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Operation of Foundry Pig Iron with Self-Fluxing
| Sinter in the Small Blast Furnace.
Masayuki Y ASUTARE, Katsumi SAaTOo, Haruo MORITA,

Sumiry MURAO and Hiroshi SASAGAWA

Synop31s
On the occasion of the 4th blast furnace repairing in September 1960, our company conducted
the modernization of the entire installation for pig iron smelting for the purpose of the 100
percent operation of self-fluxing sinter, the chief materials of which come from domestic iron
resources. '

This installation consists of a DL type sintering machine with grate area 13°1m?, a blast
furnace with hearth diameter 10 ft-6 in and inner volume 129m3, two units of hot stoves with
heating surface 5,000m?, -a blower with maximum power 540kW, a Theisen disintegrator with

‘maximum capacity 20,000Nm3/hr and so on.

This blast furnace, since started on December 3, 1960, has been smelting the foundry pig

iron with the folloWihg features for operation: ‘

1. 100 percent operation of self-fluxing sinter.

2.  Perfect control of sizing of burden materials. ‘ ‘
Before being charged into the furnace, the sinter was sized to the mean size of 17mm, ‘
50~5mm: 92 percent upwards, and the cokes to the mean size of 45mm, 70~12mm: ‘ '

98 percent upwards. '

3. The hot blast of 900°C was used with the adoption of hxgh temperature blast.

4. By the operation of low basicity: Slag Ca0O/SiO;=1°0040°05, the decrease of slag volu-
me and the reduction of Si were accelerated. o

Thanks to the methods shown above, the operation of fouhdry pig iron has shown remar-

kably excellent records: pig products, 208 t/day, productivity, 16t/m?; and coke rate 550kg/t

‘despite the fact that no injection of fuel or oxygen was done. (Received 13 Apr. 1964)
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Layout of pig iron smelting plant.
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Layout of sintering plant.
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Fig. 6. Operation results just after blowing-in.
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Fig. 7. Operation results for a year after

blowing-in.
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Table 1. Properties of burden materials.
Item Sinter Coke
S : . Total Drum
T'QF © Fge 0 OS Ca0/Si0: tShL;ttoer A‘,Sh water index
Period Yo . v % % est % %o % +15mm%
1961. Dec. 5597 12°52 0°070 1°02 | 62°5 10°04 5°8 92°9
1962. . Jan. 5622 1371 0°062 1+06 63°7 9487 41 924
. Feb. 5623 13°50 0067 0°98 65°0 9+80 4+2 92°9
) Mar. 56°39 - 10°23 0°061 1°01 616 10°22 2°8 92°3
Apr. 56°93 10°24 0056 1°05 63°0 99936 926
‘May 56°28 9°54 0069 103 63°5 997 4°2 924
Jun. . 5645 1064 0°062 111 65°2 1032 6°1 92°5 @.
Jul. 56°47 10°15 . 0°066 1+06 " 64c1 9°73 55 934 i
Aug. 56°51 972 0°062 0°93 L 624 954 2°9 92°3 |
Sep. 55+97 959 0055 105 64°5 9+25 38 92°1 '
Oct. 5596 976 0°063 1°13 644 © 925 53 92°1 :
Table 2. Size grading of burden materials.
\\ Item _ ' Sinter Coke
50~ 256~ 15~ 10~ < 5mm| Mean | 100~ |50~ 25~ <12mm| Mean
‘25mm| 15mm| 10mm| 5mm size 50mm| 25mm| 1Z2mm size
Period % %- % % % mm % % % % mm @
1961. Dec. | 17°1 24°2 19°4 31+7 7+6 16°24 | 23°6 689 702 03 44+8 :
1962. Jan. 132 23°9 20°3 344 82 1506 27°3 63°8 8°5 04 46°0
Feb. 197 251 18°0 29°4 7°8 17°07 27°9 63°2 8°5 04 46°2
Mar. 177 23°1 19°2 32°0 80 16°26 278 64°8 7°0 04 4644
- Apr. 156 24°0 18°3 34°7 74 '15°73 294 62°0 77 0°9 46°7
May 18°7 237 192 33°8 46 16°8C 182 72°0 8°3 1°5 4242
Jun. 201 20°8 16°7 358" 6°6 1664 256 65°4 77 1°3 452
) Jul. 196 C 242 168 32°8 66 1692 36°0 58°5 445 1°0 49°8
Aug. 18°0 21°6 16°0 37°4 70 16°05 37°1 57°0 47 1°2 50°2
Sep: | 21°6 24°1 16°4 32°3 5*5 1753 347 59°0 5°2 11 492 &
»Oct. 20°9 22*7 16°8 34-°1 5*5 17°18 38°1 ‘56°4 4°4 1°1 506 ’
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Table 3. Operation data of 2nd year after blowing-in.
: Item Pig Pig prod-| Coke Blast Blast Blast Blast Sinter | Metallic
products | uctivity | rate Ore/Coke| volume press temp. humidity| in ore | charge
t/day |t/m3/day| kg/t Nm3/min| g/cm? °C g/Nm3 |burden %| kg/t
Period
i961. Dec. - 197 1°52 - 555 2°95 217 571 882 5°7 88°7 19
1962. Jan. 198 1*53 560 2°90 219 592 895 5°1 92°4 20
Feb. 208 1+61 553 2°90 . 230 619 867 6°3 88°*3 | 20
Mar. 207 160 544 2°98 220 502 . 881 7°1 97°1 19
Apr. 206 | 1°60 546 2°94 219. 502 | 893 11°3 97°1 19
May 203 1°57 543 3°02 215 478 - 887 157 100°0 23
Jun. 203 157 551 2°96 216 476 894 17°0 100°0 20
Jul. 203 157 554 2°89 220 . 494 899 18*9 100°0 18
Aug. 207 1°60 555 292 221 512 897 21°5 997 19
Sep. 208 161 552 2°95 220 510 . 895 16°8 100°0 21
Oct. 208 161 544 2°97 218 526 898 12°2 100°0 19
Item s .
: Pig iron Slag Top gas
Period Sio, - S9% Si0:% Ca09, CaO/SiOg CO32% CO9, CO/CO;
1961. Dec. 1°92 0+030 36°54 39°40 1°08 17°2 23°1 134 .
1962. Jan. 186 0°029 38°57 39°69 . 1°03 1720 - 23°3 137 ~
Feb. 197 0°036 39°40 39°06 ~0°99 16°7. 236 142
Mar. 1°66 0°027 37°49 40°15 108 17°9 22°7 128
Apr. 1°69 0°028 - 38°22 39°28 1403 17°4 23°1 132
May 167 0°031 39°34 39°29 1°00 17°3 23°1 133 .
Jun. 158 0032 39°29 3967 1402 178 22°8 . 1°28
Jul. 1°75 0037 39°89 38°75 0°97 18°1 229 1°27
Aug. 1°78 0°037 40°03 38°18 095 17°3 23°1 1°34
Sep. 1°78 0°029 39°09 3957 101 16°5 23°6 143
Oct. 171 0+037 39°49 39°73 1*01 . 16°8 23°6 142

mm P EOWE I~ BV~ BT B L IC X DBk
|]’% 70mm DTz TW5bB.
YL OREEFRGIERFC ORI hbTEETE s

T LERARARI VIR O T kY, BEo CaO/
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, Table 4. Carbon balance (unit: kg/t-pig iron)
T Period 5| | [
Iterﬁ \\\\ Dg:é .Ilzizlf‘eb Mar. | Apr. | May !,_Tun. Jul. Aug.’[Sép. Oct.
(1) C from coke 405°0 |500°3 | 494°5|482°9 |486°8 1483°0 [488°8 4952 4%"9'495'9 489°5
(2) C from other burden 11°2 | 11°5 1141 12°1 1 12°0 | 12°6 | 12*5 | 12°1 | 12*4 | 12°5 | 12°3 .
Total input 506°2 1511°8 505°6/495°0 |498°8 [4956 |501°3 [507°3 {509°3 [508°4 |501°8 (Q
(1) C.into dust 16| 16| 2°0] 1°5] 1%6| 1=7] 1°8] 22| 21 2°1 18
(2) C into pig iron 41°8 | 42°0 | 42°0 | 42°6 | 42°8"| 43°0 | 43°8 | 43°2 | 422 | 42°8 | 42°8
(3) C burnt by Oz 351°0 |349°4 (3467 |338°4 |338°2 |329°2 |338°6 [341°1 |340°0 334°8 |333°9
(4) C burnt by H:0 59 5°3 6°5 71 | 11°3 | 153 | 17°1 | 19°1 | 21*6 | 16°7 | 12°1
(8) C as solution loss 87°0 | 951 | 89°0 | 88°5 | 87°9 | 89°5 | 84°1 | 83°8 | 85°2 | 93°5 | 94°1
(6) C for reduction SiOz, MnO,| 18°9 18'4 19°4°| 16*9 | 17°0 | 16°9 | 15*9 | 17*7 | 18°2 | 18°0 | 17°1
%cg;l output 506°2 1511°8 |505°6 |495°0 |498°8 |4956 5013 |507°3 [509°3 |508°4 15018
Indirect reducibility %’ 647 | 62°8 | 63°3 | 64°9 | 64°6 | 63°8 | 6674 | 66°6 | 65°4 | 64°4 | 62°5 ‘9
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Table 5. Heat balance (unit: X 103 kcal/t-pig iron)
- Period 1961 1962 :

Ttem ; ‘ Dec. Jan. Feb. Mar. - Apr. May
(1) Combustion heat of C to - . . . . . .

CO at tuyeres . 80649 803°3 797°1 778°0 777°5 756°8
(2) Reduction heat of ore by CO 652 65°7 64°4 65°3 65°5 657
(3) Sensible heat ofvdry blast - 458°2 464°5 444°9 441 *2 4483 4334
(4) Sensible heat of moisture 3°5 35 42 47 7°6 10°2
(5) Sensible heat of burden 40 26 3°0 3°9 - 6%4 9°3
(6) Formation heat of slag - 55°0 54°+1 53°6 53°3 - B1*1 557

Total input 1,392°8 1,393°7 1,367°2 1,346°4 1,356°4 | 1,331°"1
(1) Reduction heat of $i02, MnO, P;0; 116°0 1130 119°0 1030 104°0 103°0
(2) Solution loss heat 291°1 3182 297°8 296°1 294°1 2995
(3) Decomposition heat of lime stone 3°3 46 6°3 4+9 4+3 21
(4) Sensible heat of molten pig 3074 305°0 3096 279°0 298°2 2974
(5) Sensible heat of molten slag 166°2 162°0 163°1 155°5 149°6 162°7
6) Dcilclorﬁggfltlon heat of moisture 14+ 13°3 164 179 2844 3g°5
(7) Enthalpy of moisture in top gas 39°5 285 31°1 18*0 214 21*4
(8) Sensible heat of dry top gas 1555 1545 1627 160°5 166°7 175°0
() Others ‘ . 2989 294+7 26142 311°5 289°7 231°5

Total output ’ 1,392°8 1,393°7 1,367°2 1,346°4 1,356%4 1,331°1

T Period ,

Item — | Jun. Jul. Aug. Sep. Oct
(1) Combustion heat of C to Co at.tuyeres 778%4 7846 781°7 770°9 767°6
(2) Reduction heat of ore by CO 657 64°5 65°5 65°1 646
(3) Sensible heat of dry blast 4497 4559 4527 4454 445+
(4) Sensible heat of moisture 11°5 129 14°6 11°2 8*1
(5) Sensible heat of burden 94 10°3 117 10°2 7°8
(6) Formation heat of slag 57°9 558 554 546 55°4

Total input 1,372°6 1,383°6 1,381°6 1,357°4 1,348°6
(1) Reduction heat of SiO;, MnO, P205 97°4 108°2 1098 1099 104°2
(2) Solution loss heat 2814 2804 2851 312°9 314°9
(3) .Decomposition heat of lime stone 30 :
(4) Sensible heat of molten pig. 293°8 3006 301°8 301°8 299°0
(5) Sensible heat of molten slag ) 1671 1649 163°9 161°9 1629
(6) Decomposition heat of moisture in blast 43°0 48°0 54°3 42°0 26°*1
(7) Enthalpy of moisture in top gas 285 26°1 16°1 198 256
(8) Sensible heat of dry top gas 126°9 131°4 1480 161°9 151°6
(9) Others 331°5 324°0 3026 247°2 2650

Total output 1,372°6 | 1,383°6 | 1,381°6 | 1,357°4 | 1,348°0
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On the Primary Inclus1ons in Steels of Fe-Cr O System.
| Akira ADAcHI and -Nobuya IW'AMOIO -

Synopsis: - ' 0
The 1mportance of inclusions has unquestionably been overemphasrzed in many cases

- The number of investigations has been large, but in most. cases too many varlables have

_been present to allow definite conclusions to be drawn.

Three excellent reports on this subject have been lately published: one by H. M. Caex & ‘

J. Curpman, another by .D. C.. HILTY, Ww. D FORGENG & R. L FOLKMAN and a . third. by w.
KocH, J. Brucu & H. RoubE.

In order to obtain a satlsfactory solution to the mclusxon problem, the followmg three ques— .

tions must be answered:. - e e : :
1) What types of inclusions are formed under this experimental condltlon?
2) What caused many disagreements found between the above descnbed three papers" )
3) What is the process of transformation? : ‘ ‘
Furthermore, it was necessary to establish consrstent 1dent1fy1ng methods for inclusions.
We applied new resolving analyses using. electron dlffractron with higher accelerated voltages
and using electron probe X-ray micro-analyzer.

It was important to estabhsh the foundation for promotmg further 1nvest1gat10ns about -

complex systems. : - : Los

.~ In the first report, we simply described What sorts of 1nclusmns could be 0bta1ned when
molten alloy was rapidly solidified. : .

The work done during this investigation' may be summarized as follows

¢

1. The structures of thus formed mclusmns are d1v1ded into three groups by Varymg chro—r

“mium contents:
1) Slightly distorted iron chromite (c/a 0°97 or 0°95) only
2) Slightly distorted iron chromite (c/a= 0°95 & 0° 89) and Cr:0s :

“The shapes of inclusions depénd upon the various conditions, viz. Oxygen potential
under the experimental condition, and- the influence of co-existing elements, -solidifying
velocities, etc

3. In our results, formed iron chromite appeared Wlth distorted structures, more or less, in
all the steels, and the distortion degrees increased with a varying amount of chromium
addition. ' )

4. The diffraction patterns reflected by isolated addition residues showed diffused aspects.

5. Lattice constants of the distorted iron chromite increased with an 1ncrease in the chro—
mium contents.

6. The causes of distortion for the iron chromite should be studied in more details.

(Received 2 Apr 1964)
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