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Environment-assisted fatigue crack propagation behavior of Ti64 alloy
fabricated by direct energy deposition (DED) process
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Fig 1. The photo of DED Ti64 blocks with schematic illustration of (a) tensile and (b) FCP specimens

prepared from each block.



Table 1. The tensile properties of as—built and p—annealed DED Ti64 specimen.

Yield Tensile Tensile
. Heat )
Specimen treatment strength strength elongation
(MPa) (MPa) (%)
) As—built 938 1,027 7.9
DED Ti64
B-anneal 935 998 8.9
fA 2 EAF E42 2, HotAYg S0 &37|2 &M 28 32 1dot0, Alggey 2
B0 OE 2 S4°2 M4 B E Ot o 2=, 89 Mg 2 OzaEd&0 A"
HotE MLt 222 AlE2 potentiostat(2 & & : Ametek Versa Stat |1 )& HIE A6t A 20 M
1 mV/secQ AM 2T Z Eoon, Epit & lecors LI FIoH 3.5% NaCl XA as-built & B-annealed
DED Ti64 AIEHOl OHoll XE= AEZ2 =&ML ASTM G5 #&HZ2 21HGIH, 2 2AH0U ol 2%
3= AES A, A AES 22 AN S HHIE ARG 7V %2 MIE 302

EAF S42 SHUSAMEIN(2LH: Instron 8801) % potentiostat(Z&H: WPG 100)&HIZ
0| BotA 20, as—built ¥ B-annealed DED Ti64 AIEHE Il L Ecor + 0.05 Vgeell Y= &M<
o10lot= 3.5% NaCl E#ZUHAS HZZAI A2 Soll HOLRMCH £ ASTM E647 RAES
Ol Holl GH=HI(R ratio) 0.1, 10HzS FIb==2l Atel =& (sine-curve) EEIZ St&S ClJtotd,
DCPD(direct current potential drop)S 0I26t01 II2R L9 202 =Faict'™®. 1z 2=
L2280 AME2 AMAES LIEFUCH

Reservoir

W.E.: working electrode

C.E.: counter electrode
R.E.: reference electrode

Potentiostat

Fig 2. The photos of FCP testing system in an aqueous environment under controlled potential.
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Fig 3. The microstructure of DED Ti64 alloy in its (a) as-built and (b) B—annealed condition. The
histograms for width of « platelet of (c) as—built, (d) B-annealed DED Ti64 alloy, is also included.
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Fig 4. The potentiodynamic polarization curves of as—built and B—annealed DED Ti64 alloys in 3.5% NaCl
solution at 25°C. For comparison, that of p—annealed CM Ti64 alloy is also included.
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Fig 5. The SEM micrographs of as—built DED Ti64 specimen after potentiodynamic test in 3.5% NaCl
solution.
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Fig 5. The da/dN-AK curves of (a) as—built and (b) p—annealed DED Ti64 alloys, FCP-tested in air and
3.5% NaCl solution at an R ratio of 0.1 and a frequency of 10 Hz. For comparison, those of -

annealed CM Ti64 specimen.
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XX A Tie4 B20AM AENoZ o ICD OFN BaggCtiY Ayz  2a
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Crack propagation direction s

(a) (b)

Fig 8. The crack paths and fractographs documented by SEM for the FCP-tested (a) as—built DED Ti64
specimen and (b) p—annealed CM Ti64 specimen.

08 72 Lagd8M AIE £ (a) as-built £ (b) B-annealed DED Ti64 A2l 2F 40MPaym
=2 AK S9N 2FEs O1H AXOICH. & DED Tie4 AES| byl XH0IJF ASUHE =2 +0t1,
L2 AI AIES X O HSS SAIGHA LIEFSGCH 8 Dbz 2&§ 018 S DED Tie4
ANEU ol =2 AK SA0AN BZ 2E5 = SR (striation) 2 BHECH £8F O 82 as-
built DED Ti64 AEHSl OZRE HHZS EBSD =4g ez, 4 Z=It pZEEE ZAHN OE
&0l 0/0les d= &€ = RUCH



Crack propagation direction s
(b)

(a)
Fig 7. The SEM fractographs of (a) as—built, (b) pB—annealed DED Ti64 specimens, documented in high

AK regime of approximately 40 MPavm, where the high—magnification SEM fractographs in the inserts

show fine striations.

( :I;!Ck ;:ru‘pug.:m:n'duccuun p—
Fig 8. The EBSD cross—sectional views of as—built DED Ti64 specimen, FCP-tested and documented at

grain boundaries and (b) high—-magnification in the vicinity of B grain

(a) low—magnification showing

boundaries.



CtAI 08 58 2% Ecor + 0.1 Vscell 23 HRIJF QIIE= 3.5% NaCl EHUUHAM ==&
AEHMIA 2 (a) as-built & (b) B-annealed DED Ti64 AIE2 HZaIHMIHN st MEH0l Z1

St AK SE0HA oEol ZaMSE 280l 20=0. L2280 =32 UFE=2 &2 AK
AAUMA AHIED 20 2E0l 46K 2= A 2H AK gHAKwE2 %io ITESrag=-FSNTL,
Negtds Eotote IJtE S8t HE=0IL. 2 & Ibl A0 CHBE AKy gt =S W0 et
Kc 22 25 £& 350 U8 M2 =0, dSHIEE da/dN2 0l S gt AH0I2 JISD101 2l ol

Z8EM, 0|18 &F Paris' slopelletl SHCH H 2= EHDI 2 3.5% NaClOlM as-built ¥ B-
annealed DED Ti64 A2l AKy gtdt Paris' slopeES LIEFCEH AKy 242 ZAES as-built & B-
annealed DED Ti64 AIHEHO| CHoH 212 23% &L 20% 20, Ol= DED Tie4 &30l &30l sFUH A
EAFCP(environment—assist fatigue crack propagation) HS0l FA&sS & 4= QUL

CHOI2t 3.5% NaCl EHU A DED Tie4 AlB Z2EAIU=SE X0l= da/dNOl SIOHEHHl el &
S0l 24501 &0l AKIE SOtetol et SAIE &= QUCH DED Tied AIEHSl == It 0l CH
Kmax 842 Paris' slope®t 20| 430l tF0 st &2 X Z=Ch Oetd O 5(a)2k 5(b)2
Hl1l= B-annealing0l DED Ti64 AlE 2| EAFCPOI CHSH CI2Z& 0 H&E2 OIXIX LSS LIEIHC
230l S0 A DED Ti64 AE2l EAFCP J{S2 Oldliol)| fdl D22 EXI AIE@S X
AEHO Teo o 24 %EE A0, O8 9= Il & 3.5% NaCl SHUA HzzadZH It
ANEE NHE 2 02 22 FZ ARSI (a) as-built DED Ti64 Al® L (b) p—annealed CM Ti64
AMEZ UEYCH B-annealingdt &M ZOtst OIMZ20 2ol SHIHIIHO| SJlotd Z2ue=z
SEIIEAH0 O 2 72 HE2 UEHLICH Oetd 28 90 =XCes Iz &40 EHSDI
2o W22 XUl st Metdol Soret & QUCH

Table 2. The AKw values and Paris’ slopes for as—built and B—annealed DED Ti64 specimens in air and 3.5%
NaCl solution.

et Test condition B Paris’ slope ASUEen i
treatment (MPaym) P AKin (%)
Air 3.5 3.0 -
As—built 3.5% NaCl/ » 7 o e »q
Ecorr+o.o5 \/SCE ’ .
Air 6.0 3.6 -
p-anneal 3.5% NaCl/ Lo a0 20
Ecorr+0-05 VSCE ' '
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Fig 9. The crack paths of (a) as-built DED Ti64 specimen and (b) B-annealed CM Ti64

magnification optical micrographs.
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HHE EEs HIH A0l as—built AEH0 HIGH B—anneal &EHOIA 20l 2tF & Ch.

o olto OIME=AE 2= Tied 832 B2, 3.5% NaCl EXHOl RA2 F& g2 HEBEC=z
ZA0tD o L BA AHOIY ZAHE Mt d&ote 72 HdHUM 22 =3Hblunting)E |EE =+
UCH 08 102 (a) I &L (b) 3.5% NaCl EXHUHAN H=Z2FSHI A = as-built DED Ti64
g3 #Z Z2E BE0F= LHiE FAMANS0IE AMEES LEHHCH T2l 24 IxE (G HEZ
HADNIF 22 F2E WMet LAZJUSH, 0l O 52 AL AE = AIEHN ZAE 240t
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Fig 10. The SEM micrographs showing the crack path of FCP-tested DED Ti64 alloys in (a) air and (b)

3.5% NaCl solution.
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DED Ti64 AlE2l EA 2 Y= MR QL= 3.5% NaCl EUUHA Lzt

F | &
ANES &5t ZAtSt 220, s 22 2201 =&AL

1. & ol pA AMOIC] HEH HA2 3.5% NaCl SHHA SA0 s 2&FC X2
MEEIUCH, Ol & JIAHUAN L& T8 FMNS HEE == U2MH, as-built Z B-
aneealed DED Ti64 &322 24 SEH2 | AMGHC

2. 2 93F0AM= DED(direct energy deposition) 2&ASZ HM=X= Tie4 &22 3.5% NaCl
SEAM LDZ2IEMIO HSS as—built & B-annealed DED Ti64 &322 EAF A==
DECIULE dZSHEODEE = Z 0 as-built & B-anneal &EH 2F Z30l2 B UM EAF
OIZEE LEIHASD, SHMelol et 22Eo Hales X (e H2g EHEC,

3. &z ¢ OH 2F Zu, 2Z Hdco SESHUAHSEALKIE ZaAde 2322 2
I G0l SFE0A ROoNeE As ZEHOIRH, 0l2fs &2 & FAHUAN LMols
Ig EEje =240 2EH0 Us A2 AM=E0. 2 AR AME DED(direct energy
deposition) 8822 M=ZE Ti64 22 3.5% NaCl SZ0M LI22Z &I HSS as-built
2 B-annealed DED Ti64 &322 EAF HsS2 1NEOIULH. 2EAUEE =& 2 as-built &
B-anneal AH 2F Z30I2 SHANA EAF UZETE UEIUHU2T, X0 Tet UZE2
Bgle IXN L= Aoz moEG, d: 2 omH z2E 2, 2g d
SEEUHSEA(AKIE 2AAIeE 2E9 2I| I 302 UM Rotklse s
ZHEGIRACOH, OlHst BE2 A ZAHUA LAst=s TIE EEHe 2A) 20 Ys He=2
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