[Research Paper] t3t24; - 2| £8+8] 4] (Korean J. Met. Mater.), Vol. 60, No. 4 (2022) pp.282-290
DOI: 10.3365/KIMM.2022.60.4.282

AE A4 =25 Ti-6Al- 4V§. o] 2z 1 gz o u=
=
sl 227 711 54
O - 3YS' USU? - FEZ' - 2M8° oM@
R RS o A
25127 2 AT Elo | EFF AT

ol ol o) A E 2 (F)

Microstructure and Mechanical Properties of Vacuum Centrifugal Casted
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Abstract: The Ti-6Al-4V alloy has been widely used for structural materials due to high specific strength
property, however it is difficult to cast because of high reactivity at high temperature. In this study casting
characteristics and post-casting heat treatment were studied in the cast Ti alloy. The cast alloy was prepared
using high-frequency induction heating and horizontal vacuum centrifugal casting to reduce reaction with
crucible and mold by minimizing overheating of the molten metal and casting fast. In the thin casting with a
thickness of 2 mm, o’ martensite was observed, and in the casting with a thickness of 4~8 mm, a+8
Widmanstitten was observed. As the thickness of the casting increased, the grain size, a-lath width, and a-case
thickness increased. Accordingly, as the thickness of the casting increased, the hardness of the matrix decreased
and the hardness of the surface increased. In addition, when the casting was heat treated below the B-phase
transformation temperature, the a-lath width increased, and when quenched after heat treatment in the B-phase
transformation temperature region, an a’ martensite was formed. On the other hand, when the casting was heat
treated in the atmosphere, it was confirmed that the elongation was very low because hydrogen and oxygen in
the atmosphere were induced. In addition it was confirmed that casting defects can be removed through HIP.
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1.M B olebr FEFOIN b Wol AHET gl tEHel
atp 3 EllEHE oIt} [2]. Ti-6Al4V e A,
ElolElg a2 tiEAQ AFaAZA e vdE EA, daAlet B2 dA Wol AREE AL AR, 9
of ok AS vl o R a9, IYZHE, AFs  A7F avtelH, AEAdo] FA] 2 @] o, B33s
2}, 2, 3k, AAelE, 2x= 9 A &5 5 Tde IAE AR R AxE] S8 F2E o83 WiHol
HopollA] SEEL QUTh [1]. 53] Ti-6Al-4V $F2 7F FHEWA Qth [3,4]. AT Ti-6Al-4V &2 &3] =
A, e R SR 5 Fo9 B0l 3% 58l B 3, 88410 AuiEos wede] kol JuFzs) ofd
9, ol g3 L Fxl% 59 walo] BasA, ol

ol AL, 159k AT, S A ava old ag, ) e Gr7hFIER Agelnt [5).
LR EO Ti-6Al-4V 9] Az 7 2 dxe] 2dzA
T 1055 3153605 e G o o} WZkeP] YL WA ol AFE] J1AH el
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Fig. 1. Schematic diagram showing the typical centrifugal casting
equipment

A1, FAA 22 dEAols ot Ex2lE Sl T
A ZAS Alofgk & AREHETE [2,7]. ©loll Wkl Ti-6Al-4V
e F2F Afole UlFE AF(Annealing)JE| =
T ARESEALY, Be7] HEOE AMEEE Sl €7 §
el 7191 H (Hot Isostatic Pressing; HIP) “‘—;q W A &

AHEESL T [4]. wheb] SEAle] s FEEe] e
o] me 54 B4 2 B A7t Yash
T FF §9) Fas =/hse] wsol gl Bk

7} AgEE skull 838 [8] ¥ YAFEIF ARREL 2

AFoNME Ti-6A1-4VEFS] S87e] uhg-S Aiﬁ‘ro} |
flate] Caleiarl =7l f=7td S ool 89 AL S
7Fsdk AAlsL SRAA ] g S —‘%O%ék— BE 4
Al F™ DE 0] 8319 ],[]

AF YA Fx2 AZE Ti-6Al4V T3¢ Fx 4%
Rlsp] fall, F2F] 7 2 YAEE, 22 AR §

2 7)) 7(Stress Relieving; SR), &A413} A7 2 A &x]g
(Solution treatment & Aging; STA), HIP 2] 5 <&
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Emission Spectroscopy; ICP-OES)E o] &3, 724
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ol Aba, B HA, A BAS 9 das Ao
(Combustion) W2, F4, Hi LHbes B2E4 714
X

€% (Inlet Gas Fusion; IGF)¥
F 10 et

F2 A A} YasEe] mE S4S @lsh] fIg
SSB Al 73 SR Al Aol $7k RS 5
2 A4, Kroll(85mL H,0, 10mL HF, 5mL HNO;)
Qoo g BARAA JeAN|] 23S A9t 22 A
o] ZAR W gHEe AXY A8 245, T
HE T WS S(a-case) T A% %‘é A4S el
HAZ Ar A7 ARSI Bk FARAAER A

(Scanning Electron Microscopy; SEM)% o] &3l a-lath
Z =% 9 J(Phase)yS #4313, I XA 3
29 7](High Resolution X-ray Diffractometer System;
HRXRD)E 20°~90°¢] 26 H9]olA 19mind] &&= =710
= Z4sith

Al e SdRHse gRler] S8l & 29 210
2 RBAIH IAEE HABHAL, As-cast RBA#H} SR,
STA, Z12]3L HIP A2E 3 RBAIHS o] wakel] 3
ko e Adks SSB Al FUd WRHOE mAx

A vzl W nAEs L H 54 wals BEs H 4B
AL, 53], @xlg] E91719] 9l el oA Zsisitk. RB Al HIP A, $2 AFeE &elshr] s
2 g?:‘.' %I'IE':]I Table 2. Heat treatment conditions for evaluating the effect of heat
treatment on RB specimens
Ti-6Al-4V 28 753 §¢ £32 =S g4k &,  1.SRinAir 750°Cx1hr, F.C.
F9Y AF N F2E ol8d AUS AP oy 2 STAnAIr 960°Cx1 by, W.Q. > 540°Cx4 b, A.C.
LGAE A A o] o} =38 wi )y o] 9 3. HIP in Vacuum 900°Cx2 hrx100 MPa, F.C.
Table 1. Chemical composition of the PR specimen
Composition Al \" Ca Fe Si Y Zr C H (0] N Ti
Wt% 6.26 4.14  <0.01 0.17 0.04 <0.01 0.10  0.021 0.0039 042 0.012 88.76
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Table 3. Heat treatment conditions for evaluating the effect of heat
treatment atmosphere on RB specimens

1. STA in Air 960°Cx1hr, W.Q. — 540°Cx4hr, A.C.
2. STA in Vacuum 960°Cx1hr, GQ. — 540°Cx4hr, F.C.

HughesAt] 3D CTEH|S o83 240kV At=x7134,

3mA AFZEZA Z 320W HAE oyx] 2HeA 3D

S AAEKT Ex8 3 Aol mE

71AA 54 gl Q8 1 AES AAlEIITh

g I #9171 wE 5A4RelE W7k 18] RBA

o & 3% e Ao IAHIHE A F, AT A
|

31 5 Y 2t 2o e BS)
3.1.1 OM =% 24
UWHA Q] FxA e} ZFo] Ti-6AI-VAA FA] FA7F GF

H
YRS 2 2mm TN s 2" 2.0 2ol -
lath7b w9~ wlMlEHAl B2 A, 29 3(@)9t 2ol o vh
ZEAlO] E(Martensite) 402 FAEE= vA| o] oz
HAT [10]. a-lathe] &2 <F 0.616 ym= A ATH (2
g 4). 4mm FANME 28 2b)e} 2ol o+p =R
EREl (Widmanstitten) Z2lo] A= Th AAH el
a colony2}al EEle 22 Weke] o SFA o] FAHH
Aol #AEA, A AR FANAN Zst odo] B
Atk 28 3(b)elMet 2ol o-lath®] F2 2 mm FA X}
g FAL Zog #AEAL, oF 0.859 yumz FH=H ok
@9 4. 6mme §mm FANME I 2(c-d)et 29
4(c-dlIM et 7Fo] mA|IZALS 4 mm FA M} FAE =
Zo] AHAFAAGE, g-lathe] Zo] ¢ Zujg oz
A, ZHzF oF 1244 um, oF 1.595 ymE #F=EJc (2
g 4). AEe] FATE FASTE S, WS “EhE
Mz o] o] ZUEiAs Aoz HAE ).
I8 4= Huwe ZURE e dx2A 39 vk
29l g-case’} FHEHT [11]. EH ¥Hg F9 F
2mm, 4mm, 6 mm, 8 mm FAIA Z}ZF 30 um, 50 pm,
120 pm, 180 ym% 7o), A FAF FALTE,
HSEo] TR Aoz FRlEd)
TEgh SSBAIHS AR FAFet FHFe] 489 A

Fig. 2. Optical microstructure on center of SSB specimens with
different thicknesses (a) 2 mm (b) 4 mm (c) 6 mm (d) 8 mm

Fig. 3. SEM microstructure on center of SSB specimens with
different thicknesses (a) 2 mm (b) 4 mm (c) 6 mm (d) 8§ mm
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Fig. 4. o-lath width of SSB specimens with different thicknesses
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Fig. 5. Optical microstructure on surface of SSB specimens with
different thicknesses (a) 2 mm (b) 4 mm (c) 6 mm (d) 8§ mm
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Fig. 6. Grain size of SSB specimens with different thicknesses and
location
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Fig. 7. XRD data of SSB specimens with different thicknesses
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Fig. 8. Hardness of SSB specimens with different thicknesses
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Fig. 9. Hardness for a-case by distance of SSB specimens with
different thicknesses
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Fig. 10. Optical microstructure of RB specimens with different
Heat treatment conditions (a) As-cast (b) SR (¢) STA (d) HIP

Fig. 11. SEM microstructure of RB specimens with different Heat
treatment conditions (a) As-cast (b) SR (c) STA (d) HIP
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Fig. 12. a-lath width of RB specimens with different Heat treatment
conditions
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Fig. 13. XRD data of RB specimens with different Heat treatment
conditions
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Fig. 14. 3D micro-CT of RB specimens by HIP (a) As-cast (b) HIP

Table 4. Defect volume rate of RB specimens by HIP

Total Volume Defect Volume Defect Volume

(mm?®) (mm?) ratio (%)
As-cast 25273.44 11.57 0.05
HIP 25174.79 0 0
He 2AE A3} As-cast RB2| A28 14(a) B
o FAY, BoliPelH FAT] NG FYLuTh o

33.4~58.4 mm o} HFEoj

s}o]

sHe- 3eld 4= 9t} HIPS &3k HIP RB A]HE]
739 As-castit} 7188 272 27 0.10 mm °|Ae] 4
St AEZANE 28 14(b)e} 2ol Asho] AAE RS
1e 4= o). As-cast RBAA HIP A2 ZAg vl
&2 3F 49 JERAAUT

3237
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%—Xéﬂ E}(ZFJ 15)

Z(Yield Strength; YS)9}, <1737 =(Ultimate
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7P =4 S8 =AAL, SR ”‘5117} As-cast AEjET}

H, STA “3ei7} 7P @2 Zlo= S A



288 o gh=4 - A 5318 A] A60H A4 (202219 49)

450 }
ol 430.92
S +15.06
L
§ - } 393.35
5 363.11 £24.47 379.22
@ +15.99 +28.39
T

300

As-Cast SR STA HIP

Fig. 15. Hardness of RB specimens with different Heat treatment
conditions
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Fig. 16. Tensile test result of RB specimens with different Heat
treatment conditions (a) YS, UTS result (b) Elongation
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Fig. 17. Tensile fracture surface of RB specimens with different
Heat treatment conditions (a) As-cast (b) SR (c) STA (d) HIP
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Fig. 18. Tensile test result of RB specimens with different Heat
treatment atmosphere (a) YS, UTS result (b) Elongation
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Fig. 19. H, O anlaysis of RB specimens with different Heat
treatment atmosphere
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