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ABSTRACT: The work aims to study the microstructure and mechanical properties of TiAl alloy at different zones inside the
cylindrical capsule prepared by powder hot isostatic pressing, so as to provide reference for the integral forming of capsule with
complex structure by hot isostatic pressing. A stainless steel capsule filled with Ti-47A1-2Cr-2Nb atomized powder was hot
isostatic pressed at 1230 ‘C/170 MPa/3.5 h. The microstructure and microhardness of different zones in capsule after sintering
were observed and measured by SEM and microhardness tester, respectively. The microstructures in core and near the edge were
selected to measure the tensile properties at room temperature and 750 “C. The uniformity order of the microstructure at each
zone was: core>radial edge/bottom cover>filling port/corner zone. There were spherical y phases, PPBs and large a, phases in
the microstructure at filling port/corner zone, while the core had more uniform microstructure. Through the microhardness test,

the microhardness at filling port and corner zone was the lowest, 275.38HV,,/10 and 280.23HV,,,/10 respectively. The micro-
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hardness in core zone was the highest, reaching 309.47HV,,/10. Besides, the microstructure in core zone had better tensile

properties than that near edge zone at room temperature and 750 ‘C. The corner structures of capsules have a great impact on the

microstructure uniformity. The microstructures in different zones of cylindrical capsule are obviously different, and the tensile

properties and microhardness in core zone are better.

KEY WORDS: TiAl alloy; powder metallurgy; hot isostatic pressing; microstructure; mechanical properties

TiAl
TiAl TiAl
TiAl
02 TiAl
TiAl 1 525§
g 11w
TiAl . Ti-47Al-
TiAl 2Cr-2Nb Consarc 20 kg
TiAl
48 mm
450 mm
Electrode induction melting gas atomization EIGA
1
[4] Ti-47A1-2Cr-2Nb
[4-6] la la
614 mm
1.2~2 mm
. [10]
TiAl
1b
TiAl [7-8] 45~150 pm 83 pum
64~108 um 57%
[9]
%1 Ti-47AI-2Cr-2Nb EU M KK ZRH 5
Tab.1 Chemical composition of Ti-47Al-2Cr-2Nb atomized powder %
Al Cr Nb Si (0] N H
( ) 32.7 2.41 4.32 0.02 0.06 0.0004 0.0022
( ) 47.179 1.804 1.81 0.028 — — —
TiAl 2 TiAl

[
TiAl



14 1 TiAl 57

100 18
NS o
S —H16 %
2 80 414 .8
2 S
B 122
E
B 60 17}
< 110 :3
g e o
2 40 8 N
2 1% 5
= 20 14 5
5 12 8

O 0 2K X 0

10 100 1000

Particle size/pm
b RS

1 Ti-47A1-2Cr-2Nb
Fig.1 Morphology and particle size distribution of Ti-47A1-2Cr-2Nb atomized powder

TiAl 3 23 C GB/T
105 mm 2.5 mm 228.1—2010 750 C GB/T
50 mm 2.5 mm 228.2—2015 3
1230 ‘C/170 MPa/3.5 h
‘fY
[=foos+5
ED g e
12 Fik N <
6 a=1~15
10 mm 10 14 —
34
2
1# 4# 5# 3
7# 8" Fig.3 Specification of tensile sample
EDS
Zeiss Sigma300 2 gg%l_ﬁﬁjzﬁ-
Bruker D8 Advance
X-ray diffraction XRD Jade6.5 2.1 MERIEBREERAEAR
Wolpert-401MVD )
1.96 N Ti-47A1-2Cr-2Nb XRD
0.2 mm/s 10s 4
5 [05) Y 02
20==38.75° Y 11
1 Y 002 20=44.66°
Y
5 Ti-47A1-2Cr-2Nb
1230 C Y
Sa
5b
Y
Prior particle boundaries PPBs Y

Fig.2 Cross-section sample of TiAl alloy compact 3



58 2022 1

o a,(Ti3Al) B2 o2 v
Powder . 2 Y(TiAl) ((12+Y+B2)
‘J o) — y+B2
’; e M A L
< M Te
£ ] | BN 1Y 5a 5d
£ [1230 ‘CHIPed» Se
K]
Y
A N v
A A® A 5 C
SN S ST SR U
1 1 1 1 1 1 az
20 30 40 50 60 70 80 90
26/(°) Y PPBs
9.3 um
4 XRD H
i i 5" 7" 8"
Fig.4 XRD patterns of atomized powder and
microstructure by hot isostatic pressing 1" 4*

S

P ORER S B

a Fpro(y

b fakb@4%) c ER(SH)

d BREHZK(T) C P )
5 BSE
Fig.5 BSE images of different zones in cross section of powder compact

6a 1" 2 . .
, , 2.2  EEE
2
v EDS Cr 1"—7*
Al 2 7
Ti Nb Nb 275.38HV,,/10

Ti 280.23HV,,/10
287.82HV,,/10
309.47HV,,/10  307.62HV,,/10

5a



59

TiAl

14

200

100 150

Distance/um

50

b EDS oM

EDS

d EDS analysis of original of powder particles

a BB O MR AR B R BRI A

in HTPed compact

Fig.6 Microstructure an

= <
O 0
QN S
2
y
=
R x o
I ©
% —
i g
. s
= ES)
& ¥ s
N5l g 2
=
OO. o
IO\ ™
SN /%w
AN

000000000
333333333
222222222

44
ﬁiﬁ?ﬂﬂﬁilz

400 MPa

567 MPa
6.5% 7.9%

ch zone

Fig.7 Microhardness distribution in ea

584 MPa

11111111111

B

I

ﬁwm m%/////////////ﬁa

00000000
0000000
7777777

11111111111

¢ Pt
: TM
& I
RS bS]
g < ©
W

il ;
& 5

______
00000000
0000000
7777777

ing at room and high temperature

Fig.8 Tensile property of TiAl alloy by hot isostatic press

d 750°C

9¢



60 2022 1

a FRIKA

¢ 750 ‘CI&fE

9
Fig.9 Fracture morphology of tensile sample in core zone

o
3 g i
[16] 52 b
TiAl y
EDS 7a Ti Nb
Ti-Al Nb
Ta Al 17
Ta
(2] Ti Ti
(at+y)
o o— U~2+'Y (05)
Ti Nb
[13-14]
[15]
y TiAl



1 TiAl

61

[L%]

1 Ti-47A1-2Cr-2Nb 1230 C/

170 MPa/3.5 h y

PPBs

309.47 HV,,/10

3
275.38 HV,,/10

280.23 HV,,/10

TiAl
750 C

750 C

ST -

(1]

KIM Y W, KIM S L. Advances in Gammalloy Materi-
als-Processes-Application Technology: Successes, Di-
lemmas, and Future[J]. Journal of the Minerals, Metals
& Materials Society, 2018, 70: 355-360.
. [J1. ,
2015, 51(2): 129-147.
YANG Rui. Advances and Challenges of TiAl Base Al-
loys[J]. Acta Metallurgica Sinica, 2015, 51(2): 129-147.
, , , . TiAl

[J1. , 2018, 38(7):
748-750.
WEI Zhan-lei, HUANG Dong, LI Jian-chong, et al. In-
vestment Casting Process of TiAl Alloy Thin-Walled
Circular Component[J]. Special Casting & Nonferrous
Alloy, 2018, 38(7): 748-750.
[J1. , 2019, 68(8): 885-891.
JIN Lei, ZHU Qiang, ZHAO Jun, et al. Development
and Application of Hot Isostatic Pressing Technology in
Titanium Alloy Near Net Shape Forming Field[J]. China
Foundry, 2019, 68(8): 885-891.

[J1. , 2018, 54(11): 1537- 1552.
XU Lei, GUO Rui-peng, WU lie, et al. Progress in Hot
Isostatic Pressing Technology of Titanium Alloy Pow-
der[J]. Acta Metallurgica Sinica, 2018, 54(11): 1537-
1552.

[10]

[11]

[13]

[14]

[15]

[16]

[17]

[J1]. , 2019, 33(7):
24-33.
YIN Zhong-wei, SUN Yan-bo, ZHANG Xu-hu, et al.
Near-Net Shaping of Titanium Alloy Powders by HIP
Technology: a Review[J]. Materials Reports, 2019,
33(7): 24-33.
LANG Ze-bao, ZHANG Yong-zhong, WANG Liang, et
al. Effects of Al,03/ZrO, Layers on Carbon Steel Cap-
sule during Consolidation of TiAl Based Alloy Powders
by HIP[J]. Rare Metal Materials and Engineering, 2020,
49(7): 2275-2280.
WU lJie, XU Lei, GUO Rui-peng, et al. Preparation of
y-TiAl Alloy from Powder Metallurgy Route and Analy-
sis of the Influence Factors of Mechanical Properties[J].
Chinese Journal of Materials Research, 2015, 29(2):
127-134.
ESSA K, KHAN R, HASSASIN H, et al. An Iterative
Approach of Hot Isostatic Pressing Tooling Design for
Net-Shape IN718 Superalloy Parts[J]. International
Journal of Advanced Manufacturing Technology, 2016,
83(9): 1835-1845.

, , , . PM
TiAl J1. ,
2019, 48(10): 3227-3233.
LIU Yu-feng, LIU Na, ZHENG Liang, et al. Effect of
HIP Temperatures and Powder Particle Size on Micro-
structure and Properties of PM TiAl Alloy[J]. Rare
Metal Materials and Engineering, 2019, 48(10):
3227-3233.

. TiAl

[D]. : ,2019: 42-53.
LI Ji-zhan. Fundamental Study of Key Technology for
TiAl Intermetallic Compound Components Fabricated
by Hot Isostatic Pressing[D]. Wuhan: Huazhong Uni-
versity of Science and Technology, 2019: 42-53.
ZHAO L, BEDDOES J, WALLACE W. The Deforma-
tion and Dynamic Recrystallization in a Hot Isostati-
cally Pressed Ti-48A1-2W Powder Alloy[J]. Mrs Pro-
ceedings, 1992, 288: 921.1.
VAN N C, BEZOLD A, BROECKMANN C. Inclusion
of Initial Powder Distribution in FEM Modelling of
Near Net Shape PM Hot Isostatic Pressed Compo-
nents[J]. Powder Metallurgy, 2014, 57(4): 295-303.
LIU Guo-cheng, SHI Yu-sheng, WEI Qing-song, et al.
Finite Element Analysis of Pressure Influence on Densi-
fication of Titanium Alloy Powder under Hot Isostatic
Pressing[J]. Key Engineering Materials, 2010, 450:
206-209.
NAIR S V, TIEN J K. Densification Mechanism Maps
for Hot Isostatic Pressing (HIP) of Unequal Sized Parti-
cles[J]. Metallurgical Transactions A, 1987, 18: 97-107.
HE Wei-wei, LIU Yong, TANG Hui-ping, et al. Micro-
structural Characteristics and Densification Behavior of
High-Nb TiAl Powder Produced by Plasma Rotating
Electrode Process[J]. Materials & Amp Design, 2017,
132: 275-282.
CLEMENS H, MAYER S. Design, Processing, Micro-
structure, Properties, and Applications of Advanced In-
termetallic TiAl Alloys[J]. Advanced Engineering Mate-
rials, 2013, 15(4): 191-215.



