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Fig.1  Morphology (a) and particle size distribution (b) of
Ti-48Al-2Cr-2Nb alloy powder
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Fig.2 As-built sample (a) and scanning strategy diagram (b) of
Ti-48Al-2Cr-2Nb alloy manufactured by EBM
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Table 1 Chemical composition of Ti-48Al-2Cr-2Nb raw
material powder and as-built sample (&/%)
Chemical element Al Cr Nb Ti

Raw material
powder 33.00 2.78 3.47 Bal.

As-built sample 31.09 2.80 3.27 Bal.
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Fig.3 XRD patterns of Ti-48AI-2Cr-2Nb deposited sample and

raw material powder
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Fig.4 OM (a, b) and SEM (c, d) microstructures of Ti-48Al-2Cr-2Nb alloy manufactured by EBM

K#, BT EBM i/, HEAPOE A HEE,
[ FE R AR AR T R AR A R B I T, %A e
(A0 A8 Bk 12 N LoL+p—f—pra—a—aty™™ . 1E
B—pra A, o Fdn\ pAHHTH, BEfE y HZETE a
Fdn AT .
2.2 Ti-48AI-2Cr-2Nb &&= B8 LITH
221 AMFHAHF

Ti-48Al-2Cr-2Nb &4 7E 800 C FHIR A LA
[ I 8] J5 1 S8 B 70 2 i & an 1 5 B o AL 5a ]

LA, Ti-48A1-2Cr-2Nb & & i & Fifi S A0 s 1] () 4
P . A LT AL ST S % TiAL & 4202,
5a fif7x, Ti-48Al-2Cr-2Nb & 4 %4k 100 h J5 i =48
B# /N, N 0.6978 mg/cm?. Ti-48Al-2Cr-2Nb &4
FEY B A2 A K PR B P, e E AT
JR B AR T AR, T S 1Y R Rk T 2%
I, Ti-48Al1-2Cr-2Nb & 4% k3 7 2% ih 28 K Em]
SN2 AN B (D) Pl EAA (0~25h); (2) ZE1g
L THY (25~100 h) o XA A0 3 il 2R AT AE LR LA s



%1

I, TR HE TIAL & 6 0 iR aE 2 R AT AT 7 © 225

Aol dh KA JE T W %k, ok oar oA
Ti-48Al1-2Cr-2Nb & 4 B 18 iR A A AT ik 2 18 978 4l
MIE I . Ti-48Al1-2Cr-2Nb & 476 A b i FE v & Ak
RN 2R K, e RBEA R EEZ S, SRR
38 AW AR AR B €230 2 6 R K

(AW)*=K;t (1
X, AW AT ARG L, K, A R I
#, t REALE A (1)1 AS, Ti-48Al1-2Cr-2Nb
4 4 FE7E 800 C R AL 100 h AL K5 H K, M
4.9x10° mg> ecm™ ht. HEG T ZHE TiAL A4
b 2020 dn & sb BT ook, EBM MY K I i
Ti-48Al1-2Cr-2Nb &4 HARC K, B, KILHEE
A E) 1 AR, DR B A R P G RE
222 FACBE A @ e A @ AR BARHT

6 T/~ N Ti-48Al1-2Cr-2Nb 4 4:1£ 800 'C F1E
J %L 25, 50, 75, 100 h J5 ) XRD 3. wJ LUF H,
BE % AL I a8 0, TiAL AHEZE#TED>, T Tio, K
AlLO; M ZE# 1 £ . YA fbwf W N 25 h W,
Ti-48A1-2Cr-2Nb &4 R F 2 EE M TiAl &
ALO; R, &H/LER TIO,, RWiZ& & RmKkE
— BRI ENR L. A (A3 A 50 h B,
AlLO; 2 TiO, fiT it I sREE NG N, —F S8 L, ik
FH TIAL AT 5 06 58 B2 B AIC, (EAT R T ALO; T S I 5
VLB %A SR IR M AT A 55 . 2 S A ) gt

2.0

—— Ti-48AI1-2Cr-2Nb (this study) a
16 —— Ti-48Al-2Cr-2Nb?’!
¥ [ —— Ti-47Al-2Cr-2Mo-(Si,B)
(\"E —— Ti-45A1-5.4V-3.6Nb-0.3Y2!
S 12r
£
= 0.8f
=
<
0.4+
00 n n n n
0 25 50 75 100
1.
6 —— Ti-48Al-2Cr-2Nb (this study) b
—— Ti-48Al-2Cr-2Nb?%
| —— Ti-47Al-2Cr-2Mo-(Si,B)2%
¥ 12 : 21]
= ——— Ti-45Al-5.4V-3.6Nb-0.3Y[?! a
@ A
‘“? 0.8
N\ A
=
< 04} \
Kp=4.9X 10" mg? ¢cm™ |
00 1 1 1 1 1
0

20 40 60 80 100
t/h

Kl 5 Ti-48Al-2Cr-2Nb & 4:7E 800 C N IMHE IR S AL 3 12
Fig.5 Isothermal oxidation kinetics of Ti-48Al-2Cr-2Nb alloy at
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oxidation rate (kp)

VTIAl 0ALO, o TiO,

100K

75h,

50h

Intensity/a.u.

([ °,
F— o
b

25h

20 ?;0 4b 5‘0 6‘0 7‘0 8‘0 90
2619
Bl 6 Ti-48AlI-2Cr-2Nb & 4:7£ 800 C F{HIE AL 25, 50, 75,
100 h J5 ) XRD K&l
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Fig.7 Surface morphologies of Ti-48Al-2Cr-2Nb alloy oxide films at 800 “C for different time: (a, b) 25 h, (c, d) 50 h, (e, f) 75 h,

and (g, h) 100 h
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Table 2 Thickness of oxide films and oxide layers at different

oxidation time (um)

Al,O3 TiO,/Al,O3

Time/h  Oxide film  TiO, layer layer layer
25 2.75 0.90 0.36 1.53
50 2.94 0.91 0.60 1.57
75 4.56 1.14 1.07 2.33
100 5.11 1.20 1.33 2.43
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Fig.10  Microhardness of Ti-48Al-2Cr-2Nb alloy at different

temperatures
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High Temperature Hardness and Oxidation Behavior of TiAl Alloy Fabricated by
Electron Beam Selective Melting Additive

Tan Yulu'?, Zhang Yanmei', Lu Bingwen?, Yan Xingchen?, Li Yanhui?, Dai Mingjiang?, Liu Min?
(1. College of Materials and Energy, Guangdong University of Technology, Guangzhou 510006, China)
(2. The Key Lab of Guangdong for Modern Surface Engineering Technology, National Engineering Laboratory for Modern Materials

Surface Engineering Technology, Institute of New Materials, Guangdong Academy of Sciences, Guangzhou 510651, China)

Abstract: TiAl alloy is a lightweight superalloy with broad application prospects in aerospace field. Electron beam selective melting
(EBM) additive manufacturing technology is an effective way to prepare TiAl alloy with complex structure. However, there are few studies
on high temperature properties of TiAl alloys. In this work, the microstructure, high-temperature hardness and high-temperature oxidation
behavior of Ti-48AI-2Cr-2Nb alloy fabricated by electron beam selective melting additive were mainly studied. The results show that the
Ti-48Al-2Cr-2Nb alloy formed by EBM exhibits a unique layered structure composed of equiaxed y grains and double phase regions. After
isothermal oxidation at 800 °C for 100 h, this alloy shows a low oxidation rate constant, and the formed oxide film is mainly composed of
TiOz, AlL,O3 and TiO2/Al,O3 mixed alternating layers. The oxidation resistance is better than that of Ti-48Al-2Cr-2Nb alloy and other TiAl
alloy prepared by traditional methods. In addition, this alloy has good high temperature hardness at below 900 °C, and the microhardness
does not decrease significantly with the increase of temperature.

Key words: electron beam selective melting; isothermal oxidation; oxide film; high temperature hardness
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