BRI BIEAT ZE HEE 5535 (ALCA)
FAfrei (7 a s =7 ’M4) HE R O BLEH A B
¥, B REE TREBIOEREE R TR TR b-%=

b7 E DB Z T I WA B
A4 TR ST B FS RR R4 - A TR T Loy
ANpEREIE = VI A 4
DRINEL

TR

AFZEBH R HAR] SEp284E11 A ~4fn 34 9H
B RARERET B EIR
(AT LT A GE R > AT L
T 500, #8%)



OHEFTEN (Fn30)

WFIERRR AR B ITE AN KRS Bd% H Bk
WFZEBRERIEA - ) TE R L S ARG S & T = 7 VLB A e ORI

LAFZEBRZE D B #Y

EIZLED COL HEH D KIEAR B U1 110 KBS R 1 38 BB X O A Al g = L%
—DEANTEBILLHEL TN, U IR EH MO BB BN EHELL, A eV
X —IXEBNRHEELENDOHE THENLFEL W5, {baBkEZ WA ES R ETIL, TAZX—
Y DONOIREDN 1700°CETO EHTHLax I DEGHFN 60%%H 2 CO, HEH EDOIMHFNIREH
BRLTUD, 2030 AELARELT COL BEH EA VN2 2N LEENTEY, F—E U ANIREL
1800°CE T L F-SHAZENNTE T, FD7=8 Tl IR B O B3 SR O FE T
Do  AWFZETHFET 1800°CEVIEAZEM T D725 B L TV DB EiEAE A EL 3D 7V
VAL DM EHLE T R ADEAITHT LR TH D, SHITE E TR M B & 28R L
TRl B OWTH R LW BIRENTTHY, Rl FEOa 7 MAOIEET LML E NS
%, BB SN, 2D BAEEE I DE & B oRE R L Cifsh
TWAEIT 7 AN X —ICH T 28 ERINT CTh D, £io. mitEE: CEOIN T2 88 5k
OBRGEICH IS AR DA THY . 2O THHEIRY —E U B EOKIRTE B = FLFX
—DHFHIELTHRAIRTHLHEE 2D, EVDIT, Dl mEIE TE WG A NSO DE M
BRI AN (N7 AL — a b AN OB AIZLY | #—b U A RE LY —E L DOl E S
ERSEALZETEGRT TR RIREE /2D, PEROIN TIETIE, A mEWEE (BHELhT A
L—al W HD) D IR M OVERIN IR #E Chh o7, MRS SR A S E ks
FWAZEIZEY, ik TR RSN - 2N ETICARWEA G ERSE ORGE, GBI
FIHNAREIC 2D, SHIZ, KBEYE, SISO FA ATRET L X — D KREE ARG TED, &
WA SR A HERFL DD | BRENEC A RHBRENE, IS A PRI, R LA RIS 205 %R 6
ZEALH S AEE N AS —E I B il s R ST A AN G 2 A 54— B0
2 DBFICEY, KRG, B EOFA IR X —F 2R L IRIRFBHDETICH S
T2,

2 WP ERRFE OB

ARFFEBAF IR Tl @RMEEIERIZIT 2 RS TROMEER TRICK T OiEH - =
FIRANZ LRI A B84, @B RO IEBENT Tl BoRo LB E T2 T 2 F wlve
L CIER T 503, M RRIEDOEESE - ERDRAFNEDOEEER AIZENE FRFL CLEIV AN
HD, I, REFEOMARITHRASNDGN, 7oA OEERRICED, AR T 25675
Ni BA54 Tk, b -2 CRIECE LD 2D FTREMEDS mV, M RKIR &I T
PPB(Previous Particle Boundary):\\ W)W EFE A @ 12 LA RSB D Z L ME FORIEN D5
DS, MARZVER T 2B IEIIE TH, PPB VR FT2ZENHOLNTND, ZHODORIZIL, G
B R AR UAEL (YD 0T B AEAR ORISR DBV TND, 2T, A5
BAFECIE, ARER TR | IRE R DOIHEFM RO BLERAT OB, B LUOHEER LR TEbLDTE Y
ZZ TN m e AOME, IR E m B RO L, Z(IZ L TH AR S AN G &
B AW H e L, R, BN T2 B TR E ST H I A8 = R TG 4
DN T2 FT AR U EHEY — B 7L —ROBAFRIZ D721 T, IR — - — 1R s
(SLM, Selective Laser Melting)l, &J& 3D FVo T4 7 Hiffo—2>THY, Va—2—2Xh&)E
MIREETEAT — T~ —ICHERED, L— =& 8RR L C Ar (7 Lv32) R ClEfRS e
ZFEQLIEERDIRTER N THD. LonL, b—H —EA& O E IR E A B A R & PG E



BRGaFIERIL, B 7 e AR EHIIE UV REZ SRS, Nb(=A4 7)) ED A4k
TRAITBLOREIC N X DEINDAELD. T, ZTOERIZIZREEO KEWEEmRZE
D78, BEAFOFFE, st I HANRARER BN HEWVICREW. Fl2 1L, 7h~ AR LTl
EESND INTI8 A4y R OB E1T 100-200 ppm THY, AfFHEIE(C&W)IF D T ppm DFJ 15—
20 [EERELS EES TV, BEFRIBAIZED, ISITEETHD Al Ti ZHO G WML RO
LBWEE, BEE DR FRITE CRIESRERMENS LT 5. BUR T, BRERA, TH: R
OBERIGINCIVRINTHEZUC LY, &M OmERERMEIME L, ERICHET2ZE0R
#THDH, AIRTI ZEHTH Ni AL TR, KRG ORI i CRLANE 25 AT REME
DE. 22T, RBFZE T, MR B RO FRIR K L TH R er/ S AN RN K& 1
T B0, BRI — P —IFREICIDEE L Ni BB S I2 D0 T, Y IR X DR R [
ENCDWTIHANT, BRIBACLAEIRRERES(ERIHISND Y IRINE&RFEET-7.
WICEER - BROETEOHREANTY, FEEERICEBREERDORBALR T HIENTE
T, BE3E - BHRBEAISKHTL TR T 0B AL AT IENTED. bbb, EZEL—F—
HEEERIEEZHOWT, Bt AR ORIEE - EFR(bE BHELZRN, ZO7avA T, BHEOD
IRIUTINZ, A ERAT-CEEE BN MERCE, Ar RIHR T CEE T 7 n AT, 70—
TR A BT AZEDHLNNT T

(DNE:

BIRAIL — P — IR REE(SLM, Selective Laser Melting)iZ, )& 3D Vo T4 7 H#Hiffioo—>T
HY, Va—2—ZIV&E B REEBAT — T~ T ERED, L — P —Z2 RN LT
Ar (T3 2) B ChEfE B A ERH LA IE I ThD. Ll L—Y—EETOEmN
I AR AR FREEEIBL R 25 [ XL, S 7 m e AT BHIM LW IR E Z )RS,
Nb(=F4 DB TRERIT B L OIS EDENNELD. £z, TOERIIT £ miE
DRENEBMKE AL, BEFOFIEM, SBEM I~ R AEE R EDHTIE T KE.
Bz X, ThwARETRIESND INTI8 A RO &I 100-200 ppm ThHY, RIS
(C&WH D T ppm @ 15-20 {F&RKEL EES>TWS (K2). BREIRAICEY, IINTTHETHS Al
Ti %D B AL TR ORI L DI, FEE ORI FURAT S CRiRRE R ENSILT5. BURT
1%, BRRIRA, JSTRIRAT B L OIS NIRRT HX 2L, JEIEIA O &R 58 R 3
KT, EFRICHTHZENRETHD. AL Ti 25675 Ni AT, MREGERTR
T CRAL DL 2D FIREME DS B . £ 2T, ARWFFE T, MR i HROBRFIR KL TH
Bhiea S ANRF MY KRG D701, BIRIL —F —IFEEIC ISR L Ni A4
DONT, Y TINCEABEZEFEEIC OV T, FEEIR A LD s B H b Ikl S b
Y NG @R E T o7, Wi FE - EFROE TRV REZHN TS, BEEERICBEERD
BAZARIL T HZENTEIUR, B - ERIBAICK L T AN AL RN TES.
Thebb, BEEL—VF—BEEFEEZHWC EE ot AR OKEER - ERLE BIELZNS, 2
DT BEATIE, BEmITCEE NN TE, Ar FHAH CTEE T2 RACHRT, 7
U—THEEA ) B LA DN T.

(2B

ALRTi 28 H 735 Ni ZEEETIE, B RELERH IR - R i TR E D ATREME @, &
ZC, ABFZETIE, ByoRFEmE B RDOIBRFIR AT U CH R AN F R RE a4 5720
(2, BRI — W —FEREICZ0E T L2 Ni B S 4I2 oW T, Y N L DR E E B2 D
TR, BRBRIRACLD SRR ERELEAIHESND Y ISINE &L T, WICHR
FBROLETEREANTY, HEERICREERDORAZIRIE T 5N TENIL,



fes2  BFEBACK L TR e T v RE RATIENTES, T7hobh, B —F—FEEE
iz W, & ae AR OREESR - ER{bE BIELIZD, 2072 'R T, GamIT0k
BEEAMER TX, Ar BT CIEE T2 7 0 AT A_T, 20— 52 L3
Sy N ATy



oReport summary (English)

Principal investigator: o o University professor Koji Kakehi
R & D title: Study of Development of robust additive-manufactured superalloy for impurity
contamination

1. Purpose of R & D

To reduce oxidation and nitridation of superalloy during gas atomization and additive-
manufacturing process, we aim to develop robust superalloy powder with new
processing method and also improve the additive-manufacturing process.

2. Outline of R & D

(1) Contents:

We aim to develop the following technologies:
(i)  robust superalloy powder to reduce contamination by oxygen,
(i)  aprocess to refine contaminated powder,

(i)  clean additive-manufacturing process in vacuum.

(2) Achievements:

(1)Y added alloy development

Outline: We investigated the oxygen fixation by adding Y to the Ni-based superalloy built by the
selective laser melting method. We have developed a Y-added alloy that suppresses deterioration of
high-temperature creep properties due to oxygen contamination.

(i1) Selective laser melting in vacuum.

We aimed to reduce oxygen and nitrogen during the building process, but it was clarified that this
process can reduce alloy segregation and solidification cracking, and that the creep characteristics
were found to improve compared to the process of building in an Ar atmosphere.

(3) Future developments:
Develop excellent additive manufactured alloys by combining Y addition technology and vacuum
laser method.



