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Mechanical Properties of TiN-TiAl Composites

Minoru MORIYAMA

TiN-TiAl ceramics/intermetallic composites containing no additives were hot-pressed from a mixture
of TiN, Ti and Al powders containing 5 up to 100massl%TiAl (5, 20, 40, 60, 80,- 100mass%TiAD, which
were formed from a reaction between T'i and Al. Hot-pressing was conducted at 1000°C for 7.2 ks
under a pressure of 13.9 MPa in an Ar gas atmosphere. The mechanical and electrical properties were
examined as a function of compositional change from 5 to 100mass%TiAl TiN-TiAl composites
containing 60~100mass%TiAl had a relative density of 67.3~71.1%, bulk density of 2380~2830kg*
m3, Vickers hardness of 506~2771MPa, flexural strength of 50~123MPa, Young's modulus of 46.9~
82.4GPa, and electrical conductivity of 606~778 k S mt. The sufficient densification was not
necessarily performed because the reaction from Ti and Al to TiAl phase was not complebéd by the use

of coase Ti and Al powders.

 F—J—F:TiN, TiAl, ¥ 73 2 X/GBREHLEMBGHE, &y FTUR, SRR, BREHE,

TE, B

1.8 B

TiINEZZ Iy 7 X 002, BN, WEE, W3
BEEZETEIEITIvI A TChHS. —F4, TIAI&RE
B{Las 97X, R 1460°C, ERIREEE 850~

0OCHEEMBEBMLEHE LTRLERSL

TWIHETH 5.

TiN & TiAl i3, €8 &L Chichattsts ¢
HHN, —BICHRICBVTE, £y 2 3E
EOMBEITETIRERNES L, &BRULEMITE
HPFAIC LV BEERB 2B, ThbDBEeKk
X, RAETFTCEREND Y- T L—REL D
BHBIE LTHERALBDIA.

EHDI, ShETCESI v I RETI v I AY
Ak OB EERL, HAMLICXAMEOR EL T
ASBOHKPHBREZINETIToTERY, &S
I v 7 AMOEAEIL, HE, TE:, Tatkow

* BTHE TR R
R 20025 A 178

TIRERLTVWSA, Bt EXOE TSR LS
HBRUCBWTRARDHD L DICBbNS.

AR T, TiN, Ti, Al ¥REERE L, Ti
L Al 5k L RIFIC(L A SX T TIAL B2 AR &
205, TINTIAIHAEE Ry b URBEREEICL
DRI Ui, Fi, |IEICBT SRR 2 32
L.

2. KRG

2—1 #WElo{EN

#1, R2RUHE T, KPR THVWETIN, Ti
B R Al FUSHYR MR & THRE 2R ¥, TIN(E
AFEBH TINIZTZHSHRE 1.22 4 mOEHERHHR
ERAV, TiCKRF ¥ = A8 TMP-350 7 L— K)
T 350 A o aDLBNEEB LK, AIGEE
T =g AR AC2500 7 L— R, 420 Ay ¥
2 DSV EER LiBRERWE.

F41, BRI AHTIFREROERBIAS & 5
HEHE27RT. Ti & ALRPBREREALT



66 #F W £
Table 1. Compositions and mean paticle size of the raw TiN powder.
Powder Composition / mass% Particle
T.C Fo N, 0 Size / ftm

TiN 0.26 0.07 21.51 0.58 1.22
Products: Japan New Metals Co. Lot No. 053670.
Table 2. Compositions and mean paticle sizes of the Ti raw powder.

Powder Composition / mass% Mean Particle
Ti Fe Si cl g 0 Size
Ti 9952  0.022 0.01 0.03 0.011 0.41 350mesh(38 /¢t m) under

Products: Osaka Titanium Co. Type: TMP-350 Lot No. 221.

Table 3. Compositions and mean paticle sizes of the Al raw powder.

Powder Composition / mass% - Mean Particle
Al Fo S Cu Mn Ti Size / ftm
Al 99.74 0.14 0.12 0 0 0 420mesh(25 ¢ m) under

Products: Toyo Aluminum Co. Type: AC-2500 Batch No.: 55367.

Table 4. Mass fraction of raw powders and experimental conditions for hot-pressing of TiN~TiAl composite system.

Specimen Content Hot—press Condition
Ti Al TiN Temp. Time HP-Press  Atmos,
/ mass% / mass% / mass% /°C / ks / MPa
SmasskTiAl 320 1.80. 95.00 1000 72 139 Ar
20mass%TiAl 12.79 7.21 80.00 1000 1.2 ] 139 Ar
40mass%TiAl 25.58 14.42 60.00 1000 72 13.9 Ar
60mass%TiAl 38.37 21.63 4000 1000 712 13.9 Ar
80mass%TiAl 5117 28.83 20.00 1000 7.2 13.9 -  Ar
100mass%TiAl 63.96 36.04 0.00 1000 7.2 13.9 Ar
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Fig.l. Program Pattern of Temperature for hot
—pressing (HP). The TiN-TiAl system was
hot-pressed from a mixture of TiN, Ti and Al
powders at 1000C for 7.2ks under a pressure of
13.9MPa in an Ar gas atmosphere.
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Fig. 2. True density(l), bulk density(@®) and relative

density(®) of HP-TiN-TiAl system.
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Fig.3. Vickers hardness(Hv:@®), Young's modulus(E:
M) and shear modulus(G: @) of HP-TiN-TiAl
system.
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Fig.4. Three points flexural strength( o ss:@) and
" Poisson's ratio( v :#) of HP-TiN-TiAl system.
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Fig. 5. Electrical conductivity of HP-TiN-TiAl system.
(EDM: Electrical Discharge Machining)
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Fig. 6. Sound velocity of longitudinal(V.'@®) and
transversal (Vr:H) waves of HPTINT].AI system.
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Fig. 7. Latticeparameter of TiN phase for HP-TiN-
TiAl system.

Table 5. Obserbed crystal phases and approximate cotents of the phase after HP—sintering. for TiN-TiAl composite

Specimen Observed: Crystal Phase
TiN TiAl Al Ti TizAl

"~ JCPDS No. _ #38-1420 #5-0678 #4-0787 #5-0682 #9-0098

Smass%TiAl Mi. ' - - - -
20mass%TiAl Mj St - St -
40mass%TiAl Mij St - St Mo
60mass%TiAl Mo Mo - St Mo
80mass%TiAl St Mj st . St " Mo
100mass%TiAl - Mj St - Mo

Mj :major Mo :moderate
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Fig. 8 SEM micrographs showing fracture surfaces of HP-TiN-TiAl system.
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