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The Change of Properties of the Charge Materials in a Blast Furnace Shaft

Synopsis:

Takao NARKAZAWA and Minoru SASAKI

The burden material samples taken from the three levels of the Tobata No 1 BF shaft were classified in sinter,

hematite ore (Swaziland), magnetite ores (Chilli and Dungun) and so on.

The size distribution, degree of

reduction and microstructure of them were also examined. Large increases of small particles (—5 mm)
of the iron ores were observed in the sample from the level of 3 m bellow the stock line and the mixing ratio

of the ores from the level of 8m bellow was close to the proportion of the used ores in operation.
of iron ore is considered to be related with the both reduction and turbulent mixing in the shaft.

The bursting
It was

found that the silicate glass matrix of sinter became rich in CaO and poor in Al;O; during reduction and
the calcium ferrite transformed into the spinel of FeO-Fe;O3-Al, Oy system. The effect of the composition

change of sinter on the softening is discussed..

(Received July 20, 1968)
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Fig. 1. Classification of the sample taken from the shaft.

Table 1. Mixing proportion of charged materials.

Mean mixing proportion

Material (%)
-Sinter 41-0
Swaziland 12-1
Chilli and Dungun 137
Goa 2:2
Manganese ore 1-1
Lime stone 2-7
Coke 271

Total 100
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Photo. 1. Granules mixed in

the burden materials.
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Table 2. Result of classification of the sample.

Weight

I PN EEET 55, & LT FeO-Fe0;3-AlO5
D spinel FiF 574D, FERCELEFETHIHOD
T#H59. Photo. 1-4, 51k, v+ 7 FEFTREDF SR
TRRDEBEH B L CHERIEEDOR 7 7 TH 5. TDOE
RB TS L, 27—, BIFER EOMER
BEAIN TS DRl &2Ex4bE5 L, BIFT
HOEBEMNETERLELDTH BT LAELPTH

Level
e — 53 5. Lo, 1)~k)DHix, mF T, 5)E
Species floor | floor floor EFHNTY v 7 FHICIBALICDDLE X OND.
-Swaziland : 791 411 954
Chilli and Dungun 307°7 | 569 | 974 3. %%F%BJ:U%M
Sinter 12988 | 454°0 | 609°5 :
Goa S B R 31 SHAEBIOAEHER
Manganese ore ‘ — 1-1 72
-Lime stone e — — |. 07 BIET T 7R BE DSy AR L 72pi2 T, ]'k]ﬁfm
Coke 14 | 310 | 261 b R £ b (OB L - E B Table 2 .
Fire_brick of chamotte and 204 137 75-6 & 7 AL 7R R able W
its altered material L AN S LI WIFEE DT K & 5 VI TR B@F’K?{‘
Granule of the spinel 264 55-3 324 . . o .
FeO- (Fe, Al);0O, ' EFWMCHEERTEL0H 10 HBHFELTWDHI &8H
Granules of the metallic . . . D A SHFT = R 7
iron and slag 37 26 42 »5. aRD D, fIlson b X 57, FREW
Total 762°9 | 656°0 | 9485 TR Lﬂ: EOITT BT, KERERD 2L TR
Table 3. Chemical composition of the classified lump materials.
Socci Sampling Chemical comgpon:nt (%)’
pecies level _ —
T.Fe |M.Fe | FeO |5io2 ALO, | CaO‘ MgO| K;0 |Na,0| S$° T ¢
(Charge) | 56-42] — | 889 6:31]2:86|9-44]088| — | — |o0-016] —
7th floor 53-06| — 9-22) 7-28 {1-95 |11:23 | 0°40 — — 0-035] 0-05
Sinter 5th floor 57-85|<0-01| 10-03] 6-32 | 2-30 | 6:41 | 0"46 | — — 0-023] 0-04
¢ 3rd floor 61-88/ 0-89 38-76| 7°43 | 3-56 [ 981 | 053 | 060 | 0-11 | 0-044] 0-55
4 60-65 0-82) 3417/ 6°05 | 2°45 | 7°16 | 042 | 0-12 | 0-07 — —
4 54-64 0-42 28:91/ 6°48 | 2°80 | 931 | 0°11 | 0-30 | 0-10 | 0-030| 0-07
4 55:68] 0-51) 44+56| 7°35 | 2:73 | 9:59 | 041 { 0-10 | 008 |. — —
(Charge) 65-05 — 0-09 3-54 | 2-52 | 0°07 | trace | 0-066| 0-GO1l| 0-022] —
Swaziland 7th floor 68-28) — 9:65/ 2-52 ( 1-49 | 0-08 | 0-07 —_ — | 0-003| 0-04
w 5th floor 68-36|<<0°01| 20211 2-20 | 1-38 | 0-29 | 0-24 — — | 0°018| 1-53
3rd-floor 70-41]<0-02 45-12{ 2:20 | 1'66 | 0-16 | 0-20 039} 006 | 0°015) 0°05
* (Charge) 64-35 — 9-64| 4-82 | 1-03 | 0-64 | 0-61 | 0-089| 0-005|.0°088] — .
" ge 62:08) — | 5-41/3-28|2-52 | 0-19 | 0-25 | 0-075| 0-030| 0-060| —
Tth foor 67-91 — |10°41/ 1-70 | 0°42 {0-13 [ 0-31 | — | — ['0:024| 0-04
Chilli 68:72) — | 556/ 2°21 [2:32 {027 |030| — | — |0-005 0-05 -
and -
Dungun 5¢h ﬂ'o . 69°53|<0°01| 13-00{ 1'12 | 1-37 | 0:33 | 045 | — — 10-00¢] 016
° 67:02|<0°'01f 1258 2:18 | 2:07 | 0-28 | 0:28 | — — 10-003] 0-41
3rd floor 67:30| 0-42 | 42:51] 1'90 [ 0-72 |-0°37 | 018 | 0:12 | 0-05 | 0-047; 1-00
67°44| 0:38 | 41-41 2‘527 2-22 (018|025 | — — 1 0-03¢| 0-16
Lime stone sth floor | 2274 — | — |970| 162279 o2 — | — |oo02 —
Firebrick of chamotte 7. 4-337 — |- — 1(56-02 |29-03 !'—1:66 0-18 | 0:90 '.0'25 0-018| 1-53
Altered material A . . . . 0- . .‘ . . .
of firebrick 3rd floor 7-76/<0°02| 1-25 |25-34 ’23 11 ’ 0-54 | 0-11 {19-32 | 133 | 0035 211
(3§;§ﬂ§ of the ” 45:52] 064 [5314 |14-28 [11-73 | 0-24 | 0-60 | 025 | 0-07 | 0-008| 0-16
* Chilli ** Dungune
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Fig. 2. Proceeding of reduction of the iron ores in the shaft.
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Fig. 3. Change of .mixing proportion of the iron

ore.

THR> 5 SRV ANV E DR TORTHETEE, &R
WBRIR S, “EBILER” KL T4~5%BEDLERRE
LRBIT Ei\V. T~5 R 313 538 T3
hematite 3> £ magnetite Z 4T 58EICH DT &,
ZOBRTTHVREIETT 5 Z L7 EH, SRMICHERTT
EOEZEUBRVEREEDLNS. —F, 5~3KEIK
BT HBITEGIE magnetite 7> 5 wistite 1TZEHSHFH
Bicd 50T, LROETETEICIETOENERD
nTw5d. & EFBEOETETEO/IIVWT L, %
DRITIVFORENZ EBEILDTWVS. BIEIKOWT

silicate glass [T X2 TCTEAEINTVWSHRD, £ 5T\
DEHEAIIBBRTEINE A VIKBICH 5 2 L BEHE %
xohd. BEX, RS LMK X UHBOR
BBZEREDTHRLEND D LEEDNS.

3-2-2 KAWDLAR

Fig. 313, RSN FREMPOEREEGLZR
L7edbDTH 5. BREVAWVLERET DRI,
TR RICHR TEERS DR, FV—, Xy
SREPELFELTED, PRIVOEITODD T LD
»5. Lal, BELRUns 2:9~8'9m FTH T,
D RrRDNT D F1H DBEARFOFEERERITGEVER
ARLTVS. THEREADBEPLY IIRELEBLY
* 7 MEETREL, TOBEBTEELINSZ L2HRb
THOEEZLND.

O TR OIRENL, HiRT 2EAMOMIL & B
BEME R 2TV 555, NEMOERKRAE» AR T, §F
BERED X 57 d 5 FERBR COARBI D TWHD
», BEVEFRTRTOERTRET 52— KMNEEMH Y
500, S, FEERICGE L RR S 2 BE T
5L IVBLIICEND DD ERDNRS.

3-2:3 RO

Fig. 4 WA Lc i o NERLCHEOBRE &L
BTHRETT S &, v v 7 MREZRT 2 EER oM LER
ZHLHITT B ERWEETH S, BEARBIS ST
DIFFTT 6 mmOEFI X5 THEZIRIBRWTEALTY
Lz, TROBREWIC—5mm BOFEE LAV OiEY
RTHHM, T5LIEDBY v 7 bEETHRL LR
DETLEZFTD &L, EANONESHRII, LN WE
ABTLTWS. ZLTELWilb R 2T oikig#sLr

i3, BEEKRORICHRIT & calcium ferite WFIE VD 2~3 mmFTHY, Thi ) FHTEEANO
. a) Swo'zilond ) b) Chilli and Dungun l l c) Sinter
. Qe 71th f.|.sample
- : ———x-== Sihfl. *
- A lo\ ‘ ji\ ———p—-— 3rd 1. ¥ F/é\
v 7\
9 / A\ l / \\
— g \ ’ .
\\/X T\ A A ;

<

Content

n
[»]
O,
X
/\‘
J
L
’
7’
,
-’

N \ y
\ \.]\\\ \ \\g‘_ x )
ASIIERRS

| |

20 10 S 3 1 20 10 5 3 I 20 10 - s 3 l

Size

{mm)

Fig. 4. Size distributions of the iron ores at each level.
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FESHICITEE A EBLRRbREY. 3B BA, *
wﬁﬁfﬁiféﬁﬁmdmtmLTFMAﬁﬁéhé
THDH5.

—F, THVERHSIRT tkﬁﬁ?%& &F%@?%H
BOEWI &, SRR LI LE b o NESHE2RT
ZEREAOFMLOBEEEIFRACTHS. Lo T,
RO LT £ B RO BEINE LB TIPS T s 1)
R EREL TV b EELBNRS. T2, £hEh
OFEMOBEOKIED L DL LEABEEE LTV, L
L, fL L SpiREoEER DR W &, WThoRE b
%EO— 5 mmEy (20~30%) BREL BT LI,
FRTOIBITTHILE (— 5 mmigH) Zie HLEARE %
TELECFTHHTER N EERLTWVWS. :

=T, FROETH{LIX, hematite 23 magnetite {V,3
LM TRAET MM 5 v 2 BBER S D, FORK
BRXoTHRSHEL, . BERET IBRRTH 599,
Fndz, FHOITBR SNBSS KIS O%KYHA T
WBEZHPALZEBERTEY, —5mm EEIbEE
WEZRRER. LT A, FFEREBOAERERT
v, EAMORS LFE oMo 5 v R —EL
TWbHZ L, 5 mmPlTOMRBRENZ & (FRTiRo
fEIZEET), EHLWWTETIREAY O NESHBITE
AMEBDLLBRWI LR EBBTENS. T5LEEE,
5, EARBOMLIX, R hematite 75 mag-
netite {3 S EXPE CHRAET 5 R LB RE DS

B LH» DOMEI L DN D7D, BEICEDD

LEZETBRZI.

PED T, FRIOE—-#RORBRBERICITR DN
% < ORIESNSH LI o7 hs, THIXIFEREW
FEAC LICHE LB LA ST X2 TR D TERRE
EhizdDTH 5.

T, KRBWO R LI v %7 MEBEER OFERNESR
i, BEOEFIRERS XUEARBTIIH5BEITS
NENZEDESITBbNSE. Lil, vr7 hRICE
FERAMORBERT 22BN I LR, &
ELIFREZEORDICH, i, FROBERETRD
LEWEEEAHERTADRAEELRZETHS. &
Wz, FREERIT DS & SWREARBOLERER S
CIEADIEL WVEHREOIELSLE L INS. £
FeDITIE, IHE L ORIEEFAERT, EARED
— RIS F MR B AR T RETH B LEZBND.
3.3 BESOLMEREL

55 3B BRI BRSO SRR & MR TS
7oRER, =ELMIATH S hemicalcium ferrite 35 X
O matrix slag IFRBZELORPLN TV EDHEED L

1) Microstructure of the sinter from the 5th floor level
2) and3) ” ” 3rd ”
M) Magnetite, Cf,) Hemicalcium ferrite, Me) Metallic iron

Photo. 2. Change of the hemicalcium ferrite
particles of sinter.

nic.

Photo. 2-1 1%, 5 FRItRW AHEEFESLT magnetite,
&Ik hemicalcium ferrite (BF-PIERICII R SRR
THOIRIA D 3 JT3% calcium ferrite 23FH L T2k
KO matrix slag 2 SR ARENLHBETTIOCH
H. ZTTHE, EARFLERTIIoE D Lk X
OLEEARRR E DE(LIZ A U Tyvrigy (Table 2 £H) .

Photo. 2-2 13 3 JROBEEGLT, — BT E&BEOITH D
BESTVBHBITHS. HROAE» SE&BEL T
7253, magnetite i F2 LEBILL TWHDRR LN S.
—F, TNEHFFL T3 calcium ferrite ¥rF% B %
&, BFOBBRIELEXLDL, TORFRTIR2ELL

DR GRIITZE(LL TV 5. S 5iT,Photo. 2-3 T,
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“Table 4. Results of X-ray diffraction analysis of sinters.

Sinter from the 5th floor level Sinter from the 3rd floor level
Nonmagnetic fraction Magnetic fraction Nonmagnetic fraction
d (A) 1 Ident.- d (A) I Ident. d (A) I Ident.
512 m Hemi 486 m M 526 w Hemi
3-88 m . 369 w H 4-86 w M
3-68 s H 300 w Hemi 3-69 w H
3-49 wo e 297 s M 3-01 w Hemi
3-18 W _ 2:78 w Hemi 2-97 s M
3-00 m Hemi 2-70 m H 2-89 m Hemi
2-97 m H, M 2-59 w Hemi 280 w
2-77 m Hemi 2-53 v s M 2:76 m Hemi
2.75 w 2-20 w Hemi 2-70 m H
2-69 v s H . 2-10 ] M 2-61 m Hemi
2-61 m Hemi 2:02 w 2-53 v s M, H
2-51 vV s H 1-83 w H 2-48 w
246 w 171 m M, H 2-21 m H, Hemi
2:43 w 1-61 s M 2-15 s Wu
235 w 1-48 s M, H 2-10 s M
2-25 v Hemi : 1-84 m Hemi
2-20 s H, Hemi 1-71 w Hemi
2-15 w 1-69 s M, H
1-52 m Wu
1-48 s M, H
Notation H : hemetite M : magnetite Wu : Wiistite Hemi : hemicalcium ferrite

S OB EEA TRV, R DR RE
FI®EFNICHES D & calcium ferrite RF-DITED
BB Ch 5. £ L TREOIE magnetite DY
A7) OEROBHSRD LNH DT, ¥ %7 FTE
UEWTEE SR I EEZRI LT LBbr 5.

Table 4}, Photo. 2-1, 2ITF L7 &RROHMRE
ORI - BB L TERMES B X OIEHAES O
XEF SIS RTHD. WHED T WIS RO~
HloszmLieh, SKEABLINEIFEALRLT,
magnetite DIRVEIFTHEOIEHITIX,
rrite, hematite DFH\V[EIFTHEAEED shaict 2.
ERES IOV TIE, 5KEB X0 3 KA & $hemical-
cium ferrite, hematite 3s X U° wistite D3FEFE E7cd,
2 Clx wistite O EHTHASEFE & 78 5 —75, hemical-
cium ferrite (XL LRIAFEIC /s HEMRICH 5. H, ile]
s CES b matrix ROEFRRIESNIT, XERE
oW CRREET 5 T BTS2l

Photo. 3-1 11, FROZEH&iE®H /- calcium ferrite
FIF %= L38Ei (Photo, 2-2) Z2XfR~vA /a7 754
PF—THRRIHDTHS.

iR calcium ferrite R FICARFEIIDS X HIT,
WENDZEE calcium ferrite R F» 5% Fe DiEhic
Ca, Al pSHIENS. b &b EEREFO hemicalci-
um ferrite $yF1zx, AlO; 4428 calcium aluminate

LLUTHEBPL TW5BY, T Al i@ty

hemicalcium fe-

Table 5. Change of chemical composition of the
slag matrix of sinter.

Composition*
of the slag
matrix

As oxide (%)

Sinter Al,O; | Si0; | CaO | FeO | Sum

Charge 6~9 |30~35(38~40/15~20

From the 3rd £1. | <1 | 28 | 54 | 10 | (93)

7 <l 30 55 9 (95)

- Determined by X-ray microanalyser

{4\ T matrix AFBE LAV LPED L 5THD.
Photo. 3-2 IZEEX S WEE%® LC\Ww5 calcium
ferrite 3vF (Photo. 2-3) T, Z ZTIk Ca DL
LN S. AlOSMREEIXHE DIAD X 5 T3,
e b &b Lo (B BV L hematite H HAEFK
L 7z) magnetite OMRITEH Al BREFINTCWE T &
PR ERIR .

PLEOHR, 3K, ORRUCEBENEPICS LN
5758 calcium ferrite i F X, magnetite {LOBEEIT
HDHL ENRLPD. Licd> T, calcium ferrite $7 D
BIG - ZHE» 5 TE BIRTE:  magnetite D/ &
magnetite OFARIFY, calcium ferrite HTF-ICENF L TW
7o ALO; 7 SN AR @ silicate glass & EH T
AlLQ; HEDAAT, WTFhd FesO4i-FeO-ALO;

T
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1 ) ‘Hemicalcium ferrite particle in the early stage of phase transformatxon,
2) ” in the middle stage,

Cf;) Hemicalcium ferrite particle, M) Magnetite particle

BSE) Back scattered electron image

Photo. 3. Scanning images of characteristic X-ray of the hemi-
calcium ferrite particles of the sinter samples from
the 3rd floor level.
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BB ZE DD T L. T D, BEREK
A O L&k k4 (calcium ferrite > 5ZEH
Lich Db EoT) 13, EBxoPREEIC
B CHEEITTH: D spinel O ERED T
r—ijP'ﬂi’P %??Fﬂiéﬁ’béﬁ ARPITD, &
L D&, E'E calcium ferrite frF%2 4K
LIcBGREERB S0 b . 2ol ki,
BERESS BRI WT, FidoZ iRk
B — AR ESE L TV B RREM 2 RIS T 5.
HDTHAS.

Table 5%, [FEREsESEART hcmicalcF
um ferrite F};F-&IEFFL T 7z silicate
glass(6 7Ff), 75 50N 3 RTEE DKL
(Photo. 2-3) 12T calcium ferrite
FEHF L TV 5 silicate glass o X &
TAT AT FIAF - XBHWERET
LTHD. Zo220HERRZ LT 2
L, FE X BRGBETECHAIL~ CaO,
Al;Oy, FeO 4 0ZEENZ, silicate glass o>
FBRZILITIE2&E D E RN TV 5 &4
hhoiz.

PLLEOBERESLOFR L FEZE L, v v 7
MERIT 30 BIRTTANE LIRS CBIMR L

TTWL T EEBLITHES. LL, £h

LOFHETOVTORENIEE Tk E, L
TRITO X SMRZ bR T Uit ghss
BFETHEIVWTED X 5 Tk E R
FELTHRV. MBLERT v b o
BXUOHEIL L7 Do silicate glass >
fHAk (Table 5) 25, W ORhE %Ik

+THETS. GiEOMHEIE, CaO-FeO-
Si0-AlLO; R TH 5. LD 5 b ALO; 4

% gehlenite ICE 35 &, EH5 D CaQ/f

SiO; IHFE 1 5. £2T Fig. 5a9
DREM EWTH TiId 5 &, FORIEITLY
1200°C T 5 T E5bh 5. HEOMK
¥, AlLOsZraSA s v ds &5 CaO-FeO-SiO,.
FTEZLTIV. Lad, CaO/SiO; 1
dicalcium silicate §EiIcH B Z & 205, T
h% Fig. 5-b® OREEMEC Fo v bg
&, TORMABHEXDEISELICEVE
Lidbrd. TOXSTHLWEE(LE,

PGSR OME—o DB TH 5 silicate
glasOER R ZX 5L LTINS, Fhug,

.
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2Ca0 - Al:Os- Si0:

Ca0.5i0, CaO- FeO- S0z, 1208° FeO
1544° 2Ca0 - FeO - 25i0, 1380°

a; Ca0-:810;-Fe0-2Ca0-.Al1;0;3-5i10; system8 b;

2Ca0- ALO,-Si0:

2130° 1380°
2C20-8i0;-FeO-2Ca0-Al,0;-Si0, system??

Fig. 5. Phase diagrams of the system of CaO-FeO-Al;0;-510s.
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RZohar oI EEbNS. WTHIKL 5,
PEREGRD “BW? REBIX 7 v h Y RGO IO T % E
THLWHEZE LTI TRES N E T3 THA
3.

ST, BFORE LG I EHAEKRI, BIFTED
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5.
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Mathematical Model of Oxygen Top Blowing Converter

Synopsis:

Shigeo AsAI and ITwao MucHi

In order to predict the variations of the process variables caused with the progress of blowing oxygen in
LD converter, mathematical model for oxygen absorption accompanied by the simultaneous reactions in con-
nection with carbon, silicon and iron existing in the neighborhood of cavity in steel bath has been developed

in this work.

By use of this model, the changes of temperatures and compositions of steel bath and waste gas, and those

of evolution rate of waste gas can be estimated.

Numerical calculations based on this model under various operating conditions have been conducted
with the aid of digital computer (HITAC 5020E), and from comparison of estimations with empirical results
obtained by other investigators in LD converter of 150 t the authors have believed that this model may

be used for prediction of behaviors of process variables.

(Received July 1, 1968)
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