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Effect of Steel Fiber on Thermal Shock Resistance of Mullite Castable

FENG Haixia', JIAO Yunjie?, CAO Xiying', LIU Jun!, HAN Yihui'
(1. Sinosteel Luoyang Insitute of Refracotory Research Co., Ltd., State Key Laboratory of Advanced Refractory Materials,
Luoyang 471039, Henan, China; 2. China Building Materials Academy Co., Ltd., Beijing 100024, China)

Abstract: The thermal shock resistance of mullite castable with different steel fiber contents (i.e., 0-2.5% (mass fraction)) was
evaluated by a wedge splitting method and a thermal stress factor. The thermal shock resistance of the castable was also analyzed by
three different thermal shock resistance characterization methods (i.e., the residual ratio of modulus of rupture, modulus of
elasticity and ultrasonic wave velocity in air at 1 100 ‘C. The results show that the fracture energy (R"") and fracture toughness
increase with the increase of steel fiber content from 1.0% to 2.0%, thus improving the thermal shock resistance of castable. The
rapid generation and propagation of cracks can lead to a decrease of R""' and thermal shock resistance when the addition of steel
fiber exceeds 2.0%.
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Table 1 Chemical composition of main raw materials W/%
Raw material AlLO3 SiO, Fe O3 CaO MgO Na,O K,O
Fused mullite 75.30 24.08 0.050 0.15 0.15 0.28 0.28
a-Al,O3 micro-powder 99.51 0.07 0.030 0.03 0.02 0.04
Si0, micro-powder 96.82 0.023 0.21 0.50
Hydrated alumina 90.32 0.02 0.020 0.40

W—Mass fraction.

R2 TERMENALEERNELE SR

Table 2 Proportioning scheme of samples with different steel fiber addition

Raw materials Grain size W

SFO SF0.5 SF1.0 SF1.5 SF2.0 SF2.5
Fused mullite 5-3mm 25 25 25 25 25 25
Fused mullite 3-1 mm 20 20 20 20 20 20
Fused mullite 1.000-0.074 mm 20 20 20 20 20 20
Fused mullite d99p=0.044 mm 15 15 15 15 15 15
a-Al,O3 micro-powder 10 10 10 10 10 10
Si0, micro-powder 5 5 5 5 5 5
Hydrated alumina d9o<<0.074 mm 5 5 5 5 5 5
Total amount 100 100 100 100 100 100
446 steel fiber (+) +0 +0.5 +1.0 +1.5 +2.0 +2.5

Plus sign (‘“+”) here represents the additional amount added.
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Fig. 1 Sample dimensions for wedge splitting test'
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(a) Load—displacement curves

(b) Fracture energy (Gr) and nominal notch tensile(ont)

(c) Fracture toughness (G;/oy;)
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Fig. 3 Results of mullite castables by wedge splitting test
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Table 3 Maximum load of mullite castables by wedge
splitting method
w(steel fiber)/
%

0.5 1.0 1.5 2.0 2.5

Maximum
load/N

5075.48 4902.68 2991.97 5233.48 4004.10 3154.90
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Fig. 4 Effect of steel fiber on thermal shock damage resistance
parameters (R""and R""") of mullite castables
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(a) Modulus of rupture (b) Modulus of elasticity

(c) Ultrasonic wave velocity
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Fig. 5 Performance change of mullite castables before and after thermal shock
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Fig. 6 SEM images of mullite castables after three cycles of thermal shock
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