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Fundamental Study on the Sintering Process Using Duplex Mini-pellets

Eiki KAsAL, [Ienbin SHU, Saburo KoBAvasHi, and Yasuo OMORI

Synopsis :

A new sintering process was proposed which may cope with the increase in the ratio of fine iron
ores. The basic concept associated with the new process using double layered mini-pellets(named duplex
mini-pellets) was presented. The sintering experiments were conducted by using duplex mini-pellets
and the quality of the produced sinter was evaluated by the various physical tests.

(1) Excellent permeability was observed for the sintering bed using the duplex mini-pellets compared

with that for the current sinter practice.

The bed-permeation resistance was reduced because size and

structure of the pellets remained unchanged in the course of sintering before the fusion.
(2) By selecting the low melting region in CaO-Fe,O; phase diagram as the chemical composition
of the shell layer fines(CaO 20 wt%, Fe,O; 80 wt%), the sintering of the duplex mini-pellets was

achieved at low temperature around 1 230°C.

(3) The sinter produced by the method mentioned above had the texture of primary hematite and

binary calciumferrite without secondary hematite.

(4) The sinter having such texture had excellent metallurgical properties, that is to say, low RDI,
high JIS RI and good softening and melt-down properties.
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Table 1. Chemical composition, porosity and
Apparent density of sample ores.

(%) T.Fe Si0; CaO AlL,O; MgO FeQ /PPar. density Porosity

(g/cm) (%)
A 62.4 463 0.05 2.39 0.05 0.16 3.89 19.3
B 69.3 0.13 0.01 0.22 0.04 0.32 4.55 14.8

Table 2. Size distribution of ore B and limestone
prepared as shell layer of pellets for sintering.

Screen size 4 644 _0.074 —0.149 —0.105 —0.250 —0.500
(mm)

Ore B

(Wt 65. 4 21.6 2.4 6.8 3.7 0.2 |
Limestone
(Wt%) 60. 7 7.0 1.8 13.9 14.5 2.1
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Schematic diagram of a sintering pot.
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Fig. 2. Duplex pellet for sintering experiment.
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Table 3. Constitution and chemical composition
of pellets of type P-1, NS-1 and NS-2.

P-1 NS-1 NS-2
1. 00-2. 00 224%)
Size of hematite . 2.00-2.83 (18%)
ore A (mm) 1.00-2.00 1.00-2.00 5 g3 4 76 (32%)
Core 4.76-6. 73 (24%)
S " Size (mm) — 1.00-2. 00 1. 00-2. 00
€rpenting patio (core) — 10.7 (%) 10.7 (%)
Shell Hematite ore B 66.5 (%) 74.3 (%) 74.3 (%)
(0.25mm) |Lime stone 33.5 (%) 25.7 (%) 25.7 (%)
Ratio of core to shell (%) 48.9:51.1 49.3:50.7 50.6:49.4
Moisture content {wt%) 6.5 6.4 6.2
Pellets size (mm) 2.00-2.83 2.00-2.83 2.00-9.52
Cokes in dry mix (wt%) 4.0 4.2 3.8
T.Fe (wt%) 59.3 60. 2 60. 8
FeO (wt%) 4.87 4.9 g gg
. CaO0 (wt%) 12. 46 7.84 .
Chemical G5 (%) 2,43 . 4.98 5. 09
COmPOSIOn | 1.0, (wt%)  0.86 1. 42 1.51
MgO  (wt%) . 2.34 2.39
basicity 5.13 1.57 1.50
1400,
f,j 1300
‘@ CF
3 +Liq.
g 1216°
- 7
s 200 CF+Liq.
hd
CZF+CFJ
1100 —
CaOFe
70 75 o0 a5

80
Fez0; (wt%)

Fig. 3. Chemical composition of various cases
(P-1, NS-1 and @ to ®) of pellet shell layers
prepared for sintering. (C,;F:2CaO-Fe,0,, CF:
Ca0-Fe,O4, CF,:Ca0-2Fe,0y)
kb 2.00mm~2.83mm ER L7, NS-2 iK%
DHED % 48, FEERCHE L. £40BBO
HiX %A Fig. 3 © CaO-Fe,0; 2 TRMAERD iR .
Rk, FAASA— 53— (@hHFA, 5000kcal/ms,
23.51/min) TfT\>, FMKREENL 2min & Ui,
AL, KKK 150mmAq, Xk 300mmAq %%
He L Lch, BENEHEZREBEC T 0E TS L
7z.
£ E D I EOBEEEREYT, LR TEOK LV
XXy vTY v UK oWT, GEBIEY
7oTC, BUER ThH o L uHERE, £E% 2lmm
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(AN
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Fig. 4. Time dependence of flow rate of air for
experiments with samples P-1, NS-1 and NS-2
during sintering pot tests,
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Fig. 5. Time dependence of bed-permeability for
experiments with samples P-1, NS-1 and NS-2
during sintening pot tests.
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Fig. 6. Temperature waves obtained for samples

P-1, NS-1 and NS-2.
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Table 4. Physical testings of P-1, NS-1 and
NS-2 sinters.

P-1 NS-1 NS-2
sit (+9.52, %) 84.6 9.7 9.2
RDI (—2.83, %) 26.0 37.3 27.4
RI (%) 78.3 78.7 77.2

NS-1 @ lREPE . BRI OBFMEIV-THhD
SWWATHEALD S.

Fig. 6 @F+hFho v —r-t2—vwFET. P-1 ©
ReBREX ETEES 1230°C fig<T, BEO M A
(1210°C) V. NS-1 omERER FFB L4 1330
°C fittT, WMBOWHBRERE 1324°C r—FKL T
%. NS-2 iifip a2 —vE:Bich, =+ V=170
WA EFETRicy, ETBCRSRE, SERFERIR
DRI HHEHA I & — v ERRTH, RE L NS-
1 LRIBETHS.
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12 P-1 3530 NS-2 24EL, NS-1 iz 7h bk
TEWERRT. P-1 & NS-1 © RDI »nE2HEH
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vy b EDFEE Ry 2 OMCT S FE, KEET
LB E ORI vy tRROLDONRE S R bR
7. RDI iz = o ¢ 2.83 mm LI FORE T EE
THIDIE, Xvy VRENKRECHLEF LD
HABHDH., ZhbDl LIXEEFEET BT HERBE
AT 554, FHRLNE & RDI o>
WTEBETAHLEYRETS. RI, WIhiEWE
BRL, ML AT = T4 b EBETEN D
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(a) P-l
Photo. 1.

(b) NS-1

Optical micrographs of (a) P-1 and (b) NS-1 sinters. (H : Hematite, SE : Ser-

pentine, CF : Calciumferrite, P : Pore) No. in photographs indicates analytical position of EPMA

listed Table 5.
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Fig. 7. Results of softening and melt-down
properties at high temperature for P~1, NS-1 and
NS-2 sinters.

Table 5. EPMA results of mineral phases appeared
in P-1 and NS-1 sinters.

No. Fe;03 FeO FeO4 ALLO; SiO; CaO KyO MnO Total (%)

P-1-1 84.01 0.98 0.77 12.94 0.30 99.00

-2 81.88 117 112 14.12 0.18 98.47

-3 82.87 1.28  1.25 13.50 0.31 99.20

-4 96.71 0.82 0.64 0.17 0.11 98.87

-5 97.68 0.21 077 0.09 0.11 98 86

NS-1-1 11.82 0.57 39.50 19.67 27.53 99.09

. -2 15. 88 1.43 44.81 25.87 10.77 99.09
. -3 8.24 0.84 38.69 45.68 0.80 3.74 97.99
-4 88.83 0.26 0.53 2.03 5.78 97.43

-5 85.53 1.38 1.75 10.94 1. 26 100. 86

-6 84.42 1.48 1.82 12.06 1.03 100. 80

-7 100.19 0.39 0.09 100. 57

-8 99.63 0.61 100. 24

L, P-12ARRCIEHEELHEELHEEL 0L
T, NS-1 #8108 NS-2 i3 1200°C [ L TEF OB
DOEBEENAROISL. ChiZ ALY Y a7 251 b
B X AR L7 CaO-FeO ZBK & bEkrsb T &
ORIGEERATS EEbhs. EB 2z — Vit vwThi
SR ERL, F7- NS-1 5108 NS-2 oJs P-1
CHAREREREIDNIV. D EEREERC VTR
HisEREBLY, WThoRkhieowTd, ERlbA
7 7 (2Ca0-8i0, LBbh3) OBREN BHBH, &
N THERCEREEYTRET I AEZDRA.
3.4 MWMEBERHIV EPMA S

P-1 0% Photo. 1(a) i, ZH LOKHKHG

+% EPMA 5f% Table 5 i3, ZMFThHS
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VO AT =51 FOEMEBIT I OoTNDL, AT L
7 =74 MEPRIZ A~ 21 OPTHERIZARL, R
B E—-HLTWA.

NS-2 o#&%% Photo. 1(b) iRT. A §A, e
BLILAEBEL TGS, P-l c RS
», FANKECILER 2 > ~~21 r 3% PR bR
Jo. F¥i, MEECEORBIIL 10 um BEO HEVWAS S
&, ZOAS ANV I A7 2510 PV E DRI
I, BRRe~<27%2 24 bVHBBD DRI 2rvv a7y
=74 PRI, P-1 c-~hEFo CaO BEME
WZERBERTA~N2 FOFHERL R ORI
Table 5 iwiR L7z EPMA HfEX D, MgO o&5FE
DESREL L= 73 24 b A%, MERUEERICAER L
PR Z7EREOINY T AT =54 b RENE & O Bk
BHF AT EHEERDL. AAYT A7 251 FD1L
AT, P-1 i CaO pETEL, —F ALO,
I LY 810, NETEL O T5.

g TR B OB AR Th, 2629 —
BRBILTEREZR LTS, 5L, THIZ Ay 32
IR TR E R T

4. RDI CRETHEAHD CaO BREDHE

P-1 & NS-1 #lt#3% &, RDI wRIETHBER
DOEENPRKRENT Ebns. 2T, 2BV, b
SBEFRD CaO |ES, 10~20wty ORI cE(LE
BT %IT, RDI 2RE L. SRR & X0
&M P-1 LE—THh%. Fig. 3 c@O~@DHABD
fH % CaO-Fe,O; 2 TRRER LIHR cRL .
Fig. 8 3£ 4 0RAFo RDI ofEkETHs. CaO
BE Rwty BETY- 22K THEBEEROT W 5,
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Fig. 8. Particle size distribution of samples
after RDI test.
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Table 6. Profits and problems of sintering process using duplex mini-pellets.

Current process

Duplex mini-pellet process

Profit

Problem and remarks

Intensification of granulation. Addi-

Increasing use of fine ores. Reduc-

Cost increase for grinding of lime-

Preteatment | tion of milky lime (with hot water). | tion of granulation time. stone. Treatment of intermediate size
of ore.
Control of particle size distribution. | Reduction of coke consumption due | Charging device is required for ap-
) . Coke to lower temperature sintering and | pricate control of vertical coke distri-
Sintering increase of bed hight. bution.
operation :
Control of ignition temperature and | Reduction of COG consumption due
C 1 g p d 3 0 P
oke oven gas period. to increasing bed hight.
. ) Control of (1) bulk density of raw | Permeability of sintering bed is re-
Sintering bed | mix, (2) vertical size segregation in | markably improved.
raw mix and (3) bed hight.
SI or TI Control level should be maintain. Similar control level is attainable in
comparison with current process.
Selection of flux materials and their Similar or lower control level is at-
RDI particle size distribution. Control of tainable in comparison with current
heat pattern. process.
Control (1) of size of original ore | Control of slag phases are easily at-| Evaluation of reducibility of original
. remained in the product sinter de- | tainable. ore is important.
Quality pendmg on its reducibility, (2) of
RI sintering process with the produc-

tion of low FeO sinter and (3) for
providing fine structure of slag phas-
es including calciumferrite and sili -
cate.

Softening and
melt-down
properties

Addition of MgO bearing materials.
Control of slag composition and
amount.

Good quality due to low FeO and
high reducibility is aitainable.

Intensification of pretreatment. Con-
trol of moisture content of raw mix.

Production rate Preheating of bed.

High rate is_attainable due to (1)
high permeability, (2) increase in
bed hight and (3) being restrained
excess condensation of moisture in

lower part of bed.

1400, T T
Liq.

1300
— 87
Q CF [ Hem.{SS)+ Liq.
3 . o
5 m'giq ‘e 1226°
2 TS S 1/ CF,+Liq
8 1200}-CF + Liq 11203 T -
E CF; + Hem.

C,F+CF CF + CF; sse
CF + Hem
1100 —o—L L H— L
Ca0-Fe0; Ca0-2Fe;0;
70 75 80 85 90 95

Fe,0; (wt %)
Fig. 9. The highest temperature levels in sinter

bed (exsisting in the distance 210mm from the
top) for samples No. 1~8.

DEEMNEHIA TS, LrL, T Ofic, B
b, AKE R - RS BRI BT 5 BRE To
Borrvr Lo Baed, HREROEHERS X0
BabEEbe — P2 — VREEYE2 5RT EEL D
Hp. Fig. 913, 4. BTk 7:, BEH CaO &
EXZELIeicpEER (Fig. 3) wivBohcBA
BEDRKEE CaO-Fe,O REER LiTR L7cd D TH
5. ZROLDMEREHEE OBENED bR, v — b
— VIR EMEFEER BT A L ERE LT

A. fEOT,
7 ADRBEEE,
Ehvod 4,

bhb.

bE—bFRE—VvDa V= LT,
(CO, CO, HAEHZ AT Z) bt
BIECRE DR g, K
BEEE S LD

a— 2 A-H A-SKEA -
FAROBREOHIBOf, ¥R -
BED=2 v e —ARRLBETHD EEL LIS,
&, HERERCIE UkBifl mix hoFORKE 3 X Ok
SR D § 7 v e RERBOHESLETHS LE L
2BV .y M, ERRRCERF R 58
FBHR R X O TR E ORIT2 R RETH 5 72,

Daviie— LIRS ETHDH EELZBLNRD.

1 -

= DI

ohb

TDXo, AFHER BRHEALEMER, KRS
EREIC 3 5 BERE OB P AT S & U CEh IR R 3
o, L, BEEBEROVERS I OEERDMR, %
tmﬁoﬁﬁ,%ﬁ%ﬁm@?aﬁ%uitﬁ+ﬁf%
D, ThbDF—23, 5%, HEOIEV AR EFD &
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