place. The rod gives your acorn some
extra strength, prevents a hole from remaining at the tip of the nut, and helps if you plan

to forge weld the acorn's stem to a branch and leaves later.

Continue forging tip to shape Forge on anvil's edge to clamp rod

Neck down above the cap Finish neck in the flat part of the jaws

To complete the acorn. form the stem on the cap. Do that by using the spring fuller to
neck the pipe down again. just above the rolled-over portion. Neck it down as far as it
will go in the opening of your fuller. then move to the shoulder of your pipe fuller to neck
it down to the final size.

Draw out more of the pipe to form a
longer stem if necessary. Cut off the
unused portion of the pipe.

Drawing out pipe for the stem After it's cut off the pipe

Finish forging the stem and the tip of the nut. using the edge of your anvil. Forge the tip
thinner and thinner until the end of the rod drops off.



