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Synopsis :

Distributions (size of burden, layer thickness of bed, etc. ) of burden in shaft are
practically measured during the charging period before No.4 blast furnace of
Mizushima Works was blown in. Additionally, several fundamental experiments are
carried out on the gas permeability through coke and iron ore bed with particle size of
practical use. The results are summarized as follows: 1) The characteristics of burden
on the gas permeability in shaft depend on its particle size. 2) The surface shape of
burden in periphery zone of shaft is changed by the position of movable armour plate
equipped on No.4 blest furnace, so the relative gas permeability of the center and the
periphery zone of blast furnace can be charged. But the position of movable armour
plate has little effect on the segregation of size and the thickness distribution in the
center. 3) Radial segregation of coke in blast furnace is large, but that of iron ores is
small. 4) On the travelling process from hopper to blast furnace, sinter is coarsely
crushed and coke fines increase. The size distribution of raw ore does not change before
and after a charge. 5) Radial distribution of gas flow resistance in shaft calculated from

the present measurement is homogeneous.

(c)JFE Steel Corporation, 2003



AINIROR—=VnbEETEET,




H

UDC 669.162.262,4 : 669.162.228.3

KA WO TE A onAn &S VE
Distribution of Burden Materials and Gas Permeability

in a Large Volume Blast Furnace

b B oF @ = B OB |

Takao Yamada Masaaki Sato
O FT LTSI - A
Nobuyoshi Miyazaki Hideo Shimamura

Seiji Taguchi

Synopsis:

Distributions (size of burden, layer thickness of bed, etc.) of burden in shaft are practically

measured during the charging period belore No. 4 blast furnace of Mizushima Works was blown in.

Additionally, several fundamental experiments are carried cut on the gas permeability through coke

and iron ore bed with particle size of practical use.
The results are summarized as follows:
1) The characteristics of burden on the gas permeabillity in shaft depend on
2) The surface shape of burden in periphery zone of shaft is changed
movable armour plate equiped on No. 4 blast furnace, so the relative gas

center and the periphery zone of blast furnace can be changed. But the

its particle size.
by the position of
permeability of the

position of movable

armour plate has little effect on the sagregation of size and the thickness distribution in the cenfer.

3} Radial segregation of coke in blast furnace is large, but that of iron ores is small.

4) On the travelling process from hopper to blast furnace, sinter is coarsely crushed and coke

fines increase.

The size distribution of raw ore does not change before and after a charge.

5) Radial distribution of gas flow resistance in shaft calculated from the present measurement is

homogenecus.
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Table 1 Screen meshes for classifing of burden materials (mm)

100 ‘ 73 ‘

Coke 7 7‘

50‘36

53 i 385 ‘ 280 | 20.5

| HO! uo} &0% 6.0
m%} 9.5 | 7.0 | 50

‘ Zb ‘ 13.5
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Table 2 Bulk and

Particle diameter {mm)

Fig. 4 Relation between angle of repose and
particle size of sample

apparent densities of samples

N : S S e e e
di {mm) ! 6.62 |9.09 |12.4 |17.3 | 23.4 §31.9 |44.7 |61.9 |BL3B
Coke ] oo (g/cmi-bed) 1 0.504 | 0.495 | 0.496 | 0.504 | 0.504 | 0.487 | 0.471 | 0.436 | 0.427
] pa (g/cm?®) 0.937 | 0.910 | 0.929 | 0.959 | 0.956 | 0.970 | 0.967 | 0.936 | 0.915
e PR - ot = i ' . T R
di 5.64 |7.71 |[11.0 | 14.4 |21.4 |27.4 |37.1 - =
Sinter o 1.893 | 1.837 | 1.810 | 1.717 | 1.574 | 1.546 | 1.531 — —
o4 3.24 | 3.01 i 3.07 | 2.86 | 2.91 |2.92 | 2.82 — —
Table 3 Dependence of bulk density on the size distribution index {(Isp)
Coke ‘ Sinter
Nomhmldm.% Dr (mm) | L (=) 1m(g/mnﬁ ‘ Nomina! dia. | Dy (mm) | Le (—) | po(g/cm®
24.4 6.77 0.517 I 9.90 13.0 1.811
23.9 11.3 0.520 10.2 19.8 1.834
24mm 4.2 20.6 0.521 10mm 10.9 30.6 1.847
24.6 33.2 0.525 9.78 48.0 1.864
24.2 3.5 | 0.5 10.7 52.7 1.871
36.2 5.83 0.491 14.0 11.2 1.746
36.2 10.9 0.496 14.7 16.8 1.751
36mm 39.5 12.4 0.493 14mm 14.5 29.0 1.769
3.0 - 2L.6 0.496 14.0 36.6 1.774
37.5 i 29.1 0.499 12.9 51.0 1.813
51.4 5.2 0.469 19.3 13.1 1.692
50.8 12.6 0.470 19.1 22.1 1.701
50mm 49.4 16.4 0.471 19mm 18.6 25.6 1.715
50.4 21.3 0.473 18.6 42,3 | 1742
49.2 26.3 0.480 18.2 8.9 | 1757

Dp : Harmonic mean diameter



20 JI s gk BT el

Rl — R O B s A& Ao ssi i { P BERN I
DEV Y S THEL, O REAILE RO K
WA LR R Y, —fTRFRERAE U
T IR A A A Rl FHe R A b
DT, FTRBEECHLTEELRT L5 5,
B—RAti R oS B S L O R R O
fi% Table 2 iZ75%, Table 3 (1M FHES
—E & LTRSS A 4 o By O RE DR
HEBEEOELY AL TV A, OO THMATY
B D B IORESMOILS 0 ORE S h TR
EoWMERIQ AR CEREIR TS,

January 1974

OEOROTLIREL TGS, ok, ZEMN
RS LGRS R Tl e - g A LSRR S C
MBROENH DL O Lo, BSOS — 2 A
e, DB B AT o s B
L. Do TEBRAE RERCOGTO7ERERY
B L LT, EASOM 0 L LMD
g L Fig. 6 Th 4, Z oIk uvT,
FAREIGR LD Fre BB v L 78R 3 &R
DA E OARIEFE L L B so T, dilds
BT, HAERRBCSLIBEDO— 7 A,
PefE o waiERT De s 10 L 2R RIS, K

De=1/SCui/d) e (23 KTHEECES,
Fr=100 vTs- T (3> a7 A €=(0.153 log Dy +0.418) (1—4¢)
e (4
Li=Di%w, (1/di=1/In32 e (4)
Ie=(1/Dp)2-Zon (di— D)t {5) Ae=1.225x 107%™
Z OFERD D - RER RN oV CIRIRRE O %2 fofil,
Bigakon s Fig. 5 0L {5, @EERY 2.4<Dp<6.3 (cm)
PEDRA S & S i 20k K aE L Hegbw o £=0.403D% 1 (1—dE) oo (5)
RSV F e T B, Fig. 4 & Fig. 5 % b . -
Ao m -3, .
+ 5 EREME AREOE it = —~ 7 A, B de=1.64x107- L
06
* Dry coke
o Sinter
- .
T ousr .
E - - © 3
0Adr )
5 T %0 W ow T W

Particle diameter [mm)

Fig. b Relation between particle size and void fraction in the case

of Isp=0)



vol. 6 No. 1 Aw@w@ A%ﬁmfﬁﬂﬂ 2t

zods, CRBHORA AL THET LAz & & TRl
FoBEITERRE LTI HUTTH -T2 AP
w7 PRSI D 2 2 A, PERSSE O ERR
L OB LT, S b o L AT <D
THABET HEAL L TR D, FTEARLRR

O oT, detibin T 1o PR R B L R
B o F R ORE A TR T, Carman ORISR
BEIFERLLOTH L, [SUTER M B AL
WiE THEABEEOECTH D, RehoRUTR
Bk B SO kz i?‘rﬁfﬁﬁj”:f‘ff*ﬁﬁa)ﬁﬁf‘%?T

ks EELbR, (4) ks Lor (5) Al Sk, Rl L CHF#EEo S B&RL,
MTE L THHD FERW LD ;kab:;H'h\-,tfg Binv, (6 )R Dl
SRS Ay xmnmamﬁifr}a) + B o THRL, K =R/l ki=k/go LRI
L LT L OMBEE TGRS, KERD BlHaigs,
AT R Dtk o L 5 fr Ergun 2 & %A AP 1 geDig
Lokt XSHETDH LN BT, YETLT T (- 58
4P _-1 7 rg(;'(fc_{)l')z'fsi —kF 4 RFRe e {7
L il (1—5)2 f—f-.“
po- -Deeprata Dypu,
A 4 = ePHe
fr 4Ry (1 & (6) R (I—e) (8)
Sinter
//
007} 4
0.05]-
Fay
u o de=164x105- 1
003
P
/
4 Nominal diameter
0024 e o 3 Bp=10mm
L . 14
A 3 15
0o15s s . P
10 20 G 50
!5
Coke 7
005+ -
L 7 € 125X 100 1
- -
| 2
.02 — Nominal diameter
0 5 Dy=2{mm
. 3
a8 50
001 . . s s R
5 10 20 30 40 50

Fig. 6 Relation between reduced ratio of void fraction and Iy



2z N Pt January 1974
SONERE R, RIS METOREEL Y A4 KK

LEUEREL Y, g mipE Ao TR
BHTETIY (7)) Rpxdff o+ 7 P T
WBHATXSL, FRBHEEY ¢ & R w017 n
vy btiut Fig. T o X 5 hEHBEI ELH, 20O

YU 2 AR ks LR AR U, L™
2 7 Ads L UBEREIIC O\ T A R S

Ok XU kTR Lot Fig. 8 ThHH, e

EY b 00 BY MR L TEL L TV D, [

Hrho eHlD 7w o b LR GRE BT DT
BREPFRLTDD, £0EFS X0k FmE
EiRwdLd 2y RERH o L diE gL
Ly, Licio T, REGHY b omifk Ao
HCL, (4)ARBIVC(5) Rl - TEFOEE

35

3 000

= |w

INELE

H00%

1 L 1 1 L.
1) =LY TOO 1500 2000 2500

HORMANTE, §LARGRE De % L TR R
LA DT & kphhd,

Fig. 7 An example of experimental data from
gas permeability measurement

5000} Coke . | Sinter

2000

1000

"
500
200
loot L
* %0
5 9 Lw=d
1 2 .
9 __3_&—81—%—8—1&‘5—9’_‘3—
w o
il [ ]
L)
o . °
1+ L
5]
05 L L 1 i 1 H 1
5 10 20 50 100 5 10 20 30
d;, Dy (mm)} d;, D, (mm)

Fig. 8 Dependence of gas flow resistance constant on particle size



Vol 6 No. 1 KR EFE oY
-z Ay kRF=400DEH o (9)
k;‘=2.20D?J'04‘ ............ (10
Besbgn 3 RT=260DYM (11
EX=1.20D53% (12)

B e D it = 7 A, BERSEEORIE
S b R, —EDEREA T TO B
5w 7 PR BLAFKIE(AD, (5, (T)
BL0(9~(D) RIDFAHTED

3. FPHEAMYHOITEABRS LT FH &

ALLBIBET A 4 B G.H.H, B (Gute
Hochnung Hiitte #H-0E R IO A -~ A7 — =
— (movable armour) FHREXhi, TOBEE
% Fig. 9 /=4, A Pl R R =
PHER A D R AP TR D%, R
AHETNDELTE A RS L5 g
ETOHRRTH D, 2OF v — PHIIEOASER
A d s LT o RENC 10 v OB ET 2 o
EMTED, D OL0BMEOMETFEN I Y G
FiE~100mm R0/ » 7, 1/ 29, -,
10/ »y FO L5 wFrEhb, ¥4 Fig. 105w
FroChEs 7 —~— - - OEERE
VBTN E C 150mm O AVE U L5 B
Thiv5

HFEAAE
(1) CoOa—Fn - 7—=—O7 —

P P

Point A

M.A. ! Movable armour

In shaft

Wall
Fig. 9 Schematic representation of
M.A. (movable armour)}

AN AT & Ifﬁ)(h 23

1,2 ,=Sampling puints
N, S, =Measuring blocks

Fig. 10 Locations of M.A. and
sampling points in shaft

t (2w FETES) LEAMOT -~ —
F— b LTDYh B E ORG
(2) &= 7w il &R TTR
TR AN E O RN
(3) =2—2A, PAPEEBOFEEIHTO

B A
(4) =2—z A, EHICOL TRERFET
o i I T

DAEH THh, FUEILTOL (T
foo Fok, M AeAs s, FEEEY Fig 10
TTTEL 4 DDHET 2 o P E L, [
RIS MM ERE OB LR L THE S,

31 EAMOT7—v—TL—F EDHY{HE

HAN MG XN DERC, FICEA bR
B L8 (2 0108 x 200 x 2\mm) 4 & HIE 7
vy 2 2KFOMEL, Fig. 11 oL <7

White colored
0O \ steel plate

M.A.

7

-~

Fig. 1} Schematic representation of
the method for measuring
the point on M. A. where
burden materials collide



24 N B g B

o LRI, BAR TR S oo D o
L, BASOY o A IR TS L,

3-2 RAPEBEIKONE

FAmEEOKEERR L Fig, 120008 T
MW Lz, Ticdots, AOFPLRICHEA® A S 1
FEdLe -7 1%%b, BRAOHEHM~D
BE LMo Ciie -7 2 Tt ot ¥,
EE SR OBHEI OB L O A D e —
FICHRE LY, Do L Y ARG
BT B CEASTRETH B, R H R
HofoA T A FHe -~ 7hrpiT Som RS
LDT, FOBRLELHLELI,

Fig. 12 Schematic representation of the
method for measuring the surface
shape of charged burden

F=— To amp.

Steel pipe

Insulator

o0 e

Ores hed O(QQDO
QR0

[SEd ]

Copper
y DOOOQ " plate

Coke bed

Fig. 13 Schematic representation of method
for measuring the thickness of
burden materials bed

January 1974

33 BEABOME

A1y v - v HoRBFoEAT L, BAL
FUTFAR O MZE 0 B4 & FE-S S h B 0 T,
WA Z L OFOMWEMOEN S BRI
VIRETED, L L, BANCXTOREH 4
KEFBRPEHEhD0T, BEafmiiuc Bike
R ThE LR R0 B AL LR
o, AT AHORRREAE T L
OREESMERIMNEREER LI, =2—2 2%
BERSEL (A CL R L) CRELRILA R B
o b, IR TR L A BEAEE o, L
BT, 2HOEY TSR LAY
BRI LA A TR o — 2 AR TR B
b, SATETHEER Uiy, Fig. 13 o B0t
EEOHES 7 Y FOABE TS Lo LT
Do Eilo, ABELLIBEACH LA
BEIHRY Lic v~ —% 8L, BB
o EATER, COBEERSHE TRy 72k
LB T 0, 1, 2.5, 4,
5 MO LE T =72

34 A—Y2ABIUVERRECEEFFEICET
SHEDH

HEHER A v vt AR (Fig. 14) %
Fig. 10 i34 LEOE AtpFEmc k-1 7T
Fx (Fig. 15), BAEEANFCE- LB
PEBIGIX AL TE S, BB
HOLOECLTSEDTT L,

Rope

a D H
For eoke 800 350 900
For ore 700 300 900 (mm)

Fig. 14 Canvas bag for sampling



ﬁ\’mlnnt“ LS \%).Hu b ﬁ

M
o
v

Fig. 15 Schematic representation of sampling

H 25
TN — o ARV, EERE D otElER
D E x> Table 1 oBEEEHL 7 204

LU, 2.83 1lmm® 74k -7,
Immbl P &g eI 5 50 4 e,
m%ﬂh(&%mmu$)®ﬁﬂﬂﬁih
T D3 — 7 ARG L » Tl 7o,

—77, PR NTORF TS, R
Mz ER LIS A THEL, $FR
IOERUER L Y8 X i RE iy
HlE Ui, Tods, RBFAToa o R
th o — 2 2k TR ORI IRo D
EL T Tuw%

methad T—=7 A W 49.6%
D 5 95.4%
(1) =—220BNH
o - o o Sz 25 . 9
AR L BRI 2 D A L T BT pERGEL S5 90.4%
o OCHNERIED PR EEL T B L A 7, fraa D, DL s amEiER, ST
Table liz/it=a-—-2270 1400 L » T y 2 ~EIERTH D,
6 mmbL T 55T 0B & S0 Sl i, }
e o 3.5 REFHE
6 mmll TG E Th Ty A A8
AR X5 i B LA e fedh, o MEREA A Ly 294 F3.6m oL
DRHABET I LIC LT~ AL AF THFE I oo, §RAD LT -7.
gL L E R RO L, LA NIAFEAY Table 4 vomd, =2 — 27 A ~<—
(2) EREOCBG A2t T—ETHY, O~0, 131 42t/ch L7 -
AEA TR LA, R, BIEREE X DO o, KL ore/coke DF E TH D,
Table 4 Run of measurement and charging conditions to blast furnace
B o Igun; measurement o I 1 | 2 3 ‘ 4 5 6 ‘ 7 8 ‘ ‘ 10 11 ‘ 12
: I -
Burden materials | 00: el ol co| 0 Cafos]c|oil s 0| Co
Charging | Weight of burden 32 Coke—zat,  Oemgx __E_zz w05 | 22
condition Notch number (MA) 0 9 I 0 9 ‘ ) ‘ 4 l 4 6 ‘ 6| (0, 2, 4, b)
Stock llne (m) ‘ 3.62 3.31 3.34] 2. 97| 2. 85| 2. 80‘ 2. 5() 2. 30| 2. ].3 0. 97 0 69 0.13
. I _ e
Surface qhape of : ; I ‘ !
! charged materials % * % 3 # 2 ‘ ¥ | ¥ k “ ¥ 1 0
: Point on thL MA I |
Items of where burden materiais | — - = =] - - = =] & | &
measure- collide | ST S
ment Size distributions of | B ] | ) S (R } 3
burden in shaft ' ‘ | :
“DlStrlbuthnS of burden } . I | 1 B o N £ ‘ ¥
in shaft

§ ; measurement,

; N0 measurement




26 A w B g B

Oy B I C iifix DWT AT e ofor v — 2T
o, HEoFmELF#EL T ore/coke=4.4
(Fotil, BRI LGS ELHE2~7ALD
19 +— b o Ao oref/coke* (14.8) &
Lz, COREDF+— o EIUEEORO Cs T
A=Y o 7T = D E RO A L T
Towh, WO & < 2w F AR HIET 4 458
L, #R¥h0, 2, 4, 6/ +»5&L, ZhbE
MN, E, S, WY e 7imxbn LT 5,

4. PEFHR

4.1 HL—TL -
Y&

Mo nicERS Fig, 16 o, = —2 A, §
Bl s v FENA T LY D S
300mm HEBEHL S, i, M-/ e F
HTd 22—y A0 AgaB L b150~250mmiz
LT - M s T D,

T—I—UBEELRAHOY

4.2 PEEFEOFEERELITHEETH
g oRLBILOHEBAN, SFry

January 1974

Tron vres ) qoteh

mm o B !

Py A B A 1) A B
[ i N h
S i ; i Upper
- i i lLower
mm
0

A Bl A B|A B|A B
[_ r*
it Upper
2| e
| i |

Fig. 16 DPoint on the movable armour where
burden materials collide (A and B refer
to Fig. 100

2 notch | 4 notch & natch

Coke

iz T Fige 17 o, 00 o3 A Gl
A4 T 32t/ch T ore/coke*=1.45 THh b,
0,~0, Ti1ds AF 42t/ch, ore/coke*=1.91 ¢
BLH, ZOrEFREFEINFELEO D PR
BRfE LT %, SR LT, O TR
& 105t/ch, ore/coke*=4.8 CTHH, PHHEIL
RlLE CEGEL THED, BTEO AL 0~0:
TRECEELTGD, —BCEREOF LY
Bl Aot xpdAr-a (A » 754
V), 1l v — PO A SR LA -7 -
7w ERERDD, 17 v 20D

» Exposed surface of

N block

coke bed when iron

S black

ores were charged

& Surface of coke bed

o Surface of iron
ores bed

¢
,Or'.g'%o Cs
2000, s,

Ay,
23829 0
Wed, ()g&\ 4 notch
Cy
02 6
L 4

0.C3

N |

7

Fig. 17 Surface shape of burden materials bed in shaft 0

__26 —



Vol

6 No. 1

BWARE LU =7 TR RELEE,
g R A BT D Lt F b b, Table 5
i, AR SR - T O T A
PREEARLAELOTHID, HZ#h T 0 A5 00T
F--WABTT—v— - /e FREEZTERAL
T AL, FOELBEORLTRAO AN SR
BETARREs b, COLE, BA L
a L s T A, [H—#A v~ d TUR—
WARDEHICL, BClb L5 v FHO
HEEBLR TV, Lehi- T, O~0y @
FAE BT A~ O F IR O WERS R, 7
C e FER LU OFEEOE AL~

—_——

KB EFE O A L RRE
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. ! Weight Stock line Extension degree
Burden materials Notch number (t/charge) (m) (Distance from wall)
Qo 0 32 3.620 1.20m
O, ¢] 42 3.340 2.00
0: 2 42 2.845 1.71
O3 4 42 2.500 3.3
0y 6 42 2.125 1.78
Os 0, 2, 4, 6 105 0. 690 Center
Coke Iron ores
6 notch

Fig. 18 Relation between the position of M.A. and the surface shape

of charged burden
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LBENRZT LRI, Lo L s
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Table 6 Relation between the position of M.A. and the thickness of burden
materials bed at O; charge

Black gﬁﬂgﬁ;r Thickness of b?ﬁ,fffi)l -
e (%EHUAJ zm ‘ dm ‘ 4m (Cexkgg_
N : 0 45 50 | e | e | 73
E 2 55 50 I 62 o 173
S 4 52 55 1 50 50 . 68
W 6 9 80 ‘ 70 75 . 75
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BT 4z, RIEAFOER%Y Table 7, 8 LI T, 2 2 A, SR E L NECT
Table 7 Samples of iron ores obtained in blast furnace
Sampling i Notch Weight of Weight of coke | i _
point number sample (kg) | mixed in sample(kg) ‘ De Lp —5mm 2% lmmz;
C 0 112.20 0.08 516 | 1747 | 13.6 3.6
N 2 0 141.456 0.15 444 190.0 18.0 4.9
3 0 130.30 1.10 4.43 190.0 | 17.8 5.1
4 ] 117.25 3.55 ' 4.65 187.2 150 4.3
1 2 ! 140.75 1.00 4.70 182.4 16.8 4.1
E P4 2 164.15 0.05 4.51 184.7 17.6 4.8
3 Z 116.90 0.15 4,65 179.7 16.9 4.6
4 2 122.80 1.05 5.11 152.9 14.4 3.2
I 4 124.10 0.15 4.12 233.4 | 20.5 6.1
5 2 4 . 145. 90 0.20 428 203.6 19.9 5.4
3 4 164.15 0.70 4.55 216.5 17.2 4.5
4 4 123.40 0.80 5.73 151.5 % 11.3 2.5
1 6 ; 152.75 0.24 4.08 211.4 20.2 5.7
W 2 6 140.45 0.07 3.94 216.7 21.6 6.0
‘ 3 6 125.20 0.10 4.00 209.0 21.7 5.5
4 6 126.2() 0.00 ;o 4.59 175.5 17.7 4.5
. — . N S .
Center } 90. 90 15.10 7.70 | 180.0 ‘ 3.0 i.2
Mean value of Sample&. 122.63 4.40 199.6 20.3 5.5
Ores before a charge — — 7.70 114.6 5.0 1.7
Newman ore 46,2 — 7.80 103.5 3.6 2.7
Jovo are | 43.5 — 7.47 121.8 3 3.3
Sinter i 80.9 — 7.74 95.3 6 0.6
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Table § Samples of coke obtained in blast furnace
el P P e S
‘Samplmg Notch Welght of | Wught of iron ores | o
point number sample (kg} mixed in sample(kg) Dr La ZBmm/| —6mm7
1 0 44. b0 ‘ 2.47 l 13.0 330.2 28.8 12.2
N 2 0 44. 00 0. 86 2005 205.0 16. 4 5.4
3 0 . 36.90 0.25 30.7 93.0 6.9 1.9
4 0 I 33.85 0.07 35.8 87.8 3.5 | 1.4
1 2 42,10 2.76 TR 300.4 | 27.0 15.3
E 2 2 37.05 1.60 20.4 165.2 16.9 5.4
3 2 33.45 0.24 30.6 49.9 11.4 1.7
4 | 2 32.05 0.15 30.3 i 68.4 3.2 0.9
I
| N - P I D e
1 4 43,91 39 10 3 389.2 32.6 17.2
g | 2 4 36.20 1.11 24.0 160.2 12.4 3.9
3 4 23.45 0.32 30.9 94.9 7.2 17
4 4 32.05 0.05 40.7 75.3 i 2.9 1.1
1 6 45.70 2.00 13.4 546.6 | 24.3 11.2
I
W 2 6 36.30 0.92 22.8 204.7 ' 13.0 4,2
\
3 6 29.40 0.18 36.2 92.9 7.2 1.7
4 6 31.50 0 08 37.2 63.5 ‘ 2.9 1.1
Center 12.70 0.08 45.2 ‘ 88.3 % 2.6 ‘ 1.0
Mean value of samples 37.76 - 16.1 304.0 ‘ 20.4 8.9
Coke before a charge 60.76 - 32.2 89.9 6.3 1.7
Coke [ron ores
- D, before R
3 a0} a charge
2 @ 7 ?
3
= E Rea—
s E 30k D, before Z‘
B . a charge ok
g9 5.
g %%—Dp after
E ol 7 I, after a charge a charge
Y S S T R B30 b1
40 @ ; Center
- 200
) © ;i (} netch
£ ‘ ©ip
o .
5 20 E ; fg
g w10t o
£ |
(=]
[
Or a
L 1 L L L ﬂ‘mvl, S V| S
0 1 2 3 4 b} 0 1 2 3 4 5

Distance from shaft wall (m}

[Mistance from shaft wall (m)

Fig. 21 Size segregation of burden materials in shaft {(—6mm? and
—28mm?% of coke are 6.4 and 1.7, respectively, before a charge.
—5mm% of iron ores is 5.9)
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D RS R A PAVEE S AR L TRRL L
wns Table 9 Cos b, $EAMLIE, B
B X EFMICA 2 AR TS RS SR
LI EMNBELINC 2T, MHRTLL A
Hirdp & A KBS, BB E LB R
Tz, Fig. 22 kb, = — 2 A AT & BT
AL KNS L TG 88, PR TR
e THb, -7 ADEROEIRTMR FEE LT
abrasion 125" L#ASLTU D, Fi, BEAS

wl o Before a charge
e After a charge
Coke
0r
L 1 1 (L\J i 1 L
5 30 50 100
40r
Lump @nd raw ores
20
Q_—‘_x —— T —_l 1 L
AGH
Sinter
20
L ' | L
1 4 3 10 ]

Particle diameter (mm)

Fig. 22 Size distribution of burden materials
betore and afier a charge

Table 9 Comparison of burden materials before a charge with after a charge

(Harmonic mean diameter Dy and fines fractlon)

i Dy Ratlo of Dp* J Ratio of Fines l Ratlo of
{(mm) D», A/B (mm) | D'p, A/B fraction, % 1‘ fines, A/B
e o . r o R T
Coke ‘ before (B} 3290 4090 1.8
| after (A) 16.10 0.50 36.50 0.89 ‘ 9.6 5.5

Siner before (B 7.74 L850 l 1.2
after (A) 2,50 0.32 | 6.76 0.80 | 13.5 11.3

Raw ore | before (B) 7.61 11.91 3.0
' after (A) 6.71 0.88 10.71 0.90 3.1 1.0

* Calculated value except f{ines

Definition of fines; Coke —8mm, Iron ores —2 83mm
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Fig. 23 Terminal velocity of particle under
operational conditions of 3B.F.
00~
50—

Sinter

Terminal velocity u. {m/sec)

1 L 1 L J

1
0.5 2 10

s N 017 02 50
pP(g/Cm >l (di)aBF(mm)’ (dx)LBE Particle diameter {(mm)
- A 0.95 0.45 0.37 Fig. 24 Terminal velocity of particle under
MO 3.2 0.21 0.18 conditions of 4B.F.
Table 10 Operational results

BF. Blast vol. 0, enrich. Top gas : Top gas 1 Compositi(c;)of OP B35 | Thicat dia.

press. temp. [ £0 e
Na {Nm?®/min) (%) (g/cm:-G) (°C3 I (18] ‘ CO,| N, ! Hy {m)

S O A N RO, A BN SN

3 6 320 3.70 1 860 ] 107 l 22.423.8|49.0| 4.8 ‘ 8.8
4 6 264 4] 1 500 | 163 1231 20.6 | 54.4| 2.3 i 10.5
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P 3 A ORESEMFICL ESVT, s~ A
$5 L HEHBEOE B AP/ L)wed ETHE L,
FOFERHHERKC I D ERT OB BRI
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P= (4P[L} calcu./((’0'7'.’10'3'“(1)'7)

Lefh b LT OmSARIEE @0 ik A Lo
7o

D= (D¢ Le+Po-Lo) [ (Lot Lo)
R (18)
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Table 11 Data obtained {rom the present measurement for calculating gas flow resistance
coefficient of blast furnace
Mean thickness of bed (c¢m) Void fraction (—)
Measuring point - e e . .
Coke ; Lg Iron ores; Lo Coke, £c¢ Iron ores, go
1 55.0 45.0 0.424 0.362
N 2 48.5 50.0 0.493 0.353
3 40,0 60.0 (0.513 0.355
4 25.0 68.5 0.523 0.352
1 71.5 | 55.0 (. 442 0.354
E 2 61.5 : 50.0 0.499 0.351
3 ol.5 61.5 (}.515 ] 0.357
| 4 35.5 70.0 0.526 0.355
1 1 63.5 51.5 0,424 0.349
S 2 : 55.0 53.3 0.501 0.348
3 i 43.5 50.0 0.514 0. 350
1 23.5 58.5 0.529 ; 0.363
1 66.5 43.5 0.449 0.347
W 2 : 58.5 60.0 0,490 0.344
3 ' 50.0 70.0 0.510 0.344
4 31.5 75.0 0.526 0.353
Center 71.8 (0. 536

14.0
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