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Abstract

The formation phases were 8-TiN/t;-Ti;AIN/two-phase region (t;-Ti;AIN +
ay-TizAl) /ap-TizAl in sequence between AIN ando-Ti after annealing at
1000°C/3 h. The original interface of AIN/a-Ti diffusion couples examined
by marked experiment at 1000°G/72 h, and the original interface was located

between AIN and 6-TiN. The formation mechanism was that the Al and N
atom decomposed of AIN diffused to-a-Ti. 6-TiN and a,-TizAl formed at first,
and then the other phases develop“from the interface. The nitrided a,-Ti;Al,
aluminizedd-TiN and J-TiN/a,-Ti;Al" interfacial reaction were investigated
in order to understand the Al, N and Ti atom diffusion. The t,-Ti,AIN
formed at the 6-TiN side and t;-T1;AIN formed at the a,-TizAl side between

d-TiN and a,-TizAl diffusion couples after annealing at 1000°C/36h. A
two-phase (o-Ti + 6-TiN) was observed after annealing at 1000°C/72h
with the relationship of [om ], . /[1120 ] . and

(111 ), //( 0001 )

5-TiN

For 0,-TizAl nitriding at 1000°C,.5-TiN and

7,-Ti;AIN were identified in the beginning. As the time increased, t;-Ti;AIN
was transformed to 1,-Ti,AIN and then the Al-rich phase y-TiAl was formed.
The formation phases of nitrided a,-TisAl at 1000°C/3 h were

0-TiN/1,-Ti,AIN/1;-Ti3AIN in sequence. The formation phases of nitrided
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ay-TizAl at 1000°C/36 h were 8-TiN/1,-Ti,AIN/y-TiAl in sequence. The

aluminized layer in an aluminization of 6-TiN was formed about 20-60 pm

after annealing at 1000°C for 0.5 ~ 72h. The TiAl;, AIN and 1,-Ti,AINwas
found in aluminized layer after annealing at 1000°C/72h. An intergranular

1,-Ti,AIN was present in the o-TiN with the orientation relationship

[110 ], /[ 1210 ] . . and (11 ), /(1012) . .. By the result
of nitrided a,-TizAl and aluminized 6-TiN, we knew that the formation
depended on how the N and Al atom participated in the reaction. We found
only 1,-Ti;AIN formed at AIN/Ti interfical reaction. If there were more N
atoms, the 1,-Ti3AIN was transformed to 1,-Ti,AIN could be expected, such
as the situation in nitrided o,-Ti3Al. In aluminized 8-TiN, the t;-Ti;AIN was

also aluminized to 1,-Ti,AIN.
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233 T+ HFEMER AR (EPMA)



1 T+ w17 R (JXA-8200, JEOL, Tokyo, Japan ) i i 438 %
b AR XS R R RIS AT 0 T I R R R N F A T
ME g g nFE o LITRIDFEFEFRmNT 5 st Sd iR
EARAE - T EQ I SRS e %g.l‘l LAt 24 7 0 Mlinescan &
X-ray mapping iV iE {7 A T A 47 R L EATH A 7R (WDS) #3:#
PEF T EAYT BEPMAS TR AR ZAEE I lum T 0 B ”,‘T’T?E—
O BEFGFAFEERE G 2 TR o ST AR B 0 R T IR

Foo it BRAIUF D WASATAPZ B HE LR T -

234 TN TS EALGSEM&S €354 45 &(EDS)
F1* 5 38§ F Best (Model 2000Fx, JEOL, Tokyo, Japan) > 12 P 4R
7% % (Bright Field Image, BEL) BL.% ka5 & T2 MBS T WS
( Selected Area Diffraction Pattern, SADP) £ 4 = fp g2 _» ¥ iy & 4
7% 3% & (Energy Dispersive Spectrometer, EDS) #-3_% B fp cnje = =
% o ¥ ¢ i % $r# CaRlne crystallography - #j » Space group ~ & f& ¥
B RG22 ApEEE 2 BApM 2 K TR TSRS T & B e
B2 &3 BESRA AT VI o 0 TR ;%‘EJ Pearson’s

handbook of crystallographic data for intermetallic phase % + [20] -



=~ BERE®

3.1 AIN/G-Ti% & F B3 %

®3.1.1 (a) 5 AIN/g-Ti % 1000°C/3 h # 32 2. SEM HoBLi 4.8 > (b)
2 (c) #RI3LI(a) 2 A PGB Vi EFRE2 L5 2E G
5-TiN ~ 1,-TiHAIN ~ (1,-TizAIN+0,-TizAl) & 48 % 27 0p-TisAl » H 4 & 4%
F15 AIN £ 3| Ti e a2 3= AlE N> A Ti & N aifoii kg [21
221> #rr2 k4 & 8-TiNe F 8-TIN 4 % pF > g2 2% Al & 8-TiN eryhdcit 3
B @2 5TIN# NGBS i3 f2R [18] %™ 1 N4t Ti chid
oo FptrgE Al AT E Ti BIFF > A O-TIN & o-Ti o ¥ 402 2

(Xz-TigAl ° ;,Fl— '3 }f%i o ;\1 b F AT
AIN +4Ti - 6 —-TiN +a, —Ti, Al (311)

REF ALEBr R A e O-TIN W] > *3 2% O-TIN-® & brH 4524 = 1-Ti;AIN ©
ol 311 (c) #fon » 7 A I o8 O-TiN & ¢ 2 = 1-Ti; AIN »

HE s 28T 557
45 —TiN + Al = 7, = Ti, AIN +3N +Ti (3.1.2)

#29% Schuster and Bauer [18]#& ! » & 1000°C e Ti-Al-N = ~ g Bl( ]
3.12) 8-TiN ¢ N B3 £ # FAp § % (30~ 55at%) > @ Al & 5-TiN

HAaEEM (<2at%) % Al & 6-TiIN 03 £ 4218 2 at.% » 5-TiN & %
g HE AR o 50 B R 1-THAIN & 8-TiN s {848 > 70t F & By 2
% Al R+ &~ 5-TiN ¢ ehfijt-Tenget al [23]45 11§ Al i + i& » 6-TiN
B R WS (cubic) e & T 5 F = A i hfF4cB 3.1.3
“ror 2 (1) § Al N him (Fefa, ) @)= TiAIN; > 4§ 3.1.3

8



(b) #777 ;(2) AN =& a5 74k (Zefay, ) 3= TiyN; » 4o 3.1.3
(c) #7775 (3) % AIB~ Tieniz ¥ (35fia, ) @ 2= TAINg > 4@
313 (d) #7775 (4) & Ti =35 54 (efar, ) @352 TisNg > 4o
3.1.3(e) #75F o Fpt 7 2474 Al #B4:E » S5-TiN ¢ » Al # 5~ & §-TiN

i 8P Tieni=% 352 TAINg ¥ ¢ I = B § R+ a 3= 1-Ti;AINe

NaCl %47 8-TiN > 4-®] 3.1.4 (a) 77 > % 8-TIN ® Ti Al B~ 7
258 THAINg » 8 5 Tig Aleha 3+ 4/ chE B (Tichh 3 2 2 1r=2.00
ASAloR+ £/mr=182A) 8TiIN b A L T R% > 51 % Kb
Rl %i I = BF B3 A % Pervoskite 5 47 1,-Ti;AIN 4 3.1.4
(b) #77% » ¥ % &-TiN & 1-TiAIN 482 % = & % o 9702 s 1§ Bed 7
g%~ % o (2R 3-TIN £ & % Hica = 0.4241 nm 5 1,-THAIN £04,
¥ #ca=04112nm) [18]¢

® 3.1.5 (a) 3 &-TiN 27 1,-Ti;AIN HpART F] » 7 4 3 & 1,-Ti; AIN ¢
% &-TIN ehiF fro ¥ i8— # 47 4] 1-THAIN £_%& 8-TiN # 4 = od §-TIN
fr 1-TAIN 7 EDS = 4 4~ 45 Bl3# > 408 3.1.5(b) & (¢)> fe & % 3.1.1
¢ TEM/EDS A 474 % 7 n @4 3-TIN Haztd "B Al B3 > A
1,-Ti;AIN 4P 7 B33 #-37 20 at.% Al © B 3.1.5 (d) % 5-TiN % % %4¢
B25 (SADPs) > Z=[ 111 | B 3.1.5 (e) 1,-Ti;AIN 3% F S65¢ B
(SADPs) » Z=[ 111 ] = 3+ % 8-TiN ed 1 ¥ #ca= 0427 nm » &2 % j g
T B & e o d §-TIN 7 1-THAIN S5t B 257 I H £ 8 oo
a2t 1-THAIN 03k % SE50 8] 5 42 & 12 8 (superlattices ) (A& 2 o & 7
B A H SESTBA50E B0 3 B 8-TIN & 1-TiAIN eh 4 55 5 B 5% 4ok

3.1.2 #7957 > FEimit BB AR Ae T S5



$#25 5-TIN (NaCl 24) 75 *STIN G E =Sk e B Ti R

fee BNRIFhz 2 & 04w BTiRF A5 a 000; Llo; Lol ;
22 2 2

ollsepNREFAuea L1100l 0l0; Loo-
22 222 2 2 2
CEAy ;ujfi.%_fl;)x_ég-ﬂ]r#?’]—? (zz#aF) ety e » 74T N
F = fTi [1 + ei7r(h+k) + ei7r(h+1) + ei1t(k+l)] + fN [ ein(h+k+l) + einh + e ink + eml]
(3.1.3)

_ [fTi+ fNein(h+k+l)][1 + ein(h+k) + ei7t(h+l) + ei1t(k+l)] (314>

d FANFF AR T 2 fI&S-TiN (FCC &¥2) m 3 >
#r (hkl) 2+ BRES P E=00e
3t (hkl) 524 B E=4 (f5—=f() -
3+ (hkl) 5 28 > Al F=4 (fx+ ) -

o TS At B g% 7S TING (hkl) S 248 285> ¢4
4 stk > 4oB)3.1.4 (d) S-TiNerdk % %3¢ 825 (SADPs) *i7% o

}H"’Y\ Tl-Ti3A1N (Pervoskite %" *?‘) m .F" , Tl-Ti3A1N ‘5‘7\2 FE'F%a: ,:-'3- ngm AN

e .#e 2 BTiRFAu e 110, 1ol ;0ll » - B Al R3
22 2 2 22
~4 000 » - BNRF=a L1ID o
222

CEAy ;.J;i;-i;x»_fs:‘;.ﬁﬂ; (z#F) et i@ > 74T 0

F="fp [ i) | gim(hil) o ein(k+l)] gy + Qi) (3.15)

10



4 AN T @y

~

T pu-THAIN (FCCR ) @ 5,
¥ (hkl) 245882 & > P F=1fy—fn—1x°

¥t (hkl) 5 2%
¥t (hkl) 224 B F=3f+1fy—fy°

-

Al F=3f+fa+1\

’%‘ BHE TS gt 8 2% > ¥ i -ThAINA (hkl) 223 & > pF
¢ A4 SEsrEE > ¥ b Fr-TAING 7 B #5) (ordered) > B & (hk1)
R BRSPS €3 %R A B RS ieRl3.1.4 (e) Ko b

2 O6-TIN Blenk B 5 Al m+ i~ 6-TiIN » o B 3.1.2 #7777 Ti-Al-N &
1273 K = ~ T §74p Rl » ¥ soiniv 02 $d 4 1,-Ti; AIN e 1,-Ti AIN » 2
4 2 i i A'G) sk = —360.0 kiimol 22 A'G(1h) 1275« = —323.3kJ/mol
[24] - 7 12 {8 5o %] 1,-THAIN § Bitend & g ¢4 f204 &5 0 d 3 42
A (3.12) Faro EE U-THAIN ch2 3084 SN BRI A2 > @l
w-TiAL F i »

2Eg ¥ 1-Ti; AIN A 6-TiN 4 = > “7f3c eI N FF40E » 0p-TizAl o FJt &
13T 0p-TisAl 7% B (1,-TAIN + 00-TizAl) & 48 % 28 5-TiN ch4 & » 5=
HRE A N B~ 0p-TizAl 0 27 0,-Ti3Al £ B2 & e 4258 (3.1.6) &2
(3.1.7) #51

a, —Ti,Al +3N — 35 —TiN + Al (3.1.6)

a, —Ti,Al + N — 7, — Ti, AIN (3.1.7)

11



§ 242N (3.1.6)7 i op-TiAL ] € 4 2 8-TIN £/ 91 Al 5 > % ¥ Al
B3 ier Ti B2 & 0p-ThAl > # 0p-ThAL 84 2 £ o

g bt T et AIN/a-Ti % 6 480 F 954 & 60 8-TiN 27 0)-Ti;Al »
SLEF PR A > ¥ o 4 B 5-TIN &2 ap-Ti; Al 3 24 451 F g § 1
Fllso o0 i8- HEEAISN® Ti B3 & AIN/a-Ti “r#>iFchi 4 > 5
P E)iE 7 3TIN & 0p-TiAl 48 1 21 § 14 F o 4531 -

12



3.2 AIN & o-Ti &35 %

50 FE @aw AIN & o-Ti v 4o F R & hiz® > 3 225 AIN

3
ol & 30 um 56 & 1000°C/72h & Ar S F 4 T HRACF o AR F

BAF Ak Rl R KR R B o 284 FAp AdRACY Sof e

o

S0 F A [ AP BT 5 F MR 2 R 1000°C/72 h £ R N AL
TR& > MREPUPIFLE R G 2w 7Bk BRSO RESITR G

PO 3 0 B % 4oB] 32,1 (a) #7775 A& F Y 4FF RPEcin™ g

e R4 A & Pl o sxihry YAEF BREE AN 10 um o SAPF T
v 4 i 8-TiN ~ 1,-Ti;AIN ~ o,-TizAl » ﬁd B R4 R w agp el

grin R AF 30O um > ¥ A @ e FORA B A2 2 ik dhAT
FoRE%

B or & 1000°C/72 h endgde» fhm & R §§P W &% R A B s
F L ABEcE ALY 0 F 4R R ER S U2 § RS 0 RS shEcie
B 0k B P o 4 N R Lk & ¢ b g dc i

%
(D" L =2.76x10em? /s [25]) 2§ R+ tdc & B 7 i 3

(D" =1.95x10%em? /s [26]) & < >0 45 3 B f 1487 enifidcid

F (DY =437x10™"em? /s [27]) & B = pr B G H # 5 2 4R

3G

2 RF PR ST o HR B FRA RARIA S 4o@ 3.2.1 (b)
ST o

13



3.3 5-TiN# 0 TALR & F &7 %

® 3.3.1(a) 5 8-TiN fr 0p-TizAl & 1000°C 48 & Jis 36 h L i Bl
EAe 235 5R95 1 um> B 33.1 (b) 5 Bl 33.1 (a) ek itk
~ > %% SEM/EDS A 47 (4r# 33.1 #57])> ¥ 44 S4pik A % 8-TiN

1-TLAIN ~ 1;-Ti;AIN fr ap-TizAl - 8] 3.3.1 (¢) 5 458 F i 72 h ehpch
BHB O EHAGAAFERGLE 2 um > B 331 (d) 5 B 331 (c)

ik 8%+ > & SEM/EDS A 47 (dr# 332 #77)) > ¥ avd 340 i A A
8-TiN ~ 7-Ti;AIN ~ a,-Ti;Al

B 3.3.2 (a) % TiN/Ti;Al f 1000°C (546 36 h 358 & i 1 0P 4R.97 ] o
¥ 3 I 1,-TLAIN 22 1,-Ti;AIN # 2 % TiN/Ti;Al & 5 e B 3.3.2(b)8-TiN
SRR Z=[ 111 | od B ¥# % a=04220m; B 332 (¢)
ap-TizAl #1248 & S5t B3 Z=[ 1210 |, # S % # % a=0.577 nm > ¢ =

0.477 nm °

B 333 (a) 2 24p -TLAIN £ 1 -T;AIN 0 4L3F §] > 1,-ThAIN 2
TEM/EDS 4 5 28 % % % 46.9 at.% Ti~ 21.1 at.% Al 2 32.0 at% N >
1,-Ti;AIN 22 TEM/EDS 4 45 8 & % % 50.5at.% Ti ~14.5at.% Al 2 35.0
at.% N B 3.3.3 (b) % 1,-TLAIN E# % 3 %5t B3 Z=[ 0001 | > #
R #a=0299mm > c=137nm: & Q/}% T, -TLAIN e 5 . % #ica =
0.2994 nm ~ ¢ = 1.361 nm 48 :7[18] > ¢ TEM/EDS £ SADPs ¢4 5 & %
Tl SRS S S i -TLAIN ; B 333 (¢) 5 t-THAIN E4#
% st WA Z=[ 011 |- # &t ¥ #a=0423nm > & <k 0-THAIN
ehg te ¥ Bca=0.4112nm 4p7[18]> ¢ TEM/EDS £ SADPs 4 5 % %
Food B S 2 LA 1-THAIN

14



B 3.3.4 (a) % 8-TiN/op-TisAl 7 1000°C (536 72 h 3538 & i {4 e 4097
B> 4 2% A5 (5-TiNta-Ti) & 48 % ~ 1 -ThbAIN 2 1,-Ti;AIN - B
334 (b) 5 L-TLAIN G % st R Z=[ 1121 |- 3+ X ¥ #ks a
=0.30lnm’ c=14Inm- B 3.34 (c) % 7,-TAIN 3% % S5+ Bl Z

=[101 ] & & ¥ #i a=0430nm -

B 3.3.5 (a) & (8-TiN+a-Ti) @ 4p % <7 TEM P 4L%% ] > ) 3.3.5 (b)
SRR E ES B 0 J S-TIN 2 o-Ti 3% & EH B2 —JF% kil
streaking L% > 5= i F1 5 8-TiN £ o-Ti 5 & % (lamellac) & = - F
33.5(c) 2 (d) % 8-TiN £ o-Ti eh T s st 5+ 825 (Z=[ ol |, ~
Z=[1120 | . ) o #it5 6 SAE &8 F Bhend Bp > 40§ 3.3.5 (e) 777

v

TR e A B3 % s s [on]

5-TiN //[ 1150 ]a—Ti &

(111), . /(0002 ) o (O=TiINFOETI) '4n T % 5-TiN/a,-TizAl % & &
Je? A A S E PR ORAIZT N STIN (AN R 5 # 5 2 a,-TisAl

BIFEET > 304 6-TIN ? NenFEZ £ > @ @ 5 4p e 3-TIN & % 482 7%
B [19] 7 i & o-Ti & 8-TiN ¢ chi5 ) o

% O-TiN fr o-Ti 3% % Sest B ? > 5d 257 W EFF]6-TIN 2 H ¥
#a=0427nm’ & = }EJ% O-TiN e d & ¥ #ic a= 0.4241 nm 4p:7[18] » a-Ti
HE %8 a=029nm-c = 0.497nm » £ ¢}§% o-Ti ch&h ¥ #ica =
0.2951nm ~ ¢ = 0.468nm #p:5[28] * ¢ SADPs 14 45 % 7 o8l B4
5272 R S-TING = 2 Bapena-Tiak kS % o

#3.3.6 (a) & (b) 5 &TiN & o-Ti chh 3 &4 > 4wl 110 |, &

15



[1120 ], 2 o @mzed RFZHALBPET 250 22 3 & o-Ti
 nTi R+ % ABAB..3adr>m = = %48 8-TiN 0 Ti # + 5 ABCABC...
tadp 0N B3RP AR o » i FRe §-TiNA-TLAIN fo
V-TiAVT-TLAIN Ap iz » % £ Ti~ Al N k- F B @uf T adaft > ©

LHFH TR

16



3.4 0,-Ti;Al § ©* F B 7 5%

0p-Ti3Al 2 1000°C 558 # e & BPFRF (0.5~72h) g ™ F BT k% % 4o
23419577 o B %R AF BFF 505 ~3h 24 3%d g 3
o-TizAl » & B 5 8-TiN ~ 1-TLAINZ 1,-Ti;AIN o § F R34 1 10 h
b -TAING 2 > Bea (2 a8 0-Ti,AIN > T 4 = y-TiAlp °

B 3.4.1 5 0,-TizAl & 1000C#:% 05~3~10~36~72h § i* F B {5 eh
HBLBHER 35 25 @7 GLURSAE LR AP RS o
g A7 By £ L 2 Kroll reagent &4 - B 3.4.1 (a) 5 op-TizAl & 1000°C
FEOShg MFBEang? > BEH SEM B B T 5 EF F o
B WA - ERBaA AL BY AR G LA RIEE G
O-TIN eh4 2 4 2 4o K wTi; Al Bl 4 =4 §5-TiN ¢05 & 250 nm>
Bt RS&EET 0 NN RF &N 0,-TigAl ¢ L35 = §-TiN » iz d
3N 2 Ti el B2t Nogz AL ¢ @) & §-TiN[21,22] -
T-TLAIN £ 7)-Ti;AIN 2 SEM A 47 T AR o8 d 0 F B < | @ &

FREAFR o A i F O TEM A 47 il inait o

B EPFEFR AL 3ho dwBl 341 (b) #fm » P LRI G B K 24 24
& B & O-TIN ~ 1,-TiLb,AIN » % 4241 o,-TizAl » 2 ¢ 4 2% 5-TiN & &
% 300 nm > 1,-Ti,AIN 5 400 nm -

MFEEREFLLE L 10h Bl 341 (¢c) #f7 > FILAIF = A4
o BlY R Bl EEFE S-TIN ~» 1-THAIN ~ y-TiAl &2 =4 > 2 4.
B ap-Tis Al 3 TLSEH B PF 7 i 4o > 4 2 4 5-TiN & & 4% 300 nm >

FREEHA 2 dd WOSTINGZSEEF P HNSOARZEF > @
% 3TN ehF o # £ FW[9] > 70 e 8 PF P 3 4 B B "2 Y8 oh

17



Bt 3 PE S ¥ K4 3 -ThAIN B & Sk # 4 5 500 nm » 1995
¥ BR8] 7 8-TIN # Al 2 5 eh B3 B i FINEFF il &
N SRR G LAY a-TihAl #5400 F op-ThAL B3 8 % a4k +
A0 # e 2 y-TiAl -

FHFEMRF L 36h 4Bl 341 (d) #77 o o MR F M 36h chi
B F A RS FEAE 10hApi o F Ed S5 5 RSP T A
Edmfi4e 29 4 L4 5-TIN & A& 9 1.5 um» 1,-Ti,AIN 4§ 800 nm > y-TiAl
Hlume FHFERFF L 72h 4oB 3.4.1 (e) 777 > 2 45 0 F fFRE
22 10h 42 o

& 1000°C ¢ o, -TisAl § SeE & ¥ 2 1000°C/0.5 h 5 ] 3 po
(8-TiN+1,-Ti,AIN) & 4p e do-TisAl 25 4p - B 3.4.2 (a) 3 ap-TisAl
= 1000CHE 05 h§ Al LT E > Bl BErF BE
2P AR 0 @ % TEM/EDS 4 3756 0 &2 35 3% % 52 SE54 R3] & 2]

£ 49 g MRS B o

®13.42 (a) % 0-Ti;AL51000C##:80.5h§ it F " TEMP AL%7 ] »
R teop-ThALEE & 4 & (8-TiN +1-TLAIN ) & 4p % £71,-THAIN - §]3.4.3
(b) & (8-TIN+1-THbAIN) & 48 % ik ¥ SEST Bl S¥ > JCHIH A~ 175 %
Fard BHR G S 7 f AR n -TLAINE = 2 5 4p en8-TiN g & 5 4p

_—

/[ 1120 ] 2

7, ~Ti,AIN

% o ¥ F3H 3 =B K% Lo [011 ]5—TiN
( 111 )E—TiN //( 0001 )rz—TizAlN o (O-TiN + 1,-TiL,AIN ) = 4p % 4% % Y554 B
5% 5 I} streaking R % > A & R F i1 -TLAIN £ 5-TiN & & #

(lamellae ) % = o

18



B3.43 (a) ¥ (b) & %] 5 1o-THLAINE S-TIN 45+ B 251 & Bl » #1553
BENEGERT Tt S L =8 % weB343 (¢) 7 o &
d T,-TLAINeF¥ s B 252 5 7 @0 H L ¥ #kia = 0303 nm~c =
1.48 nm » £ < e [18]5,-Ti ANy 2 ¥ #ica = 0.2994 nm ~ ¢ = 1.361 nm
APiT 0 O-TINH B ¥ #ic:a=0427nm > &2 = %%[IS]S-TiNéﬁBBB ¥ ¥ #a =
0.4241 nm#p iT °

B3.44 (a) & (b) %68-TiNE 1, -TLAIN= R F . FH o o B RS

[ 111 ] [ 0001 ]szizAlN 577 rﬂ'ﬁ'%l v d R+ i"“;"f?-'f_l' % B &E—\?’ 2 'JF%

s 5
B AT AIN? TifeNef + 3 85k w22 5-TiN4p o - B]3.4.5 (a) &
(b) sawgfon ] &[1120] +BEE > FUPES LA 4
A B BARITI~AIENE L FEBHHF L6 > 0 cHER A o
=% B ApS-TINeTi R + % “ABCABC. 234> # # A~B~C% 3 Tikh+ >
A Nik358-TINGR B = % 5 1-TLAINAYS (AB'ABA'B...3a dp » NR + i
BEHEE  A-BLTiRF "AGAIBE R kehA=% TiRF - B'A

Al R kB % Tk F o

Bl 3.4.6 5 0,-TizAl & 1000°C#:8 0.5 h § * £ e 4, B > 4B 3.4.6
(a) #1757 » # 0,-TizAl fa g v EJ2 pF > F40¢ e N RS Sypicie
a-TiAL ? > 3 24 0k fode™ f25° (3.4.1) it

Ti+ N—>3-TiN (3.4.1)

d 3 TiRFfeN RF it 8 e Ti R+ 4fr Al R kent > 5702
W-THAl €N TIRAFENRFF 22 Ti-N=- ~it £4 §-TiIN> =
FEenF st de 4250 (3.4.2) #rif
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o, — Ti,Al+3N — 35 — TiN + Al (3.4.2)

Schuster and Bauer [18]#2 4% Ti-Al-N = =~ 4p ] % 1000°C > ip &1 O-TiN %
Al ehEZ £ (< 2at.%) > Fltig = Al R+ A ap-Ti; Al p RIFFEECT
= 0,-TizAl 5 458 % (Al-rich Zone) > 4c® 3.4.6 (b) *77F ; [F¥ N Rk +
FHE O~ 0-TizAL > 0p-TiAl £ 3§ i 4 2 1,-TiAIN > 48] 3.4.6 (¢) #7
T BF Ao A28 (3.4.3) #77)

a, —Ti,Al+ N — 1, - Ti,AIN (34.3)

o -Ti; AL 1000C 48 0.5 h§ 1 Fulsésd > @ 458 ¢ 2 5-TIN? § i
o frihAl B friiee SR 3-TINF 17.05-ThAIN - 4c§]3.4.6 (c) 7
T Lu[29]dp F AL R B TopE g R A A AP 0 AOS-TINY 5=
T,-T1LAIN °

B 3.4.7 (a) 5 ap-Ti:Al 5 1000C#E 3 h § L F B2 s P
B (BFL)  » P &5 &1 F ek OB~ B 4 2% kA 5 5-TiIN
1-Ti,AIN ~ 1,-Ti;AIN © & * E 3% T 3 %5 B3] (SADPs) 2 % 4 3.4.2
¢ TEM/EDS A 17/ % » k2|47 & fpeng e e 3 - B 348 5
op-TisAl 42 1000°C 4538 3h § i & eom . B> # ¢ 8-TiN » 1y-TiAIN ¢
4 Hde 4250 (34.1) (3.42) #77] > "EEFMFR A S 0 N RS e
1-Ti;AIN » ¢ 2804 1,-Ti;AIN § 2 & 1,-TLAIN » 4-B] 3.4.8 #7771 » H £
Mo 4250 (3.4.4) #77] :

21, - Ti,AIN+ N + Al - 31, - Ti, AIN (3.4.4)
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B 3.4.9 (a) & ap-Ti3Al &5 1000°C# 8 36 h § i* £ Jgts 2 £ 5 P AL
B (BFD) ¥ P A5 I F ok ek 212 25 2 G a2 24 &)
fioo &% & 3.43 ch TEM/EDS A 47 /& % 225 3% % 5 5+ B 7 (SADPs)
KU L AR e S A o B 34.9 (b) 5 5-TIN E 4% % & ¥t ]
e Z=[001 | ; H &+ ¥ #ca = =0.423 nm > £ = FR[18]5-TiN £
% #ica=0.4241 nm 4pi7 > O-TiN 2 TEM/EDS 7 # %% 5 50.3 at.% Ti ~
02at%Al 2 49.6at% N> %% &7 &-TIN $-7 2 H3z Al 3 o gt ehd
WO-TIN a2 2 0 4 > HABZBNDZEHFFAPF - (O-TiN 0 x<
0.5) 28> 8-TiN #;3 N B+ » £ 3] 63.9 at% N B+ ; ¢ SADPs &
TEM/EDS 4 475 % 7 5o 24 5 = = &40 5-TiN - B 3.4.9 (¢)
% Tp -THAIN iF # F & 5+ BlAl 5 F $ih. (zone axis) Z=[0001]; H §
¥ #ca=0304nm~c=133nm & % 1—‘%[18]1:2 -Ti,AIN 95 ¥ % #ica =
0.2994 nm ~ ¢ = 1.361 nm 4piT »1T7-THLAIN 2 TEM/EDS z_ & %% 5 55.1
at.% Ti ~ 20.4 at.% Al 2 24.5at%N ;. d SADPs 22 TEM/EDS 4 45 %
Sl BRSPS L -ThAIN - B 3.4.9 (d) 3 y-TiAl 2 5 4

PR EA Z=[111]> 2 &+ % #a=0.394nm ~ c=0.407 nm » £
¥ JE[30]y-TiAl sh& f2 ¥ dca = 0.3976 nm ~ ¢ = 0.4049 nm 4piF > y-TiAl
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A7)l

3Al+ 0, —Ti,Al - 3y — TiAl (3.4.5)

Ptk "‘géf—’s";ﬁ @-%ng\g4n ' N &+ & ,ﬁr;ﬁ% F B~ 'Y-TIAI ¢ o, 4 &
To-Ti,AIN » 40 4258 (3.4.6) #7151

2y - TiAl+ N — 1, — Ti, AIN + Al (3.4.6)

Zhaoetal [31]4p i d ** N R+ 3 &~ 32 5 P30 @ 2 & chy-TiAl H
BAEJeN > 4 3 -THhAIN o 4o 4258 (3.4.6) #7570 pLpF > d 20§ 1t
PHART OB ERK F DR Al RS A
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7351 7 @1 %% 40T A1t o
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5-TiN 7,~Ti,AIN

(11 ), 0 /(1012) = 1245 W3.4.2 (a) o-TiALE1000°C #3805 h
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©-TRAIN » #2 2]f3% 2 ST AR+ icie » - TiNRl A 2 & -
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Ti +3Al - TiAl, (3.5.3)
N+ Al > AIN (3.5.4)

A 8-TiN#| » ¥ Alig » 3-TiIN » Al &N F @ 4 2 1,-ThAIN » 4ok =
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% 3.1.1 AIN/a-Ti % 1000°C/3h % i ¥ & TEM/EDS = i» %

PN Ti Al N
0-TiN 50.3 2.1 47.6
1,-Ti3AIN 599 21.2 18.1

%312 &TiN & 1-ThAIN S 7535 2%

compound Reflection Possibly Present Reflection Necessarily Absent

o0-TiN h, k, and 1 unmixed h, k, and | mixed

. h, k, and 1 unmixed (Fundamental)
wTBAIN ) and 1 mixed (Supperilatice) Hone
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% 3.3.1 &-TiN/o,-TizAl & 1000°C/36 h 5 & SEM/EDS = i» %
4 = 4p Ti Al N
5-TiN 55.9 2.7 41.4
T,-TiL, AIN 52.3 17.6 30.1
7-Ti;AIN 59.6 18.9 21.6
0-TizAl 71.2 27.4 1.4

% 3.3.2  3-TiN/o,-TizAl /5 1000°C/72 h ¥ & SEM/EDS = i» %

2 =48 Ti Al N
§-TiN 53.9 0.2 45.9
3-TiN 61.7 2.6 35.7
1,-Ti;AIN 62.8 15.5 21.7
ar-TisAl 719 22.4 5.7
% 341 0,-TisAl fe 1000°C 5367 b PFRF § i F o St %
s\ 3TIN H-TAIN -~ 7-Ti;AIN v-TiAl
0.5h \ \ V x
3h v v v x
10 h \ \ x \
36h v v x v
72h \ \ x \
Vi dpis e xE VAR A
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% 342 ap-Ti;Al 5 1000°C/3 h § i* F s TEM/EDS = i» %

2ap\ 7 Ti Al N
0-TiN 34.9 5.8 59.4
T,-TiL,AIN 42.1 20.6 37.3
1,-Ti;AIN 49.5 17.4 33.1
ay-Ti3Al 54.2 17.4 28.5

% 3.43 o,-Ti;Al 5 1000°C/36 h § i* ¥ & TEM/EDS = i» %

sap\? Ti Al N
5-TiN 50.2 0.2 49.6
8-TiN(N-rich) 35.9 0.2 63.9
1,-Ti,AIN 55:1 20.4 24.5
v-TiAl 43.0 39.7 17.3
or-TizAl 71.1 28.9

# 3.5.1 &-TiN 4 1000:C/72h %z i- = s TEM/EDS = i» %

sap\™? Ti Al N
0-TiN 48.7 0.2 51.1
1,-T1,AIN 38.2 14.9 46.9
AIN 4.8 55.8 394
TiAlL; 19.7 60.8 19.6
Al 1.1 83.7 15.2
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