














STEEL

by John M. Whelan

Steel is so cheap and available
today that it is difficult to keep in
mind that this was not so before 1860,
when Bessemer and open hearth furnaces
began to produce it in quantity. The
tools with a sliver of steel welded to
a soft iron body remind us that once
steel was costly. Fine steel was high-
ly prized; its manufacture was not easy
to control and telling the difference
between good steel and bad was an art
that had to be acquired. Most of the
secrets of this technology are under-
stood now, but it took thousands of
years for mankind to solve the many
puzzles of this fascinating subject.

Soon after early man found iron in
the ashes of his cooking fires, he no-
ticed that sometimes it would shape
easily, but blunt quickly; at other
times it would hold an edge but was
brittle. Over the centuries ironmakers
slowly learned how to control this cm-
pirically: the reasons were not under-—
stood until the eighteenth century.
Let's review them.

Iron is very fond of the oxvgen of
the air, as all of us who fight rust
know. To release it from its wedding
with oxygen in iron ores, we must use a
material with even greater affinity for
oxygen. The carbon of the first wood
fires filled the bill, and carbon in
various forms is still the material of
choice. This is so convenicent that
there had to be a catch. The catch is
that hot iron can dissolve carbon, even
combine with it; and small variations
in the carbon content of the iron can
profoundly affect its behavior. Too
little and the metal is soft: too much
and it is brittle. And too much is
just over two percent. These were
facts, dimly perceived by the smiths,
that underlay their art and craft for
centuries. FEven the existence of oxy~
gen was unknown to them until 1774.
Though they recognized symptoms such as
graphite inclusions in brittle iron and
color differences (gray and white iron),
they did not have methods of measure-
ment of carbon content, even if they
did recognize that graphite and the
carbon of their charcoal were related.

The early forges had great diffi-

culty in holding the temperature needed
to melt iron (2795 F). This was a
blessing in disguise: the newly formed
iron was a semi-solid paste which did
not take up carbon from the charcoal.
The product was a mixture of quite pure
iron with molten slag (iron and other
silicates) left behind from ore resi-
dues. Beaten with hammers (later by
machines) to squeeze out the slag, a
residue of fibrous glassy material was
left behind which stiffened the soft
iron. This is wrought iron, the prin-
ciple form cof iron ip the Middle Ages.
A Catalan forge in the Spain of 1200
could produce about 140 pcounds in a
five-hour heat.

As furnaces were made bisger, both
to increase production and to save fuel,
higher temperatures were developed: the
iron melted. The molten iron dissolved
carbon from the charcoal, and the pro-
duct was cast iron, because it was
"cast" from the liquid, or pig ircu,
because the shape of the ingots re-
minded them of a sow with suckling pigs.
The remedy for too much carbon seens
strange: one reheats the cast iron
with carbon. The crucial factcrs are
the access to oxygen and the tempera-
ture of the iron: oxygen will burn the
carbon out of iron faster than it can
be taken up if the temperature is not
too high. Control of the carbon con-
tent is difficult—even today, in mo-
dern Bessemer converters, it is usual
to burn off most of the carbon. At
first this was done in simple forges,
later (after 1784) in '"puddling’ fur-
naces, to give wrought iron or on
hearths to form ''charcoal iron.™

The middle range of carbon content
(in the one percent range) then re-
quired another step. Bars of iron were
sheared into convenient lengths and
packed in powdered charcoal in a tight-
ly closed vessel. These were held at
about 18C0 F for 8-11 days. Carbon
slowly diffused into the solid iron.
Meeting iron oxide inclusions, it
formed bubbles of carbon monoxide which
worked their wayv into the surface of
the bars and caused blisters—hence the
name for the product, "blister" steel.
The bars were rolled to remove these
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[Steel, continued from page 7]

develop. There is no direct relation-
ship between these colors and the steel
hardness—you can develop a lovely
straw temper color on mild steel, but
it won't be hard.

Like many other wood butchers, I
have certain old chisels that I would
not trade for the best that can be
bought today. Sure, they had no
analyses and no computer—controlled
tempering ovens, but they did make good
tools. I don't subscribe to the belief
that some lost art is involved: tools
that were too soft have been sharpened
into nubs and those that were too

KEYED SLOTS WITH RAISING ANMD

V BLOCK MOVES UUP AND DOWN WITHIN
i LOWERING OF ARM.

BASE BLOCK IS 21 34" LoNvG, 7

12

by LARRY FUHRO —

Thanks to
Harry O’ Neill
Annandale, . J.

SOME SORT OF CUTTING
DEVICE; ALL WOOD WITH
A 3/16" THICK, V~SHAPED
BLADE.

—_——— e —

] ARM MOVES UP
AND DOWN .

GADGETS -DOOHICKEYS -THINGAMAJIGS *AND WHATCHAMACALLITS  mesammaeed

brittle have been broken. What are
left are the good ones. You can get
better steel today, and I suspect you
could have tools custom made that would
match the best old ones. Some believe
that hand-forging gives better grain
structure than can be obtained by one-
blow machine forging. This may be part
of it. But one should not be surprised
that most tool manufacturers expect
their tools to be treated roughly, and
prefer to temper them for toughness
rather than for best edge-holding pro-
perties.
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