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Effect of wall thickness and casting defects on microstructure
and properties of ZTA1S5 titanium alloy
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Abstract: In this paper, cylindrical and dumbbell shaped ZTA15 titanium alloy test bars (as cast) were
prepared by investment casting technology, and then treated by hot isostatic pressing (HIP). The effects
of wall thickness and casting defects on the microstructure and properties of ZTA1S5 titanium alloy were
studied by means of room temperature tensile test, microstructure observation, grain size evaluation, X-
ray flaw detection, scanning electron microscope (SEM) and energy spectrum analysis. The results show
that as-cast ZTA1S5 titanium alloy has residual stress and shrinkage casting defects, which affect its
mechanical properties and are detrimental to its engineering application. The wall thickness affects the
mechanical properties of ZTA1S titanium alloy. The grain size at the thin wall position is finer, but the
as-cast residual stress is larger, leading to the lower mechanical properties. After hot isostatic pressing,
the residual stress is eliminated, and the mechanical properties are slightly improved, which enable the
alloy at better use state. The shrinkage defects are compacted and closed after hot isostatic pressing, and
the dense and uniform structure is formed by diffusion bonding, which improves the mechanical proper-
ties, and the data distribution is centralized. Inclusion defects are detrimental to the mechanical proper-
ties of ZTA15 titanium alloy, especially the plasticity.

It B ER:2022-07-11
e E: EFEE S &5 H (2020YFB2008300, 2020YFB2008301) .
EE BN 7 K, 1988 4R AE, 55, TR R FRA, Bl 1, T AW, BF9¢ 5 1): #5158k & 42, E-mail: 337668161@qq.com,


https://doi.org/10.7513/j.issn.1004-7638.2022.06.013
https://doi.org/10.7513/j.issn.1004-7638.2022.06.013
mailto:337668161@qq.com

%6

g K, A BEELTE BEXT ZTALS GG 422 Kt RE RS - 85 -

Key words: ZTA15 titanium alloy, investment casting, wall thickness, casting defect, microstructure,

mechanical property, grain size

0 3%

kA & S HAM N S A 4, Mg
R HIORE , P o0 1R 308 3 AR A R P R A
Kk, B FRE X Ty 2E M RE A — 2 B RE I, R
PN, X R TV A TR AN R i AL AU
IR RE S5 (4 H s B T, A AN BRI AN, 58
BRI RRA GRS IR S # S A W
HERAERA | AL RALRIE LS54 B, R 55
PERPERE, 38 3 PSR (HIP) AR, i 54 PN 3R 1Y)
BEASAL . G R SC I A, IR IS A R Y
Y, PR TR

ZTA15 BB 44 SRS N Ti-6A1-2Zr-1Mo-1V,
BT o Bk A &Y, 542 BT20 fil BT20I1
B AT, B P AR B T2 A
ZTAILS KA S M PERE S AR HASTE A, 1o
TR Wi Es 450 ny R IILE R

H AT, FE Ak A a2 R IFT £ 2
EREREL G4 b, S5 B A SR P RE
IRFFE A GE . Tl kA P= Ik & S5 R
T, AEAEHERE IS RE S FEAR O, LA R R AT i
R 2 2R AP R, A AT 815 1, Jovk e s
BEIRE X LSRR BE, 2EH R ZTALS 860G
Ll 25 ¥ A M HIP 25 BRI K WEE B 1%, 43 5]
RS [ BE JEL B4, SR F = IR P . WA US|
ArcRLEE VT E | X SRR . L BE (SEM) K Rk
OYWTEE TR, WFT T BE S FN85 1 Bl ot HL2H 40 B i
RERISUIN, SCHE T ZTALS SkE a1t 1 .

1 REF&

ARG T ZTALS kA 4l (B8 ) R G
BORE % 55 18 T 224, | ehlE T R IE K4S e
(AT KA BRI, SRS VAC-150 BL25 [ FEHL)
EEFCI s AL, REHIRE: TR 22 ~ 23 kA, HLAS
J£<0.9 Pa, HLJE 40 V., [FIHTE KA 1R ) 45/
BEARTE AN, 4390 ©16 mm FO8 mm, 151 AR
PEAPIRRE R SF RRTHR R, MR o RE IR P E4 14
JEASH I SEPRRE, A5 B 5% BE JE X ER G 4 4 21
KeHERBRFZm, s 1 PR .

[ A T B A4 T 5 285 A 0 4 40 55 i 1 Ak 3
(HIP Z5), $ASEH R B 78 100 ~ 140 MPa /<&

JIF IR 920 C+10 C, fRiE 2~ 2.5h, FEP R E
300 °C DIFs

1 EHFAMITEH R
Fig.1 Cylindrical and dumbbell shaped test bars
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Fig. 2 Standard tensile samples
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Table1 The chemical compositions of ZTA1S5 titanium alloy %
3% ZRJoi
Ti Al \% Zr Mo Fe Si C N H (6]
FREER 3 55~68  08~25 1.5~25 05~20 0.25 0.15 0.13 0.05 0.01 0.16
SME Y 6.49 2.02 1.60 1.82 0.048 0.018 0.012 0.006 6 0.002 4 0.093
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Fig.3 As-cast microstructure of cylindrical test bar
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Fig. 4 As-cast microstructure of dumbbell shaped test bar
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Fig. 5 Grain size of as-cast cylindrical test bar
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Fig. 6 Grain size of as-cast dumbbell shaped test bar
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Fig. 7 X-ray flaw detection negative film of as-cast bar
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Table 2 Tensile mechanical properties of as-cast samples
at room temperature

TR R,/MPa R,0,/MPa Al% Z/%

PrREZR =885 =785 =5 =12
BT 917~992 788 ~813 4-~95 11~19
WS TE 934~987  774~798  35~115 9~15
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Fig. 8 HIP microstructure of cylindrical test bar
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Fig. 10 Grain size of HIP cylindrical test bar
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Fig. 12 X-ray flaw detection negative film of HIP test bar
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Table 3 Tensile mechanical properties of HIP state
samples at room temperature
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PRk =885 =785 =5 =12
BHFE 932 ~942 813 ~ 825 95~125 17~21
WA TE 936 ~ 947 816 ~ 841 4~12 9~22
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Fig. 13 SEM photos showing fracture appearance of
dumbbell tensile sample
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