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Numerical Simulation of Change of Temperature and Thermal Stress Generated
in MgO-C Bricks Applied to BOF
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: Change of temperature and thermal stress which were generated in MgO-C bricks 1080 mm, 540 mm and 270 mm long

was studied under a temperature transition simulated to BOF operation. Thermal and mechanical properties of samples
without metal and samples with 3% Al, after heat treating many times at high temperature, were measured at the
temperature for data to be used for FEM (Finite Element Method) calculation. (1) Data of thermal expansion coefficient
and elastic modulus which were applied for calculation at the start of operation were different from those applied in the
middle of operation. (2) In the middle of operation, the temperature regularly changed and large stresses were generated
in the fixed inner range from hot face regardless of the brick length. However, the temperature did not change and
stress was nearly zero outside the fixed inner range. (3) Large stress which produced a crack was generated at the start
of operation and reoperation. (4) A crack of samples with 3% Al could be formed at a closer point to the hot face than
that of samples without metal, because the elastic modulus of the former was higher than that of the latter.
MgO-C brick ; BOF ; elastic modulus ; thermal expansion coefficient ; thermal stress ; brick length ; operating tempera-
ture ; FEM ; simulation.

IRILNEBDRIED E D L 5 2R LT % o> 2k LIoERAB,
SEAZIE LA EECODVTIRT H 5274,

B A MgO-CHBRILIZAIT F v — 2 b DERFEDMIZ, # b
W UMmESRHOBE R 5, O, RIEHLE L b
CBRILHED NS R Y, BRENEQBES LT 5
TR, REHFOBRBEMIEFEE b kT 52 L
PTFEING, D& 5 I-MgO-CBRILIZ/MA L Sk (3
BESRME) L B & OIREE REE, FREES) »8LT 5
mTHEHSNS,

fEdke, BRFLTIE L IBERE), EEXH L RLFEMORS
BOMFIZIEEAEITFbR TV o120, $ 12, BEHD

Table 1. Chemical composition and properties of
MgO-C bricks.

Raw Particle Non-metal| Metal additives
material size(mm) MgO-C MgO-C
Magnesia 3-1 50wt % 50wt%

" 1> 30wt % 30wt%
Graphite 0.3> 20wt % 20wt%
Aluminum | 0.074> — 3wt%

Resin Binder 3wt% 3wt%
Thermal conductivity 174 W/m?-K
Specific heat 1.05KJ/Kg-K
Density 2900 Kg/m®
Poison’s Ratio 0.3
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Fig. 1. MgO-C brick model used for FEM (Finite
Element Method) calculation, which is one-
fourth model for a symmetrical geometry to
the longitudinal.

' Hsrulsv W/(r::z K)—‘_W ' )
1500}
'l
2 1000}
®
@
% H=116 W/(m2 K)
= s00f
o, L ]
0 2 4 6 8
Time /hr

Fig. 2. Example of operating temperature applied
to BOF. Thermal stress was calculated in
point of O, O, &, A, ¥ and +.
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Fig. 3. Relationship between thermal expansion
ratio and residual thermal expansion ratio,
for samples without metal (O, [, A) and for
samples with 3% Al (@, H, A).
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Fig. 4. Data of thermal expansion coefficient used
for thermal stress calculation, for samples
without metal (O, A) and for samples with
3% Al (@, A).
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Fig. 5. Data of modulus of elasticity used for ther-
mal stress calculation, for samples without
{n.etal )(Q, A) and for samples with 3% Al

, A).
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Fig. 6. Bending strength at high temperature, for
samples without metal (O, A) and for sam-
ples with 3% Al (@, A).
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Fig. 7. Maximum temperature (a) and minimum
temperature (b) in each operating cycle, for
brick length of 1080mm. &~@ : cycle num-
ber.
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Fig. 8. Maximum temperature (a) and difference
between maximum and minimum tempera-
ture (b) during one cycle under normalized
change of temperature distribution.
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Table 2. Thermal stress which is generated in MgO
-C bricks without metal by an operating
cycle, for brick length of 1080, 540 and
270mm. * 1 shows 1st cycle in reheating.

Brick length /mm 1080 540 270
cycle number 1st 4th 50th *1st| 20 *Ist| 15 * 1st
Inside | Max. thermal stress /MPa | 89 8.0 3.0 50 (29 4632 51
of |Distance from hot face /mm | 72 28 28 72 |28 72|32 74
brick | Temperature /°C 725 1330 1380 760 /1330 718 |1250 717
Surface| Max. thermal stress /MPa [ 2.9 1.5 1.3 16|14 12|17 1.7
of | Distance from hot face /mm | 56 56 56 41 | 56 56 | 59 45
brick jiemperature /C 835 1200 1330 1150(1260 1107[1170 1130

Table 3. Thermal stress which is generated in MgO
-C bricks without 3% Al by an operating
cycle, for brick length of 1080, 540 and
270mm. * 1 shows 1st cycle in reheating.

Brick length /mm 1080 540 270
cycle number 1st 4th 50th *1st| 20 =*1Ist] 15 #* 1st
Inside | Max. thermal stress /MPa EG.B 72 74 83|70 87|72 88
of | Distance from hot face /mm | 41 119 119 56 | 28 17 | 32 32
brick | Temperature /'C 958 1051 1270 885 |1361 1215|1289 1090
Surface Max. thermal stress /MPa | 6.3 3.4 3.0 32|42 25(38 33
of | Distance from hot face /mm | 41 179 209 41 | 56 41 | 59 45
brick | Temperature /C 958 905 1160 1150(1286 1152|1188 1130
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samples with metal (O, [, A).
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