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Testing Method of High Temperature Properties of Blast
Furnace Burdens
Yojiro YAMAOKA, Hirohisa HoTTA, and Shuji Kajikawa
Synopsis :

Regarding the reduction under load test for measuring high temperature properties of blast furnace bur—
dens, the test conditions, i.e. the load, gas flow rate, particle size and bed height were examined through
tests and calculations based on a reduction model for fixed bed. Examinations covered also evaluation
criteria of test results for high temperature properties.

The results obtained are summarized as follows :

(1) Test results are influenced by each of the load, gas flow rate, particle size and bed height conditions.

(2) Tt is desirable to minimize the longitudinal difference of degree of reduction and the dependence
on load of test results. The optimal test conditions (Fig. 2) were decided from such a point of view.

(3) The following evaluation criteria of test results for high temperature properties were proposed :
i) the temperatures at the beginning of softening and melt—down are high, with a small temperature dif—
ference; ii) the integral and average values of index of permeability resistance between softening and melt—
down are small; and iii) the degree of reduction achieved at 1 000 to 1 200°C! is high.
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Fig, 1. Schematic drawing of testing system.
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Table 1. Chemical compositions of samples.
Chemical component (%) .
Sample P (21;/0:)1 ty
T.Fe FeO Si0, Al,Oq4 CaO MgO (CaO/Si0,
Sinter 56.60 5.46 5.60 2.10 9.49 1.55 1.69 20.1
Acid pellet 63.29 0.19 4.98 2.94 0.25 0.08 0.05 25.4
Table 2. List of preliminary test conditions.
Max. load Gas flow rate Particle size Bed height
(kg/cm?2) (N1/min) (mm) (mm)
Test Sinter Pellet Sinter Pellet Sinter Pellet Sinter Pellet
name
A-1 0.5
A-2 0.8
A-3 1.0 90 11.1~12.7 100 \ 70
A-4 1.2
B-1 30
B-2 50
B-3 1.0 70 11.1~12.7 100 . 70
B-4 90
C-1 7.9~ 9.5
C-2 11.1~12.7
C-3 1.0 % 12.7~15.9 100 ¢ 70
C-4 15.9~19.1
D-1 :;)0 50
D-2 0 70
D% 1.0 90 11.1~12.7 100 L o0
D-4 130 —
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Fig. 2. Conditions of reduction under load test.
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Fig. 3. Effect of load on degree of contraction and index of permeability resistance.
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Fig. 4. Effect of gas flow rate on degree of reduction and index of permeability resistance.
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Fig. 6. Comparison of observed reduction curves
with calculated ones by three-interface
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Fig. 7. Effect of gas flow rate on longitudinal
distribution of calculated degree of
reduction. (Particle diameter : 12 mm).
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Table 3. Longitudinal distribution of degree of reduction.

Temperature at interruption of test
1100°C 1300°C 1450°C
Upper layer 77.7 98.6 98.0
Degree of reduction Middle layer 81.8 97.5 —
calculated from Lower layer 92.1 97.6 95.3
S chemical analysis | S E—

Hnter Ave. 83.9 97.9 96.7
fl'\/Iean degree of reduction calculated 80.0 90.0 94.0
rom oxygen balance in gas

Upper layer 58.1 82.5 90.1
Degree of reduction Middle layer 61.9 78.2 —
calculated from Lower layer 70.9 79.4 91.1
: chemical analysis |
Acid pellet Ave. 63.6 80.1 9.6
Mean degree of reduction calculated 61.0 70.0 80.0
from oxygen balance in gas : : :

Superficial gas velocity (cm/sec)

10 20 -30 40
100 T T | T _,_._L———' T T T T
e | -
80 ’ <, ,___—//—‘—--—-"*‘"“*“*----{-
/ y Particle dia. Bed height
) (cm) (cm)
e 7 —— 086 607
I 60r e .20 10.585
- — lL20 6.40
S \ ——————— 142 634
X 40— \\\‘ —\ l ’
< W\ \ ! }
k T=1000 °C
201 A ’
L ' P
- ——|a

40 80 120 160 200'240
Gas flow rate (NR/min)

Fig. 8. Effect of gas flow rate, particle diameter
and bed height on mean calculated degree
of reduction (R) and the difference in
calculated degree of reduction between
top and bottom of bed (4R).
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Table 4. Softening and melting characteristics of samples.

— R (%)
Sample T, (°C) | T, (°C) | 4T (°C) IK K
at1000°C | at1200°C
Sinter 1 306 1491 185 2.2%108 | 4.6x10 84 94
Acid pellet 1217 1491 274 3.2x10¢ | 6.5%10s 69 78

Ty : Temp. at pressure drop of 100 mm¥I,O,
T

2 —
AT=T,—T,, EK=f KdT, K=XK/AT
1000
500 T
l & Sinter (ot 1000°C) 10% ¢
® Sinter {at 1200°C) . o
4 Acid pellst (at 1000°C) o Sinter ot O ec)
A Acid pellet (at 1200°C) infer o
400 — — a Acid pellet (at 1000°C)
L A Acid pellet {at 1200 °C)
107 |
300
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=~ N4
=
= 200 ~
< I
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Mean degree of reduction(%) Mean degree of reduction (%)

Fig. 9. Relation between softening and melting
characteristics and mean degree of reduc-
tion achieved at 1000 and 1200°C for
sinter and pellets.
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i) 7 AREL, BEPERITEDF AREKEEI VN X
7B 7 A{EL Fie$5 5 o Eng8E Lo, F7, A
Hiz, ABREROWEKREMEINK X bIsWEE T/
SLTHENTFLLEELRS. DX 5 BlLE»BIE
IERBE S A BRE L .

(3) FEEMROFMmERESL LT, 1) BEBEE X
O TBBEBE SN E L, FOREZIVNI L &, i)
AL~ TR OBEIEFAME 2 &, i) 1000~1 200
°C TCOFERILENBNZ & s EZ . = DR
bHD &, FEREELORRMERIIEBES vy P X0 ERT
W5,

(4)  1000~1200°C 351} % IR TR Lkl - 3
AR ORI BIRL D b, BIEEED S TR
BEEOHRILHEEYE T5HZ - EDT, EFEATD
AL - Rl A B TE L T L NEE IR,

Bbbie, ARELEDBCH-Y, SEEAHGESL
B o fe RAL K F B L BUBR B Je P 4%, ARy
HERLDHBEERELET.

Appendix

ERERRIGEE F A3 BRBRTE S L
ERROBHC DD, LTFORELHI .

(1) BPOBEXE—T, HT &7 ADRENSEL
L.

(ii) FBFERE L OZBERIIE O —ETH 5.
(i) »AMIIFLHE LR Ch 5.

DlEoEED S & T, BAMDHEEICOWT, v A%
FORTFHOMBEINZ L5 L, (A-1), (A-2) KpiE

L.
Ri T,
30~ Wydoy s (A C])
Y\ epG(aY\ 6(1—ep)S
G(az )+ Ua \ae )“— TR
- (A-2)

ugﬁ,%%IM%&EMK%H61&EOEE%E
L, MIERILERIL (A-3) RrdbRkDbh3.
R =0.1111 Ry; +0.1872 Ry +0.7017 Ry --- (A-3)
W LTOEALMEZ, ThEh (A-4), (A-5) %
ThEz bhb.
=0 T R;=R;®-- ceeeeee( A-4)
Z=0 T Y(@)=Y°() eerereeeerrene (A=5)

(A-D~(A-3) K& (A-9), (A-5) RI:LOFIED
BERHTCHAEATS &, £EOKMO kT 5 7 24
Y, HZBRIEORITE R 8 XURERTER OBES
N%ﬁ%iba’&ﬁf%é.%ﬁm%ﬁﬁﬁ&m;b

, BfERE 9wt Runee-Kurra-GiiL ¥:% By f-.
7‘@«%, Frfiflds L OFERE D ME, FhFh 40=120s,
4Z=1/2D, r L7-.

BT ORIERITCEE Vi oftBir, 579,
SPITZER LW AURZE L, B SO RHE L% RERKIE
BETFVERG. ¥, ©hICBHER(EEREEEE
BB O RTFWEIEREL, Wiht FilHm a8
CO-CO, BEVALLD~=AL F 2L, } OBELE
Bz X 0 RDIAERER Lz, 7275 L, Fe;O,—~Fe ot
FRIGEEEF DO\ XCRREN e D¢, E'HiC
Fe,03—>Fe;O, Dz & {fH Lichy, & DRIGITEERT
FAET T, FERBRCIIEEN . F1,
7 A G EB B AR b oR®, ¥ A IKBER
BEE B2, £ B A O ¥EEEIT SUTHERLAND DR
W, BENADHERX WiLkE ORWA(FH L T R
7o

e S
—

~

1 BFRORTHARERE (g-mol/g)
TR (em)
HAVEE (g-mol/s)
P RRERITCE (-)
% Ry : AR ITGRE L ORILE (—)
%ﬁ%%ﬁﬁ(mﬁ
Us : EHEIRAE 7 A ZEHE TS (cm/s)
Vi: B—RT ORFERTRIGEE (g-mol/s)
Wy ki F 1E0ER (g)
Y°,Y: An CO BER IO CO #AEE(-)
Z : BIED b OB (cm)
eB  FRIEBREIRR (-)
0 : B (s)
T
i : M(Fe,O3-Fe;0,), MF (Fey,O—Fe)
W (Fe3O—~FeO), F (FeO—Fe)
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