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Abstract — The combustion synthesis of titanium carbonitride ceramics with excellent hardness and chemical stability to oxi-
dation at high temperatures was investigated. The compacted reactants remained at a relatively high temperature for the greater
length of time after the passage of combustion front transversing the compact. After-burn time of about 20 to 100 seconds was
detected for producing titanium nitride and titanium carbonitride ceramics. After-burn time increased with the increasing ratio
of carbon to titanium in the reactants, reached the maximum value at its ratio of 0.7, and thereafter decreased with the furthe
increasing ratio of carbon to titanium. The combustion temperatures as well as the velocity of combustion waves increased with
the increasing ratio of carbon to titanium in the reactants. The velocity of combustion waves reached the constant value of 0.4
cm/sec at higher ratio of carbon to titanium than 0.70 in the reactants. The microstructure of combustion-synthesized titanium
carbide using the carbon black as carbon source showed the existence of titanium melting during the combustion reaction and
the capillary spreading of melted titanium between the interstices of solid carbon. The surface of combustion-synthesized tita-
nium carbonitride revealed that the carbon black was active for producing the carbonitride ceramics and the decreasing ratio of
carbon to titanium in the reactants enhanced the melting of the titanium during the reaction.
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Fig. 3. Phase diagram of the binary Ti-N system[21].
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Table 1. Description of titanium and carbon reactants in the powder
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Fig. 4. Schematic diagram of the experimental apparatus for combustion synthesis.
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Fig. 5. Sequential photographs of combustion waves showing (a) the

stable combustion and (b) the after-burn reaction for produc-
ing titanium carbonitride(TiC ,N,_,).
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Fig. 9. Effect of product dilution on the after-burn time(v) and weight

gain(D) for producing the stoichiometric titanium nitride(TiN). Fig. 11. Effect of relative density of compacts on the after-burn timé&f)

and combustion temperatureQ) for producing the substoichio-
metric titanium carbonitride(TiC ,N,_,, x=0.7). Carbon is graphite

(C1).
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Table 2. Comparison of combustion velocity and after-burn time for producing combustion-synthesized titanium products

Produch Ignition temperature Combustion temperature Combustion wave velocity After-burn time(sec)

TiC 560 1,855 0.57 -

TiIC,N,_,2 550 1,630 0.42 21-51

TiN 980 1,480 0.38 33-102

Dcarbon is graphite(C1).
Astoichiometry x is 0.7.
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Fig. 12. Effect of the ratio of carbon to titanium on the after-burn time
(O) for producing the substoichiometric titanium carbonitride
(TiC,N;). Carbon is graphite(C1).

Fig. 13. Photographs of (a) TiC, (b) TiGN;_, and (c) TiN ceramics pro-
duced by combustion synthesis. Carbon is graphite(C1).
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Fig. 14. Scanning electron micrograph of combustion-synthesized stoi-
chiometric titanium carbide(TiC) using the (a) carbon black
(C3) and (b) graphite(C1).
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Fig. 17. X-ray diffraction patterns of combustion-gnthesized substoi-
chiometric titanium carbonitride(TiC ,N,,, X=0.65) usirgy the (a)
carbon black(C3) and (b) activated carbon(C2).

Fig. 15. Scannimg electron micrograph of combustion-gnthesized tita-
nium nitride(TiN) in the (a) exterior and (b) interior surface of
the products.

Fig. 18. X-ray dot maps of combustion-gnthesized substoichiometric
titanium carbonitride(TiC ,N;-,, x=0.6) for the elements of (b)
titanium, (c) carbon and (d) nitrogen.

QA2 elsle] TRolH A% B sl e Yol S5
TICN, & B3k ole] AXEHS A gty TICN, & T35
<l Blekgel &80 Fa% o &§¥ Elehwel mAH #HAY
AL I—/Kéoﬂ géx—]o] dAghe 6’]—0 _g]—o s 4

A7k AaHgoME BFEA B2 $4
7} 33- 102§£°P HASHYAL ol Hehre dakgo] Tad 9ge

e FNL =7} 509914 7t H
ii% 7}%%@4% ARgshE Aol ¥hgAgo] A ol $-9%F TICN,,
£ Ashe Aoz A g9 dol S7IePd ElehEe] §4-2

>§
i)
fd
Y
o
H
rﬂ ot v

Fl

Fig. 16. Scannim electron micrograph of combustion-ynthesized sub-
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