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Ni-based oxide-dispersion-strengthened (ODS) alloys are considered to be able to meet
the requirements for working at critical high temperature, such as hot section of gas turbine.
This research is to improve the strength of Ni-based ODS alloys by oxide particle refinement,
in two types of Ni-based ODS alloys: solid solution strengthening and precipitation strength-
ening. The model alloys, Ni-0.5A1-1Y,0; and Ni-4.5A1-1Y,03 were designed, respectively.
The specimens were produced from their powders by mechanical alloying (MA), in which
various minor elements were added to achieve the oxide particle refinement. Then the MAed
powders were consolidated by spark plasma sintering (SPS) method.

The oxide particles were imaged by TEM and their compositions were identified by XRD
and confirmed by Inverse Fast Fourier Transformation (IFFT). The effect of oxide particle
refinement on the alloy strength was assessed by micro hardness measurements. Coherency
of oxide particle was carefully evaluated with TEM by adopting Ashby-Brown contrast and
free energy of oxide particle was calculated based on the lattice image.

Among the elements investigated (Ti, Mg, Zr, Ca and Hf), Hf is proved to be the most
effective at refining the particles and reducing their separation. Optimum Hf addition on
oxide particle refinement in Ni-0.5A1-1Y,0; is 0.8 mass%, while in Ni-4.5A1-1Y,0; is
2 mass%. Oxide particle reﬁnement in both Ni-0.3A1-20Cr-3Fe-0.5Ti-0.6Y,03, similar
to PM1000 and Ni-4.5A1-1.1¥,05-15Cr-2.5Ti-2Co-2Mo-4W-2Ta-0.2Z1-0.01B, similar to
MAG6000 can be achieved by proper Hf concentration. XRD resulté show that the formation
of Y,Hf,0, is responsible for the oxide particle refinement. Hardness is measured to be a
function of the separation that shorter separation makes the highest hardness, which means
that the increment of strength is due to the oxide particle refinement. For Ni-4.5Al1-1Y,03,

by the comparison of yield stress between the calculated stress from Orowan mechanism
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and the stress derived from hardness, it can be described that the increment of yield stress is
caused by the dispersion strengthening of oxide particles.

After proper heat treatment, MA6000 and its Hf addition specimen have the matrix of y
phase, which is precipitation strengthened by spherical v' phase, Cr-rich carbide and oxide
particles.

Coherency of oxide particle in Ni-based ODS alloys is found to be size-dependent, which
means that the particles smaller than 5 nm are coherent, particles size from 5 nm to 15 nm
are semi-coherent, and particles bigger than 15 nm usually correspond to incoherent parti-
cles. Orientation relationship between Y, H f,0; and Ni-matrix is indexed as: Matrix [011]
| | Y2H 07 [011], Matrix (-200) | | Y2H f,07(-31-1), from which lattice misfit is calculated
to be -12.3%. Thus, free energy of coherent oxide particles is then found to be much lower
than that of incoherent ones. Therefore, it is clarified that the mechanism of oxide particle

refinement is due to low free energy, which is caused by coherent oxide particles.
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Ni 2D Mt 57 #58/LRY (Oxide Dispersion Strengthened) 8 &4d. HAX—Y V&
B loEEMEL LTOBERNMHFETN TV S, EAGERTRTFEIhZEZEDE
IRENERESNTHELT. TOEMAIIRENTDH 5, T OFEEIIH =R ZHER
FTARREDICEHEMENTZTIVI T LD Ay M) 7E(EYRTF & i L Y-Al 5 8{Lhi
FEERL T, BLYRTFROEMEL L LTWAEDTH B, Thic K BHTFoHE
FROEAIRDECRILSHDEFTEBL C ickd, FCTAMETIE. Ni & ODS 854
KBV TT7NVI Y LEETTLRIEWALFOMMERRE L, DB hZm LS8
BIDIBWMERITREEZRET L e &I, JTERBINCHE S B YR 7 O M LS 788
OMC LTREREBR TV S,

UFARLTHONZNEEZERNT 5,

BI1ERBESTHL., AMROERLUBMIZL LT,

BLETRAMEDOEWNETL LT,

HIBETIIEBRALEEIL L, Ni & ODS BEE&n/FEIEREMR—IV I VEHWEA
AZANTOAL T EREMKDORE TS X< & B85S - BILRBIC & D 1To 7. 2L
BELLULTHEEIAE., XKREY, aoMEETEMBEZAVWEERICE DT iR
RT3,

HA4ETII AN 0SS HENN—tL FDOEAMILE Ni & ODS HAaE&EWREL T,
LYK F O 21T > TR EZRXT V3, T, Ni-0.5A1-1Y,0; ZX— i Bk
WERBBEI XVF—DE\\ Ti. Mg, Zr, Ca, Hf Z8E L. TOW Hf HinA &Ly
BTFOMMILICRENRNTH S L2RA L, ChEREX TRERED Hf BN
0.8 HE/N—Y Y M ickb, BT 2L Lo#ERE 2050m 55 53nm £ T
BALEEBCLICEY LTz, & 5ic Hf OFMNIZETA®RER Ni & ODS a2 EAM
(Ni-20Cr-3Fe-0.3A1-0.5Ti-0.6Y,0:) Ic B 2 LMK 7O Lic s B TH B e %
BT3B,

WSETWR, AIZ45EBENR—tLY  aHET Sy’ Hiis&{L Ni & ODS B&&%%
FL LT, Nid.5A1-1Y,0; ZR—RIC 2 HB/\—1 >~ b O Hf BN TH{LIIRI F D58
fBE%Z 90 nm A5 35 nm I SRR T LN TE, vy’ HHELR Ni & ODS &4
DL (Ni-15Cr-4.5A1-2.5Ti-2Co-2Mo-4W-0.2Zr-0.05C-0.01B-1.1Y,05) ic 5§ LT & Hf _
BMIBEMTHA T L 2R LTz, 7. BEMKR T O HRBERBOBMICHEN, Evh—
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HHEAZBI- T L BBRRT VB,

56 ZETId HE BINC & D B{EWpRI 7D L3 2 A = X L &30l U 1= 5 R 2 BN T
WA, XEEFRIEIC K D HE BRI TlIRBR 2V ARBERZE TS Y & Hf DS
M“ﬁ% Y2H.f207 b‘%ﬁié’hfb‘é C 8%%&1’ L?‘:’.o Y2Hf207 ENixwhUw 7;(@'353‘1:
. Y2HR0; D (-31-1) I & Ni D (-200) THEIT T Y,HA,0; @ [011] A4iHYNi D [011]
FNLE AT B ANBEHRIEETRC &, EHICEFDREIYBETHRTIA T+ b
T 123 3—82 F THBRZeHRENT, ThiCHU Hf ZEHIML TWERWIERM TR,
Al & Y DESRILY YAIO; BEET S C LW X BEWHIE THEET . &0 EE TEM
KX BBEID YAIO; E NI MU v 7R EDREIIFBRESTHBIC LIREN, K
FIRAT4v b ERUEREIXINF—IIEBEREEZET S Y,HL0; & Ni <k
)y 7 ADMTIENC & Y,HE0; BIER FOMMILER TH 5 T L BAEEMNITRE
Nz, TOXIIC, BILMRTOMMEEBEZR FL< M) v Y AREOESHICEBL
TEBNICEMN LTIz EE N5,

BTIETRINOORRBERIBE L,

ChzET B, EEXSEME L LTHEFEEINS Ni £ ODS BEa&IcHBW\T. Bk
DGR L2 IRACRIEE R 272 00F 2 &R EZREITZLOTH D, MEIED
HEICEMTZ2LCAREZEDNH 5, KXo TEEIX, ILEmEREEL (T2) O%¥A
REEENZERIHZLOLEDD,
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