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HEAT TREATMENT AND HARDZNING OF GRZY IRON CASTIXGS

The object of thie tnesis is not intendea to e
a metallurgical researcn, oput has for its sole object thne
advancenment of the mechanical phase of and results which may
e ovtained through the heat treatment of grey iron castings.
The accomgpanying on:mlcal ard metallurgical date veing used
only as a means to this end.

At the time the writer started tnis research,
out very little data secsmed to be availavle, in fact, I was
uriable to obtain any outside irformation, but of late a
consideranie amount of metallurzgical research work hes veen
done but still leaving tne subject far Ifrom a thorough survey.
In fact, present foundry practice has not as yet reached the
stage wihere grey iron foundries producing a variety of work can
maintain absolute control and whkich is absolutely essential for
uniform results.

Late in 1§23, trte writer was confronted with the
problem of producing a grade of cast iron roliers which would
be mucn higher in hardness than would be possible to machine
with the result that a large number of tests were run to
determire & proper anelysis and method to be pursued to properly
harden yet toughen these rollers. Various methods were tried
for quencning and drawicg. These rollers were quenched in a
salt orine solution also in o0il and in water with a final result
that the production metiod adorted was tnat of partially
quencnirg in oil and finishing in water. The oil was kept at a
constaut temperature by means of a circulating system which
circulatéd the oil througn cooling vats and back to the taznk
egain holding tne oil at between 70 and 90 degrees F.

Qur reason for finieh quenching in water was
not vecause of any definite reaction to the work beirg neat
treated but bpecause the one minute in tne oill vath was sufficient
to cool the work velow the critical temperature and thus maxkirg
it easier to maintain a satisfactorily low o0il temperature
without & too elavorate oil cooling systen.

These rollers were heated in an electric furnuce
to a temperature of 1000 degrees F, and left in the furnace a
sufficient length .of time to produce a uniform temperature
throughout the entire structure., These rollers were then with-
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In drawing, care must be taxen to see that the
work is not left at this temperature a length of tlme sufficient
to briag the work up to 1300 degrees as by so doing, the work
will be, not only softened, but actually weakened. The result
desired is simply to remove the internal stress produced by
quenching.

A better method to strenzgthen the work after
treating is to heat the work slowly but thoroughly to a much
lower temperature, preferably between 700 degrees and 300
dezrees F. and allowed to cool slowly.

We adopted the first method after considerable
trials to determine the exact time to ve left in the annealing
furnace, simply as an aid to production and would not recommend
this as a safe method where the work 1is not of a uniform size
or character.

To show the effect of drawing at 1300 degrees,
seven samples of exactly the same anelysis were heat treated
and drawn and curves plotted as shown on sheet marked
Sample U=11-H.

t will be noted from sheets 2-16-H and 2-20~0,
also the microphotozraphic views of 2-10-0, 2-15-H, 2~16-~H and
2-17-H that the physical change resulting from neat treatment
is the raising of the comolned garbon and the lowering of the
graphitic carbon, also that the best hardening or qaenchinb
temperature for all analysis scems to be around 1600 dezrees F.
Also that the degree of hardness is also influeaced by tne
amount of silicon. The higher degrees of hardness are obtained
witn low silicon.

It was found that the degrz2e of hardness as
well as toughness varied with the manganese and with the silico
our best resuit was obtained by runulng our silicon about 1.65%
to 1.70% with the manganese about .60% to ,70%. This after
hardening and drawing with this analysis proauced a roiler
which was stron er against shock than was the original casting.
However, before drawing, the roller would be quite brittle and
would not stand the shock that the original roller before heat
treatment would stand. It was also found that we could not
mwanmh ae hish o dexrree of hardnece with +he ailiecon anonu+ 24

n,
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The result obteined from these experiments
convinced the writer that if the analysis of our metal could
be held absolutely uniform and our quenching and drawing
conditions absolutely uniform that we could produce a very uniform
and satisfactory product and to determine, if possible, just
what actually tookx place during these hardening and annealing
processes, the writer ran a series of approximately 130 samples
of standard test bars of 1/2 square inch cross sectlon of area
of which analysis was taken before hardening and analysis of
the carbon contents taken after hardening also the tensile
strength was determined as well as the degree of hardness and
these results were plotted in a series of curves showing a
hardness compared with the tensile strengtn. None of these
gamples, however, were annealed to siiow the effect on these test
bars with the exception of sample 4-11~H, as our previous test
in production had convinced the writer that the castings could
be brought back to their original degree of hardness and
that the strength could even be increased by a heat treatment
process.

However, from the laboratory experiments, 1t
is very evident that unless all conditions are kept absolutely
uniform that very erratic results will be obtained. No heat
treating was recorded at a lower than 1300 degrees F. as it
was found that there was very little effect on the cast iron
below tnis temperature, at least, as far as its hardening
qualities were concerned.

The time for heating and quenching depends
entirely upon the size and shape of the specimen, but in all
cases the work should be left ia the furnace sufficiently
long to insure & uniform tewmperature throughout,

KECHANICAL APPLICATION

#e have found tarough investigation, that 1t
is frequently more economical when reguiring large size drill
bushiugs for jig worx to use cast iron bushings cored nearly
to size, macihine nearly to size allowing griading stock, heat
to 1600 degrees F. quench in o1l and finish grinding.



Tool bits can also be made from low silicon
hardened cast iron which will be slightly better than carvon
steel obut its use for this purpose is not economical or
justifiable except in special cases of emergency. The writer
has used hardened cast iron tool bits simply to determine what
actually could be done,
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CARBON ANALYSIS AFTER HEAT TREATMENT

Treatment Gzaphitic Combined
Qarbin Carbon

: smtll 2.63% _.52%
L5003 2.19% .52%
1600 1.99% 1.16%
~HB00° T || 4.11% 1.04%
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Magnification - X400
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Martensite, Cementite

Etched - 1800° F
Magnification - X400
Constituents - Graphite,
Martensite, Cementite.
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