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ABSTRACT TinALs and (TiszAligha.Bx(x=0.5, 2, 5) alloys have been produced by mechanical milling in
an attritor mill using prealloyed powders. Microstructure of binary Tis2Alss powders consists of grains of hex-
agonal phase whose structure is very close to Ti>Al (TiszAls)ssBs powders contains TiB; in addition to matrix
grains of hexagonal phase. The grain sizes in the as-milled powders of both alloys are manocrystalline. The .
mechanically alloyed powders were consolidated by vacuum hot pressing (VHP) at 1000°C for 2 hours, Tesult-
ing in a material which is fully dense. Microstructure of consolidated binary alloy consists of y-TiAl phase
with dispersions of TiAIN and Al:Q: phases located along the grain boundaries. Binary alloy shows a sig-
nificant coarsening in grain and dispersoid sizes. On the other hand, mictostructure of B containing alloy con-
sists of y-TiAl grains with fine dispersions of TiB» within the grains and shows the minimal coarsening during
annealing. The vacuum hot pressed billets were subjected to various heat treatments, and the mechanical pro-
perties were measured by compression testing at room temperature. Mechanically alloyed materials show much
better combinations of strength and fracture strain compared with the ingot-cast TiAl, indicating the ef-
fectiveness of mechanical alloying in improving the mechanical properties.
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Fig. 1. Schematic diagram of 1-SDG type attritor.
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Fig. 2. Morphology of a) melt extracted ribbon and b)
mechanically milled powders of 0%B alloy.
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Fig. 3. Particle size distribufion of as-milled powders: a) 0%B alloy, b) 0.5%B alloy, ¢) 2%B alloy and d) 5%B alloy.

Table 1. Chemical analyées of various alloy powders (at%)

Ih

)
Siamarer {mlarww)

Ti Al Fe Cr B C S 0 N
0%B Alloy MEed bal. 50.186 0.036 0.009 0.001 0.065 0.005 0.196 0.011
MMed bal. 47.762 0.27 0.036 - 0.122 0.005 1.803 1.941
0.5%B Alloy MEed bal. 48.439 0.175 0.066 0.522 0.084 0.007 . 0.166 0.011
MMed bal. 47.032 0.150 0.029 0.313 0.142 0.016 1.874 2.804
2%B Alloy MEed bal. 48.350 0.001 0.002 1.622 0.022 0.001 0.136 0.008
MMed bal. 46.856 0.177 0.024 1.048 0.186 0.007 0.773 0.861
5%B Alloy MEed bal. 47.033 0.041 - 5.346 0.033 - 0.184 0.009
MMed bal. 45.524 0.130 0.009 4.294 0.184 0.007 1.020 0.414

*MEed: Melt Extracted, MMed : Mechanically Milled.
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Fig. 4. XRD patterns of Ti.Al, alloy: a) melt extracted,
b) mechanically alloyed, and c) vacoum hot pressed. ™
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Fig. 5. XRD patterns of (TigAl,)B; alloy: a) melt ex-
tracted, b) mechanically alloyed, and ¢) vacoum hot
pressed.
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Fig. 8. TEM micrographs of consolidated materials: a) TizAl. and b) (Ti-AL).B alloys.
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_Fig. 9. Bright field TEM micrographs of mechanically milled TiAl alloys annealed at 1300°C for 5h followed by
furnace cooling: a) 0% B alloy, b) 0.5%B alloy, ¢) 2%B alloy and d) 5%B alloy.
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Fig. 12. CBED patterns obtained from the hexagonal

particle: a) pattern with the electron beam pal‘ai_lel_to"
[1 212] and b) CBED pattern obtained when the par-

ticle is oriented such that the reflection 1 21 3 is at the -
bragg condition.
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Fig. 13. EDS spectrum of a) hexagonal particle and b) y-TiAl.

Fig. 14. SAD patterns obtained from the TLAIN pai-
ticle and y-TiAl matrix, with the electron beam paral-
lel to [101] and [1 210} :
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O(wt%) N(wt%)
as-melt exiracted powder - 0.084 0.004
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as-pressed alloy 0.820 0.450

pressed 22| ON 5= X 3¢ viehliglc}. Melt
extracted 28] N F%3= 0.004wt%e] o1} 7|43
55 2ge) N ¥5Ex 0.74 wth2A 7|AR 3
H3FgA LR Aa] N 527} o §- Hohald-& & =+
e}, o1% degassing ®] F2] as-pressed A A=
A4 434 Eekucks Y& N ¥535 vhehy
1} melt extracted BF B} mS 2o N X E 1}
e}ir}. Melt-extracted ribbon®} 7|44 ﬁ—gﬂ% Hal
9] XRD #Heolz TLAIN Ate] A== ghert
1000C A 4324 F TiL,AIN Aro] viehlw glo).
ol 7|AAEA S TS 'S T4E] e
Nel .2 AyFAA 717 Azt 54 wAAAE 7}
AWM AAEE AL gvig. 39 0%B e
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Fig. 15. a) microdiffraction pattern of ALO, particle shown in Fig 9. wnth the electron beam pararell to [001] and b)

corresponding EDS spectrum.

rohE Akl ALO; A 8l & 3of|a] BEFe] 7)
A AT =52 0 L3 23] 10004
o) 4YTH %Fd 9490k 29 155 ol=F Al
0, A9 v] A3 el 7 EDSA -5 viehd Zo|c}.
o]4te] TEM# A& F3le] 0%BiZolA Hils)
= BAMRE ALOANE Tihb,AINA o) AAHAS el
-] FZ= e Be] 0% o= oF 10 nm=7)
o) 1A% TiBAto] AR R Fel Fits]n], w
gl 7111 TiAl- 5-559] A7 o7 EX)se 24}
AR A=A o}

337145 43 _
Bo] A7kel 339t ArEA] oL gl mAA
T 247} 642, 647 VHN .24 7 325 w)4gl

Table 4. Compressive properties of as-pressed mechan-
ically milled TiAl alloys at R, T

0%B 05%B 2%B 5%B

Yield strength (MPa) 2313.1 2159.8 2407.4* 2129.2
Strain to fracture (%) 7.3 3.0 - 6.6

*Fracture brfore yielding.

2AY 2715 A= viAA RS WrhE Ao F
ez b=t et 13000 A 5417 dAE
T F a3 AFA G FlAAEE 5% Bigol
485 VHN.O.® 0%B¥2-9] 421VNH#} & o] & 1}
ehdic}, o3} 5%BEHEe] & vl AxE 0%BY
FET} oAt AAgl a9} Bk g g 7o)
vk ® 4= BHEP) vl xAle] vRE Qe vhel
W AL R 345X 10758 MHEEZ AFLoa b=
A7t Aot} BRAGEL '%_lﬁbﬂ_".i 2E 9
A2 274 0%BiEo v]3) & Zeg vehy
=t o] P A4F 27]9) gaabew Q% A
olt}. e} ¥ 59 T j2ey ngOt-CaSt‘ﬂ“:L_‘i"E]'
W4 e FBAES vehiith we ingot-castF
Brp o £ FEYEE Yeldel s 2ely o
Gl &-L ingot-castIF T A9 frakdk zhe 74l
o)A /AN §F5 whge] AR AL 7
Aol 2 vEith =23 F 25
B 3Yg AlHe] gk Al ) H& e s
& vebled 348 A 238 X de] TEM#
|23& 2 AtolE el °}"L3r XRDEA 2

W

_>.:.

Table 5. Compressive prdperties of Ti,,Al, and (Ti.Al,),.B, alloys

Alloy Compressive Yield Strength (MPa) Fracture Strain (%)
VHP FC VHFP FC AC
TisAls - ) 736 - ) 18.1 14.2
(Ti5:Alg)esBs 2502 1080 6.6 11.9 8.0

*VHP: as-vacuume hot pressed, FC and AC: furnace cooled and air cooled after annealing at 13007 for 5 h.
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AR A url TR AR el FTge] X
W3 A pe 7 vehdo) ek Qibde e 4
2ok & A o] el 4 A%

e AR Hl9) 8 g e A0l

4.4 B

Melt extraction .2 AFF (TipAlg)i00xBx(X=0,
0.5, 2, 5).91 F4) 9] prealloyed s-tol 3l 7)A1A &
A3} F& AAst 7|AA st 2LE AF
&5 -'?'—-*— A8 33 02 vacuum hot pressg ©]-£-5)

N A Azsho] 5w QR A v AzA 5
g gekrgred, 1 A vhe ) 2t

1. Melt extractionel] 2}3} A|=F prealloyed ¥4
=7} o 05 mm2e) B gapo)gl.od, o7
gl prealloyed &H3-2 Ar 22)719] attritor millel] 4] 7|
AA A5 TS AR B gl vt Had
=7} oF 19~22 um<l B3R 78-S et
o]#&t Z)AIH #4311 22 g AAY =707}
°F 15 nm®] v}¢ viAlEtz FUF v 2AE et
vlgdr}. )& vacuum hot press= A} HE AP A=
A =7} 98.7~99.4%F =& vhehdel.

2. 71A1" Ess= E2-E 1000T A A3t A
A= g ARY =77} <F 200 nm A =] v)4|
& o)A 5 £Ao)9len, 0%BENES] -+, 4
ARl BAkate] BT A] ko] ZAYPAAS
w2bA] ohi 2’ TLAIN AF 2 AL, Are] &35
odor, wg gz AlgF
uhH, 5%B oM B4 024 B 3ol 93
y AR Wl w48k boride YJA}7} EA T a1
dAe]A] s} At =

3. 71AR A A g AL 7‘4E-‘-’4
o7 d4E2 = ingot-castPg et ¢ 2 7
=5 vehiie ole VAR YEFE & et A
A BAAEe] v Asr) dejua] vlAzE]e] )
AH 7] dzolrt
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