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Operation with Self-Fluxing Sinter in the Blast Furnace.

Keizi Tuzihata, Makoto Inoue, Naoto Nakamura,

Synopsis:

Masakazu Yoshz'naga and Koz Yasuda

The author performed a large-scale experimental operation of a blast furnace with self -fluxing
" sinter burden at No.2 Kukioka Blast Furnace during the period from June 1958 to March

1959.

Investigation of variable problems such as effectiveness of lime- -sinter, optimum blast

furnace operation measures for lime-sinter and other various problems for use of lime-sinter,
were performed by this experimental blast furnace operation.
So remarkable results were obtained as shown in the followmgs by 1009 self-fluxing sinter

burden:

(1) The author performed productivity test during the period of December, 1_958 and Feb-

ruary, 1959 respectively.
during both periods.
1*4 ton per day per ms3.

Pig iron production of more than
This production record corresponds to productivity factor of more than

1,200 ton per day was achieved

(2) Remarkable coke- rat1o record of 518kg per ton pig iron was also ach1eved in Nov-

ember 1958.
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The reasons for these excellent results were investigated.
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Table 1. The schedule of experimental operation by using self-fluxing sintered ore. (Unit: %)
Month o558 | f | ﬂ 1958 l
.6 ﬂ 7 . 8 9 10 11, 12 | 1 2 | 3
J 3 LT ! P, i i :
[l J . i 3
Lime stone in : ! | l ,
sintor 5 10 10 | 10 10| 10 10 5 5 0
Sinter in ore | . w ‘ ; ‘ :
D dens t 0 . | 60 | 80 80 | 100 E 100 i 100 100 | 100
Table 2. The size distribution of self-fluxing Table 3. The quality of sinter.
sinter. (Unit: %) T 7 i g
( ? \ T.Fe | S ‘%Shutter CaO |Degree of
: > ; - s ! /S idation
Sintirmg ‘ Blast furnace plant Month { | test /Si0, | oxidati
ﬂ'op az ™ | i M %‘ %‘ % %
Month 10mmMean; mm mm Mean 1958. 6 | 56'64 0°03 73 068, 9298
ont > size ;—10 '.10&50*50 , size 7 54°33 0°06 72 ' 1v42 $3°29
1958. 6 17 50 — —_ b 8 | 5418 0°11 78 1-275 92°31
7 21 | 42 — — . 9 ! 55°05 0°07 78 (*21 ' 9259
8 | 15 60 L o— . — - 10 | 54°60 0°08 79  -1°22 93°53
9 | 19 | 49 1 59 34 7 17 11 55*8 < 0°03 77 141 93-55
10 ‘ 14 | 56 | 53 41 6 ‘ 20 12 | 553004 8l 136 94+21
1| 14 | a8 | a9 | 42 o | 21 1959. 1 |57:010°03| 84 | 0-85 93+27
2 . 8 e 26 | 59 | 151 29 2 |57:470°03 [ 82 0°82, 94708
195. 1 | 7 79 . 39 ; 42 19 .29 3 |58°3/0%03; 82 0°50| 93710
2 . 9 ' 8 : 32 41 27 36 :
'3 ;100 79| 39 43 H 30
Table 4. Using raw material quantity kg /t pig.
\\\\\\\\“\\ffiiiﬁ\l 1958 | i ' % 1959 .
Kind | 6 ¢ 7 8 9 10 S o2 3
Sinter . 646 | 662 983 1354 1327 1569 1660 | 1604 1613 1582
Korean ore | el | - 176 191 178 161 0 0 0 0 0
Dungun washed | 222 | 224 218 0 0 0] 0 0 o] 0
‘ ‘ i trimedan
Dungun. 109 108 | 104 113 130 . 0 0 o 0 0
Goa 406 409 | 85 0 0 | 0 0 0 0 0
Otheres i 34 34 H 33 32 30 o] 0 (O 0 0
Total | 1578 | 1615 | 1615 1676 1648 1568 1660 1604 | 1613 1582
O.H.F slag l 114 115 | 110 g0 | 58 55 58 71 58 44
Line stone L119 139 | 119 76 94 0. 1 122 119 191
Metallics ‘ 0 1 0 o] 0 0 47 0 0. - 0 0
Coke I 645 . 650 ! 628 624 593 518 548 571 563 591
Table 5. The size distribution in charging DOHE» LY 12 §=2851, 2H=2782 LFEEEOH
: iron-ore. BEIC L 5% BRI D DETEZRL TWwa.
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i i -
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Table 6. The quality of coke.
[ ! | . . f
Drum test Size analysis
’ Ash ‘ l Moisture Flueoéemp.
! | +15mm’ | +50mm +100mm | Mean size
Month [l ° '
1958. 6 | 10087% | 93099 | 4a058% | 1°500% |  19+59 79°5% 1175
7 10°81 92+92 4090 i 158 i 190 . 795 1157
8 l 10*74 | 92+90 | 41°50 1*60 i 179 78°3 1151
9 | 1071 | 92°77 ! 38°71 1°63 ; 17-0 777 1182
10 ¢ 1075 ; $2-88 : 39°55 164 ' 154 76°8 1179
11 ( 10°54 I . 9291 [ 37°76 171 ! - 157 77°3 1193
12 1068 : 92°86 ! 3731 178 i 148 76°5 1190
1954, 1 10°81 ‘ 92+81 | 3559 1*74 ©14°0 756 1210
2 l 10+9% l 92°59 l 3372 164 - — 134 T 761 1215
3 i 1081 ; 22+80 t 34°33 1*73 143 -.1. 76*1 1209
. Table 7. Operation results of the blast furnace.
- Month 1958 . R L 1959
\\\\\\\“‘\\s\\‘&4.5 6 7 8 9 10 11| 12 1 | 2 3
Lime stone in sinter ¢, 0 ‘ 10 10 10 100 10 10 5 5, 0
Sinter in ore burden ¢, . 48 40“ 40 60 80 80 100 100 100 100 100
Pig iron product t/d 861 840" 853 925 901] - 912] 1003 1256 1028 1241 1102
Coke rate 632 645] 6500 628 624] 593| . 518] 548 571 5631, 591
Ore/coke 2+476 27446, 2482 2°573| 2-686| 2°779] 3029 3-028| 2-809 2°864, 2+*675
Smelting/coke 3-061 2*930) 2-872) 2-938| 2+935| 3v035! 3°226| 3°136/ 3-147 3’1773 3072
Slag ratio kg /t 474 440 442 482 4771- 465 367 412 447 435! 491
Ore ratio kg /t 1°563 1°578; 1°615 145615 1°676| 1°648| 1°569] 1*660 1604 1°613; 1582
Blast Volume m?/mn 1191 1114) 1163] 1149 1112} 1036é| 1°030|° 1410 1252 1390! 1343
Blast pressure g/cm? 848 930f 1015 938 890; - 808 685 877 727 9891 938
Blast temperature °C 786 825 819 835 795 . 825 880] 806 869 888[ 853
Top gas temperature °C 190 - 199 213 207 216 198 207 223 204 213 216
‘Top gas CO/CQ, 1*54 153 | 1°60 | 1°63 | 1*65 1°49 [ 137 {"1*42 | 1-48 148 | 1+54
Hanging time/10days 247 0°7 0 o. o 0 0 o 0 |13 f 07
Flue dust kg/t 22 le 30 271 29| 22 15 15 19 14/ 17
~ Total S kg /t 591 5*03 | 5°11 | 4*91 | 511 | 516 | 3°77 | 407 394 3°92 { 3°94
-Total TiO, kg /t 13°3 12°9 |13*8 [17*0 [18*2 |[11*4 {15*7 |16°7 17+8 15°9 115'4
Iron sand kg/t 117 103 106 155 172 88 141 150 159 142I 130
- Table 8. The analysis of pig iron produced. (Unit: 95)
Lime stone [Sinter in . ’
Month in sinter |ore burdens . C Si Mn | S Cu
1958. 6 5 40 4+66 1 0°58 1-07 0-314 0+022 T
7 10 40 4+55 0°60 0:98 0-331 0022 ol
8 10 60 4°68 0°60 100 0+365 0022 0°10
9 10 80 449 064 0-88 0+381 0°026 0-11

10| 10 80 465 0°61 0°83 0°366 0°024 012

11 10 100 4-55 0-68 0-86- 0°355 0-031 0-13

12 10 100 4+56 065 0-91 0-382 0-034 0*14
1959. 1 l 5 100 4*E6 062 0+97 0388 0°023 0-15

2 i 5 100 4-60 0459 0-97 0-365 0022 014

3 ; 0 100 4+80 0-58 107 0+353 . 0018 0-11

Table 9. The analysis of blast furnace slag produced.

1 Lime stone Sinter in . i . . .
Month in eintee . | gponer in 1 sio, Ca0 AL,O, j TiO: | Ca0/SiO,
1958. 6 J 5 e@! 40 9, 30°36% 41°52% 18°51% 2°15 % 1737

7 10 i 40 3063 40°52 19-29 2°38 1+32

8 10 | 60 31°79 4071 1482 262 | 128

Q9 10 | 80 33°83 : 40°29 1333 277 i 1+19

10 10 80 3875 | 40%91 12+75 191 | 121

11 10 1 100 3327 ! 3975 14-12 2461 i 1* 12

12 10 : 100 3374 39200 13+47 2°57 i 116
1959, 1 5 ! 100 3334 40°12 1306 285 [ 1+20

2 5 100 ‘ 32-84 3986 1360 ‘ 2°52 i 1+21

3 ! ] ; 100 g 32°16 } 39°06 15°34 i 2°35 } 121
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Table 10. Analysis of top gas.
Lime stone Sinter in . i i . 3
Month in sinter ore burdens ! CO: CO Ho CH, CO/CO: kcal/m
1958. & 5% | 109 | 16°2% | 24°8% 2'6% 0o . 153 820
7 10 ' 40 156 24*9 1 27 | 0 I 1*60 | 825
8 ﬂ 10 ; 60 . 15%6 254 . 24 0 1763 833
9 | 10 1 80 | 15°3 253 | 22 | 0 j 165 824
10 10 ; 80 i 16°3 24°3 22 | 0 \1°49 794
11 10 ! 100 l 17°2 23°5 1°1 o | 137 741
12 | 10 i 100 16°7 | 23°8 1-2 0 o 1-42 754
1959. 1 | 5 ; 100 | 165 | 24°5 10 o | 1-48 770
2 5- | 100 16°8 249 ‘ 1*0 0. l 1-48 781
3 \ 0 ! 100 | 164 25°2 i 09 0 ; 154 789
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Table 11. Comparison of productivity. zoR X h friction factor ok THELIS &
Blast Furnace thrlzcliEc Coke Rice 1 Month j‘é%@’@&;%.
No. ! t/m}; | rate . rating | (1) Xb
A 1074 1 689 . 97°70 1958. 6 f-(l—e/e)=4P-0-g-D-¢/6G* L=F-(2)
B 1-004 638 7170 7 12 e AR DT, ZOERZ A Y Friction factor
C 1°072 - 553 . 60798 7 12
D 14064 637 88°93 ~ # 11 I F & U THERBIL2NT
E © 0°987 5%  85°55 7 12 e T IETE 2]
Higashida No.3 17202 630 78*14 ¥ 10 AP=BRRE BIE—IFTRA 20
Kukioka No.3 1-082 581 8538 ¥ it G=ggg7qugj:o)pq%z$§%%@r§q:vc[@b, i
Kukioka No.2 1°428 548 90°80 7 12
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* J. of Metals, (1954), Dec. p. 1396~1406.
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permeability at Kukioka No.2 blast furnace.
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Table 12. Change of resistance of permeability at Kukioka No.2 blast fufnace.
Sinter in Blast Blast EelrazllSte Top gas Sinter Mean size:
ore volume pressure ral::u-re pressure Ca0o M . of burden.
Month burdens _ Nm?/mn g/cm? bt g/cm? % f;‘;‘l size mm
|
1958. 4 4589, 1114 868 ¢ 795 ! 59 2449 19 26
5 496 1135 866 f 732 58 — 19 24
6 4049 1114 930 825 58 512 19 25
7 41+0 1163 1015 819 57 9+55 19 25
8 60°9 1149 938 835 62 . 9-42 19 24
9 80°7 1112 890 | 795 61 8495 19 23
10 80°5 1036 808 825 59 8+66 20 22
11 100 1030 685 880 59 8°30 23 23
12 100 1410 877 806 | 589 8°58 25 27
1959. 1 100 1252 727 869 60°9 570 27 25
2 100 1390 989 888 61°5 5458 30 30
3 100 1343 938 853 61°1 3740 30 30
™~ ‘ Top gas Slag 4P L G
: F
CO, CO H, Ca0/Si 2 2.
Mh % % % 20/Si0; kg /m m kg /m?2-s
956, 4 | 162 | 2572 23 1929 |l 8°090 | 19773 | 67489 | 0°256
5 16°3 24+9 1°8 1°32 . 8°080 | 19°73 | - 6°592 : 0°250
6 16°2 24:8 | 26 137 8°720 19°93 | 67489  0°273
7 15°6 24°9 | 27 132 9580 19°91 6876 | 0°272
8 | 1576 254 2°4 1+28 8°760 ;.  20°03 { 6°682 0245
9 15°3 25°3 2°2 1*19 {8290 l 20°00 . 6450 0235
10 16°3 243 22 1+21 7°490 20°03 6°037 | 0°220
1 17*2 ,  23°5- 1°1 1+19 . 6'260 . 20°53 ;  6°000 | 0174
12 t 16*7 | 23°8 1°2 1°16 i 8180 ' 20°53 ! 8192 | 0°166
1959. 1 16°5 | 245 1°0 1°20 6660 | 20°53 |  7°289 | 07137
2 16°8 | 24*9 ! 10 ! 121 9°270- ©  20°53 8083 | 0213
3 I 1674 . | 25°2 ;0o 121 8:770 |  20°53 | 7'826 | 0°219
Z @ friction factor F ARV HZXE27RTL D
grmo THFEART e 7 400, BIReR Y v Pl EOEF OREED
X /r EPICEAMDEA FIC X BEME4 AT S, Fig. 2
B 80 ;
Py / X0 6 R, 7 ARGRESLOBUILT O IRHIR
S| g9 0, TORREACEEL, REAHAN 0
3 Fild /X <7ch, 100% WieDoTh Bkl .~ L
Sl BT, MERFLKELZRL TV,
11 AR T D 100% GO0, WiELLEEB K E
CERREEONI7YXFLH Y, ZO%DIZA, 1 BiC
P 4 ERN EFHSTND.
, » 2RECOVWTRETR L7l D, AEEICRLIRFAR
0.20 \\\ f z, f, 29w 7°7b>:bd‘7)>tt75>!5tﬁéhnb7‘_ T EiENE
low \\/- FBLTWEHDEEZLND.
' - Y BREEEBERIE AT X D P ASTassE—(LE R, AL
Lo 1o L— L1 - . ABIT 3317 BRI AT B T L VSR
0 Y HOE KR 317 B3R EIR S E T .
1958 , 1959 EEXNDH, FEIC A K BB AR R DB A VT SR ASERT
Fig. 2. The changing of resistance of TARINTEYD, Ll o THBERE TR W TEE.
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Viscosity diagram of SiQ;—CaO-
Al:O3 slag (1500°C).

Fig. 4.
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Fig. 5. Melting temperature of
Si02—caO—A1203 slag.
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Fi‘g. 6. Variation of slag basicity within

the furnace and at the tap hole.
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F@&-s“ NSF TS R

@: Si in sponge iron on the upper level
@: Si in sponge iron on the middle level

Fig. 7. Variation of Si content of pig
iron within the furnace and at the tap hole.
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4 TeBE, 10— o RHEHBIRITET U, 60%Lh L& {#iMH % K BERE & 1E A
T ABANERITHD L AMERSNG. L LARER L3 BCEEs &0 \
HARIC BT BRSSO REBLT LI -T2k W ERL. . Lo R
&I XOEBEEESE, 5% ARSI OV T AR (1) BEE 4. 50 60 70 80 90 Ml
FRETLDOTOEWIERD, THIE P2WTSHEE #HS5<H 0% Lime sinter in are burdens
SERFAEETHLDOTHS. 11 LAEDBEESSE 100% s os  Fig- 9. Change of coke ratio
‘ SEE 35 LU vs. the amouut of sinter uged.
650 BEOHIKE 3 Table 13 3 X Fig. 10 IK57338 0
. s ’*‘\ s, $igkt M0 OFTERMEII YR — & 2tk L [k
K ‘c\ : / LR R L TV B2, LHAIT RV TR 1207 keal ¢
g 5w ‘ . & 7 B OEM S RAVE Y 30 5 keal §) 25% OB
< 8 e 2Twad., AZBE LTRTIOFCoERIC XS 2
00 e Lt — 7 A DREBESAE ET LTV B2 Thic ity
Honth 7677 8 5 1o /s 272 5 £ D EAE DRSS EREE S EAL b ol b
Lime sinter| § 10 /0 10 /0 10 J0 5 5 O = ;i P 2 RIS RIS TR
Sinter % | 40 40 60 8 £9 100 /00 160 100 W0 P 0L T RBEFRHESRD L T D ZEBERE SN 5.
- ST H BT DU THRE .
TFig. 8. Change of coke ratio during the 2 S HET oV T*ﬁﬁbfﬁéﬂ
term of using lime-sinter. a. Via—YaeR: EHBRURICESTEY ~
Table 13. Heat balance. -
) (Unit; kcal)
1958 - 1959
Month 6 7 8 9 10 1 12 1 2 3
Lime stone in :
me ot (%)} 5 10 10 10 10 10 10 5 5 0
Sinter in ore ‘ j
burdens - (%) } 40 40 60 80 80 100 100 100 100 100
C burned to CO 981, 034| 995, 505| 939, 867| 946, 354| 898, 699| 777,193 838,819] 872,252| 833, 580| 891,713
‘Reduction of Fe 41,981] 42,036| 38,325| 36,482 36,569 35,249 38,314 36,453 38.639 35686
Heat in dry blast | 471,698 475,146, 457,409| 438,474 432,061 398,526| 393,970 441,693! 431,355 448, 506
Heat in moisture 18,048 18,195 17,499| 16,776¢| 16,531| 3,620, 3,784 3,491] 3,997 3,614
Hizza%enerated } 1,512,961] 1,530,882] 1,453,100| 1,438,086| 1,383,860 1,214,588 1,274,887 1,353,880| 1,307,571| 1,379,519
D‘;fcstlregfxfmn } 60,891 61,669, 63,120| 64,764 62,938 66,130 65,726 64,840, 62,122 62,27¢
3
Solution loss 266,272 260,306| 272,238| 256, 538] 235, 186| 265,958] 273,494| 276,006 301,754 293,504
" Calll‘;;’éa;zie"f } 82,303' 57,477 49,169 31,395 38,833 0 386] 50,425 49,169, 78,922
Ca;)fl;‘el‘:_o‘;lut by } 297,139| 297, 139| 297, 139| 293, 139| 295,503 293,458 . 295,094| 292, 231| 294,685 300,000
: )
gﬁfs??ﬂrg‘;zebzlag} 198, 000; 198, 900] 216, 900| 214, 650, 209, 250 165,150[ 185,400| 202, 050l 195, 750, 220, 950
’ position of } | | i
\te in blast 69,9241 71,007| 66,985 67,449 64,046 13,150 14,697 12, 840f 14,387 13,459
d out by .
o in top gas} 94,530 -69,348 58,768| 26,497| 29,431 27,263 36,105 44, 162i 58,480 24,307
—_— tf)phegi; of } 163, 189| 175,653! 161,774| 168, 115 146,845| 130,834 147,522 144,958| 147,083| 158, 285
‘Others 280, 713|- 339, 383| 267,007 311,539 301,828 252, 645 256, 463 266,3771 184,140 27,414
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Month e 7 l 8 9 10 11 12 ol 1 3
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Gasified gdiznafm: 393°2 ° 399°0 | 376°7 379°3  360°2 311°5 | 3304 | 3496 | 334°1
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i‘flﬁ' :]r)e’gﬁ"ctégn j 103 10° 4i 1o-s'i 11°1 107 11 1103 ] 12| 106!
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Reduction Reactions between Molten Slags Containing
Titanium-Oxide and Pig Iron and the Behavior of Titanium-Oxide.
Kazumi Mori
Synopsis:
The author studied the reduction of titanium and silicon from the slags of the system
Ca0-Si0,-Ti0: (TiO; 15, 25, 35%; Ca0/Si0: 0°5~1'3) into carbon-saturated iron in a graphite
crucible at 1550°C. The duration of each study was 75 minutes during which metal and
slag samples were taken at 10 or 15 minutes intervals. Kri,si={[Ti1(S1)}/{(T1) [Si]} was deter-
mined from the analyses. It was found that a certain time had elapsed before the quasi- h
equilibrium state was attained, when Kri,s; reached a constant value. This constant Kri,si
is termed the index number of the quasi-equilibrium state.
The influence of slag compositions upon the contents of titanium and silicon in the iron at )

the same time of reduction was. somewhat complicated, except that the titanium was increased-.
with the increase of titania in the slag and the silicon was decreased with increase of CaO/SiO,;a_'Z
On the contrary, it was presumed that the relationship between the index number Kri,si arjdi

slag compositions was definitely established. .
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