K ﬁemmaeﬁ@aﬁaﬁgeﬁmmzﬁgfg#ﬁm Ti/Al B OB 1767

4) G.F. TsiNal, J. K. SANLEY&C H. SAMANS

* J. Metals, 6 (1954), p. 1259
' 5) C.Hsiao & E. J. Duhs. Trans. Amer. Soc.
s Metals, 49 (1957), p. 655

6) C. Hsias & E. J. Duris: Trans. Amer Soc.

Metals, 50 (1958), p. 773
7) R. Frangs, W. O. Binper & J. THOMPSON
Trans. Amer. Soc. Metals, 47 (1955), p. 231

8) W. G. Rensuaw & R. A. Luia: Proc. A. S.

T. M., 56 (1956), p. 903

9) W O BINDER, J. THoMPsoN & C. R. Bismor:
Proc. A.S.T.M., 56 (1956) p. 923

10). H. KRAINER: Arch E1senhuttenw ‘28(1957),7 .

p. 81

1) K. J. IRVINE, D. T. LLewerLYN, F. B.
PIiCKERING: J. Iron&Steel Inst., (1959)Ju1y,
p. 218

12) Twmeimann: Welding J., (1950) Dec. 581s.

- 13) FREEIRAHE: Bﬁﬁ%%ﬁ“ﬁiﬁiﬁgwﬁl(l%l),

p. 58

i
:
-
]
§

y mm WHASSOMRRERECS XX

wEgEE s TiAl ops

(' AR S S DR HZE—III)

oM E —

Influence of Structural Stability"andTi/Al Ratio on High-Temperature

Properties of Gamma-Prime Precipitated Heat—-Resisting Alloys.

(Systematic studies on gamma-prime precipitated heat-resisting alloys—III)

Synopsis:

Shoichi KaTon

; In the previous report (Tetsu-to-Hagané, 47 (1969), p. 1697~1704), the author first dealt

to Fe-base alloys.

the two series of 1/1 and 4/1.

‘

with high temperature load-carrying ability and structural stability of the various gamma-
- prime precipitated alloys of which. the matrix compositions were varied from Ni-base -alloys

In this investigation, the author stud1ed the influence of structural stability and T1/A1
ratio of the various gamma-prime precipitated alloys containing Fe. The matrix composition
of specimens were varied in Ni content with the alloys with 0% and 20% Co.

Ti+ Al contents were determined to be constant at 4% and Ti/Al ratios were selected in

The specimens used for age-hardening, short-time tensile and high-temperature creep-

was increased.

massive §- phase in Fe-base alloys.

I ¥
B 1D 3 X0 2 8P RV CiE, Fe-Ni-Cr-Co

il

rupture tests and X-ray diffraction test were made from a hot-forged bar (16mm diam.) by a

- double-melting process consisting of vacuum-induction and vacuum-arc methods.

A Regardless of the difference in the Ti/Al ratio, age-hardening and high-temperature
strength properties were remarkab}y improved, as the Ni content in the matrix composition

However, age-hardenability and high-temperature strength properties of alloys with a ratio
Ti/Al=4/1 were superior to those of alloys with a ratio of Ti/Al=1/1.

The deterioration of high- temperature characteristics in Fe-base alloys with ratios of Ti/
Al=1/1 were principally caused by the precipitation of massive jB-phases. )

It was found that the Ti/Al ratio should be selected to 4/ 1 preventing the precipitation of
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EEROA— A5 F 4 MANT Ni e

Fe &
&IV e B E THRBMR A KRB g7 1 HTHR
TR B E & DTRIR BRI & 47 B IC 25 LB X

U T o 1EBaE VT ORI IR 2 lmE L

7z. o Co 0~209, %4&%r Ni #4401 Fe %24
BEICIAEEMRS Fe £85462 85 &, B s

X O ERsEE R

EaBIIET LA BT B &

PHD, (Cr=17'5%-%) Fé-Ni-Co pseudo-tern-
ary diagram 12 B AR 35 LB KRR B B & pse

L7z

?17~Eﬁt5ﬁﬁ, Wb 1180°C, 2h+760°C ,20h
RFEALER 2 AT 75 D7t & V- THT iR D 7.

III%E%#%

1) eI LR

B LEABRIE Ti/Al=1/1 & Ti/Al=4/1 OW%
Flptil & & H ICEBNAE Y 732 3 108 815°C © 2 f %
BEL, BN A1/2, 1, 2, 4, 8, 16, 32, 64,
128, 256, 512 XU 1,024h & TRIHNCE LI

B OESEEY €Y 2EESNC X D kel 2. Fig.

A@ﬁ:@@m%%%ubf rﬁmmmﬁAékb

THo L DRFMRREMAREE T 5 E42RD % 72

Z, B X‘BT)? Hicxh 5B 8NE (EEXEREE EhT
)R EAT LI R EMREBREL, ZhitMo, Wiz

X BEEERILE Ti, Al X 55 LA e S &k

A OB LM & BRI OBIR A A L 7.

1T
S S (g3 ik Aed

R SRR
Table 1 TR7. FT7b5C00%

BLO20% D 2FFIREE, WIThbREAREERE

B &R BE L
FRtOBEELT, \/“T%’b%%ﬁ)ﬁﬁo Yy ITavu4®
Fv, 25kW &g E

22

'm%&ét%kbh%ﬁg%ZWGﬁB3W6§T%5
%k XIS Mo 3%, W 2% ZEBHAILY o
,E%Tﬁmbtﬁ5ﬁ®ﬁﬁkO%TwAL4%&b,

Ti/Al=1/1 & Ti/Al=4/1 ®O2EZROEFT 10 ED |

BRI XD RERRR 2T
. #9.10kg ¥EMEL_40mm § X I mm FiBCEER, T

NETEEEBMR L LT 2,000 7 VR — BT — 5 VR

FioTiy tpHg TT2 BIEHETR ok, 8

Y gl ek

AR 16mm§ FHBICE CHEML, SEAROMFHAM &

L7z

EEhEE(LatER LT 1180°C, 2h @li*ﬂ:&&f_ﬂz% tco :

CEBlic o E, B EERBE XV T - 5 S

LIz Ti/Al=1/1 X0 Ti/Al=4/t RO 752

. °C b%ﬁ%ﬁ%@%%ﬁ%,itﬁm 2 1213815°C

TRV BRI LR A R L /2.

?ﬁb%?&%w&wvﬁiTmm—UI%lUTV
Al=4/1 OFRIE LY 1/2h DEEREHT 250 V.H.N
AIRIC & CRECELL, L OBOBEMEINIR L THE
7L, 10h 75 100~200h THOLAWERY, FDik
1,024h FCEEEELERL TS, Ll roRs
BEIX Ni2BEEOLZ WL DR EEL, Ti/Al=1/1 %
FITIE Co #&%# N25T2,N28T2 X 0% N32T2,
F72 Co 20% z;_»g@:y N20CT2, N25CT2 @IIE@%E

LR L 5. K Co & Enalklok s Co

20%% & TRE X D SEPBE LIRS V. Lbdoh
BY VP ORCEBBERR L N32T2 L R{EEE
ZRL72 N20C T2 & OfFicit 140 V.HN OkELR
LTED, EEHEROZEPRIE( LR RELSEEL
TWwWb. ThiciiA LT Ti/Al=4/1 OFRFEENL,
WTh bR B LB LR,
BEoxED V. WTFhicLTh Ti/Al=1/1 FHXY
Ti/Al=4/1 FHIDHBREFLEEIZRE V.

815°C QEpEhE LIk Fig. 2 wRTCLL, VT
NORFNCI TS 1/2h TRBKCHELLL, FO0BEL
Ao EZb <, 1,024h FTHES #EL 5. 815

°C oA D 732°C oA LFRE Ti/Al=1/1 B

1,000h FRORFENEE

Table 1. Chemical compositions of alloys studied. (%)
Alloys - C Si Mn | Cr | Ni Co Fe Mo w Ti Al
N25CT2 | 0109 | 064 | 0°86 | 16°10| 25+94 | 18+00 | 28+00 | 2°73 | 2°25 | 1°95 | 2°18
N20C T2 0°047 0°49 084 16°19 | ,19°30 1800 37°00 2°87 2°28 190 1°98
N32T2 0°047 0°63 103 15°96 32°16 - 41+00 2*75 2°14 2°20 | 2°33
N28T2 0°031 0°61 0°95 1574 28°23 —_ 4550 2°86 216 2°17 248
N25T2 0°057 0-47 0°79 16°10 24°23 —_ 49°80 2076 1°94 183 2°00
'N25CT3 0°125 0°58 1. 0°99 1579 25°81 17°63 30°00 | 2°81 1°96 3+30 0°75
N20C T3 0°113 0°51 175 15°84 22°35 17+50 36°80 2°88 1+80 3°75 1°02
N32T3 0062 0°54 0°86 1555 3220 —_— 4100 2°85 2°05 3°52 0+89
N28T3 0°090 0°57 1°28 1593 | .28°39 — 46°05 2°62 177 | 2°91 1°09
N25T3 0°108 0°58 1°04 16°21 24°03 — 50°00 2°85 193 372 0°42
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 B5h0EELZLNS.
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Soltr Yo ] 2

S 6 22 64 ;s 6 5z pA
Aging time (h) :

Fig. 1. Relations between hardness and aging time at 732°C.
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— " 5 e

N2572  paocrz

I I L L L i ) ! il

MEE LR RN T, S
RBIEELHE, 650, 7225% Y
UB15°C 0 AL ES, KB |
Zémm § X4/ @ (ﬁ'?@ﬁ%ﬁ) &
L, W d £3BRIEEC30mn )l
RFEE tmm/mnO3BEEET st

— . o N3T3

— . 2
/\\;><><:> " :,4( \é\a

Ti/Al=%

NISCT3 NaoeT3

N25T3

fIino7z.

Ti/Al=1/1 3 X0t Ti/Al=
4/1 TR E DBEOHEME &
LI BIEEE X MR T OMARR L7, £/ Ti/Al=1/1
FINCEC T, WFNRORBIBEICS N TH Ni 24
EO0H VIS ER X BV EMESLNTE D, HEE

CROERC X BEEEMIDERT VLU S L. %72 Co 20
P FUHFLED b Co 24 natkl 0k 235 FREET

BOESESNTWS. Ll Ti/Al=4/1 RAEEC
BT, KEETH SRR NI 2FEOSVERRHZ L,
SERAIEEWELZRL T 58, §i# S CHES R En
ZEME RS TEOBEH L EERRL T b, &R
FIIOMRE OELHH L VAL, 22 EEEL

TS, FEEE CRT S BERX 0K ToREED

T1/A1_4/1 RINDTH Ti/Al=1/1 —f*%‘U‘Iﬁ?HlD%

VXS ERZISNS.
f,mﬁ&e@v%;mfbm,m%ﬁsawﬁ@%%m

DY, FRIEHE L LIRBSOBNMEEZRL 2D DIX

Soltr 72 7 2

R 7 B~ Ry BT R 7y T i
Aging time (A)

Fig. 2. Relations between hardness aﬁd:aging time at 815°C..

WINDEWEZRLTEY, $L5RBIDERVESR
RTRRF EFHTRE LD LD ICHEWERRL T
W5, FEBRECRTS5REIOETOWEESL
v Ti/Al=1/1 RFIOH RO X O D BB ER T
L, PTHEEEMRI DRV N20CT2 7 K1t 815°C itk
WTHTRE LD & DI 90% FTHML Tnab.
ZDX5wb U5 LWisEREOZEIE, fikoR:
LM & DVRIERRL TR D, BRRRIC L 28
EBELCBR T L ERBLTCVS. B0l
< Mo, W ik 5EAKRILE 7' FON HEL 2%
AR r HEEARRE ST VTR, Ni 8FE0S
Lo X5 EEME ROERD, BT &®ES Y ~
T PFaT - RERECKELSELGTHTHAHH L
LR E RV, EREEES REREREIT RSV T
b, LRROTELEERRELRZRT LPHLPLIED
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: T LCw5b. 7= Ni 8580 iy N25T2 74 21 100
o LT  hEBRICEV TR ECHS PRI ERL, Th *
. A - M32 ‘ )
Z DI ER I IS TS £ 5. 7 Ti/Al= ,
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1/1 FHITIX Co 24 E LEF O BHBEEHAE IR VW E

al PELNTWS. Lol Ti/Al=4/1 RFITIX Ti/Al=
Tl stooth Joo 1/1 FIORER LB LREOTMBALRLI. ThbD
W o o o 180 Ni &5 B0\ REHNE EEV BlRE 2R3 L

-~~~ Reduction of aree

160 € Ti/Al=1/1 RFIL AR TD 523, B TOBEZZ
o U i WE X VNS EREROBREETORAL AR, %
S : - : s fegFb e d 5 S F a7 — B Ti/Al=1/1R3[X D
< |- = 3 Ti/Al=4/1 FFERRO B2 BIF R LS. Thb
£l i | OERIIEDTS Sk <, BERECELR ST S
: ~ N LR S F7213 0 DN R L BV BIRED 5 b O LE X Sh
S sk § 5. ,
& FREEEFRD MoW, 1o X 5 EH#R(LE Ti |
o e i " B I AL X B4 HIEE(L & OBABIRIT X 5 BB 4
S ;ijgj;"f”m Yl OhEEZAR LD TH S, KHIC LCN-155 base
» lo £4C Mo 3%, W 1% Ohmxizbo® L, Ti 2%,
b et Al 29 QHMEIBEDL ©FFF 27 —HELSEE
ey  CREERTRLTHS. CRLELETSE TiI/AI=
fo r e 1/1 FFIosT LCN-base T2A2 30X D 100h 7
, st sempesetuzs 1) WigaEEnS 10kg /mm? DLEERESHTWS N32T2 7%
Fig. 3. Short-time tensile properties of the FL 555, FURBHEREE TS N20CT2 & &k
0% Sh TG 208 s LON-base T2A2 BRfHX 1 ERMHNAESET OB
1. o o Tihl=1r o 1
3) WYY ~F - 7T R o s s
i e | AT L
. Fig. 4 X Fig. 5 ik Ti/Al=1/1 g, ¥
5 X Ti/Al=4/| WRFBBO 13255 &
T BI5°C O Y ~THMERERLE. g
75 35T P DREMFARAR IR U A SRB R S
BOMOY%ERLIDDTH 5. wt
LT 732°C TRUBRBERI M .
 X5. Fig. 4 OTi/Al=1/1 FAcix Ni 2
SREOECbOECHNRERAE A [ " ‘ " — g
RL7z. Thbb Co Z&ERFEITIX _ Rupture time B ' =
N32T2, N28T2 Xt N25T2, %72 .Fig. 4. Rupture-strength properties of various alloys at .
Co #%4&TrathlTiz N25C T2, N20CT2 732°C. (Heat treatment : 1180°C 2h +760°C 20h -

OIRICRERTEZRL T 5. BBt aging)

O3 L OUR D SBFREOEV S O EEWESESN  AERL TS, ZhIEARERERC Mo 3, W 2,Ti 2
OB, ERREREOENMENELN N32T28E B Al 2% ®in x5 T L ERETH Y, BEEH, |
L REOEAR LR N20CT2808 2 oo 100k Bl DREAMBOZEREZETSRHRLELLNE. LAL .
WAL 15kg /mm? DLEOERZFRL, RERONIE  Ti/Al=4/1 RFTE, X5 LRREBRD LT, *
FEOHLOERIC x> T bBEELMFREOETAR  N20CT3 0 100h BHi#ETH LCN-base T2A2 &
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Fig. 5. Rupture-strength properties of various alloys
at 815°C. (Heat treatment : 1180°C 2h+760°C

20h aging)
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Table 2. Phases identified in specimens after aging treatments at 732 and 815°C.

16 e 128 1,024

_ 5“**‘~‘-¥-“\\‘\égh@ time (h)
Specimens ’ Test temp.°C ™

N25CT 2
N20CT 2
N32T 2
- N28T 2
N25T 2

- . = =~

|=ww==
=™ T
asaaaq
S mm~
W™
aaaaaq

732
N25CT 3 i
N20CT 3
N32T 3
N28T 3
N25T 3

= = =

e B R R S B

ﬁiiii
Qe a9

jﬁiii
§qaga

N25CT 2
N20CT 2
N32T 2
N28T 2
N25T 2

=== =

W™

Q

Q
=== =
ww® W
asa
T W

o

815

N25CT 3
N20C T3
" N32T 3
N28T 3
N25T 3

RRRR=

Q
SOISISICE

!

!
g ' o
! o
! o

BN |

SISIRISTS

|R=Rm=
I

g

mmlu%ml;m%,iklwﬂm_N%TS%;@
N25T3. 1T o+ L HHOWHEZ L 75 T L1k Ti/Al=
1/1 BFIDHE LR TH 528, N32T3, N28T3 kX
UY N25T3 @ 3 BBHTIX 1,024h 41T » FOHT HIHSET
b s. EARELEDHT Co 20% w&TEHE
TP Ti/Al=1/1 BXQ Ti/Al=4/1 R & b ickEh
EEORE 815°C TlE o HOITH & %I L L IO H
BRSNS C L EBD. BEARREZELT, VT
hORZHEE TR TH Table 2 R L AT HIAERSE

it M(Cn) 5X M(Ne) 7 ERIbdRDSN
T3, Th S HIERERSRECERNCEST5
BDTHAHH EHELLNDDTEM L.

DLEDT & S AT ORBIER A D S5 i
MRS 1T o7 D SN HIREA oD B S R (L
DOEBTEHERINL 7 Mo, W 75 EORINEDS, 20BFE|T

HOTTedh 0 HHVIELIBON M ZBET D X 57 E

RZEZTHWEDTRENVEASHEZEZDLNS. L
T Ti/Al=4/1 ZHOF I BERECESY B ST B8
OB, Lind Co 209 %&¥r N25CT3 7t &
1 815°C DERE SV THEERMEMERT LS T
B5. \ '
b AA Ti/Al=1/1 ks X Ti/Al=4/1 OTFRF| &
I NI gHROB S OR EBRIERERESEL TV
BT EiL, ChbRIFBICS b bh b ST HED
B3 YO SRR EREBRL TR0 L Bb
5. i o MO HIGERZIRIBC IS W CEIRY 7 F

27 — i R e U B ROBEAE 2 W T

HLRETEE 52, LIRS ZESTHEGEORE

TERSR EOHRED 2 bF X EE D LRRELICE
WURIREEREZ B XIS TEN MBI S ES X0 e
TdHH5 LHERIND. ‘
EREAREED T L Fe 25BICAT 7 HF AR
AL RNTIE, Ti+Al §8EZ—FBLLAEESRT

Ti xi35 Al LR TR BEREOhESEDS
B, CEREEMERGO NiSHEELEVERFELY

tfgm sz, DEORBRAREGEOPT v HTHER

Bael UTEYSERMARIZ Ti/Al=1/1 FRIITR
N32T2, %7 Ti/Al=4/1 RFITIx N25CT3, N32T3 -
CE/iE N28T3 e ETh B S LiEmS .

Iv. #& &

Dl b Ni &7 8% Ric§5 Fe-Ni-Cr-Co IR D
SEOLEMKLEEL, Mo, W ime Ti/Al %
Zieswi ¢ AHRAREE ST OV TRIREE R &

- BT X B LR E R L 0 E ORI R G

(1) ARELSOBEL, CRHmR1IERES X
CEEY )~ - 57 F 27 —3GEEEIE Ti/Al=1/1
ki@TMM=M1@mfh@%ﬂKﬁwf%Nigﬁ
B0l CELIBRESMES . ¥z Ti/Al=
1/1 (Ti 2%+Al 2%=4%) #¥xvd Ti/Al=4/:
(Ti 3°2%+ Al 0°8%=4%) RFERBOFHR, & b
SRR BIF R E R LU .




x

7 RHEE SO RRER S 3T REREEE Ti/Al hoME 1773

(2) Ti/Al=1/1 RHcH LT Ti/Al=4/1 FF|D
DSBS DU R R C H HEEN,  Ti+Al é
BFREO—ZEOBE, Ti K5 Al 8FE2TIRE
JC B RO VAR 2 RS2 5 2 LB TEX BT L%

CAD. BRARAEED LR Fe 24RICED 1T

HEREESTE VT, Ni BEEOEE LK Ti

CHTE Al GEERTEREAREMFE LV L 2

FERC DT, THEEES ST TS ¢ kb
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(3)  F7 BHIDHHZINEIL 72 Ti/Al=4/1 R
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thzo Co DM, Ti/Al=1/1 RFIOEAE LI
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BEX TS LD ST, -

(4) Mo, W oEmic X 5EEEsELe Ti, Alic
LA L2 EE S5 2 &3, SIREESE IR

RNTH B2, BERECEL S DS TFEEORED S

NOBEEOEEMRZRETRER S h. AR440CE
VT Ti/Al=4/1 RFRKHC IV TRATRINC X 5
BEUWESTHELN TRV 5, EIRRERE & )
XM EHE 2E 2485 L Mo 3%, W 2900

IMER BRI T o7 L 5 KB 2 bnb. SEEs

SHIRPREL G ET 7 WHERESA S E LToRk
HERTDT, LrbRERECEZR IETIEEOH
HEHBZ L2 £ U SN T SR TR 2

EEHRIL 2 W B L 2 OBEEREZINS T EBFEL

W& OiERBPE LNz, - (FRAN374E 4 BETS)

_ ' L [:73

1) fmsé: ke, 47 (1961), p. 1697

2) InEE: gk, 47 (1961), p. 1473

S 3) mEE: BARESEFELEE, BFES .
4) H. J. Beartie and F.L. VersnyDer: Trans.
l Amer. Soe. Metals, 49 (1957) p. 883

5) InEE: HAERFEREE, 25 (1961),p. 663

6) H¥E: FRE 123 BALREK, 117 (1961)

— 47 e




