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A Series of Nickel-base Superalloys on 7-Y' Tie Line of

Alloy Inconel 713C

Hiroshi HARADA, Michio YAMAZAKI, and Yuteka Koizumi

Synopsis:

Nickel-base superalloys used for blades in gas turbines are strengthened by 7' (NizAl solution-harden—
ed by alloying elements) precipitates. A general tendency is observed that the alloy with the larger
amount of 7' has the higher creep strength. However, to clarify the relation between the amount of
7' and creep strength of the alloy, it is necessary to avoid the change in solid solution hardening of ¢

and 7', i. e. to keep their compositions constant.

So, a series of alloys whose compositions are on y-y' tie line of alloy Inconel 713C have been design-
ed, The alloys were cast in vacuum to size to make creep rupture test pieces.

Good agreement was obtained between the designed and measured amounts of y' after aging at
1000°C. 7 and 7' compositions were also nearly constant except Cr concentration which only a little

affects y and 7' strengths.

The following three points became clear by creep rupture test.
1) The y' precipitation hardeninig nickel-base superalloys have the maximum creep strength at

about 65 mol9,y'.

2) If y' amount is excess, eutectic 7' forms to reduce creep strength,
3) Grain boundary morphologies have effects on the rupture life.
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Table 1. Compositions of alloy Inconel 713C (nominal) and y and y' phases

extracted from the alloy.

Phase Unit c cr | Mo

Al Ti Nb B Zr

\
Wi% 0.16 12.6 47 | 6.8 0.8 2.1 0.012 \Qm
Alloy ;
at% 0.724 | 13.28 | 2.67 \1&7 0.91 1.23 | 0.0604 | 0.0599
7 at% — 3.47 1.49 19.2 1.33 1.49 ‘ — —
y at% [ — | 243 1 3.86 ] 8.11 0.11 0 — —
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Table 2. Nominal and chemical compositions (wt%) of the alloys designed.

Y| ymoles c Cr Mo Al Ti Nb B Zr
TM.92 o 0.156 | 23.31 6.76 3.82 0.26 0.30 | 0.0117 | 0.098
0.15 22,65 | 6.72 4.62 0.22 0.32 | 0.013 0.099
™93 | 195 0.157 21.06 | 6.30 4.50 0.380 | 0.6l 0.0118 | 0.099
0.158 18.79 | 5.83 5.19 0.521 0.92 | 0.0119 | 0.009
TM-24 | 25 0.15 18.73 | 5.86 5.98 0.51 0.91 0.014 | 0.11
™25 | 375 0.159 16.49 | 5.36 5.89 0.654 1.23 | o0.0119 | 0.100
™o | 50 0.160 14.160 | 4.88 6.59 0.788 1.55 0.0120 | 0.130
0.15 13.65 | 4.64 7.04 0.83 1,55 | 0.012 | 0.14
0.161 11.80 | 4.40 7.30 0.924 1.87 | 0.0121 | 0.131
T™-18 | 62.5 0.15 11.57 4.35 7.74 0.94 1.95 0.012 0.14
0.162 9.42 | 3.01 8.02 1.063 | 2.19 | o0.0122 | 0.132
™-19 | 75 0.15 9.33 3.78 8.77 1.07 2.20 0.012 0.15
0.163 7.01 3.42 8.75 1.202 | 2.52 | o.0122 | 0.132
T™M-20 | 87.5 0.15 7.02 | 3.3 | 945 1.20 | 255 | 0.012 | 0.5
0.164 457 | 2.92 9.49 1.343 | 2.85 | 0.0123 | 0.133
T™-21 | 100 0.15 4.65 2.81 10.21 1.35 2.84 0.011 0.15
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1000°C 5.5~12kg/mm2 } L#=. 1000°C 3444
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Fig. 1. (Ni+X)—(Al4+Y) pseuo binary phase
diagram. Y: substitutional element for
Al-site in 7', X: for Ni-site.
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Photo. 1. As cast structures of alloys TM-20 and TM-21 (alloys containing larger amounts of
r'); etched in glyceregia. In alloy TM-21, large amount of 7' forms in dendritic

fashion and small amount of fine (y+7') structure exsists at grain boundary and

interdendritic region.
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Photo. 2. Structures of grain boundary areas of six alloys with various amounts of 7', after aging
(1000°C, 200h, W.Q.); etched in glyceregia and observed in SEM. Two types of
grain boundaries are observed. One is in the alloys with smaller amount of 7' (up to
30%), another is in the alloys with larger amount of y'(more than 75%).
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Fig. 2. Relationship between designed and meas-
ured total amounts of y'. Amounts of
eutectic 7'(y'g) and grain boundary 7'
('cB) are also shown.
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Fig. 3. Relationship between designed amount
of 7' and compositions of y and 7' analized
by EPMA in aged (1000°C, 200h, W.
Q..) alloys.
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ternary phase diagram. Disagreement of
designed (GoP,) and real (dotted lines)
tie lines causes the change of y and 7’
compositsons by changing the designed
amount of y'.
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Fig. 5. Relationship between disigned amount ot
7' and powder volume fraction of M,;Cq
extracted from as cast and aged alloys.
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Fig. 6. Relationship between designed amount of
7' and creep rupture strength.
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7' and minimum creep rate, é&.
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Photo. 3. Two types of intergranular cracking
observed after creep rupture test at
1000°C and 12 kg/mm?, etched in
glyceregia. Carbides in grain boundary
7! are MyC.
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i, RO 7 T v 7 BRIEKT 2GR ZhRE
T, BNTRENRE L o bDEE L bR D.

4. E =
4.1 7 & 7' OB, #RCDONOT

KBRS C e & 9w Bgh (1000°C, 200k, W.
Q) FTrolicky &y OBLTEEFRTERS I
h, Tk r L i O BB vk EHEIT
WME & 7eoie sy, Cr, Al Nb BEERAFR LML E R
Lfc. 22T, DOREE LTR LA Fig. 4 o
TERTLZEE TORMHI T REHA LT 5.

RE—ED S & TDn LIRER % n R IGE 3 HEEZEH]
ERbTCERTSH. cDLE, BEERIL citet-
teit o tey =100 (¢; IILE | DRE ath) TeBHRAT
Fbahs (n—1) RITZEET b bBPE R FEEs
5.

Table I wRrL7% 713C &0 v & ¢/ oKL
Ni, Cr, Al, Mo, Ti ® S LENBOTED, 5K
EREEEMCERTSEZ ENTES. Zhb%, B
HHOMENZ A ELT

63.61 73.01
2439 3.47
— | g — |19.¢
O0G,= 3.éfls’ OP= ?.ig
0.11 1.33
0 1.49

&ﬂ<ﬂbw@§bbf%<.::K,aamtn6ﬁ
o7 MR (RRGHE) OfLE~N2 FraERb L, RO
1{7E X v Ni, Cr, Al, Mo, Ti, Nb o (at%)
Th5.

CokE, rERRESEL 7 HREKEETE N
7 F AT BEERO 2 | b GyPy ik

9.4
—20.85
G,P,—OP,—OGy— j;%

1.22
1.49

& FEb I DOEHEL ARG OFHFOAT L LT
|GoPy| =25.60

Lieh, ThXRFTLEBEHRORE (ML aty) Th
5. REBREELT, 7 & 7 OWHGOEBEET S
LT ELD TM-24 &4 @&t 7 & 25mol%)
DHRTHDIe. 2D 1, 177 HEROME~2 r ArETh
£ OGu, OPy & L Table 3 OfE%fAAT5 & i
DXy kT ORBSTENIRD X H5ITRES.

7.57
—16.7
> > > 9.06 ——>
GyyPry=0P,y; —OGyy = —9.9 | | G24Pog| =20.63
1.36
0.89
PDEXb, FTERORIIHRIIID L TM-24 540
LD FIEEL gD T BT L5,

_ﬁ,2o@&9b»(#DKX,E&?%)@k?
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Table 3. Compositions (at%) of y and 7' phases in alloy TM-24, 22, 20 after aging (1 000°C,
200h, W.Q.), analized quantitatively by EPMA

|

Alloy No. 7'mole, Phase | Cr Mo , Al Ti Nb Ni
; 23.77 3.75 8.17 0.22 0.3¢ | 63.94
TM-24 25

7 7.07 1.55 17.23 1.58 1.23 71.51

TM-22 0 } 7 24.922 3.66 7.81 ’ 0.22 0.18 | 64.09

TM-20 87.5 7' 4.76 1.20 18.54 1.70 1.62 | 72.35
FEED 1%, 7 ABITREOKLBEZ SR LD 1000°C CHERhIc. MC+ 7—>MyyCot 77 72 2 KIS
g Cabi-F byt s a4 e Taby ELDCERBEBAID, CoTCREDRER L HE

cosf = . -
Al B] BICE B2 %z L eRA.

e (3) MC oz TM-21 &4 (st 7 100mol%) o

ERbINDB. ST, @, b BERER<2 A, WAHICRDTHIR MC o EPMA fEasiic & v,

—

Boi kpchs. (3)RE~<s b Goby Guby ic
BATHZ L0 X 0B LR L TM-24 54 5|
SNIHEROILTH (Fig. 4 © 0,) BRE 5. HHc
IHXEDEIX 1.6° L7xh, <27 b ADHEIITD
I<—HLTWBEEL L 5.

KIE~ 2 b v GGy 35108 Pubpy & TM-24 £
DFERON7 v DT (FhEh Fig. 4 © 6, &
0y) % Table 3 DEZAVTEHE TS & 0,=41.8°,
0,=7.1° MEbh5. 2%kb, TM-24 &&OEEIT
7~ r OEBEROB (BRTEEMEFD) & 7.1° &
VORI CHETIE DTGB b 5.

Dlhof@fie X v, 1) B Lefsin TM-24 44
TRUINIAER L O RL, 2) AEOHFAZbTHIC
ROTWBHT &, BLU3) FUR/BRL 1 ~D 7 OF
BIROB LN EAHE TR DTS Z Aot =
NDIXTANT Fig. ¢ 2BHF5b0THY, BB
Fig. 3 w&hic v & v OMROATHR LTI,
1000°C sl 2 EOMER & Ba LB o F o+ h
ZERTSEELLRS.

ROTHhOFERED 1 o% LT, KRIEGE D5 — x 8
as cast ML L DD TH B0 BEFHTN Z2 bh
5. PEY, FYFVIA +EEBORMERT S 7,
7RO HERBLERTH S EEL bR, KEBRO
LOC—RBRETRYD LIBEE TR & 1 DR
BEIBRERDZORRLELITHS 5. —F, KER
D 1, UL 7 OEREHETESBIIIE K
THD, 1000°C THREFH LTS &322 5 5 BERS
HI7cREBAME DR T BT REM S B b, BEER & O
ROFERD 1 DL 722 TnBE4#E: Hbhb.

4-2 BAEMEISCDNWT

(Nby 57 Tiy.26Mo0y. 1) C LFEbIh B = EDbhote.

M,sCo RAEH1% MC {41 o~ T ¢ EPMA <
DEBIRETH D, Cr BNEMAKT Mo &%, &
RUSDTERBEIATL LD 7 X ook dEnc &
Diohote. LIeiioT, WEEER Ao M,,C,
R E LTAEGEEFT T A CryMo,Cgd & =T
WBERELCHERT > 2 L ied 5. X5ic as cast
TR CIXTT MC 2FK L, 1000°C = 200h B5%)
BIZTFTNT MpCe T2 ERETS L, as cast
MM O (r+71) MRERHETL LN TES.

TM-24 &% (25mol%r’) oW CToh bR EE LY
Lo n Table 4 © X5 sl B LRI DL gD
HIREML (as cast 7 BEEIH~) O=2 kA% G &

THE, TORSE (r+71) HE0XL LTEbLIA

1.39
—2.201

= 0.229 =
Ca=| 0381, |Cul=2.66

0.202
0.432

72D, TNy bk TM-24 BEDEBRDO 27 + 1
GaPo OITRER 0° 15 4%, BAEAD MC b
MpCs WL LIE & 7 & 7 FhEFhofBIT S
EPRE 7 ﬁ_ﬁ;hjz L@:‘H T BOBENT S Lz
T£h. L Gy & G24P24 Dﬁg%ﬁ‘g Lic:zan
23.9° LS ENRB LR, 7 BEGTCRS T E ¥ D
ARDET D b 5.

Table 4 O L b, MonNcEAU BYDRET 5 FH
& TicbbeTEROHNERE (1 FREL ¢ hEED
) wkvr& v oBILEFET 2 Hkckdr 17
81X, as cast OPA 19.9mol%y, BRI 32.1moly
Ligofe. ZOEK 12mol%y MR ¢ & LTHHT
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Table 4. Composition (at%) change of (y-+7') in TM-24(25 mol%;') by carbide reaction.

Alloy ) Carbide Cr Mo Al Ti Nb Ni
MC only 20.195 3,230 10.769 0.406 0.133 65.268
TM-24
| MuCy only | 17.994 3.178 10.998 0.608 0.565 66.658

Bz bicles. Ll TM-24 &4 (25mol%y’) 0%
&, as cast T TN DED MpuCe BEELK
(Fig. 5) 7oA v BRaEEI v/ M- (Fig.
2). it 1 BOSHVES, Tk ziX TM-19, 20 o &
GRIA 7 BN 20vol%y ¥t hB hicEL NS,
Zhux, KR hT Lie 7/ BT olxEd 5 X 5wkl
Ry BRERETHOCT, R ERR 1 25 LHES
NDH1DTHD.

4.3 XERBEOFA

RESFITCHONHEELSBESMRBCHATS
FHEK E M TRD 200H % b b.

1) BfFoERA&EEL, v EENcXs 7)Y
— THEDOH EXNS.

2) FHC AL BHRTLIHC DT, v/ Ex 65
mol % g L CHTHMILEYRAE LICS 2T, 7 &
7 RBABCEERE LT ) — THRER LSS5,

1) ofkoFEE, EREEPEROERCI2T
REHNCE ORI D THD ZD 1 & 7/ IXRETHE
Lok & R FEHR D mismatch H/hX 78D T 5
tELZLRLTEND, TOBELOARELIEL L
X s T eEEE S © Lin BT eEa i
ML ENTELEHCHD.

2) OFETIE, COBDEED 7 ) — T BER LT
O EE 3 OOERE, Tihbb 7 X 5HH
ik, v & v WHEOBEEWL, X0 r & O#EAE
CE#ET5 2 212 d b AHABTERD mismatch /N
e biswy) D5 bE 1 OBERYEETE /T
Licie b, BROBRIIKECH LTS EEXDIS.

5. &

Inconel 713C &0 r-1” fEE Lk 5 —FED Ni
R erBelTsc ey, r & v OHEEE
2 FrBlEoLB3e, v BENcXs 7)) -8
EoREyRs b, 7 Bz - 7BEDRERK

i

NI, TOFBRITOZ LM bhicin o

Ly HTHER(EE Ni e 77 &34 65
mol% D& ERREmD 7 Y — T HMHEE RS

2) 7 BEAT5mol%y AL, iR 1 ERA
7 OEHEN ABEML, chickdieoTr Y —
THWTRESMET T 5.

3) 27 ) - FEBEHLETCTERIBEFBRb 2 ) -7
W ET 5.

o, 79— 7RHBFOBECERISH IR\ 12T
e M BFSRRT DI REEIETE D 5 4 Brie K S ig—, AR
BREEEE 7V — 7R A EY S icrhRERR,
HEEHBRE BRHoBE X LET. ¥, EPMA
DREFE L BT XFZT Wil W ie e B pseif =4t
MREASBESLCRHOBERLET.
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