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7o all iwhom .eﬂ INAY CONCETN.!
Be it known that I, Privip 0. Hmmfa,

residing at Pittsbur nh in the county of Alle-

gheny and State of P"-nn.S} 1\.*1111.1j a citizen
of the United States, have invented or dis-

covered certain new and useful Improve-

nients in Methods of Agglomerating Ores,
of which improvements “the followi ing 18 o
specification.

My mmvention relates to the agglomerating
of ore, particularly of iron ore, a pmc{*duw
commonly called sintering.

In the ordmary opemtmn of bldst fur-
naces, pmtlculmly when finely puhreilzed
are 1s used, there 1s a large production of
flue dust. This flue dust though rich 1n
iron, is, because of 1ts flnehf divided C()Ildl~
tlon dlﬁlcult to handle, and the recovery of

1ts iron content has been found to be so0

costly that great quantities of flue dust from
blast furnaces have been regarded as waste.
Of late vears eflorts 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 oper ration.
The fluc dust is mixed with ﬁnehf divided
ore and the mixture is 1gnited. The flue dust
is rich in carbon and, with provision for a
snitable supply of air to sustain combustion,
the mixture is changed by burning from 2
loose friable nmtelml to an {.m?-lomemtud
clinker-like mass.
changes w Lich cecur are obscure and but im-

pelfwtly ‘ynderstood.  Necessarily, they
vary as tlw chemical (,01111)0511,1911 of the
mass under  treatment varies. = But the

physical change, ndicated above, is the
one which 1s nnport.:mt to the iumace oper-
ator. -

It has been found a matter of oreat diffi-

ciilty to obtain a unmiform m‘ﬂ]mno ation and
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pmducu an article which does not contain
within its body pockets of unaltered and
friable material.  Furthermore, apparatus

herdtofore devised such as is productive of

niaterial nearest to the furnaceman’s ve-
quirements, is exceedingly costly both to n-
stall and to maintain in repair.

“\Iy invention consists primarily in Sub—
jecting a body of material to be dgglomu-

ated (which mdmanl}f will be a ml\tﬂIL o1

Speciﬁcatien of Le'tter's Patent.
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flue dust and finely divided iron ore) to a

progressive (*mnbust](m which advances
thlmwl the body, in causing the currvent
of combustion- sustaining gas (‘s\hl{"h ordi-

navily will be ahmoﬂpheuc air) to flow to the -

55

region of combustion through that portion '

of the bo dy-which has alr e&dy been subjected

to the agelomerating fire, and at the same

tline eﬁe,t ting o lm,a,imw -up or fragmenta-
tion of that portlon of the body thmuO‘h
which the flow of combustion-sustaining gas
1s advancing,  Such breaking up of the mass

opens the pockets of unchan ged friable ma-

terial, and the current of air sweeps the

material so exposed back into the region of

mmbmmm where, now mingle with air
and brought to pr o«pel iempu ature, 1t will
undergo 1n111tmn and agglomeration.

My invention further consists in apparatus

For ]}odmmmﬂ the operation hercin above

defined. This apparatus 1s 1llustrated 1in
the accompanying drawings, and I shall ex-
plain my mvention by veference thereto.

In this apoplication I do not lay claim to
the apparatus employed but only to the
method. In a co-pending application filed
July 3ed, 1915, Serial No. 37922, 1 m&ke
claim to the apparatus.

Figure 1 shows the apparatus in preferred
form and in vertical medial section; Fig. 2
184 view on larger scale and m vertical me-
dial section of the spre ldt'.‘l and pusher de-
tached, which 1 Ifig. 1 1s shown 1n opera-
tive position; If1g. 3 1s an end view of the
said spreader and pusher; ffig. 4 1s a view

corresponding to g, 1 showing the appara-

tus 1 modified form; Fig. 5 shows in longi-
tudinal scetion the passageway or hot tube
of the apparatus of Ig. 4; I'ig. 6 1s a view
in end elevation and Fig. 7 a view In trans-
Verse %L{BUOH of the tnbe of Kig. b, the plane
of scction of TMig. bemn' mdlmted by the
line VII—VTII, ]Jw I‘lﬁ" 3 shows in side
and in end elov fl’rmn an extr actor applicable
to the apparatus shown in Fig. 4; and Fig. 9
shows 1m longitudinal section and in end
elevation an extractor of another form

- Referring first to Mg, 1, 1 indicates a
chamber within which i1s 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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1ently defined and combustion miaintained by
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progresswely thlﬁ‘{)uﬂ'h the bodv of material.
Such a procedure is conveniently accom-
plished by making the chamber of the tubu-
lar form shown, mamtammg 2 Zone of COIn-

bustion at an intermediate point in the

length of the tube (near the intake end)
and in causing the mater ial under treatment
to advance by continuous feed through the
"The zone of combustion 1s conven-

a heat-giving apparatus surrounding the
tube. As shown in the drawings, this appa-
ratus takesthe form of an annular reverbera-

tory chamber 2. The particular nature and

character of this hedt-lmpa,rtm apparatus
“are not of the essence of the invention 1n its

broader aspect, and indeed a proper selec-

tion and mixture of material to be treated
and a proper'contlol of the supply of com-
bustion-sustaining gas may render the em-

“ployment of any such heat-impar tmg appa-

| -1atus linnecessary. -

In Fig. 1 A indicates that portion of the

'. b{}d’yr of ‘material under treztment which has

just been introduced into tube 1, B indicates:
the portion which is underwomﬂ'_ combus-

tion, and C the portion which has already

‘been agglomerated. The air for nourishing

~combustion in the advancing body of ma-
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terial A, B, C is drawn thr oufrh the material
itself and through that portwn which has
_alreadV undergone agglomeration; that is

to say, air flows through the portion of the

‘charge marked C, to the portion under going

combustion, mflrked B. The 111,.1teu¢|,1 as 1t

_advances from the zone or region of com-
‘bustion is broken up, for the purpose al-
ready defined. ’lhe means resorted to in the.
~apparatus shown in Fig. 1 are these:

The
tube 1 is arranged Vﬁl‘tic.-llly it flares down-

~wardly; and the charge within the tube
‘rests upon a support 3. This support 1is
conveniently of circular plan, arranged con-

~ centrically beneath the vertically arranged

45

downwardly flaring tube, and it is spaced

at an interval fu)m the lower edge of the
tube.
~ terial finds e
_-vemently conical, as shown,

50

Through this space the ﬁmbhed ma-
escape. The. suppmt 3 1s con-
and 1t 1s rotary

on a central '1\1&, " The- eﬁeat 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. lomr
‘effect is .to sub jectlgh
-:portlon of the charﬂe marked ( to strains
“which cause 1t to bleal{ up, to sepamte into
~“And the ‘consequence 1s that
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edge of pipe 2, and the further

he whole amrlomerated

i'ragmenta.
the indrawn- streams of air flow freely

‘through the crevices so opened and where
“the indrawn air encounters friable and un-
,aﬂglomemted material it will blow such ma-
terial back into the zone of combustion
where it will undergo the combustion which

1t had fortaitously escaped. mlct on 18

have .

- ment.
mix the material with water in preparation

'chamber

| 'plpe

lodges on thesé sloping surfaces.

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 mth 1t an
air-exhausting chamber 5, from Wthh cham-
ber amn 1s drawn thro uo'h pipe 4. The lower
portion of this chamber adjacent the pomnt
of communication w 1th the tube 1 1s, as
shown, . upwardly flaring and hopper-
shaped. This conformation 1s advanta-

‘geous because the velocity of the current of

air flowing from tube 1 i1s thus rapidly

checked and accordingly the arrested cur-

rent of alr deposits practically all of what-
ever burden of pow dery material 1t may
cartied from tube 1.
6 may be provided to play upon the upper

A water spray
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surface of the charge within tube 1, and its

purpose i$ to the same end, to L.eep down
and carry back into the tube whatever dust
tends to rise from the nmtelm,l under treat-
As is well known it 1s common to

for treatment, and. for- this same purpose—
to prevent the flying - of dust.. The supply

of water through this spraying apparatus

may mamtegtly be controlled as desired.
The chamber 5 thus is seen to be a closed
lhe drawings show a feed pipe
7 leading to it and a worm teed within the
lt will be understood that such a
feeding mechanism may be employed to feed
in the material, continuously or intermit-
tently as debued, and without serious inter-

ference with the maintenance of a draft
through tube 1 by the means whmh hwe
Dbeen described.
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A spreader and pushel 1S indicated at §

.and more fully 1Hustrated in Figs. 2 and 3.

It consists essentially of a sw eep like arm
or arms 9 carried on"a shaft 10 which is
mounted- centrally above tube 1.
18 1ot._.1t11b1c and as it turns the
(which is arranged within tube 1 and at its

upper end at the level of the normal St~
face of the body of infed material) sweeps

and levels the 111:113&11;11 which 1s gradually

being fed in through cumlmt 7. It will be |

,obbel ved, in this connection, that the hopper-
like bottom m‘ ch'unber 5 serves not merely

to check the rise of dust (as explained) buLl

to collect and deliver to tube 1 whatev er

dust settles from the inflowing stream of amnr
and whatever portlon of the material fed in

from conduit 7 falls to one side. Thus the

Shaft 10
arm 9

:105-
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'fspr eader 8 mamtfuns an even distribution

of the charge in tube 1. A sweep 20 may:

This sweep traverses
carrying into tube 1 "whatever material

in the course of the operation the tube 1 may
become clc»gged by material skulling and

‘Dbe carried on shaft 10, rotating. with it but
pr efembly free to slldc- upon it as ‘the shaft
‘moves longitudinally.
~the Slopmg hopper: smtu,os and “assists in
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caking within 1t. The member 8 1is
1 and

arranged to serve as a pusher, to looser
drive downward the
whenever it tends to skull or cake in Or ST
the zone of combustion. To that end the
shaft 10 is mounted net only for 1‘01.:.1‘5;:11011
but also for longitudinal reciprocation.
The structure 1s (‘()IH(:"I]H;‘i h* carvied on &
properly weighted lever or “ walking beam’
i1 Mlﬂ o suitable himlle 12 may “he DI0-
vided for driving the member § up and
down to effect the emls described.

. It vemains ouly » eall attention "s:.i Ce)-
mm turther h‘*‘ltme wf the avparatuy which
may ach*ﬂpt.wmuslv ' be {“sai}* sved,  Lhe
) for the material wmnn h*”b{—: 1
and the worm teed within conduit 7 may
and these t*ﬁ'a'} parts
11{;?1:‘

o~
st

R

-\ L

hoth be mms?" GAVIVen ;
may, as &hown, bhe driven i ecodrdin
so that feed :md ] -Ezchﬁrw shnll be

LT .I'"Ef"‘;

constantly mantained velative rate. The

lower portion of tube L and the suppori 3
may. as indic ated be perlorvate, to alord
freer access of entering aiv to the body of

‘material within :ube £,

‘1

he proximate portions of
chamber 5, where high ter nperatures are
maint ameh may be formed oi fre brick
built in an won frame work, The stem and
head of the spreader and pusher may as
shown be ;}1‘0%{1{1 ed with internal passages
for the cireulation of wafer,

The tuba 1 and ¢

The apparvatus of Iigs. 49 will regdily
be unders i od with a few additional $ords
of explanation. Whe tube 1%, instead nf he-
nge E-‘El‘i]_{fiﬂff arranged, lies in horizontal
l}rjs;tm‘; he conduit 70 for feeding in the
muterial i&iﬁif}.;‘,lli_ifﬁ into the mouth of tube i2,

and the Spes
witlh. ’i'he n

ws particularly showa i Figa 8§ and §, with
. . i, . A S o - .
]IW% 18, against whieh the conduit 78 wakes
¥ r ] [ I Liyw -..';3
learuw and betweernn whiel the current of
N1 1Y J“*mm ‘ih rough an agnuiay suction
chinmber 5 which surraunids the cONGL }.i} Te
s - - \ - ; 1
Phis ehainber snav, =26 leash *ﬁ:;;:., “:‘r:z: Long-
Y R {
31 VAT
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R oy A +4- I‘ "i .
preent tuone o, o
% .

L
Cnosely vucked pebbles whieh serves §o en-
angie and refain whndever burden of dusg
ne stream of aiy which fiows through mavy
ATy W1 1t
A partieulsely shown in Bigs, § LT

ho mmtalke ene
i

* : ] -11r ~ 4~y 1 - o e £4 . ,.,__-‘, i ::
having r*uhz 1y {_l.a.tzhl{,i o 1D formed in
FEV1 o Ty Y
i{s w“ll Fiiese rads 11 Hium WIli Je38 rendiiv

z'

i
buvmv p,-u'i ol ‘\'Ll
i s (i
of ‘!f}w of the faiHEHf:l f.:?:

Phe hoepler 27 |

defines a

A
i}{‘tfw’ L
by them *f“:-:'-:.* n

In dotted baes, 16, [, 4, s shiown o oas-
RN § i J N N P BALN! 4 i)

aum;lv Dipe, directed nio the dizeharge end
of tube- 1* By snch provision and by so
feeding in combustibie gas with the strenm

1%10*1’*(11‘%%( material

t-t;.,""r'

N L
of air or fzt.f.iet compustion- 1‘*0[11"1‘«11111? a8,
combustion "ﬂ'luﬂ the bodv in the tube may
be faeihity

ted or intensified, and the external
may or may not be employed.
of combustible gas may mani-
in connection with the

heater 2
*mm a sunply
festly be 1310?1{1*—‘&
apnaratus of Hig, 1,

The worn feed within conduit Te i
ccoled as shown.
A shatft '1?.: rotatable

wager

and capable of being

advanced and retr 1{*ted tongitudinally,
mmmtw pjg_ osite ﬂw discharge end of tube

12, Upon it may be moun ited, either the ex-

tractor o1 473 g, 8, with its blades forming an

interrupted helix, or fhe crown-like dri I of
F

‘"\-lrﬂ'-l

Hig. 9. Eimﬁa are the means in this case
o ‘mm, ed to breais up and form fissures in
the 1e Dody of material as ib advances from the
zZone o1 combugtion .-,111 19_3__‘;'{ meration, and
also to assisé m 'i;hf; extraction of the ag-

"3 o

om tube 18, Sueh
breaking up, as h:u&: wiready been explained,
gives access of the stream of air to the inter-
| i 10 b ow back into

stices, and cal
winatever pec;{eis&
are thus

thie zZone {JE
of  un-agy ale

oclomerated

1ses the a
combusiion
ynoerated 111:1‘-{:@1'ml

Lf"‘

1

in the roregoing description I have spo-

enn of the subsiancs under treatment in
general terms g8 o body of material $o be
agglomerated, aud have :}1(2. that this will
ordinarily. te o :ii:.}i.:’tm‘{-a t flue dust ang
fnelv divided ore. 1% 3 1&111 S only to be

tation 111'}01’1 1y

e b& Lres L:ELL }JQI'

order to obiain material
mey be agglomerated; cole bralze
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sulfur content needs
with any carbon-containing
tteelf bo agglomerated.
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herein described which

erated and fragmented

A

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. |
- o. The method of ore agglomeration
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
stich zone of high temperature through the
portion of the body of
_ as above indicated.

4. The method of ore-agelomeration here-

-1 described which consists in causing the
body of material under treatment to advance -
by continuous feed through a zone of comi.
bustion, subjecting such body of material to.

material agglom-

1,166,808 .

a spray of water in the rear and to a cur-
rent of air flowing through it from front to

t3
£

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-
1n described which consists in causing the

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
benetrate said descending body of material,
r1al 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 T have hereunto set

my hand. o .
| PHILIP C. HARDING.
Witness: .

Francis J. Toxassox.
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and causing siich descending mass of mate-
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