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ABSTRACT

The purpose of this research is to develop the technology for the synthesis of (Ti, AN powder,
which shows simultaneously the excellent properties of TiN and AIN, from the Ti-Al intermetallic
compounds by the direct nitriding method. The effects of variables such as temperature, Ti-Al
intermetallic compounds (TiAl;, TiAl and Ti;Al) were investigated by TG, XRD and SEM. The
(Ti,ADN powder can be easily synthesized from the intermetallic compounds by the direct nitriding
method. Among the intermetallic compounds, the nitriding behavior increased with TIADTiADTIAL, as
the difference of diffusion coefficient for nitrogen in each materials. The ternary nitride such as TiAIN
and TisALN. can be synthesized by the direct nitriding method, although the ternary nitride coexist
with TiN and AIN. The ternary nitrides are stable below 14007, but these are gradually decomposed
into TiN and AIN above 1400T.
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Fig. 2 X-ray diffraction analysis for the mixed

(Tio7sAlo25) metal powder at various
temperatures. (a) 11007, 2h (b)1500T, 2h
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Fig. 8 X-ray diffraction analysis for the mixed (Ti+
Al) metal powder synthesized at 1300¢C, 2h.
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Table 1. Intermetallic titanium aluminides
formed from the mixed (Ti+Al) metal
powder at various temperatures.

11007, 2h| 1300, 2h| 1500T. 2h
Tio 25Alo 75 TiAlL TiAls TiAl
TiosAlys | TiAl, TiaAl | TiAl TisAl | TiAl Ti:Al
Tio 738l 25 TisAl TisAl TizAl
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Table 2. Crystal system and lattice parameters
for various materials.

. Crystal Lattice JCPDS
Material system |parameter(A) o/a card No.
! a=2.950 -
Ti Hexagonal c=4686 1.588 | 5-0682
Al Cubic a=4.0494 4-0287
TiAl | Tetragonal | 225510 | 2.237 | 26-39
! a=2.820
TiAl Tetragonal c=4080 1.448 | 5-0678
. a=5.770 .
ThAL | Hexagonal | _ 460 0.801 | 14-451
. =2.994
TLAIN | Hexagonal | ©_15p, |4544| 1870
Ti;AIN Cubic a=4112 37-1140
THALN, | Hexagonal | 2220810 |7.8159| 37-1141

BEETRRETE 0% 9% 1996/223

AspY e T ol Adate uf% A Aolct. utebA
TiAl, TiAl, ThAlY] F£0FE2RE P2
Holl & 39A AsEe] 7S FESI

Fig. 4+ TionsAlesd] YA2QHI 2 E3IE 222
11002 1300TelA ztzt Sz E HAlIshA
TiAlS] S&3ES A3 ¥ 0|5 AlEEY &
Tsle] whE Zshubgel @ HF FA At
e Az FAdY AE Ashir g AF FA
2 e ¢ v A0 © de/dTe} 229
o} #AE VeR Aolth £ o]l F&U3IFEY
ARET FUT VR EFT ABRE A5 MR
st 2geliM el o] o] Tih Al EFAY
Algol vla] 431388 A3vhg2 100T o4
E& 2xdlA defntm, E§ 1100TS 1300T
BTt F9UIst A AzE FEUSFEES
T30 Ad FLE AP Heolm 3} o
AHd 2RE Ti:Alel S4735EL &F 588
A Ti 2 Alef] vlsted Ao it FAt&EErt =Y
Aoz A7dn.

lo 1o

o

__
T
S

o

08} (2) - asmixing :
R ———1100°C, 20 4
o8 o 1300°C, 20 7

o010t '(b) ’ ' 14T T

030 400 600 800 1006 1200 1400
Temperature { T )

Fig. 4 TG(a) and DTG(b) analysis for the mixed
(TiossAlo2;) metal powder and the TizAl
intermetallic compound by the direct
nitriding method.
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Fig. 5 TG(a) and DTG(b) analysis for the various
Ti-Al intermetallic compound synthesized
at 13007 for 2h.
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Table 8. Onset, peak and final temperature and fractional nitridation of e=0.2, 0.5 and 0.7 for various materials.

Sample Onset Peak Final a=0.2(TC) | e=0.5(C) | e=0.7(C) Phase
p temp.(C) | temp.(C) | temp.(T)
as-mixing 766 1274 995 1178 1285 Ti,Al
Tip 15Alo 55
1100<¢, 2h .
Tio 152l 2 887 1344 1136 1320 1371 TizAl
1300<¢, 2h .
Tio 7sAln.2 964 1347 1167 1337 1378 TisAl
1300<¢, 2h .
Tio ssAAdo 2 880 1357 1278 1379 TiAls
1300<¢., 2h TiAl
Tio sAL 5 1066 1213 1167 1224 1264 (Ti,AD
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Fig. 6 X-ray diffraction analysis for the various
Ti-Al intermetallic compounds nitrided at
1200C for 12h. (a) TiAl (b) TizAl
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Fig. 7 X-ray diffraction analysis for the Ti:Al
intermetallic compound nitrided at 1200T
for 12h.
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Fig. 8 Scanning electron micrograph and X-ray dot mapping for the (Tis7sAl2s)N nitride synthesized by the
direct nitriding method. (13007T % 20h in N atmosphere)



4. UE

2 Ao Ti-Al EFED(TiozsAlows, TiesAls
2 TigrsAlozs) EFE SFEUUES A2 ¥, &
ztel &gy ygdsycl o
(Ti, ADNAl E3tdstge] Ao B 4+ 24 E
skt ot Zr
1. 24 Ti 9 A9 EFEEHE F5UFES
AL ga7taBA 1100C~1500Cx @
)& AABl vlgd goldtA Ti-AlA 3%
7YERgtEo| Al 2E £ Sl

2. (TLADNA 2323182 Ti-AlA 3433858
2ZRE APAPYe 9t FAY + Ao,
olglgt EgA3lEe TiNg UAFEHe] vlHgh
AINS| Jzp7} Exghe gAF ol
3. Ti-Aldl S4718l5tEe] AsukgE(a)o] 0.5¢
me] &%= TiAl TiAl TiAle] €92 FolA)
o, o]2|§t A3 AFY Aol 7} de] e
71913 A A4e] #iAS Aol 2 AYZtE Tt

4. 3904 Ti-AlFNA BFHEEL WS Ert gids]
a3, E=3 digk 1400C ol&te] 2% A4
e & Aol

1. Y. U. Sohn, Y. K. Lee, K. H. Park, Y. S.
Cho and S. Y. Kim, gA&]&&3#], 8 (1995)
187~196.

SAE

10.

11.

12

13.

14.

15.

16.

BEREETE OB, 3% 1996/227

JCPDS card No. 18-70.

JCPDS card No. 37-1140.

JCPDS card No. 37-1141.

T. Kawabata, T. Kanoi and O. Izumi, Acta
Metall., 33 (1985) 1355.

C. Lall, S. Chiu and D. P. Pope, Metall.
Trans. A, 10A (1979) 1323.

H. Warlimout ed., Ordered-Disordered
Transformation in Alloys, Spring-Verlag,
New York (1974)

S. M. Kopley and B. H. Kear, Trans. AIME,
239 (1967) 977.

N. S. Stoloff and R. G. Davies, Prog. Mater.
Sci., 13 (1966) 1.

T. B. Massalski, J. L. Murray, L. H. Bennet
and H. Baker. Binary Phase Diagrams,
ASM, Metals Park, OH 44073 (1986) 175.
R. J. Kerans, Metall. Trans. A, 15A (1984)
1721.

P. L. Martin, M. G. Mendiratta and H. A.
Lipsitt, Metall. Trans. A, 14A (1983) 2170.
N. S. Stoloff. Mat. Res. Soc. Symp. Proc.,
39 (1985) 3.

D. Shechtman, M. J. Blackburn and H. A.
Lipsitt, Netall. Trans. A, 5A (1974) 1373.
A. Bose, B. Moore, R. M. German and N. S.
Stoloff, JOM, 9 (1988) 18.

J. 8. Schuster and J. Bauer, J. Solid State
Chem., 53 (1984) 260.



