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Some Properties and Degrading Patterns of Materials

in a Blast Furnace Shaft

Yoshiteru JoMoTO, Yiji KANAYAMA, Yoshio OKUNO, and Masashi Isovama

Synopsis:

An investigation was made on properties of materials (sinter, ore and pellet) taken from various

levels and positions on the radii of the shaft in four blast furnaces of Muroran Works,

Degrading

properties of these materials were discussed by the comparison of the results obtained from the blast

furnace with these from an experimental apparatus designed for analogy in the conditions of shaft

region.

Remarkable informations were conducted as follows.

1) Excessive size degradation of sinter and ore was found at upper level of the shaft.

level, these mean size fell by 2~6 mm.

At lower

2) Degree of reduction of sinter, ore and pellet was found to be about equal throughout the shaft.

3) Degradation of sinter was characterized by the pattern of bulk degrading mechanism, in view
of the facts that many cracks were formed all over the inner grain and the sinter was broken to small

pieces.

4) Degradation of both ore and pellet was characterized by the pattern of surface degrading
mechanisn?l, in view of the facts that many cracks were formed on their surfaces and fine ore and

pellet were produced.

5) The degree of degradation of the materials observed in the experimental apparatus coincided

with that observed in the shaft region.

It was assured that the result of the experimental apparatus

was able to be used for evaluation of the nature of degradation.
(Received Oct. 19, 1970)
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Table- 1. Date of sampling and burdens charged into blast furnace.
. Burdens
Blast Date of Sinter Ore Pellet
furnace Sampling C}}arge CaO Cl:?rgc Burd Cl'tlargc Burdens
ratio : ratio urdens ratio N .
| %) 159 (o) () | (Charge ratio)
No 1 BF | Sept. 10 68 5'8 | 202 | 59-4 | Goldsworthy, India, Thasala, 34-8 | Kaiser (23-2)
Hamersley. Hamersley (11+6)
Nov. 7 ’68 54 1-97 53'6 | Goa M, Thasala, Hamersley. 410 | Kaiser (20-5)
Hamersley (20-5)
May 30 68| 52'0 | 1-21 48-0 | Swaziland, Brazil, Goldsworthy. ’
No 4BF |Jan. 6 °68| 69°5 |1:39| 30-5 | Goa M, Africa, Hamersley.
Jan. 16 68| 62-1 1:45 37-9 Goa M, Africa, Hamersley.
i Mar. 5 68| 74°0 1-31 26-0 Goa M, Goldsworthy, Santa Fe.
'Apr. 4 68| 71-1 1-43 28-9 Santa Fe, Goldsworthy, Goa M,
i May 6 °68| 64-1 1'41 | 359 | Santa Fe, Kiriburu, Angora.
Nov. 19 ’68| .81'6 | 1'49 | 184 | Santa Fe, Goa M.
Jan. 18 69| 72-1 1-11 279 | Bandurrias, Sishen, Kiribule.
Feb. 17 ’69{ 680 1'34 | 32:0 | Sishen, Bailadila.
-Apr. 14 69| 62°1 1:19 | 379 | Goldsworthy, Bandurrias.
Table 2. Operating indices of blast furnace.
Indices No 1 BF No 4 BF
(Nov. ’68) (May 30, ’69) (Jan.~May ’68) (Jan.~Apr. ’69)
Blast volume  (Nm?/min) 1852 1410 2375 3 446
Blast pressure (kg/cm?) 1-130 1-010 1-615 ’ 1-754
Blast temperature (&(8)] 825 1030 952 900
Coke ratio 523 487 492 513
Ore/Coke 295 2°90 3-13 2-92
Iron production (t/D) 1628 2126 2498 2 656
Slag basicity (CaO/SiO,) 1-13 1-25 1-18 1-19
Si, in iron (%) 0-67 0-65 0-69 0-72
Oil injection (kg/t-P 39 34 47 36
‘ L I | Somple I
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Fig. 3. Analyzing method of characters of sample.
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Table 3. Results of classification of samples. Sampling date: May 30°69
(No 1BF)
Samp- | From 'Sample "-Size dizgi)bution Mixing ratio (%) Mean*** | Bulk Porosity (%)
ling inwall | weight- [— 1 °5 5 size density
level (m) (gr) ;m r:m ;m Ore+Sinter | Coke [Others** (mm) |(gr/cm3)] Sinter | Ore
6F L 0-0 242-2 1 79°3 | 6'9 (158 19:9(56-7)* 12:0 | 68-1 3-8 1-06 16-1 165
1-0 147-8 | 13°7 | 9:8 1 76°5 | 23-9( 0) | 64°0| 12-1 7-2 0:65 |
20 290-8 | 3-6| 7'688-8|79:3(83-5) | 185 2-2 10-5 1:05 17-1 | 22+7
3-5 2014 | 11-5 | 201 | 68-4 | 36-4(61'8) | 59-6 4-0 117 0-69
5FL 0-0 128:9 | 16°3 | 74| 76-3 | 11°1(85'7) | 4-5| 84-4 4-5 1-00 21'7 | 13'5
1-0 332-2| 7-8 180|742 197-1(97:8) | 05 2-4 6-8 1-91 19-2 | 26-4
20 2988 | 18-8 | 41-1 | 40°8 | 79:8(95°7) | 11-7 85, 7-1 1-53 23-7 | 264
35 2362 | 10°6 | 22-7 | 66°7 | 45°0(99°2) | 50'6 4°4 .51 0-76
4F L 0-0 83-4 | 3-7|15°8)80'5|25°9(81'2) {612 | 129 4:0 0-61 27-5
1'0 72:3 | 42| 3:3192:5| 4-2( 0) | 938 30 — 0-45 25-9
20 503-9 | 14-6 | 21-4 | 640 | 77°3(24°1) | 15°8 6'9 4-2 1-40 27-2 | 27-2
35 393-7 1 12°6 | 21'9 | 65°4 | 46°1(82:0) | 49'3 4°6 51 0-77 32'3
3FL 00 212°8 | 18:9 | 239 { 57°3 | 42:7(42°6) | 40-7 | 166 5:2 088 |
0-5 4552 | 7:11350|57'9.|81'1(6-2) | 17°6 1:3 5-7 1-27 37-3
10 |1035°5|15°0|46-2 | 388 |96-8(94-1) | 11 2-1 4-6 1:82 37-1

* Sinter parts of ore-+sinter over 3 mm.
** Lime stone, non-magnetic material.
*** Arithmetical mean value of ore, sinter and magnetic material.
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Photo. 2. Appearance of pellets taken at 2'5m from inwall of 4 FL
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(No 1 BF. Sampling date : Sept. 10 ’68)

Table 4. Mean size of burdens charged (mm).
No 1 BF No 4 BF
Period 1968 1969 1968 1969

Nov. 7 May 30 May 6 Jan. 17 Feb. 16 Apr. 14
Sinter 22-1( 5°4) 20-1(48) 23:7(26) 23-7(28) 21.3(32) 19.6(38)
Ore 17-2(54°6) 18-5(52) 187(74) 20-3(72)  18.0(68)  11.1(62)
Pellet 10-8(41-0) — — ! T = _
All materials 14-9 19-1 19-5 212 19:0 14.4

( ) Charge ratio of burdens
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Table 5. Crushing strength of charged and sampled pellet.
Sampling date: Nov. 7 ’68

Crushing strength at normal temperature
. Sampling (kg/piece)
Pellet Species level M. I Maximum Minimum Pieces for
can value value value test
Hamersley 240 520 20 100
Charged (arrival at 1968. 9) :
pellet Kaiser 173 320 20 100
( 4 1968. 8)
6 FL 1465 500 20 49
ngﬁjfed 5FL 783 280 35 20
P 4FL 59-6 205 21 37
Table 6. Chemical composition of the classified lump materials. Sampling date: May 30, 69
(No. 1 BF)
Sampling | From Sample Chemical component (%)
' lepl € | inwall Species size
ve (m) (mm) | T.Fe | M. Fe | FeO |[T. G S |SiO,| ALO, | CaO | MgO
Sinter — 59:48 — 13-20 — 0:005 | 5-56 181 6°75 | 6-68
Chareed Swaziland — 64-71 — 018 — | 0003 | 3-80 1'14 | 0'14|0:08
. oldswort — 5 — ‘0 — 005 | 3-15 0 : :
(Chareed ) |Goldsworthy 65-83 0-04 0005 | 3°1 90 |0-03 | 005
Bandlurias — 61-06 — 11:14 — 0-110 | 5-90 1-18 1-68 | 2-15
Brazil — 67-86 —_— 0-31 — | 0:006 | 080} 070 | 003|005
6F L 0'0 | Sinter 3~50 1| 4575 | 22-13 19-58 | 2-57 | 0-177 | 6:80| 205 | 7-05 | 0-55
0'5 | Ore 5~10 | 67-72 011 10:42 | 0-09 | 0012 {1:95| 0-88 | 0-58 (005
Sinter 5~10 | 60°94 016 1545 | 0°06 | 0°006 | 5-02 1-:58 | 545 | 062
1:0 | Ore 5~10 | 63-53 0-11 1-:08 | 0-18 | 0006 | 2:13 | 090 | 006 | 0-07
2:0 | Ore 3~50 | 6471 0-05 0991017 | 0:012/0'65| 0:53 [0:07]0°05
Sinter 3~50 | 60:80 0-21 8:351 006 0020 | 5-20 1'06 | 520} 0-92
3:5 | Ore 3~50 | 58-78 0-37 | 31-97 {0-09{ 0-135|5'50| 232 | 595 | 090
Sinter- 3~50 | 62-27 2-55| 44-55 |1 0-10| 0-013 | 5-20 1'46 | 6°75 | 0°67
5FL 0-5 | Ore 3~50 | 56-48 0-48 | 27-03 | 016 | 0-041 | 1-10| 250 | 2-74 | 0-10
Sinter 5~10 | 62-48 3-83 | 25-15|0-28| 0-008 | 4-70 1-50 | 5-80 | 0-61
1'0 | Ore 3~50 | 41:75 0-27 180|033 0067|150 2-12 | 5-70 | 0-58
Sinter 5~10 | 59-20 016 | 14-01 | 0-09| 0-009 | 5'30 | 1-83 6-65 | 0°10
20 | Sinter 5~10 | 60-32 069 | 2272 | 0-11 0-00¢g | 5:20 1-62 | 6:50 | 0-64
3'5 | Sinter 5~10 | 62-69 750 | 5496 | 0°16 | 0-°013 | 5-93 1-74 7-50 | 0-78
4F L 0'5 | Ore 3~50 71-21 0-59 59-27 | 0-11 0154 | 170 0-44 040 | 0-42
1:5 | Ore 5~10 | 56:06 0-43 | 32-69 (016 0053|570 0-62 1-28 | 0:72
20 | Ore 5~10| 57-38 0-37 | 34-94 |1 029 | 0-110| 2-66 1-34 | 2:50( 018
Sinter 5~10 | 62-06 0-37 | 44-28 | 0-11 0-007 | 5-25 142 | 5-80| 0:86
35| Ore 5~10 | 59-06 | 14-26 | 36:46 [ 0-20 | 0-009 | 4-90 1:'22 | 0-12 | 0-11
Sinter 5~10| 68-34 | 23-14 | ‘4212 )0-19| 0-025| 5201 156 | 6-00 | 0-64
3FL 00| Ore 3~50 70-09 5973 7:90 [11-92 0-077 | 1'35 074 076 | 018
Sinter 3~50| 35-95| 27-13 8-44 {21-86 | 0°231 | 4-10 144 (440 | 1:05
0-5 | Ore 5~10| 76-16| 3367 | 3072|180 | 0029 | 2:60 150 | 080|015
Sinter 5~10 | 6583 14-79 | 48-32 1 064 | 0016 | 575 1'62 | 6:70 | 0-62
1:0 | Ore 5~10 | 64°:50 1:97 | 53:44 | 009! 0:021 | 6-85 1-46 | 3:60 | 0-60
Sinter 5~10 | 61:99 0-32] 5658 | 0:07 | 0:016 | 6-20 182 [6-70 | 0-96

33 EmAEDFETE ) D, RREH DIV GE, 3~50 mm OREDO L D) %,
FREAMOETEELITETIC E bieo T4 T 5%  Table 61z, FEFI434E118 7 Biz No 1 BF 25 RE L

ItLBRGERAT 25 X CEETH 5. 7o ks LUEIE L v b Ok % Table 7 T
FEFN 44 4£5 H 30 HIZ Nol BF MmO 2-MERE 1. Table 6, 7R3 &EAMOEETIEE, B

$ & A DL (BEEUBHE 5~10mm O [ 0d 85 52°0%, A9~ 5 Kk 19°9%, T~V RF9—
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Table 7. Chemical composition of classified pellets. Sampling date: Nov. 7 '68
{No. 1 BF)
Sampling From ) Chemical component (%)
level inwall Species
eve (m) T.Fe | M. Fe | FeO |[T.C| S Si0, | ALO; | CaO | MgO
Kaiser 64-71 — 0-63 — — | 3-47 0-57 | 0'31 2-44
(Charged pellets) | pamersiey 6337 — | 02| — — | 510 | 287 |0'52| 010
6FL 0-5 | Damaged 62-97 1-02 3-95{006| 0007 | 590 3-10 {050 0-12
1'0 | Non-damaged| 62-97 | 0-62 3:23 1005 0008 | 5-50 3-08 | 0-44 | 010
Damaged 63-67 | 0-82 6°29 | 007 | 0007 | 5-40 300 | 042 | 0'10
2°0 7 6646 | 0-17 20°48 | 0005 | 0-027 | 3-15 0-62 | 0-¢l 0-46
2'5 | Non-damaged| 67-58 | 0-15 35'57 | 0-04| 0-022| 3-20 0-44 | 0-34| 2-50
Damaged 66-74 | 0-16 3108007 0015 3-30 0.48 | 0-34 | 2-64
5FL 0'5 | Non-damaged| 64:23 | 0°71 29-10 | 0-06 | 0-010
Damaged 68:98 | 0-21 36-28 | 0-03 | 0-010 | 2-85 1-48 | 027 | 0-53
1-0 | Non-damaged| 64'79 | 0°19 26°76 | 0-05 | 0-015| 5-40 324 | 073 050
Damaged 6535 | 0-18 23-89 1 0-04 | 0020 | 4-20 290 | 0-34 | 0-9L
2:0 7 69-81 0-17 30-18 1 0-05| 0-013 | 1-50 0-64 | 018 0-58
3'0 4 64-79 | 0-21 4042 | 0-04 | 0-020
4F L - 05 Damaged 67:58 | 0-45 37:00 | 0-06| 0010 | 3:75 082 |0'34| 2-36
1:0 | Non-damaged| 68:56 | 0°12 3485|1004 | 0008 | 2-85 072 | 0°23| 1:29
Damaged 66-18 | 0-23 4688 | 0°05 | 0-012| 5-55 340 | 084 011
2-0 | Non-damaged| 66:88 | 0°'53 31'97 | 0°04| 0-007 | 3-50 0-57 | 039 2-50
Damaged 6646 | 0-54 42'93 | 0°06 | 0-008 | 4-05 217 1036 1-22
3-0 | Non-damaged| 64:09 | 0'57 22:09 | 0004 | 0-013 | 550 324 |0-63| 010
Damaged 64-51 | 0'24 24-97 | 0°11 | 0012 | 5°00 2:98 |08l | 025
60 Goe e aey T T T T T
/'xi‘/": Sampling date : May 30 '69
\ ]
¢ Ore aSinter OPellet
50 [+ 6Pl ——sEL
\ \ 5 ----4FL ——3FL
{
| ,
40 \A \ 1 T T T T f
3 \ \ //, Sampling date : Nov. 7 '68 ;
e / :
! \
s \ \ //’ a 3 ;
% 30 ¥ \ ]‘, t :
é \o 1y \\ s
5 L i/ L A
& 'S 4’1/ \ 7
& 20 AN £ ! o
AN ‘7 ] \\ ,c‘-‘c><"‘"/,°/
\\ \\s,_—";7 / / §><_d»-”. e
AS /, / 1 8 /3/ B
Z N A 1/ / \\ ) -~ fe)
o \ Ly b= | /]
X 7 % 7
S\\?i/r/ "\ >o/ "
\4\ [«
o] B o) 20 30 Center 0 1’0 20 30 Center

Distance from inwall

(m)

Fig. 8. Rate of reduction of samples along radius at each level of No 1 BF.
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40

z[) ' Sinter

9 ] ]Ore I

! Sampling date
°© Jan. 18-'69
® Feb. 17 '69 «

\ Sampling date
i \ a Jan. 18 ‘69
\ A Feb. 17 '69
30 AN ‘\ A May 6 ‘69
AY
- \ /
2 -
2 \ ) 1y
c A\\ \ / &
o
- \ /
R IV S RV V7
2 A ‘ ‘Al
5 \ /AV
2 | ’
& 10 \:\\ /II/ A
\ \A-/T l/
NS A
Py /'}<
=]
0 ] |
0 0 20 30 Center

\i\\\\i L/
N g ——s
R

o I'0 | 20 | 30 Center

Distance from inwall (m)

Fig. 9. Rate of reduction of samples along radius at each level of No 4 BF.

—$K 14 7%, N R )7 R 7%, T 7 ON§E46%
TH5H. vy NOBFREIEE A S —, NvRAL—F
hFEN 50% TH5. '

BILER (R, %) OEHI, EAMTEENSBER
BB/ EOTEEBDT, Lo TREBRTEENS
HELBEREOUBTEDLTRAC I>THR DR,

R =100X {(O/Fe)c— (O/Fe)s}/(O/Fe)c
7L, ORFEAPOBEEEE (%), Fe BWHERE
(%), C, SIXEATFEF ICFERFELZFRITREST
H5.

Fig. 8, 9 @ Nol 33X No 4 BF THEREL "%
ABOFER I B X URE FRIC 31058 TRELE R
. Ry FOBEBTGERTEL2HROLD, HEALALDD
HEDLERFBETRT. TEERODIOEHBLLD
DDFRWE, Table 7R TLEMK > SHEL 2 XS
IBTTRIZD F D ZEBRHR DRI D7,

LB DETEIZ No 1, No 4 BF & 4 {EEEfk L R
FRITE L, PEBTELL2EZRLTY B3,
COMEMIEY v+ 7 TR RIZEHE LS. PR
FBIOCFERLMUTEVETLRERT Z L, Zofif%
BIRT, COREOBVWFERNFABEZITNATNBT &
LEELSERRD D EEDLNS. FRADOEBIT OV
No 4 BF 0y » 7 MEFTREY 7R AT H RIRE-
BESFERAET S LT L DTHIDTVWS. D

SR - BEREL « RV v PIOWTETLEDESR KL
THDHDEPELTUDBERE RV » b X ETLIh
TWBEEVEEV. TDZERVEOEFRIETLMAE
BROBRES- I EAHESIR TV 5D,

7, Fig. 8, 9 IC/RTEIIIKERFICERI L 3 EHT

DWTTH DD, FERFICER L - 0RTE & N
THBEETIRERBROIZS NEHWERZT L.

£ BRI L~V OWRITCRITB ORI X 0T R D
EFREIN/T D, BEAMORNE D L OBTEREZ A
CTHhic. TOFERE Fig. 10 iR+, #RBE LT,
3 mmPA LD HDIXAIRTESILIzDD%, 3 mmBT
Db DIBFEIL LR GTERVDT, ThHDIR
BMORAEMFRZERL .
ZOEPSLEBME X 5T, IMNEREOLOIEEE VR
TCEERTH, COERIISKE X D6 KRBT 525, %
CIFEERI DT S BEHEFR A DN, Vv 7 PO LERT
BVETEER TR T OSSN, B2 ilro
KEB»OBLL TACRBME IS TR TV 5 EEXD
h5 BELTIS - 6 RETRRL AR O@EDS
CEENLEBHERTF RFoMBPICEBHBS D5
W HEED 50% LARIE B3 D) O E A & FITH
2. TRz Fig. 11 wRd. i, 2ok
TRCEBHEPL L LN TFHHFEL Tz, Photo. 31T
ZD—PlERT. '

4. FEREHOHMLIERE

41 NEFTEILEHEERE

v 7 MERTARTEAMOBILIIFROBRAEICKE
nEERE X, IRV LEDONS TAROCERITERN
EHhEBDTEETDD.

FEAMOBILIE, REREBOREZL» D LMD
CEMTED, BHELIMBIDICEEHEEADDON
LIRS, THbbLBRFHEDI S5 /8% — L THHIES
NTHRALT 25, BEWIEMPHEORERLEOBREL
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30 T T T N
'Om from inwall 20m from inwall 30m from inwall
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Q, N0
~ 20 \\ \ALM%————A-———
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N © QOre
5 0\\-3--.&1__4;__ A Sinter _
§ M o ® Magnetic parts
2 \\ BFL
5 10 o \ —TC SR
2 o N8 N
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a
AN 4 Z\A
O
] 4
0 ) ) i ! i ] L L | !
-1 | 3 5 10 +35 -1 ] 3 5 10 +35 =1 | 3 5 10 +35
~3 ~5 ~i10 ~20 ~3 =~5 ~I10 ~20 ~3 ~35 ~I0 ~20
Size of particle (mm) .
Fig. 10. Relation between size of particle and rate of reduction-at each level of No 4 BF
" (Sampling date : Apr. 4 ’68).
) T T T
10 Sompling date : Nov. 768 —
8 ' o6FL |
> ® SFL
0
& \\
.g-“—" G
é :‘;f \o .
23 ™~
s 4 »,
8 \\ /
“w O
S 3
o€ 2[%
& \O\ \ /
L N84 X100 (7/8)
Y 5 o 20 30 Photo. 3. Particles of metal in magnetic parts
' _ (—1 mm) (Sample taken from 5 FL of
Distance from inwail {m) No 1 BF).
Fig. 11. Ratio of particles occupied by metalic

structure over 509 in magnetic parts
(—1 mm).

OrEFERBLENRD S BitEiEEBRLrNE, BEMEE
ML KT I o Tl SN 2 EHE L FRTR T
ik & DR E — BRI DI TR ENTES.
DWW, HEEAMBPIFENEETT5IWILRTHE
HATOZELE TS, HILEEOEIRICE D .
ZEAMORESMZLE, $5G - SRR EREII
BELEKECLIPERTERLVWOTIEEIZH S Z &5
oLV, L L, Table 3im+ X5, ok
PITVEAEIRER T H 5535, + 3 mmElE I BEESSE,
GARADBLLERV vy FOWTFRIDIEAI 80% LLE

EDTWBLORHEDT, ZOREE L Y HLES
WEFE-~e. Tihbb, 3 mmBl o kicowvTil,
W & ARBRZTR o TR EAMONES S 2k
&, 3 mmPAToOREHT >V, I~3mm LU —
| mm OREITHTTHRELZITR, TOMERIT OV
T3 mmP EOREITHAEEAYMDIRELZ EHA LA
EAMOTEEREZ kD,

3 mmP T OB W, WEHSESREELL,
FWFERSE 2~ 2 - BIRAKELRST HOILIFHE
T IE D3, 10 KFT X5 3~5mm OFAE
ThHhHEPLLLORTEZEFETL0OT, 3 mmATOHR
ELRMFRICYZ 224 MRBE S BREDAFIE LT

Fig.
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Table 8. Containing ratio of ore and sinter in BERCTHDHI LD, ROERRCEEDEA WIS
sample of each size (%). PRI FOTABZ LRV EHZ, 3 mmBl LR
Sampling date: Mar. 5 ’68 T - o
(Gampling date: Mar. 5 ) brefra8ANOEA b EAERBEHCERTE 52
Sampling level L 7.
Si Soeci B j :
| opeas SEL ] SEL [ &5% C DM D B LRSI D — % & 0 I LIR
: PERIC X SRR CRERESE & SRR OB E X, FORES
+3 mm | Sinter 77-2 80-2 880 . -
Ore 29-8 19-8 120 HERDDZERX X VHER L. TOREEDH % Table
l‘\'g mim Sinter 66'6 76'5 84‘6 > = ~ Zohn] 1 e ~ . ©
Ore 334 235 15-4 SIORT . 3 mmBLEOMBHIA L, 1~3 mmis X f
—1 mm | Sinter ggZ ;53 8&‘; | mmORTREROFBR2LE L T w528, s
O ‘9 0- 16- -
Others** | 98 34 9.0 - OEAME 80% U ESTIHETIES E ) ERETLA

* Distance from inwall (m) ** Undecided particles

B TE5dDEE X, EMBEDHZHEMSHEL
TERTREREICET ORFIT LA LD &
72, BEDWHAIT b 6T - SR OETTE

100 T
Fluxed sinter
Sampling date
=T~ Jan. 6'68
80H""" Mar. 5’68
— Apr. 4'68

~— — Moy 6°68
Sampling lewvel

60 b 6 FL
o SFL
x 4FL

40

W L7ehioT, B E LT RS EIEE D ORE

THENFOEEANORAENEL ML ENTESY
D EYWTL .

PBEAESE - $5R - RU v FCOWTIFEOE X HEITHRD
TeRERESME Ly Fig. 12, 13, 14 w7id. zo
MOl X 5T, FRBTE E bickE
VI MRS D5 KB B U TR 35 X OV
Db DL WERESHEL, ThbbER
FLEE S5 Ads/ N BB SF1T88) T 525k 257
L, SBRERLV y MIMBERSZE LS 58
% S HDWESZ L, Tibb RRNE
SIOAEMBINE K I BZALE R LT 5.

20

Charged sinters

Tz, PEERFRZFEES - RS - duosr
h T, FOBDDMNE CERE Lok

Integroted size distribution (%)

BT E TN T H B & IFRERE S X O D i

05 | 3 S 10 20
Size of particle {(mm)

Fig. 12. Size degradation of fluxed sinters descending in shaft

zone (No 4 BF).

HOSCHESHERLE. Lirl, FORE
GADIE — TR TEANE DEFBEMECR
72 B RISRRIEZ BT T %I b 5 ddo & F Fig.
12~Fig. 14 OHFH LR UBBERLTV 5.
Fig. 15z BEfEgR OBl % 7R3 .

S0

el i — L7ehDT, RESMZELD b gy
_Sampling dofe __ DI/NBLFED b DITHEIE I TR 35 X Oy 2
& sop = e LT BRI, Ti, SRy MIK
5 sl e8| | 30 FORMMEIHI DI THEZ 3 b1 ET 2510
§ eof| o ¢t Rz LNbRE.
5 Lx arc Fig. 16 WB{bAIRIC oWT 2 BIED /€ & —
# 4 u CERFRTH, BHETECRNT Ak S ROR
: M ovorged ores | BOADBIELEDT B 5 o BT BHp{LE
£ 2 R & VRO, HF RN & ke 2 58
= £ o be BEHLEFAT WD, = Ok
s T o EAMEIL,L, FAOBHESIERRBILC,
Size of porticle  {(mm) SEERL s b Piﬁﬁ%{b&[i&b\*}}{bﬁéﬁg% &
. . . L HEVxB.
Fig. 13. Size degradation of ores descending in shaft zone 42 RSB BIERR

(No 4 BF).
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2 BTV 59, Photo, 4 1% DFE RT3,

(a)FZERDO~N= &4 PRI, (b)ATTHER

LB O PHEBIC L O SBRTH 5.
ek CAEDOFES BB I XD, BHE 1T
500°C AT DORIR B TERITE Z 1 DEEN7 &

4 MERLCRERET 2BBERELCLTHRLT B EE
NTVWHBD, ZHIEFRNO Y+ 7 b EERTH

DS LRETVEHFERE—FHT S v+ 7+
FREXDAETIE, BRI DO LIEDOKL

BNbOT D, MGIMELv SR &4 b
l i 5O TRINCRET 5 LIXIT L A LERT

100 "
Pellet ,/

3 o [EPEE /
c —— MNov. 7'68 /
K] Saompling level
5 o 6FL
2 eof—| o srL
R7] x 4FL
o
N
& 40
- ]
by
% Charged pellets
2 20
=

o

05 I 3 5 10 20

Size of porticle (mm)

Fig. 14. Size degradation of pellets descending in shaft zone
(No 1 BF).
100 ~
Sompling date : Apr. 14’69 %
——-Tpiggrqnpherol zo0ne (0'5~15m) ,7%’
- —— Intermediate zone (20-25m)
8 gpil==~-Centra! zone (30~35m) I/

7T
/ ,,’,T/' /|

I
7 O,
/l //// ’ Fluxed sinters
é -4 4

/q/:/ I sampled from S FL
7’

’/ ’% T
,cl,//’,, 3 ‘V
-~ -
-~
Z o
I .
i

)]
o

L\

n
o

Integrated size distribution
b
o

A}
A\

~
- r
-
A28

\

o]

05 3 S 10 20 30

Size of porticle (mm)

Fig. 15. Size distribution of sinters at each position
from inwall (No 4 BF).

Z0f% Photo. 4 ITFRT.

5 ERE» ORI U7 EsE g, <~ o o wBREITAD
TEBOBIMTBREZET, HEMU EOMBICSELR
FTw ek, $RO6KE»HRKL A REDEITH
ML BREPIAD ZATWTRE DRI L TR EZ4£ T
TV EERLTCWS. —F, Wy MERFEREA»
5 2~3 mm BN REAKERO Y 7 o B4 T,
EMEHSZOBHEBICBO>THIELR TV EERLT
VWh. L7eddoT, SAMBEHED D BTNk
WEREPA UL 2k, ShEB LV
FRERRCEHE U THLT 2REMLEZEILS
TWZ EBERTE S.
 BEEROBINI Y v 7 P EBRORB S A0Nh
5, HMLTCERELS IUHBRON 24 M2 EUHRBE &
CTREPEHE LTV HHBCRELTVS. ZhbHilE
FIETEE» SRR L= 2 bOERFAE»S DT TICHE

30 Ln<chniitEsng.

A DOMBTIEBIC X TR0 TER -
OEfRE RVHET Z L REETH L. SFEOR
BIKELPIT, BLCKREEL LSRR
CIBDTHE LTV B b0 &, SRR HANOEF L
CETEDETIC L RO TREL TV B DD LD .
Photo. 5 [CEBHEORAERERTH, (¢) Br—#4 b
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Fig. 16. Pattern of typical size degradation.
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a) Macrocracks of sinter taken from No | BF. 5 FL
b) Microcracks of ore taken from No 1 BF. 6 FL
c) Annular cracks of pellets taken from No IBF. ¢ FL

Photo. 4. Appearance of cracks extended in samples.

Mg (R X 2BAMESEIZSTIERD) 1K, ()X bRy
THNMCETLENIEMICECTVWEIBRRTHS. A
OB ILEELTVE AT 24 MBIV LY —
24 MEABSA DL BERICE K HLN DD,  HRL ~
w44 MEBER TR TEHEAKEDE DS ORLW.
SIS L FRRIC Y v 7 MRERTIRBIE- S A2 &4
MR D, HATBRDIEARTOLEITVED
7o Bhs, BEFRESAD & 5 WWNERICA U BHE B> TT
BRIt T 52 2137w EX 5 Ch 5. Photo. 6 1T—
BlZ 7T BE LR OB TITBRXHZ Y
WS, AN TR BRI L HELND. TO
X3y FhELUBTIHAOHRESRID S5
EETLTVS.

T —%, by MiX Photo. 4 ITFRTIRDO < Z 0 LE

ZLDE,MIT, MBRNCMmTIRaES A LN, ThiTiBD
TodA&4 PHRFEELTVWS. Photo. 7D (a)I=2
oicBREE, (b)IC bRy T ANTERILIN/IHEBRADC
M BN AE TR T, v o KBRETE S A4 A4 b3
T LhER LTV, AL ERII~ 7 o LBRE
FRIGBRILOEALRTEAICHZ LN D, LB DT,
RV v OB LIE < 7 n i BRECTHIBE L TR 2 43
b e, KEEOMMEBRIC I >THNZET o1
LEpEL LN 5.

X 10 (2/3)

5. BFFAZRAGLBLOMILEE

5-1 #H{EHABE

REGUE OMIRTAE D> SIFRN T OB LR EEZ 772 D &
5T EMNTERD, REFECBEEEOEAMPRS
LTWBD, ZHROBLIEEEZ<bLLMmb I ik
TEILWV.

D7D, BIFY v 7 MEROEEESFEIT & 53R
LEZBERL, 48Kt ETE>THILE
REZ A~

FERNTORLIERE - BRI OB EZ T TELTY
HDEFZLNDY, EROHMBRETRIOEREZE
BHICHIZ 72 % D5 B & 0 75 < FNTOEAMIEIRE
BT 55X TREAME LI O>TW.

FRTORS FROMENEEET 5 & AEETH
505, EAMPFRIOBEBERHMEZEIZE TSI LTI DR
FrbRDBHZEHBTEED. ZoRs Fig. 17 Wi
FORLES FADIGHNT  Ap5ERLDT, Hilt
Gl LOIEE T 5HABAROEAMBIRPHETSH S
TERMVELTE. PFATRIOFHZESICHE LK
VA, REAWEBS 500 mmL T OEI THERICHENKR
DTHRL TWBOCARICE S D E L.

[FIRERS « P=R-(o—4p)/2pk-
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a) Cracks at rombohedral crystals of hematite

b) Cracks at boundary layer between original hematite and sintered parts

c ) Cracks developed by release of combined water
d) Cracks developed by reducing topochemically

Photo. 5. Cracks appeared in sampled -sinters and ores.

Fig. 17. The variables adopted for calculation of
stock pressure on a closed section in a
blast furnace.

{l—exp(—2u-k-h/R)}
2 %7 bERS : P={(H-tan §+R) -
(o —4p)/ 2uk+tan )} +
+ {R/(H tan g+ R)}@pk/tanp)

Table 9. Coefficient of internal friction and
external friction against brick wall,

Size distribution (%)
Species 7 ]
+5 mm 51;;[215 +25 mm i
Sinter -1| 20-0 66-1 13-9 0-56 0:63
7 -2 13-5 684 18-1 0-52 0:62
Ore -1 9-0 910 — 0-60 0-64
7 -2 2:0 950 3-0 -| 054 0-60
Pellet 4-8 95-2 — 0-45 0-53
Coke -1 — 11-0 830 0-44 0-60
7 -2 — 3-0 969 0-46 0-61

Sinter; Fluxed sinter, Ore; Santa Fe, Pellet; Kaiser pellet

(Po—(o—4p) R/ (2- p-k+tanp)}

P mEfmE(kg/m?), Po: AR FE L~ P (kg
/m®, o EBAMOEEE (kg/m?), dp: BrEHxY
2 OF ALK (kg/m?-m), h, H:{FEE, >+ 7
PERORBRS (m), p: BAMK TROEEEER (),
B EEAKNTDY 7 MAE, k=1/(1+2p2+p
V1+g2), R:[FEERE (m)

EXP IR TORMENGHZ KD B, EFELR
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i x 100 (4/5)
X 100 (4/5) a) Macro cracks formed on the surfaces
a) Structure of ore b) Cracks developed on the topochemically reduced structure

b) Structure of sinter

Photo. 7. Cracks appeared in sampling pellets
Photo. 6. Microscopic structure of degraded mate- (samples taken from 5 FL. of Nol BF)
rials in shaft zone (Samples taken from

5 FL of No 4 BF).

CRLE D& R A D OEGRS ¢ = BEHEANEREIC L2 o *f I CaICuquled value
CHE L. FOREO—fI% Table 9 ICFET. b , e Mttt st of
VB ew GF - OTRIESEARE) REMAT 52, B \ vSsR
NTIE gw>p 52T, BEAWMOBETIPEERE TR/ 4 \
IFEEAE OBEAMECBOTRI 5D T # AT 5 G \\‘\
DHRIEL VIO, Fiz, [ENTIREE D BRI HERE L -
TWBDT Table 9 Op2EEFRICARALTCERT E 8
LT EBTERND, MENICERELE 2 — 2 22 Fik g \\
CHR & THEN ST EIE LR T EAN D 5 \\
BRELEIT X B ¢ OFAFTHEEFIVhIE, BREASH g 12 N al
TEAME D ES T RDOND L LERELI. T z \_Seesitc gae
hibh, EFANTORREANO p &k, LIEORE 005 kg/cmm
FAWTERl No 4 BF OF&EE LnOMENSfizitE e /- \
Ui coRR% Fig. 18 m+. viko SlEd = “\ ooTHesertm
FTHEEME L EE—H LTV B, 1D, 0

CORBEHSHOMEHERE b & ICHIF & O &4 ° o2 o4 06 08
CRBT X B EETHRREE LR L. BB vertical stock pressure {19/cm)
iz % Fig. 19 WR¥. COXEETIIEE B - 8- Fig. 18. The vertical stock pressure distributions

height.
EIEOEMEE v T M LSO E AL ST 5 along the furnace height
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1  Motor for rotating (3 rpm)

2 Heating furnace

3 Si-C beater

4 Pt-PtRh thermo couple

5 Inlet for reducing gas

6 Rotating shaft bar (05 rpm)
7 Reaction tube (dia 250mm,length 1 000mm)
8 Screening grate (dia 3mm)

9 Star-tvpe weight

10 Sample

11 Adding weight

12 Handling bar for adding

13 Outlet for reacted gas

14 Water jacket

15 Heat controller

Fig. 19. Experimental apparatus designed for anal-
ogy in the shaft conditions of blast
furnace.
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Fig. 20. Schedule of heating and load added
for experiment.
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Fig. 21. Variation in size distribution of each ma-
trial descending the shaft under experi-_
mental condition corresponding to each
shaft level.
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Fig. 22. Variation in amount of each material
degraded *to 0~3mm under experimental
condition corresponding to shaft level.

Hegkanix 2 BEORB OFIZ R T, L-1 225 L-3
DOUARNEPTTERELBTLEF T DL LD, MHE
MHameEmLTtwns. L-3 LR T B3 S
FhLbhmy. L-4 & L-5 L~y OBESETIIS
BBRKLENLDIREbLDTWEELIREKREEDOV S
F &4 MBS, oE DO LD T,
Photo. 8 (a)iz L-5 L~ OFEMESHMEME T .

iz L, SERRHRCI2TLTOBILENSZ Lk
575, L-1 36 L-3 OLRUEHFT 2R #MHE
O HELNDE. L LB ELh L4 L L-
5 LRAVTLMIMBE LTV S.

YT ORI AR D b oM L R BIRS B 5.
TR AN 24 MEBE I OT -V F T - U~k
THERRNITITBEIPIZ LA ELALNT EbDTEVWG
{tBiICE Tk ThizHl, ~Nv 44 PR ILEE
LTWB7 S ONVERTREINICI < 0 nBRY
T B0, fERIC 5 L-1l »5 L-3 ouvx
NEPTTEIENE L b, i, Ml ER I
RIZBOTERE LTV HDTHRRARED L ORMBILDL



1624

% oW ® 57 & (97) ;oS

Table 10. Chemical composition of materials for test and rate of reduction at each test level.
Chemical component (%) Rate of reduction (9%)
Materials
T. Fe | FeO CaO SiO, MgO L-1 L-2 L-3 L-4 L-5
Fluxed sinter-1 60:06 | 11'56 | 7-10 4-80 ( 0-93 0-72 3:60 | 20-14 | 28-76 | 33-75
Fluxed sinter-2 6060 9:04 | 697 541 | 0-67 1-48 4-48 | 20-78 | 33-34 | 34-8l1
Goldsworthy 66-32 0-09| 0-09 2:55 | 0°02 0-67 7-33 | 23-33| 30-00 | 35-33
Thasala 57-03 1-17 | 0-42 12:90 | 0-08 1-00 8:87 | 21-71 | 26-00| 30-29
Kiribulu 63-95 0-45| 008 1-12| 0-03 0-67 12-:00 | 23-33 | 31'33 | 34-67
Goa M 60-25 1-30 | 0-02 1-50 | 0-07 2-58 9-39 | 1879 | 2685 | 36-24
Santa Fe 61-57 9-25| 1-21 6:50 | 076 1-00 4-17 8-33 | 15-97 | 20-83
Hamersley 67-09 036 | 006 1-70 1 0-08 2-67 7-33 | 17-33 | 22-00| 28-67
India 6506 0:09| 003 2:15| 0-03 1-42 8-91 | 18-51 | 22-10| 24-66
Brazril 68-90 0:90| 0-03 1-40 | 005 2-13 12-00 | 23-40 | 26-53 | 30-87
Hamersley pellet. 63-18 0-22| 0-47 5-05| 014 270 11-87 | 19-39| 26-87 | 32-50
Chowgle pellet 6576 0-09| 0-68 2-70 | 0-23 1-33 6-00 | 20-00| 26-00| 30-00
Marcona pellet 6541 1-84 | 0-39 3-90| 0-85 1-00 3-54| 1089 | 16-18 | 23-65
Kaiser pellet 6434 1-37 | 0-72 302 187 2-68 10-07 | 1409 | 34-89| 39-12

a) Fluxed sinter (L.-5) b) Brazil ore (L-2)
c) Kiriburu ore (L-2) d) Goa M ore (L-2)
e) Kaiser pellet (L-5)

Photo. 8. Appearance of cracks formed in structure of
each material on experiments.
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Relation between temperature and degree
of utilization of gases down the blast fur-
nace stack (a : Equilibrium curve of redu-
cing iron oxide with CO gas).

Fig. 23.
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