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Abstract Ulirafine titanium carbide particles were synthesized by the reaction of liquid-magnesium and
vaporized TiCl+C,Cl, (x = 1 and 2) solution. Fine titanium carbide particles with about 50 nm were successfuily
produced by combining Ti and C atoms released by chloride reduction of magnesium, and vacuum was then used

to remove the residual phases of MgCl, and excess Mg. Small amounts of impurities such as O, Fe, Mg and Cl
were detecled in the product, but such problem can be solved by more precise process control. The lattice param-
eter of the product was 0.43267 nm, near the standard value. With respect to the reaction kinetics, the activation
energy for the reactions of TiCl,+C,Cl, and Mg was found to 69 kJ/mole, which was about half value against the
use of TiCl,+CCl,, and such higher reactivity of the former contributed to increase the stoichiometry until the level
of TiC,,, and decrease the free carbon content below 0.3 wt.%.
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Fig. 1. Synthesis form of titanium carbide by Mg-thermal
reduction process.
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:AG 00 = -483kI/mol @)
12C,Cly(g)+Mg(l) = C(s)+MgCly(1)

:AG oo = 499k J/mol 5)
Ti(s)+C(s) = TiC(s)

:AG o0 = —175kJ/mol )

1/4TiCl,(g) + 1/ACCl (g) +Mg(l)
=1/4TiC(s)+MgCl,(I)

:AG S0, = —314KkJ/mol )

1/3TiCl, + 1/6C,Cl,(g)+Mg(l)
=1/3TiC(s) +MgClLy(T)
:AG y0r = —265kJ/mol ®)

TiCE W Mg FHolM & 3 784
23 AGs FAE. F A Mg FHANA I
g Tigh CYASL wdukso) o3l A3 vuhgs}
o] oA sponge film3Fe}e] TiCE FA3HA et
25} HAMEQl A} MgCLE: A} Mg wiElol
a2 AL} BFE h-87] vl sleleken o
e O34 TIC RE 71T Aleldd EAEH. 3
# sponge film °o}eol] $1X3F A} Mg BAH
3’-44*4] o8 2FEA FAES FE3] /A 5 2l
FRE FRHolM A&H9l °l A uhgo] s
g, o2 Q) A Mg FHelN $AES FAE
353 FAYN AW HFHoE LR vleleA
o} A9uhs S8 F AT $E0) 8 AF Mg
st MgCLE 25 A% Foll 331 187 <t 9
FL Fig. 20 Jehigle). Fig 2614 B x| Fo]
713k Mg# TICL+CCl, 7k 7] ukgoll <3

Journal of Korean Powder Metallurgy Institute

S OEREEH

Fig. 2. Appearance of product after opening the cap of
reactor.
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Fig. 3. Fixed and free carbon contents in titanium carbide
produced with different reaction temperatures.
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Table 1. Chemical compositions of produced TiC powders compared with several commercial powders.

Composition Kennametal = Metalwerke Metro Cutanit Ti-alloy Mfg. Norton Co. HC.ST Produced
Inc. Plansee Eng. Co.

C(fixed) 19.4 19.0 19.0 19.1 16.8 19.0 19.7

C(free) 0.21 0.73 0.54 0.20 0.45 0.4 0.20
6} 0.10 0.09 0.16 0.57 1.93 0.6 0.71
N 0.15 0.97 0.67 0.45 0.86 - -
Fe 0.06 0.13 0.11 0.22 1.54 - 0.32
Mo - 0.19 - - - -
W - 0.12 - - - - -
Mg - - - - - - 0.41
Cl - - - - - - 0.18
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Fig. 4. The times of exothermic duration via various reac-
tion temperatures for calculating activation energies.
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Fig. 5. X-ray diffraction pattern of produced titanium car-
bide.
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Fig. 6. SEM microstructure of readily crushed titanium
carbide.
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Fig. 7. SEM microstructures of nanostructured titanium carbides synthesized from a) TiCl,+CCl, and b) TiCl,+C,Cl, solution.
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