4 1, 043, 548
resulting green pellets drop in I ent reducing agent and then enbeddi ng the
60 , the direction of the arrow 3 directly into a sane in granular
reduci ng agent. feeder 4 which extends through the head 5 5. A

met hod as clainmed in any one of of a rotary furnace 6 and which is
shown:in -Clainms 1 to 4, wherein part of the solid fuel 5 the drawing as a
.vibratory feeder but which - used for reduction is already irncorporated in

may be a rotary d |quettes or pellets.

65 - seal is pr?&ﬂﬁme%ﬁmigﬁm A nmet hod as

¢laimed jn any one of .=~ DRAWINGSATEACHER 5. A solid reducr ng fuel d ains
1 tgn5, wherein the pel | ets are pro- of convent ize is

i nt L 5£J*‘~i<» ed in sizes within the range of BI}t)“gggi%@ﬁe ri ght of
t-heyg iy e t e of AppRLetion adifilingiCompléESpecificARRY e 251963.t hus charged into

' th or wwthout the rotary furnace.

fuel. The

e | | e 2529

70 > ) f ahphiichtivh Rade M GerriathE(No. MEB402 W 18a) onine 30h 19621 hod as cl ai med
in EIIt edombibr spedificatiol Pubithddasest. 2101964, her therewi t h. dains 1to
6, Ay @@m@@y,,ghtm&r nal |y, a desul phurising agent, for

exa /.' by angl e burners resenbl ing weld- 15 [|inestone or

dolom te, i nmedi at el burners in type the nout hs of the

.
angingex at WW@?FF 'Uf-"7t1?@<‘\‘ Eﬁn%&‘?;e/ 5Né~a§a‘5 6INBEEHRIY bur ners in the reduction
Zonkt. p@i: G 2igb 13708f/Re7 B5 exhaust gases, .indicated by arrows 9 and 10,
axial direction in count CPMELEERSP IGATIQN - pass around the feeder 4
S0 that dryi ng MéthoddTgmesn Apperaas foRedteihiIron Oxide angl e t he

pellets (not shown) begins iggn8gbagellyonburners in.-the preheating zone are

di r.ect Edwzow'}r&r?%era scm];'regx 3&%}5}.{1 ena]:cxlejsr 3 Hhduction furnaces as well HGht ically or at
an acutsgusR Reu n-the- oxygen converters.

Main, Germany, a body corporate organised A report by Kurt Meyer on the production - 45
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under the Laws of Germany, do hereby
declare the invention, for which we pray that
. a patent may be granted.to us, and the method
by which it is to be performed, to be par-
ticularly described in and by the following
statement : —

This invention relates to a method of and
apparatus for reducing iron oxide in any
stage of oxidation, perticularly concentrates,
to sponge iron by heating previously agglo-
merated, for instance briquetted or pelletised,
iron oxides ina rotary furhace with an excess
of reducing agents and by means of burners
distributed on the shell of the furnace for
supplying a substantial propomon of the
necessary heat of reaction.

It is-an object of the invention to eliminate
.the process of hardening the agglomerates
(briquettes or pellets), which: has in the past
been considered indispensable before the

- agglomerates are fed for reduction into the

rotary furnace, and substantlally to enlarge the
permissible range of grain sizes both upwards
and downwards, which in practice in this
type of reduction had been kept. within the
limits of 6 to 15 mm. diameter (cf. Canadian
Patent Specrﬁcatlon No. 617,445, and US

“~Patent Specxﬁcauon No. 3,029,141), so that,
- -for instance in the known process of pelletis-

" - ing the concentrates in drums, the return of

:_ .40.

7" fines can be greatly reduced, if not rendered

_wholly superfluous, and ﬁnally to produce a

part1cular1y light and highly reducible and

possibly  briquettisable green pellet. Owing

" to their mechanical strength and their micro-

- porosity, agglomerates (pellets) produced and
" reduced by the present method are particularly

.\ suitable for use in blast furnaces, cupola -
e \-*fumaoes, open hearth furnaces, clectnc arc fur-

, [Pnce 4s. 6d]

of plastically deformable, moist, so-called green
pellets appeared in the periodical “Stahl und
Eisen”, 1956, on pages 588—595, and 1962
on pages 147 to 154. The present invention
is substantially a development of the state of
the art therein described. Three methods of
hardening bave been proposed, namely burning
in a shaft kiln, on a travelling grate and in
a rotary kiln or on a gas or oil heaued sinter
chain (ibid. 1962, p 148).

According to the present mvenuon there'
is provided a method of reducing iron oxide
to sponge iron, wherein the iron oxide pre-
viously formed into agglomerates, such as
briquettes or pellets, is directly introduced
as such briquettes or pellets in the moist,

plastically deformable state together with an -
- excess of a.solid reducing agent into a rotary
furnace equipped with angle burners distri-

buted along its shell for adjusting the gas
atmosphere inside the furnace, a- substantial
proportion of the heat of reaction. being sup-
plied by ‘the burners and the briquettes or

-pellets being rapidly heated in the preheating

of the furnace to a temperature below

the level which would be required for bummg
the pellets hard outside the furnace.

Thus with the present method the hardemng

of green pellets or similar agglomerates in a

_ rotary kiln as a preliminary to’ their sub-

sequent reduction - is rendered superfluous by

-----

in a rotary furnace for directly heating the

agglomerates to the temperature of reduction,
dispensing. with the process of burning the
agglomerates . until they are hard. Experi-
ments . have unexpectedly shown ‘that it is

50

55

65
]

75 . -

possible to introduce the moist agglomerates -

or plastically deformable green pellets directly

into a reducmg rotary ﬁn'nace provrded with

k)



When a rotary drumis used in place of the rotary furnace.
80 the feeder 4, it is positioned so as

clainmed in any one of

to project 8). A nethod as

into the preheating zone of the rotary fur-

Clains 1I"to 7, wherein the briquettes or
for increasing pellets are produced from concentrates of 25. the speed of

revolutiton of the rotary drum natural

relation to the speed of revolution of the

any one of 854
8, wherein the

pellets are bri Clﬂﬁﬁérﬁdlsmbuted oveNHéEuME IQMNM pbn&;s-metal skin which does not hinder the

rot ary furnace 1,043,508,

ad ed

nace and neans are provi ded

or synthetic magnetite. in

9). A nmethod as clained in
Clains 1 to

10). A nethod as twel aimnsﬁdvmtmuan oright dfave been

OXIde to CIalms

lg pelety bz the
e R S i %ﬁ"“’

formed into aggl (imEEKe&t €¥he s-uterhcoaﬁnt lmueggloes amou’hil)of stbi
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40 burnéers arm hmavenltypquehggm@fecp lle€ bvhick) € iadfts the dzenRthiction. any oné of 85
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C'ﬂl@ts’ag#? . sfau Zutey. end

the’ rotary furnace from say’ 700° C. when
mtmducmg bumt pellets as heretofore to say
550° C., this being due to the high rate of
evaporation of the water. In the Specification
of published German Patent Application
1058 080" (published’ and- issued the 27th
May 1959° and’ now: abandoned) it has been
proposed to pelletise moist oxides in a rotary
drinit atid' then to’ dry them to. increase their
niechanical strengtli, and, in -this condmon,
to introduce them into a rotary furnace in
whichi they: are gradually heated to about

1070° C. (¢f. the eximple Toc. cit. col. 4, lines -

22 66‘) Ar the end of a four-hour resi-
dence in the firnace a hard sponge iron
péllet is formed but Because of shrinkage its
apparent density has gone up from about 2.5
g /t:c to about 3.2 g: fcc. This shrinkage and
increase in apparent density does not occur
in. the present method in~ which the green
pellets are heatéd'and burned at a temperature
Below the teniperature level' required for burn-
ing: them into hard’ pellets. .

“Wheréas in: the' conventional process of burn-
ing the pelfets outside’ the reducing furndce,
crysml growth' leads to coardening of the
grain and: bbndmg‘ is’ dile to slag formation;
ricither of these two phenomens ‘occur in. the
present method which therefore pioceeds at
a higher. rate’ of reduction and at the same
tifne improves the rmcroporoslty of the
product.

" Moreovér, as Has beén found, the rapidly
initiated reduction of the oxides to metallic

iron cauws the formation of an elastic very

MbaEkitd t R preburnt be‘&l glihe HSdrigN 30

ods @k@apmmaynmamess Processmgd:s t he:

g a&%wég R P 0 o
oo i ;f wﬂ@%

mg the
stsmn aue mdmméﬂma |su1s|

.
sied

stantlally wxdeqéga ;% foéth-s| ng
Ce m .

errﬁhdilgt ﬂﬁla&érththEEanl&Sst@d’ ppssib et s

even with an-excess water content, the rotatry 95

furnace being equipped with angle burners

distributed along its shell, the burner mouths

preferably . being. placed. pointing in. the axial

direction. contrary to the. dlrecuon of flow of

the furnace gases. 100
It is preferred to coat. the moist green

pellets with a layer of reducing agent for

example coke or coal, before they are intro-

duced inte the reducing furnace. A portion

of the solid fuel required for reduction may 105

al§o be incorporated in the agglomerates or

pellets Between 10 and 40% of the fuel

for' reduction may ‘be' thus introduced. Both

these steps can be readily performed at the

entrv énd’ of the rotary furnace, for instance 110

by providing a conventional rotary pan with

a dusting flange or a conventional rotary drum

or a vibrator as a feeder neeans at the entry

of the furnace or projecting. into the pre-

heating zone of the’ rotary furnace. If a rotary 115

.drum’ 15 used in its interior may be provided

with a fixed conveyor screw and means may

be provided for increasing the speed of rota-

tion' of the drum in relation to than that -

of the rotary furnace. In all feeder means 120

of such a kind the plastic green pellets which

may have been. intentionally - provided with

a high- water, content must be gently treated

and ‘embedment. in’ the solid fuel for reduction.

is “of great assistarnice durmg the charging 125

process.
U.S. Pht'ent Spemﬁcanon No. 2,829,042

describes a rotary furnace with: an axial. ..+

arrangement of the mouths of angle burners -

to point in cocurrent with the furnace gases 130
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heated to the reducing tenperature of 1100[err] 14). Apparatus as cl ai ned
in Cdaim 13, C. wherein a
rotary drumprojects into the pre- 3). Anethod as claimed in Claim1l
or 2, heating zone of the rotary furnace, ‘and is 50 wherein the wat er
content of the brlquettes or associated with neans for increasingits
- speed 110 pellets is increased to the extent this is of revolution in
relation to the speed of revol u- conpatible with the briquettes or
‘pel l ets keep- tion of the. rogg,mgﬁurnace ing their shape.
.15.)_._Ap-paf_a*“s.as et-a-red—r—Eram—t3— A—A-Tetrhodas ¢l ai med in

'fa.meplﬁk-ge.emtsrhm fhamemwbﬂds,amptﬂwngﬂsﬁd@ g 1to 3
rato

V\hermttm@heﬂr |thumsme-5 “Et@' mF‘%“‘ )%%3/‘% ry feeder at
thea¥ W tﬁ{k mn&g 3%@ %ﬁe s ¢ nput end of the
. v

ﬁua&f&’mufmzfraamﬁ%th a. layer of
‘t he ar@(&ﬁﬂ&up@ml pitm\m @ehba rgas-m rbdmdbr Fei Ay 1a%ent, possi bl y

’*a’.“‘ %tg’% _-'ujlj‘“ N@E@mg in st ages
1 ' pelle IR SndddudPadw al | y consecutive

pr n g;bused for éadtfpissgn thé rotarﬁr fur%::;g in: the same way. z:%%
sedalr_andthemnermpeor e by ets, T copteny| g |l ets drop in
etlod indrgission cof e PR YRl S8 %’L 'wﬁﬁfpé‘;? ?fhe W t he
T e aoh Md n@@lluﬁ 6 Of aumtsgénaslmgbaraxﬁwedredum ng agent
be dibiategiation’ dumﬁ)redwonet'ﬁ@dums clained in any

e ma bcd:rectedvemcall toth‘e o the pell
&“S.“‘ ’;g o e g B TS s o shown I
ewapara porousH volume, irrespective
at as-high-a-rate-as pessibler of gtam size, was: abiout: 83%. - The weight
20  An example of the inventiomr will: now be per unit volume of the: pellets was corres-
described in greater detaik pondingly extremely low and' was. found' to

- In: this: example-e hatural or synthetic mag- be: 1.3 g:/ce. -The true specific weight was 85
petite. in: pellet form: was used: instead of determined at: 74 g.fcc., likewise irrespective
~ hematite because it was found that the geper- of grain-size; and. this. was:in conformity with
25 ally more difficultly reducible magietite can the high: degree of reduction of 999. Despite
be reduced: to-a surprisingly” high' degree by their low density, the pellets were mechanic-
introducing it in the form: of green pellets ally stronger than magnetite pellets of like 90
directly into the preheat[ng zotie' of a rotary Size which had been burnt prior to their
furnace. reduction. Reduced green pellets of 15 to
30 - An-itom Concentrate (total Fe 69-69.5%, 20 millimetres diameter did mot collapse until
sulphur 0.15—8:29):which occurs as a patural . & pressure of 56 kg./pellet had: been. applied;
magaetite . was pelietised: with water on a Whereas the. corresponding: strength of pre- 95
pelletising. pas: into: pellets Having a' dismeter Viously bumnt pellets was about 41 kg. [pellet.
Betweer: & and: 25 mm. As a binder 0.59% Reduced green pellets of over:20 millimetres
35 of bentonite was added. The muoist pellets, diameter could carry a load of up to 100 kg./
- having; a- water: content of 7%, were charged pellet before they eventually collapsed.
into & jacket-heated rotary furnace together . The sponge irom' product thus obtaimed 100
with ¢olte: fines as the: reducing agent and dlf“ﬂy from: green: peliets could be very easily
dolomite as a desulphurising agent. The - briquetted: At a pressare-of 2.5 tonnes/sq:
40 length-of the fumace was 9 mitres, whereas €I 2 weight. per unit volume of 4.5 g /fcc. .
. ity intertal diameter’ was O:5' metres, Six ~Was obtained: Unlike briquettes made of burnt )
jacket burners: in the’ fomm of angle burners pelléts the surface of the briquettes made of 105
. were roughiy equidistantly fitred ity the fur: reduced unbumt pellets was com-
nace shell, - pletely smooth. 'The grain boundaries of the
45 . The furmace was heated with town: gas incorporated peilets could not be wsually
7 and: the following moist weughts were intro- detected.

duced per hour:— Combined with the favourable bnquettmg 110
qualitiés of the pellets was their easy disinte-
. : 661;5 :ff cg:gnﬁg;ntts 1?.::%3 millimetres grability.  After having been pre-crushed to
50 - B’Eg. of doiotmte . 1\__3k :: 2 millimetres; in an: impact mill they were

readily ground down: within a: very short space
pelletswerereduoed‘ﬁ)rr# to- S Hours - O‘f“e to under 0.04: m;ihmeu'es in #.rod 115
A ik,
iaﬁed%mitztamgﬁ anog In order to enable the invention to be
" cooled therein for one hour' to- ambient tem- fl;:;gaen t;mm reference’ will: now bz
5% petatire: - The sponge jron product was separ- € : ompanying dmgranunmmd 120
. gted: dty from' the ‘surplis coal end’ the drAWIE V:h;,ch iwﬁmf;ﬁmmt
" desulphtrising - agent by streeming and mag- equipment for_directly ling green pellets
fietic separation. . An analysis of the prddhct into @ rowry. furnace or rather into its pre-

~ heatnig, zore:
| Bave the fb‘ﬂbmﬁg resle:— Shown in the top right hand corner of the
60"~ Total Fe 97.0% drawing is a conventional pelletising pan 1 125
“..7 . Metal Fe 95.0% with a dusting flange 2. Green peliets are
S S o 0.03% - produced on this pan and are provided for

C 0.05% instance with a clustcd coat of solid pulverulent
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al ready incorporated in
gas-tight flexible
is provided between the vibrator 4 and .

seal
any one of

Clains 1 to 5 wherein the pellets are pro-
grain size is introduced on

conventi onal
of 3 to 25
feeder milli

that the:green pel lf@i.s; 'I‘ﬂeﬂiehltmg #@eﬁ
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net hod as cl ai med ﬁ?‘; rﬁ

furnace toget heqth&rm{ﬁ'
a desul phuxay S ngroagedrim. -2 igas

Finally,
resenbl i ng wel d-
i mredi ately in

pointing in the
9 and 10, axi al

pass around the fe

of the angle

axi s of

rotary furnace. 20
f eeder 4,
any one of

Clains 1 to 7, Vvherg,
are provided f or2si mh;rml ett
25 the speed of réﬂlﬁ"qﬂ E?nth‘bfpef’qﬂ@f

magnetite.
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and cool ed 30
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it is posﬂ" et e gotasy) deum

A et hod WHAT WIEWeUAIM By one of -
1). A method of reducing irogl tanderstﬂ Qlaims31 to\i$e whérein ttlmered

the draw ng as a vibratory feeder but which
may be a rotary drum A

the briquettes or pellets.

used for reduction is
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the furnace head 5. A solid reducing fuel

10
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¢nds’ through - the head 5 5) A
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the right gf.qthe extreme end 7 of the

%&éﬁ'f@r I‘e
| hggmghthes cligedidirjeny one of
% ﬁ@%wmr mﬁe o%éa

mpthod as ‘claimed in any one of
RS Lo

v o o di Bec o hot bumlers in the. reductior? Gone {pbistin gaﬁ ¢he
aus: , indica y
B e e b ) B GRE P fyeh
ets ' (not
they po fed(:;uto :he fumace i gncally or ﬁlagtp an acute angle to th ehﬁus of
8 d | d
il s lousg#gj plece o ta% 4d as ¢ alﬂr;eoqellﬂr}
mto the ﬂn% zﬁ ﬁgatd % 7,Oﬁherem ﬁ m-n
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inrelation to

sporige iron, wherein thie iron oxide
into- agglomerates, such as bri uettes
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A net hod as chaqmmrd or Ipellei3yin Al moift, plastically

egastaté:ltqsm withap W\Mer
soh ucing agent into a “rotary furnace

equipped with angle: burners distributed along
its_shell for adjusting the gas atmosphere
inside the furnace, a substantial proportlon
of the heat of redction being supplied by the
burners and the briquettes or pellets being
rapidly heated in the preheating zone of the
furnace to a temperature below the level
which would be required for- burmng the

" pellets hard outside:the furnace.:

2). A method as claimed in Clanm 1,
wherein 'the briquettes or pellets are rapidly
lée_ated to the reducing temperature of 1100° -

-3) A method as claimed in Claim 1.or 2,

‘wherein the water content of the briquettes or

pellets -is increased to .the extent this- is
compatible with the bnquettes or pellets keep-
ing their shape.

4). Amethodascla:medmanyoneof
Claims 1 to 3, wherein the briquettes or pellets
are: surrounded, prior to or:whilst being fed
intg the rotary furnace with a.layer- of the
reducing agent, possibly performed in two
stages by first dusting the pellets with pulveru-

mggf"ﬂ b e 5 e

510). A method as claimed in any bl

are processed into iron powde

€ @nd then' embedding the 60 N

s flpjmed one of -
L T
; ed in
oDypelRBRgl € burners
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A nethod as clained 1n_

.y

¢n the pellets are pro-.-

Sumacadi cat ed. by arrows70

75

ns

85

ry.

pelldts 9

il WL e

g;lfbed in the foregoing
g@ﬁp to the deromphnying He

the production of ¥JE%ron lt;@f blast
fumace, the step of feeding the furnace with
the product of the method clalmed in any
preceding Claim, -

13).- Apparatus for petfonmng the method
claimed in any one of Claims 1 to 8 and 11,
comprising a rotary reducing furnace mpped
with angle burners distributed- along its shell
for adjusting the gas atmosphﬂ'e inside the
furnace and pelletising equipment provided
directly. in- front of the charging ‘opening of
the rotary reducing furnace. -

95

100

105

14). Apparatus as claimed in Claim 13, |

wherein a rotary drum projects into the pre-
heating zone of the rotary furgace, and is
associated with means for increasing its speed
of revolution in relation to the speed of revolu-
tion of the rotary furnace.

- 15). Apparatus as clanned in Clann 13,

‘110

wherein a pellensmg pan with a dusting = '

is associated with a vibratory feeder at the
input end of the rotary fumace, and wherein

15

means - are provided for introducing - -solid -

reducing agents and desulphurising agents m- :

stages at spatially consecutive points.



30 sponge iron, wherein the iron oxide previously are processed into iron
powder . ' 90 formed into aggl onerates, such as
bri quettes 11). A nethod of reducing iron oxide to _ or
pellets, is,directly introduced as such sponge iron substantially as® '
her ei nbef des- b{b‘gq%tes or pellets in the noist,
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