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Synthesis of Ti,AIC/Ti;AlC, with Si doping by spark plasma
sintering and theoretical analysis
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Abstract: Ti,AlC/Ti;AlC, bulk material was synthesized by spark plasma sintering (SPS) at 1 200 ‘C using elemental
powder mixture of Ti, Al, active carbon and Si whose molar ratios were 2.0Ti/1.1A1/1.0C, 2.0Ti/1.0A1/0.1Si/1.0C,
2.0Ti/1.0A1/0.2Si/1.0C, 2.0Ti/0.9A1/0.2Si/1.0C and 2.0Ti/1.0A1/0.3Si/1.0C. X-ray diffractometry was used to determine
the phase composition, and scanning electron microscopy with energy-dispersive spectroscopy was observed to
investigate the microstructure of samples and components in selected area respectively. The results show that Ti,AlC bulk
material which has obvious layered structure can be synthesized by SPS from 2.0Ti/1.1Al/1.0C at 1 200 “C. On the other
hand, the samples Si doping are made of Ti,AlC, Ti;AlC, and Ti;SiC,. When the amount of Si doping increases and
molar ratio of Al to Si decreases, the amount of Ti;AlC, and Ti;SiC, increases while Ti,AlC decreases. At the same time,
the size of layered crystal grain becomes refined. The mechanism that Si doping is not helpful to form Ti,AlC is
explained according to the results of quantum chemistry calculation. The formation of Si solid solution after Si doping is
illuminated.
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Fig.l1 XRD patterns of samples prepared at 1 200 C from
elemental powder mixtures: (a) 2.0Ti/1.0Al/0.1Si/1.0C; (b)
2.0Ti/1.0A1/0.2Si/1.0C; (c) 2.0Ti/0.9A1/0.2Si/1.0C; (d) 2.0Ti/
1.0A1/0.3Si/1.0C; (e) 2.0Ti/1.1AV/1.0C
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Fig.2  SEM micrographs of samples
prepared at 1 200 C: (a) 2.0Ti/1.0AV
0.1Si/1.0C; (b) 2.0Ti/1.0A1/0.2Si/1.0C; (c)
2.0Ti/0.9A1/0.2Si/1.0C; (d) 2.0Ti/1.0Al/
0.3Si/1.0C; (e) 2.0Ti/1.1A1/1.0C
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Fig.3 Crystal cell of Ti,AIC (a) and part of atoms of
calculated model (b)
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Table 1 Even covalent bond orders
Formula Ti—C Ti—Ti Ti—Al Ti—Si Al—Al Al—Si
TisoAlyCos 0.2143 0.052 7 0.101 3 0.167 5
TisSi Al 3Coq 0.2133 0.0529 0.099 8 0.039 2 0.166 6 0.1452
TisSizAl7Cy4 0.2133 0.0519 0.099 2 0.037 8 0.165 4 0.144 3
TiseSisAl5Caq 0.2130 0.050 9 0.098 8 0.037 5 0.164 5 0.143 5
Tiz7AlCoy 0.262 7 0.050 6 0.190 0 0.1712
& Tis ALC, A& AR TiHAIC {[Ti¢C]-[Ti¢C]-Si-[ TigC]-[TicC]-Si- } +Al—~
2.3.2  Si Bh%E Ti;Si;ALC, (x<1—Xx) ?3)
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Table 2 Chemical composition of different spots in Fig.5

Spo Mole fraction/% Formula
Ti Al Si C o

a 49.30 23.94 2.02 24.74 - Tiy.06A1Si9,08C1 .03
b 47.48 26.05 1.65 24.82 - Ti 8AlSi,06Co.95
c 51.69 23.33 1.97 23.01 - Tiy.2AlSi,03Co.99
d 49.61 16.61 1.06 32.72 - Ti.99AlSig,06C1 .97
48.72 4.92 16.56 29.80 - Ti.04SiAlg30C1 50

f - 42.13 - - 56.07 Aly500;

5 JEAHF 2.0Ti/1.0AV0.1Si/1.0C 7 1 200 C& AR FE
PG ECH LB

Fig.5 Backscattered electron micrograph of polished surface
of sample prepared at 1 200 ‘C from powder mixture of

2.0Ti/1.0A1/0.1Si/1.0C
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