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An Improved Raw Materials Mix And Piracess For Producing

Self-Fluxing, Sintered Ores, And Ilmproved Sclf-Fluxing,

Sintered Ores

This invention relates to an improved raw materials
mix for producing self-fluxing, sintered ores, and more
particularly, to an improved process for producing low-
slag, sintered ores which are resistant to disintegration,
and the improved self-fluxing sintered ores resulting
from the process., The process 1is based on the {inding
that the SiO, content of the fine grains of the new
materials mi; is important to the productiion of
improved self-fluxing, sintered ores.

Sintereing bv a common Dwight-Lloyd sinter machine
generally comprises preparing a raw materilas mix of iron
ore, limestone, silica, miscellaneous other materials
and coke, asglomerating the mix in the presence of watcer,
and charsing the resulting agglomerate into the sinter
machine. 1In that machine, the surface layer of the
sinter bed is ignited in an ignition furnace, and suction
isapplied downwardly of the sinter bed for a period of
about 20 minutes during which the whole thickness of the
sinter bed is sintered, starting from the surfacc layer
and ending with the bottom layer.

In the production of sintered ores which flux
themselves and have a CaO/SiOo level in the range of from
1.0:1 to 2.0:1 generally Irom_l.le_tJ 1.8:1, a high
productivity, a low fuel consumption and an improved
quality in terms of shatter index and degradation index
after reduction at 550°C (RD1) are factors always to be
kept in mind. 1In order to improve thé RD1 value which

expresses, as a weight percentage of grains below 5 mm
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in size, the case with which the sintered ore disintegrates
when subjected to a reducing atmosphere in a blast
furnace at a temperature in the range of from 400 to 604°¢
according to the conventional technique, either the coke
content of the mix or its slag content (expressed as
the sum of Ca0 anmdSi0,) is increased. The first method,
i.e., increasing the'c;ke content, is cffective in
improving the RDI value, but lowers the gas permeability
of the sinter bed, thus decreasing the productivity
and reducibility while increasing coke consumption,
The second method, i.e. 1increasing the slag content
(expressed as the sum of Ca0 and $i0,), achieves the in-
tended purpose, but calls for pore siag to be charged
into the blast furnace, thus increasing the blast
furnace fuel consumption. Usually, blast furnaces are
charged with about 300 kg of slag per ton of pig, and
this amount is far greater than the amount necessary far
furnace operations. As mentioned above, such excess
slag is primarily due to the high content of SiO,
carried with the furnace charge, especially itsm;jor
ingredient, i.e., the sintcred ore. A small Si0, content
of sintered ore denotes a low strength and a low-yield
of sintered ore. To avoid this problem, it has been
necessary to keep the Si0, content of the sintered ore in
the range of from about 5?6 to about 6.0 wt%, inclusive.

Certain proposals have been made for decreasing the
Si0, content of sintered ore without increasing the
cok; content,

One such proposal recommends burning a large amount
of a gaseous fuel (coke oven gas) in an ignition furnace
or heating furnace to replace the usual solid fucl
(coke). However, the technique proposed uses essentially
low firing temperatures and requires the higher range
of firing tcmperature to be retained for a lengthy
period of time; this inevitably lowers the productivi.;

of the process. In addition, past records of the
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technigue for reducing the Si0, content in terms of the
sintercd ore show that the S0, content cannot be made
lower than about 5.6 wt%, and, therefore, the technique

is not an effective method of lowering the SiO, content

(i}

of the sintered ore. The high blast furnace slag volume

also denoles an increased furnace fuel consumption,

and, theretfore, with the current concern over energy
saving, « reduction in the blast furnace slag volume

is an important task for the industry.

10 We have now surprisingly found that, in a raw
materials mix for sintering which consists of
coarse and fine grains, the 5i0, content of the fine
grains is critical to the production of an improved
self-fluxing, sinlered ore.

15 More specifically, the process of this invention
tor producing a self-fluxing sintered ore is based on
the finding that Si0O, contained in the fine grains
of the raw materials mix melts easily in the sintcring
operation to form a melt, and that even a small amount

20 of such Si0, can bind and agglomerate the coarse grains

of the iron ore to give a strength which is such that

the resulting sintered ore will not disintegrate undcr
the load (the weight of furnace charge) when it is
charged into a blast furnace.

According to our invention, we provide:

IO
(1]

(1) a process for producing a self-fluxing, sinterecd
ore using a raw material mix comprising iron ore,
limestone, silica and coke, at least 25 wt% of said
mix consisting of fine grains below 1 mm in size and

50 said mix containing not more than 5.4 wté of SiO2 in
terms of sintered ore product, i.e. sintered orc product
from which coke, combined CO, and combined water have becen
removed by sintering of the mix, said process being
characterized by controlling the Si0O, content o1 said

fine grains to be at least 50 wté% of the total SiO

[
ol

content of the mix, and sintering the thus controlled

mix;
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{(2) a process for producing.sclf-fluxing sintered ores
using a raw materials mix comprising iron ore, limestouc,
silic and return fines, at least 25 wife of said mix
consisting of fine grains below 1 mm in size and said
mix containing not more than 5.4 wtfe of Si0O, in tcrms of
sintered ore product, i.,e. sintered ore product from
which coke, combined CO, and combined water have bcen
removed by sintering of the mix, said process beine characic: -~
ised by controlling the Si0O, content of said fine ecrains
to a value in the range of from 2.4 to 3.0 wtf, inclusive,
of the mix (dry), and the basicity (Ca0/Si0, ratic) of
said fine grains to be not more than 1.5:1 and sin:ering
the thus controlled mix (the expression "mix(dry)" refers
to a raw material mix whiclhi has been dried so as to be
freed of water other than cowmbined water);
(3) a process according to (2) above wherein the sum
of the Ca0 and Si0O, contained in said fine grains is at
least 4.0 wté% of said mix;
(&) a process according to (2) or (3) above, wherein
the SiO2 content of said fine grains minus the AlQO3
content of said fine grains is within the range of {rowm
1.8 to 2.4 wiz, inclusive, based on the mix, and the
weight ratio of CaO to (SiOQ-AIQOS) contained in said
fine grains is within the range of from 0.5:1 to 2.0:1,
inclusive;
(5) a process according to (4) above, wherein the weight
ratio of Cal to (SiOQ-AIQOj) contained in said fine grains
is within the range of from 1,0:1 to 1,5:1, inclusive;
(6} a composition consisting of a raw materials wix
for producing a self-{luxing, sintered ore, said wmix
comprising iron ore, limestoune, silica and coke, at least
25 wif% of said mix consisting of fine grains below 1 mm
in size and said mix containing not more than 5.4 wrt':
of Si0, in terms of "sintered ore product” (said sintercd

ore product being a product from which coke, combined
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CO, and combined water have been removed by sintering

of the mix), suaid mix being characterised by an Si0

‘content of suid fine grains of at least 50% of the total

Si0, content of said wmix;

(7) a composition consisting of a raw materials mix for
producing a self-fluxing, sintered ore, said mix
comprising iron ore, limestone, silica, coke and

return {ines, at lcast 25 wte ol said mix consisting of
fine grains below 1 mm in size and said mix containiug
not wore than 5.4 wt% of Siv,, in terms of "sintered ore
product” ( &s defined in (6) above), said mix being
characterized by an SiO, content of said fine grains
between 2.4 and 5.0 wt%e of suid mix(dry), and the
basicity (Ca0/Si0, ratio) ol said fine grains being not
more than 1l.%:1; ;nd a self-fluxing sintered iron ore
which contains not more than 5.4 weight ¢ of 35i0, and

in which fine grains below 1 mm in size account for

at least 25 of the ore, characterized in that said

fine grains have a basicity (Ca0/Si0, ratio) below 1.3:1.

The invention defined above provides a novel
process for producing a sinterecd ore with a reduccd slag
content (Ca0 plus Si0,) without increasing the RDI
value of the ore, such sintered ore of low slag content
requiring less thermal energy for melting in a blast
furnace. A further feature of the invention is that
the process of the invention produces a sintered ore the
Si0, content of which is below 5.4 wt% without adverse
effects on the quality and productivity of the ore.

Reference is now made to the accompanying drawings,
i which:

FIG. 1 shows the relationship ol the welisht percentaxe
of Ca0 and Si0O, to the basiciiy (Ca0/3i0,, by weighi) for
six ranges of ;rain size of a raw materials mix uscd in the
conventional sintering process.

FIG. 2 shows the relationship of the same parametels

BAD ORIGINAL @
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for u raw materials mix used in the process of this
invention,

FItG., 5 shows the relationship of ithce suame parameters
for anoiher raw materials mix used in the process ol this
invention.

I'1G, 4 shows the relationship of ihe RDI valuc and
the ratio of the Si0, content of fine grains below 1 mm
in size to the S5i0, gontent of the total mix,

Figs. 5, 7 agd 9 respectively show the productivity
(2), the sintering time (L), the sinter tu sinter cake
ratio (e¢), the coke consumption (d), the shatter index
(e), and the RDI value (f) obtained in the pructice of
the process of this invention, and inu various comparison
examples.

F1G. 6 shows the SiO, content and Ca( content of
fine grains of the mix (offthis invention) below 1 mm
in size in relation to the RD1 value of the resulting
sintercd orec.

I'JG & showsthe SiOQ content, the A1903 content and
the CavU content of fine grains of the mix (of this invention)
below 1 mm in size in relation to the RDI value of the
resulting sintered ore.

Preferred embodiments of the invention are now
described in detail.

In general, particles of self-fluxing sintered ore
having a CaO/SiO0 level in the range of from 1,0:1 to 2.,0:1,
inclusive, mostl§ from 1,3:1 to 1.5:1, inclusive, agglome-
rate together by the action of "slug bond" wherein the
srains of iron are bonded by means of a meli. Sincc the
quality and productivity of the sintered ore are
determined by the bond, it becomes very important to
form a suitable bond. IlHowever, with the current sinterins
process using suction through the sinter bed as is typiculiv
performed with a Dwight-Lloyd sintering machine, tle

sintering redction at high temperatures f{finishes s0 so00u

1
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that it is necessary Lo Ibrm the required melt within a
short period ol time,

In accordance with this invention, we have found
that the quantity and quality of the fine grains of a
raw materials mix for sintering below 1 mm in size
are important factors, and that the proper control of these
two fuctors accelerates the formation of the above melt,
leading to a reduction in the Si0, content ol the resulting
sintered ore,

In general, a raw matcerials mix for sintering is
about 0% water, which accelerates the formation of pseudv-
particles that increcuase the guas permcability of the sinter
bed. Each pscudo-particle comprises a coarse grain core
aboulr 1 to 5 mm in size which 1s surrounded W {inec
grain- below 1 mm in size adhering to the core. Our
studics suggest that the formation of the melt in question
starts at that portion of the surrounding fince grains
which melts at low temperatures, The gquantity of initially
fused grains graduually increases by melting adjacent
course grains, but because the sintering materials stays
in & high temperature range only for a short period of
time, the coarse grains do not fuse completely and the
resulting melt is not a uniform mixture of 1ine and coarsc
grains but contains a higher proportion of the initially
fused fine grains when it has coagulated and formed slag
bonds. Therefore, to form a required amount of meit
quickly, it is necessary that the finc grains below 1 mm
in size surrounding a coarse grain should contain as many
starting points as possible which melt at low temperatures.
The melt basically consists of 5i0,,, Ca0 and iron
oxides, and, since the grecater part of the sintering
material is made up of iron ore as the source of iron
oxides, the fine grains surrounding a coarsce grain
unavoidably contain a large proportion of iron oxides.
Acccidingly, the more 5i0,, amnd CaO svurces which aic

present in the fine grains, the more easily is a melt

——
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is formed.

This may be achiieved by using a raw muatlerial
which contains a large proportion of S5i0, and Ca0 in
only fine grains.

However no such

iron ore
nature, and,

is found in
therefore, a praciical method is to add
fine grains of silica, serpentite, peridotite and
Ni-slag as Si0, sources and fine grains of limestone as
a Cal source, _Other effective materials are slag from

a blast furnace, slag,fromiu converter, and returned
fines which contain large proportions of Si0O,, and CaO,
10 1. The first embodiment of the process of Ehis invention
is a process for producing sclf-fluxing,

sintered ores
using a raw materials mix coumprising at least 25 wifb

of fine grains below 1 mm in size and not more than
5.4 wt% of "Si0, in terms of sintered ore product", as
15 defined above, said process being characterized by
controlling the Si0, content of said fine grains to be

at leust 50 wté% of the total SiO, content of the mix,
and sintering the thus controlled mix,

The first embodiment of the process o1 this invention

36 is nowudescribed in detail with reference to the
accompanying drawings and the following tables., Let
the wix used in the conventional sintering process (see
FIG. 1 and Table 1) be compared with the mix used in

the first embodiment of the process of this invention

05 (see FI1G. 2, Table 2 and F1G. 5 and Table 3). FIGS. 1,
2 and 35 each show the relationship of the weight of
Si0, and Ca0 for each grain size (as percentage of the
total content of each size) to the basicity (Ca0/Si0,
ratio by weight) for each grain size, ¢
50

The grain size
scale of each figure is divided into six ranges,
namely: -0.25 mm, 0.25~0,5 mm, 0.5~1 mm, 1-~2 mnm,
2~5 mm, and 5~10 mm, The premix has an average

basicity (Ca0/Si0,) of about 1.33:1. Tables 1, 2 and
5 (below) each show the grain size distribution of ihe

ot
l

mix and the contents of Cal and 5i0,, respectively, for
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each grain size as percentuges of the Ca0 and SiO,
contents of the mix.

Table 1 - Compurative Example 1

T~ ¢crain size - 0.5~ 1.0 ~ 2.0~
(nun) 0.25
pairameter \\\\\\\\ 0.25 0.5 1,0

weight () {a ] 15.9 10.5 15.0 1=.2

i Cal content b 5.9 55 7.4 10,5
for cach (%)
grain size C 0.8745 0.8925 1.1100 1,5746
Si0, couteut SpdboALs 6.0 6.0 5.7
for~each (%)
grain size e 00,7052 0.63500 0.9000 1.0374
basicity

sy /S

(Cav/s10,) £ 1.15 1. 42 1.25 1.51

for each”
srain size

Cu0 coutent as a
pereentase of
Cau of mix (<s)

e
'..-J
~1
s
A
o
}.—I
g
o
[V
1

Si0,, content as a
perfentage of | 15.0 12,53 17.06 20,5
310, of mix (%)

JresEeaATrs

e e o
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Tuble 1 = Comparative bxample 1 Continucd

E 1
; |
grain size} 5.0 7™ 10.07~ total - poless
(uoun) averame | than
) ot = i
parameier 2.0 5.0 imm 5
average %
- o = grain Y 1 .
weight sy {a | 35.0 5.4 S0 31,0 %
2,07 mun !
vl
Cul content b 6.0 0 6.85 0.95
for cach (%) :
erain size c 2,1000 | 0 6.6510 | 28,770
Si0,, content d 4,7 2.5 5.11 5.54
for~cach (%) :
grain size e 1.0450 0.1550 5.1100 2.2952
basicity
(Ca0/Si0,) : Y -
for each- b l.25 O 1.54 1.2
srain size
Cal content us &
percentage of a 50.7 4] 100 41.9
] Ca0 of wmix (%)
Si0,, content as a ,
percentage of h 52.2 2,06 100 44,9
Si0, of mix (%)

a x b/100 e = a x d4/100 £ = b/d = ¢/e
¢/6.8516 x 100 h = e/5.1106 x 100

Notes: ¢

g



0015085

-11-
, ]
Table 2 - BExample )
grain size 0.5~ 1.0 ~ 2.0
(mu ) <0.25
B [ [
parametler 0.25 0.5 L.u 5
welght () | & |16.4 10.7 15.0 17.9
_ . bolg1s §.05 7.15 i 10,10
Ca0 counient for ° i ‘
cuch grain ‘) I
c 0.5415 U.5014 1.0725 1+ 1.-079
. - ~.6(-) —. ( V ] 3 "
Si0 coutent for a 2 7.07 >.90 i Je
each groin size (%) - |
e 0.9252 0.7565 0.8940 | 0.06927
basicity (Ca0/$i0,) f
for cach grain - | 0.91 1.1% 1.20 to2,01 ,
size i
Cal content as a ; |
percentage of Cal g 112.7 15.0 10.2 2705
of mix (g)
5i0 content as & ' :
percentage of SiOs | h [15.9 15.4 15.2 14.1
of mix (%)
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90 - Example 1 (Continued)

()

grain size 5.0 10.0 ™~ total | less
mi |
() ! § than
) 2.0 5.0 averay :
parameter - ? average i ymuw
3
average |
grain
weight (%) a 5h.7 5.5 size 2,1
9, 05mmm
Ca0 content for(ﬁ) b 5.5% 0 0.02 6.59
cach grain a - :
C 2.0404 0 6.0255 2.7752
$i0 content for(%) d 5.35 2.56 4,91 } 6,13
cach grain size'’
¢ 1.5025 0.13067 4 ,91006 2.57
busicity (Ca0/s3i0,) ' i
for each grain - T 1.50 0 1.55 1.05
size
Ca0 countent as &
percentage of Cal [is 50.8 0 100 1.9
of mix (¢)
$i0, content as a
percentage of S51i0, h 50.0 2.5 100 52.5
of mix ()~
Notes: c = a x b/100 e = a x 4/100 f = b/d = c/e

h = e/4.9106 x 10U

Y

»
!

F S
2
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Tahvle 5 -~ Lsomple 2

grain size | UeD ~ ¢ 1,0~ L P
£ , _ :
() <0.25 ‘
payametler i 0.25 V.5 1.0
- ! !
Cwelght G | . 1o 15.0 17,
! '
. ) i 1 5.1 7. ¢ 9. !
Cal content Yor (o) Y 2 ! ! 1. J
cach grain size | . i
1 s ; X
P c 0.~211 Q.m2es b 1,0550 1 1. 7hhh
o | i ;
510, coutent for , | g 5.z H.5 5.5 .00

cacll grain size V7

v 0.%7572 0.6500 0.%250 0,604,

P

i basicity (Can/s310,))

fur eacl grain - I 0.95 1.20 1.25 2,51
size l ;

Cal content as

percentece of CaG i 12,7 12,9 1G.1 27.2 v
el omix () i
c N i f
=il Ccoirtendt das @ ! .
i -— . .. H — - —_ —_ [
popercentuase of sSive ok 17.9 14,7 17.06 ‘lq.\
of mix Y
ol mix \50)} :

ez
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fable 5 = Lxampie 2 (cont inued)
: i 1
' H .
: ] . ;—.0 I~ l().UN ! l 1SS .
cyain size 2 total : 1;:;
n - averavoe i badels
ramete:l ) 2.0 5.0 | aYeress lrm ,
vramae N \ i
! ! \~ ‘: .
‘ : i
i average '
. » - . grain ) -
Cwelght ) a {35.0 3.9 Cize 41,7 :
: 2, 0smm !
1 l }
i w0 content b 3.7 lff L2 6.475
~tor each {fc) -
| crain size C 1.9050 % 0 Lohees 92,0529
{Sioq content 7 d 4,5 ! 2.5 .09 i 5.0% %
: tor~each () : —
“rrain size o 1.5050 % 0.1575 I, 6H=7Y 2.5312 0
; . 1
{busiciLy (CuU/SiU”)!
;for each grain - ] i 1.55 U 1.57 i 1,14 ;
' S i
: s17Ze i { ,
;CuC conient as o : i
¢ percentage of Lal ¢ 151,1 0 100 51,17 :
| of mix (z) i
t }
b |
i 310, content as a |
¢ peréentage of 5i0, h {52.1 2.9 100 50.2 t
i of mix ey |
| () |
Noies: c=a N b/100 e = u x d/100 = bjd = ¢re
o = c/o.h205 X Loy o= ¢/h,0579 X lut

BAD ORIGINAL @
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As FIG. 1 shows, the mix for the conventional process
contains more Cal in the range of from 1 to 2 mm and of
from 0.25 to 0.5 mw than in the other runges, but its
510, content is unifromly distributed over the sia
ranges. In addition, as Table 1 @bove) shows, both the
Ca0 and Si0, contents, as percentages of the Ca0 and
5i0,, contents of the mix, arc below 50% in the case of
gru& sizes below 1 mm, On the other hand, as FI1G 2
shows, i1he mix for the process of this invention is
characterized by a Ca0 distribution for grain sizcs
below 1 mm which is similar to that obtained with the
mix of ihe conventional process and yet contains more
Si0,, in graius below 1 mm in size than does the conventional
mixt Furthermore, the mix f{or the process of this invention
is controlled so that is contains not more than 5.4 wt ¢
of 8102 in terms of the 8102 content of the sintered ore
product. In consequence, tne grainsof the mix below 1 mm
in size have a low busicity (Ca0/Si0,). As Table ©
shows, the s5i0, content for grain sizes below 1 mu,
as a pcrccntngg of the total Si0O,, of the mix, is higher
than 50%.

’'1G. 5 illustrates another mix to be used in the
process of this invention. The mix is such that the Siou |
content of fine grains below 1 mm in size is at least
50% of the total Si0,, content of the mix, and that the
Si0, content of the mix is 5.2% in terms of the Sio,
conzent of the sintered ore product. The mix 1is
characterized in that grains below 1 mm iu\éize have a
higher $i0,, content and a lower basicity (Ca0/Si0,)
than grain; Lelow 1 mm in sizc¢ in the conventional mix
(sec FIG 1). 1t follows that, as shows in Table 3
(above), the Si0,, content of urains below 1 mm in size
as compared with the total 510, content of the mix is

at least 50% as with the mix the characteristics oif which

are shown in Table 2 (above).

BAD ORIGINAL @
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As described in the f{ouregoing, the Si0,, content of
the mix to be used in the process of this invention is
50 controlled that it is not more than 5.%% as converted
to a value for sintiered ore product. Such conversion
is necessary for determining accuratly the 5i0,,
content of thie mix because some portions of the mix are
climinated as gas and dust in the course of sinteriug,
No general conversion formula can be set because the type
and anount o!f the ingredients to be ecliminated from the mix
vary slightly with the composition of the mix and the
sintering conditions, but it can be approximated by the

following relationship:
Y= aX + D eeevnencncnnnaa. (1)

in which: Y is the S5i0, content (wt%) ol the sintered
ore product, X is the SiO, content (wt%) of ihe mix,
and a« and b are constants, generally 1,1 and nut more
than 0.2, vrespectively, which canbe determined empiracally
on the basis of actual records of sintering operaiiuvns.
The mix for use in the process of this inveniion
contains at least 25%, preferably frbm 25 to 60%, of fine
grains below 1 mm in size. 1f the content of finec grains
below 1 mm in size is lower than 25%, not enough slag
bonds are formed by sintering to provide a strong sintered
ore, If the content of fine grains below 1 mm in size
exceeds 060%, the gas permeability of the sinter bed is
decrcased but this will not sacrifice the productivity
of the process ol this invention if the agslomerution
operation is enhanced by iongcr agglomeration or il a
binder such as quicklimec or bentonite is added.
sSintered ores were produced from themix described
above with varying proportions of SiU,, in grains below
]l mm in size relative to the total Squ ol the mix, and
the RDI values of the products were plotted in F1G 4,

from which once can understand that the RD1I value is

2
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sreatly and suddenly improved when the $i0, content of
mix grains below 1 mm in size exceeds 50% of the total
Si0, content of the mix. This is probably because
an Increased reactive arca ol the Si0O -containing mix
causes rapid and uniform formation of Si0, slag, the
basic componehL of the slag hond which hi;ds the particles
or iron oxide together and governs the strength of the
sintered c¢.¢ product., As a result, a low=slag sintered
ore containing not more thun 5.4% of 5i0, is produced.
The following are i1llustrative methods of controlling
the 5i0,, content of the sintered orce product to be not
greutor—Lhun 5.4 and also of controlling the SiO
content of mix grains below 1 mm in size to be aL-lcast
30% 0! the total Si0,, content of the mix:
(1) first controlling the $i0, content of the mwix to be
not more than 5.4% in terms of the Si0, coutent of the
sintered ore product, and at the same ;ime decreasing the
Ca0 content of the mix so that its basicity (Ca0/Si0,)
does not vary, and then decrcasing the grain size of'
5i0, sources such as silica, dunnite, serptentite,

Miferma and other high Si0, content ores to below 1 muy;

(2) second, decrecasing the size of returned fines contain-

ing more Si0, ithan ordinary ores to below 1 mm; and
(5) third, using a large proporiion of orecs which contain
more Si0, than ordinary ores, and which comprise many

fine grains below 1 mm in size,

2. The sccond embodiment of the process of this invention

is a process tor producing a low slag-conient sintered
ore using a raw materials mix for a self-fluxing sintered
ore comprising at least 25 weight % of fine grains

Le low l'mm in size, said process being characterized by
lowering the Si0,, content of the mix to not more than

J. wii: in terms of sintered ore product, increasing the
5i0,, content of said line grains of the mix below 1 mm

in size to be between 2.4 and 3.4 weight 7 of the raw

material mix (dry), and controlling the weight ratio of
BAD ORIGINAL
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Cal tu si0,, basicity of said fine grains to be below
1.5:1, und-sintering the thus controlled mix,

Therefore, the sintered ore produced by the sccond
cmbodiment of this invention is a self-fluxing (basic)
sintered ore which contains noti more than 5.4 wté of
Si0,, and the fine grains below 1 mm in size which
accgunt for at least 25% of the ore are characterized
by having a basicity (Ca0/$i0,) below 1.3:1.

Thus, the next point to be considered is the
composition of the fine grains of the mix below 1 mm in
size. As we have already revealed, the lower the
basicity (Ca0/Si0, ratio) of fine grains of the mix
below 1 mm in size, the higher the reduction strength of
the sintered ore, and this effect is particularly
conspicuous when the fine grains have a basicity below
1.0:1. Accordingly, two raw materials mixes with
the sume averuge composition will provide sintered
ores of different rcduction strengths if the fine
grains below 1 mm in size have different basicities., For
example, a mix in which the fine grains below 1 mm in
size have a higher basicity provides a sintered ore of
higher reduction strength than a mix in which such fine
grains have a lower basicity.

However, our studies have also shown that not only is
the basicity of fine grains below 1 mm in size, an
important'factor, but also the absolute amounts of
Si0, and Ca0 contained in such fine grains.

The above discussion shows that the amounts of finc
grains of a mix below 1 mm iIn size and their constituen.ts,
especially Si0, and Ca0O, have an important cffect on
the quality of the sintered ore product. We have also
found that most of the Si0O,, and Ca0 in coarse grains
lJarger than 1 mm in size cither remains unreacted or is
reacted but mostly confined within the coarse particles,

thus lailing to pertform the function of a "bond". Iowever,

129
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Ca0 which forms slag more cuasily than Si0,; will form
some slag in the later stage of the sintering reaction,
Thercfore, by properly controlling the Si0O, and Cao0
contents of fine grains below 1 mm in size, sintered
5 ores can be produced withoutl impairing their quality
and productivity even if the Si0O,, and Ca0 contents
of covarse grains larger than 1 m; in size are
decreased. In other words, ilhe necessary and sufficient
requirement for hizh quality and productivity of sintered
10 ore is that the proper counditions of the amount and
constituents (5i0, and Ca0) of fine grains of a raw
materials mix for sintering below 1 mm in size should
be satisfied. DBy 1reducing the SiO2 and Ca0 contents
of coarse grains morc than 1 mm in size which have uot
15 been involved in the formation of a "bond", and thereby
decreuasing the total SiO,, and Ca0 contents of the raw
material, a low-slar sin;ercd ore can be prepared
which contains not more than 5.4 wt% of Si0, but which
has previousliy been difficult o produce commercially
9() due to low quality and productivity. However, it is
substantially impossible in practice gelectively to
eliminate Si0, and Ca0 {rom only the coarse grains of
the raw material which are more than 1 mm in size.
Therefore, as a practically feasible method, the SiG,
'Q- and CaU contents of the coarse grains are recduced not
dircctly but indirectly Dby decreasing the Si0, and
Ca0 contents of the totalmix, and then compensating for
the required amounts of Si0, and Ca0 in the fine grains
below 1 mm in size. Thcrefare, a 40 kg-pot test was
30 conducted to determine the quantitative reclationship
between the Si0, and Ca0 contents of fine grains below
I mm in size and the quality of the sintered ore
product. The results of the test are shown in ¥F1lG 6
of the drawines,

F1G 6 is a graph plotting the RDI values of siutered

ol
Ct
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orc products produced by varying the Si0,, and Ca0O contents
of fine grains of a raw materials mix below 1 mm in
size. On the x-axis, the weight of Si0, contained in
fince grains below 1 mm in cize is plott;d as a percentage
ol the components of the mix (dry). This factor is
defined by the following formula (the factor will here-

under be referred to as [Si0,jin -1 mm):

A
100

x B

wlierein A 1is the percentage by weight ol the fine gruins
below 1 mm in size¢ contained in the mix, and 8 is the
percentage by weight of SiO, contained in ihe fine sgrains
below 1 mm in sizc. On the v-axis, the weight of Cu0
contained in fine grains below 1 mm in size is plotted
as a percentare of the components of the mix{dry).

The RD1 values of the resulting sintered ore products
are indicated by numerals in the graph. The basicity
(Ca0/Sivu, ratio) of the fine grains below 1 mm in =ize
is shown as a so0lid line sloping upwards to the riusht,
and the sum of the Ca0 and Si0, contained in the fine
grins below 1 mm in size is shown as a dotted line
sloping upwards to the left. As is clear from FIG O,
the area of RDI <40 is hatched and it enclosed the
region where {SiO, ] in -1 mm is at lcast 2.4 and the
CaO/SiO0 ratio of fine grains below 1 mm in size is not
more than 1l.5:1. In particular, the region where

1Si0,; in -1 mm is at least 3.0 and the Ca0/Si0, ratio
of fine grains below 1 mm in size 1is not more than 1,0:1
is characterized by very desirable RDI values (<30).
Therefore, to keep the RDI value of a sinterced ore product
within a desired range, it is necessary that the

in =1 mm should be hizher ithan a certain vitlue and

o=
'LDIU‘)_;
that the Ca0/3i0,, ratio of linec crains below 1 am in sic.-

should not excced a given value,

#
&
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Since the sintered ore produced by the process
of this invention is of low 510, content, the totual
Si0, content of the mix should naturally be smaller than
that ol the conventional mix, and this requirement
unavoidably constitutes a limit to the incrcase inthe
level of 18i0,] in — 1 mm. The region where 'SiO, ]
in -1 mm exceeds 3.0 in FIG 0 is obtiainable only in
a laboratory by seleciing only iron ores which are
extremely low ia Si0,, content, blending them with fine
powders of S5i0,, sources and sintering the resulting
mix. in COmm;rciul operuations where sclecctition of such
ores is diifficuli, there is little possibility of obtain-
ing the stated range.

Furthermore, ithe strensgih at ordinary temperatures
(shatter index) of a sintered ore is direcitly correlated
with the sum of the Ca0 and 35i0, contuined in fine ¢rains
below 1 mm iix size, and, therefore, the value of the
sum cannot be made excessively low., With the level
of 2i0, in -1 mm of the mix being at least 2.4, il the sum
of Cal and S5i0, contained in fine grains below 1 mm in
size is smalle; than 4.0, the sintered ore product
has a tendency to exhibit low strength at ordinary
temperatures (shatter index), making it necessary to
implement separate provisions for increasing the shatter
index by, Iof instance, incorporxing more coke in the
mix.

The following conclusion can be drawn from the above
discussion: the ilechnique of this invention can bhe easily
implemented within ihe hatched area of I'IG 0 wherc the
(Si0,," in =1 mm value is at leat 2.4 and the CaQ/sSi0,
ratig 0f fine grains below 1 mm in size 1s not morc than
1.3:1, especially in the dotted arca where the Si0,
in -1 mm value is between 2.4 and 5.0, the CuO/SiOU
ratio of fine grains below 1 mn in size is not greater

than 1.3:1 and the sum of Ca0 and Si0,, contained in the
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finc grains below 1 mm in -izc is at least 4,0. It is
to be_ noted again. that the mix for use in the process
301 ‘this invention generally contains from 23 10 6U wtis

¢ of 11ne grains b010u l mm in size.

- “? It is well known that the reduction strength of a
ﬁﬁhﬁﬁlbd ore will usually decrease with an increase in
the,AIéOg content ot tlie ore. In contrast with this -
stalistical fact, some cascs are observed in whieh an
increase in the Al O content does not necessarily result

10 in a low rcductlon stzength and, therefore, the relation-
ship betwecen the A1203 content and ihe reduction strength
has not been altogether clear. On the basis of our
understanding that a slag bund is formed of relatively
fine grains aund that most ol the coarse grains remain

15 in the unmelted ore, we have carried out experiments
varying the Al 0 content of fine grains only rather
than tihe A1203 content averaged by both finc uand coarse
grains, and we have found that there is an inverse
relationship between the Algu3 content of f{ine sgrains

20 below 1 mm in size and the reduction strength ol ihe
sintered ore product. We have also found that the
inconsistency which has been observed in some cases
between thc average A1203 content of the sintered ore
and 1its reduction strength can be explained by the

AlOO3 content of fine grains below 1 mm insize

[ X =4

’ Accordingly, it is necessary to control not only tihe
average A.lQO3 content of a sintercd ore but also the
A1203 content of Iinergrains below 1 mm in size. Wwhat
is mbrc, a raw material for sintering should not be

50 composed of crushed iron ores having a high A1203 content,

and this is important for-ensuring an acceptable reduction
_strength in the sintered ore.
> 77 9The.above discussion shows that the proportious of
fine grains of a raw material for sintering which are

below 1 mm in size and of their constituents, especially
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Si0,,, Cu0 and A1203, have an importuwant effect on the
quality of the sintered ore product. We have also
found that most of the 5i0 , Ca0 and A1203 in the
coarsc grains larger than 1 mm in size ecither remains

unrcacted or is recacted but mostly confined within the

Ll

course grains, thus failing 1o perform t.ic function of
a"bond". However, Ca0O which more casily forms slay
than Si()2 and /\.12()._3 will form some slag in the later
stage of the sintefing reuction, Therefore, by properly
10 controlling the SiOE, Ca0 and A1203 contents of fine graius
below 1 mm in size, sintercd ores with gualiity and pro-
ductivity unimpaired can be produced even if the Si0,
and Ca0 contents ol coarse grains larger than 1 mmin size
are decreascd, or cven if the A1303 content of said coarse
15 grains 1is increased. In other words, as stated above,
i1lic necessary and sulficient requirement for high quality
and productivity of the sintered ore is that the proper
conditions with respeet to the amount and constituents
(si0,,, Ca0 and AlUOB) of fine grains of & raw materials
oy mix vor sintering below 1 mm in size should be satistied.
By reducing the Si0, and Ca0 contents of coarse grains
larger than 1 mm in size which have not been involved in
the formation of a "bond", and therby decreasing the
total Si0,, and Ca0O contents of the raw matcerial, a low-

slag sintered orec can be prepared which contains not

ks
’ more than 5.4 wté of Si0, but which has previously been
difficult to produce commercially due 1o low qualitiy
and producivity., However, it is substantially impossible
in practice selectively to climinate Si0O, and CalO from
50 only the coarse grains ol the raw material bhelow 1 mm

in size. Therefore, as a practically feasible method, tue
5iU,, and Ca0 contents of the coarse grains are

rcd;cod not directly but indireetly by decreasing the

Si0,, and Ca0 contents of the total raw materiual, and then

compensating for the required amounts of 5i0 , and Ca0 in
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the fine grains below 1 mm in size, Accordingly,
a 40 kg-pot test was conducted to determine the guantitative
relationship between the SiOQ, Ca0 and AlQO3 contents
of fine grains below 1 mm in size and the quality of
the sintered ore product. The results of the test are
shown in FIG 8 of the accompanying drawings.

FIG 8 is a graph plotting the RDI values of sintered
59 Ca0 and
AlQO3 contents of fine grains of a raw materials mix

ore products produced by varying the SiO

which are below 1 mm in size. We have plotted on the
x-axis the weight of the Si0O, contained in fine grains
below 1 mm in size minus the_weight of A1203 contained
in the fine grains as a percentage of the components of
the mix(dry). This factor is defined by the following
tformula (the factor will hereunder be referrcd to us

iSi0, - Al 03} in <1 mm):

2

A
x (B -C)
100 )

wherein A is the precentage by weight of the fine grains
below 1 mm in size contained in the mix, B is the per-
centage by weight of Si0, contained in the fine grains
below 1 mm in size, and 5 is the percentage by weight of
A1203 contained in the fine grains below.l mm in size.

On the y-axis, we have plotted the weight of the
Ca0 content of the fine grains below 1 mm in size as a
percentage of the components of the mix (dry). The RDI
values of theresulting sintered ore products are indicated
by numerals in the graph of Fig &. The CaO/(SiOQ - A1203)
values for fine grains below 1 mm in size are shown as
dotted lines. As isclear from FIG 8, the area of
RDI 40 is hatched and it encloses the region where
(510, -~ A1003} in -1 mm is at least 1 .8 and the CuC/

(sio,, - AlOOB) ratio-of fine grains below 1 mm in size is
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not greater than 2,0:1, Jn particular the region where
the 810, -A1,0. ] in =lmm value is at least 2.4 and the
Ca0/{(8io0,, - Aloui) ratio of fine grains below 1 mm in size
is not greater than 1.5:1 is characterized by very
desirable RDI values (<<30). Therefore,to keep the

RDI value of a sintered orc product within a desired
ranpge, 1t is necessary that the ([ Si0, - Al O } in — 1 mm
value should be higher than a certain lC\Ll aud that the
Ca0/(si0, - Al‘,Oj) ratio of fine grains below 1 mm

in size should not exceed a given value.

Now, the chanse in the ;\1203 content of a raw
material for sinteving is generally swmaller than that in
the Si0, content, and furthermore, in practice iron o01cs
having ;n extremely low content of A1203 arc unot
genceially available in large quantities., Thetrelore, it
is unavoidable that tithe level of 8102 - Al:“j: in
-1 mm wmust be increcascd by increasing the 5103 content
of fine grains below 1 mm in size., lHowever, ;incc thie
sintered ore produced by the process of this invention
is of low S5i0,, content, the total Si0, content of the
raw materials mix should naturally be smaller than that
ol the conventional mix, and this requirement unavoidably
constitutes a limit to the available incrcase in the
level of 8i0, - Algoj] in -1 mm. The region where
f’_Si()2 - A1203j in -1 mm exceeds 2.4 in FIG S is
obtainable oﬁly in a laboratory by selecting only iron
ores which are extremely low in SiO2 and Al(_)O3 contents,
blending them with fine powders of Si0,, sources and sin-
tering the resulting mix., In commercial operations where
selection of such iron ores is diflicult, there is littlec
possiblity of obtaining the stated range '

I'urthermore, the strength at ordinary temperatures
(shatter index) of the sintered orc is directly correlated
with the sum of Ca0 and Si0O, contained in fine grains
below 1 mm in size, and, therefore, the value of the

sum cannot be made excessiviey low. Wiith the level
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of 1510, - A1203} in ~1 mm of a raw materials mix being
at least 1.6, if the value of the Ca0/(SiO,, - Alquj)
ratio of-the fine grains below I mm in size is smuller
than 1.0:1, the sum of the Ca0 and Si0, contained in
said fine grains decreases, and the sinzered ore product
has & tendency to exhibit a low strength at ordinary
temperatures (shatter index), making il necessary to
implement separate provisions for inereasing the
shatter index by, for instance, incorporating more
coke in the mix. 1t is to bLe mentioned here that the
level of the CaO/(SiO, - AiuUB) ratio of finc grains
below 1 mm in size should not be below 0.5:1 because,
otherwise, sintered ore which is very low in strengih
at ordinary temperatues 1is produced.

The following conclusion cun be drawn from the above
discussion: the technique of this invention can be casily
implemented within ithe hatched arca of I'1G & where the
[sio, - Algoij in -1 mm values are at least 1.8 and the
CaO/(Sio2 - A1203) ratio of fine grains below 1 mm in
sizewe not greater than 2.0:1 especially in the dotited
arca where the [Si0, - AlOOS] in -1 mn valucs are between
1.8 and 2.4 and the Ca()/(Si()‘_Z - AlQOB) rates between
0.5:1 preferably 1,0:1 and 2.0:1.

7 Prefecrred embodiments ol the process of this invention
arec described hereunder in greater detail with reference
10 the following examples.

Three different raw matverials mixes each comprising
iron ores, limestone, silica, coke and return fines werc
aggl omerated in the presence ot water, and the resulting
agglomerates werc charged into a 40 kg test pot at a
negative pressure of 1700 mm II,0 to produce three
different sintered ores. 7The description ol the
ingredients of cach mix and the grain size distribution
of each ingredient are shown in Table 4 (for Compurative

Example 1), Table 5 (for Exmmp'ec 1) and Table 6 (tov

&

L
3



0015085

=07«
Exumple 2). The average basicity (Ca0/8i0,) of cach
raw materials wmix was about 1.355:1, The raw materiuls
mix uscd in Example 1 according to one embodiment of

the process ol this invention incorporated fine grains

A |

below 1 mm in size) of silica containing at least 907%
of 5i0,, so that the Si0O, content of the mix was not
more than 5.4% in terms of sintered ore product.
The raw materials mix used in Example 2 according lo
another embodiment of this invention likcwise
10 incorporated fine grains (below 1 mm in size) of silica
containing at least YO% of Si0,, but it contained a
smaller amount ol silica and izmestone so that the
Si0, content of the mix was not more than 5.2 in terms
of ;intered ore product., Tables 4,5 and 6 arc keyved to
15 Table- 1, 2 and 3, respectively. The compositions
oif the principal ingredients of each mix are identified
in Table & below.
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Table 4 (Comparative Example 1)

Description and Proportions of lngredients

Description of | Propor- grain size (mm)
Ingredients tions
(¢)  110~51{5~2 | 2~1 }1~0.5 | 0.5~0.25 | =0.25
M B R 45 5% | 350% | 15% | 15% 104 050
Mt, Newman 24,5 10 350 15 15 15 15
Robe River 15 10 U 20 20 10 10
scale 3 17 52 20 16 8 7
silica 1.7 - 15 27 25 15 2u
limestone 10.8 - 20 30 18 16 16
total of new :
materials (N) 100 - - - - - -
. ;
return fines 20 - 60 20 20 5 -
(R)
coke breecze 3.4 - 30 20 15 19 23
-~ (c)
Ca0 in — 1 mm 41.9%
5i0, in — 1 mm 44,9

(810, content of sintered ore  5.6%)

proportion of return fines = R
x 100
N+ R
proportion of coke breecze = C
x 100

N+ R+ C
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Table 5 (Example 1)

Description and Proportions of Ineredients

Description of qupor— grain size (mm)
Ingredients tious ] !
© (%) 10~5 | 5~2 j2~1 | 10,5 4 0.50.25 | ~0.25
M B R 45 5% |50 [15% | 15t 1 10% 255
Mt. Newman 85,9 10 S 15 15 : 15 i5
Robe River 15 10 300 12 20 10 10
scale 3 17 52 20 16 : S 7
silica 1.4 | = - -0 150 40
i
limestone 10.4 - 2U 50 18 | 10 1t
total of new 100 - - - | - - -
materials (N)
return f{ines - -
20 - 60 20 10 5 5
(R)
cohe breeze - - . - -
3.4 - 350 20 15 12 23
(c) .
Ca0 in =1 nm 541,9%
Si0, in =— 1 mm 52.5%
(Si0, content of sintered ore 5. 4%
proportion of return fines = R
x 100
N + IR
proportion ol coke breeze = ¢
x lue

N+ I+ C
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Table 0 (Example 2)

Description _and Proportions of Insiedients

;
. X Propor- eyain size (mm :
Description of op . i b ) ;
Ingredients tions i 1 1 i -
£ 2) 10v5 | 5~2 to~l | 1m0 5 0050 2D e
: i i i .
M B R 45 | 5% | 30% %15y 15¢ ; Toe bzl
: ' : |
M1 Newman 26.0 | 10 S0 115 i5 15 15 |
1 ! H
Robz River 15 10 i:o P20 Qo 10 10 !
3 N §
—- H I Lo i — i
scale 5 17 p o2 MY 1o : S ,%
! i
silica 1.1 - - l - U i S50 . 4} §
' i H
limestone 9.9 - 20 iTO Is 16 16
' i
total of new .
. i 1 - - - - - -
materials (N) 0o i : : !
i .
i '
- - e S i ! .
return fines o0 _ Lo P90 ! 10 g 5
(R) ;. .
: :

H H H
oke brecze - - [ . : - -
con e e - 50 “_'(.) ‘ 15 12 IR

(c) l !
i o
Ca0 in -1 nun 1.7
Sibo in -2 mmn , 50,20
(Si0,, content oi sintered ore 5.2
Proportion ol return fines = It
x 100
N + R
proportion of coke brecze = C
N 1
NI+ C
A1

BAD ORIGINAL @
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The test results arce shown :nn Table 7 {(below) and 1 1u 5
of the drawings, The process of this inveniion
(Examples 1 and 2) was slightly more productive than
the conventional process (Comparative Lxample 1) due
Lo & shorter sintering period and a higher ratio of
sinter to sinter cake. The process of 1his invention
consumed slightly less coke than the couventional
process, This means that, althouch the jrocess of
iiiis invention achieved almost the same @ -sultls of
sintering as in the conventional technique with respect
to meisture content, coke content, productivity, sinteriny
time, sinter to sinter cake ratio, couke consumption and
shatier index, it egreatlly reduced the DI viclue of the
sintered orc product (as in Example 1), or reduced
the SiC  content of the sintered ore product to less
than 3.5} without greatly increasing its RDI value (as

in Exumple ).

Table 7 - Test Resultls

1 ] ]
. . Sin1Ql —- sluted
MOLS— e produc= S 10
coke o i L
ture Tivity . sinted
. time
~alke
X o) l‘quxl
() (%) (t/n.m™) (min) (<)
Comp 6.0 5.4 1.2 09,5 50.4 i
Ex 1 . l
) ] - )
Ex 1 6.0 Sk 1.959 21,0 §0.,9 |
Ex 2 6.0 S 1.59 1.5 S1.5 §
i

BAD ORIGINAL
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fable 7 = Test Resui-s (Continued)

coke shattler syvmbols
. . . i R - .
consumption index used in
(ke/t-s) (%) (%) FiG 5
Comp
Ex 1 47,1 £0.0 52.1 X
Ex 1 46.9 8§6.9 50.5 0
Ex 2 46,5 £7.5 52,49 e AJ
Tahle S ) unit : wise
\ L'-_ i 0 v M Tl .
C%@g T.Fe FeO Fe,0- 510, A1,0-
"Ly R 67077 | 0.4 96.51 1.55 0.69
’ * ; !
Core | 2 MLL N | ol.os 0,07 | 8751 0. 10 IS
*5
R 57 .34 0.17 51.79 5.70 2,50
scale -
0 - fug 3148 Loy et [ 3
(mill scule) 72,84 67.15 29 .48 0.75 0.235
silica ) 0.94 - 1.54 95.00 1.92
limestone - 0.17 - - 0.6% 0,08
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Table S (Continucd) unit @ owit

T~ composition x4
\\‘\‘\\\\\\\\\ Ca0 Mo Cw
——
*1
MBR 0.14 0.04 0.42
*2
ore Mt N 0.00 0.05 2,04
*3
R R 0.15 0.12 5.0
I scale
(mill scale) 0.09 0.59 0.0%5
|
+
silica 0.19 0.45 0.9%
limes tone 51,00 0.56 0. 14
*1 Minuragﬁeﬁ Brasileiras Reunidas S.A. (Brazil)
*2 My, Newman Min. Co. Puy. Ltd. (Australia)
*¥3  Robe River (Australia)
*4 combined watler

As described in the foregoing, the process of this

invention is comparable with, or cven superior to, the

conventional sintering process with respect to productivity,

coke consumption, shatter index and other factors while

it can greatly reducce the RDI value ol the sintcred

product, or reduce the Si0, content of the.sintered product

to below 5.4% without greatly incrcusing its RDI value,

Comparative Examples 2 and 5 and Examples 5 to 7 of

this invention are described hercunder. sevelr different

raw materials mixes each comprising iron ores, limestone,

silica,

coke and return fines were aggolomerated in the
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prescuce of watler, and the resulting agglomerates were
charged into a 40 ke test pot at a negative pressuic
of 1700 mmil O to produce scven different sintered ores.
The descriptiion of the ingredicents of each mix and the
composition of cach ingredicent are shown in Tables 9
16 12 (Comparison Example 2 and Examples 35 to 5) and
Tubles 19 to 22 (Comparison Lxample 5 and Examples 0
and 7). The proportions of the ingredients of the
mixes are indicated in Table 15 (Comparison Example
2 and Examples 5 to 5) and in Table 25 {(Compurison
Example 5 and Examples G and 7). Tables 14 to 17 are
keyed to the data on the proportions of ingredients
set forth in Table 135 for Comparative Example 2 and
Cxamples 5 to 5, respectively, and each table shows
the Si0, and Ca0 contents of the raw materiuals mix and
the sinzered ore product. 1In each of Tables 14 to 17,
the duita on the Sio; content, the Ca0 content and 1ihe
C«0/38i0, ratio of the mix arc classified under coarsec
grains iurgcrthan 1 me in size and fine grains bhelow
l mm in sizc.

Tables 24 to 20 are keyed to the data on the
proportions of ingredients set forth in Table 235 for
Comparative Example 3 and Examples 6 and 7, respectively,
and each table shows the SiOE, Ca0 and Algoj contents
and- the Ca0/Si0, ratios of the raw materials mix and
sintered ore product, and the (SiUQ - AloOj) contents
and Ca.O/(Si02 - A1203) ratios of fine grains (below
1 mm in size) of the mix., 1n each of Tables 24 to 20,
the data on the SiO; content, Ca0 content and A1203 content
of the mix are classified under 'toarse grains" (above
1 mm in size) and “"fine grains” (below 1 mm in size),
respectively.

As mentioned above in connection with the raw material
mix to be used in ihe process of this invention, the

relationship between Y which is the 510, content (wt?)



4]

-

Al

w1

0015085

-55-
of the sintered ore product and X which is the Si0
content (wt%) of the raw mauterials mix can be

approximated by the followineg formula:
1'—_-{1};'*'1) ® 9 0066 000 000 a0 e (l)

wherein a and h are constants, generally 1.1 and not morce
than 0.2, respectively, which can be determined empirically
on the basis of actual records of sintering operations,

As Tables 15 and 14 show, the raw malerials mix
prepared in Comparative Example 2 is such that the amount
of siliccontaining at least 90% of 810, is simply
decrecased to lower the Si0,, content in terms of sintered
ore product from the ordinary rance of 5.0 to 6.0 wté
down 1o 5.4 wté. As a result, the level of !3i0,.
in -1 mw of the mix is 2.25 and the Ca0/Si0, ratio
of fine grains below 1 mm in size is 1.20:1.

Therefore, a simple reduction of the S$i0O, content gives
a4 level of 138i0,] in =1 mm which is below 2.4,

As shown in Tables 135 and 15, the raw materials
mix preparced in Example 3 is such that not only is the
amount of silica which is added lowered but the grain
size is also decreased to below 1 mm so as thereby to
decrease the 5i0,, content in terms of sintered ore
product down to 5.% wife, As a resuit,the (Si0,] in - 1
mm value is incressed to 2.77 and the Ca0/Si0,, ratio
of fine grains below 1 mm in size is decreased to
0.95:1.

In Example 4 (shown in Tables 135 and 16), the raw
materials mix contains both return fines a part of which
is ciushed to a size below 1 mm and relatively coarse |
grains of other iron ores, so that the S§i0, content in
terms of sintered ore product is decercased to 5.4 wil.,
The mix is characterized by an (Si0,] in =1 mm value
which is as high as 2,97 and a CuO/SiOU ratio of finc

srains below 1 mm in size as high as 1.25:1.

BAD ORIGINAL @
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In Example 5 (illustrated in Tables 15 and 17), the
raw materials mix is such that not only is the amount
of silica added decreased Lo 0.5 wi% but aiso the gsrain
size is decreased to below 1 mm and also it incorporates
partially crushed iron ores containing a hisher proporiion
ol s5i0, than for ihe mix as a whole, so that the SiO,
conten; in terms of sintered ore 1is decrcascd to 5.0~wt&.
1n wnscquence, the [$Si0,] in = 1 mm of the mix is 2,55 and
the Ca0/si0,, ratio of fine grain below 1 mm in size is
1.1z:1, ’l'hg results obtained by sintering the raw
material mixes prepared in Comparative Example 2 and Examples
5 to 5, respectively, are shown in Table 15 and illustrated
in the graph of F1G, 7.

As shown in Table 18 and FIG 7, the raw material
mix of Comparative Example 2, which was prepared by
simply reducing the Si0, content, provided a sintered
ore having an excessively high RD1 value which could
only be produced after an extended sintering period
and in a low sinter to sinter cake rato. The mix
consumed a large amount of coke as it was sintered., In
conutrasit, the raw materials mix of Example 5, which was
prepared by not only decreasing the amount of silica
added but also by reducing iis grain size to below 1 mm,
provided a sintered ore having a desired RDI value (below
40), which could be produced with high productivity
and in a short sintering period, consuming less coke,
although the sintered ore product contained 5.4 wti of Si0,
which was less than the ordinary values between 5.0
and 0.0 wtf,

The raw materials mix of Example 4, which containcd
reiuin fines with somewhat more SiO,, than the intended
sinteled ore product and pari of which was crushed to
4 size below 1 mm, provided a sintered ore having a high
shatter index and an RDI value below 40, Such ore
could be produced in a high sinter to sinter cake ratio,

consuming a small amount of coke.
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The raw materials mix ol Lxample 5, prepared by not

only decrcasing the amount of silica added to 0,5 wtie

but also by reducing its groain size to below 1 mm and

by dincorporating partially crushed iron ores which were

relatively high in Si0,, content, provided a sintered

ore having a desired v;lue of RDI below 40 withoul

sacrificing the productivity and sinter to sinter

cake ratio und without increasing the coke counsumption,

although the resulting sintered orc¢ had its 5i0,

content decrcased to 5.0 wit-.

Table 9 unit : wté
FeO EF“ZO3! si0, g.A.1203 gCaO !Mgogcw*(’

| | ! ! : l ‘
i 35%96 21!1 611 0.67 go 1o;o.oéfo 3¢
KD CF 2 o&OléOJWé?&TTi&ZE:I.ZS;OJO?QGQ%IOC
Mi X *3‘61.12? 0.0?%ST.Z%?&.IS; 2.99 !o.osio.os 2.72
e 161,987 0.1088. 33 15 41 2,78 io.og}o 05233
R.X. 557,35 c.zoéaL 70 15.50 ) 2.51 !0.1550.1425.40

*¥1  Mineracoes Brasileiras Reunidas S.A. (Brazil)
*2  Rio Doce common rine (Brazil)
*3  Mt. Newman Min, Co. Pty. Lt (Australia)

*4  Hamersley (Australia)

=5 Robe River ( " )
*5 combined water
Tdble 10 unit @ owi':
¢ Omp O sk~ ‘ _ - : : L !
N}L T.IFe Fe( I'C‘)O_ bl()‘) ‘t\l‘)().r caQ { }Ig() Ch A
2 2| o5

S

~J
(W]
*

vl
[\ |

miil scale)

! i
08.29 | 23,89 10.70 iO,lj 0.1u l 0.2 o053

J
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Table 11 unit : wt%
T.Fe Fey03 Si0, | Alp03 | Ca0 MgO cw
silica 0. 94 1.34 93, 00 1.92 0.19 0. 45 0.94
Table 12 unit : wt%
T.Fe SiOz Al1,03 CaOl ‘ MgO CwW
limestone | 0. 17 0. 66 0.07 55. 01 ‘ 0. 55 0.29
Table 13
=~ proportions (wt%)
Ingredients| Com. Ex. 2 Ex. 3 Ex. 4 Ex. 5
description| new 10~ new 10~ new to- new to-
material| tal Imaterial tal Imateriall tal {material ta l,
M B R 32 32 40 £0
Rio Doce -
.7 LT . .
CF 9 _ | 14 6.7 8.6
Mt. 10 10 22 22
Newman
Hamersley| 23 : 18 6 6
Robe River 10 77.1 10 77.1 10 77.1 10 77.1
scale 3 3 3 3
silica 1.4 1.4 1.4 0.8
limestone 10.9 10.9 10.9 9.6
toialof new | 449 100 100 100
materials
-return 19.5 19. 5 19. 5 19. 5
fines
coke 3.4 3.4 3.4 3.4
breeze —
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e 14 om, Ex. 2
raw material mix |  sintered
. >1lmm | <1mm/| total ore
Proportion by :
. 40.1 00.0 -
weight (%) >9-9 !
Si0O; (%) 2.55 2.25 4.80 5.40
Cal (%) 4.26 2.70 6.96 7.83
Ca0/5i0; 1. 67 1.20 1.45 | 1.45
Teble 15 FEx 3
raw material mix |  sintered
>lmm | <lmm total | ore
Proportion by
57.0 43.0 100. 0 -
weight (%) N
5i02 (%) 2.03 2.77 4.80 5.40
CaO (%) 4.33 2.63 6.96 7.83
Ca0/Si0y 2.13 0.95 1.45 1.45
7 _Table 16 Ex. 4
— . _
raw material mix _| sintered
" >1mm <lmm | total | ore
Proportion by |
.2 48. . : -
Si0, (%) 1.83 2.97 4. 80 5.40
CaO (%) 3.25 3.71 6. 96 7.83
Ca0/5i05 1.78 1.25 1. 45 1.45
Table 17 Ex. 5
raw material mix sintered.
=1 mm <1 mm total ore
Proportion by
56.2 43.8 00. -
weight (%) 6 ! 0
Si0O3 (%) “4.95 2.55 4.50, 5.00
CaO (%) 3.66 2. 86 6.52 7.25
Ca0/si0, 1. 88 1. 12 1.45 | 1.43
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i\\\ para- | mois-— coke i product- | sinter—
i weter ! | 1ng g
i ture content i ivity ; Time §
i ) i Oy b ~
lun XNu. (%) () Plu/i. o m7) o (min !
ltom. Ix. 216.0 5.4 1,50 ! 24,0 ;
: | i !
| f |
S S 6.0 ST T B S L= i
! ‘ [ ! ;
. Ex. 0.0 5. i 1.40 250 i
- |
* - - i z U
. Ex. 5 6.0 5.0 {1.39 : 25,8 i
| a

—
i ) c M {
: yara-— sinter ! ' : .. '
,\\\i i _ = coke i shatter . DI, Sito
: aweter 10 e ; ‘ PR
N U ¢inter consumpition: . ! in
; ! tion index : “sintered
‘ i ceke ; : i
{ | R 4 H : oxC
: 3 |Ia‘LlO { (() : (r‘,)
ﬁun No. bo(%) (Kg/t-s) (+10 mm%) ! : : ’
J t 1
i , i ;
Com. Ex. 21 75.7 7.3 58.1 AT B
i i
) 1
boo P
Ex. 5 T7.7 ho, s7.2 ARG G S o4
i
Ex. 4 79.1 15.5 | 55.5 § 33.9 i 5.h !
i : i
: : . L |
. Ex. 5 P77k 56,8 % £7.1 57.1 0 5.0 !
i 1 { i ' i

: T
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As Tables 235 and 24 show, the raw materials aix
prepared in Comparative Exampic 3 is such that the amount
of silica containing at lecast 904 of Si0, is simply de-
crcascd to lower the SiO, content in terms of sintered ore

product from the ordinary range of 5.0 to 6.0 wt% down to

L

5.4 wt%é. As a result the level of [SiO, - Al1,,0-71 in -1 mu
of the mix is 1.6% and the weight ratio of Ca0O/(Siu, -
Algoj) of fine grains Lelow 1 mm in size is 1.34:1.
Thcré!orc, a simple decrcasce in the Si0,, coutent gives a

10 level of [sio, - Al,)(),)] in -1 mm whichi is below 1.%.

As shown in Tables 25 and 25, the raw materials mix

prepared in Example O contains both return fines, part of
which is crushed to a size below 1 mm, and relytively
coarse grains of other ores so that the Si0O, content in

15 terms of sintered orc product is decrcascd to 5.4 wit%. The
mix is characterized by an [SiOO - A1003} in -1 mm value
which is as high as 2.03 and & weight ratio ol Ca0/(3i0, -
AIBOJ) of Tince grains below 1 mm in size which is as hiéh
as 1.55:1.

9y In Example 7 illustrated in Tables 25 and 206, the
ravw- melterials mix is such that not only is the amount of
silica added decrcascd to 0.7 wt% but also its grain sizce
is lowered to below 1 mm and further it incorporatcs

partially crushed iron ores containing a higher proportion

25 of S$i0, than for the mix as a whole, so that the Si0, con-
tent ii terms of sintered ore is decrcascd to 5.0 wt%. In
consequence, the [SiO2 - A1903] in -1 mm of the mix is 1.83
and the weight ratio of CaO/(SiO2 - A1203) of Tine grains
bDelow 1 mm in size is 1,29:1,

50 The results obtained by sintering the rawv materials

-

mix prepared in Comparative IExample 5 and Examples © and 7

arc shown in Table 27 and illustrated in the graph of FIG 9.

As is clear from Table 27 and FIG 9, the raw materials mix

¢T Comparative Example 7, wii<i wis prepared by simply low-
55 cring the 8i0, content, provided & sintered ore having a

relatively hiéh RDI valuc which could only be produced alter

g |
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The mix consumed a large amount 0L Coie

as 11 was

rativ.

sintered,
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Table 27 Test Results
para- . _ .
mois-— cohe product - Sinioer-
metery
IThy
ture content ivity time
. 2
Run (%) (<) (t/hr. m™) {(min)
Com.Ex 3. 6.0 5.0 1,25 2.0
Ex.0 6.0 5.4 1.9595 2%.5
Ex.7 6.0 5.4 1.52 25.7
. para- sinter coke shatter ‘ Sa0
meter 1o COnSIL = RDI i in~
sinter tion index P sintered
. cake . . \ i SENY
Run No . Ke/t—-g +10 mm< ) ;o
! ratio (Ke, ) ( ) (: i (7)
(<)
Com. Ex 3 5.7 hT.o 50.0 49,1 3.4
Ex. O 79.0 5.6 6.1 5-.1 S
Ex. 7 TT.2 7 S~ 3~ BN
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The raws materials mix ol Example O, which countcined
return finces haeving somevhat more S5i0, than the intended

sintered ore product and part ol whiclh was

72
S
e
[
w
Yo
Lo
4

~
¢

t

size below 1 mm provided a sintercd ore having o hiizsh
shaticer index and an RDI value Dhelow 740, Such ore
producced in a high sinicr 1o . inter cake ratio, consuming o

small amount of coke.

-]

The raw material mix ol Iyuample prepared by both
Jowering the amount of silicae added 1y 0.7 wi7 and decrca-—
sing its grain size 1o below 1 omm, and also by incorpora-
ting inte the mix partially ¢rushed iron ores which were
relatively high in Si0, content provided a siniered ore
having a desived value oi D1 bLelow 20 without sacrilicins
the productivity and sinter to sinteyr cake ratio, aud
without increasing the coke counsumpiion, although ihe
resulting sintered ore had its 510, content decrecased to

3.0 wik,

TABLL 19 unit : wt@
~ - s — :
OmpoSi- : | T
; ‘ o N
tion|T.Fe FeQ PCOO,i Si0, 1 A1.,0. Cau MeO | CW
’ J

1.55 ; 0.060 0,147 0,040, 42

MBI AL{07.77 1 0.34]96.51

RD CF  *2{64.971 0.11{92.76 1 .21 | 1.51 | 0,10 0.0l 1,15

{

ME. N. 731061.2S| 0.07187.51 .10 P 2,58 | GL0u] 0,050 2,64,
. AR N
Tlam., 02,05 0,0% :a.b,’ heDD 200 0.05] 0,071 2,47
. 3 i i
) : ] : :

S N S - - I oo
. R. 500700 0LLTISLILTO Y 370 0 2000 0,151 0120 5,55y
i i . } : H

*1 Minerucoes Brasileiras Reunidas S.A, (Brosil)
2 Rio Doce common Tine {(Brazilj

5 Mt. Newman Min, Cu. Pty. Lid. {(Austraizaj

4, llamersley (Australia)

*5 Lobe River (Ausm'uliu) U Combined water

BAD ORIGINAL g}})
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Table 20 unit ; wt%
T.Fe FeO FeZO3 SiOZ A1203 ! CaO iIMgO I' CWwW

scale
(mill scale)

72.84167.18

29.48 10.73

1

: |
0.23 ‘o. 090.59 {0.05
. |

unit : wt%

!
Si0, | A1;03 | Ca0 | Mgo | cw

silica 0.94 1. 34 93. 00 1. 92 0.19 | 0.45 ! 0.94
Table 22 unit : wt%
T.Fe *'SiOZ A1203 CaO MgO Cw
limestone 0.17 0. 65 0.08 54. 66 0. 56 0. 14
Table 23
N proportions (wt%)
Ingredients Com. Ex. 3 Ex. 6 Ex. 7
. . N T
descnptlon' ne\Y‘ total new' total new total
material material material
M B R 30 45 37
Rio Doce
. 0 15.
CF 15.5 5.3
Mt. Newman 0 .25. 5 20
Hamersley 25 0 0
Robe River 15 77.3 15 77.3 15 77.3
scale 3 3 3-
silica 1.4 1.4 0.7
o
limestone 10. 1 10. 1 9.0
tot. of new 100 100 100
materials |
return {ines 13,2 29,3 19,5  *
. i
1
coke breeze 3.4 3.4 3.4 %
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N LI s A ‘ .J
Tebie 24 Com. Ex. 2 e
o | tordlin saw ; sintered’
>1mm {1 @M b paierial i ore
Proportion by ; !
9. 44004 ’ 100.0 ‘ -
weight | 270 0 i !
i i {
Si0 (%) =2.51 1 2.29 4.80 1 5.40
; 1
_ : 3
CaO (%) 3.95 !‘ 2.5%3 .48 poT7.25
; : ;
Al203 (%) 0.9 ;3 G@.65 1.0 ; 1.80
C20/5i0, (%) 1.57 © 1.10 1.35 | 135 |
Si0p - Al;03 ) L es ) ] I
(%) I : *:
Ca0 i : :
- - - Lo
SiC2 - A1,03 : S i

S 1 mm : <1 mm !total in *T—aj,v sintered
i | | materiai ore
Proportion by - b= !
2. bo47.5 7 100.0 .
weight (%) >¢2- > poE0 !
T !
Si0z (%) 1.86  2.94 4.80 5.40
Ca0 @)l 2.7z 1 376 6.48 | 7.29
Al,03 {%) ¢.69  0.91 1.60 ‘, 1. 80
C20/5i0, (%)| .46 - .28 ! 1.35 | 1.35
Si0z - A1203 “ _ o 03 ) E )
(Go] : ! !
Cal i } |
- 1 5 - -
(510, - A1,03) I 85 '
Teaople 26  Ex. 7.
~ 1 mes ‘<1 o I towd in re isintered
e N * 1 materiz i ore
Proportion by i 1
- Q - ] \ R |
weight (%) 56 43.1 i 1¢0.90 }
5 t
Si0p ()| 1.97 : 2.53 £ | 5. 00
CaO @) 3.72 | 2.36 ! 6.08 | 6.75
o - :
i i
Al>03 (%)| ©0.s2 i 0.70 | 1.62 1 1.80
Ca0/si0z (%)} -89 0.93 1,35 i 1.35
i
Si0p - Al,03 ; :
= - 1. 83 ! - - >
(%) : 'E , 1
€20 - L 129 | - -
(Si02 - £1p03) : ‘

N
o w
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As described in the foregoing, the prucess of this
invention is comparable with, or cven superior to, the
conventional sintering technigue with yrespect to producti-
vity, coke consumption, shatter index and other factors,
while it can lower the SiO, content of the sintered ore to
below 5./ wt& and lccrease ihe slag content (Si0, plus
Ca0) of the ore without greatly increasing the lgvc] of
RDI. Accordingly, the proccss can grecatly curtail the
amount of slag charged into a blast furnacc, vielding an
appreciable decercasce in the blast furnace fuel coasumption.
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CLATIMS

1. A process for producing a sclf-fluxing sin-
tered ore using a raw materials mix comprising iron,
orc, limestone, silica and coke, at least 25 wt% of said
mix consisving of fine grains below 1 mm in size and
said mix containing not morc than 5.4 wt% of Si0, in
terms of "sintered ore product" (said sintered o;e
product being a product from which coke, combined CO,
and combined watcr have been removed by sintering of—
the mix), said process being characterized by control-
ling the SiO, content of said fince grains to be at
least 50 wt% of the total SiO, content of the raw
materials mix, and sintering the thus controlled mix.

2, A process Tor producing a self-fluxing
sinterecd ore using a raw materials mix comprising iron
ore, silica, limestone, coke and return fines, at
least 25 wtl of said mix consisting of finc grains
below 1 mm in sizec and said mix containing not more
than 5.4 wt& of Si0, in terms of "sintered ore product"
(as defined in Claim 1 above), said process being char-
acterized by controlling the S5i0, content of said fine
grains to be between 2.4 and 5.0 wt% of the raw mater-
ials mix (dry) and the basicity (Ca0/SiO, ratio) of
said fine grains to be not more than 1.35:1, and
sintering the thus controlled mix.

3. A process according to Claim 2, wherein the
sum of the Ca0 and Si0, contained in said fine grains
is at least 4.0 wt% of said mix.

L, A process according to Claim 2 or Claim 3,
wherein the SiOO content of said fine grains minus the
A1203 content of said fine grains 1s between 1.8 and
2.4 wt% of the raw materials mix, and the weight ratio
of Ca0 to. (SiO, - A1203) contained in said fine grains
is between 0.5:1 and 2,0:1.

3
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5. A process accordine to Claim /4, wherein the
weight ratio of CaO to (SiO, - Alqoj) contained in said
fine grains is hetween 1.0:1 and 1.58:1.

6. A composition consisting of a raw materials
mix foxr producing a scli-fluxing, sintered ore said mix
comprising iron ore, limestone, silica and coke, at
least 25 wt% of said nmix consisting of finc grains
below 1 mm in size and said mix containing not morc
than 5.4 wt% of Si0, in terms of "sintered orc product®
(said sintered orc product being a product from which
coke, combined CO, and combined watceyr have been removed
by sintering of the mix), said mix being characterized
by an 510, content of said finc grains of at lcast 50%
of the total Si0, content of said mix.

7. A composition consisting of a rawmateriais mix i.r
producing a self-fluxing, sintered ore, sald mix
comprising iron ore, limestone, silica, coke and
return fines, at least 25 wt% of said mix consisting of
fine grains below 1 mm in size, and not more than 5.4
wte of SiO, in terms of "sintered ore product™ (as
defincd in-CIaim 6 above), said mix being character-
ized by an Si0O, content of said fine grains between
2.4 and 3.0 wtg of said mix {dry), and the basicity
(Ca0/Si0, ratio) of said finc grains being not morc
than 1.5:1.

8. A self-{luxing sintcred iron ore which con-
tains not more than 5.4 weight % of Si0, and in which
finc grains below 1 mm in size account for at lecast
25% of the ore, characterized in that said fine grains
have a basicity (Ca0/S8i0,, ratio) below 1.3:1.



Distribution of Ca0,SiO5 (%)

112

0015085

2.0

Ca0/Sio;

1.0

~0.25 0.25~0.50 1.0~2.0
0.50~1.0

Grain size (mm)

A Ca0o
© SiOp
¥ Cal/lsin-

20~5.0

. 0
5.0~10.0



Distribution of CaO, SiO5 (%)

0015085
2/12

-2.0

Ca0/SiO,

- 1.0

T T T ! O
~0.25 0.25~0.50 10~20 | 50100
0.50~10 20~50

Grain size (mm)

A CaOo

° 50z Fig.2

X Cao/ SIO2



Distribution of CaO, SiO2, (%)

-
W AN

-
Q

0015085
3/12

—
= N
1 1

,ﬁ\ ' -2.0
SR

Ca0/SIO»

1.0

L

~0.25 0.25~0.50 10~20 |  50~100

0.50~10 20~50
Grain size (mm)

A Calo

° S0z | Fig.3

X Ca0/SiOs



Degradation index after 550°C

reduction (RDI) (%)

4/12

0015085

38 -
36-
34-
32
30+
28-
26 -
24
221
20-
18-

o)

25

50 75

100

SiO2 in =1mm grains as a percentage
of the total SiOz in raw material mix.

Fig. 4



0015085

5/12

G 3 e
bt T T T = 1 4 7 T L .- { 1 Q—v
- 329 N & ] @ § 38 2

«— ol -— ~—
(zw H/Y) (ujw) (%) O11BJ d¥Eed

A}IA1}ONpOUd

awy bujuaiuis

JO1UIS 0} JaUIS

Ex.2

Ex1

Com.Ex 1

Fig 5



0015085

6/12

(f)

I H
Ex1 Ex?2

|

(s-1/6%)
uo3dwINSU0D 830D

(%)
Xapul Ja313eysS

(°6) IAY

Com.Ex .1

~ig.B

™
!



0015085

7/12

coisjoeD

8€ 9F

Sl

(°lo) WUWIL— Ul (20OIS)

0og 8¢

ve 2z 0z 8L 9l

S~

v
p'GeE

(°o) IQY 3Je ydedb

34} U] S|BJSWINN ¥

/ 1
O\OO/.I‘,/,
N .m,UWO.\m

AN

X

N

oy

< _ .

LGp*®

(%) Wi~ Ul (QED)



0015085

* 8/12

&

(b)

(c)

1

Ex3 Ex4 Ex5

(gW'H/Y)
Auandnpoud

§ & & &
(utw)
aw} buaiuis

3 8 ¥ ¥
(%) Ol}ed aed
JIJUIS O} JIUIS

Com.Ex.2

Fig.7



0015085

9/12

0
- X
L
N
- X
L
™
m X
N}

C © <

) ] A ¥ L] | ] 1] ¥ 5 { | ¥

a O o N O N O

A _/.w v < @ ®© O o mw v ¥ ™M

(S-3/6%) (%) (/) IOY

uodwinsuod a%oD

Xapu} JAeYS

Com.Ex.2

Fig.7



0015085

10/12

8014

(E0CIv-20IS)
joed

(%l 3IM) Wl - U} (EQZ1Y-20)S)

ct Om mw ow VN N.N ON 81 OHP v“_‘ N.._‘ Om m..o o
N X
N.mw.l.!.q-- -
~ T TRor<Iay . |
.V —‘v - \‘..\ V.Fm.
-7 eor -7 .
\\ \\ P rN
\\\ \\\m.mmo\\\\
\‘F.mv \\- ® \\ V4 B
.- 0 S - 7
® \c\ \\ \\ \\ m
. - -
NV\ N.Pm. \\ \\ .\\
y \\ \\ / 4
GZv , , s F
Q\\ \\ / /
’ .\\ \\ \\ -
\\ / \
\\ \\ V4 -
y /
\ \ S
/ vom /
/) //|(°le) 104 auel}
/ /7 lydedb ayy w
/ / S|BUBWINN ¥
L 4 &)
’ o's

(% IM) Wil ut (OBD)



0015085

1/12

G

(c)

| Ex6 Ex7

Com.Ex.3

i ]
n T M
4].111

(zwuy/y)
- AjARDNpoUy

3 & 8 &
(Uiw)
awli} buusiuig

T T T '

0864
O N N N

(%) 01184 ayed
J91U|S 0} J4auIS

Fig.©



0015085

12/12

|Ex6 Ex7

Com.Ex.3

C 9 S
1) | | 4 v | | —.N—J & O —T O
T 99 s 8 8 3 o 9 F

(s-3/6%) (°fa) (/o) IAY

uoIRdWINSUOD 330D

Xapu| Ja11eys

Fig.©



Bt 4 R < b Ay e A VY o T % s

0015085

. Apphication numbe
o)) o‘:"épe‘" Patent EUROPEAN SEARCH REPORT r
ice EP 80 30 0299

DOCUMENTS CONSIDERED TOBE RELEVANT ﬁg‘&%i‘ﬁgﬁﬁ;%ﬁ?f
Cateqory] Cuation of documisnt with indication, where appropriate, of relevant Rel
passages to cigim
AP Patents Abstracts of Japan !

C H
Vol. 3, No. 91, 3 August 1979, 23 116

page 146CS4
F & JP ~ A~ 54 -~ 71004

- -

i

US - A - 3 519 386 (REPUBLIC STEEL)

A AUFBEREITUNGS~TECHNIK, Nr. 12, 1975
wiesbaden

0. BURGHARDT et al. "Qualit#tsmerkmale

TECHNICAL FIELDS
SEARCHED (Int.C13)

von Sinter unter Beeinflussung dex
verschiedenen basischen Zuschlige"

pages 631 to 634 €228 1/16

A STAHL UND EISEN, Vol. 81, No. 11,1961
Diisseldorf
L. V. BOGDANDY "Herstellung und Verar-

beitung von Erzsinter mit hdheren

Basengraden im Hochofen"

pages 12 to 22

-

CITED BOCUMENTS
A GMELIN-DURRER "Metallurgie des Eisens™

X: particularly relsvant

A: technologica! hackground
1964, VERLAG CHEMIE, Weinheim O: non-writter: diaclosure

P: intermediate document

T: theory or principle underiying
= the invention

4th edition, Vol. 1a

pages 425a to 447a

E:. confiicting application

D: decument cited in the
application
L: citation for other reasons

b e e

. - &: mamber of the sams paen:
1
famiiy,
The present search rapart has been drawn up for il claims
. corresponding documant
Place of search Date of compietion of the search aminer .
Berlin 21-05-1980 SUTOR

EPO Form 1503.1  84.7%



	bibliography
	description
	claims
	drawings
	search report

