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1 Claim,,
1

This. invention. relates.to improvements.in. blast:
Turnaces-and method, of operating. Jhe.same.:. The:
iron blast furnace is.an apparatus.of. considerables
antiquity. It is.usedfor;the purpeserof reducing.
iron ore, which is.usually: in-the form of:the.ox-.
ides. Fe203 or Fe3Oq, to iron by. causing. the oxygen.
of  the. ore. to; combine with . carbon.monexide.
(COY. formed. by.the combustion.of carbon-cons-
taining fiel, usually.coke.

As the. demands for. pig iron have.increased,,
the effért of those sKilled. in the ;art Has been to..
devise. blast furnaces, of greater productive_ca-
bacity, Generally, speaking, thig has_been done.
by increasing the size. of ‘the furnace and’par--
ticularly by enlarging the hearth area. As-a.
result of "these efforts, blast furnaces have been.
built in this country having: hearths of 26 féet'in.
diameter. and; as.is well known,. to build such’
Turnaces involves tremendous expense.” S far.as-
I"know, increasing the hearth ares is:the only
practicable method heretofore suggested 'and fols.
lowed “for the purpose of increasing the. _prodic-.
tion of pig iron.

I'propose toincrease the production of pig iron

in-existing- furnaces, or to providé new furnaces s

of greatly increased-capacity; without ‘increasing~

the hearth-area: Inconnection with' such-struc=

tural changes as I propose, I have ‘déveloped a-

new method- of “operating-blast furnaces-so as-to

increase greatly -their- production~of *pig~iron-ifn-
a-unit of time:

My-invention involves the-application-of a-new-
thought to the-operation of blast furnaces which::
stated broadly; is the-speeding -up of'the-<rate-ofi
fuel combustion without increasing the volume-of¢
gas that ‘passes: upwardly through' the-voids-in
the burden:in the stack;

According: to::my: invention;: nrore:oxygen- is
supplied - for combustion: by increasing:the~air:
blast: volume; thereby: generating: an: inereased:
gas.volume..- But the-increased :part of:thergas:
volume: is: removed :from- the: furnace-hefore-it:
can’ enter the stack; so that the:volume:of: gas:
passing upwardly through:the: burdensremains:
substantially constant...

Thus;:according ta:my method; theratesof ”fuel
combustion is increased, which :means:that . the:
bulk of fuel:is more.rapidly removed-with:the
result that the:rate of:descent:of:theburdensin:
the stack:is accelerated while-the;volume:of :gas:
passing . upwardly - through: the ‘stack ris:limited:
to::substantially. the: same :volume -as:when=the:
furnace:is: normally operating ats;maximum :cgz:
paeity;
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blast furnace.is blown.on a.wind:volume' which:
is,. generally. speaKing,  détermined” experimensz-
tally. . Such.faetors, are taken into consideration:
as.the .characteér, of "the fuel and’ the nature of’
tiie. burden with resnect to the size of.the parti
clés.andthe void areas; The.wind volume is fixed*®
at.that point” where .the gas will pass-ffeely up=
wardly, through' the. burdén-without’ such resistz
ance. as. will create a back-pressure sufficient to-

.« impede the” déscent of the burdén or cause-itto”

hang in the stack. There are, of course, other-
fdctors which™ are taken into-consideration*in-de-

termiting thie wind volime but'so far-asmy-proc:-
ess’isconcerned they need'not be-considered-heres
On. the"wind volume so: detérmined, the produes-

tonrof pig-iron-itra unit'of tinre will be'the maxis-
nrony: for-a particular-furnace, all’ other - factérs:
remainitig’constant;

If#it ‘be-attempted to-inerease-the-wind voltnies
beyond the point so experimentally de:termmed*»
the‘oneratlon of‘thie-fiirnaee will ‘beseriouslydim-
paired? THe gas-velume will* eithier- not? pass+
freely-through' the-burdén, thus-creating: a:back:
pressure which willtimpede :its: descent, or:the=

 bidst will'be -so strong~as:to-blow -much’: of:thes:

ore out/ofthe-furnace+in -the-form of:dust; theres-
by upsetting-the+carefully-calculated: proportions
of“fuel té ore,:causingsthe Turnace:to:become:too:
hot~aswellag>reducing-the pigs iron- production:
By mytimprovement; a given blastifurnace can?
be‘operated on & windsvoltumetin :excess;: by: S0
muchiassmay e désited, ofithe-volume:which has:
been experimentally: detérmined: for: maximuom.
piguivon:production:inithatifurnace »without ins-
terfering.rwith the movement:of:the burdenzand:
withoutiinereasingsthesdistiloss.:. This T:aceom-
plish-byrwithdrawing.the :iexcess<gas volumescres:
ated by:thevincreasediblastso thatisubstantiallys
the:sameivolumer:of gas passes:through:therburs-

y danzas whient$hefurngceds normally-operating: at:

its maximum:productions.
. For:many.years-it-was believed that:a blagt.fur--
nagce: would :operate: most- efficiently. when the.
CO/CO: ratio-of the-tep-gas-is:271.. However;
this belief is no longerienable:: Rabiosiaslowias:
1411, have-been: obtained, . and: itis-now believed
on-good authority:that the.ratiosmay:-be reduced:
torasilowsas 1:1.. Generallyvspeaking:. a-blast:
furnace-is: most cefficient: thermally :andichemi=
callys when::the:: COains thetopy gas::is: highest:
But-it:mustrbe borne inmindthat.the-higherithes
COs content:of the gas; the:lower-will-be itscalos
rific value. Pig irom maybetproduced econpms:
ically:when the CQ/CQOs ratio. ofithe top: gassi

Ag=iszwell:known to:those skilled-dn:the art, a: 55 asdow-as 1:1,:but: how torobtain: suchsa:ratio-has:
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not heretofore been known. By my process such
a ratio may be obtained, as well as any other de-
sired ratio within practical limits, and this with-
out affecting the calorific value of the gas.

As is well known, the blast furnace gas is used
to heat the air blast for the furnace, to operate
the blowing engines and, in an integrated plant,
for many other purposes. Generally, the appa-
ratus used has been designed to be operated oft
fuel of fairly definite heat value and it is im-
portant not to greatly reduce that value. By my
process the production of pig iron in a unit of
time may be greatly increased without sacrificing
any of the heat value of the gas.

As heretofore stated, I propose to increase the
wind volume to accelerate fuel combustion and
thereby produce an increased gas volume, but the
inerease in gas, or substantially all the increased
gas volume, is withdrawn from the furnace so
that approximately the same volume of gas
passes upwardly through the burden. The
CO/COz ratio of the top gas in my process is
thereby reduced and hence its calorific value is
decreased. However, I may mix with the top
gas the withdrawn excess gas volume, or any de-
sired part of it, which has a high calorific value,
thereby producing a gas mixture of substantially
the same heat value as that of the top gas which
is produced in the normal operation of the fur-
nace. .

But instead of mixing the two gas volumes as
just described, I may use each volume separately.
The top gas may be used for low temperature
combustion whereas the withdrawn gas may be
used for higher temperature combustion. The
choice will be made with reference to the nature
of the apparatus at a particular plant and the
desire of the operator in respect to the heat value
of the gas.

My invention may best be explained and more
readily understood by reference to an ordinary
blast furnace operated to produce the maximum
quantity of pig iron in a given time. For ex-
ample, a blast furnace operating on & wind vol-
ume of 60,000 C. P. M. (cubic feet per minute) of
air at normal temperature and pressure will pro-
duce a top gas volume of about 84,000 C. F. M.
at normal temperature and pressure and will pro-
duce a certain number of tons of pig iron in a unit
of time. This top gas contains, roughly, about
409% carbon gases and about 60% nitrogen.
There will also be a small percentage of hydrogen
due to moisture in the air and the burden, but
this may be disregarded for my purposes.

The carbon gases in the top gas comprise, on
the average, about 26.6% CO and about 13.3%
COg, so that the CO/CQz ratio is about 2:1. The
volumes, in my example, are substantially 22,400
C.F. M. of CO and 11,200 C. F. M. of COz2. The
bosh gas contains roughly about 40% CO, or a
volume of 33,600 C. F. M. Hence, it is plain that
only about one-third of the available CO is used
in the reduction process and becomes COz by
union with the oxygen of the ore.

The 11,200 C. F. M. of CC thus used will reduce
& certain quantity of ore in a given time. If we
can lower the CO/CO: ratio to 1:1, thus utilizing
an additional 5600 C. F. M. of CO. or a total of 1.5
times as much CO, we should be able to reduce an
additional percentage of ore in the same time by
the same proportion, provided we can make the
burden travel 1.5 times as fast.

The rate of the down travel of the burden can
be increased by removing the bulk of the coke
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more rapidly, so that the oré ¢dn settle fasfer,
whereby more oxygen of the ore is available for
union with the CO to produce CO2 in increased
quantity. In the example given, I propose to
speed up the rate of coke combustion 1.5 times.
It is known that combustion proceeds roughly
as the rate of application of the oxygen of the
air to the carbon of the coke. Generally speak-
ing, it takes about 75 cubic feet of air at 62° F.
and 30 inches of mercury to burn one pound of
carbon. But this air volume is subject to varia-
tion on account of changes in the temperature
and humidity of the air and in barometric pres-
sure. The air volume will also vary in accord-
ance with the carbon content of the fuel. In my
process it is desired to increase the rate of down
travel of the burden 1.5 times and this can be
accomplished by speeding up the combustion of
the fuel to 1.5 times the normal rate. This means
that 1.5 times as much oxygen will be supplied in
the same time period which, in turn, means that
the wind volume must be increased 1.5 times.
Thus, in my example of a furnace operating on
a blast of 60,000 C. F. M,, the blast must be in-
creased to 90,000 C. F. M. in order to increase the
combustion rate 1.5 times. Thus, the bulk of the
coke is more rapidly removed and it follows that
the burden will descend more rapidly in the stack,
providing that it is not prevented from so doing
by the increase in gas volume which is produced
by the increased air blast.

Such an increase in blast volume would be
unthinkable if it were not for the improvements
I propose in the construction and operation of
the furnace. If, in my example furnace, in
which, when operating at capacity, 84,000 C. P, M.
of gas passes upwardly through the burden, the
gas volume is increased to 126,000 C. F. M., it
will readily be understood that the back pressure
created will be so great as to cause the burden
to hang in the stack. However, I provide means
for removing this increased part of the gas vol-
ume from the furnace before it can enter the
stack, thus maintaining the volume of gas that
passes upwardly substantially constant. This I
accomplish by the means and method now tfo
be described.

To make my explanation clear, I have ap-
pended hereto a drawing showing a blast furnace
with my improvements applied. This drawing
is only illustrative and is entirely diagrammadtic,
no attempt being made to show any particular
proportion of parts or precise location of ele-
ments.

- The single figure of the drawing is a vertical
section of a blast furnace comprising the con-
ventional elements, hearth 1, bosh 2 and stack
3. At the top I show only the large bell 4. From
the top, the gas passes through the downcomer
5 into any form of cleaning apparatus 6. The
usual bustle pipe is marked T and from this the
air blast passes through the tuyéres 8, which
are of the usual or desired number and of typical
construction. Thus far, the parts of the furnace
described may be of any well known construc-
tion, size and shape.

My improvement, structurally, resides in the
provision of gas escape openings or exhaust ports
9, of which a plurality are provided, and which
are located at or about the bosh line. The ex-
haust ports 9 all communicate with a collector
pipe or manifold 10 which may surround the
furnace in the same manner as the bustle pipe
1. An exhaust pipe I f leads from the collector
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Pipe: [0:50 the cleaning apparatus:6: 'This:latter
feature: will: be: incorporated: whenever: it; is, de-.
sired: to. mix: the: withdrawn. excess, volume, of;
gasswith,the.top gas.emanating from. the.furnace.

in.the usual manner. However, where it is de-

sired- to: use: the. gas: volumes. separately, the ex-
haust- pipe. Ii. may: lead: to. any.other form of

cleaning; and: processing apparatus.so that: the

excess. gas of: high. calorific . value may. be. used-

separately from the.ordinary top.gas.

At any, convenient-place in the pipe. i, Iplace
a valve V which may be either automatically or:

manually: controlled so as. to.regulate. the. escape

of:gas.from.the bosh.through the ports 9. The.

mechanism. for. operating. the: valve. may be any
of: the known ratio: control-devices, or. the valve

may be:of the pressure: responsive. type. which.
will-open. only. when- the gas pressure in the:bosh.
reaches.a predetermined:point. Thus, the.valve.
V- is. used for the purpose.of- controlling: and-.

regulating the quantity. of gas.in.the bosh which
will:be, permitted: to.escape and: thus preventing
it;from,passing. upwardly. through the.stack. By
this.arrangement. the. volume of gas.passing un-
wardly.through the burden. may. be maintained
substantially the same as the gas. volume that
passes through.the.stack: in the normal opera-
tion-.of the furnace. In the. example heretofore
given of a furnace normally operating on a wind
of 60;000 C. P. M, and: the blast is increased to

90,000- C. F. M, the. gas volume is increased:

from: about: 84,000 C. F. M. to 126,000 C. F. M.
This: increase .of approximately. 42,000 C. F. M.
in.the.gas: volume may. substantially. all be with-
drawn: through the. exhaust ports. 9 and this
result- will . be accomplished by -a. proper regula-
tion.of the valve V. -

It -will, of course, be understood . that once a
blast. furnace is equipped with my improvements
it.need not: be: continuously operated:-in accord-
ance with my process.
be desirable at times to.operate the furnace in
the normal manner so. as. to: produce only the

tonnage. of: pig.iron corresponding: to . its rated:

capacity. Af:such- times. the. valve V. may. be

permanently closed: and. thus none of: the zas.
volume: withdrawn prior to its. entry into the.
stack. In such cases, of course, the.wind.volume.

is:reduced:to its normal figure.

I have shown and described. the. exhaust:ports
or outlets. 9:as.located.at or about the bosh line.
This is the preferred location of said ports be-
cause at this point-the gas pressure is lowest per
unit cross-sectional area of the furnace. More-
over “at this point dust and fine particles have.
completed melting or have agglom_erated so that
there is little’ or - 'no danger- that- the increass
in gas pressure will cause. agy increase. at- all:
in the dust loss.

Flrom t‘Je foregomg deseription, of the con-
struction of a blast furnace embodvmg my im-
provements and of operation thereof, I believe
that my invention will be clear to those skilled
In the art: Obviously, my. structural improve-

ments and new method may be applied:to;. and.

used-in connection- with, existing furnaces. It
is Yikewise: clear that:new.furnaces may. be built
embodymg my improvements from the. start and
that such. furnaces. may.be made: very..much
smaller and yet have the same capacity as .the
large furnaces:now:in use,. Thus, there. results.
a considerable saving in building and mainte-
nance expense.

That is to say, it may.
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Because of the fact that in my furnace oper- -

ated in accordance with my method the rate of

- respondingly. greater. burden. volume:

down. travel; of the-burden: i
the:rate.of up travel of:the.g: y
substantlally constant;, it follows. tha,t the gas
volume will in g given time pass:through.a: cor-
Hence,

more of the: GQ-in: the gas will: unite, with- the.
oxygen: of: the ore, resulting.in.greater: reduction
in.the.given time- period: Inasmuch.as a higher:
percentage of: the COnls thus converte mto COz,

;in reased' whereas:

is. correspondlngly reduced Whlch of course, 1s
accompanied: by. a. reduction. in. the heat; value.

of: that: gas. For example; when:the furnace. is-
operating norma]ly and the CO/COz ratlo is-on-
of: the gas is substantlally 87 B. t. u. per cp.b,.lc
foot. When, the. ratio- is reduced. to- 1:1; the
calorific; value. of- the: gas: falls te .approximately:
65:4 B: t. u. per.cubjc.foot: This may be a seri-
ous.loss,of:heat-value.in. & glven ‘plant; where the
stoves;for the air: blast:and the-: blowmg engines.
and- auxlllary equipment. are; designed:to_ operate .
on- a. gas_having. & higher heating value,

However; by.my process: there. need-be no .re~.
sulting loss in. heating:value-of:the gas.. This.is
hecause.the .withdrawn: excess; gas: volume, taken
from the bosh may be mixed:with the. top gas; as.
heretofore described. The.gas volume thus with-.
drawn. contains . nearly: 40%:.CO and; therefore,
has a calorific. value. of- approximately 130.05-
B. t. u: per cubic foot: Thus, in the: example:
furnace operation.heretofore-described; the: nor-
mal gas volume: is. 84,000 .C. Fx. M.. Under my-
process. whereby. the.CO/C0z ratio.has.been re-.
duced to.1:1, the heating. value.of:that. volume:
of: gas.is: 65.4. B. t. u. per: cubic:. foot. The in-.
creased gas volume 0f-42;000 C: F: M: withdrawn.:
from. the bosh. has a: heating. value of 130.05:
B. t. u. per cubic foot. If:we:mix these two vol~
umes, we.shall then .get:a total-of 126:000 C. F. M.
of. gas. having a. calorific.value.of- approximately-
87'B. t. u. per-cubic foot, which-is-the same heat-
ing.value of the top-gas-the- furnace had when it
was- operatmg normally: and- when.- the CO/CO2-
ratio.is 2:1.

Thus, in accordance with-the foregoing, it will
be: seen that by my process-the productmn of
pig iron in a given unit of tlme may bhe very
greatly increased without any correspondlng re-
ductmn in the heatlng value of the gas, It will
be understood however that I .do_not contem-
plate that always and in_ eVery case. the entire.
excess volume of gas w1thdrawn from the bosh
shall be mlxed with the. top gas. There may, be.
cases where the reductmn in. heatmg value of
the. top_gas is not oj suﬁ‘lcmnt consequence to
require the m1x1ng of. the two .8aS velumes .and.
where the. separate use .of, the . bosh -gas:may. be,
in 1tself of cons1derable value;

In the. .example. I. have glven, I.have more or-
less armtrarlly elected to. reduce the- CO/COs-
ratio from 2:1.to 1:1, This of course, is not
always. necessary. nor- may.it be_desuable always:
to make such-a.great- reductm Ain-the ratio and:
such a. correspondingly great increase -in-the. air
blast volume. What-I.propose-to do:in any case.
1sto determme the .CO/CO2 ratio.of the top gas
when. the furnace is. -operating at:its rated maxi-.
mum.capagcity, and-then te:reduce that ratio to
any desirable point limiting myself:perhaps to the-
ratio;of:1:1; which:is.now on:.goad authority be--
lieved to be attainable in an economic ore reduc-
tion process. However, it will be seen that if

75 we start off with a normal ratio of 2:1, it may
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be desired to reduce this only to, say, 1.5:1. In
such a case, instead of using only 33% % of the
available CO in the reduction process, we shall
use approximately 409 of the CO. This means
an increase of 20% and, hence, in that case the
air blast volume would be increased by 20%.

An important result of the use of my improved
blast furnace and method of operation is that
the temperature gradient of the furnace will be
very much steeper. In the ordinary blast fur-
nace in normal operation, the temperature gradi-
ent is estimated to be from about 3300° . to about
400° F. whereas in my process the gradient will
be from a higher point, say, 3600° F. down to
100° F. This means that more of the heat of
the gas volume is given up in the exchange in
the reduction process with the result that the
various sections of the burden will reach the dif-
ferent zones of the furnace at more nearly the
proper temperature. It is also possible that be-
cause in my process the gas emerges at the top at
a S0 much lower temperature and pressure, more
gas may pass upwardly through the stack than
in the normal operation of the furnace.

I am aware of the fact that it has herefofore
been proposed to speed up the rate of coke com-
bustion in a blast furnace by oxygen enrichment
of the blast, that is to say, by adding pure oxygen
to the air blast. Doubtlessly, this will have the
effect of speeding up combustion which, as here-
tofore stated, proceeds roughly as the rate of
application of oxygen o the carbon in the fuel.
However, such oxygen enrichment of the blast
is not practicable, for the reason that there re-
sults a serious unbalance of the components of
the gas generated. It will be quife apparent
that the percentage of nitrogen in the gas gen-
erated by such an oxygen enriched air blast
will be very much reduced and this will seriously
impair the operation of the furnace. It is well
known that the function of nitrogen in the gas
is -that of a heat-transferring agent and, ob-
viously, where the nitrogen content is seriously
reduced, the heat exchange in the furnace is im-
paired and the ratio of direct and indirect re-
duction will be altered so as to cause a miuch
higher percentage of direct reduction. This, of
course, will radically and adversely affect the effi-
ciency of the furnace.

I am also aware of the fact that blast furnaces
have at times been operated on what is called
slack wind. That is to say, whenever it has been
desired to operate a furnace at less than its maxi-
mum capacity, the wind volume has been re-
duced. After such reduction, and when it was
desired to restore the operation to normal maxi-
mum capacity, the wind volume has been in-
creased. My process is, of course, readily dis-
tinguished from this slack wind operation because
I increase the air blast volume above that which
is normally used when the furnace is operating at
its maximum capacity.

Whenever throughout this specification, and
in the appended claims, I use the expression “in-
creasing the production of pig iron” or “increas-
ing the capacity” of the furnace, it is to be under-
stood that I mean an increase over and above
the rated maximum ecapacity of the furance.
Por example, if the capacity of a blast furnace to
produce its maximum tonnage of pig iron is
defined as that condition under which the fur-
nace burns 60 pounds of coke per 24 hours per
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cubic foot of volume of the furnace measured
from the center line of the tuyéres to the stock
line, then it is that capacity which I increase.
In the example given, a furnace operated in ac-
cordance with my process would burn 90 pounds
of coke per 24 hours per cubic foot of volume of
the furnace measured as above stated. By my
process a blast furnace which, when operating
at its capacity, produces approximately 1000 tons
of pig iron per 24 hours may be operated so as
to have a capacity of approximately 1500 tons
per 24 hours.

It will be understood that the figures given‘
throughout this specification for ratios, volumes\,
and percentages are not intended to be exact|
but are fair approximations of average figures.
Nor are these figures constant because, as is well
known to the blast furnace engineer, they vary
from furnace to furnace and even in the same
furnace from time to time. There are, of course,
many other factors that affect the operation of
a. blast furnace and its production of pig iron
but these I have not thought it necessary to men-
tion herein because they will affect a blast fur-
nace operated by my process in the same way
and proportionately.

On more recently built blast furnaces, there
usually is a good deal more wind volume avail-
able than is normally used and in such cases suffi-
cient excess capacity may be found so that the
blowers can be used in my process without change.
On older furnaces it may be necessary to in-
corporate new blowers having sufficient capacity
for my purposes. So far as the tuyéres are con-
cerned, it will probably be necessary to increase
their cross-sectional area to meet the higher wind
volume while maintaining the pressure substan-
tially constant. These things can readily be
taken care of by the skilled blast furnace opera-
tor who desires to use the new process herein
described.

I claim as my invention:

The method of operating a blast furnace to
increase the production of pig iron which com-
prises increasing the air blast volume to speed
up the rate of fuel combustion and thereby in-
crease the rate of down travel of the burden, and
controlling the gas volume entering the burden
to maintain the rate of up travel of the gas sub-
stantially constant.

HENRY T. RUDOLF.

REFERENCES CITED

The following referenices are of record in the
file of this patent:

UNITED STATES PATENTS

Number Name Date
117,246 Bessemer . __.____ Juiy 25, 1871
1,357,781 KOpPPers oo Nov. 2, 1920

OTHER REFERENCES

Blast Furnace Practice, 1st ed., page 161, by
Sweetser; published in 1938 by McGraw-Hill Book
Co., New York.

Blast Furnace Practice, vol. 2, page 260; by
Clements; published in 1929 by Ernest Benn
Limited, T.ondon.

Transactions of the American Mining and
Metallurgical Engineers, vol. 120, page 72; pub-
lished by the A. I. M. E, New York.



