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Effects of Al Content on Microstructure and Resistivity of Ti-Al Alloys
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(State Key Laboratory of Materials Processing and Die & Mould Technology,

Huazhong University of Science and Technology)
Abstract ; Ti-Al alloys with different Al contents were fabricated by mechanical alloying and spark plasma sintering
(MA-SPS). The effects of Al content on the composite powder morphologies, microstructure and electrical resis-
tivity of SPS Ti-Al alloys were investigated. The results indicate that Ti-Al composite powders are flattened dur-
ing high energy ball milling with Al dissolved into Ti. When the content of Al is higher than 9%, part of Al is
dissolved into Ti, while the insoluble Al is broken into fine particles and attached to the surface of Ti particles,
resulting in the increase of surface roughness, where the cross section of particles presents a layered structure.
When the amount of Al is 6%, the microstructure of SPS specimen prepared by ball milled powders is single-
phase o-Ti(AD solid solution, which becomes «-Ti(Al) phase and fine «, particles precipitated in grain boundary
when the amount of Al is 9% ~12%. When the amount of Al exceeds 12% ., the microstructure is dual-phase
composed of a-Ti(AD and a,-Ti;Al. The electrical resistivity of the alloys is firstly increased and then decreased
with the increase of Al content, and slightly increased when the amount of Al reaches 18%.The electrical resistiv-
ity reaches the maximum value of 2.074 Q * m when the Al content is 9%.
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Fig.1 The morphology of the raw material
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Fig.2 Schematic diagram of graphite mold
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Fig.3 The diagram of sintering process parameters
1.2 RIEREBEMR
12,1 YA Hr 5 H LM%

FIH Xpert3 powder X 5 26 47 55 A A7 ) A0 53 4t »
Cu 8 Ko F14l #1 2 g 207~ 80", My 14 45 41 1L &£ oy 5°/
min, PR FHl U A 10°/ min, F14 8 R R0 L IR 4
A 40 kV il 30 mA.,

M SPS A BRI K 5 mm 157 7 R RE

185



R Fh B3 MA@

2022 4FEEH 42 B 2

e WS (OGS R DMM-480C 4x AH 1 1 5%
il Nova Nano SEM 450 %137 % 5} 4714 i 45 W 48 0 i 4
21, 3 JH R 9 22 X-Max 50 B34 (EDX) #4719
X534 Bt . SEM WL i %t i FE 147 1% 4 180 s, Ji§
T R Kroll 37 (R B4 %0h 5% 1 HE +10% #Y
HNO, +85% ) H,O) , J& i [a] &y 5~10 s, KA Im-
age Pro Plus 6.0 4 % b4 i8R i ik R~ #E 17 4831
it

1.2.2 PEREIK

Be 2 R (R KT 5 B R FHHE K I AT I . AR

/(I
‘Ol:mlm—lmz X pu:0 (@)
o0 WIRFEI B L g/ cm® sm A FEFE 25 AP I 5
it gsm AR HEK G K B . g5 oo N DN IRL BT
FRARK W g/ em® o U ) AR X 25 B A
y :% X 100% (2
K o0 MIRFE IS H T . g/cm’

PEF 5 mm X5 mm X5 mm By 37 07 (AR EE 4 T
LGN 7E ST2258C £ £ Ty fig %5 5 =X PU 4R B I XX
AT H BH 2R 3, SR R DR B AT R 1
mm, 5 RAFE 10 BCE A,

2 KBRS 5

21 AIEEXNESHRERENI I

K4 AR AL & Ti/Al B 58 R & s ek g
() SEM JES . MIEl 4a tfa] DUFE 1 BRES J5 T Ky kL
KA BRSO B A KK 20 pm BN E
60 g, M AR IURL 2 BROAR , B RLRE . Bl 4b~
Pl AL AT ALK 0 A T J0RE A% Sy i - 4R B A2
IR SE . 2 AL E il 6% B, TRy UKL 2% 1 A8 kol
W HY AL & RIS 9% J5 . Ti B WUk 35 1 T 13 25 15
FLBE JF HLBEE AL 9 5 38 i, BB B2 B W4 . >4 Al
B 15% ~18% i, BT AR 2R E A R
K5,

AHCWF R 3R W L JEPE- A PE AR R DL & 4 fb o A8 AT
LLAT R 6 A B B - O s oK B B s @ JURE et - 16 B B 5
OV MR 32 i B @55 il ok AR T8 1 B B s © B ML IR )
BB OB BT . B da 4R BoR ., 4 Ti by
KIKBEELETFRIEESHE. MmA Al K. i T2k
5 B A ) R R — Y TR UKL LA BB 1N R
2T MR ERES M RE A5 Ti/ AL Z 68K T FFA
BB, Ti-Al J&F S0 70 f) 26 Pk -2 PR 2R S 1R R L 5 AR BR S

186

(a) w(AD=0

(o) w(AD=9%

(e) w(AD=15%
B4 FEAISZESHRFEBEREOHRTLR
Fig.4 Morphology of composite powders with different
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Al contents after ball milling
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Fig.8 Low magnification SEM images of sintered specimens with different Al contents
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Fig.9 High magnification SEM images of sintered specimens with different Al contents
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Tab.1 EDS results of each point in Fig.8 %
1 2 3 4 5 6 7

Ti 89.76 86.40 84.90 73.49 80.32 71.57 78.78
Al 10.24 13.60 15.10 26.51 19.68 28.43 21.22
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Tab.2 Grain size and relative density of sintered specimens

with different Al contents

w(AD /% BL K /N/ pm AH XS 25 B/ %
6 11.74 98.24+0.18
9 11.96 98.8+0.12
12 12.11 98.4+0.15
15 19.96 97.6+0.25
18 19.78 96.5+0.21
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Tab.3 Resistivity of titanium and titanium alloys under

different process conditions

2 LAY LM HLBE R/ (pQ + m)
Ti-9Al MA-SPS. 1 200 C 2.074
Ti SPS, 1 200 C 0.516
TAl Bk 0.480
Ti-6Al-4V SPS,1 100 C 1.503
Ti-5A1-2.5Sn Bl 1.570
Ti-5A1-2.5Sn(low O3) s 1.800
Ti-8Al-1Mo-1V B 1.990
Ti-6 Al-2Sn-4Zr-2Mo B 1.900
IMI 685 Bl 1.680
Ti-6Al-4V B 1.710
Ti-6 Al-6V-2Sn 1B 3 1.570
Ti-7Al-4Mo Bl 1.700
IMI 550 B 1.580
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