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SUNMAHRY

Kobe Steel 1.tq completed 1tn f1p004 pelletizing plant at Nadaham
Workse in September 1966, and bega: ‘he prodic.ion of yellf-flured pellets
with a lime/silica ratio of 1,3 in April Yaoy, Thene peilets are used
in No. 3 blast furnrace (hearth dia. Ye> nj At the works.,  Pogte were
made of the effects of the bacicity, pProp-riion, ete., of tha pellets on
the blast-furnace operating data. wit} cniafactory resul ts.

A 2 million {/yeur Pelletiziig plant wus later started up
at Kakogawa Works in July 1970. 7This plant has been producing se'f-fluxed
pellets since it otarted, and is “upplying the main burden to No. 1 blast
furnace (hearth dia, 13, m) which sitarted up at the same time,

The proportior or pellets uscs on No, 3 furrace at Nadahama and No,
1 furnace at Kakogawa has reached a leve] of about 854, The two furnaces
started smoothly and have produced good resultg up to the present.

This paper covers the production of self=fluxed pelleto, their
Properties, and theijr rerformance in the blast furrace.

1. Production of pelf=fluxed pellets : Mixed ores fronm vari>ve parts of
the world are used, including magnetl te concentrates, specular hematites,

limonites, and natural hematites, Magretite concentrate is mixed at the

rate of about 404 4t Nadahama and 204 - ¢ Kakogawa,

The pelletlzing plants at both plants are cimilar, using the drate~
kiln system. Grindirg ig performed ir g ary closed-circuit system, com-
prising a ball mi11 anGg two air teparators.  Green pelletg are produced by
disk pelletizer,

The grate-iilrn nyster. is uged foy indurating, It congints of three
pasnes - drying, dehydrating, and preheating, which makes possible the
treatment of limonite ores. Yuel 1o {he rotary kiln is controlled by the
pProcess computer to kecp the Indurating tempera?ure constant, Temperature
control ias especially important for producing good=quality self-fluxed
pellets,

For product guality, opeciai Importance is attached to reduction
properties such g softening and reducibi ity, laboratory .ngd plant
research have been used to improve these  npeptig:. As . result, 1t hag
been possible to obtain £ood-quility nelletg by vontrolling such factors ag
basicity, indurating temperature, particle si1ge of ground mster:al, and
pellet sige. By meacuring porooity, which 1g clusely related to reduction
properties, it has beccme possible to 8upply pellete that vary little and
are constant in quality,

Problems have occurred 1n the productiorn of mrelf~fluxed pellets from
reduction in productivity, kijiln adherence (atlcking), reduction in
delulphurizaticn, etc,

There is reduction in productivity on the £rate due to the heat of
decomposition of limestone. However, in Practice, there was no Bignify..
cant drop as compared with acid pejlet production, Self-Cluxed pellets
have better indurating qualitijes than ordinary pellets in the rotary kiln.

Kiln adherence increases gs basici ty riseg, However, improvements
in practice have caused little, if any, operationg] protiemn. Sulphur
content aloo increases with ripe jn buasicity, and go care has to be taken
in selecting low=gulphur raw materiala,

2o Use of self-fluxed pellets in the blast furnyce : Tests on Nadahama
Bo. 3} furnace to determine ihe effect of t;e Proportion of pelletsg charged
on the furnyce operating data ghowed that as the pProportion increased to

y 608, 70%, ang 8ok, gas Permeability and burden reducibijli ty improve,
thereby increasing productiviiy, 1mhe rate of increase per 14 of pellets
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is 0.17=0.19%. The fuel rate dropped l.34~1.59 kg/t-p per 1% of pellat
addition. The 2rop in fuel rate was mainly due to the improvement in
the redwoibility of the burden, increased CO ind Ho utiligation rate, and
reduced limestone consumption.

A conetlant proportion of 70% of pellets was used in trials to study
the effect of pellet basicity. The fuel rate dropped significantly as a
result of increasing the lime/silica ;atio gradually to 0,5, 1.0, 1.3, and
1.4, This was due to the fact that ‘he Lurden reducibility impruved in the
same way as when the pellet proportion was increased, resulting in a rise
in the utilisation of gas. The fuel rate dropped 3.8-1.2 kg/t-p for a
basicity of 0,).

The No. 1 furnace at Kakogawa is large (11.6 m hearth dia., working
volume 2843 n3), and is equipped with moveable throat armour to secure
uniform burden distribution. Before self-flured pellets were used in this
furnace, basic tests of the burden distribution were carried out, uring a
1/10 model of the furrace.

On the basis of these tesgt results, various tests were carried out
on blast furnace operation, leading to the establishment of conditions for
optimum burden distridution. By making the gas dimtribution at the furnace
top wniform, it wcs possible to improve the productivity and lower the fusl
rate.

After the furnace conditions had bee- stabilized by manipulation of
the throat armour in this way, a study was made of the reductior behaviour
of self-fluxed pellets with a view to furiher lowering of the fuel rate.
inorease in pellet basicity anu control of porosity caused an improvement
in the reduction properties of the pellets. The reduction of pellet sise
isproved the reducibility, which in turn led to a marked drop in the fuel
rate of the furrace.

It has been found that reduction in pellet aize is also effective in
preventing holdups in reduction due to the metallic shell formed,



1. Introduction

Studies on the production of relf-fluxeqd pellets have been made over
a long period, but there have been no instances in which they been pro-
duced industrially and used regularly in blast furnaces.

However, in Kobe Steel Ltd , we aimed at the reduction of fuel rate in
the blast furnace and at the imp

duction of self-fluxed pellets and in clarifying
duction of self-fluxed pellets . After we have continued our studies on quality
improvement, we now have come to the conclusion that we are able to produce

self-fluxed pellets far superior in quality to ordinary pellets by choosing
suitable indurating conditions.

Thereupon, since starting up the pelletizing plant, constiructed in the
Nedahama works, in September 1966

in April of the next Year, shifte

ordinary operations, it was noted that reduction in fuel consumption and pro-

ductivity improvement had been made possible by the use of self-fluxed pellets 1)

at an increased proportion. Thus we wvere able to attain our initial objectives:
This vas followed by the commencement of operation of a 2 million-ton/

year pelletizing plant at Kenkogava works in July 1970. No.l blast furnace
(hearth dia.=11.5m) of Kakogava, simultaneously Put into operation, used a
high proportion or 80 - 85% self-fluxed

pellets; this furnace has been in suc-
cessful operation up to the present .2

This report will cover the production and
properties of self-fluxed pellets, and also the operating data of blast
furnaces.

2.  Production of self-fluxed pellets.

2.1  Rav material.
We are using iron ores
after mixing several types.

The proportion is at tines varied according to the incoming ship-
ments of the ore. One instance of main burden used at the Kakogawa pel-
letizing plant is shown in Teble 1.

The proportion of aagnetite con-
centrate is about 20%.

Tgbge 1. Chemical compositions of main raw uterig_lg

imported from various parts of the vorld

Kind of Ore T.Fe Pe0 8102 Ca0

.I.

ALO, M0 8 L.o

Magnetite concentrate 66.14 26.6 0.43

Hema. with specular hema. 66.69 0.15 2.47
Lov grade hema. wvith
1limo

Hema with limo. 61.32 o0.21 2.80

1.50 0.77 2.86 0.0%0 0
0.07 1.2 o0.05 0.005 1.57

. 59.83 0.23 6.84 0.06 3.98 o0.05 0.013 3.58

0.03 3.00 0.06 0,014 5.06

Hema. = Hematite, Limo

+ = limonite, L.0.I. = Loss on Ignition
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2.2 Equipaent
Fig. 1, 2 ana Table 2 respectiv

and specifications of main equipment. Grinding is done t
closed-cirouit system,

ely show the flow sheet, layout,

Limestone is ground in the system together
vith the ore,

Balling is done in the disc pelletizer; indurating ie done by the
grate-kiln system,

The grate is divided into three passes, g0 that it is possible to
treat limonite ores contain

Extensive uge

to save manpover, improve qQuality, and stabi-
lize {t. Especially in the indurating of self-fluxed pellets, it is

hecessary to have precise control of the indurating temperature in the

kiln; thus the use of computer for making this control &ssures a succes-
ful operation,

Pig. 3 1is a Coamparison of the f
the Banually controlied and the ¢

ing temperature. It shows that ¢
$50°C but thaet the

luctuation in temper- tures betveen
omputerized control of the kiln induret-

he manual control gives a fluctuation of
computerized control minimizes it to +10°C,

Table 2. Qgt of main items of plant

Name Number Specification
Ball mi1]1 3 h.9¢xT.55m length
Orinding center drive type 3000kw
Alr separator 6 5.5m¢
Disc pelletizer 8 6.0m¢
Baliing Seed screen 8 1.8m widthxs, kom length
s opening Tmm
buraing Travelling grate 1 k.Tm widthx6Tm length
3 chambers
{dry, dehydrate, preheat)
Rotary kiln 1 6.6mgxbbm length
Mnular cooler 1

17méx2.5m width

2.3 Quality of Kakogawa pellets.

Table 3 shows en instance of the Qualities
produced by Kskogawa pelletizing plant of Kobe Steel L4, Table 4, fop
comparative purposes, givea the Specifications ip Japan of
RAry pellets. When the two tebl
fluxed pellet

Yy the dry grinding
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Table 3.

Qualities of Kakogawu pellets (Typical example)

Crushing strength
Tumbler index
Porosity
Mean size "
Degree of contraction (R.Tu.g.)
Degree of reduction (R.T.u.L.)
Degree of reduction (JIS)
Bwelling index (JIS)
Strength after reduction (JIS)
Chemical composition
T. Fe
FeO
810
ca07510,
8
P
Cu
'1‘102

300 kg/P
-lmm 3,
2y - 2,4
11.5mm
30 - 35%
90 - 95%
85 - 90%
8 - 12%
65 kg/P

60.0%

® Reduction-Test-under-Load

Load: 2.0 kg/cm™, Temperature: 800 - 1100°C

Reducing gas: CO 30%, N

Bample: 505mm Thick, Refiction tube: TSmm 1.D.

. Table b, Specificetions of imported pellet (An example)

Crushing strength (mean value)
Crush ng strength (min. value
Tumbler index
8ize (9 - 16mm)
Bize (-5mm)
Degree of reductin (JIS)
- Strength after reduction(Jis)
Bwelling index
Chemical composition
T. Fe
810

A
8
Cu

250 kg/p min.(6 - 16mm)
-80 kg/p 5% max.
-lnm 4% nox.
85% min.
% max.
60%
k5 kg/p min. (9 ~ 16mm)
14% max. (9 - 16am)

64.00% min.
5.00% max.
1.50% max.
0.05% max.
0.01% max.
0.03% max.

2.4 Pellet quality control.

Our routine quality control items are shown in Table 5.
Bampling is done by an automatic box sampler, installed in the

ohute of a belt conveyor, which passes the soreen product and conveys it
%0 the blast furnuce or the ore stock yard.

Of the items shown in Table 5, the utmost importance is attached
to the reduction properties, such as softenting property and reducibility.




The reason for this is that a very high level of cold crushing strength
is obtained,as is seen in Table 3. This strength is commonly regarded
as very important. '

Porosity is regarded as import.nt as a means of . stimating the
reduction properties. Although the reduction properiy ia important,
the method for testing it is complicated and the test takes a long time.
For this reason, the measuring frequency is actually limited to a consider-
able extent. So, 1t is desirable that the estimation be made by the use
of some other simpler method of meesurement. In this sense, porosity is
better than cold crushing strength. It i3 essentially for this
reason that the frequency is as small as once a day, despite the import-
ance attached to the reduction property.

It is clear that this degree .of frequency is not enough for making
& comparative study in relation to the operuting data of blast furnace
This, however, is compensated by porosity. But, the relationship between
porosity and reduction property is not determined by any one factor, dbut
it varies with other factors, such as basicity. Consequently, it is neces-
sary to grasp at all times the relation between porosity and reduction
property. Softening property and reducibility are being measured mainly
for this purpose. Fig. b and Fig. 5 show relationships between porosity
and softening property & reducibility.

Table 5. Frequency of the tegts

Item Frequency Items Frequency
Chemical analysis every 2 hrs Reducibility (JIS) every 2 days
Cold crushing strength every L hrs Reducibility (R.T.u.L.) every day
Poroaity every 4 hrs Softening (R.T.u.L.) every day
8ize distribution every 8 hrs Swelling (I8) every day

2.5 Problems concerning the production of self-fluxed pellets.
There were initially doubts about such probleme in the production
of self-fluxed pellets &3 the reduction af productivity, the occurrence
of adherence on the rotary kiln wall, and the reduction of desulphurisation,
However, none of these fears wvere Justified to any large extent.
1) Reduction of productivity
The ground particle size of limestone is finer than that of iron
ore, which makes it easy for bursting to occur on the grate.
Purthermore, the heat of decomposition of limestone in the preheating
tone prolongs the time of preheating. For these reasons, it was feared
that productivity might be reduced, but actually the results did not
Justify them to any significant extent. )
That is to say, as shown in Fig.6, the productivity of the Kakogawa
and Kobe pelletizing plants is about the same as that of any other plant.
Consequently, it is considered that the reduction of productivity of
self-fluxed pellets is small.
Also, the productivity in the rotary kiln is not much different
from the case of ordinary pellets, as can be geen in Fig.T.
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2) Kiln adherence

Kiln adherence is belicved t» be caused by factors such as ahbrasion
of preheated pellets, the prese .ce of lov-melting point minerals such
as calcium-ferrite, and an ex-usujively high indurn*ing temperature,

As the basicity of peiiets increased, it was noted that the ocur-
rence of kiln adherence tended to increase. However, this tendency
shoved a decreease as the degree of skill in the operation increased.
There is hardly any case of operational trouble due to kiln adherence.

3) Desulphurization

As an increase was made in the basicity of pellets, it was noted
that the 5 content of product pellets showed an increase, To look
into the cause of this phenomenon, we investigated the behavior of
sulphur in pellets during the heAting process in comparison wvith the
case of ordinary pellets.

Results are shown in Fig.8, 8 in pellets decreases more or less in
the dehydrating zone, and considerably increases in the preheating
sone. Thereafter, for ordinary pellets, the desulphurization in the
kiln progresses to the full. In contrast with this, in the case of
self-fluxed pellets, the desulphurization is slow and the S content is
high. For this reason, desulphurization tukes place also in the cooler,
After all, the B content of product pellets is higher than that of
ordinary pellets.

The increase of sulphur in the preheating zone is due to the ab-
sorption of 80, in the exhaust gas of rotary kiln that is here irtro-
duced. In the“case of pelf-fluxed pellets,the presence of CaO causes
80, to be fixed, impeding the desulphurization within the rotary kilnm.

As a result of this investigation, it has been found that there
is an essentia) reduction in desulphurization in the production of
self-fluxed pellets.

Blast furnace performance using self-fluxed pellets

3.1 Performance at Nadehama No.. blast furnace
Almost all of the self-fluxed pellets produced at Nadahama pellet-
ising plent have been used at Nadahama Nc.3 blast furnace (hearth dia.
= 9.5m), and some investigationsl) have been performed.
3.1.1 Effect of pellets proportion of burden

In order to investigate the effect of pellets proportion of burden
ob blast furnace performance, an experiment was carried ocut at Nadahama
Bo.3 blest furnace,

In the experiment, pellets proportion of burden wasgraduslly in=
creased from period I to IV, keeping the other conditions constant as
mich as possible.

The operating data durirg the experiment are ghown in Table 6.

As can be seen from the table, folloving results were obtained.

1) Permeadility in furnace was improved with the increase of pellets
proportion. Relation between pellets proportion and permeability
is shown in Fig.9. The improvement of permeability is considered
to be mainly due to the pellets size distribution, particularly to
the low fraction of fine,

Production rate was increased with the increase of pellets pro-
portion. 1In period IV, however, sligut decrease of production

rate vas observed. This is due to the fact that blast volume could
not be kept constant because of the drop of blower capacity in
sulmer .




But the increuse of production rate with the increase of pellets
proportion is clear in the data of corrected production rate which
is modifled by blast voiume. The resson of the increase of pro-
ductivity is considered to be che high permeabil ity and reducibility
of burden.

The increase of production rate in period II and II1 were calculat-
ed with the valuc of stage I as standard. The value obtained is
5.5 t/d for period II and 6.38 t/d for period 1II, respectively.
These values correspond to the increasing rate of 0.17 - 0,19% for
one percent of increase in pellets proportion.

Fuel rate was decreased with the increusc of pellets proportion.
This is mainly due to the high reducibility of self-fluxed pellets.
The reducibility of burden in each period is shown in Table 7. In
Table 8 and 9, carbon bulance and hest balance in test period are
shown. From Table 8, it s known that reducing gas efficiencies
(Beo, Eaa) are increased with the increase of pellets proportion.
The decrease of fuel rate in period II, III and IV were calculated
vith the value of period I as standard, and the results are shown
in Table 10. From the results it is clear that fuel rate decreases
at & rate of 1.3k - 1,59 kg/t-p for one percent increase of pellets
proportion.

Table 6. Blast furnace operating data with fluxed pellets,

Test period 1 . III

-Smerating date

Burden composition (%)
Fluxed pellets
Algarrobo
Selo-lman
Kiriburu
Goldvwarthy
Hemersley
Krivoi-Rog

Production rate (t/d) . 3288 3355 3213
Corrected production rate 3208 3355 3336
Coke rate (kg/t-p) k62 Lu8 k39
01l rete (kg/t-p) 45,6 4.1 49.9
Ore/coke 3.288 3.357 3.hT4

Blast data 3
Volume (Mm”/min) 2940 2940 29ko 28k0
Pressure (g/cm2) 1609 1572 1474 *386
Temp. (°C) 3 1080 1080 1071 1054
Moisture (g/vm”) 15.7 17.4 21.2 22.7
Volume/pressure 1.827 1.870 1.995 2.0k9

81 in pig iron (%) 0.51 0.53 0.49 0.50
8 in pig iron (%) 0,046 0.042 0.038 0.040
”“}
Slag data
Volume (kg/t-p) 259 253 243 U7
Ce0/510 1.23 1.2k 1.24 1.24
Aﬁ(i) 13.91 13.98 15.57 14,79
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Top gas data
co, (%) 18.4 19.0 19.6 20.1
co® (%) 23.4 23.4 22.9 2.1
H, (%) 3.0 3.1 3.3 3.5
N, (%) 55.2 54,5 5k, 2 54,3
Témp.(°C) 18 176 164 182
" Hanging/d 0 0 0 0
81ip/d 7.0 11.0 9.1 3.2
Dust (kg/t-p) Ly, 32.5 34.9 28.1
Charge/a 153 152 149 140
* Corrected by blast volume.
Table 7. Average reducibility. of burdens in varjous test of period.
Period I Period 1I Period III Period IV
68.2 69.8 T2.0 73.1
* measured by JIS method
Table 8. Carbon balance for test operation g&;[t-gil).
Test period
It I II IE-I. Iv
C in coke 422.6 b1y .6 402.9 398.1
| C in oil 37.9 39.3 38.8 k2.9
| C in pig iron bk, 3 Lh,0 Ly, 2 b3.5
i C in dust 1k.0 10.2 11.0 8.7
| C gasified ho2.2 L00.7 386.5 383.8
C consumed by dry blast =87.1 279.4 267.0 263.4
C consumed by H20 in blast 13.6 4.7 17.2 18.2
C required reduction of
s‘.. m . P 7.3 7-T 103 Tah
C solution loss 94,2 98.9 95.0 94.8
Eco (%) 41.0 b2.0 bl b k6.7
Eyp (%) 32.7 34.8 36.5 39.1
Table 9. Heat balance for test operations (kcal/t-pig).
The period
It!!! I 11 I Iv
(1nput)
Combustionof coke 607,743 582,471 55k ,526 535,815
Combustionof oil - Th,b61 77,169 76,323 84 ,ubs
Heat of indirect reduction 19,348 18,736 17,821 16,245 |
Heat of dry blast k6l k86 LL9,971 426,429 b1y,596 |
Heat of oil 2,310 2,394 2,593 2,507 ’
11,815 13,678 14,203

Heat of meisture in blast 10,957
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Total heat in 1,179,305 1,142,556 1,091,370 1,067,851
(output)
Heat of H, reduction 6,883 7,725 9.870 10,942
Heat of Bg, Mn, P reduction L9,791 41,502 40,984 k1,243
Heat of solution loss 301,Lk0 317,760 304,000 303,360
Heat of calcining of limestone 33,200 27,000 16,200 11,870
Heat of metal 303,2k0 304,590 304,500 304,010
Heat of slag 108,949 106,700 102,500 106,277
Heat of decomposition of

moisture in blast 32,195 34,545 40,420 k2,770
Heat of top gas 112,712 107,846 96,969 107,122

Rediation and cooling losses 239,897 194,888 175,921 142,257

Totsl heat out 1,179,305 1,142,556 1,091,370 1,067,851

Table 10. Relation between pellets proportion and corrected fuel rate.

Test period

It I 9 111 v
Pellets proportion (%) 5k,1 60.8 70.4 80.7
Corrected fuel rate (kg/t-p) S1h 505 L88 480
Difference from period I

(kg/t-p) o -9 -26 -3h

3.1.2 Effect of pellets basicity
At Nadahama pelletizing rlant, the basicity of pellets has gradually
besen increased since shortly after start-up. The effect of pellets
basicity on the blast furnace performance waas examined for the following
period, keeping the pellets proportion of burden constant at about T0%.

Period I Ordinary pellets (Oct. 1966 - Nov. 1966)
Period II  Ca0/810, = 0.5 (Nov. 1966 - Dec. 1966)
Period II1 CaG/510 = 1.0 (Dec. 1966 - Janu. 196T)
Period IV  CaG/Si0; = 1.3 {Janu.1967 - Feb. 196T)
Period V Cao/sm2 = 1.4 (May 1967 - June 1967T)

The results obtained are shown in Table 11. In Tetle 12 and 13
chemical compcasitions and physical properties of the pellets used during
the test period are shown. From Table 13, it can be seen that the re-
ducibility of pellets improves with the increase of basicity.

From Table 11, it is clarified that coke rate decreaseswith the
increase of pellets basicity. This is due to the improvement of burden
reducibility according to the increase of pellets basicity as mentioned
above. As the other reason of decrease of coke rate, such factors as
decrease of heat loss carried out by top gas and caused by decomposition
of limestone are considered.

The relation between basicity of pellets and corrected fuel rate
are shown in Table 14. From this table it is clarified that with pel-
lets proportion under 70%, fuel rate decreases at a rate of 3.8 - 4,2
kg/t-p per 0.1 of basicity increase.
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Table 1i. Blast furnace operating data with regular and fluxed pellets,
~ Test period 1 11 11T 1V v
Flux. d Fluxed Fluxed Fluxed
Ordina- pellets pellets pellets pellets
ry Ca0/510 Ca0/510, Ca0/810,, c.o/smz
Operating data pellets =0.5 =1.0 =1.3 =1.4
Burden composition
Fellets (%) 70.0  69.9 69.9 69.9 57.9
Sized ore (%) 30.0  30.1 30.1 30.1 k2.1
(kg/t-p) 158 129 T7 51.2 59
B.O.H.8lag(kg/t-p) ho 29 L8 43 Ly
Production rate (t/d) 1716 2151 2403 2809 3185
Corrected production
rate* 1791 2212 2ho3 2609 3246
Coke rate (kg/t-p) 587 563 553 519 478
0il rate (kg/t-p) 0 0 0 0 3.2
Ore/coke 2,591 2.6ks5 2.756 2.932 3.228
Blast date 3
Volume (Mm”/min) 1856 2136 2325 2h20 2829
Pressure (g/cac) 997 994 119k 1288 1530
Temp. (°C) 3 891 972 88s 1070 1078
Noisture (g/Nm”) 19.0 17.7 28.1 29.0 21.3
Volume/pressure 1.906 2.152 1.947 1.880 1.849
8f in pig iron (%) 0.57  0.52 0.5k 0.49 0.47
8 in pig iron (%) 0.060 0.043 0.036 0,043 0.0h1
Slag data
Volume (kg/t-p) 294 269 278 265 2h3
Cal/810 2.4 1.13 1.2 1.23 i.zlo 1,24
A1,0 11, 11,22 11.1 1k4.31 13.92
2% (%) 3 T
Top gas data
co, (% 17.7 18.2 18.7 18.9 19.0
co® (% 25.1 2k, 9 23.9 23.8 23.9
i, (%) 1.8 1.6 2.0 1.8 2,8
2 (5) 55.9  55.3 55.4 55.4 5h.3
Temp. (°C) 223 222 21k 181 176
Hanging/a 0 0 0 0 0
8lip/4 0 0 0.6 3.3 8.8
f (kg/t-p) 17.0 13.3 20.3 21.7 31.7
Charge/& 106 122 135 146 152
Shut down (min 14) 4o 28 0 0 2k
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Taeble 12. Chemical composition of regular and fluxed pellets.

Type of pellets T.Fe Fe0 5i0, CaC Al TiC, MnO  Ca0/8i0,

g

Regular pellets
Self.fluxed pellets 62.30 0.42 5,90 0.88

C|058102: 0.5 61.52 1.77 k.13 2.03

23

00 0.kl 0.25 0.15
02 6.k8 0.25 0.49
16

33

5L

1
1
1.0 60.53 1.08 h.20 L.24 oO. c.ks 0.26 1,01
" 1.3 61.06 0.72 3.46 L.50 1. o.k4 0.24 1.30
" 1.4 61.31 0.k 3.29 L.5T 1. 0.31 0.37 1.39

Teble 13. Phyaicel properties of regular and fluxed pellets.

Item Compression Tumbler Reduci~ Final pressure
Porosity strength index Ybility drop(R.U.L test

ﬁ'n. gf Egllets “) (k;[p_ellet) L*SMZ) (’) JEA.L) -

Regular pellets 21.7 425 98.1 58.5 8
Self-fluxed pellets

010/8102: Q.5 23.2 409 96.5 6L.6 58

" 1.0 23.9 L6S 97.9 73.8 91

" 1.3 26.9 L1k 97.0 17.6 296

" 1.b 26.9 398 9.3 79.0 310

—

Table 1k, Relation between Ca.O/SiO2 of pellets und corrected fuel rate.

Test period

!t I II 111 IV‘. v
Ca(/810, of pellets 0.15 0.49 1.01 1.30 1.39
Correctgd fuel rate (kg/t-p) 549 5h7 513 506 h99

Difference from period I (kg/t-p} O -2 -36 -L3 -50

3.2 Performance at Kakogawsa No.l blast furnace
‘ Kakogawa No. blast furnace ig a large_orne, with a heartn dia. of
11.5 m and effective inner volume of 2843 md. It has equipment for
the control of burden distriiution, namely moveable throat armour.
At Kakogewa No.l blast iurnace, we have been studied particularly
the effect of burden distribution and qualities of self-fluxed pellets on
bdlast furnace performance.
3,2.1 Effect of burden distrivution )
Before actual operaticn of armour, ve made a detailed experinent2 at
our Central Research {aboratory on the burden distribution using s model
shaft with a reduced scale of 1/10 for Kakogawa No.l blast furnece. .
Based on the results of the experiment, we made an investigation®),
in sctual blast furrace performance, cn burden distribution using the
throst armcur for three periods.
Fig. 10 ghows operating results for ilhe periods. The pellets
proportion of burden during the investigation is about 80% and the pro-
perties of the pellets are as shown in Table 3.




d(i

i
r~
4t

!

v-RA
..-3' p

VAl
{Coke Rale)

-

mw % s1 & ¢ 3 2§
PR L LT




16~

Prior to the rirst rlternation of throat movable armour setting
(Period 1), the furnure wag rurn witn charging sequence of C/C und meaium
setting position of the thrust movall. armour ror cuhe, vetting position
at medjum for pcllvte und cokr base of I8, Under thege conditions, the
furnace behavi r and the fu.; consump® lon were net satisactory.  High
sulphur content. of . 0574 (nverage) a ' wider “luctuatic of this were
observed and six tuyeren werc damaged per month, Fig, Jl-i shows the
typical terperature and CO., content founc for the burden in question
over the furnace rudius. Frcm the viry Ligh tempersture snd very low
CO, content in the center of the furnece it was concluded that this was
a Central operaticn. The imporiant thing was to improve gas tlow by
Beand of the ualyetaer of the throat ovable rmour, namely to increase
the top gas utiliazation in order to reduce the fucl consumption., In
order to minimiz- the loas ot the high senusible heat of the top gas un~
utilised in the centre of the furnace 'wc different armour settings for

ellat charging were adopted, according to the charging gequence of
g/? /C/P2 without sny perticuler alternation of throet armour for coke,
ho\)rl\rer. coke tase increased slightly compared with period I. (Period
I1

During this period fcr the pellet charging, the armour settiing sys-
tom Conafsted of the . uter gide setting position for the tirst charging
(ﬂ and the (nner sjde setting for the aecond churging (F,). The tempe-
rature anc gas compositicn variaticnus thus obteined can be“seen in Fig.
11-11. From this, the temperature decresses suu the O increases at
the center of the furnace, ihis fodicate Lhat very intefisive gas flow
at the center was moaified, A! the periphery, however, the temperature
vas relatively nigh, o thet unitorm gus tlow hus not been obtained.
Decreages in the top gu3 tempersture und increwses 1n the pas utili-
sation (CO’/C&"%*»CU,,S; vere oblalined. As o resuit, fuel consumption
(Coke rate ¢ ;1 rate] dropped from 507 kg te 210 kg per ton of hot
metel and gniphur content s fee flucruetion were reduced. As to the
damage of the tuyers, the resuits snow a figuce o tnree tuyeres damaged
per month,

In an atiempt to obtain tu: vurther rodification of the gas
flow, improve..ent. on the two differe t armour retting :r the pellets
vere carrjed out with slight lneress.. ol tue coke Las. to U7 t (period
111). During thie pertud, armour cotting position for the pellets
varied according to the probe memsurement record. For the coke charging,
Armour rettirg wes {lixed at mesiwn setiing position. The temperature
differential fcurd betw en over tle radius markzdly reduced compured
With gericn "L noaddit, % 1o a corsiderable ;ncrease in the COp, which
BeARS 1ncroage in the Lop gas ut!lisation, the sensible heat and temp-~
erature of the t.r gas vere sloc reduced, ac shown .n Fig, 11-1IT. On
the operating re:cults, fuel consumption {mproved 36 kg per ton of hot
metal, and production rete ircressed 3%; to. yper dey compared with
period 1, Sulphurcontent and jte fluctuation were markedly reduced,
M one t\wprﬂ was danmﬁd per novnth, Ag a resulit, the furpnace Yu. run
very smoothly with lov fucl counoumption,

The dittrilution o1 the material was concidcrably modified, and
then almost uniform ges flow wae obtained. This uniform s flov may have
oontributed to reduciion {in fuel consumption.

In order t. :larify the rems > for the reduction of fuel consump=
tion, a two-ctage heat balance (retere ca temperature of 100C°C) was
calculated. Tabie 15 ghowr a reaults of the cnlculaticny, The totald
hoat input decrensed fram 277.5% x 1)3 Keu) rer ton of hot metal in
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period IlI. The decrease in the combustion heat of coke and sensible
heat of blast mainly contributed to the reduction of the total heat
input. Decrease in the total heat output was hrought by the decreege

in the heat of direct reduction, Therefore, reduction of fuel con-
sumption may be brought by decreasing the heat of direct reduction,.*

E’.lcultting the operating lines at each period according to Rist's
method®/, it was found out that the shaft efficiency is improved from
period I to period 111, i.e., as gas flow distribution ie improved. As
the reducibility of the Pellets and the oil rate irp the blast furnace
have been almost constant during these periods, it was concluded that
the uniform gas flow contributed considerable improvement of the shaft
efficiency, and then the coke rate decreased from period I to period
III1. ‘

]
Table 15. Two Stage Heat Balance at Kakogawa No.l Blast furnace

Periog I I1 111
Iten Unit x103¢ca1/mm8  x103KCu1 /THM X10°KCu1 /i
Combution Meat of Coke 572.5 5535 5k2.3
Bensible Heat of Blast 1C1.8 98,2 76.3
Combustion Heat of 013 205.2 217.% 202.7
Total 8719.5 869.2 821.1
" Heat o’i‘ Decomposition of 31.4 53.5 3.1
0 in Blast
at of Direct Reduction 3681.3 360.7 3%.5
of Iron Oxide
Reat of Reduction & Melting 69.9 60.7 ST.7
of 810,., MnO, PO
Bensibie Heat of flot Metal, 396.7 1.5 93,8
Bensidble Heat of Slag Heat
Loss
Total 879.5 869.2 8z21.1

m—— . - e e

® Reference temp.: 1000°C

3.2.2 Bffect or pellets quality

80 far as the qualities of pellets were concerned, sof tening
property, reducbility, and porosity were studied.

n our study on the reducibility of the self-fluxed pellete, a
slowing down of the reduction rate was obgerved during the high~temperature
reduction. Fig. 12 ghows the rate of reducticn at various temperature.
During reduction, a formation of metallic iron shell wes observed, and
this proved o be the reason for the nlowing down of reduction,
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To avoid the suppression of reduction by metallic iron shell in
the blast furnace, it {s most efficiert tc keep the uniform operstionm.
As amother means to prevent such drfect of peliets, v madc the pellets
sise smaller.

Fig. 13 shows the relaticn betveen pellets site and fuel rate in
blast furnace. From this figure the effect of pellets size reducing
fusl rate is clear. The effect of reducing pellets size is consider-
ed to be due to the improvement in reducitility. 1n Pig. 1k, the re-
lation between pellets sise and reducibility v shown.

As mentioned beforq we bave porformed str.ct daily quality oon-
trol at tlepelletizink plant. We investigated3/ the effect of pellets
quality on the blast furnace performace with the da!ly quality comtrel
data. '

The results are shown in Pig. 15 - 18. Fram thece results it ig
clear that (1) gas pressure drop in the tlast furrace decreases vith the
decrease of contraction (improvement of softening prcperty), (2) fuel
rete decreases vith the increase of reducibility, (3) porosity has the
influence oo both gas pressure drop snd fuel rate, namely gas pressure
drop decreases and fuel rate incresses wvith the decrease of porosity.

Consequently ve consider these pellet qualitier to be of major
significance in blast~furnace performance.

In Table 16, the target cf pellets quality control is shown.

Zable 16. Target of pellets quality coutrcl

Ttems Target of control
Cold crushing strength (xg/p) 280
Porosity (%) 2h - 28
Nean size (mm) 11.5 ¢ 0.5
Degree of rductlcm.(h 8o
.
Degree of reduction ‘(l) 68
Dagree of contraction (§) L}
Svelling index 13.0
¢ J18, ¢ Reductiorn. - Test « under - Load

6. Cemeclusion
It 1o ostablished by fundamental studies on the production of selfe
flumed pellets and the practical operation that in case of self-fluxed pellets
oontrol of indursting temperature is important much more then in the case of
ovdinary pellets.
It is proved from the Llast furnece performance that self-fluxed pellets
e sumerior to ordinery cellets sa hblest furnece materisl,
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