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~Jecting a body of material to be agglomer-.
~ ated (which ordinarily will ‘be: a mixture-
‘of flue dust and finely divided iiron ore). to
a ‘progressive combustion which: -advances

- 55 through the body, in causing the current of -

UNITED STATES PATE

 PHILIP 0. HARDING, OF PITTSBURGH, PENNSYLVANIA.

ACHINE Tom AGGLoMERATING OBES.

T

Be it known that I, PH-I]'_;IZJE'_'.'O;-;- H_A_ﬁme,'

residing at Pittsburgh, in the county of Al-

legheny and State of Pennsylvania, a citi--
zen of the United States, have invented or
discovered certain new and useful Improve-

ments in Machines for Agglomerating Ores,

M

My invention relates to the 3gg10merat1ng

of ore, particularly of iron ore, a procedire

commonly - called sintéring.

In the ordinary opeération of blaSt fur-

E L

naces, particularly when finely pulverized

ore is used, there is a large production of

flue dust. This flue dust, though rich in
- 1ronm, 18, because of its finely divided condi-
tion, difficult to handle, and the recovery of-
-~ 1ts iron content has been found to be so
costly that great quantities of flue dust from
- blast furnaces have been regarded as waste.
Of late years efforts have been made to-
bring the flue dust to a condition better

adapted for re-introduction into the blast
furnace as part of the furnace charge, by

submitting it first to the sintering operation..
The flue dust is mixed with finely divided _ _ .
form and in vertical medial section; Fig. 2 =

ore and the mixture is ignited. The flue

for a suitable supply of air to sustaln com-
bustion, the mixture is changed by burning
from a loose friable material to. an ag-

glomerated, clinker-like mass.

The precise chemical changes which oc-.
cur are obscure and but imperfectly under-
stood. Necessarily, they vary as the chemi- -
cal composition of the mass under treat-.

ment varies. But the physical change, in-

~ dicated above, is the one which is-important

to the furnace operator.

1

It has been found a matter of great diffi-
culty to obtain a uniform agglomeration
and produce an article which ‘does not con-
tain within its'body pockets of unaltered
and friable material. Furthermore, ap-
paratus heretofore devised such as is pro-
ductive of material nearest to the fyrnace
man’s requirements is exceedingly costly
both to install and to maintain in repair.

My invention consists primarily in sub-

of which improvements the following is a.

the region of combustion

a breaking-up or

'
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. combustion-sustaining gas (which ordi- . -
narily will be atmospheric air) to flow to .
_ X _ through that por-
tion of the body which has already been = -
subjected to the agglomerating fire, and at
the same time effecting )

60

fragmentation of that portion of the body B

taiming gas is advancing. Such breaking

up of the mass opens the pockets- of un-
‘changed friable material, and the current of

‘through which the flow' of combustion-sus- -

65

alr sweeps the material so exposed back

agglomeration. '

“into the region-of combustion where, now - -
mingled: with. air and brought to proper -
temperature, ‘it will undergo ignition and 70

- "My invention further consists in appara-

tus for performing the operation herein

above. defined.  This apparatus is illus-

trated in the accompanying. drawings, and I

shall explain my invention by reference .

5

thereto. ~In this application I Iay. no claim
to the method. - My present invention so-

far as concerns method is claimed in .a .co-
pending application filed June 12th, 1915,
~Serial No. 33,767, B
- Figure 1 shows the apparatus in preferred

80

1s a view on larger scale'and in vertical me-. =

verse section of the tube of Fig. 5, the plane

1lime VII—VII, Fig. 5; Fig. 8 shows in side . -

and in end elevation an extractor applicable

dial section. of the spreader and pusher de- 85
‘tached, which in Fig. 1 1s 'shown in opera- -
tive position; Fig. 3 is an end view of the -~
~ sald spreader and pusher; Fig. 4'is a view - .
- corresponding to Fig. 1 showing the appara- =~ -
tus in modified form; Fig. 5 shows in longi-:
tudinal section the passageway or hot tube -
of the apparatus of Fig. 4; Fig. 6'is a view
in end elevation and Fig. 7 a view in trans-

0.

-to the apparatus shbwniih'{Fig, 4: and Fig_'_- : -

9 shows in longitudinal section and in end- -

elevation an extractor of another form. . -

100"

Referring first to Fig. 1, 1 indicates a

chamber within which is contained a body'
of material under treatment. Within this .
chamber the ignition eccurs which effects
 agglomeration, and this ignition takes place

progressively through the body of material.
_ “a procedure ‘is convenlently accom- -
‘plished by making the chamber of the tubu- -
“lar form shown, maintaining a zone of com-
bustion at an intermediate point in the

Such  a

1o
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“length _f.!)f thén tube (near the .i'nt'a_ke end)

19

.1.5.

20

tube.

and in causing the material under treatment
to advance by continuous feed through the
The zone of combustion 1s conven-

iently defined and combustion maintained

by a heat-giving apparatus surrounding the

tube. As shown in the drawings, this ap-
paratus takes the form of an annular re-
verberatory chamber 2. The particular na-
ture and character of this heat-imparting
apparatus are not of the essence of the in-
vention in its broader aspect, and indeed a
nroper selection and mixture of material to
be treated and a proper control of the sup-

ply of combustion-sustaining gas may ren-
der the employment of any such heat-im-

parting apparatus unnecessary. '
- In Fig. 1 A indicates that portion of the

body of material under treatment which
has just been introduced into tube 1, B

indicates the portion which is undergoing

~ combustion, and C the portion which has

25
30
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already been agglomerated. The air for

nourishing combustion in the advancing
body of material A, B, C is drawn through
the material itself and through that portion
which has already undergone agglomera-

tion; that is to say, air flows through the

portion of the charge marked C, to the por-
tion undergoing ccmbustion, marked B. The
material as 1t advances from the zone or
region of combustion is broken up, for the
purpose already defined. The means re-

- sorted to in the apparatus shown in Fig. 1
are these: The tube 1 is arranged vertically;

it flares downwardly; and the charge within
the tube rests upon a support 8. This sup-
port is conveniently of circular plan, ar-
ranged concentrically beneath the vertically
arranged downwardly flaring tube, and 1t
is spaced at an interval from the lower edge
of the tube. Through this space the fin-
ished material finds escape. The support 3

1s conveniently conical, as shown, and it 1s

rotary on a central axis. The effect of rota-
tion of the suppert 3 is that the downward
sinking body of material is discharged
through the annular orifice between the sup-
port 3 and the lower edge of pipe 2, and
the further effect is to subject the whole
agglomerated portion of the charge, marked
C, to strains which cause it to break up, to
separate info fragments. And the conse-

uence is that the indrawn streams of air

ow freely through the crevasses so opened,
and where the indrawn air encounters Iri-

able and un-agglomerated material it wilk

blow such material back into the zone of
combustion where it will undergo the com-
bustion which it had fortuitously escaped.
Suction 1s maintained, to draw the air
through tube 1 by means of suction pipe 4.
It is desirable, for purposes presently to be
stated, to rorm above tube 1 and communi-
cating with it an air-exhausting chamber 5,

11,168,004

from which chamber air is drawn through
pipe 4. The lower portion of this chamber,
adjacent the point of communication with
the tube 1 is, as shown, upwardly flaring

‘and hopper-shaped. This conformation 1s

advantageous because the velocity of the
current of air flowing from tube 1 1s thus
rapidly- checked and accordingly the ar-

‘rested current of air deposits practically all
of whatever burden of powdery material it
A swvater

mav have carried from tube 1.
spray 6 mav be provided to play upon the
upper surface of the charge within tube 1,

and its purpose is to the same end, to keep

down and carry back into the tube what-
ever dust tends to rise from the material
under treatment. As is well known 1t is
common to mix the material with water in
preparation for treatment, and for this same
purpose—to prevent the flying of dust. The

supplv of water through this spraying ap-

paratus may manifestly be controlled as

desired. The chamber 5 thus 1s seen to be

a closed chamber. The drawings show a
feed pipe 7 leading to it and a worm ieed
within the pipe. It will be understood that
such a feeding mechanism may be employed
to feed in the material, continuously or in-
termittently as desired, and without sericus

interference with the maintenance of a draft

through tube 1 by the means which have
been described. |

A spreader and pusher is mdicated at 5
and more fully illustrated 1in Figs. 2 and 8.
Tt consists essentially of a sweep like arm
or arms 9 carried on a shaft 10 which 1s
mounted centrally above tube 1. Shaft 10
is rotatable and as it turns the arm 9 (which
is arranged within tube 1 and at its upper
end at the level of the normal surface ot
the body of infed material) sweeps and
levels the material which is gradually being
fed in through conduit 7. It will be ob-
served, in this connection, that the hopper-
like bottom of chamber 5 serves not merely
to check the rise of dust (as explained) but

to collect and deliver to tube 1 whatever

dust settles from the inflowing stream of air
and whatever portion of the material fed
in from conduit 7 falls to one side. Thus
the spreader 8 maintains an even distribu-
tion of the charge in tube 1. A sweep 20
mav be carried on shaft 10, rotating with
it but preferably free to slide upon. 1t as
the shaft moves longitudinally. This sweep
traverses the sloping hopper surfaces and
assists in carrying into tube 1 whatever
material lodges on these sloping surfaces.
At times 1n the course of the operation the
tube 1 may become clogged by material
skulling and caking within 1t. The member
8 is further arranged to serve as a pusher,

to loosen and drive downward the agglom-

erated material whenever it tends to skull

70
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or cake in or near the zone of combustion. 130
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.~ To that end the shaft 10 ‘is mounted not -
.- ‘only for rotation but also for longitudinal
~. . .reciprocation. The structure is conven-
. Jdently carried on a properly weighted lever
. or “walking béam ”11 and a suitable handle.
12 may be provided for driving the member
. 8 up and down to effect the ends described.
- It remains only to call attention to cer-

s tain further features of the apparatus which

- 10

15

maintained relative rate. por
‘tion of tube 1 and the support 8 may as indi-

20
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- beunderstood with a few additional words of
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- the external heater 2* may or may

0b

‘tion; the conduit 7* for feeding

may advantageously be employed. The sup-

port 3 for the material within tube 1 and

the worm feed within conduit 7 may both

‘be power-driven; and these two parts may,
as shown, be driven in codrdination, so. that
feed and -discharge shall be at'a constantly

The lower por-
cated be perforate, to afford freer access
of entering air to the body of material
within tube 1.. The tube 1 and the proximate

- portions of chamber 5, where high tempera-
tures are maintained, may be formed of fire

brick built in an iron frame work. The

*stem 'and head of the spreader and pusher
may as shown be provided with internal pas-

sages for the circulation of water. _
The apparatus of Figs. 4-9 will readily

explanation. The tube 12, instead of being
vertically arranged, lies in horizontal posi-
in the ma-
terial extends into the mouth of tube 1=,

“and the spreader.and pusher are dispensed

with. The intake end of tube 12 is provided,
as particularly shown in Figs. 5 and 6, with
lugs 13, against which the conduit 72 makes
bearing and between which the current of

alr 1s drawn, through an annular suction
chamber 5* which surrounds the conduit 7*.
_T'his chamber may, at least in that part ad-
jacent tube 1, be filled with a body 14 of

loosely packed pebbles which serves to en-
tagle and retain whatever burden of dust
the stream of air which flows through may
carry with it. - o
~As particularly shown in Figs. 5 and 7,
the intake end of the tube 12 is modified by

having radially extending slots 15 formed .

in its wall. These radial slots will less
readily become packed with the entering

body of material, and by their presence the

freedom of flow of the stream of air may be

the case shown in Fig. 1. S
In dotted lines, 15, Fig. 4, is shown a

gas-supply pipe, directed into the discharge
~end of tube 1°. -By such provision and by

so. feeding in combustible gas with the

stream of air or other combustion-nourish- -
Ing gas, combustion within the body in the

tube may be facilitated. or intensified, and
. not be
employed. Such a supply of combustible
gas may manifestly be provided in connec-

drill of Fig. 9. These are the means in this

- case employed to break up and form fissures:
in the body of material as it advances from -

“tion with-the apparatus of Fig. 1. The =
- worm feed within conduit 7* is water cooled
~asshown. A shaft 17, rotatable and capable
- of being advanced and: retracted longitudi-
nally, 1s mounted opposite the discharge end
‘of tube 1°.  Upon it may be mounted, either
the extractor of Fig. 8, with its blades form-
ing. an interrupted helix, or: the crown-like =~

70

75

the zone of combustion and agglomeration, =
and also to assist in the extraction of the

agglomerated material from tube 12. Such
breaking up, as has already been explained,
‘gives access of the stream of air to the in-
terstices, and causes the air to blow back
into the zone of combustion whatever pock-
ets of un-agglomerated material are thus
o T . 85

In the foregoing description I have spoken

opened up.

8¢

of the substance under treatment in general
terms as a body of material to be agglomer-
ated, and have said that this will ordinarily .

be a mixture of flue dust and finely divided

ore. It remains-only to observed that I
‘place no limitation upon my invention in

90

this matter of the particular nature of the

material to be treated. For example, 1t is

not essential to mix flue dust with iron ore
in order to obtain material which may be
agglomerated; coke braize may be mixed
with iron ore and the mixture will be ame-

nable to my procedure, an iron ore which has

a larger sulfur content needs no admixture
with any- carbon-containing substance, but
may " itself be agglomerated. These in-

stances will suffice to indicate that my inven-

tion in its broader aspect is not limited to
any particular material or to the mixture of
any particular materials, but is applicable
generally to the treatment of ores which be-

cause of their finely divided condition are
-~ difficult to handle in reducing furnaces, and

1t requires only this: that the material shall
be susceptible to agglomeration. -
I claim as my invention:

1. In a machine for agglomerating ore

the combination of means for causing the
gradual advance of a process of combustion
through the body of material under treat-

such portions of said body as have been sub-

. Jected to the said process of combustion, and
- means for maintaining
flowing through that

a gaseous stream
portion of the said

g5

100

106

110

115

- ment, means for breaking into fragments
insured. The heater 2* surrounds the tube
12 and defines a zone of combustion, as in

120

body which has been subjected to combus-
tion and fragmentation and from such por-

tion to the
progress. . = SR
2. In a machine for agglomerating ore the

point where combustion is in

125

~combination of a vertically arranged down-
‘wardly flaring passageway, means for heat-
-ing from outside said passageway, means
for feeding material to be treated to the up- -

130
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“per end of said passageway, and means for

drawing combustion sustaining gas upward

‘through said passageway.

3. In a machine for agglomerating ore the

combination of a vertically arranged down-

wardly flaring passageway, an upwardly
flaring exhaust chamber continuous there-
with, means for feeding material for treat-

ment to said passageway, and means for ex-

hausting air from said exhaust chamber.

4. In a machine for agglomerating ore the
combination of a hopper, a downwardly flar-
ing passageway continuous with said hop-
per, a load sustaining member arranged be-
neath the lower end of said passageway, &
closure for said hopper above, and means
for exhausting air from such closed-1n hop-

per. : |
5. In a machine for agglomerating ore the

1,166,004

“combination of a vertically arranged down-

wardly flaring passageway, and a spreader
and pusher arranged in sald passageway,
rotatable therein and movable longitudi-
nally in said passageway.

6. In a machine for agglomerating ore the
combination of a hopper closed in above, and
of a vertically arranged passageway ar-
ranged in continuity with the gullet of said
hopper, a rotary extractor arranged at the
lower end of said passageway, and a feed
mechanism discharging to said 1inclosed

hopper. '

In testimony whereof I have hereunto set
my hand. |

Witness:
- Frawncis J. ToMASSON.

PHILIP O. HARDING.
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