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Study on the Manufacture of Self Fluxed Pellets and the Use to Blast Furnace

Shigeyoshi Fuju, Setsuo TAMURA, Kazumasa Tacuchi

Synopsis:

Kazuo KuNII and Reijiro NisHIDA

The paper presented the development of self-fluxing pellets and the availability in them to blast

furnace of Kobe Work Ltd.

Several phases of the pelletizing process are discussed individually, and also their relation to perform-
ance in blast furnace operation. Special emphasis is placed on proper preparation of the limestone
added to the raw materials, and indurating at optimum conditions.

Better quality of pellet will be gained by the proper size distribution of raw material the control of

indurating temperature.

The performance of blast furnace with self-fluxed pellets are also discussed.
(Received Apr. 17, 1968)
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Table 1. Condition of reduction test under load (R.U.L.)).

Composition of reducing gas (%)

Tempeaature Heating rate Time 'schedule
°C) (°C/ min) ( min) co co,
200~800 12 0~-50 27 13
50~110 32 8
800~1100 1-4 110~160 40 2
160~270 40 0

— 48 —

H, l N:
R

9 ’ 58
,I"// .

9 58

9 56

9 58



HAHENY y POMELASTZEFERICOVT 1947

: v Q‘?’ e
o |
- N N 11000
' e N 4 800
NN 4 800
10 i ] \\\ N 400
. A\ \
N 1 \‘\ 200
20 |~ ~o— B=03 : _
: ~=---~ B=0% induroted \ N 4100
5 | === B=I0 ot 1300°C \y {80 E
< 30 —-——x=~= B='5 ‘A 60 =
N ¥ 440 _
6 8 S
g I 120 3
£ 40 P\ —] ®
'8 A a
© : R . ﬁ/ b j 10 CLE
: 4 8
50 . [ '1’/ ] 6
1 4 .
. /O/ ’1‘ / 4.4
’ 1 R4 4
60 —— A Q"/A 1 2
L az="" -
e i R il I
100 150 _ 200 250 270
. Jime  (min) ,

900 950 1000 1050 1100
Temperature  (°C)

Fig. 1l. Pattern of contraction and pressure drop
during reduction test under load.

50 T T 1 1
Blast furnace: Kobe No3
40 H— inner volume 1845md
> Pellets ratio: 60~65% o
£
E
30
bal
3
> oy _—
g 20 1/‘/) .
L;-; e L] /D
k-]
o "
2 10 s = +
o J e
L]
5 10 20 50 100 200 500 1000

Final pressure drop  (mmAq)

Fig. 12. Relation between final pressure drop at
reduction test under load and No of slip
per day in blast furnace.

Z~UEEPNCE TS RL Yy NBOBRE(LL, Th
CAESBIHEOETIRETE230EFEXLNN, &
FIRR & o BURICoWTit By 2 FH%E (1100°C
KEFEHAERKE) L2 » FE%KE O Fig. 12
KRT L5 RS E STV 5.
TLTETHRORERBE L L TRET AEELRERR
UBER & E 7 SO & OBGREZAEL 2.

Fig. 13 B34 Rv v FOBRIEE LBEV AEERLE
EDBBRERLIEDODT, ZHILXE EVWThOBED
HeRIBEE D E BTk o T H 2 Rk IRAT 5 e E

1000 T v
800 |— —— —=
. Basicity (CoO/siog) |
~600 0= -Q'-3 " 1.
_ —e— 05 -, |™}
b e i
—= 13 {
200 F o
: |
5
100 i
80 2
< P
E
E 40
® 2 :
\
% O\Z
L
a
£ 10
w 2 X\
) \\
(.
2
I
1200 1250 1300
) Irdurating tempesgture  (°C)
Fig. 13. Relation between indurating temperature

and final pressure drop at reduction test
under load of pellets.

10 PLETRzoEMFI LK & v 2 EB3REDLR
5. TixbbEmERoBE KT 2 BBERKOHRED
KENWZ ERbhS.

%7 Fig. 14 WEEEOEE LR T 1200°C i\
TERINIB AR EER 10D EICe s EHRE
HEENAET 5 1250~1300°C THERKR L 7= D TiX
BEEEO LA X O TH AERLERETT5.

2.3-3 BERKIRE & BAMEEMRL & DOBIR

HidtER LV v ~ ORI CaO OFEITLOT
LBV y MICHARP VEM WD T T TR
ED LTwH RS ROBRERICE VW TE LBk
Ly MRBEZ BV CRERKIREE & BEMSSERE - OB
BEL 72\, :

Photo. 1 IXEEEORLDER L v M OBBMEMRT
BHDHH, WHEE 05 DT & 10 DLETHERMERICE
BRI AERRD bR

FHbbMECEVNTIRAT 2 4 MEFORAME

— 48 =



1248 & &

¥ 54 £ (1968) E12=

a : Hematite b : Magnetite ¢ : Ca-ferrite d : Slag e : Gangue f : Void
Basicity Ind. temp. °C

A: 03 1200 F: 05 1250 K: ” 1390
B: ” 1250 G: ” 1300 L: ” 1350
C: ” 1300 H : ” 1350 M: I'5 1200
D: 4 1350 I: 10 1200 N: “ 1250
E 05 1200 J: ” 1250 O: ” 1300

P ” 1350

Photo. 1. Microstructure of pellet. (x200)

BLTERIEED FRIT L7z B3> THRAHES BET
. Ll 1350°C It 4 BO 7 444 PORA
BEDHENDG.

—HEEE IO LETRAT YA MEFREEDMNTH
NUD L T 2T74 NBFEETDH. ZOHVY T LT
=54 MIBRBEO LR X>THESELTS. £
7-BAMMEB R SHET H & 1300°C L ETiERLV v b
B SOFEET B LB ON5.

2.3-4 vy bOREP DL RIEELRREE

R L ERIEE LRV y PORE 0BG D EIR
BaFE, WHETTH R LUETTHEIR FEEETHARICKT D

FHA AEBKD) ORBT b OpEBHILHHI
A & L CRESETE AR ST $1300°C T
~FHRTHEDO LD & DEV L MITEEREI D
5 1200°C It BV THERSNADIDTHS-
BFCERENE <L, ORKEE L OHEE
B EERIND AT & METH I LY LT
AQPN

MEOZEEE L CBHEERRREZE-~E 1300°C
B AR 10 HH R B LT s D ILT
5.

LanL 1250°C 10 5\ THERL L 7= B A i psaiits

)

e

— 50 —



BNV y FO®ERSCICEFEFERIIOWT 1249

1000
T ! [
800 t
600 Indurating temperature (°C)
-—0=— 1200
400 f— —e— 1250 -
—0== {300 /
200
100
© 7
T 60 s}
£ \ i/
< 40
& ® \/
= 0O,
W IV
& [\\
S NS
L]
°[] \
4 \
2
i
(6] 05 o s

Basicity (Ca0/sio;)

Fig. 14. Relation between basicity and final pressure
drop at reduction test under load of pel-
lets.
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Table 2. Size distribution and chemical composition of each brand of burden.

Brand of burden

S Size distribution (wt %)

' Chemical composition (%)

+5mm~

Average

*  Corrected by blast volume.

— 54 —

—5mm [Ty | AVERES | TFe FeO SiO, CaO | ALO;
Fluxed pellets 06 | 7-3 15-3 61-21 0-33 3-24 452 1-84
Algarrobo 10 2-8 22-7 62-21 6-43 6°52 0-57 1-95
Selo-Iman 36 7-1 20°5 61-46 12-03 5-72 1:07 1-60
Kiriburu 52 63 20-3 62-67 0-47 1-44 0-08 3-00
Goldwarthy 2-7 3:6 21-3 6562 0-86 2-45 0-05 1-03
Hamersley 1°5 47 18-6 66-12 0-20 2-63 0-05 1-13
Krivoi-Rog 4:6 60 19-6 5130 1-07 22-52 0-85 i 1-00
Table 3. Blast furnace operating data with fluxed pellets.
Test period
&‘\“\\\*“‘\~\\N\\\\\\\ | I I W
Operating data
Burden composition (%)
Fluxed pellets 541 608 70-4 805
Algarrobo 22+5 18-5 11-7 0
Selo- Iman 10-8 75 4-4 51
Kiriburu 10-8 10-8 10-6 0
Goldwarthy 0 0 0 10°5
Hamersley 1.8 18 1-8 17
Krivoi-Rog 0 06 1-1 22
Production rate (t/d) 3251 3288 3355 3213
Corrected preduction rate™® 3251 3288 3355 3336
Coke rate (kg/t-p) 470 462 448 439
Oil rate (kg/t-p) 44.0 45°6 45-1 49-9
Ore/coke 3:270 3-288 3357 3474
Blast data
Volume (Nm?/ min) 2940 2940 2940 2840
Pressure (g/cm?) 1609 1572 1474 1386
Temp. (°C) 1080 1080 1071 1054
Moisture (g/Nm3) 157 17-4 21-2 22°7
Volume /pressure 1-827 1-870 1-995 2:049
Si in pig iron (%) 0-51 0-53 0-49 0-50
S in pig iron (%) 0-046 0-042 0-038 0-040
Slag data ‘
Volume (kg /t-p) 259 253 243 247
Ca0O/SiO; 1-23 124 1-24 1-24
AlO3 (%) 13-91 13-98 15-57 14:79
Top gas data
CO: (%) 18-4 19-0 19°6 20-1
CO (%) 23-4 23-4 22-9 22°1
H, (%) 3:0 31 33 35
N> (%) 552 545 542 543
Temp. (°C) 181 176 164 182
Hanging/d 0 0 0 0
Slip/d 7:0 11:0 9-1 32
Dust (kg /t-p) 446 32-5 349 28-1
Charge/d 153 152 149 140
o
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Fig. 20. Size distribution of burdens using opera-
tion test.
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Table 5. Heat balance for test operations (kcal/t-pig).
. Test period I
\ 1 I I v
Ttem ———
(irrput)
Combussion of coke 607,743 582,471 554,526 535,815
Combussion of oil 74,461 77,169 76,323 84,445
Heat of indirect reduction 19,348 18,736 17,821 16,245
Heat of dry blast 464,486 449,971 426,429 414,596
Heat of oil 2,310 2,394 2,593 2,507 .
Heat of moisture in blast 10,957 11,815 13,678 14,243
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 Si,Mn,P reduction 49,791 41,502 40,984 41,243
Heat of solution loss 301,440 317,760 304,000 303, 360
Heat of calcing of lime stone 33,200 27,000 16,200 11,870
Heat of metal 303, 240 304,590 304, 500 304,010
Heat of slag 108,949 106, 700 102, 500 104, 277
Heat of decomposition of moisture in blast 32,195 34,545 40,420 42,770
Heat of top gas 112,712 107,846 96,969 107,122
Radiation and cooling losses 239,895 194,888 175,927 142,257
Total heat out 1,179, 305 1,142,556 1,091,370 1,067,851
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Fig. 23. Temperature profile in blast furnace.
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Table 6. Relation between pellets rate and
corrected fuel rate.

Item

Pellets rate (%)

54-1]60-8 1704|807

Corrected fuel rate
514 | 505 | 488 | 480
(kg/t-p) '

Difference from \ 0 9
period 1 (kg/t-p) l

—26 | —34

Table 7. Average reducibility* of burdens various
test period.

Period I | Period I | Period I § Period IV

682 69-8 72-0 ' 731

* measured by JIS method

UBIEBERS B L TV 5.

PREHE IR BIRRE 1080°C, ERA RS 208 /Nm?
bk Si 0°5%, $L%E 270kg/t-p, XUV vy b
ELAR 709% ZHEEITHIEL L.

KU v b OBEE HIEREHE & OFfR% Table 13iC
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REOFERENRAT LD ICBRBLEAMET 5.

FTOBERSALRL v b T0% ELARRCEVTIEE
EE 01 O EFICX o TEEIE 3-8~4 2kg/t-pRid

T5Z ERbhb
6. BEIRFERICETIXIED
MAESEFECR TS EEERRLY Yy bOBEARE X

VRU b OEEE L REHE & OBREBREE» LR
HUARREKRO LS EwmrB o

(1) Ru v bOBEICX> TEARRORES fH?
S XNIB RO H A5 AR —{L O BR) % 7= L ore/coke
DT & Ao B FPRB AR L 7.

(2) EXEE (CaOQ/Si0y) 1'4 oLy k% 54% R
ELTBEEPRETLL LRV Y bl %OEBRIICEI DT

Table 8. Blast furnace operating data with regular and fluxed pellets.

T Test period I I B N v
\ Fluxed pellets | Fluxed pelletr | Fluxed pellets Fluxed pellets
Operating dada Ordinary pellets | CaO/SiQ;=05| Ca0/SiOz=10| CaO/Si0,=1"3 Ca0/8i0y=14
Burden composmon
Pellets (%) 70-0 . 699 699 699 57-9
Sized ore (%) a 30°0 301 301 30:1 42-1
Lime stone(kg/t-p) | 168 129 77 512 59
B.O.H. Slag( kg /t- p)‘ 40 29 48 43 44
Production rate (t/d) [ 1716 2151 2403 2809 3185
Corrected production 1791 2212 2403 2809 3246
Coke rate (kg/t-p) 587 563 553 519 478
Oil rate (kg/t-p) 0 0 0 0 32:2
Ore/coke 2591 2-645 2:756 | 2:932 3-228
Blast data
Volume (Nm3/ min) 1856 2136 2325 2420 2829
Pressure (g/cm?) 997 994 1194 1288 1530
Temp. (°C) 891 972 885 1070 1078
Moisture (g/Nm?) 19-0 17+7 28-1 290 27-3
Volume/pressure 1-906 2-152 1947 | 1-880 1-849
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Table 8. (continued)
Si in pig iron (%) 057 0-52 0-54 049 047
S in pig iron (%) 0-060 0-043 0-036 0-043 0-041
Slag data
Volume ( kg /t-p) 294 269 278 265 243
Ca0/Si0, 1-19 1-24 1-23 1-24 1-24
AlLOs (%) 11-38 11-22 11-17 14-31 13-92
Top gas data
CO; (%) 17-7 18-2 187 18-9 19-0
CO (%) 25-1 249 239 238 23-9
Hy (%) 1-8 16 2:0 18 28
Ny (%) 559 553 554 554 543
Temp. (°C) 223 222 214 181 176
Hanging/d 0 0 0 0 0
Slip/d 0 0 0-6 3:3 88
Dust( kg /t-p) 17-0 13-3 20-3 217 377
Charge/d 106 122 135 146 152
Shut down ( minld) 40 28 0 0 24
Table 9. Chemical composition of regular and fluxed pellets.
Kind of pellets : T.Fe FeO SiO, CaO Al,O4 TiO, MnO |CaO/Si0O,
Regular pellets 62-30 0-42 590 0-88 1-00 0-41 0-25 0-15
Self fluxed pellets
Ca0O/Si0; : 05 61-52 1-77 4-13 2:03 102 0-48 0-25 0-49
7 1 6053 1-08 4-20 4-24 0-76 045 0-26 1-01
7 1-3 61-06 0-72 3-46 4-50 1-33 0-44 0-24 1-30
v 14 61-31 0-44 3-29 4-57 1-54 0-37 0-22 1-39
Table 10. Physical properties of regular and fluxed pellets.
N Porosity |[Compression strength | Tumblerindex [Reducibility ‘ dlr:ég?i{ Up fstS:si;
Kind of pellets (%) (kg/pellet) (+5 mm%) (%) (mmAq)
Regular pellets 2147 425 98-1 585 8
Self fluxed pellets
Ca0O/8i0; : 0°5 23-2 409 965 64-6 58
” 1-0 239 465 97-9 738 91
” 13 26-9 414 97-0 776 296
4 14 26-9 398 | 96°3 79-0 310
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Table 11. Carbon balance for test operations ( kg/t-pig).
— Test period] I 1 | v v
T~ i Regular Fluxed pellets | Fluxed pellets | Fluxed pellets | Fluxed pellets
Item | pellets Ca0/Si0;=0'5| Ca0/Si0y=1-0| Ca0/Si0;=1'3| Ca0/Si0,=1"4
C in coke 5273 5057 | 4968 467-6 431-0
C in oil 0 0 0 0 27-7
C in pig iron 44-1 44-2 44-3 44-4 43-9
C in dust 52 4-3 61 58 11°6
C gasficated | 4780 2 4572 4464 4174 4032
G consumed 3467 3226 315°8 2883 276- 1
by dry blast
C consumed . . . . .
H, in blast 20-1 17°6 274 26°1 227
C requied reduction . . . .
of Si.Mn, & P 8-2 7°5 7.6 71 71
C solution loss 103-0 109-5 956 959 973
nco (%) 38'9 40-3 42-7 432 43-3
nu, (%) 237 216 21-2 309 ! 40-1
Table 12. Heat balance for test operations (kcal/t-pig).
=~~~ Test period I I \ [ N [ v
T Fluxed pellets | Fluxed pellets | Fluxed pellets Fluxed pellets
Item T——___| Ordirary pellets | Ca0/Si0;=05| Ca0/Si03;=10| CaO/Si0y=1"3 | Ca0Q/Si0,=1.4
(Imput) ‘ | }
Combusston of coke 842,481 783,918 : 767,394 700, 289 578,612
Combusston of oil ‘ 0 0 1 0 i 0 54,492
Heat of indirect | |
redction | 20,608 19,663 : 19, 536 5 19,614 19, 541
Heat of dry blast 459,995 446,809 j 416,073 ‘ 447,016 444 393
Heat of oil 0 0 ‘ 0 0 1,891
Heat of moisture 13,204 | 12,628 17,969 23,008 18,196
Total heat in 1,336,333 1,283,018 1,220,977 1,189,927 1,112,125
(Output) 1|
Heat of H_g reduction 2,429 2,005 2,628 4,922 [ 8,230
Heat of Si,Mn,P 46,369 42,174 42,781 30,824 | 39, 141
reduction
Heat of solution loss 329,600 350,400 305,920 306,880 311,360
Heat of calcing
of lime stone 74,800 57,000 34,300 22,500 25,700
Heat of metal 297,570 302,190 307,860 305, 760 304, 500
Heat of slag 131,247 111,802 118,562 109,667 103,152
Heat of decomposition
of moisture in blast | 47,253 . 39,175 64,390 58,045 49, 585
Heat of top gas 163,000 152,987 144,695 113,297 107,388
Rad‘aﬁ“’“ lanf | 244,083 224,745 199,836 229,032 163,069
cooling losses
Total Leat out 1,336,333 1,283,018 1,220,972 1,189,927 1,112,125
Table 18. Relation between CaQ/SiO; of pellets and corrected fuel rate.
T Test period o
\ I 1 il N v
Item —
Ca0/SiO; of pellets 015 0-49 1:01 1:30 1-39
Corrected fuel rate (kg/t-p) 549 547 513 506 499
Difference from period I (kg/t-p) 0 -2 —43 —50
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On the Mineral Composition and the Formation of the

Scaffold at the Shaft of Tobata No 1 BF

Minoru SASAKI and Takao NAKAZAWA

Synopsis:

The mineral compositions and formation mechanisms of the scaffolds, taken from Tobata No 1 BF
were investigated. In the scaffold sample from the upper level of the shaft, coke breeze and fine or
lamelar cementite are combined to the wall by zincite. It is thought that the fragmentation of a ce-
mentite particle occurs with the grain growth of matrix zincite and the lamination of cementite is
caused by vigorous carbon deposition under the compressive force developed by the burden material.
The scaffold rich in silicate from the middle level is estimated to be the sintered body of the particles
of the iron ore and the compounds formed in ascending gas. Samples from the lower level of the
shaft and the belly are composed mainly of kalsilite and they are formed by the reaction of firebrick
of chamotte with alkali oxide. The measures for preventing the growth of scaffold in the shaft are
discussed.

(Received Apr. 2, 1968)
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