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Self-propagating High-temperature Synthesis of TiC Coating on Graphite Flakes and Its
Effect on Properties of Refractory Castables
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(College of Materials Science and Engineering, Xi'an University of Architecture and Technology, Xi’an 710055, China)

Abstract: In order to solve the problem of high porosity of refractory castables due to the poor water wettability, graphite flakes (GF)
were coated by TiC using titanium powders (Ti) via self-propagating high-temperature synthesis (SHS). The phase composition and
microstructure of the products were investigated by X-ray diffraction, scanning electron microscopy and energy dispersive
spectrometry. The water wettability of TiC-coated GF (CT) was evaluated by Zeta potential measurement, sedimentation test and
water contact angle measurement, respectively. The results show that TiC coating with a continuous and uniform thickness of 763 nm
is formed on the GF surface. Compared to uncoated GF and the sample with n(GF):n(TiC)=1:1 (GT) prepared by mechanical mixing,
the sample CT has the maximum Zeta potential value, no delamination occurs when the sample CT disperses in water, and the contact
angles with water is 26°. In addition, the physical properties, oxidation resistance and slag corrosion resistance of Al,0;—MgO
refractory castables with GF, GT, and CT as well as castables without graphite (labled as CGF, CGT, CCT, and CO0, respectively)
were also determined. The apparent porosity of CCT castable is 13.4%, which is 39.37% and 11.26% lower than that of CGF and
CGT castables, respectively. The decarbonized depth of CCT castable is 8.0 mm, which is 14.89% and 8.05% lower than that of CGF
and CGT castables, respectively. The slag corrosion area of CCT castable is 29% , which is 19.44%. 6.45% and 3.33% lower than that
of CO, CGF and CGT castables, respectively.

Keywords: self-propagating high-temperature synthesis; titanium carbide; graphite flakes; water wettability; castables; apparent
porosity
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Table 1 Formulation of the Al,O;—MgO based castables w/%

Raw material C0' CGF  CGT" CCT
Tabular alumina 82.5 79.5 79.5 79.5
a-ALO; 6 6 6 6
Magnesia 8 8 8 8
Microsilica 1 1 1 1
Secar71 2 2 2 2
Flake graphite (GF) 3
Mechanical mixing powder of 3
TiC and flake graphite (GT)
TiC-coated flake graphite (CT) 3
BsC 0.5 0.5 0.5 0.5
Polycarboxylate superplasticizer 0.6 0.6 0.6 0.6
Water 3.88 6.75 4.88 4.74

w—Mass fraction; *CO—Graphite 0% (mass fraction); CGF—Graphite 3%;
CGT—Graphite 0.5%; CCT—Graphite 0.5%.
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Table 2 Chemical composition of steel slag powders

Composition Si0, ALOs CaO MgO

MnO P205 Kzo NaZO F6203

w/% 10.10 0.86 40.66 8.25

2.10 1.68 0.016 0.027 34.88

2 HXRE53w
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Table 3 Thermodynamic data of C-Ti system

126]

G

Material Phase Temperature range/K AH 19 298
Zh A A3 Ay As

Titanium Solid 22.133 10.251 298~1155
Titanium Solid 19.832 7.908 1155~1933 4142
Graphite Liquid 35.564 1933~3575 18619
Graphite Solid 0.084 38.911 —1.464 -17.364 298~1100
Graphite Solid 24.435 0.418 -31.63 1100~4 073
Titanium carbide Solid 49.957 0.962 —14.77 1.883 298~3290 —184 096
Titanium carbide Liquid 62.760 3290~3 500 71128
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(a) SEM photograph of GF

(low magnification)

(d) SEM photograph of combustion products (high magnification)
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(f) EDS spectrum of point D in Fig. 2(d)
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(c) SEM photograph of combustion products

(low magnification)
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(e) EDS spectrum of point C in Fig. 2(d)
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(g) EDS spectrum of point E in Fig. 2(d)
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Fig. 2 SEM photographs and EDS spectrums of GF and combustion products of n(C):n(Ti)=2:1
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(a) SEM photograph of low magnification (b) SEM and BSE photographs (in the inset) of high magnification
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(c) EDS spectrum of point G in Fig. 3(b) (d) EDS spectrum of point H in Fig. 3(b)
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Fig.3 SEM photograph, BSE photographs and EDS spectrums of Cross-sectional of TiC-coated GF
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Fig. 4 Zeta potential-pH profile for GF, GT and CT
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Fig. 7 Apparent porosity and bulk density of the refractory castables
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Fig. 8 Cold crushing strength (CCS) and cold modulus of rupture (CMOR) of the refractory castables
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Fig. 9 Photographs of the castables after be oxidized and

decarbonized depth and oxidation area of the castables
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Fig. 10 SEM photographs and EDS spectrums of the unoxidised zone, the interface between the unoxidised zone and the
decarburized zone, and the decarburized zone in CCT refractory castable
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Fig. 12 SEM photographs and element distribution images of
the unaffected zone, penetration zone and corrosion
zone in CCT refractory castable
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