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On the Precipitatlonv Process during Aging of Gamrria—Prime
Precipitated Heat-Resisting Alloys

(Systematlc studles on gamma—pnme precipitated heat-resisting alloys—II)

Synopsis:

Shoichi Katon

In the previous reports, the author 1ntroduced the age-hardenable characteristics and high
temperature load-carrying ability of the various gamma-prime precipitated alloys varied froms

Ni-base alloys to Fe-base alloys

In this investigation, the author studied the precipitation process during aging of these:
alloys by X-ray diffraction tests and electron metallography.

By the X-ray diffraction tests on the electrolytic extracts from the various specimens after
up to 1,000 h' aging, MC, M;Cs, M23Cs, 7', ¢ and B phases were identified. High-Ni alloys preci-

pitated M-C; besides MC, M:3Cs and 7' phase.
the massive § phases.

On the other hand, high-Fe alloys precipitated
The matrix, 7' lattice parameters and 7'- matrix lattice mismatch of

the alloys comprizing no § phase were hardly changed in the precipitation process during
1,000h aging. The 7'-matrix lattice mismatches were increased with the Co contents, and
were decreased with the Fe contents. 7' particle sizes were increased with aging time, but
the growth of 7' particles were retarded as the Co and Fe contents of matrix composition
were enhanced. . The amount of 7' particles were. increased with the aging time and the Co—

contents, but were decreased as the Fe content of matrix composition was raised.
© It was presumed that these precipitated 8 phases changed as follows by agmg
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Table 1.. Chemical composition (%) of alloys studied.
c Si |Mn | P s | cCr Ni | Co| Fe | Ti | Al | N |Oxi107*
.COFO 0°052 | 0*49 | 085 0°007 | 0°010; 16°*70 77°05 — 0°86 | 1°83 | 1°95 0016 | 30
. COF2 0°075 | 0*53 | 102 0*011 | 0°010} 16°50 60°00 — 1933 | 1°94 | 1°83 0°024 29
COF4 0063 | 116 | 0°92 0°004 | 0°012] 16°21 35°41 — | 42°10 ] 1°90 | 195 0028 19
COFs5 0°059 | 0*68 | 1°18 0+011 | 0*007| 16°20 25°11 — 5180 | 2°36 | 2°12 0°020 30
C1FO0.| 0057 | 052 | 112 0°007 | 0°010 16'43 67°80 |10°12 0°70 | 1°84 | 1°68 0018 26 -
ClF1 0064 | 0°59 | 1°26 0*007 | 0°007, 15°25 5941 | 9°75 990 | 2°05 | 2°16 0°014 28
Cl1F3 0052 | 0°79 | 1*32 0°012 | 0*010| 16°27 4085 | 9*88 26°60 | 2°35 | 2°20 0013 41
C1F5 0065 | 0°76 | 1*19 0°011 | 0°007| 16°52 21*03 | 9°90 46°00 | 1°98 | 1°90 0°015 23
C2Fo 0°057 { 0°49 | 1°43 0°009 | 0*010| 16°17 56+80 |19°65 1°90 | 2°13 | 1°94 0°024 41
C2F2 0°060 | 066 | 1°24 0°012 | 0*010] 16°42 37°75 |18°50 21°00 | 1°95.| 2°05 0°012. 20
C2F4 0°061 | 0°78 | 1°25 0°012 | 0°007] 16°36 2080 |19°44 | " 37°10 | 1°95 | 2°20 | -0°*015 17
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Fig. 1. Relation between Fe contentsand
the matrix lattice parameter under
" solution-treatment condition.
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Table 2. The change of phases identified in specimens after
4h 32h 128h
COFO0 | M®©Wc), M(Cw), 1" "M(Nc), MCs, MuCs, 7' M(N¢), M:Cs, Me:Co, 7'
CoFz | MMNo: MGy, MasCo, 7 MON), MG Se, v | MONS, MCh, Mo 7
N N C/s M(CN):xM%CG: T’ M(NC): M(CN)’ M23CG’ 7'
COF5 M(Nc), M(CN), M(Ng), M(Cx), 7', B = | M(Ng), M(Cx), 7', B -
C1FoO MN, M(Ng), M:Cs, M2sCo, 7' | M(N¢), M(Cx), M:C3,M2:Cs, 7’| M(N¢), M;Cs, M2sCe, 7"
CLEL | Moy Miony Matar b | MNey: Mo M 7| MONGY. M(Cas MatCo 7
C1LF3 M(Nc), M(Cx), M2GCs, 7' | M(Ng), M(Cx), M2sCs, 7' | M(Nc), M(Cn), M2sCs, 7' °
C1F5 M(Nc¢), M(Cw), 7', B M(N¢), M(Cn), 7', B M(Nc), M(Cx), B, ¢
C2FO M(Nc), M(Cx) , MrCs, Mz5Cs, 7'| M(Nc), M(Cuy) , M7Cs,M2sCs, 7| M(Nc), M(Cx), M;:Cs, MasCo,7'
C2F2 M(NC); M(CN)a M23C6: T’ M(NC), (MCN), M23C6, T' M(Nc), M(CN), M23CG, T
C2F4 M(Nc), M(Cx), 7's B M(Nc), M(Cx), B LMN@,MKmLﬁ
Note: M(Nc)=N-fich M(CN), M(Cy)=C-rich- M(CN) o ,
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Fig. 2. The change of matrix lattice Aging time () ‘
parameters after aging treatment at 815°C. ‘ Fig. '3. The change of 7'-phase lattice-
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aging treatment at 815°C.
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FHDEI X% mismatch percent®® 11, FHRGER
WEE S LETRTFORO—DLELBNEDT, Ch
BOREOWT bR EINA . Table3 13 732 35X
TF 815°C it kiF B 1,000h F CORSRERICE T 5

BL r MOMTEIRDE, +7ibh mis-

- match percent ZiEE L icERERT.

EFRFE D, WIShOBECRVTLIZE
A ERBROBEREZTRT. $ibb Fe GHR
DT L 723> CHEE 7' /B0 mis-
match percent MEAL TWw5. LaLCo
& BIC 20% F CHRINL 72 RFUTIE, COFO
CIFO 3 XU C2F0 X 1T 0°2~0"4% 12
DfEZRL,Co BHEDWME & HIThH T2
ML TV5. L L Zhb o mismatch
percent VIR OB L TH, 1T e
h EB R TS T |

AT ORFEIE LR 3 X OB IRIAE i &

FMELTRS &, 7{:% #4:VX mismatch percent L E
BYY—F - FFF 7 —HELE, JOHEERL,
mismatch percent ORI HEZRT b0 1 L &Rk
EXELERPE SR TS, kL 28EL B LD

. Table 3. Relationship between matrix compositions and 7'-matrix lattice
mismatch during aging at 732 and 815°C.

A Aging time ~ - ] .
\\\\\\\\\<\\g 4h 32h 128h 512h 1,024h
Aging temp.°C » o
COFO — +0°14 +0°28 4028 +0°25
COF2 — —0°14 —0°08 -0 11 0
COF4 — —0°06 —0°03 —0°11 +0°03
COF5 0 0 —0°06 —0°03 —0°03
C1FoO — 4+0°33 . 4+0°40 +0°31 +0°36
CiFr 732 — +0°22 - +0°25 4022 +0°14
C1F3 — +0°06 +0°06. —0°06 —0°03
: . . e +0°03 (—18°7)
C1Fs5 +0°11 +0%06 0°03 Cis9)
C2FO — +0°34 +0°36 +0°36 +0°34
C2F2 — +0°11 +0°19 +0%08 . —0°06
C2F4 o — (—18°7) (~18°6) (—18°9)
"COFO +0°20 — +0°14 . +0°25 +0°25
COF2 —0°08 — —0°06 —0°03 —0°06
COF 4 —0°06 — —0°08 0 —~0°03
. . . —0°06 +0°03
COFs —0°08 — 0°03 (Z188) (Zls-g)
CiFo +0°31 +0°28 +0°22 +0°39 +0°39
Ci1F1 +0°17 — +0°20 +0°22 +0°22
C1F3 815 —0°03 — —~0°03 - —0°08
t —0°06 ) —0°06 iae o
Ci1Fs5 Cis) (—18°7) (187 (—18°7) (—18°5)
C2Fo0 +0°25 . +0°35 +0°28 +0°45 +0°42
C2F2 10011 +0°16 —0°03 +0°19 +0°08
0
C2Fz (—18°9) (—19°1) (—189) (—18°6) (—18°8)

Note:. ( )‘Values'are mismatch percents of S phase.

Mismatch percent=

!
D

—D X 100%,

D ; Lattice parameters of matrix

D'; Lattice parameters of y' and 8 phases
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