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TiAl alloys are considered to be prime candidates for new high-temperature structural materials due to their high specific

strength and good corrosion resistance. However, the poor room temperature ductility and high reactivity of the alloys hinder

their precise manufacturing. Electron beam melting (EBM) which is one of the additive manufacturing technologies has at-

tracted much attention as a new manufacturing process for the alloys. We found the alloys fabricated by EBM have unique

layered microstructure consisting of duplex-like regions and equiaxed y grains regions (y bands). In this study, the effect of

the layered microstructure on mechanical properties of the alloys was investigated focusing on the orientation of the layered

microstructure.

1. #*

TiAl (LioHis, y M) & TizAl (DOpokéE, o 4H)
HOEICHERINS TIAl &4, SmEL BN -
MBtEAET 5 &h 0, HLWERMNEW R - LT
DHERAFR B BEA AT O TE V), KESOH#MO—
DLELT, B k> TEEAMMAERE L, T3
BUERKE R BBEZT S EAMB T\ 5, iz
i, REGLTAIEELD—>ThH 5 Ti-48A1-2Cr-
2Nb (atlq) H&Tid, BWEIC XY Fig. 1ITRT XD
IZ, BEASWHLO Yy HE aHlH67% % fully lamel-
lar ##% (Fig. 1(a)), lamellar &+ 1c & D y i
ki % & 25 near lamellar ## (Fig. 1(b)), lamellar #
i & =iy K 2MEFE L 7 duplex % (Fig. 1(c)), %
iy B oI — 5 M 7% o #H 25 7 4E 9 % near p 4 8%
(@) Lo s 2+ 59, 1L C, fully lamellar
MBI Em vy ) —TE%, #fl7s duplex FfIZEN
ToREIEME NS A G L DICHEZTH HY,

T4, General Electric #7% & 2N BT 22 Y « v
FILVYVVOREZ—EVE L L TTIAl 54 % FA1L
LTkY, ZOIHBHTISRETEIHhATLEE2
LNh599, Lal, BEXF—CVEZILDETS
TAl GRBIMHOL L, DALY v 7 AR GO
BETHEE SN TEDDY, KELOEIGKEIC L5
KHEBLLRHWBEABME S ShTW5b, FOk0,
BEM ORI KXE S VIHIT 2 LERB D, FEikoo
ADFE LT > TWb, T/, KEEL, BiihEsE
<, HELOMERENC Siomz, BEEMEMEL W
TOUEIEARLRETHD, ThHLMEHEINTE
oo T, CNHLOMBEBRT 5720, HILVWESE
DB LUH L WEIEEORE S HED ST\ 5,

Fads L TRICBAICHBINTVWSDI, FTK
ORI AR THID TG L 7 B80S "TRE 7 B H
BHTIALGE&TH L9, K&EL&IT, AlBEZHD X
¥, NbX Moz K &¥sind 5 Z & TR (bee ki)
TREASHIZDDTHY, FEko TiAl &40
TEeh - BRI EZ T &N TE S, Aavt S/
MZFE S W TER S 7z Ti-AlI-Nb-Mo-B 44 (TNM
£4:1219) 3, Pratt & Whitney #-# PW1100G-JM T
VIVVOREZ —EVEICEREIN TV AIY,

TAl &G 7 —EVEOFH L WESEE L LT, &8
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Heat treatment temperature (a > b > ¢

(c) Duplex

(d) Near Gamm '
Ny

Eggiaxed Y grains

Fig.1 Schematic drawings of variation of micros-
tructure caused by heat treatment in TiAl al-
loys.

3D 7V v 2in Eoff ik (Additive Manufacturing,
AM) #EHSATOBI-2, 4H1C, BFU—A%HM
e L THEAL, CAD F— 2 Il BHRED
I - R - BEAR VIR C & T, EERROME K
HEMARER BTV — ABB&EE (Electron Beam
Melting, EBM) #id, BZEFCHEESH T 5720, #
HBIECTRMHBEAZ KL TEL I LH 6, TiAl &4
A —U /B GRS ORAERICEE R EE R TR L LT
WREsh T\ 5,

T2 OGNV — 7T, 201445 6 PIEIRTIE &
SR - A N—= 3 VEROEBSHI A/ N— 3 VA
m/a7 5 A (SIP) OB A \W7-72&, EBM 4 H
W/eTiAlGE8 7 - VEROBSEICE+ 2 PR R %
115 T&E~%), KPrgeCid, EBM &% W7k
FEZZTTIRL, SBBEABA R IR LR 580
ABEAEHIENC X AR ORELICLEE L, /e
POBNINFEEE TS5 TIAlGS X —E VEBOE
HaHBHiEL 72, AT, EBMETEFL - TIAl &
BOFRI MR & 2 ORI OV TS T 5,

2. EBMZE(C &% TiAl A& DR L ER

AT, BEHTIAIES Y- VEELTER
XN TW5 Ti-48A1-2Cr-2Nb &£ O KA HH L,
Arcam 8 O EBM # & (1Z LV E&10mm, £ 70
mm OAEM % & L 7z AIEM %54 5B, Fig.
21TRT K5 ICHEM ORI R &SRO 44 0
H0°, 45° (LI FZENZFN6=0"¥, 6=45%) Lt/ 5
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Building

direction Cylinder

direction

6=0" 6=45°

Fig. 2 Schematic drawing of cylindrical bars fabri-
cated by EBM21.22),

Fig. 3 TiAl cylindrical bar fabricated by EBM at 6=
0°; (a) external view and (b) longitudinal sec-
tional view.

£ D CAD %#3%it4 5 2 & T, MMM RO RO
B R R L /o, £/, EBM T, &
o7 Ot 25 A—=2ThHb, U—LABEV, U—
LB, AEEE v, EEY v Fh, BBEIdRE
DI AL HMEESE I 75 O I AR HI I O L 75 %,
KUFFE TS, mEEHZHEET L2001 &L T

(DA TEINABATIFNVF—FEEEICEHL T/
Y ARG A — 5 B RN B L S 72,

VI
E=hd

Fig. 3 IC AP CHER L 7o RE &M CTHEE L - 0=
0°MONBEE RO EE 2 /R4, BRI LU
ARHEBIC 2 0B MY, KBaZe Ei37e <, SHER
BEIFRZE £ 02mm DUF, HA#EIZ99% L ETh -
720 F7z, Table 11T L 7= UMY K & KA DAL
SRR T R T, EHOFIER T Cr KU Nb BEICK &7k
ERFFEOOLNTNLDOD, AlPERE N 2 at % FEEE K
PLTW5, Thit, Al OfEFRZASELOSE LR
ICHANTEW O THH, KELEHE, FFRLEHHE
DEFRIINE L, BRANOTKWRACH L, Fi
WL UCHFI SN TS 205, LD &
Mo, BolE /AT 2T A=A R ETH LIk,

(1)
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Table 1 Chemical composition (at%) of the raw pow-
der and the cylindrical bar fabricated by
EBMZl)ZZ).

Ti Al Cr Nb C 0O N

Powder Bal. 48.6 1.74 1.95 0.032 0.193 0.008
Cylindrical bar Bal. 46.3 1.72 2.10 0.049 0.215 0.020

(a) (b)

e

3 * B
rain‘region

% Edu?é;xe(g y.grains
/s {

Fig. 4 Microstructure of #=0° (a) and 6=45° (b). En-
larged images of duplex-like region (c¢) and y
band (d)2V.

ox . -
as/y,lamellar s

EBMEIC & » T2k TIAl G iE kv &L TE 5
C EDIRENT,

3. EBM A T:ER L7z TiAl &£ OMRHERY

Fig. 4(a) & (b) I LRt &M Uk St CTHEM L7z 0=
0°%f & 0=45"M OMMM L h Zhnd, WAEH
& BITHEI T NS L CHRE 7 SRz O B & HL kR D
B O bV FIREBAEFL TWSZ ER5 05,
Fig. 4(c) & () ITHHMIKL 2> © 75 5 FHIR &ML AR B 72 %
T DIEK G 7 TN ZIURT, AR 6 70 A ki,
0 75 lamellar k7 & y KL, R CHER SN TR D,
duplex f#% (duplex k) 7> TW\W%, THICKL
T, MARIOMEEE, FICEdHh y K CTRESN TV 5,
Fxld, COF@EyROFEEAY [y /XU F ] LFFATHL
BHe TNV FIRMELL, duplex fHEKOWE & y /N F
DOIExE R L /2 DOPEBE 90 um & —FK L THH, A
B AOMEIC LS FMREEFECHT ML T b, L2
L, KOFMICZOSMMAHREST S &, WEMORFKSE
TEER# 1 mm OFIIC TR SN W R L &
7% - 72o Fig. 512 0=0"# D& MO AR 2 =
T, M OR B2 O FEICHEG T, fully lamel-

lar, near lamellar, duplex, near y &k & MR ZE1E

LTCWASZ e hrb, CORKEBBICRONS TS
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Fig. 5 Microstructure of top part in §=0°.

T 3 VEBOBDOIER T, BALFRIC X 5 Bk
OEAL LR UIEFECELL TW5b (Fig. 1), COZ &
i, Rk O OB EIC K ARILE T A BLE X
N, BALEOREIZIN U 72 S EF IC TR S h 5
CEERREL TS,

IhGHMARBIZER R, S, EBM T TiAl 54
G L IZ BRI SN AR RO R IE
DTFoXo2IcE2BN S,

OFEFUE—LDBHIC k» T A TE, 2205
DOEGZBNZ J ) E FIC fully lamellar, near lamellar,
duplex, near y Mk (/"5 57— 3 Vi) SR
N5,

@90 um F- M KL EE <N, BTV —ADRSHHC
FVBEMBATE, LT STF— 5 VB
Bl 5, ChiICkVOTHEBRINET ST —
Ve V/ilE EEET S,

®@Z Dk, OTHERIN/IT FF— 3 Vl#BEON
THEHOIOum Z@ TOBEENE 7%\ oo,
duplex M#% & near y Mk R T 5,

@LU, CNOEPEDIEIN AT LT, duplex fHl
Ly NV EDPEIICHE NS N F IR SR X
ns,

COEDIT, NV FREBORBIL, wRhth) 5 OEE
BIIKESBEINS, TOD0D, HATLRILF—EE
LSRG, Rl O ORESHHAZELL, B
MM L Z(L 4 %, Fig. 6(a) & (b)ICHMEEEL D L8

F2%°/ Vol. 67 No. 4 20194104

Fig. 6 Effect of E on the microstructure of TiAl alloys
fabricated by EBM; (a) fabricated at high E
and (b) fabricated at low E.

Table 2 Tensile properties of =0 (a) and 6=45° (b)
at room temperature (RT) and 750°C2V.

o, (MPa) EL (%)
0=0° (RT) 605 0.7
6=45° (RT) 580 2.8
6=0° (750°C) 462 26.9
0=45° (750°C) 472 41.8

ANV F—EEE®KREL LHE NI LS
HEOMMBEET TN TRT, EAKEL LSS, &
At SIRE DAL E D ERICY 7 4470, £fh
ER O MM T % near lamellar 1% & 7= 5, —F, E
/NS LB EICRESMMERIC Y 7 F 4 570K
i DML T2 % near y A £EICHB S h 5, UL
DT Ehb, NV FREMEHE 5 TIAl 5403, BT
DOHEHDEHEMETOABEOLNDZ EN” G0 5, JIOR
Tiedhl, BRE&ELBUNGERT S LICE-T
NV RIS Tl <, #9—7% near lamellar ##%
75 near y fHf&E T, WA < MR A EIRT A C &
MTELEF 2%, ThiE, EBM A TIAl 54 0%
W20 Tidie <, MAEEAREIEIC L RO THEDTH S
LR T\ A,

4. EBMEATER L7 TiAl 5&05|5R 2D

Bl D & 512, duplex fHI & y /Ny R b7 53y
PRI FITER T aICH L CTREICER I NS, O
D7D, HEMORE R A WEi S 358, SV Rk
MR A RO L TR S /A C EARTTREE 7t 5,
Table 1 (2N FR#EAEH T 5 0=0"M & 6=45" D
Eii I KUT50CTO5 R L RS, 6=0"%, 6=
45°#F & IZFER TIE#9600 MPa & #5575 MIC Tl
RERISS (oy) R, THUL, &M OMBKIC A~
EBM Tl L 7z TiAl &40 Z NS IEH IS A 72 720
Thb, CHNICHLT, WU (EL) (&, KB H%E
TR Y . 0=0"MOFRMMOIL, #EH L RED 1%L
TTHAHDICHL T, 0=45"M1T 3% EL M %, CD
JRRL, Fig. 71274 X 5 1C duplex Ik L D & y /N
FOBHBEZMEL, BIELR T WD TH 5B, 0=45°
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6.0 "
Cr=315.5 |
S®
T 5.0
§§4.5
3 -Ded B
cB 35| ®.8.0.9.0.°
2830 Duplex y band ]
251 .

30 -20 10 O 10
Distance (um)
Fig. 7 Nanoindentation hardness distribution meas-

ured near the duplex-like region/y band
interface??.

20 30

FCiE, BRAHES y XV F R AMIS I &P AT
ISl 5728, AWM y /N FICEFRL, @Stk
LTwhEEz2BbN5H, —T7, T50°CTIERERIG T, fH#
CELICEB LIS LD, THIF, SR TIE
duplex Ik & y NV F OO ER P NS 0D
Tt EZ2 6N b,

RERLEM L, TIAlESOFRICHS VT, Bk
HEDO—DOTH 5, £DId, 0=45"MORTEN /%
BAREE-EME /NS v Ak, EBM kW CTHEER 728
FRE#EAEE TS TIAl G4 ET 52 L TEOFEA
A S HICIEK LGS Z LRl T b,

5. EBM ZTEF L 7- TiAl §& O

Fig. 8 IC iR CToOR i Lk -1, F¥EHK10
HZ) POEOLN/ 0=0"%, 0=45"M D5 FFar e %
o EIMACYE & IR, =R LNV FRERD
EL‘.[’] CHRSARAE L, 0=45"FH3 0=0"%1 L 0 L mE
a0, Eiz, 0=45"#13F, ERXEC KLz KRS &
A1 DB TTEME (Hot Isostatic Pressing, HIP)
B 7 L CTWis Wi LB 69, HIP AP % i L 7-
M & AR O\ R RE R T, 0=45"FDEN
TR TR, B\ EIRIEME ISR R 9 % 0% 97 2 2%
HEOBIMEIZEHHDTHD, £/, Fig. 9IT/RT 6=
0°#t (Fig. 9(a)) KU 60=45"%1 (Fig. 9(b)) ORIk
HxHET5 &, 0=0"M CIIEROZIPFEST LD
XL T, 0=45"MTIIRILAT & A & RY-BH70 0,
COTENnD, [LPREEICH L T4 ICALTI T 5 0
=458 TiL, $ T HOMERICTILS KT T HEI )
IWEEZOLNS,
CHICH LT, 750°CTid, 5IaRFrE & FERICHE 974
PELERIiEA S, Fig. 101777 L 5I1C750°CTD 6=
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700 [ : : -
E Cast (with HIP)

—a—0=0°
—O=—0=45°

(without HIP) ]
A ]

1 1
LR AT T ST AT R T
Cycles to failure (cycles)

Fig. 8 Stress amplitude-number of cycles to failure
curves of =0° and §=45" cyclically deformed
at RT, along with that of the cast alloys with
HIP treatment?®.

@mz@r@"

300 00 pm S

Fig. 9 Fracture surfaces of §=0° (a) and =45 (b)
cyclically deformed at RT??.

700

)
[¢2]
o
o
1

500 F

400 F

30F A
- Cast (with HIP)

200 |

Stress amplitude (MPa

100 |

, (without HIP) &

3 : , :
10" 10 10° 10 10° 10®° 10
Cycles to failure (cycles)

Fig. 10 Stress amplitude-number of cycles to failure
curves of 6=0° and 8=45° cyclically deformed
at 750°C, along with that of the cast alloys
with HIP treatment??.

0°F & 0=45"M O HFH iR IIEL S5, CORK
(3, GIRFEE L RER, RIGHEOIRATH % duplex FHiK
Ly NV FONFRUDER D NE I B2 eE 2
bNhb, £/, 0=0"%, 0=45"% & LITEIETT - (K5
T3l LIS - REGFaUORICER A H 5
CERNVEREBEE T 5E5ORE Th D BKRE
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Fig. 11 Fracture surfaces of 6=0" (a), (¢) and 6=45"
(b), (d) cyclically deformed at 750°C22),

W @R - ARFE Y F A il ClY, HIP B % i L 7o 85
WM AN THEEPICES W EPREZRT, i, &
BT, MAEMELICEVEEE R 70, Ky EA
RAENBIEL/2Z LTkt 5 EE 2005, —H, K
IS - BRESFG AT, HIP AP % i L 785554 &
[FAREFE DI TTHRIE & T - Too T ORFONE 57 1 1 % 1259
% &NV FREMOEL NIRRT X TORE T
fLE y v FoX R sFEO b n/e (Fig. 1), 2O
TEnb, KIS - REGFHGUTIE, [IALBITy N
VEDPEFEHUOREL OV R L TS EE
Zbhs,

EBM #! Ti-6A1-4V &4 Ni KB & 474 £ T,
HIP ALER % fils U 7= S dF LS M & R B DI 57 R
w85 7= HIP WB LA R T 5Ho —F7, 0=45"%F
13, &M E £ T HIP B A Jiti L /- 85554 & FRE O
BEN/CER - SRR AR, T, BRIV
FARALRR DS B Ol BIC B TH A T & & WIS
RLTW5, 7xd, ABgECid, EBM H# TiAl 441
BT HIPAUE AT & TS OISR M -
T5HIEHMERL TWBD,

6. %

AgECid, EBM % H\ T Ti-48A1-2Cr-2Nb &
SHhELTHT LICED, EBMEfFFAO 7ot ATk
L TR/ IR L, e TEN/Z513R
e, RSB ON A LR LI L /2, TiAl
GEOMMMERIT, FEERICHmIKFESHT L0,
R AZEZ B LT Rx L Md# A B o h,
TIAl 58O NFFeME%E S G5 & A S aTREME NS
VW, ST, pHEAETIAIGRFICLERL, EBM

il
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(EFHEAN 1 JST) 1Tk TEMI N, IHIT, B
FATIC M7= - T, K¥ke4d o Tiangi Liu K, MEE K
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2 £ X |
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W, FRVORICER L, FicF 2 VBERFEECEML Lo L4508
FOMBN LD, FTICF X VI LOMME RO T SHETN L %\,

T2 UM, MZEEST R T IV T Ny FEWETIE, &< OFEBEYHTAHIC
LEROOT, HIMTHTHHE VDA A—UPWRML, EHICEK T 554 %
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ZOMEHO—D1L, F2VOWEMMUOEE L&D SR % 720, ROk
WLAT VUV AMMERUSEHTIMLIL TLHL TERWI LIChHEEDN
bHo COMELHERICERL T EB/MELS, LhkhrBhTH b, Lr
L, COFEx @RS FICHEBICM T 2RO TLRKT L L L5,

ZITARETH, FAVMLICHZICBAINA T AZHHIC, FIHEAED
WOLFED, ETHICANTE2RTNE RO VWERELY —~H Th2r 55D, BH5N AT A ERWTRSL D
PORTMENTHI L E LT T TE, Ho TE2RFNERSLAVWEEAEDICHT, Lard, HEE
ICHTR TS KDL 72,
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FEila\ds
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