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Influence of Matrix Compositions on High-Temperature

Propertles of Gamma Prime Prec1p1tated Heat—Resmtmg Alloys.

(Systematlc studles on gamma-prime precipitated heat-res1st1ng alloys—1I)

Synopsxs

Shoich: KATOH ,

The series of eleven gamma-prime precipitated heat- resxstmg alloys of various matrix
«compositions were studied from the view point of correlation of high- temperature load- -carrying

sability and structural stablhty

The matrix compositions of specimens were different between Ni-base alloys and Fe-base

alloys.

Air-and vacuum-arc melted and forged lémm ¢ bars were used for solution annealing,

.age hardening, short-time tensile, high-temperature creep- rupture tests, X-ray diffraction and
electron metallography.

The identification of precipitated phases were carried out with the spec1mens aged for

-. 1,000 hours at 732 and 815°C, respectively.

The changes of matrix-lattice parameters by aging treatments, y'-matrix lattice mismatch
-and the growth of 7' phase particles were also measured in these specimens. As the Co
-content in Ni-base alloys was enhanced increased, high-temperature strength properties and
“y'-matrix lattice mismatch of these alloys were increased and the growth of 7' particies was
.delayed. High-temperature strength properties and lattice mismatch were decreased with .
these alloys, as the Fe content in Ni-base alloys was raised. '

On the other hand, with Fe-base alloys high-temperature strength, age-hardening properties
:and lattice parameters of matrix in aged specimens were decreased markedly, as the Co
content was increased. .

It was found that the deterioration of high-temperature characteristics in Fe-base alloys

.was principally caused by a precipitation of massive 8 phase.
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Table 1. Chemical composition (%) of alloys studied.
Alloys | C | Si |Ma| P s ler| NojCo| Fe:mi|ar| N 9,
COF2 0052 | 0°49  0-85| 0007 ! 07010 | 16°70 77°05 | — 0°86| 1°83 | 1°95 | 0°016' 30
COF2 0°075 | 0°53 | 1°02 | 0°011 | 0-010 | 16'50, 60700 | — | 19°33| 1°94 | 1°83 0-024; 29
COF4 0°063 | 1°16 l 0792 07004 | 0°012 | 16°21] 3541 | — |42°10[ 1°90 | 1°95 0028 19
COFs 0'059 | 0768 | 1°18 | 0°0l1 | 0%007 | 16°200 2511 | — | 51'80f 2°36 | 2712 07020, 30

- ) . i * ' T ' o
C1F0 0*057 | 0°52 ; 1*12 ¢ 0°007, 0°010 | 16743, v57-soi 10°12] 0'70 1°84 | 1"68 | 0*018] 26
CIF1 0°064 | 0°59 ~ 1'26 | 0007 | 0007 ' 15°25' 5941, 975 9901 205 | 216 | 0°014] 28
Ci1F3 07052 | 0°79 ! 1-32,ﬁ 0:012 ! 0°010  16°27. 40°85 = 988 26'60} 2°35 | 220 | 0°013 41
C1Fs5 0°065 | 0776 1719, ©0°0il ; 0007 ! 16752 2103 1 9790/46°00 1'98 | 1790 | 0°015 23
C2F0 0°057 | 0749 | 1°43 | 0:009 | 0010 | 16717 5680 | 1968 190 2°13 ¢ t-94 | 0024l 4
C2F2 07060 | 066 | 1724 | . 0°012 | 0°010 | 16742 37°75 | 18*50/ 21700, 1°95 | 2°05 | 0*012 20
C2Fa 0‘0O6l | 0°78 | 1°25 | 0°012 | 0°007 | 16°36| 20°80 | 1944 37°10[ 195 | 2°20 | 0°015 17
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Fig. 5. Rupture-strength properties of alloys at 732°C.
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at §I5°C

Fig. 7. Iso.strength contours for
Fe-Ni-Cr-Co ternary systems
indicating 1,000 h rupture
strength at 732 and 815°C.
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Table 2. Phases identified in specimens after 1,000h aging treatments at 732 and 815°C.

at 732°C at 815°C )
COFo0 M(Nc), M(Cn), Mz3Cs, M:Cs, 7" M(Nc), M(Cn), MzCs, M:Cs, 7'
COF2 M(N¢), M(Cn), MgGCs, 7' ‘M(Cn), M2Cs, 7'
COF4 - M(Cn), M2GCs, 1’ M(Nc), M(Cn), MuCs, 7', @
COFs5 M(Ng), M(Cwn), 7', @ M(N¢), M(Cx), 7, o, 8 .
"C1FO~ M(Cn), M23Cs, M:Cs, 7' M(Cn), MyCs, M:Cy, 1’

CiF1 M(Cn), MG, 7’

. M(Cn), MaCs, 7'

Cl1F3 'M(CN), My3Ce, o ; M(Nc¢), M(Cn), o, 7'

C1F5 M(Nc), M(Cn), o, 8 - - M(N¢), M(Cn),- o, B

C2F0 M(Nc), M(Cx), MzCs, M:Cs, 7' M(Nc), M(Cw), MauC, M:Cs, 7
C2F2 M(Nc), M(Cx), MazCs, 7' g M(Ne), M(Cx), 7', @

C2F4 M(Cxn), o, B

M(CN): a, ﬁ

X-ray dlffracnon conditions:

Target CuK,, current 1Z2mA, chart speed | cm/mn., filter Ni,
““Teme const 2s, divergency 1°, 21/:°, voltage 30 KVP,

.Scanning speed 1°/mn., receiving 0*4mm.

Note: M(N¢)=N rich M(CN), M(Cy)=C rich M(CN),

M2sCs, M:Cy XU 7' FEEITHL TV 523, Fedig
BICADT B EARFIEBIC MCy #84Z, ofA%
LU BRDHTH MRS BB,

Lad 20 BHOITHE, Wb \Wvwh U b LVl
B RE JiU‘ 29 — THEEEE O/ T % Lo Lcifhic
DHBEH LTS, kF COF5 (Cr 16%, Ni 25%
Fe Base 44) & Co % 10, 20% X ¥Rin45 & B4
OHEDBESERD, BIRREREYSTERD L
% h. @B Table3 LD TRESHEEL VDX
ST EL, %;ﬁa?ﬁb& CsCl # o Body center cubic
T, *%?r?%"%iﬂ:t%’g 2:92A w1 < NiAIY © Ni iz Fe
H5i Fe X0 Co n—#EREL, Al i Ti.n

- EBLEb D EEZLNRS.

.L2>L Table4 LT FROME(LESHTRIR
5 @i, LA CuzMnAl Ei10) leAlTll) IEE—F L
Twaha EZ AME, Ni, Fe XU Co » cubic cor-
ner &, Al r Ti & »4FHIT cubic center %C)\O.f:‘
super lattice TV EBH S & bHEINS.

WFRIELTHWEETIE Ti kX0 Al & 1Fe-
Ni-Cr =5t% %713 Fe-Ni-Cr-Co Mtiif#ia &ic

" Table 4.

‘B phase identified in CIF5 after

Table 3.
'1,000h aging treatment at 815°C.

20 | I/I, d rEL la (A)
- 30761 4 2918 100
43°83 100 2°063 .110

6371 10 1°459 . .200 '} 2919
80°52 16 - 1192 211

96°*50 5 1°032 220
113°04 - 6 0°9234 310
132°06 3 | -0°8429 . 222 .

X-ray diffraction conditions:
Target CuKg,, current 12mA,
Divergency 1°,2!/,°, filter Ni,
Scanning speed 1/8°/rrin ., receiving 0°2mm,
"Voltage 30 KVP, chart speed 1 /2cm/mn
Time const. 4s. .

;@ﬁ*ﬁfx bb?*&wﬁi&ﬂ‘—biﬁ:w Table 4 1L L3
e CiF5 b:a’&&br‘oﬁmtﬁmmé}%ﬁ% 1 & 1T
LTk (N10.7Coo.zFeo.1)(A1T1) LD, BBIODA
R L CIEEEMic TR TH 5.

. 6) HEMTHEBORSNC & 755 2L

Table 5 |3 732 % XU 815°C icksid % 1,000h
BHALBERTZ DR EM FEROE LR AIE LR BRTS

Chemical compositions (%) and atomic ratios of § phase in. C1F5 after —
1,000 h aging treatments at 732 and 815°C.
Aging | pe Ni Cr Co |- Al Ti Chemical formula
WIIip Cw
Weight 732 1 6°9 348 1°4 1 i2*°6 20°3
% .. 815 80 40°4 15 2 12°9 196
- (Nio.?COo.zFCoJ)(AI Ti)
Atomic 732 012 0°59 ; 0°03 047 04
ratio - 815 - 014 0°71 0°03 0-48 041
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5. HTEHOMAEX Fe @ K, izx b (111),(200),
(220), (311) FXT (222) OXEPFHR L VB SHICE
REFHLILLDTHS.

T ERATRIBIC BT BT HL, ERIIE DT
Fe 8FEDE LB LicBo>THmMLTVWS. Lk
L Co Z BT 20% FCTIHRMLTHHE VHTFREED
WD LI, T r-Fe OFFHEDSH Co

Table 5. Lattice parameters of matrix before

and after 1,000h aging treatments
at 732 and 815°C.

. . ~0 [e]
Sol tr.| &t 732°C at 815°C
1 .
|!»180°C D'—D D'-D
Ay | DA | T (DAY TD
D (A)
: X 100% X 100%
COFO | 3'565| 3°567 | +0°02 | 3566 | +0- 03
COF2 | 3°585 | 3°585 0| 3585
COF4 | 3595 | 3°59% | +0°03 | 3°594 | —0- 03
COF5 | 3°605 | 3°602 | —0°09 | 3599 | —0°17
C1FO | 3°566 | 3°565 | 0703 | 3564 | —0°06
Ci1F1 | 3577 | .3'576 | —0°03 | 3576 | —0°03
CIF3 | 3591 | 3°592 | +0°03 | 3593 | +0°06
C1F5 | 3'592 | 3'586 | —0°17 | 3584 | —0°22
C2F0 | 3°565 | 3°567 | +0°06 | 3565 0
C2F2 | 3'584 | 3°586 | +0°06| 3°585 | +0-03
C2F4 | 3°594 | 3588 | —0°17 | 3589 | —0°14

X.ray diffraction conditions:
Target Fe, current 7mA,
Filter —,  full scale 500c¢/s
Voltage 35KVP, time const. 2s,

" Chart speed 1/2cm/mn.,

Scanning speed 1/8° mn.,
Divergency 19,2!/,9,
Receiving 0°2mm

Table é.

DINEHLKEN- D THHIEELL N, £
Table 5 DIEFE FH OB & b 78 5 ZE{b % ReghiF
{Eitd3s T UM IO RIER R L X THEL 3 &,

£FRE LT 732 B LU 8IS°C T B WU EiRMEEITE
ELTCHRSTS r R LTCwE S v—71, T

NLFHIOLE LI < Boto iV BERNIEEE 2 15
@‘%’)@klib, BrEOFIHI D D Sz COFS5, CIFS
IO C2F4 I 732 5 XU 815°C Wi ORFZHLEE
BT LRABFHEHEOVBL L L LWETE, R
FAl1& DRSNS T IC & D@RFEIRE LB T 5T &

BEH LR, "

7) HEE 7 HOMTEROE

Table 6 % 732 35 X UF 815°C {2351 B 1,000 h BEEh
WERED LT & 1 RO TR DI X B mismatch
OBRELZHELFBRETHS. EEOHTHIIITable
5 DOfafVc. 7' HOBFHEHEE Cuk: XD
(111), (200), (220), (311), (222), (331), (400) ¥
X% (420) OAZEIFIHE D4 Bﬂmti'%i}zﬁjbfz%@
THDH. eBXHENFSEMAIT Table 3, Eofhdi &M

V3 Table2 @ 10% H;POs KiBEOHA L FKTH

b, BFRFNED 732 XK 815°C DLW THOREICE

T WTYh, Fe GSAEROMINC LA 2>THEE v MM

o mismatch percent 134 %. L1 Co % ¥k
I 20% FCIlRmL7-%H T CoOFo CIFO XWX

. C2F0& Hiz 0'2~0"4 BBFED mismatch>percent b

HELTWS. L2 TEMEOHMA, T7%bb Fe
BI Co OB OVTIL, iR L mismatch
percnnt & ORICHEBEESED LN TS, LL Mo

DEBCHETHIHMEY XD L, Dol & {fHEiHE

Relationship between matrix éompositions and y'-matrix lattice mismatch
after 1,000h aging treatments at 732 and 815°C.
732°C 815°C
Matrix (A) (A Percent Matrix (A) | 7' (&) Percent
mismatch mismatch
CoFo 3567 3°578 +0°25 3566 3°578 +0°34
COF2 3+585 3585 0 37585 3583 —0°06
COF4 3596 3597 -+0°03 3594 3°593 —0°03 .
. . . . 3600 +0°03
COF5 . 37602 ‘ 3°601 -—;O 03. 3*599 2:922 (—18-8)
B ] .
C1FO 37565 3'578 | +0°36 ! 3+564 3578 | +0°39 -
CiFL | - 3576 3-581 ;:‘ +0"14 3°576 3583 +0°22
CiF3 3°592 3'591 | —0°03 : 3593 3°590 —0°08 .
C1F5 3-586 2°917 L (—18'9) ! 3'584 2+919 (—18-5)
C2Fo0 3°567 3°579 5 +0°34 3°565 3°580 +0-42
C2F2 ; 3:586 3°588 !{ +0°06 3°585 3588 +0°08
C2F4 i 3+588 i‘ 2911 }‘, (—18°9) 3589 2-912 (—18+8)
¢ ] .

Note: Gothic values denote lattice parameters and mismatch perce,nts\of B phases.
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COFO o COF2 : COF4
b) COF5, C1F5 and C2F4 732°C, 1000h aging

COF5 . C1F5 C2F4
¢) COFO0, C1F5 and C2F 4, 815°ClOOOh aging

b7t e

COF5 Cl1F5 C2F4

Photo. 1. Microstructure after 1000h aging treatments
at 732 and 815°C. (3/5)
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.Fig. 8. Relatlons between 7' particle
sizes and matrix compositions after
1,000 h aging treatment at-815°C.
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: Applicaﬁ_on of a Supplementary Low-Velocity

Electron Gun to "Electron-Diffraction Reflection.

Synopsis:

Utility of electron -diffraction reflection method .has been shown by the present authors

Kiichi NARITA and Kenji Mor:

>

for identification of the nonmetallic inclusions constituting sand-marks in steels.

However, .when the nonmetallic inclusions are large enough to charge'the electron on them,
their electron diffraction patterns cannot be' obtained because of irregular scéttering of the
diffracted electron beam. This phenomenon is usually observed in the electron-diffraction of

a poor electric: conductive material.

To overcome this weak point of the electron-diffraction, it is adequate to apply the low-
velocity electron bombardment on the specimen in operating the electron-diffraction. In the
present work, it was recognizéd that good results were obtained by the electron-diffraction
reflection method using the supplementary low-velocity electron gun to identify the macros-
copic nonmetallic inclusions constituting sand-marks in steel, and the usefulness of this

method were shown.
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