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In order to deal with environmental changes in the steel making process, improvement in the refractory
evaluation and analysis technology will have more importance from now on. This report introduces our
techniques for refractory evaluation; they include such items as slag corrosion, thermal spalling resistance,
and the various refractory properties using equipment for the evaluation of material properties at high
temperature. In addition, this report describes two examples of operational improvement achieved using
these evaluation techniques. The joint wear of MgO-C refractory at the ladle slag line was improved by
the application of the proper refractory material selected with a view to oxidation and slag corrosion
resistance properties. The specific consumption of repair material in the BOF was reduced by the
optimization of the expansion allowance, which was determined through elastic-plastic analysis using the
fundamental properties of refractory and temperature transition in the furnace refractory.

AP E=RH T 2B VT, SiERY OB
PRGBS A B W SN BRI, R R 2,
JEIE & o 78RS, BX AT 7 RiEHk G & 0Bl
WORBNIIE UTC, #k2 BHELWEO b ORHH s
TWwb, INOHEHEM YA ) FMENZRL, iKY
DARANTT Y, BIXOREHZEOM Y 7 7 Volk
WEHEAET 2720120, FHET I & OIRDA 5 HHFERE
Mz IE L CHRL, b DT AKWEED 2 5 53X
SRR Ul 2 KM B & g 5 2 &S
P b, S5, T HEOEHERBERICOMIE
LI X BB ET OB &, KA 5 U FB
EMETAIEDLETHL, INSHITME, 5HTHE
SNB I KA OWEALLH - 2 E 7 20
B U RIS S 5 720121, iKY o 5EMiH:
i & R oM R3S % E T ETHEEE RO 0L
Bbhs,

AFTIE, BB A KEHIS oM L, =

OFEHM 2 BT 5 2 LI & » THREYUEN L ORI
TN OV THE T %,

1. RO

iy K EFA, ke LT ol kP ok s, i
KWy &gk e L2 E ORHIC 5 bhvs . His o
R K OREEFHI <X, ST 52 REL T,
LFRIREEYE (29 72X AR E, BiRlethe) 5
WIS REREYE (BVERIC X 23 (X< D) - EF,
BB &) OFHEH LR E 2 EET5HZ L1
Bho T, BBEOHEAL L CoOMEFHMETIE, X
Wosnks, sk, B E v R T— 5 %
HEL, EREPHEE Vo 2l K DEGERE LTS
ey Ial—arybrIEilnb,

TR, SN SFHEM OME LMD TE /2, F A
WCREWLFMIEEZ2 05, IS OFMIEE 2D
WTOMBRIE MV — TN THEIETRETH ), £

&1 iKY ORI

Table 1 Evaluation method of refractory

Properties Evaluation method
. . Induction furnace corrosion test (see Fig.1)
Corrosion resistance - - -
Slag corrosion test of using crucible
Resistance . . ippi i
. Thermal spalling resistance Hot r_netal d]meg te.S[ by water C(.]Olmg - -
properties Heating and air cooling test by using electric heating
Oxidation resistance Measurement of decarbonized area after air condition
Abrasion resistance Dynamic wearing test using molten iron stirred by impeller
Apparent pmjosrry Method of mercury penetration
Bulk density
Fundamental|  Dynamic elastic constant  [Evaluation by ultrasonic pulse velocity
Properties Hot modulus of fupture Evaluation by the equipment for evaluation of material
Hot modulus of elasticity roperty at high temperature(see Fig.2, Fig.3)
Thermal expansion coefficient property at g P g e
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Fig. 1 Schematic diagram of slag corrosion test using induction
furnace
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Fig. 2 Equipment for evaluating high temperature properties of

materials
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(a) Compressive test (b) Crushing test
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Fig. 3 Example of strength tests by using the equipment for
evaluating high temperature properties of materials
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Fig. 4 Joint wear at slag-line refractory (MgO-C bricks) of ladle after
actual use

Fine grain
(MgO, carbon, anti-oxidant)

8 MgO coarse grain

N Decarbonized layer
with slag penetration

5 Hi#rEo 3 7 oilik

Fig. 5 Micro photograph and schematic figure at joint wear position
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Fig. 6 Relationship between fraction of slag in refractory matrix and
melting point of refractory
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Fig. 7 Evaluation results of oxidation, corrosion, and spalling resistances
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Fig. 8 Comparison of joint wear
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Fig.10 Stress-strain curve by compressive test at room temperature
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Fig.11 Analysis results of temperature distribution of furnace bricks
at lower corn section
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Fig.13 Change in consumption of repairing refractory for converters
at Kakogawa Works
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