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UNITED STATES PATENT OFFICE. 
pHILIP o. HARDING, OF FITTSBURGH, F&NNSYLVANIA. 

METHOD of AGGLOWEERATING ORES. 

1,166,903. 
To all thom it may concern: 

IBeit known that I, PHILIP O. HARDING, residing at Pittsburgh, in the county of Alle 
gheny and State of Pinnsylvania, a citizen 
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of the United States, have invented or dis 
covered certain new and useful improve 
ments in Methods of Agglomerating Ores, 
of which improvements the following is a 
specification. s 
My invention relates to the agglomerating 

of ore, particularly of iron ore, a procedure 
commonly called sintering. 

In the ordinary operation of blast furt 
naces, particularly when finely pulverized 
are is used, there is a large production of 
flue dust. This ?lue dust, though rich in 
iron, is, because of its finely divided condi 
tion, difficult to handle, and the recovery of 
its 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 
ore and the mixture is ignited. The flue dust 
is rich in carbon and, with provision for a 
suitable supply of air to sustain combustion, 
the mixture is changed by burning from a 
loose friable material to an agglomerated, 
clinker-like mass. The precise chemical 
changes which occur are obscure and but im 
perfectly understood. Necessarily, they 
vary as the chemical composition of the 
mass under treatment varies. But the 
physical change, indicated above, is the 
one which is important to the furnace oper 
ator. 

It has been found a matter of great diffi 
culty to olotain a uniforn agglomeration and 

45 

50 

produce an article which does not contain 
within its body pockets of unaltered and 
friable material. Furthermore, apparatus 
heretofore devised such as is productive of 
material nearest to the furnaceman's re 
quirements, is exceedingly costly both to in 
stall and to maintain in repair. 
My invention consists primarily in sub 

jecting a body of material to be agglomer 
ated (which ordinarily will be a mixture of 

Specification of Letters Patent. Eaterated ga. 4, 96. 
Application filed June 12, 1915. Serial No. 83,767. 

flue dust and finely divided iron ore) to a 
progressive combustion which advances 
through the body, in causing the current 
of combustion-sustaining gas (which ordi 
narily will be atmospheric air) to flow to the 
region of combustion through that portion 
of the body which has already been subjected 
to the agglomerating fire, and at the same 
time effecting a breaking-up or fragmenta 
tion of that polition of the body through 
which the flow of combustion-sustaining gas 
is advancing. Such breaking up of the mass 
opens the pockets of unchanged friable ma 
terial, and the current of air sweeps the 
imaterial so exposed back into the region of 
combustion where, now mingled with air 
and brought to proper temperature, it will 
undergo ignition and agglomeration. 
My invention further consists in apparatus 

for performing the operation herein above 
defined. This apparatus is illustrated in 
the accompanying drawings, and I shall ex 
plain my invention by reference thereto. 

In this application I do not lay claim to 
the apparatus employed but only to the 
method. In a co-pending application filed 
July 3rd, 1915, Serial No. 37922, I make 
claim to the apparatus. 

Figure shows the apparatus in preferred 
form and in vertical medial section: Fig. 2 
is a view on larger scale and in vertical me 
dial section of the spreader and pusher de 
tached, which in Fig. 1 is shown in opera 
tive position: Fig. 3 is an end view of the 
Said 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 
verse section of the tube of Fig. 5, the plane 
of section of Fig. 7 being indicated by the 
line VII-VII, Fig. 5; Fig. 8 shows in side 
and in end elevation an extractor applicable 
to the apparatus shown in Fig. 4; and Fig. 9 
shows in longitudinal section and in end 
elevation an extractor of another form. 

Referring first to Fig. 1, 1 indicates a 
chamber within which is contained a body 
of material under treatment. Within this 
chamber the ignition occurs which effects 
agglomeration, and this ignition takes place 
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progressively through the body of material. 
Such a procedure is conveniently accom 
plished by making the chamber of the tubu 
lar form shown, maintaining a Zone of com 
bustion at an intermediate point in the 
length of the tube (near the intake end) 
and in causing the material under treatment 
to advance by continuous feed through the 
tube. The Zone of combustion is conven 
iently defined and combustion maintained by 
a heat-giving apparatus surrounding the 
tube. As shown in the drawings, this appa 
ratus takes the form of an annular reverbera 
tory chamber 2. The particular nature and 
character of this heat-imparting apparatus 
are not of the essence of the invention in its 
broader aspect, and indeed a proper selec 
tion and mixture of material to be treated 
and a proper control of the supply of com 
bustion-sustaining gas may render the em 
ployment of any such heat-imparting appa 
ratus 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 combus 
tion, and C the portion which has already 
been agglomerated. The air for nourishing 
combustion in the advancing body of ma 
terial A, B, C is drawn through the material 
itself and through that portion which has pil 
already undergone agglomeration; that is 
to say, air flows through the portion of the 
charge marked C, to the portion undergoing 
combustion, marked B. The material as it 
advances from the Zone or region of com 
bustion is broken up, for the purpose al 
ready defined. The means resorted to in the 
apparatus shown in Fig. 1 are these: The 
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tube 1 is arranged vertically; it flares down 
Wardly; and the charge within the tube 

... rests upon a support 3. This support is 
conveniently of circular plan, arranged con 
centrically beneath the vertically arranged 
downwardly flaring tube, and it is spaced 
at an interval from the lower edge of the 
tube. Through this space the finished ma 
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terial finds escape. The support 3 is con 
veniently conical, as shown, and it is rotary 
on a central axis. The effect of rotation of 
the support 3 is that the downward sinking 
body of material is discharged through the 
annular orifice between the support 3 and 
the lower edge of pipe 2, and the further effect is to subject he whole agglomerated 
portion of the charge, marked C, to strains 
which cause it to break up, to separate into 
fragments.- And the consequence is that 
the indrawn streams of air flow freely 
through the crevices so opened, and where 
the indrawn air encounters friable and un 
agglomerated material it will blow such ma 
terial back into the zone of combustion 
where it will undergo the combustion which 

65 it had fortuitously escaped. Suction, is 
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(maintained, to draw the air through tube 1 
by means of suction pipe 4. It is desirable, 
for purposes presently to be stated, to form 
above tube 1 and communicating with it an 
air-exhausting chamber 5, from which cham 
ber 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 is advanta 
geous because the velocity of the current of 
air flowing from tube 1 is thus rapidly 
checked and accordingly the arrested cur 
rent of air deposits practically all of what 
ever burden of powdery material it may 
have carried from tube 1. 
6 may 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 whatever dust 
tends to rise from the material under treat 
ment. As is well known it is common to 
mix the material with water in preparation 
for treatment, and for this same purpose 
to prevent the flying of dust. The supply 
of Water through this spraying apparatus 
may manifestly be controlled as desired. 
The chamber 5 thus is seen to be a closed 
chamber. The drawings show a feed pipe 
7 leading to it and a worm feed within the 
ipe. It will be understood that such a 

feeding mechanism may be employed to feed 
in the material, continuously or intermit 
tently as desired, and without serious inter 
ference with the maintenance of a draft 
through tube 1 by the means which have 
been described. . . . . 
A spreader and pusher is indicated at S 

and more fully illustrated in Figs. 2 and 3. 
It consists essentially of a sweep like arm 
or arms 9 carried on a shaft 10 which is 
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 sur 
face of the body of infed material) sweeps 
and levels the material which is gradually 
being fed in through conduit 7. It will be 
observed, 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 distribution 
of the charge in tube. 1. A sweep 20 may 
be carried on shaft 10, rotating with it bit 
preferably free to slide upon it 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 
in the course of the operation the tube 1 may 
become clogged by material skulling and 
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caking within it. The member 8 is further 
arranged to serve as a pusher, to loosen and 
drive downward the agglomerated raterial 
whenevel it tends to skill or cake in oi near 
the zone of combustion. To that end the 
shaft 10 is mounted not only for rotation 
but also for longitudinal reciprocation. 
The structure is conveniently carried on a 
properly weighted ever o1. “Walking beam.' 
11 and a suitable handle 12 may be pro 
vided for driving the member 8 up and 
down to effect the ends described. 

it remains only to call attention to cer 
tain frther features of the apparats which 

; may advantageously be ei) ployed. 'Rhe 
support 3 for the material withii) tabe 1. 
and the worm feed within cond it may 
both be power-driven; and these two parts 
may, as shown, le drive in coil'dinatiot, 
so that feed and discharge shall be at a 
constantly aaintained relative rate. The 
lower portion of tube and the support 3 
may as indicated be perforate, to afford 
free access of entering air to the body of 
material within tube i. 
The tube 1 and the proximate portions of 

chamber 5, where high temperati lies are 
maintained, may be formed of fire brick 
built in an iron frame work. The stem and 
head of the spreader and pushe’ array as 
show) be provided with internal passages 
for the circulation of water. 
The apparatus of figs. 4-9 will 'e:dil 

be understood with a few additional soil 
of explanation, The tube. 1", instead, if 
ing vertically arranged, lies in hoiriz 
position; the cosiduit 7" for feeding in the 
laterial exie) is ill to the allouth of tube it, 

and the spreadei' aid plisher are dispensed 
with. The intake end of tube it is provided, 
as particit tally show in Figs. 3 and 6, with 
tags 13, against which the concil it sia, 
bearing and betweeii which the current of 
air is drawi), through an annular Sliction 
claiti e i Yilicit sill''{ii} is the contiui, i. 
his chanisei jiay. ::f east, i1 tilat, part adi 

i:cent, tulic , he iliei is igdy if oil 
losely pack: Yebioles virici serves to en 

- : taigie & inti "e : 'den ( 33, vii; it eye 
the si'ea in of aii which tiews id: "gigh jila 
(a 'y (viii. it. 

As a 'tic : jly sit will in iFigs. 'i ( , 
tle intake and of he title is notified by 
having 'a dially extending stois is fornied it 
its wall. i.ese 'aclial slots wiii iess re; (iiiy 
become picked with the entering body of 
material air y their resence { 

flow (si tie : 
The le; e - 

defines a z is of contistic 11, as if tie 
shown it iig. i. 

{{{titi in 
stily pie, ties: 
of the . . . . 
feeding in coini with the -- 
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of air or other combustion-nourishing gas, 
combustion withii: the body in the tube may 
be facilitated ol' intensified, and the external 
heater 2" may or may not be employed. 
Such a supply of combustible gas may mani 
festly be provided in connection with the 
apparatus of Fig. 1. 
The worli feed within conduit, it is wate' 

cooled as shown. 
A sinafi, ii. 'otatable and capable of being 

advanced and retracted longitudinally, is 
imounted opposite the discharge end of tube 
1. ipon it may be inoanted, either the ex 
tractor of Fig. 8, with its blades forming an 
interrupted helix, or the crown-like drill of 
Fig. 9. These are the means in this case 
semployed to breaik up and form fissures in 
iihe iody of lilaterial as it advances from the 
zone of cofibristion and aggiotineration, and 
also to assisi. the extraction of the ag 
glomerated laterial from tube it. Such 
breaking up, as has already been explained, 
gives access of the sil'eau of air to the inter: 
siices, and catses the aii to blow back into 
the zone of conibustical whatever pockets 
of in-agglomerated material are thus 
opened up. 
in the foregoing description I have spo 

ike of the substance under treatment, in 
general tei" is as a body of material to be 

.. have said that this will 

, reiraai is only to be 
itation upon rhy 
if the particular t 

imaterial to be treated. For 
ample, it is not essential to mix flue dast 

with iron ore in order to obtain material 
gldinerated; coke braize 

tray he nixed with iron ore and the mixture 
will i.e. airie able to fiy procedure; an iron 
tie which has is large sulfur content, feeds 
no adiaixture with any carbon-containing 
substance, but may itself be agglomerated. 
Thase insii;}ces will suffice to indicate that 
Zay inveilific: iii is broader aspect, is not, 
inited to a y gai' rial or to the 
aixture of 33 liai' laterials, bli, is 

he i:'cattle it of gi'es 
divided condi 

its i: nile it. "edicing 
nly this; that the ma 

£illie i? agglomeration. 
sation: 
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body of material to a progressive combus 
tion, breaking into fragments the agglom 
erated portion of such body left behind as 
combustion advances, and causing a stream 
of combustible gas to flow to the point of 
combustion through such agglomerated and 
fragmented portion of the body. 

3. The method of ore agglomeration 
herein described which consists in causing 
the body of material under treatment to ad 
vance by continuous feed through a zone of 
high temperature, breaking into fragments 
the agglomerated portion of said body ad 
vancing from such Zone, and causing a cur 
rent of combustion-sustaining gas to flow to 
Stlch Zone of high temperature through the 
portion of the body of material agglom 
erated and fragmented as above indicated. 

4. The method of ore-agglomeration here 
in described which consists in causing the 
body of material under treatment to advance 
by continuous feed through a zone of com 
bustion, subjecting such body of material to 
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a spray of water in the rear and to a cur 
rent of air flowing through it from front to 
rear and in breaking and spreading the 
fragmented mass of material as it advances 
beyond said Zone of combustion. 

5. The method of ore-agglomeration here 
in described which consists in causing the 
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body of material under treatment to descend 
through a vertically arranged and down 
Wardly flaring passageway and in such 
progress to pass through a Zone of combus 
tion, causing an ascending stream of air to 
penetrate said descending body of material, 

35 

and causing such descending mass of nate 
rial to be broken up and subjected to a more 
searching penetration of the said ascending 
stream of air as it descends beyond said 
Zone of combustion. 
In testimony whereof I have hereunto set 

my hand. . 
PHILIP O. HARDING, 

Witness: 
Fit ANCIs J. ToMAssoN. 


