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13 Claims,

This inventlon relates broadly to the manu-
facture of steel by the Bessemer process and, in
particular, to a method for controlling the blow.
By “controlling the blow” I mean the choice of

8 the initial condition of the charge, e. g., the tem-
perature, the amount of scrap used, etc,, as well
as variation in the blast through the converter.

Although the manufacture of steel by the Bes-

semer process has been carried on since 1857, and
10 is in fact the oldest of our present methods of
making steel in quantity, the measure of metal-
lurgical control which it has been possible to exer-
cise over this process, previous to the invention
herein to be set forth, was no greater eighty years
18 later than at the time of Bessemer’s invention.
The two main problems of the process—first,
when to stop the blow for a desired composition
of the steel, and second, how to obtain uniform
chemical and physical properties for a series of
920 blows—have, previous to this invention, been ca-
pable of determination by no more accurate
means than the observation and experience of
the blower. In these respects the Bessemer proc-
ess has been outdistanced by the open hearth
95 and electric furnace processes, the products of
which are subject to quite accurate control, both
with respect to physical as well as chemical prop-
erties.
The short time in which a blow is completed
80 and the rapidity with which the reactions change
as the end point approaches, are factors which
greatly complicate the problem of Bessemer blow
control.
Despite numerous efforts, it remains a fact that
35 the success of the Bessemer process, i. e., the ex-
tent to which the finished product conforms to the
desired standards of physical characteristics and
chemical composition, depends almost entirely
upon the skill and experience of the operator con-
40 trolling the blow, which enable him to determine,
from the character of the conversion as indicated
by the appearance or sound of the flame issuing
from the mouth of the converter or the nature
of the sparks emitted, the stage of the reactions
45 occurring therein. Such method of control is
highly uncertain, at best, and is known to pro-
duce an excessive number of “off” heats, i. e.,
batches which do not conform as closely as de-
sired to the standards for physical characteristics
50 and chemical composition. The operator’s visual
reaction to the appearance of the flame is not
quantitative and the only standard of compari-
son is that afforded by his recollection of the
behavior of previous heats. In any event, the

65 nature of the process, 1. e, the relatively short

*(CL 715—60)
" time required for its completion, practically pre-

cludes any check of physical characteristics or
analysis of chemical composition which might
serve as a guide in controlling the blow.

I have invented a method and apparatus where-

" by the Bessemer process for making steel may be

more . accurately controlled and the number of
“off” heats greatly reduced. Broadly stated, the
invention consists in substituting for the visual
effect of the converter flame on the operator’s eye
an index of the progress of the blow which is
more reliable and not subject to human fallibility.
In a preferred practice of the invention, I make
a photometric determination of the radiant-en-
ergy emitted by the converter flame at various
stages during the blow, and thereafter control the
blow as may be required to produce steel of the
desired characteristics and composition, basing
the mode of control on similar determinations of
previous blows.-

The apparatus which I ﬁnd satisfactory for
performing the method just outlined includes a
light-sensitive cell so positioned as to be subject
to the radiations from the converter flame, an
amplifying system for multiplying the output of
the light-sensitive cell, and a suitable form of
indicating device which may conveniently be a

. graphic recorder of known construction. I may

also employ suitable filters between the photo-
sensitive cell and the converter flame either to
protect the cell from excessive radiation or to
restrict the radiations reaching the cell to fre-
quencies in a predetermined band or bands. The
apparatus mentioned will be described in greater
detail herebelow together with the  procedure
which I have found most satisfactory for prac-
ticing the method of my invention. A typical
arrangement of the apparatus is shown somewhat
diagrammatically in the accompanying drawings
but this showing is to be considered as purely
illustrative since other apparatus and arrange-
ments thereof may be employed for the same pur-
pose. In the drawings: ,

Fig. 1 is a vertical central section, largely dia-
grammatic, through a Bessemer converter in
blowing position, the plane of section being per-
pendicular to the tilting axis of the converter;

Fig, 2 is a central vertical longitudinal section
through a photoceil housing;

Fig. 3 is a diagrammatic view illustrating the
location of the photocell housing relative to the
converter and also shows the approximate posi-
tion of the flame during blowing;

Fig. 4 is a curve showing the variation of radi-
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2

ant-energy emitted by the converter flame
through the entire length of a typical blow;

Figs. 5 through 7 are similar curves for blows
involving slightly different procedures; and

Fig. 8 is a set of curves illustrating the radiant-
energy emission during the last minute of severa]
different blows.

Referring now in detail to the drawings, a
typical form of Bessemer converter is shown
largely diagrammatically at 10. Such converters
are mounted for tilting on trunnions (1 and are
provided with a spout 12 through which they are
charged and emptied. Tuyéres 13 in the bottom
of the converter permit the introduction of air
under pressure to carry out the Bessemer con-
version process. As indicated, the converter
proper comprises a shell of steel plate lined with
refractory brick. s

A photocell 14 of any suitable type is mounted
on a bracket |5 within a housing 16. The housing
is provided with means for removably receiving
and supporting filters 1T and 18.

The photocell unit is so disposed, as indicated
diagrammatically in Fig. 3, that it is subject to
the radiation emanating from substantially the
entire converter flame. The photocell i4 is con-
nected to an amplifier 21 whereby its output is
multiplied sufficiently to actuate an indicating
device shown at 22. This device may be of any
desired type but I prefer to utilize a graphic
recorder capable of producing a permanent record
of the variation of radiant-energy emission dur-~
ing the course of a blow.

By the aid of the apparatus illustrated in Fig.
3, I am able to obtain a record such as that just
mentioned, a typical example of which is illus-
trated in Fig. 4. On this curve, the abscissae
are units of time, e. g., minutes; while the ordi-
nates represent the current in milliamperes trav-
ersing the recorder 22. The output of the photo-
cell bears a substantially linear relation to the
intensity of radiation impinging thereon.

I have found that for a given set of initial
conditions, viz., the temperature of the iron in
the converter, the condition of the bottom (. e.,
the number of tuyéres blanked off and the size
of the tuyéres remaining open), and the state of
the converter lining, the amount of radiant-
energy emitted by the converter flame at succes-
sive periods of time during the blow follows a well
defined pattern and it also appears that changes
in the amount of radiant-energy emitted during
the blow are related to the progress of the chemi-
cal reactions in the converter closely enough to
permit an accurate determination of the latter
by measuring the amount of radiant-energy
emitted. The progress of the chemical reactions,
furthermore, may be regulated by appropriately
controlling the blow. I am thus able to cause the
radiant energy-time curve for any blow to con-
form substantially to that of a previous blow
which resulted in steel of the desired character-
istics and composition, and to control any given
blow appropriately to produce the desired product
on the basis of experience with previous blows,
even though the blow in question does not ex-
actly duplicate any previous blow. If the initial
conditions are maintained reasonably constant
and the blowing of successive heats is controlled
in such a manner as to produce radiant energy-
time graphs of similar or identical shape and
amplitude, the steel from such blows will be found
to possess quite uniform chemical and physical
characteristics. Even where the initial condi-
tions of a series of blows are not uniform it is

2,207,300

Dossible, by using the graph of the radiant energy

against time, which is drawn by the recording

meter during the progress of the blow, as a guide
whereby to control the blowing, to produce steel
of a substantially greater degree of uniformity
than heretofore,

From the standpoint of actual operating prac-
tice, the lavention requires only the production
of curves such as that shown in Fig. 4 for a
considerable number of blows or heats and pick-
ing therefrom to serve as master curves for the
guidance of the operator in subsequent blows,
those curves produced by blows which resulted
in steel conforming most closely to the predeter-
mined standards of physical characteristics and
chemical composition. Preferably master curves
are made for each converter to be controlled.
The curves produced by one converter are used
ttx):l control the subsequent blows of that converter
only.

The character of the blast may be varied by
changing the volume or pressure, by steaming
(i. e., blowing steam through the tuyéres with the
air), or by side blowing (i. e., by tilting the con-
verter so that the blast passes through only a
portion of the heat). It may also be desirable
to control the temperature of the iron, if neces-
sary, by throwing cooling agents such as serap
or the like in the converter. The initial condi-
tions, i. e., the temperature of the iron and the
state of the converter lining, are maintained as
near to the optimum as practical.

The results of these various means of control,
as indicated in a curve such as that of Fig. 4, are
as follows: an increase in pressure is followed by
a rise in the curve, and a decrease by a fall;
steaming is usually followed by a sudden drop
very similar to that caused by a sudden reduction
of pressure,

Figs. 5 through 7 are curves of three suc-
cessive blows made in accordance with the in-
vention. These curves will serve to illustrate
the effects of the various control means. (It
should be noted that time runs from right to left
along the abscissae, each division of which repre-
sents one minute.) The flame produced by the
burning out of the silicon in the earlier portion
of the blow causes only a small indication on
the recorder. The point at which all three
curves shown leave their nearly zero value and
begin to climb is approximately the point at
which the carbon flame begins. All three blows
were begun at a reduced pressure, to avoid over-
heating. In the blows represented by Figs. 5 and
6, after the carbon began to burn, and the curves
had reached the ordinate 1.5, or thereabouts,
the blast pressure was suddenly increased to its
full value, and all three curves jumped to values
around 7 or 8. The curve in Fig. 7 represents a
blow that was steamed in the eatly stages. On
shutting off the steam, the curve rose to a value
between & and 1. The practice employed in
turning down these blows was as follows: The
drop of the curve at the end of each blow was
watched for the knee or bend indicated in each
curve by a vertical line and arrow. This knee
has been found to indicate the point beyond
which further carbon elimination is accompanied
by a greatly increased oxidation of the iron it-
self. Beyond this point the rate of carbon elimi-
nation appears to be much slower than for
previous periods, while the rate of oxidation of
iron appears to increase rapidly. The blowing
was then allowed to proceed for an additional
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given herebelow) which had been found experi-

- mentally to produce the carbon content desired
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without producing an unduly large amount of
FeO. For the particular grade of steel being
made, this period was approximately 20 seconds,
though individual blows were not all held exactly
the desired time, as will be seen. The vessel
was finally turned down at the point indicated
on each curve by the small peak at the left end.
The results of a series of nine Bessemer blows,
all of the same grade of steel, fully controlled by
the method and apparatus of my invention, are
summarized in the following tabulation:

After | Percent | Percent
Blow C | Mn | blow | rejects | rejects
(sec.) |etch test| surface
LT 26 58 1.67
.78 19 3.7 1.66
.76 20 0.0 4.34
.69 15 5.2 10.40
.75 21 1.8 1.03
.85 19 3.7 3.40
.72 22 0.0 0.00
.81 19 0.0 | .. _.___
88 20 0.9 1.22
Average.._... --percent.__ 2,3 3.0
Average of blows made
without photocell con-
trol )¢ t Ay S DU (I, 9.7 5.0

The carbon contents of the nine blows so con-
trolled is seen to fall within a two point range,
between .09% and .11%, which would be re-
markably consistent even for open hearth- prac-
tice. 'The manganese contents vary between
the two extremes of .69% and .88%; omitting
these two extremes the variation is only between
2% and .85%. These figures are far more
consistent than the average of ordinary prac-
tice where a variation in manganese content of
30% between successive blows is not uncom-
mon for this grade.

Figs. 5 through 7 illustrate the effect of steam- -

ing which produces a sudden drop in the curves,
quite similar to those in Figs. 5 and 6.

Fig. 8 illustrates interesting phenomena which
further show the range of usefulness of the
photocell control. The curves plotted represent
the last minute of the blow of eight different low
carbon. Bessemer blows, designated | to 8, in-
clusive. The black circles mark the point on
each curve where the vessel started to turn down;:
the abrupt peaks at the bottom mark the end of

the blow—the point at which the blast was shut

off. It will be noted that the point of turn down
corresponds t0 a more or less well-marked break
in the shape of the curve, in general. It has
been observed that, other conditions being the
same, the higher the sulphur content of the
steel, the lower the position of this break. It
also appears that the period of time hetween
the first sign of this break and the end of the

blow—that is, the distance along the horizontal

axis between the commencement of the break
or bend and the tip of the concluding peak of
the curve—is inversely proportional to the effi-
ciency of the manganese addition, or, it would
seem, directly proportional to the FeQ content of
the steel. ,

It should be explained that the manganese
contents mentioned in-the above table are not
those of the steel at the end of the blow, but the
final analysis obtained by adding ferromanganese
to the practically manganese-free, blown metal
after it is poured from the converter into the
ladle. It might be expected that the problem
of obtaining the desired manganese content in

3

the steel would be simple, as the blown metal
contains an inconsiderable amount of this ele-
ment and the theoretically required amount is
added by throwing in an amount of ferromanga-
nese which may be calculated accurately from
the weight of the blow, the analysis of the ferro-
manganese, and the final analysis desired. The
problem is, however, complicated by the presence

_in the blown metal of a considerable and pre-

viously uncontrolled amout of FeO, resulting
from the oxidation of the iron by the air of the
blast. It has been discovered that the greater
amount of this FeO is formed after the blow
has progressed beyond the point indicated by
the “knee” or break in the radiant energy-time
curve, as mentioned above. This FeO readily
oxidizes the added Mn to MnO, a non-metallic,
so that the amount of manganese actually alloy-
ing with the steel is always less than the total
amount added. Since the amount of FeO in any
glven blow was neither known nor subject to
any but the crudest degree of control, prior to the

invention, the “manganese efficiency” or relative

amount of manganese added which would alloy
with the steel could never be known with any
degree of precision, and consequently the proper
amount of ferromanganese to be added could be
calculated only to a rough degree of approxima-
tion. With the aid of the invention, however,
the. blowing period after the “knee” of the curve
has been reached is readily controlled, thus con-
trolling the amount of FeO in the steel and hence
the manganese efficiency. It is now -possible,
therefore, by the use of the invention, to obtain
the desired manganese contents in Bessemer
steel with much greater consistency than here-
tofore. ‘ ' .

It is sometimes. desirable to:interpose one or
more filters such as shown at 17 and 18 between
the converter and the photocell for the purpose
of excluding the radiant-energy of certain wave-
lengths or frequencies and admitting that of oth-
er wavelength or frequency regions. This is done
because the energy distribution over the frequency
spectrum is not uniform, and it has been dis-
covered that, under certain conditions, the graph
of radiant-energy of a restricted portion of the
spectrum of the blow lends itself more readily to
control purposes than that of the entire spec-
trum. For example, under unfavorable condi-
tions the use of a red filter cuts out certain
superficial variationsin the radiant-energy time-
graph which, without such a filter, tend to ob-
scure the significant trend of the reactions. The
use of a green filter, on the other hand, is some-
times desirable near the end point of a blow, as
the graph of the radiant-energy transmitted
through such a filter plotted against time ex-
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hibits a less precipitous slope than the graph ob- -

tained with no filter. I find that the use of .a
filter which cuts off all radiations but the in-
frared rays is desirable for certain reasSons.

These rays are more penetrating than the visible

rays and thus are less affected by smoke or
vapors in the air. It is unnecessary, further-
more, to make correction for daylight when using
infrared radiation. ,

It may also be desirable under certain condi-
tions that one of the filters, e. g., that shown at
i1, serve as a protection against excessive radia-
tion which might injure the photocell. I also
contemplate using more than one indicator; each
having a different filter, as certain frequencies
or colors are more suitable than others for in-
dicating the progress of various: stages of the
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blow. Steaming affects radiations:of certain fre-

quencies but not green rays. The green radia-
tions seem to be of steadier intensity and more
uniform throughout the blow.

It will be appreciated from the foregoing that

the invention makes it possible to produce steel
by the Bessemer process having characteristics

and composition which vary much less between -

heats than under the prior practice whereby the
operator relied solely on his visual reaction to
the character of the converter flame. With the
aid of the invention, a relatively inexpert blow-
er is able to equal the resuits obtained hereto-
fore by the best blowers. Not only is it possible
to obtain a greater degree of uniformity between
heats but also to approach more closely the in-
creasingly exacting standards now being insisted

upon by steel users as to the characteristics and’

compositions of many special purpose steels. The
invention thus overcomes the historic disadvan-
tage of the Bessemer process and enables it to
compete with newer methods such as the open
hearth and electric furnace wherein very accu-
rate control of the progress of the chemical re-
actions involved in steel making may be ob-
tained.

Etch test and surface mspection results show‘

that the steel from blows controlled by the in-
vention is both sounder and of better surface
quality than the average of that made without
this control. Etch tests are made by cutting out

a cross-sectional slice from the billet and heat-

ing this section in sulphuric acid. The acid dis-
solves non-metallics and thus renders visible
cracks, laps, and blow-holes caused by their pres-
ence. From the above tabulation it is seen that
three of the nine blows had no rejections what-
ever when so tested; the highest percentage of
rejects, in blow A, was only 5.8% by weight, which
is considerably lower than the 9.7% average for
this grade of steel when made without the in-
vention. The average rejection for the nine
blows controlled by my invention was only 2.3%,
or less than one-fourth the average for blows
made without this control. Surface rejections
are made for cracks, slivers, seams, or other visi-
ble defects which will harm the quality of the
finished product. The average rejections for the
nine blows above mentioned was 3.0%, or a lit-
tle over half that of blows made without the
econtrol afforded by my invention.

This method of control is also advantageous in -
that its use makes possible the accurate deter-.

mination of the end point-of the blow even when
the flame characteristics visible to the human
eye are obscured by fumes, gases, and other effects
of alloying elements which are sometimes added
in the converter.

It will be understood that it is not essential to
make a continuous record of the radiant-energy
emitted, in order to obtain the benefits of the
invention. If is possible that instantaneous ob-
servations at intervals will be sufficient to indicate

- fo the operator the necessity for changing the

({]

course of the blow. For purposes of ready com-
parison, however, the use of a recording instru-
ment has obvious advantages.

From the foregoing description and explana-
tion, it will be apparent that the operations
treated herein are those characteristic of the
acid Bessemer process. The invention is not
limited thereto, however, but is also applicable,
with equally satisfactory results, to the control
of converters operated accordmg to the basic
Bessemer process. ' .

92,207,300 _
Although I have illustrated and described here-

in but a preferred practice and embodiment of
the invention, it will be understood that changes
in the procedure or arrangement of apparatus
may be resorted to without departing from the
spirit of the invention or the scope of the ap-
pended claims.

I claim:

1. In a method of so controlling a Bessemer
converter as to produce steel having desired
characteristics and composition, the steps in-
cluding measuring the radiant-energy emitted
by the converter flame from time to time dur-

ing the blow of a heat, and varying the character

of the blast to produce a time-energy curve con-
forming substantially to that of a previously
observed heat which produced steel having said

‘characteristics and composition.

2. In a method of so controlling a Bessemer
converter as to produce steel having desired
characteristics .and composition, the steps in-
cluding measuring and recording the radiant-
energy emitted by the converter flame from time
to time during the blow of a heat resulting in
steel havilng said characteristics and composi-
tion, and so varying the character of the blast
applied to subsequent heats as to reproduce sub-
stantially the time-energy curve of said first-
mentioned blow.

3. In a method of so controlling a Bessemer
converter as to produce from a heat of iron there-
in, steel having characteristics and composi-
tion similar to that of a previous heat, the step
of varying the character of the blast applied to
the first-mentioned heat in such manner that
the radiant-energy emitted by the converter
flame from time to .time during the blow con-
forms substantially to a record of the radiant-
energy emitted during the blow of said previous
heat at corresponding times. )

4. In a method of controlling a Bessemer
converter, the steps including making a photo-
metric determination of the intensity of the
flame produced by the blast, and controlling the

‘character of the blast applied to the converter

in accordance with the resuit of said determina-
tion.

5. In a method of controlling a Bessemer
converter, the steps including photometrically
determining the amount of radiant-energy
emitted by the converter flame, and controlling
the character of the blast supplied to the con-
verter in accordance therewith.

6. In a method of controlling a Bessemer
converter, the steps including photometrically

‘determining the amount of radiant-energy

emitted by the converter flame, and varying the
character of the blast upon a departure of said
amount from a predetermined norm.

7. In a method of determining the  progress
of a blow in a Bessemer converter, the steps in-
cluding measuring the radiant-energy emitted
by the converter flame during the blow, and com-
paring the result of such measurement with the
record of radiant-energy emission by a previous
blow.
~ 8. A method of making steel in a Bessemer
converter which includes measuring the radiant-
energy emitted by the converter flame during the
blow of a heat resulting in steel of the desired
physical and chemical properties and so regu-
lating the blowing of subsequent heats that var-
iations in the rate at which radiant-energy is

" emitted by the flames thex_‘eof substantially con-
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form to the pattern afforded by said measure-
ment.

9. A method of controlling a Bessemer con-
verter which includes measuring the radiant-
energy emitted by the flame thereof and so con-
trolling the blast that variations in the emiission
of radiant-energy by the flame substantially
conform to the variations recorded during the
blow of a previous heat which produced steel
having the desired physical and chemical prop-
erties, '

10. In a method of controlling a Bessemer con-
verter, the steps including photometrically de-
termining the amount of radiant-energy emitted
by the converter flame in a predetermined fre-
quency band, and controlling the character of
the blast supplied to the converter in accordance
therewith.

11. In a method of controlling a Bessemer
converter, the steps including photometrically
determining the amount of radiant-energy
emitted by the converter flame, controlling the

character of the blast supplied to the converter
In accordance therewith, and restricting the
photometric determination to different frequency
bands during different portions of a blow.

12. In a method of controlling the blowing of
a Bessemer converter, the steps including record-
ing on a graph the instantaneous variations in
the radiant energy from the converter flame as
the blow proceeds, continuing the blow until a
knee appears in the graph, and terminating the
blow substantially at the end of a predetermined
period after the appearance of the knee.

13. In a method of controlling the blowing of
a Bessemer converter, the steps including re-
cording on a graph the instantaneous variations
in the radiant energy from the converter flame
as the blow proceeds, continuing the blow until
a well-marked break in the graph appears to-
ward the end of the blow, and then turning the
converter down and terminating the blow.

HAROLD K. WORK.
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