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ABSTRACT

TiN and AIN are ceramic materials with extensive applications due to its excellent mechanical and
chemical properties at elevated temperature. The purpose of this research is to develop the method for
the synthesis of ternary nitride powder, titanium-aluminum-nitrogen system, which have an excellent
property of both TiN and AIN. The ternary nitride such as Ti;AIN, Ti,AIN and Ti;ALN, can be
synthesized by the interdiffusion nitriding method in Ar gas, however, the ternary nitride coexist with
TiN, AIN, Ti;Al and a@-Ti. The ternary nitride are stable below 1400°C, but these are gradually decom-
posed into TiN, TisAl and AIN above 1400°C. The thermal oxidation characteristics of the Ti-Al-N
compound synthesized by the interdiffusion nitriding method is superior to that of the TIN+ AIN
mixed powder, and the oxidation for both materials show the differential behaviors.
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Table 1. Chemical reagents for inter-diffusion ni-

triding method.
Materials Product Purity(% ) |Size(mesh)

Ti Cerac(USA) 99.7 -352

Al Cerac(USA) 99.7 -352
TiN HPC*(Japan) 99 -325
AIN HCP**(Japan) 99 -325
TiAl Cerac(USA) 99.5 -325
TiAIN; | Cerac(USA) 99.5 -325

* HPC(High Purity Chemical)
% % HCP(Hanawa Chemical Pure)
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Table 2. Crystal system and lattice parameters for
various materials.

Crystal | Lattice JCPDS
Material | system [parameter] c/a card No.
(A)
R a=2.950
T hexagonal 1.588 5-0682
c=4.686
Al cubic |a=4.0494 4-0287
. a=3.849
TiAl; |tetragonal 2.237 26-39
¢=8.610
. a=05.770
Ti;:Al |hexagonal 0.801 14-451
c=4.620
TiN cubic (a=4.2413 6-0462
a=23.1140
AIN  thexagonal 1.6003 | 25-1133
c=4.9792
. a=2.994
Ti,AIN |hexagonal 4.544 18-70
c¢=13.61
Ti,AIN cubic |a=4.112 37-1140
TiALN, |h P29 ;8159 | 37-1141
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Fig. 1 X-ray diffraction patterns for the mixed TiN
+ Al powder after inter-diffusion nitriding
method for various temperatures in Ar gas.
(a) 1300°C x10h (b) 1400°C x 30h
(c) 1500C x 2h

Zo] 1300CoAe] ¥hg- BAHEL TiN, AN,
TiAls2} THALN, 59 423579 o] A5} o
21}, 1400°C 9] 2o TN, AIN 9 TiALe)
34o] A=Y e 1500 ColAE TiN} AlNglo)
ARE AL g & ol o9} 2 AEerRE

MIETRRAEE 104, 288 1997/141

Ti;ALN,31NE-&- 1400°C o)) oM By
¥ &<F34 (metastable phase)¢l ez Azg
o, E¥ 1300°C}t 1400°CollA A%Fe Al-riche]
5 TiAl7 #a=ev 1300TC B}
1400°CollA TiAlell thgt Aoidert Zasidcke
AHd2RE TiAlY £8 1400 olidoiME 8¢
e A& ¢+ . dutes o -y
W] 9= FEUe HZHANAM A EAlo] Yo
go2M yhgo] st wepa 1300CoiM TIN
-AlRrge] 79, UA g3l ¥& Al(660T)ol
8=} TINYAF F9jo]l Algo] gAd=lo] TINY
zote] HEZxRANA Faealel ofdted AIN, TiAl
H TiLALN,So] BAd=, £ 318 g4 TN
o] 1300C9 SxqME E&E & ke P4e
t}. Chernyaeva$%'®o] 2l3ld o2} 7}x] ¢teialq)
A N—VIE Ho|g4a AlAES g Q2
SZ& ST A3, o] Aade] uly AsE
o] R A, dutdoz e o
2 d3oz BRHsidn sidcl.
HfN>ZrN>TiN>Ta,N>Nb,N>TaN>
Mo,N>VN> AIN>NbN>Cr,N>CrN
olge] ATF-Awol oJshd AIN9 73$ 1.28x10
~* MPa2] {lE&loldes 1400KA oA, 28l3
1.28x107' MPa2| 7%= 2500KH o] &=
A 4z QEssie, TINS 1.28x107° MPaojA]
£ 1700K, 1.28x10"% MPadjA= 2300KA =9
SxoA 4zt QRsRT. 2 B AP A
ghsh, 1300°C 9] 2=o]ME TiNe] #3jsjo] TiN,
TiAl, B TLALN, o] 4=k o7& TiN 2
AIN 5 L3l Aes 2500K o)) TeoA <t
Aaht &8 ST T2 AT F&sixn e
7Agdle 2 Balexrt BAEHA Wolx]7] w ozt
3 gzEch. £§, Colgan'®:= 350~400Ce &
=9l Tieh Alel Adrtg-e] Aztslo} 500°C
7H2 AEgkge] sy, ojmje] ARHugos
TiAL7F A€ Byt wepr] 2 AgelA
% FAAYgLEr}t 1300Ce 1eelzmg TiNe



142/4 3344} 9% (TLADNA B8 A8 4

23 g8 Tiel Ale] Advg o3t TiAl,
ol ohjgl AIN3 TiLALN. 5= A=Y A
Zteick. 28y 1400 CollA= 1300°C R} AINe]
B =t F7HEe ole &4 Ti,ALN,
3}3MEo] AIN &2 TiNog 7] =] i
olny, 1500 C A= TiAle 3ER=vzRE &
F deulel 2ol 1400 CAMRE &3] A&t
£ TiALe] 3EZ%xr2RE ¢ & Asukel 2ol
1400°CoAMRH #3f=7] A28k TiAlsb Tist
Aleg 7z} ¥3d ¥ FAphgo] dojdozH
TiNz} AlNzle] 4¢€ oz Yzhent. oje} 42
Yxizke) ABA oI ARAFL Tish Ale] &
AzAHZL Z47] 1:10] H=% AN Tig £3¢
AR E A=A

Fig. 2= AIN3 Tio] EEZ-& 1300°C, 104
ZF % 1500°ColA 2412 EZER17181I4 Sl
& Alge] X-A ERA Ao}, TYdAe} 2
o] 1300°ColAe] uHg AHES TiN, AN, TiAl
9 397419 Ti AINS9] 4F7F¢] doldlen, 1500
‘ColMe TiN3 AlNgho] Zeln g7loies Ho
2] @A 1400°C M= TiNT Alel E3hgg
o 4¢} o] TiN, AIN 3 Ti,Ale] 3/4te] #1ls
ot 22} TiN+Ale] Aesl= el AIN+TI
o] AlgdAle 1300°Ce} 1400°CANA Ao Ti-
riche] F47133H8 Ti,Al7} FA=U=, o=
AIN gziFglol ape] Tio] EAFL2N Yot
Aaleln AZ4Ed. £33 TiN, AIN 2 Ti,AIN9|
AT E 43 vug 23, 1300°C 9] AgdA
& Iin/Ian=1.0, Itean/Itn=3.5 B Iraan/Ian=3.
4012le], 1500CAME Irn/lan=2.40I%0t}. ©]
o] TiN, AIN 9 Ti,AIN9| 3HEZ3=v]= JCPDS
card24€ Z}ge] Adi=rt 1009 (200)TiN,
(100)AIN ¢ (006)Ti,AIN9| 3HAEL 7|&eo
st o|dw g2 An2RH TLAINIRME 94|
TiLALN,Z 93 1400C oo neodAs &
T E2AAYUE ¢ F Aew, Fig 1(2)$} 2
(a)o] 394 Hslge Fxv|2RE & + A= vt

B
a

* TiN
A AIN
9 TizAl
* TigAIN

Intensity (a.u)

* v .
. M *
v A T+ I
Va
WM__;LJL___AJ\)&L_JV\M 27
49 El — by 5 F) -
L 4

Intensity (a.u)
»
—P .
»
»
»
>

»

L 4

an

Ly

Fig. 2. X-ray diffraction patterns for the mixed
AIN+Ti powder after inter-diffusion nitrid-
ing method for various temperatures in Ar
gas.
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Table 3. Summary of XRD results after inter-diffu-
sion nitriding method for various tempera-

tures.
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Fig. 3. Lattice parameter of TiNx as a function of
temperature in Ti-Al-N powder synthesized
by the inter-diffusion nitriding method.
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Fig. 4. X-ray diffraction patterns for various sam-
ples synthesized by the inter-diffusion nitrid-
ing method in Ar gas at 1300°C for 130h.
(a) H-1 (b) H-2 (c) H-3
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Table 4. Summary of XRD results for H-1 and H-
2 Samples after inter-diffusion nitriding
method for various temperatures.
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Fig. 5. X-ray diffraction patterns for various sam-
ples synthesized by the inter-diffusion nitrid-
ing method in Ar gas at 1300°C for 130h.
(a) H-1 (b H-2  (¢) H-3
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Fig. 6. TG(a) and DTG(b) analysis of the oxida-
tion for the H-1 powder synthesized at 1300
'C and the mixed (Ti, ;sAly 2s)N powders.
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Fig. 7. TG(a) and DTG(b) analysis of the oxida-

tion for TiN, AIN and the mixed (Tio Al 5)
N powders.
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Table 5. Onset, peak and final temperature, and fractional oxidation of 2=0.2, 0.5 and 0.7 for various materi-

als.
Onset temp.| Peak temp. | Final temp.| a=0.2 a=0.5 a=0.7
Sample Phase
C) ) (G o) Qo) (© c)
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(H—l ) TlAls, TlgAlzNz
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as-mixing
. 442 766 940(1193) 677 781 863 TiN, AIN
(ThosAL )N
TiN 463 759 943 655 740 779 TiN
AIN 853 1100 1380 1029 1108 1160 AIN

% 1. D. N. : Inter-Diffusion Nitriding method, 1300°C x 120h
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Fig. 8. X-ray diffraction pattern for the H-1 pow-
der synthesized at 1300°C after the oxida-
tion test in pure O, gas.
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