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º £

�NöB Ö>� ãêf Özö &� n;Wj &æ� ®º êzîz �æª~ �²�Wö &~� �V~&
. {OB >

wbf �²*�� Û"� êöê Ë�* ÿn �Nj Fæ~�B >w� ¢Ú¾� ®î
. îz�æª(TiN)" êzîz �

æª(TiCxN1−x)j �Ö~º ";öB *f ?f ê�²(after-burn)& £ 20-100.ÿn ¢Ú¾º ©� &G>î
. ê�² �

*f >wb~ �æªö &� ê²~ Öj& Ã&�ö V¢B Ã&~�, �~ Öj& £ 0.7öB �&~ ê�² �*j ¾æ

Þ 
rö Öj& z× Ã&~� ê�² �*� 6²~&
. �²Nêf �²2~ *2³êº >wb~ �æªö &� ê²

~ Öj& Ã&�ö V¢B Ã&~&� &GB �²2~ ³êº 0.4 cm/sec¢ ¾æÚî
. >wW� ¸f ��:¿j ê²ö

b� ÒÏ~� �²�Wö ~~� B�B êz�æª(TiCx)f >w7ö �æª~ Ï[� ¢Ú¾ �©� ê²Ò�~ *�j

Û~� Î^& ¢ö(capillary spreading)� ¢Ú¾º ©� &G>î
. �²�Wö ~~� B�� êzîz �æª~ �� �

^�çb�¦V ��:¿� ^¢�j �W~º� >wW� ¸� >wb7~ �æªö &� ê²~ Öj& 6²�>� �æ

ª~ Ï[j /ê�Î
º ©j r > ®î
.

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 further

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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1. B �

^¢�j �W~º ãÖö >w�� j" �� �¦öB �j �/~

æ pjê ¶B'b� >w� æ³>� �ã �öB ;WB �²2&


�ã �b� �ÿ~�B >wbj �Wb� æ~�Î
. �f?� B

�>w~ 

¦ >w�j �Ï~� '« ^¢� �j �Ö~º �;

j �²�W(combustion synthesis) _f SHS(self-propagating high-

temperature synthesis) �;�¢� ¦�� 1967j ��j~ Merzhanov

f Borovinskaya[1]ö ~~� ¾rb� BBB êö �B� ��& ê

¯>Ú *Òræ 300«~�ç~ ^¢�j �W~&b� �7öB �N

B�Ú� MoSi2 5 �îB� TiC �� çëz>î
. �²�Wö ~~
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� B�B MoSi2f TiCº V�~ O»ö ~~� B�B ©�
 MoSi2
º B�Ú~ >«� 2V�ç ^� TiCº �îB� ÒÏ~º ãÖö �

îö ²º>º ��j& 80%�ç .6>� �î¢ î� ��~ ßW

f Ö>~
[2].

V¢B, ��j¢ 7�b� ��, ¢� �öB �ö &� ôf ��&

ê¯>� ®º� �²�Wf V�~ ²Ö»ö j~� 'f ö.æ& ²

Î>�, Ë~j& '² 
�, �Bê~ >wW� �� Vê' Wî� Ö

>� ^¢�j áj > ®V r^�
. �NöB Özb?f ®Bb�

>Bªb� OÂ>V r^ö �Bê~ ^¢�� ò
Úæ� >wb�

�Nræ ��² &�>� �Wb� ;WB 
röº 
Nræ ��²

ï'Nb�¦V B�>º ôf ��ç~ Ö�b� >wW" Vê' W

î� Ö>� ^¢�j á² B
. �²�Wö ~~� �Ú-�Ú, �Ú-

�Ú 5 �Ú-VÚ*~ >w� ¢Ú¾ êzb, »zb, îzb ?f ^

¢�" .³* z�b(intermetallic compounds)j W�'b� B�~&


[3-12].

�²�Wö ~~� ªöç~ �æª" ê²~ �Ú-�Ú >wö ~~

� TiC¢ �Ö~� V�~ ²Ö»ö j~� ö.æ& .£>�, �;ê

5 �Bê~ ^¢�� �WB
. ¢>'b� 0.1-200µm~ �V¢ &ê

ªöç~ �æª" ê²¢ b�� êö {Kj &~� &ê& 0.4-0.8

g/cm3& >º 
Öz ;�~ {Ob(compact)¢ ò� êö �~ �ã

�ö kÊvb� ò� *�F �b� 0.05-4.0.~ 
f �*ÿn 6z

�B "� ¸f >w�� �~� 1,500-4,000oC~ �²Nê¢ &æ�

vþ& 0.01-0.5 cm� �²2& æ³'b� 
� �b� 0.1-15.0 cm/sec~

³ê¢ &æ� *2Nb� �²*�� Û"� Êöº >wb� �Wb

� *~>² B
. �-² �WB ^¢�f �NöB ®Bb� >B>

º ¶Ú;B(self purification)ö ~~� Bê& 99.2-99.9%� 
Ö ¸²

B
.

��jöB �²�Wö ~~� B�B êz�æª(TiC)~ Wî� ß

WzB 
rö �©� .ÓVêöB ÒÏ>� ®º kÊv� "Wª�

�&~ ^¢�j &Ú� > ®j ©b� .G>î
. �º �²�W V

F� j" ãB'� �;�� �b� kÊvf >æ.³b� ��>Ú

¢ ~V r^�
. ��� .Gf ��j ��ö ~~� �²�W VF

� j" ò�� VF� �;>Ú �Úz >îb� 1977j¦V 3j* �

ö &� ��¢ >¯� Ö" KT¢� ®ÒÖº î�Ú �îÏ ¾�ÊÞ

& j�² 1980j çëz>î
[2]. KTº �²�Wö ~~� B�B ê

z�æª, Ö�B 5 J�B� �W>Ú ®b� 7�Ïb� ÒÏ~º

ãÖö ��j& 80%�ç� .6>�, �î� ��~ î6(finish)� B

F>� ¾�ÊÞ& ¦®j sjÚº ;ê¢ 6²�Ò > ®
.

�²�Wö ~� TiC~ B�ö &� ��º ��j¢ 7�b� >¯

>î
. Shkiro �[13]f ê²~ «~, �� 5 �V& TiC~ �Wö �

~º 'Ëj �V� Ö", ê²~ ��'f �~ >wWö jZ� 'Ë

j �~æ á~� ê²~ «~ö V� >wW~ N�º ê²~ ��, �

�~ ö.æ 5 z�ç�f ç&&ê& ®b� £² w�z& F > ®

º ��:¿� &Ë >wW� �
� ��~&
. Arbuzov �[14]f �

²�Wö ~~� B�B TiC& V�~ ê²~ö»ö ~~� B�B TiC

�
 �îËK� �R �� ��� �îËKf «¶~ �V& Ã&�

>� z× Ã&�
. 6� �²�Wö ~~� B�B TiCNº TiC�


�îËK� �R Ö>~
� ��~&
.

Kirdyashkin �[15]f �æª" ê²Ò�~ �²�Wö ~~� TiC¢

�W~º >wV�� v &æ �³'� �ê¢ Bn~&
. b& �Ú

~ �Wb TiC¢ Û� ê²~ {Öö ~~� �:��f Ï[B �æ

ª~ ãêöB �� &æ �Wj &ê �:��& ;W(carbidization)>

� 
rö �:��¢ Û"� ê²& �Ú �æªö Ï�(dissolution)

B
. >wb~ �W" �²Nêö V¢ v &æ �ê 7öB � &æ

& N³�ê& B
. Nekrasov �[16]f �æª «¶~ �V& j" ·

f ãÖöº Î^& ¢öf Z�� > ®bæ� ê²~ �:��f Ï

[ �æªj Û� {Öj �J~º Î�j Bn~� �²�Wö ~~

� B�� TiC~ 
þ~f jv~� � Ö" ·¶& ç�® ¢~~º

©j BÒ~&
. 

Holtf Munir[17]º �²Nêö �~º >wb~ ·�j, TiC~ �C

�, >wb~ .VNê~ 'Ëj �V~&b� ·�'� >wbö &�

n;B �²*�~ ³ê¢ G;~� �¢ �²��" jv~� TiC �

²�W~ �Wzö.æ¢ êÖ� Ö" Eß28 Kcal/mol~ 8j áî
.

�¢ Sarian[18-19]� êÖ� TiC �WöB TiC¢ Û� ê²~ {Öö

&� �Wzö.æ £ 97 Kcal/mol _f TiC [j Û� �æª~ {Ö

ö &� �Wzö.æ £ 179 Kcal/mol�
 �R 'f Ò
�¦V �æ

ª" ê²Ò�~ >wf ê²~ �:��¢ Û� {Ö� ¢ÚÂ 
r

ö 6 
� {Ö";� ®
� .G~&
. �²�Wö ~~� B��

TiCº V��� 50%;ê& >îb¾ �²7ö &{j ~� V���

5%<ö n>º ~&� TiC¢ áj > ®
� ��~&
.

TiCº ;ê, ãê 5 z�'� n;W� Ö>~� �îB, .Ó��

�b� ÒÏ>� ®b¾ 800oC�ç~ NêöBº Özö "6� �6

j &æ� ®
. ��¾ TiNº �NöB Özö ;� &�j &æ� ®

bæ� TiCf TiN~ Ë6j &ê �ÏÚ¢ �W~� �NöB Ö>�

ãêf Özö &� &�j &æ� ®Ú �îB, .ãê~ .Ó��, z

+B, �9~ �¶, &ÊVn úê, ^2 �b� ÒÏF > ®j ©b�

.çB
. ��� TiCxN1−x ^¢�ö &� �²ßWö &� ��º *

ö'b� ê¯>� ®b¾ �ö &� ¶ò& j" n£� 
;�
. V

¢B, � ¢^öBº TiCxN1−xj �²�Wö ~~� B�~º ãÖö

>wb~ «ê, {»b~ ç&&ê, ê²~ «~, �²Nê, �²³ê,

>wb~ Öj 5 ê�² �� TiCxN1−x~ ßWö �~º 'Ëj �V

~�¶ �
.

2. �²�W~ ��

�²�Wö ~~� �æª, ê² 5 î²�¦V êzîz �æª

(TiCxN1−x)j B�~º ";f Fig. 1" ?� ¾æâ > ®
. êz�æ

ª(TiCx)j �²�W~�¶ ~º ãÖöº î² &�ö ®�WVÚ�

j�
j "*~ VÚ� ÒÏ~� B
. Ti-Cêö &� Fig. 2~ çï;

êö ~~� &NöB n;� αç~ �æª(hcp)f 882oCöB βç~
�æª(bcc)b� *�~� 1,670oC�ç� >� [�>Ú �Úç~ �

æª� B
. j·�'� TiCxöB ·�j x& 0.47<x<0.967 º*ö ®

b� �¢ç~ TiC& �Ò~² B
. ��¾ ·�j& 0.47�
 ·�¾

(x<0.47) _f 0.967�
 ��(x>0.967) v ç~ b�b� �Ò~² B
.

�æª" ê²Ò�~ >wf B�>w(Ti+C=TiC+44.1 Kcal/mol)b� �

Fig. 1. Schematic representation of combustion synthesis between tita-
nium and carbon under the nitrogen or argon atmosphere.
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�>wNê& 3,017oC� 
Ö ¸
. Ti~ [6f 1,670oC, TiC~ [6

f 3,017oC �Ò� ��>wNêº 3,017oC�æ� 
B� �²�Wö

~~� TiC¢ B�~º ãÖöº "*�~ ôf �¶
� �Ò�b� �

²Nê& ��>wNêö �R á ��b� �¢ �J~�¢ �
.

Ti-Nêö &� Fig. 3~ çï;êö ~~� �Úç~ �æª� 9f

º*~ VÚç~ î²ö Ï��j r > ®
. αç" βç~ �æª�

�ÏÚ¢ ;W~� *¶º î²~ ö¶ %& 23% �Ò� ê¶º î²

~ ö¶ %& 6.2%ræ �ÏÚ¢ ;W�
. 6� TiNf î²~ ö¶ %

& 28%¦V 50%ræ 9f î² ³êö &~� �¢çb� �Ò�j

r > ®
. �æª" î²Ò�~ �Ç� çï;ê�¦V �²�Wö

&� >wV�f �Wb~ �Wö &~� ôf &�j &^¢ �
. ¢

>'b� �Ú-VÚ >wf �²*�ö ��~� >wb� �Wb� *

~>æ p� &¦ª~ >wf �²*�� Û"� 
rö ¢ÚÂ
. �

æª" î²Ò�~ >wf B�>w(Ti+1/2N2=TiN+80.75 Kcal/ mol)b

� ��>wNêº 4,630oC� j" ¸b� TiN~ [6f 2,950oC�
.

TiNj �W~º ãÖö î²~ {Kf �WB TiN� �æª" î²�

�Ò>æ pê� ��>wNêöB~ TiN~ �Òö ~� î²~ {K

�
 ¸j¢ ~º�, 
B~ ãÖ �²7ö ôf �¶
ö ~� �²N

ê& ��>wNêö �R á �~² B
. V¢B, ��>wNêöB

êÖB î²~ �Ò{K�
 �R Ôf î² {K~öBê TiN~ �W

� &Ë~² B
[22-27].

TiC~ �²�WöB >wf �æª~ Ï[ö ~� �·>� �:�

�º Ï[B çb�¦V Ö;zö ~~� �WB
. �æª� Ï[>�

ê² «¶
 Ò�~ V�j jÖV *� Î^& ¢öö ~~� Ï[B

�æª� v�V �·~� ��� >wb
 Ò�~ 7/�'� Ã&~

� æ³'� �²>w� �·B
. V¢B �æª~ Ï[� 7º� �

�j ~� �º {Ö 5 Ï�ö ~� ê²~ 2�Ê¢ Ã&�B >w³

ê¢ Ëç�Î
. Î^& ¢öf �æª~ «¶~ �V& � ãÖö N

³�ê& >� .³ «¶~ �V& ·f ãÖöº Î^& ¢öf Z�

� > ®� {Ö� N³�ê& B
. TiNj �W~º ãÖö î²~ �

RöB {Ob~ V�êº Ï[B �æª� {Ob~ V�j j*® j

Þ ãÖ~ 8" ¢~~º ãÖö �ç~ Ö"¢ áj > ­
. V¢B,

{Ob~ �'&êº V� ¦bªN� Ï[B �æª~ ¦bªN" ¢

~~º ãÖ�
. �æª~ ¦bªN� ·j ãÖöº {Ob~ V�j

¦ª'b� jÖæ� >wbÒ�~ 7/�'� 6²~�, >&� �æ

ª~ ¦bªN� � ãÖöº ®jº� �ª~ [ÏB �æª� ;W

>Ú �©� ��«(heat sink)b� ·Ï~� �²Nê¢ ÎÚNÖ
. �

æª~ Ï[� æ¾~� Ï[B �æªf �³'� zÞÓÊ¢ ;W~

� î²~ �R¢ O�~� ç�� ·~ �æª� �>wb� Î² B


. V¢B, >wb� j*® *z~V *~�º {Ob V�ÚöB~

î²~ FÏW" >w³ê¢ �J~�¢ �
. �æª" î²~ ãê�

öB {Ob �¦�¦V ãê�ræ {Ö~� Jº î²~ �RN� ã

ê�öB î²~ ²ÎN" ?jæº ç�� �Ò�
. v &æ ³ê~

ç&'� �Vö V¢ ���²f [~�²& ¢ÚÂ
. ���²º �

RN� Ôf ãÖö {»b~ �¦~ ��öBò �²>w� ¢Ú¾ *

zN� j" Ôjæ� [~�²º �RN� ¸j �²>w� {»b *

ÚöB ¢Ú¾ *zN� ¸² B
[5].

3. 
 þ

�²�Wö ÒÏ� >wbf Table 1ö ¾æÂ :f ?� �æª ªö

f Cerac Co.öB �«� ï�«ê& 31µm�� Bê& 99.5%, ê²

ªöf Cerac Co.öB �«� ï�«ê& 10µm�� Bê& 99.9%�

w�(C1), Aldrich Co.öB �«� ï�«ê& 33µm�� Bê& 95.0%

� �Wê(C2) 5 �Ê.³öB �� ï�«ê& 0.2µm�� Bê&

99.9%� ��:¿(C3)j ÒÏ~&
. �Wêf ��'� �� V�~

�V& 9² ª�>Ú ®Ú êzîz �æª(TiCxN1−x)j �²�W~º

ãÖö "� ÒÏ~&
. î²º W;&Ê(")öB �«� Bê&

99.99%� VÚ¢ ÒÏ~&
.

�æª" ê²~ ªöf "&j ÒÏ~� b�� êö {OV¢ ÒÏ

~� 1-6 Kgf/cm2~ {Kj &~� çã� 2 cm, ̂ �& 0.6-3.0 cm�

Fig. 2. Phase diagram of the binary Ti-C system[20].

Fig. 3. Phase diagram of the binary Ti-N system[21].

Table 1. Description of titanium and carbon reactants in the powder

Designation Composition Manufacture Purity(%) Mean particle size(µm)

Ti Titanium Cerac co. 99.5 31
C1 Graphite Cerac co. 99.9 10
C2 Activated carbon Aldrich co. 95.0 33
C3 Carbon black Lucky metals corp. 99.9 0.2
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Öz ;�~ {Obj ò
î
. {Obj Fig. 4ö ê�B >wV~

�Þ6*ö RJ ¹� ¾Fç~ kÊv j¢~Þf 0.3-0.5 cm~ *Ïj

Fæ~ê� ~&
. ê�²*¢ ÒÏ~� >wV~ {K� 600 mmHg&

>ê� � 
rö >wV¢ ®�WVÚ� j�
b� 3-5² ¢æ(purge)

�V
. kÊv j¢~Þ� {Obj 2-5.ÿn &�~� Oz�V
.

îz �æª�¾ êzîz �æªf 1V{~ î²~öB >wj �V

� êz�æªj �W~º ãÖöº 3V{~ j�
~öB >wj >

¯~&
. �²Nêº Minolta Co.~ j7/�� �Nê(Model TR-

630A)f R(PtRh-Pt) �*&¢ ÒÏ~� G;~&
. �²ç�¢ G;~

V *~� �³ê� Nikon �z¢(Model F3)¢ �Ï~&
. TiCxN1−x

~ �W" Ö;çj ªC~V *~� Rigaku Co.~ X-ray diiffractometer

(Model RAD-C), ��~ ßWj ªC~V *~� Jeol Co.~ scanning

electron microscopy(Model JSM-840A), ��', V��V 5 V�ª�

¢ G;~V *~� Micrometrics Co.~ BET surface analyzer(Model

ASAP 2000) 5 >wb" �Wb~ �Wj ªC~V *~� Kyoto Optical

Laboratory~ ICP-AES(Model Mark II) �j ÒÏ~&
.

4. Ö" 5 �V

êzîz �æª(TiCxN1−x)j �²�W~º ";j ÚÚ �� Fig. 5

ö ¾æÂ :f ?� n;�²& ¢Ú¾ �¢� ^¢�� �W>� �

²2& {Obj j*® Û"� 
röê âîÿn �Nj Fæ~�B

>w� ê¯>� ®
º Ò
j r > ®
. �æª~ �Vº *zN,

�²Nê 5 �²³êö ôf 'Ëj �� öò jî¢ �²�WöB

{Ö" Î^& ¢ö~ N³�ê¢ Ö;~º 7º� �¶�
. �æª~

�²�W��öB ÚÚ� :f ?� �æª~ «ê& j" ·b� Î

^& ¢ö� ¢Ú¾æ p� {Ö� N³�ê� >�ö «ê& j" �

� {Ö� Z�>� Î^& ¢ö� N³�ê& B
� rJ^ ®
[5].

Fig. 6b�¦V �æª~ �V& Ã&�>� �²Nê 5 �²2~ *

2³ê& 6²�j r > ®
. �º «ê& 
î>� j��'� 6²

~� Ï[B �æª" ê²f~ 7/�'~ 6²� >w³ê& ¶Jæ

�B �²Nêf �²³ê& 6²~² B
. 6� «ê& 
æ� �>

w �æª� ô� Î² >Ú TiC~ bWj ÎÚNÒ² B
. �æª~

«ê& 45µm¢ r �²Nêº 1,840oC, �²³êº 0.54 cm/sec� �

²Nêº "*�~ �¶
� ��>wNê 3,017oC�
 �R Ô² &

G>î
. ��� �²NêöBº Fig. 2�¦V �Úf TiC~ v &æ

ç� ���j r > ®
. TiCº NaCl" ?f ��«O(fcc) Ö;��

¢ &æ� ®b� �æª~ Ö;Ï¶³~ :�Ú*�ö ê²& *~�

;� �FÖ�j ~� ®b� Ï¶ç> ao=4.327ç�
.

�²�Wö ~~� �WB TiC¢ >wb~ �CB� Î&~º ãÖ

ö �²Nêf �²³ê~ æz¢ Fig. 7öB �� "� ®
. �CB~

·� Ã&�>� �²Nêf �²³êº �~ F;'b� 6²�
. �

CB~ ·� 45%�ç� >� �²>w� �·>V& ÚJò >w� ²

�>î
. TiC¢ �²�W~º ãÖö Fig. 8öB r > ®º :f ?�
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Fig. 4. Schematic diagram of the experimental apparatus for combustion synthesis.
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Fig. 10f �²�Wö ~~� TiCxN1−x¢ �W~º ãÖö �æªö

&� ê²~ Öjö V� �²Nêf �²³ê~ æz¢ ¾æÚ� ®
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�
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æª"~ 7/�'� Ã&�b�� ê²~ bî*�� Ã&~V r^

�
. ê²� �Wêj ÒÏ~� �æªö &� ê²(C2)~ ·�j x&

0.7� ãÖö TiCxN1−x¢ �W~º �²Nêº £ 1,800oC, �²³êº

0.40 cm/sec& >î
.

��¾, ê²� w�j ÒÏ~� TiCxN1−x¢ �²�W~� �æªö

&� ê²(C1)~ ·�j x& 0.7� ãÖö {Ob~ ç&&êö &�

�²Nêf ê�²�*~ æz¢ Fig. 11ö �� "� ®
. �ö ~~

� ç&&ê& Ã&�ö V¢B �²Nêf ê�²�*� Ã&~
&

Fig. 5. Sequential photographs of combustion waves showing (a) the
stable combustion and (b) the after-burn reaction for produc-
ing titanium carbonitride(TiC xN1−x).

Fig. 6. Effect of particle sizes of titanium on the combustion velocity(,,)
and combustion temperature(55) for producing the stoichiomet-
ric titanium carbide(TiC). Carbon is graphite(C1).

Fig. 7. Effect of product dilution on the combustion velocity(,,) and
combustion temperature(55) for producing the stoichiometric
titanium carbide(TiC). Carbon is graphite(C1).
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& x& 0.7öB ê�²�*� �&& B êö x& z× Ã&~

� ê�²�*f 6²~&
. �º ê²~ �ï� Ã&~� �²Nê&
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®
.

Fig. 8. Effect of relative density of compacts on the combustion veloc-
ity(,,) and combustion temperature(55) for producing the sto-
ichiometric titanium carbide(TiC). Carbon is graphite(C1).

Fig. 9. Effect of product dilution on the after-burn time(éé) and weight
gain(,,) for producing the stoichiometric titanium nitride(TiN).

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

Product1) Ignition temperature Combustion temperature Combustion wave velocity After-burn time(sec)

TiC 560 1,855 0.57 -
TiCxN1−x

2) 550 1,630 0.42 21-51
TiN 980 1,480 0.38 33-102

1)Carbon is graphite(C1).
2)Stoichiometry x is 0.7.

Fig. 10. Effect of the ratio of carbon to titanium on the combustion veloc-
ity(,, ) and combustion temperature(55 ) for producing the sub-
stoichiometric titanium carbonitride(TiC xN1−x). Carbon is acti-
vated carbon(C2).

Fig. 11. Effect of relative density of compacts on the after-burn time(,,)
and combustion temperature(55) for producing the substoichio-
metric titanium carbonitride(TiC xN1−x, x=0.7). Carbon is graphite
(C1).
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Fig. 12. Effect of the ratio of carbon to titanium on the after-burn time
(,, ) for producing the substoichiometric titanium carbonitride
(TiCxN1−x). Carbon is graphite(C1).

Fig. 13. Photographs of (a) TiC, (b) TiCxN1−x and (c) TiN ceramics pro-
duced by combustion synthesis. Carbon is graphite(C1).

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

Fig. 16. Scanning electron micrograph of combustion-synthesized sub-
stoichiometric titanium carbonitride(TiC xN1−x) with the ratios
of (a) C/Ti=0.7 and (b) C/Ti=0.65. Carbon is carbon black(C3).

Fig. 17. X-ray diffraction patterns of combustion-synthesized substoi-
chiometric titanium carbonitride(TiC xN1−x, x=0.65) using the (a)
carbon black(C3) and (b) activated carbon(C2).

Fig. 18. X-ray dot maps of combustion-synthesized substoichiometric
titanium carbonitride(TiC xN1−x, x=0.6) for the elements of (b)
titanium, (c) carbon and (d) nitrogen.
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