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The Sintering Behavior of Raw Material Bed Placing Large Particles

Takazo KAWAGUCHI, Chikashi KaMuo and Masaru MATSUMURA

Synopsis : The pot tests, under the condition that large particles were placed in the sintering bed, were carried out for improvement of permeability. The
large particles include green balls made from Marra Mamba ore, fired pellet, sinter, dense alumina ball and pisolite lump ore. In the course of
pot tests, permeability before ignition and during sintering, bulk density and yield were measured. Also the cross sections of sinter cakes
were observed. As a result, the permeability before ignition and during sintering was both increased regardless of the increase in the bulk
density of sintering bed. When the large particles were placed, the calculated bulk density of sinter mixture (the rest part of bed excluding the
large particles) decreased in inverse proportion to the surface area of large particles. Therefore, the effect of placing large particles was con-
cluded to cause the permeability increase. Placing large particles occasionally decreased yield owing to void formation under the alumina
balls in the sinter cake, which was confirmed the visual observation. It is proposed that the increase of coke and/or CaO contents in fine layer
and adding carbon in the green balls are effective for yield recovery.

Key words: sintering process; sintering bed; large particle; sinter mixture; permeability; bulk density; apparent density; yield; productivity; Marra
Mamba ore; pisolite ore.
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Table 1. Characteristics of large particles.

Large particle |Particle size| Average size | Apparent density| Moisture | Series
characteristics (mm) (mm) (dry-g/cm®) | (mass%)

Green Ball Y 10-15 12.8 3.09 9.9 Test A
Green Ball Z 10-15 13.2 2.88 10.3
(bearing BF dust) 5-10 9.4 2.91 10.2
Fired pellet 10-15 12.8 3.80 20
Sinter 10-15 125 3.80 0.0

Pisolite lump 10-20 16.6 3.11 0.0 Test B
Alumina ball 15-16 15.4 3.77 0.0
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Grate
20mm Table 3. Blending ratio of green ball.
S Windbox Brands Green Ball Y| Green Ball Z
| 1 Mara Manba_fine 93.8mass% 88.2mass%
Limestone(-1mm) 6.2mass% 5.9mass%
Fig. 1. Schematic view of the experimental apparatus. BF dust = 5.9massh
Table 2. Chemical component of ores (mass%).
Brands TFe Si0, Al,O, CaO L.OL F.C.
Mara Manba fine 62 3.8 1.9 0.0 5.5 -
Hematite fine C 64 3.7 2.0 0.0 2.0 -
Pisolite fine K 57 5.5 2.5 0.0 9.0 =
Pisolite fine J 59 5.2 1.2 0.0 9.0 -
Hematite fine D 64 4.9 2.1 0.0 2.6 -
Hematite fine E 68 0.6 0.7 0.0 1.2 -
BF dust 4 4.7 24 3.3 - 30
Limestone 0 0.0 0.0 55.0 - -
Serpentine 6 39.2 1.3 1.8 - -
Dolomite 1 0.4 0.1 35.6 - -
Return fine 59 44 1.8 8.5 - -
Fired pellet 65 26 0.5 2.5 - -
Sinter 59 4.3 1.8 8.6 = -
Pisolite lump 59 5.1 1.1 0.0 8.3 -
Alumina ball 0 5.0 93.0 = - -
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Table 4. Blending ratio of sinter mixture for each test case. (*: variable)

Test| Case Brands Largr particle Sinter mixture without large particle (mass%)
(mm) mass% CaO% [Mara manba| Hematite C | Pisolite K | Pisolite J [ Hematite D| Hematite E
Base(A) - 0 9.0 30 15 13 13 - -
YL34 | GBY (10-15) 34 9.0 - 16 13 13 - -
Y34 33 12.8 - 16 13 13 - -
A ZL34 | GB Z (10~15) 35 9.0 - 16 13 13 - -
Z34 34 12.8 - 15 13 13 - -
L7 22 9.0 - 19 16 16 - -
Z'.34 | GB Z (5-10) 35 9.0 - 16 13 13 - -
2'34 34 12.8 - 15 13 13 - -
Z’L17 22 9.0 - 19 16 16 - -
P Fired pellet 33 12.8 - 16 13 13 - -
S Sinter 33 128 - 16 13 13 - -
Base(B) - 0 8.7 - - - 39 19 17
B L Pisolite lump 17 8.6 - - - 20 30 8
A Alumina ball 17 7.0 - - - 32 15 15
Test| Case Brands Largr particle Sinter mixture without large particle (mass%) over (mass%) Total
(mm) mass% CaO% | BF dust | Limestone | Serpentine| Dolomite Return Coke Charge (kg)
Base(A) - 0 9.0 2 12 - - 15 4.1 53.0
YL34 | GB Y (10-15) 34 9.0 - 7 - - 16 4.1 53.0
Y34 33 12.8 - 10 - - 16 4.1 53.0
A ZL34 | GB Z (10-15) 35 9.0 - 7 - - 16 41 53.0
234 34 12.8 - 10 - - 15 4.1 53.0
ZL17 22 9.0 - 9 - - 19 4.1 53.0
Z'L34 | GB Z (5-10) 35 9.0 - 7 - - 16 4.1 53.0
2'34 34 12.8 - 10 - - 15 4.1 53.0
Z’L17 22 9.0 - 9 - - 19 4.1 53.0
P Fired pellet 33 12.8 - 10 - - 16 4.1 53.0
S Sinter 33 12.8 - 10 - - 16 4.1 53.0
Base(B) - 0 8.7 - 12 2 1 10 *4.2 57.3
B L Pisolite lump 17 8.6 - 12 1 1 10 *5.0 59.0
A Alumina ball 17 7.0 - 10 2 9 8 3.9 59.3
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Table 5. Test results of sintering facters for the pot tests. (*: dry-mass)

Brands Large perticle Sinter mixture Bed height Bulk density
Test| Case Blending ratio | Total surface Bulk density] Before Sinter cake | Before | Sinter cake
(mm) (mass%) (m?) (Ca0%) (*g/cms) (mm) (mm) (*g/cms) (*g/cma)
Base(A) - 0 0 9.0 1.65 462 368 1.65 1.80
YL34 | GBY (10-15) 34 264 9.0 1.43 433 406 1.74 1.67
Y34 2.55 12.8 1.46 431 403 1.75 1.65
A ZL34 | GB Z (10-15) 34 2.85 9.0 1.44 437 382 1.74 1.72
234 2.76 12.8 1.45 437 401 1.73 1.64
zL7 22 1.73 9.0 1.53 447 381 1.70 1.72
Z'L34 | GB Z(5-10) 34 3.97 9.0 1.38 451 373 1.68 1.77
Z'34 3.84 12.8 1.41 445 382 1.70 1.72
ZL17 22 2.41 9.0 1.50 462 368 1.67 1.79
P Fired pellet 34 2.07 12.8 1.54 403 362 1.90 1.91
S Sinter 33 2.12 12.8 142 426 394 1.77 1.72
Base(B) - 0 0 8.7 1.74 466 415 1.74 1.77
B L Pisolite lump 17 0.85 8.6 1.61 470 402 1.78 1.84
A Alumina ball 17 1.24 7.0 1.62 467 424 1.80 1.80
Brands Large perticle Shrinkage Permeability Exhaust gas temp. Yield
Test| Case Biending ratio | Total surface ratio Before Sintering | Rising time | End time +5mm
(mm) (mass%) (m?) (vol%) (JPU) (JPU) (min) (min) (mass%)
Base(A) - 0 0 20.3% 25.3 14.2 19.2 28.3 83.0
YL34 | GBY (10-15) 34 2.64 6.2% 31.1 17.4 115 25.2 57.9
Y34 255 6.5% 31.1 20.7 18.3 27.7 66.0
A ZL34 | GB Z (10-15) 34 2.85 12.6% 273 14.2 18.1 26.2 73.0
234 2,76 8.2% 33.2 19.1 19.1 29.1 71.1
ZL17 22 1.73 14.8% 314 15.8 19.1 27.9 75.6
Z'1.34 | GB Z(5-10) 34 3.97 17.3% 33.0 14.4 19.4 28.4 79.9
Z'34 3.84 14.2% 32.2 16.9 19.8 28.7 71.5
Z'L17 22 2.41 20.3% 33.3 144 19.4 28.2 81.1
P Fired pellet 34 2.07 10.2% 26.0 19.6 16.2 25.5 82.3
S Sinter 33 2.12 7.5% 33.8 24.6 17.4 26.1 852
Base(B) - 0 0 10.9% 16.0 89 254 33.5 79.2
B L Pisolite lump 17 0.85 14.5% 229 105 21.9 28.7 774
A Alumina ball 17 1.24 9.2% 232 12.2 20.6 275 772
Table 6. Effect of mara-manba green ball on each sintering facter.
Facter Green ball | |Blend ratio | [Particle size || Mix CaO | | BF dust |
Base value 234 35% 10-15mm 12.8% GB Z
Action value Base (A) 22% 5-10mm 9.0% GB Y
Height of material % 2.4% 2.8% 0.6% ~-1.1%
Height of sintercake 8 -0.8% % =-2.1% 4%
Density (without particle) 8% ! -3.0% -1.6% 0.0%
Total surface area 00.0% 9.3% % 3.4% ~7.5%
Bulk density (Bed) 4.6% -1.4% % -0.4% 0.6%
Bulk density (Cake) 8% 0.6% 4.0% 0% -1.1%
Shrinkage ratio 47.0% 17.5% 49.0% 23.6% 8%
Permeability (before) 8° 8.0" 8.0% -5.1% 3.8%
Permeability (sintering) % 5.6% -6.3% 8.8% 0
Temp. rising time 0.5% 2.8% 4.1% 9% -3.8%
Sintering time -2.7% 2.9% 2.7% 6.7% 4.3%
Yield 6.7% 2.5% 8.6% ~2.2% 0%
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Fig. 2. Relation between observation value of bulk density
in the sinter pot and calculation value of bulk den-
sity of sinter mixture without large particles at the

test A.
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the test A.
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Large particle (Blending ratio)
25 X:Base (0 mass%)
[m] A :Green ball (22mass%)

@ :Green ball (33-35mass%)
Q :Fired peltet (33mass%)
O sinter (33mass%)

=)

'R

3

o

£ [

g2

E ° f

EO \

< .

3 ﬂ

215

> ) \d 3

o

o

£ |

5 )

a |
10 .

0% 5% 10% 15% 20% 25%

Shrinkage ratio (vol%)

Fig. 5. Relation between shrinkage ratio of the bed height
and bed permeability during sintering at the test A.

WD HREMOEEK FRIZLk 33D Bbhb, Bk
BROBRFEEETME S 1A LS 2@ H 550, ZOmEAHR
SRR FOLEMEIZ&D Rs 2, MR TR, Bk
XUy b, TAIFERD &S K RBEE SR E L (B
LOBESMERA ERRAKE WD, YU S 4 Mg T
7 UONERERTIE, RRWEA M LRI &0, Fig 4
ITIEERAICB Y 20y —3BEL (K AXMEOR
RETRTAH, I vV ERERIZSH > T, BT — %
BEOMKTIZ & D BTEA M E§ 2 EAMPFA S, —F5, B
BRL oy D RBHESD T — 2Zh - T, F—FBEIG
WIZE22bETHRIMMBRIFTCH O, <5< v EhEk
EBMOMIZRE S, Fig SITIXFEBRAIZE T 5 BIGEE
ERBSMEDOBIR AR T, FBIPUEER & BT AR
S, MABROREIZ K 5, BIKED T A58 5B
RLTWB D ELHFEXNS,

3.4 BEBEREEE

ERCTEBR A LS J6 1 5 EORGE & Pk 77 28 ESasR (R
BERTARFERER) & OBR% Fig. 6 108, M I IZIE
BB oD, 2k, AR (ZEEH) —EH» 2|
BE—EDOHBAZHTTH-TE, HHOBE, T45b
BREFERZIZK ST, MR TRES —EThB T &

783



W 784

$% &4 Tetsu-to-Hagané Vol. 92 (2006) No. 12

22 s —
~ [ ]
: ’ / X
S
2 | .
5 Y 4
218 ]
£ [
[}
e
g
%5 16 ) Large particle (Blending ratio)
P X:Base (0 mass%)
£ A :Green ball (22mass%)
= @ :Green ball (33-35mass%)
ao Q:Fired pellet (33mass%)
% O : sinter (33mass%)
x 14
400 420 440 460 480

Bed height of raw material (mm)

Fig. 6. Relation between bed height of raw material before
sintering and rising time of exhaust gas tempera-
ture at the test A.

EEIRL TS, ORI, AN FEEIZB T 55
BOMRGERTRRELERFINS BE (ZEEHE) & ERORE
BIEHFELEKF & 2 ERDERERIZE bR &

RE LTS, FHRERERH A BUE 5 4ud, KR TN
EH 2T THAERRBICED L TR DT, BB S
LRICHNZEHE LT Er e FidfzgEd s 2 5L, 3K
TEHNTRERRBIZED L TH AN, b= by —TI2%
HELRIETEDEELONDS, TOME, RIEHELHE
REANTOEEMHTE, HARNTEEEL THEED L2
MR TOEREIIAE S, TEFEERGIZE 22D S
FIRBERTREER AL -8 D& EA OGNS, BH
EMNIBEBO L — by — FIZB LI X h SRR E
& L B ER g A TR X 1, LD & ARk BRBE T E i
BosEiEkEsREL T, EWMIZIEZ O RIZHEET
Bk EA5b, LHL, REBROLD LEM Tk
WAREL LR - SRAHEEO BRI EMTH D, S5k,
PR BT S BETH B,

—F, BERERIC B B BEOEE IIEOR A A EEL T
EICKE LA 5, BERIE)), FREEN—ESR
HoEREBIZEITA L — S — YV &Fig. TI2RT, TO
BcR e 3 &S ITHKRR T2 BET 5 Z 212 &k - THERK

IR i8] D Rt ?ﬁb%%&ﬁ§®ﬁiﬁﬁw6héolw

] bR A PR D AFAE LS & 5 BEK] & Bt 20l i b
X BEREIERSMA TSI LINHETH B, ATE

BREA FREELI LA BREL 2R LELTESDT,
JR AR OBIR A 5 AN TH S,

3.5 R&EHH

Fig. 8IZFEBRAIZ I 1 2@ %M & B A OBth & ¢
AR T~ 5 < Y NERERIC S > TdAKA Y LT 5
IZE B, N—=Z (AR KT 9 B I
HB, BRANL o b RBEREILIC %ofiﬁ LRI N — 2
A)FEBICHERE IR TS, 72, ZBBIZKITS2&ZETFD
%%%Eg9uﬁ#oHg%@@&%%%mﬁ%%&é&,

92

from hearth layer
--------- 70mm above

exhaust gas

= e 220mm above
T e~ T
1000} Base(B) SO T
~ 500} : ! Ny
T —— TR~ I
§1000 | _Pisolite lump " S -
© ; N
g 500 Vs
% ! . / Ty
= }
© 1000 |- Al205 ball NEPEN

500 ‘I 7‘/\\ —
W] I ALY |

0 10 20 30
Time (min)
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