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Table 1 Mass ratio of investigated preforms w/%
Raw materials Sample T25-Pre Sample T20-Pre Sample TC25-Pre Sample TC20-Pre
Corundum 65 65 65 65
Active Al,O3 micro-powder 5 5 5
Calcined corundum fine powder 10 5 10
Titanium carbide powder 25 20 22.73 18.18
Flake graphite 2.27 1.82
Liquid phenolic resin +4 +4 +4 +4

w is mass fraction.
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Fig. 1 XRD patterns of the samples with varied composition
infiltrated by AlseSiso alloy at 1550 C
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Table 2  Physical properties and CMOR of samples prepared with different preforms infiltrated with AlseSiso alloy

Apparent porosity/% Bulk density/(g-cm3)
Sample Flexural strength (Before)/MPa
Before After Before After
T25@Als0Siso 6.0+£0.01 5.9+0.00 3.57+0.04 3.56+0.02 82.2¢11.9
T20@Als0Siso 7.1+0.01 7.9£0.01 3.46+0.02 3.44+0.05 79.4+7.4
TC25@Als0Siso 11.9+0.01 10.7+0.01 3.28+0.05 3.26+0.02 23.446.1
TC20@Als0Siso 18.0+0.01 15.8+0.00 3.11+0.02 3.20+0.03 9.0£2.5
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Fig. 2 Schematic diagram of the MAX phase fracture mode
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Fig. 3 Fracture morphology of sample T25@AlsoSiso (1550 C)
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Fig. 4 SEM images of sample TC25@AlsoSiso (1550 ‘C) and
corresponding EDS spectra
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Table 3 Physical properties and CMOR of samples with different infiltration medium

Apparent porosity/% Bulk density/(g-cm=%)
Samples Flexural strength(Before)/MPa
Before After Before After
T25Al5Sig5(1450 C) 24.4+0.00 21.7+0.02 2.90+0.04 3.03+0.03 6.2+2.0
T25Al5Sig5(1500 C) 25.6+0.01 21.0+0.01 2.99+0.05 3.10+0.05 4.1+0.5
T25Al5Sig5(1550 C) 26.9+0.01 19.7+0.00 2.81+0.05 2.97+0.01 2.1+1.4
T25Al50Si50(1450 C) 10.0+0.01 8.9+0.02 3.50+0.01 3.53+0.02 63.7+£18.7
T25Al50Si50(1500 C) 7.2+0.01 8.3+0.01 3.55+0.02 3.50£0.03 75.5+18.0
T25Al5Si50(1550 C) 6.0+0.60 5.9+0.01 3.57+0.04 3.56+0.01 82.2+11.9
T25Alg5Si5(1450 C) 6.1+0.02 8.1+0.00 3.51+0.04 3.51+0.06 73.748.1
T25Alg5Si5(1500 C) 6.3+0.01 7.8+0.01 3.49+0.01 3.50+0.05 70.1+3.2
T25Alg5Si5(1550 C) 3.6+0.00 6.0+0.01 3.48+0.01 3.40+0.02 91.8+17.2
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Fig. 5 SEM images of the samples (1500 °C) prepared by

different infiltration media
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Fig. 6 Flexural strength of samples (1500 ‘C) with different
infiltration medium before and after thermal shock
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Fig. 7 XRD patterns of samples (1500 C) prepared with
different infiltration media
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Fig. 8 SEM images of the microstructure and energy spectrum
analysis of the sample T25@Als0Siso (1500 C) after
thermal shock
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Fig. 9 SEM images of microstructure and energy spectrum
analysis of samples after thermal shock

4 [E b hESH EDS BEIELER

Table 4 EDS results in Fig. 9(b) w/%
Points C o] Al Si Ti

B 39.47 60.53
c 14.54 40.46 44.99

D 15.86 33.55 19.71 0.41 30.47
E 36.96 1.72 17.94 41.77 1.62
F 18.62 1.03 0.43 12.24 67.68
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Extended Abstract

Introduction  Recent development on low-carbon/ultra-low carbon refractories with superior properties for the rapid development of
green low-carbon economy and high-quality clean steel is a research hotspot. The structure and properties of low-carbon refractories in a
variety of ways are optimized to solve the problem of deterioration of high- temperature properties caused by simple reduction of graphite
content. The introduction of carbon nanomaterials can significantly reduce the overall carbon content of the material. Also, the
mechanical strength and thermal shock resistance of carbon-containing refractories are improved simultaneously because the
nanostructures absorb and buffer the thermal stress generated by a large number of thermal shocks. In addition, reinforcement phases such
as carbides, borides and nitrides are also applied to improve the organizational structure and properties of low-carbon refractories to solve
the long-standing problem of carbon source oxidation. However, the poor dispersion of nanomaterials in the matrix is a significant
technical problem, and the synthesis process of composite powders is complex and challenging. High production costs and the difficulty
of achieving large-scale application restrict the industrial development of these materials. The structural degradation at high temperatures
leads to a decline in the strength of refractories and even deterioration of comprehensive performance, which cannot guarantee the
stability of long-term service of refractories

Methods The MAX phase materials were expected to achieve the balance between low carbonization and service performance of
carbon-containing refractories due to their graphite-like layered structure, high thermal conductivity, high damage tolerance and good
oxidation resistance and thermal shock resistance. In this work, in-situ TisSi(Al)C: reaction bonded low carbon Al20s—C refractory was
prepared by a reactive meltinfiltration method based on the preparation process of ceramic matrix composite materials. The effects of the
amount of TiC/graphite in the prefabricated material and the type of Si—Al alloy as the infiltration medium on the phase composition,
microstructure, physical properties, mechanical properties and thermal shock resistance of the refractories were investigated.

Results and discussion  The phase composition and performance  (i.e., the apparent porosity, bulk density and flexural strength) are
different at different compositions of the preforms. Corundum, TisSi(Al)Cz and TiC phases appear in all the samples, and trace amounts
of SiC, TiAlxSiy and residual Al also occur. When the preform does not contain graphite, the content of TisSi(Al)Cz in the sample is higher,
and the apparent porosity is much lower. The flexural strength of the sample increases from 9.0 MPa and 23.4 MPato 79.4 MPa and 82.2
MPa, respectively, when the graphite removes from the raw material. Also, the bulk density of refractories is higher. This is due to the
poor wettability of graphite and alloy, which prevents the infiltration of alloy melt into the preform. Graphite reacts with Si to form SiC
phase and consumes Si element, which affects the growth of subsequent TisSi(Al)C2 phase. The content of titanium carbide in the raw
material also affects the generation of TisSi(Al)Cz, increasing the content of titanium carbide is beneficial to generating more TisSi(Al)Cz,
which causes a lower porosity and a higher bulk density of Al20s—TisSi(Al)C2-C efractories. The overall apparent porosity of samples
AlsoSiso and AlesSis is lower than that of sample AlsSios, and the bulk density is relatively high. This is related to a fact that the presence of
Al promotes the infiltration of alloy melt into the precast and is conducive to the formation of TisSi(Al)Cz. The flexural strength of the
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sample T25@Also0Siso using AlsoSiso alloy as a penetration medium increases from 75.5 MPa to 110.5 MPa after thermal shock. The rich
toughening mechanism of TisSi(Al)Cz helps to improve the thermal shock resistance of the refractory, and the oxidation products
generated after the oxidation of TisSi(Al)C2 can make the structure of the refractory more dense. The presence of whiskers in the
refractory is also beneficial for better thermal shock resistance.

Conclusions  Low carbon Al20s-TisSi(Al)C2-C refractory could be prepared after the preform was infiltrated with AlseSiso alloy. The
presence of graphite in the preform obstructed the penetration of Si-Al alloy and ultimately affected the mechanical properties of the
sample. The flexural strength of the preform without graphite was up to 82.2 MPa after the infiltration reaction at 1550 ‘C. The content of
Al in the infiltration medium had an effect on the production of TisSi(Al)C: in the refractory. The presence of Al was conducive to the
reduction of twinning grain boundary energy between TiC grains, effectively promoting the formation of TiCx twins. TisSi(Al)C2 phase
was also easy to nucleate from the TiCx twin and grow in the Ti-Si—Al liquid phase. The TisSi(Al)C2 phase consumed energy through
various deformation mechanisms, thus increasing the flexural strength of the refractory material at room temperature. Also, TisSi(Al)C2
could form a continuous and dense oxide layer during the thermal shock process, effectively preventing the TizSi(Al)C: inside the sample
from being further oxidized. The formation of the dense layer could restore or even strengthen the mechanical properties of the refractory
after thermal shock. The flexural strength of sample T25@Als0Siso increased from 75.5 MPato 110.5 MPa after thermal shock.

Keywords composition design; alumina-titanium silicon aluminum carbon-carbon refractory; reactive melt infiltration method;
mechanical properties; thermal shock resistance



