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No Drawing.

This invention relates to the menufacture
of “rimmed steel”

One of the objects of the invention is to
provide for the beneficiation of rimming I
steel ingots by the addition thereto, of cer-
tain aoents

Another object of the invention is to pro-
vide a more solid rimmed ingot, i. e., one
that is freer from hlowholes, than has here-
tofore been obtained, and in which such de-
fects as “black butts” are more or less com-
pletely obviated.

These and other objects of the invention
will appear in the course of the following
discussion of rimmed ingots in general and
particularly the causes leading to the above-
mentioned defects.

As is well known, rimmed steel, variously
called open or effervescing steel, to distin-
guish it from killed or partly killed steel,
is made by a process which permits the free
escape of gases from the metal during solid-
ification in the molds. These gases are be-
lieved to be chiefly carbon monoxide, hydro-
gen and nitrogen, and in the course of their
evolution, the ingot solidifies, those gases
which remain and are occluded, forming
blowholes of varying form and character.
Some of the blowholes are close to the sur-
face of the ingot and extend from the sur-
face toward the center of the in 1got, giving
a sponge-like appearance to the skin, and
which in many top-cast ingots makes the
lower half appear much darker in color than
the top half when it is stripped from the
mold. Ingots presenting this defect are
commonly designated “black butt ingots.”
An ingot with “this kind of skin will tear
and crack under the action of the rolls and
produce a scabby and seamy bar, unfit for
most purposes.

The evolution of the esc%plnor gases is ap-
parently caused by the reaction between the
iron oxide and the carbon present In the
molten steel (C+TFeO—-Fe+{C0). The
proper rate of their evolution is such that
the steel will not rise as it solidifies and the
ingot has a flat top when frozen. The cdst
ing temperature and the rapidity of poni—
ing have a great effect on the evolution of
these gases.

Generally speaking if the temperature is
moderate and the slag on which the heat was
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made was of medium heaviness, then the in-
gots will fall 27 to 3’” in the molds and re-
main there, freezing over to a distance of
5”7 to 6’7 from each side (in a 15”7 x 16"
moot) As the reaction diminishes in in-
tensity, the metal is forced through the hole
in the center of the crust and the action
ceases.

The following factors modify the condi-
tions acompanying freezing:

A. Those which tend to make the ingot
fall in the molds:

1. Heating to the cool side of “normal”
temperatures (not too cold or the ingot will
simply {reeze mn situ).

‘) Finishing heat on a thin slag.

Having a low carbon and manganese
content in the steel.

B. Those which tend to make the ingots
rise in the molds:

1 High temperature.

IIeavy slag.

3, High carbon and manganese.

Tt is the balance between ‘the above factors
that determines the rise or fall of the moot

r as happens in many cases, the rise after
fall “Talling in the molds” ig usually ac-
companied by a prolonged reaction and rim-
ming proceeds to a small hole. “Rising in
Hln molds” is accompanied by a short period
of action, and rimming proceeds to a large
hole.

Owing to the cessation of the reaction in
such cases before the bulk of the metal has
reached the point of solidification, the sub-
sequent evolution of gas at the critical
change of gaseous solub‘ility from the liquid
to the solid state has no free path for its
escape. (The stirring action due to “effer-
vescence” would permlt the free passage of
such gases from the metal.) The mfxbmtv
of the gas to escape gives rise to the forma-
tien of blowholes.

The essentials for the production of
1‘1111111111;: steels ave therefore ((c) to have

“clean” steel by making it under a good
ereamy slag and (2) at the same time to give
a sufficient period of reaction to the metal
in the molds to peumt the escape of gases
at the change of state. Tt follows that an
agent which will prolong this period of
reaction, and preserve the fluid condition
so necessary for the release of the gases, will
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rzaterially enhance the character and ap-
pearance of the ingot.

With the above considerations in v1ew,
I recently made a series of exhaustive ex
periments to ascertain the effects of various
addition agents on rimming ingots. Ameng
suchi aoents were baking powdex, chrome
ore, roll scale, sodium chloride, and fluor-
spar and other fluorides such as sodium and
barivm fluoride.

Chrome ore and roll scale had some slight
heneficial effects but the fluorides and espe-
cially fluors ]])a)‘ proved to be the only agents
which gave highly effective and sa isfactor v
vesnlts. The tests made in conne('h(m with
the use of the fluorspar were briefly as
folows:

An 85-ton basic open hearth heat contain-
ing .12 carbon and .50 manganese, was
poured into sixty 15’ x16”" ingot molds,
approximately 55 to 60 inches in hewht and
each hoelding approximately 3100 Ibs. of
metal.

Only five of the ingots were treated and
of those remaining, the avera ge ingot fell

1’ in the molds and rose again hom 114

to 2 inches, and rimmed to a 5%\61/, inch
hole. The rimming period of nine of the
untreated ingots was carefully observed, and
the average pemod from the finish of the
pouring to the completlon of the rimming
action for these ingots was found to be
9 min. and 35 seconds. These ingots rimmed
to a 514 x 614 inch hele.

Additions of about 1 ounce of commercial
ground fluorspar were made to five of the

mgot s, and the observed result were as
follows:
Ingot No. ..o 41 42 43 44 45

. R 10 min, | 10 min. | 10 min. | 10 min. | 10 min,
Rimming time.. {90 see. | 5Dsec. | 40sec. | 45sec. | 50 sec.

All of these ingots fell 2 to 8 inches in
the mold and remained at this level. They
rimmed to a 3 x4’" ‘hole. The smallest
addition of flourspar was made to ingot No.
41, which fact probably accounts for the
slightly shorter pemod of rimming than
observed for the other four ingots. These
five ingots - tended- to rim downward and
when capped were free from all “puffiness”,
while the untreated mszots Y1mmed upwqrds
and exhibited “puffed tops”.

The treated ingots comprised the second
batch of five Qh‘lpped. and were easily dif-
ferentiated from the untreated ingots Dy
their light colored buits, as compared with
the dark appearing butts of the third batch
which was stripped five minutes later. Ten
minutes after twenty - ingots had been

. stripped, it was seen that in the untreated

(B4

ingots (those stripped immediately after the
five treated ingots were strlpped), a similar

1,872

4438 .

condition of darkness extended six inches
hiigher up the butt than in the case of the

tr cated ingots.

In practice it is desirable to vary the
arount of fluorspar or other fluorides em-
ployved, frorm 1 to 6 ounces per 3000 lbs. of
iietal, although the smaller amount is usual-
.\,uulCleIlt to produce effective results. The
ﬁuorspar is preferably added to the mold
after a small amount (about 6 inches) of the
metal has been poured.

It is to be understood that the invention
is not restricted to the mode of application
of the flourspar to the molds, and that while
all fluorides may not be effec tlve to produce
the desired results, those which have been
employed are especially effective, and I
therefore believe that T am entitled to claim
the use of fluorides in general, and fluorspar,
specifically, for the purposes stated. It is
obvious -also that the fluorides might be
added to the molten metal in the ladle, prior
to pouring the latter into the ingot molds,
without departing from the scope of the
invention.

I claim: ‘

1. The method of enhancing the character
and surface appearance of rimiing steel,
which comprises adding a fluoride in the

‘;)1opolt10n of 1 to 6 ounces of fluoride to

3000 1bs. of steel, to the molten steel, sub-
sequent to tappmfr it from the furnace.
The method of enhancing the character
‘md surface appearance of rimming steel,
which comprises adding fluorspar 1n the
proportion of 1 to 6 ounces of fluorspar to
2000 Ibs. of steel, to the molten steel, sub-
sequent to tappmfr it from the furnace.
3. The method of enhancing the character
a 1d surface appearance of rimmed steel in-
gots which comprises adding a fluoride in
nmornts varying from 1 to 6 ounces per
3000 Ibs. of steel, to the ingot molds at the
time the ingots are poured
4. The method of enhancing the character
and surface appearance of ; rimmed steel i in-
gots which comprises adding fluorspar in
“mounts varying from 1 to 6 ounces per
3000 1bs. of steel, to the ingot molds at the
Umw the ingots. are pouIed
5. The method of making rimmed steel
ingot which comprises pouring steel of
rimming qualities into an Ingot mold, and
adding “thereto 2 fluoride in amounts suf-
ficient to prolong the rimming action of the
steel.
6. The method of making rimmed steel
ingots, which comprises pouring steel of
1"1’1111]1110’ qualities into an ingot mold; and
adding “thereto fluorspar in “amounts suf-
ficient to prolong the rimming action of the
steel. :
7. The method of making rimmed steel in-
gots, which comprises adding to a ladle con-
taining steel of rimming qualities, a fluoride
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in amounts sufficient to prolong the rimming
action of the steel, and then pouring the steel
into ingot molds.

8. The method of making rimmed steel
ingots, which comprises adding to a ladle
containing steel of rimming qualities, fluor-
spar in amounts sufficient to prolong the rim-
ming action of the steel, and then pouring
the steel into ingot molds:

9. The method of controlling the evolu-
tion of gases from basic open hearth low

3

carbon “rimmed-in” steel, which consists of
the addition of fluor-spar to the steel in the
ladle.

10. The method of controlling the evolu- 16

tion of gases from basic open hearth low
carbon “rimmed-in” steel, which consists of
the addition of fluor-spar to the steel in the
molds.

In testimony whereof I affix my signature.

ARTHUR TREGONING CAPE.



