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Behaviors of Pellets and Sinter in the Cohesive Zone of Blast Furnace
Kiichi NARITA, Masahiro MAEKAWA, and Hiroshi KANAYAMA

Synopsis :

An investigation has been carried out into physical and chemical behaviors of sinter and pellets taken
from the cohesive zone of Amagasaki No. 1 BF.

The results obtained are summarized as follows :

1) The cohesion of burden materials in the early stage takes place by sintering of M- Fe particles form—

ed on their surfaces.

2) Woustite remaining mainly in central part of pellets melts at 1 350°~1 400°C and exudes to the outside.
3) Sinter tends to have higher values of reduction degree, alkali and S contents than pellets because

of the easier contact with ascending gas.

4) Alkali content in burden materials becomes higher with the progress of cohesion and kalsilite is form—

ed in slag phase.
of alkali.

Furthermore, glassy silicate as the main slag phase in lumpy ore contains a large amount

5) With the progress of reduction of wustite to M-Fe, MgO content in residual wustite becomes higher

and a part of MgO forms merwinite in slag phase.
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Table 1. Chemical composition of burdens (%).

@ Kinds of burden T.Fe| M.Fe| FeO |CaO | SiO, | ALO;| MgO | TiO, | K,0O | Na,O | Zn S
Dolomite pellets 60.4| 0.19| 0.40 | 5.53 3.84 1.72 1 1.40 { 0.36 | 0.048 | 0.041 | 0.008 | 0.011
. Sinter 57.0| 0.52| 9.66|9.86|5.68|2.66|0.22 | 0.12 | 0.053 | 0.084 | 0.036 | 0.008
| India ore 67.2 | 0.09 |<0.1 |0.06|0.94|0.92|0.12{0.02 | 0.058 | 0.007 | 0.004 | 0.002
@ Mt. Newman ore 69.0| 0.20| 0.10]0.03)1.17°]0.29 | 0.21 | 0.01 | 0.002 | 0.003 | 0.004 | 0.003
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Fig. 1. Sampling position of cohesive samples.
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Photo. 1. Cross sections of cohesive samples (S-2.5).
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Fig. 2. Change in basicity and slag volume fo
burdens.

Table 2. Change in FeO content in slag and ore.

No. of | Temp. | Kind of | FeO content | FeO content

ore layer| (°C) ore |in slag (%) |in ore (%)
— Pellets 5.2~7.0 30.1
140 | 1300 | giiver | 4.4~7.3 7.9

== Pellets 2.6~8.5 7.2~29.7

130 | 1350 | ginter | 1.5~2.0 | 9.7~10.8
120 1450 | Mix 0~0.3 1.3
100 1500 | Mix 0~0.8 1.7
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NO. 'Rapy 502] S |Kx0 [CaONi; [FeQleum] oS8
T 155 [9.361113/37.1/0.01/0.79/40.1 016 | - 90.1[Meliite
2 019/018]0191320(0.02/0:25/673/008| - [90.1 C25

3 |056(1.26{1.37{8.67|0.03|0.41/446/433 94 7 Perovskite
4 1087(0.19]10.2/38.1,0.24/9.31|359/546) 933

Photo. 2. Chemical composition of mineral phases
in residual slag determined by XMA
(130 S-3.5).
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Fig. 4. Change in Zn and S content of burdens.
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Fig. 5. Comparison of pellets and sinter about reduction degree, alkali and S content.

Chemical analysis| Analysis b
Position| Kind of (%) EPM)‘/’f °/o)y
ores Red. [k, 0[N MgO in|Fe0 in
— deg,| 29 |NazOKSstite | siag
ellets shell 2.00 | 7.08
Upper | - C® corel72:65(0.18 {0.09 | 299 | 7.09
PST[ettershe([ 80.8210.31 | 0.10{<0.1 1.45
‘Pellets 2.65 | 6.1
Middle | core |0092[0:55(0.12 | %5 | &/
Sinter 8157(0.8310.19 | <0.1 2.02
Pellets shell 5.16 2.74
Lower core 90.55(0.83 | 0.34 4.63 2.80
Sinter 8830{1.02 10.32| 0.1 1.58

5 cm

Photo. 3. Chemical and XMA analyses in the
cohesive layer (130).
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As oxide (%) Identified
Na,0Mg0 Si0; | S [ Kz01CaQ|Ti02{FeQ [Total | phase
1. ]0.12 124 1036/35.3 |0.02{0.16 {514 {0.21|0.05/92.8 |Merwinite
2 (053 (3.05(/29.5(27.0 (0.02]0.54(39.1 |0.16 | 0.0896.0 |Melilite
3 |2241027|X3|37.0 |0.01[27.3 ]0.19 |039]0.33|95.6 |Kalsilite
4 1018 )1.78 (151427 [0.06]008|424[500| - [96.1 |Perovskite

Photo. 4. Chemical composition of mineral phases
in slag of pellets determined by XMA
(100).

Table 3. Change in Na,O and K,Q content of
melilite and glassy silicate.
P ; pellets, S ;sinter, M ; mix

. Na;0 _and K20 content (%)
NO. of Tfmp' Kind = melitite In glassy silicate
ore lc\yer (°C) |ofore Ndzo Kzo NClzo 4K20
180 . P 0.13 0.05
16 0 P 0.38 017
S 0.54 0.15
14 0 {1300 P 0.14 0.07
S 0.65 7.19
13 0 |1350 P [0.25~059 |030~052
. S - 0.69 0.17
120 1450 M 2.41 0.77 2.40 358
100 1500 M ]055~126 |037~056 1.99 8.16
Slag 007 027 {0.01~002 {210~231 {5.34~681

D% 150 fhEs B kalsilite (K,0-ALO;-2810,) 73H
B, $BHLAS 7O5MEBTCII7TvH ) D ERTS
7o kalsilite fHITHEE T 5.
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Table 3 1 kalsilite WShod7 4% ) FLEHTH S
melilite 35 L ¢ glassy silicate rop K,O * Na,O @
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) EHEIIRE oo TN T A Eme s b, 12
0O, 100 CiIEEEE R LTWS., L LEDEHRIT
EEITEL, 7 Y EEIC X % melilite Bl oK T
BEIINEWEEZDNRS., FTARVENBELIRAS
BT S melilite Fd 7 v ) SHEBITERE O D IE
IR NME L DT\ 5,

WolE 5, glassy silicate 7 v h U EFE, BT
KO 8F &2 melilite fc bl UCIEFE . T
ARNESHE LT AT ZIZBIT 5 glassy silicate Fhop 7
) EHEENBCONERIRS.

Photo. 5 WL H A 5 7 OB BEFE R 1 filx R
3. TR B EBEARA S Z1Icd kalsilite 23 L,
F DMz glassy silicate p38E%» Hh b, Fig. 3 k%
EWMPAEFOT N ) EERIFEEL LZER L TH
D, AT ZENERRCECEEER TS LHMEAA T 7
HO7 A% ) BETBREILRC vy P ICHE LTI
B k. ZEE, Photo. 5 0fFRA 5 kalsilite
114 & X b, glassy silicate T3 75 VY EERIEFIC
B Ehbhnb.

WYL R D glassy silicate D% K,0-Na,O-
SiO0, ZRERIZ 7 =, b LciERY Fig. 7 Wi
R X 5 & glassy silicate mffigls 600°~750°C &
FEEW IRV, Nz T Photo. 6 2B = glassy silicate
CixHED FeO REFINTED, XLIASIAMET
T5ETFHEIND.

BEr it LOHBEN Vv PR L ORREERAY T
XA 5 7 OEFWIEN melilite TH B 7dD AT Fho T
v ) BEMMEL, BT va ) EEESE L glassy
silicate  DIFFERD A 7o\, \W0IF 5 B A Te & D&l
EEEEIEAMNT T S U BEESS B\ glassy silicate 3%
s PATT A2 VRINEHEDOTA 5 7 DRRIME T3
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As _oxide (%)
NO. INaz0MgO Alquaol S [K20 [0a0 [Ti0z | FeO ] Sum)] F9%e

1 |675|1.08(241(405(0.02(12.7 |2.93{0.37[33.3 [92.7 | G.Siticate
2 |1.70]0.01]/319]38.7{0-02]26.4 [001]0.05|2.11]99.0 Kaislite

Photo. 5. Chemical comp.ositfon of mineral phases
in slag of lumpy ore determined by
EMX (130 S-3.0).
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Glassy silicate
of lumpy ore
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*K,0-5i0, 775814
(976)
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(13}

Fig. 7. Plot of composition of glassy silicate in
lumpy ore to phase diagram of K,O-
Na,O-Si0O, system?2D),

K;0 10 20 EY 40 Na;0
Na,0

Fig. 8. Composition of kalsilite ( mol%).
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723 wustite Hrp MgO 1HIEHICE\ELE 5.
IHhrA T 2RO Bk AR S E, 190 Tix
merwinite 23T D BB ET TH 50, Bk
PSHET % 130 T3 merwinite EAE oD, Lih
> wustite HZEBE LT MgO 11 wustite 225
SR~ ORITCBEFE T wustite FILEHET5 L& Hic—
it A 5 ZPciE T LT merwinite ZE$TSH. F iz
Fig. 6 » 5 100 -Tix wustite (X b ILCFFLE L\ 7o
25 7 merwinite DOFFERMNE T LN 5.
WolF 5 melilite i MgO EFHEIX £ 5 @< 764
(% 3%), wustite ORILICHEDTA T 7o MgO &
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# 66 4 (1980) 13

\Pellets

190

130 s-2.5

13 0 S-1.6

Sinter

Amlysi(s Z;y EPMA | Mineral phase identi-
%l

NO.of [ Kind of tied by X-ray dift

ore layer) ores MgO in |MgO in |in slag
Wustite [Melitite
19 o |Pellets | 145 2.18  |Meli. CS C25 (Mer)
Sinter 0.14 1.04 i Mer.
130 S-25 | Pellets [2~5 06~28 [Meli. C2S Mer Kal
Sinter |<0.1 06~2 "
130 5-1.6{ Mix 1%~ 1 15~2 .

Photo. 6. Change in MgO content of wustite and slag.

8]

Before charging

<
)

Wustite stage

@

ot

Reduction to MFe A

After melting

~—r

£
{ekel

El{E =izl =

Final slag ©)

H ; hematite, M ; magnetite, CF ; calcium ferrite,
Mel ; melilite, G ; glassy silicate, W ; wustite,

MF ; M. Fe, Mer ; merwinite, Pe ; periclase

Fig. 9. Schematic diagram of change in mineral

phases containing MgO in pellets.
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ThboFRed L GBFRK 805 vy tHoO
MgO DZEF&#RAMWRTE Fig. 9 Lo b.
FEA B Cr33E & LT magnetite #{IC magnetite-mag-
nesio-ferrite EHFAEK L LTAD T 72 MgO X wustite
BT magnesio- wustite [E 4 L LT wustite 5
A DD, wustite bE&EBE~DOBITOETIEEST
wustite I CIEIET S & & HIc A 5 7 HRIcBAT LT mer-
winite BT 5. FoOfBic x5 7E T melilite,
glassy silicate 35 L 0OF dicalcium silicate 7¢ &I & &
BN, BEZE. PLEERTI<vy DO MgO
EEENBVWES 2% b)) © wustite OFEILHE
T wustite 1> MgO 234 L owicik MgO Bk
@ periclase DVERT S 2 &HFRD L, KA
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EBIFMERICE TRV B IOEESOXE 1869

FEC R LRI MgO A3k Lk Bhbhb &
Z 5T periclase OFFENFRD bivteb O DO—BANTIL
LA ERAE Linholz. EBIAS Z - 2 x5
BT L, Rvy FDAT ILBERICHEA AT 7k
DEAE L 9 MgO EHBEOTFIEIET L, FKAT
7 C¥ merwinite FLEE IR T 5.

6. &

R 1 S @Rkt - Bl EH DERE Lk 2 A C
R Uy bR XOBEEROKL, BE, BU%LERR X
OBEAYhO7 A H Y, Zn BIOS 7t EDOFNER
Ry DEERETS L LI, BEmEApFHOT L
H VB IO Mg OEEVREWFICHE L. Bbh
TeEERE TeRT.

1) AW ORE TN FEMTOEEH D sintering
ERc Locigz v, BEo LRt o TRER L
HZHTEIeA T Z7OFEET CL&B#HD sintering ST
L, #anBECks. METHCE-v, F L HEE
DIEEME . .
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core % 1350°~1400°C -CHEL L TR T-IMNTE LA
3. SRS OBRMITERE N HETT 5.

3) vy b EBEESFOERS LTS L, BT
K, 7TAnY)EIOSERFEISEEOHRE WET
B, Uy PCHELTHA LDEMBEENIAE VL
R XRhS.
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ML, Az 7T kakilite 2R INS. BEAO X
5 e EEMESE A CIL % DA 7 A ) IBEEDSE glassy
silicate 23% ¢, HERHTT L H VRINCEOTAT 7D
BEAMET 52 EAFEINS.

5) vy b MgO (I wustite B[ wustite
VB L, wustite 2 BB~ DR ICICAEOT wustite
hCEETS E L DI AT SR BT LT merwinite
BT 5.
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