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Ti-6A1-4Nb-4Zr (mass%) was prepared by selective laser melting (SLM) under various conditions, and the microstructure evolution
resulting from SLM processing and subsequent heat treatments was investigated. The effects of the unique SLM-induced microstructure on the
high-temperature compressive strength and creep properties of the samples were then elucidated. Under rapid cooling conditions, the martensitic
structure formed in a scale-like pattern, with a 100 um in size, consistent with the laser scanning pattern. By contrast, under slow cooling
conditions, the o/} lamellar structure formed in p grains with a 300 um grain size instead of in a scale-like pattern. The martensitic structure
drastically changed to a Widmanstitten structure during heat treatment. The equiaxed o phase also formed at the interface of the scale-like
patterns. By contrast, the o/p lamellar structure did not exhibit a change in response to heat treatment. The compressive strength of the SLM
samples was governed by the martensite a size and the grain size, both of which depended on the cooling rate. The dominant creep deformation
mechanism at 600C and under a loading stress of 137 MPa was grain boundary sliding. The creep life depended on the grain size. The HIP
treatment improved the creep life because it eliminated pores introduced by the SLM process. [doi:10.2320/jinstmet.JC202402]
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1. #

Jill]

i JeE 3 2 12 (Additive Manufacturing: AM) i, & Z & ORI
W&o T3 WM R 2 s L, SHMEIC X B L
SIS L 2 BB X > TEEME 2SS 2 T#ETH
501, 2], ByRIRSBRR e LT, EIRW L — — &Rl
(Selective laser melting, SLM) & & F ¥ — A ¥ #ill (Electron
beam melting, EBM) & \» 9 2 DO EE LRSI ESEH S
NT&72[2]. SLM & EBM DEWVIZEJET, SLM IZIE L —
F—2%, EBMICIRETFE—2HESND. BEEks%
20D KFETH L TH S, SLM O A B -~
EBM OBy K 131k % A 12\ <, 9 500-800C TH % [3].
EBM Tl&, ¥ Y N—%ZTHT 5 LITX o THRIRED
b, b1, SLIMTHHSNA L —HF— LKL TE
T —20EBEFELZANVFEF =DV E VD, EBM OHH
AP SLM O HIHEE L ) B W[3].

i Ti A4, BSIRTCTOWMRELSE L, WEEICEN
TWhd, METHHEO I TVt — - T4 A7%T
L—FIMHENRTwBE4]. L L, Tia&IZBzEmE)
Bwzo, I TR TEMicd s[5 =7 4% v b
YA 7TEETNE, BMNTEEVEICR S0, AM
KEa=2742y P2 A THREFTI GEICHEHINTWS
[2,6] BLHIELMHHENTWALEHTI &4 TH D Ti-6Al-
AVIZH LT, AMIMLTICE T 28E <O Thh T
7. Ti-6A1-4V & hep-o & bee-p A2 HHEK S L Twv 5[4,
51 —#ic, AM B oML, %o p S oMERE
Lo TREENAEIVT VA FallTHDE. vV T U4
A FBEASE SN D H L9 2, HHBEICKET 5. &
FHED 410C s X Y R&E L, <7 o5 A4 MRS
B E NG, HHHEEA 20C s~ X /ST, BIRD «
PR S B7].

Ti GO FREITHMRIC KR S NS 720, AM-Ti-6Al-
4V OEIRIIBUT Z LN ERE 2 WET 5720 DMEN LI
fibhT&7z(1,2]. —F, ZHRTONFEFEICHES, &R
TOIFIFEICET22EE F 2RO T 5.

SIM TER L7z~ VT 34 MifkZ AT 5 Ti-6A1-4V O
7 ) — FHFEIZDWT, 450-900C O EH A TR S 7z
[8,9]. 600CZMA HIMETH ) — TR B, ~ VT v
A MR DT 4 N vy a7y 7 YRERICHRRZE L 238l
BExN/(8]. Tz, wIVTF UV 4 MHKEE DO SLM H &,
NA = F VRIS L SRR Z OB EN 0 2 ) — T
frix, ARETH LI EWbho7209]. 7)) — TERAER
i, IR TEERM 7 ) =7 THh o7z, BT ) —
TN EEALL 72[9].

Ti-6Al-4V O 7 V) — THPECx 3 2 BULBE O B D e &
nTwalio, 11]. 740CL10]F 7213 1040C [11]TEMLILT 2
&, VT YA MEADPHIKRILL, Y4 v aTy TV
MRS T 2 Bl s . 7 ) — 7B, 500C
(10, 111, 600C[10], B XU 650CL10]TERE N, 7V —F
B (SLM M TIE Y 4 Fx v va sy 5 Ui, ol
McidsEdh o HE N4 =5 VLR OISR R <, KED
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B A (T b b a ) ICL o THIE S B L HEHOT S
n7z[10l. 2o X512, whz ) —7HE L ARSI O BR
I, BEME SLIMMOMTHEEM LW/ LaL, #ul
L7z o2 ) —70FAiE, BEEETIIORBN LD
LHMIIZNENT L bhoz[11]. S T IH &8
R D 7 ) — TEHRERIE, ThERRTRY L fEf3
N EPuE sz

INFTOMETIE, 7)) —-TEEERBELZHARL 2012
Bea e 7 ) = 75RUEPHVONTE LA, AR T
SR BB LI 1 D L BRI N T hdo Tz T,
T4, Mk DEFREOBRIEW S PIcShTuin,
Z ORI T, TiG&oORESRN, Mk EiR T
DOMBREILNITT L2012, Fie bl - BILBLEMAET T
DHAEEAL % T 72, SLM O HIHEEE (X EBM O % HIH# B X
DLWz, 2], SLM ML Tl o B D B 12 21
THLIENTFHENDL., FO720, KWIFETIE, SLM % Hw
THMEZ RIBICAL S 8512, Basilikz AT 5K
BOBRIRE & 7 ) — T E PR, SLM F& 8 412 B
LRk L NSO W TR L 7.

ARWFETIE, TTIRELIMESN TV S Ti-6A1-4V Db
DI, Ti-6Al1-4Nb-4Zr(mass%) % #INL 7z, KL D7V —F
X, 600C % 2 % I COMELEZ LS 572012,
Ti-6A1-4V[12-16] & [ B D near-a 4412 Nb & Zr Z ML,
Ti-6A1-4Nb-4Zr % B8 L 72. Ti-6Al-4Nb-4Zr O EH o ik
AL L BRI O W TIE, TTICREShTWwB[12-
16]. =2 °C, AWETIE, Ti-6A1-4Nb-4Zr ® SLM #} & i
MoOMBEDENEHS2ITL, EiRIFEFEICRITTHED
REZHO ML
2. £ B A &

SLM (213, “F¥K£E 30um O Ti-6Al-4Nb-4Zr (mass %) &
SRS = F A 2 FH L. SRV -V —ERY 2
7 4 (EOSINT M290, EOS #:#) % T, 14 x 14 x 50 mm®
DR ZER L2, Yo 7 74 N — L —F—GEREE :
1030-1070nm) Z i\ 7z, L —H—iF, 90° [Alfn & & T, %E
WL CY T INCER L. 2, AR oBLER
72, Fx U= Ar T AFHEA L L7z, Table 1 1R
4DOD5% 5 SIM 4 (A-D) 2 i L 7.

Table 1 SLM processing conditions.
Scan
Laser Hatch Layer
Condition speed
power spacing thickness
set v (mm
P (W) d (mm) 1y t (um)
s
A 300 0.1 1000
B 1200
60
C 1400
D 360 0.03 1200
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350 H & &
J@IEE 60 pum (2R E L7z, St A, & B, & C T3,
L—H—Mh&ny FHFELZZNEN300W & 0.1 mm (Z[H
L, EREMEE 1000-1400 mm-s~' OHPHTLEL S 7.
BEWEMEE R 1, VAR G &AM L IARAE T H[17]
R LT
G ot
L—¥F—WHMhIP—Z0Ws, L—F—okhdEs LiFsL
BERE B & BV BEASHIM L, W HEEE AN 5 [17]. &R
L L BRI T 2 MBI L T 5720, EMEZREE
WEXFHHTLZ G TERVY, X105, HHHEER
EADPDLEECANEMT 5. & D oA EEIX
1200mm-s~! TH Y, LB LEFEALTHA. LLrLEMEDOD
L—H—Whi, £%B LY dEmy. —EOEAHRETT
V== 8nds L, #ARSKTT 5720, (1)
POGHBEER/NEL 2D, DFD, D TOHHBE
i, B TORHMEELY /ML %D,
L—HF =D A NVF—%E EJ-mm™>)i1x, X(2)FHANT
L 72(18]:

(1)

(2)

zzTePW L —H%—iJ, vimm-s™") ZEAENE, J
(mm) 1ZNy FRHBE, (mm) BESTH 5. FLMI260in
THIANT—HEOFHEME Table 2 IRT. kd T AL
F—BENEDP o 72DREMND THotz. TARVF—EEN
BWIEEMBAIRELRD, XD RELHERLIIER S NS
7o, S D TRBAOEENIKEL LD, A F#4B,
Gtk CICHARTHAREIEL 2D L EZON L.

SLM #% 650C T3h BJLHE L, REBISHEZRELE
228 Lz, I BRFTMBI A, STIR1901C % & » 72, Bl
P X BHBEAZRANL 20, B %2 o+ pAHIET 950C,
2h OBILBLE T - 7214, KE L7z, SILM B3 Lid Lid&AL
i/, [ILZBRET 5720 KE 7 L A (HIP)
ZH L72[20]. SLM 4 @ HIP ALFLIE, Ar A A FPHA T,
954C, 103MPa T 2h 47V, HEZFHNTHHEIL 72, 650C
THALH L 72308 2 5 0 B A, I8 R LB 950
THEHATE L 72508 &2 BUL P, HIP LPE % fE L 72 508 %2 HIP
ALERAS & I 5.

SIM 7Ht ALk o TEASINZRILEZHET 5720,
BEIMLEEZH VT, SLM F 4, BRI, ZLsl
¥, BXOHIP LIS ol x 10mm?> OB 0 H L
72, X L CT 218 (SMX-160CT-SV3, R EEERN) 2 v
TRALFEZWE L7, 3RILT =51, Birv b =7
(VG Studio, Volume Graphics) & iV THAER L, KSLEZ

Table 2 Calculated energy density.

Condition set E (J-mm ?3)
A 50
B 42
C 36
D 160

2

£ k(2024 % 88 &
E L7z

SLM # & DI D /-0, HEM DER L 72, [.1kg D Ti-
6Al-4Nb-4Zr 4 ¥ Ty M, KI5 DX G AL T L
oo T4 Ty baRBEL, o+ p A 900C TIHIEL %
T, 143mm OAFEZER L7z BOUEREIE, o+ p =AM
WTH 5 950CIZ3n fREFL, L7z

SLM F 4, ILJIBRELIES, BLFEA, HIP LPEAS, B
X OB DML Z, BB B A 7 T B8R (FE-SEM
H A7 JSM-7200F) & & 7% 5 #iEL a3t (EBSD) B & F =
AV F — 5 HH X Aot (EDS) 2 B L, N E T
20kV THILZ L7, MERBIEH ORI IRICH AR, B
BERE, KA Oum, 6um, 1lpym DF A4 ¥ EY FR—Z b, Si0,
T L 72,

TR R R B 72, Tk (AG-X, #0051k
Bi) & T, SLM £ F 4, oI BRE BN, B0 B,
HIP #f, B L OEEM OIEMABE T 572, O F AHEIZ
3.0x 107471 C, I ERS S 600C ¥ TELS . E
MBI, 25%x25x5.5mm® OB A AE LA, §lE
7)) — 7iERE, BULBEA, HIP A, B X OEEM IO
W, K&, 600C, 137MPa O FAMTILJI CHKMI+ 5 £ T
FER L7z, MIE) =7 A=Y EHCTHIEL, BRI
ARBRICHLY ) 72 R BB 2 v Cflle L. 2 —7
KERF O =81 3mm, =Y EIE13.5mm Th o 72,
BERF Oy =V 6mm, F— Y EIE30mm THo 7.

3. MR EFE
31 184

3.1.1 SLM % M D#BEKE

VRS L 72308 0 35T J5 TR 53 % 7K P Wi T 45 & OF 38 8 I T
DH%IIELE TR % ZNEN Fig. 1 B L P Fig. 2 1IRT. 4
A, BB, SffC THERLZAMOKMEERETIE, HP
KD S A ZHRNY — U HBIgEE 7z (Fig. 1(A)-1, Fig. 1(B)-
I, Fig. 1(C)-1). TNHEDH)AHIKIY —rDRE S,
Ny FHEBEE =L, #100um TH o7z, 9 A IR —
i, BREANOEEN R L — = IRE T TEEK S 15 EEi
OFRIZHHET B 2 ekl AshTwa21]. BT 5H
5 a8 HM#% (Fig. 1(A)-2, Fig. 1(B)-2, Fig. 1(C)-2) Ti¥, &A%
FRICLIT LRI ENE VT U3 A4 MRS BIZ S 7.
LaL, §D TIER LR TIE, 55 ZIROBRIBIE
ENT, H B RAEIEH 300pum TdH - 72 (Fig. 1(D)-1). T 7=,
WHEE DN 720, RN W o M (B & #w
BAH (FTVAH) 2 B 7 & R ARALAE AYBIEE S 7z (Fig. 1(D)-2).

T 7 S T 2 Wi T o ML AL T, Fig. 2(A)-1, Fig. 2
(B)-1, Fig. 2(0O)-11IRT&LHIZ, HATRDY — 2T
%, AMBTRLZETIROE g S sBlgRshz &
DT ORI, V=% =y FOMBIZHYL T 58 100um
Thol. TNOLOBIEHEIE, ~ 7 0ilikd Ry —
YIZHIELTWAZ EERLTWS. &M-D Tk, KTIRo
MBI S N o7z, Ny FRIBIVNS Wz, HRlH
WoELRY), GHEEIMIUTLZLEZONS. 20k, &
R IERE IR 2 L, p A 300um T THEL 72,
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SMEB LMD THERLARME, LV —EEEEE M, RIBR BB 050C THME L 2 BRI, B X O
LW, FMEDTIE, £MFB LY L—F—HIrEL, HIP LA DML % Fig. 31”3, SLM F FH 0 & ik
Ny FHIREAS/NE W, LB 4D OB EHWT, B L T (Fig. 1(A)-2, Fig. 1(D)-2), &M B &5 D ok
JLPE & HIP ALPLASHIAR IS KAT TR B2 AT, IRl M i, Mo ZbIEBgE S k) - 72 (Fig. 3(a), Fig. 3

(A)-2

Fig. 1 Backscattered electron images of the side plane of the SLM Fig. 2 Backscattered electron images of the vertical cross-sections of
samples fabricated under condition sets A to D; 1 and 2 indicate low- the SLM samples fabricated under condition sets A to D; 1 and 2
and high-magnification images, respectively. indicate low- and high-magnification images, respectively.

(a)

Fig. 3 Backscattered electron images of SLM samples fabricated under (a)-(c) condition set B and (d)-(f) condition set D. The specimens shown in
(a) and (d) were heat treated at 650°C for 3h followed by air cooling (strain-removal heat treatment). The specimens shown in (b) and (e) were heat
treated at 950°C for 2h followed by water quenching after the strain-removal heat treatment. The specimens shown in (c) and (f) were HIPed at 950C
under 103 MPa for 2 h after they were prepared by SLM.
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(d). EHI12950CT2hDEMILL, KHT5E, 5B
TR L 723 oMkl R & < &ML L 72 (Fig. 3(b). < VT
YA MHRRIENE L, oMl pAAHASHRAL L TR E 22 D,
WAEZT 4 K v vaTy T vk o7z, 95 2o
¥ — VB OMMkE Fig. 4 ITRT. 9 AIIRNY — OB
ZIH->T, H10um DK E S OEH a P ENT VS,
5D TR L 7230R Uk, IR BRZLERA B X U BUL IR
DOHEIZK E R ZIZR SN2 Do 7288, Fig. 3(e) ITRT &
I, 950C DEMILFEIC o M B L U B AHDIEAR D DT AU
JEL o7z, F72, EDS # W CTH oML % & L 7225,
SLM F M OAFAE & ik LT, ISR B X O
HACWRE 2R 23RO SN b oz, 5 B TEE L 2R
@ HIP L%, Fig. 3(c) IR X HI, a4 Fvria
7 v 7 VRERMNIC 10um AFNLLEO K E S O % o M2
BEN LAL, 5D CrEEL 28 o HIP ELTAIZ
i, o HIZTER S NS, o oMK B SN
7z (Fig. 3(f)).

o FIZ S T RV F— 238w 15° DL o iz, kR T
FMAE AR T BN A D B 72012, il o« MK T 5 &
W ENTWB21,22]. ) ARy — 0 OBERIE, wAE
DHE RIS L, Fila iz, 595y -V O5R
THEEWICEE SN D 21]. S5l o HATE M EOSR CEg
ISR EN 2D THIVE, &M L7z pROKHLHMIET v
FATHY, pRIEIEHMAEORAEZERT L7200, £MHDT
TS NTZRBHI BV T H EH o T SN D IETTH 5.

il o ORI, SLM HITHE A SN 7206 235k
WKOFAEELSE, S aHOBERIZOLBHIETY
BHTE S, SEMIC o E pAHOSEAHZIER T 512130

Fig. 4 Backscattered electron images of samples prepared by SLM
under condition set B, subjected to the strain-removal heat treatment at
650 for 3h followed by air cooling, and then heat treated at 950C
for 2h: (a) low magnification and (b) high magnification.

HA &R % &

#(2024) % 88 &
LWEBESLETHL L Z L MONTwERY, g
ASNZOT AP a e pHOFRMEZFRTL-0TH S
[5]. SLM ¥ T4, IGTIBRZLEA, B X OBLIM O KW
03 A% EBSD # W T L7, Fig. 5%, B¥OTAE
F 3 A — & VI J AL 2 (Kernel Average Misorientation,
KAM) D554 % 739, 44F B TR L 72580k Cid, SLM F F
M EIB T B E LI O KAM O 4543 E R o> Twiz, —%
BILIH O KAM D541, FRRE A & I T Br 2L B A o
KAM O3 Ai L L T, X DR~ 7 b LTwiz,
IS ORI, SLM IZ & o THEHASNZEBE O FADIEH
PR E S DAL, 950CoBMEBICHRELEShizZ L 7w
RLTWS., Lo T, &4 B THERLARABIIBIT L%
i o O IE, SIM FIEA S NZERAOTAICL S D
DOTHY, BEOTAILIS0CHOBMBAPIZHEE SN

S B TUELL 72 30RHC HIP LB 2 Jl§ &, i o MY
% & 7z (Fig. 3(c)). SLM F F # % 2L BLIE FE (950C ) 123
V 954C CIEHE HIP LI L 7272, SLM HITEA S N72EHA
12 & o TE o DA L 72
3.1.2 $BEM OHER

SLM H DMk & i 5 720, $BEH oMMk D Bt L 7.
950C T 3h DEMIRES, 2235 &, 5l o AH & SRR D
o/ B REIRIERE 22 & 7 B WG 7 8N £ E— FOVHEE B S
72 (Fig. 6(a)). RAEIEH 10pm, S5l o Mo RS, &
45% TdHh o 72, $EEM TIE, SLM M L) HREI/NE D5
7o, N o ORI, BV IC B0 B T 31
IR ENTWwW, LA L, SLM M ORFIE, SLM 512

o THBE SN AEmA S 0&RE 7T 2RI 5,
BULIRE A 980C £ T LA S ¥ 5 &, ALK 800 um

Fig. 6 Backscattered electron images of the samples forged and
rolled at 900C and then heat treated at (a) 950C for 3h and (b)
9807 for 3h, followed by air cooling.

(a) 04 ] — 8 built (b% L ‘ — as built
— v "“ == 650°C3hA.C. o Py =-=-650°C3hAC
Z 03k H ! ---- 650 °C 3h A.C. +950 “C 2h W.Q. Z ‘f -=-=--650°C3hA.C.,+950 °*C 2h W.Q.
- g
§ ; 8
& o2 ! &
2| 2
§ 017 5
Zz h Z,
0.0 L i L 1 L
00 02 04 06 08 10 12 14 00 02 04 06 08 1.0 1.2 1.4

Karnel average misorientation, 8 /°

Karnel average misorientation, & /°

Fig. 5 Residual strain of samples fabricated under SLM condition sets (a) B and (b) D.
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TEWITHR L (Fig. 6(b)), # b NI 7 o/p g IR &
WK S 7z, Z OMRZ LI, B-transus i & 2% 950-980TC
THoHITLERLTWVDS,

32 TERE&EMHICEASIh BT

HALIE, V=YX 2 T ANV F—EFEMRVIGEIC
WP TCRo720), ZANF—BENIBRICE D ER
MWOFRNITEIEN 2% LT AN EZAETNTZDT L5720
12, SLM HIZAEL D Z &M TwA([18, 23], AfLiZEk
BONEFIHET 5720, X CT#HWTEMNB B &
D5 F D TR L 72308 0 KALF % # <72 (Table 3). &g
WM DL LTI 0.1-02% TH o 7. D THREL S
BoWE, [RILBIZIS I BRIE & BUHIZ X > TR L
7. L2 L, &M B CEEL 2RI T 5 950C o s
ORMBRIARHTH - 72, WEBITIC X > TRILOEFERIZE
fbL7zdo &M SN D, G D TERL RO RS
5, BB RILEEZKTSEC2WN0H 5 2 LAURE SR
oo F72 M B SN D TER LMK LT, HIP AL
HUIH S PR ALBR R ICE R TH - 72

33 EREEE

SLM ¥ FH# ?® 0.2%1it ) % Fig. 71289, kb EHHEED
FNG C TER L 230RHE, oSt TR LB LY
LREWVIREZIR L72. 02%M 1%, &tk Ch b5 AN
WHEEMET 3T 520N TR T L, 5D CTE#RLZRE
DFREE, SLMM O TR K> 72, HEOE WO ERIE
20HhBLEZOLNL. 1DHIE ZFfFA F£#B, F#C
TR L 2R OREA 100um TH Y, & D THERL A
REORED 300um £ D H/NE VT 0D, BENEHV
Ehbhb, 220HIE, FMHA LB &M CTHEELE
ARt oMK, LMD THERLARBOM LY MM TH
B, A, FMEB, &fECTHEHELARETE, v V7Y
P A MO R OB & 2P T2, — IS,
AR TR B A W 2 WIS 5. LA L, 4D TR
L7z Cid, IR STER S h, Mg 25 2 &1
L0, EALESHEOLEIH L.

Fig. 712, /N4 E— F VK & g IRRLER % 55 0 S b o 5k
JERIRT. SEM OB, BEEEM I SR/ B
SEM ORIRHRL L, 4F D @ SLM ¥ o B IRML L 7 i 5
&, BREICRIZT RSN EORENAS 2 THL. F£MD T

Table 3 Volume fraction of pores induced during SLM.

650 °C, 3
Condition As- 950 °C, 2
h, air h, water HIP
set prepared quenched
cooled
No
B 0. 08% 0.05% 0.11%
defects
No
D 0.17% 0. 04% 0.01%
defects
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PEB L 72 30 o J 134 300 um,  § S A O R AR 1E 4 500 um
Thb. FEI/NSVIZERENTH. N4 E—FIVHER
&, KA 10pm &/ W2 bbb d, LA
MCTRBICVBREZ R L. a HOBEEBILTETH 5 Al
X, o+ p ZAHBIEIS] OB AT, Sl o AHPIZ SRS
5. FTORE, WHEIZ pHALER I NS BIRMENO o
HNZ, BEAEMALICE (bbb ADM 0 T% L, TR
BROBMEIIMMORE LY Ko7z, W oa+pTi GEEE
RIS 7200203, o M OBRFGEE WRE AR R KK 5
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Fig. 7 The 0.2% proof stress of as-prepared samples prepared by
SLM under condition sets A to D.
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Fig. 9 (a) Creep curves and (b) strain rate-time curves of the SLM samples prepared under condition sets B and D and then heat treated or HIP-treated;
the curves for the forged sample with a bimodal structure are also shown.
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Table 4 Rupture time and minimum strain rate of SLM and forged
samples.

Heat- Minimum

Rupture time,

¢ (h)

conditions rate,

treatment strain

E(sh

650 °C, 3 h,
air cooled
950 °C, 2 h, 290 2.45 x 1077
SLM sample water
(B) quenched
HIP
954 °C, 103 475 1.36 x 1077

MPa

650 °C, 3 h,
air cooled
950 °C, 2 h, 900 4.89 x 1078
SLM sample water
(D) quenched
HIP
954 °C, 103 1730 1. 64 x 1078

MPa

Forged sample 950 °C, 3 h,
168 1.98 x 1077

(bimodal) air cooled

1010 °C, 3
Forged sample
h, furnaced 4108 3.00 x 10°°
(lamellar)
cooled
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