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Effects of Combined Additions of Al, Be, and Ti on
Precipitation Hardening of Fe-Ni Alloys
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Masas WANAC, Toru ARrRAxI, Hideo Numara, and Keishi NARANOC

Synopsis

Effects of combined additions of Al, Be, and Ti on age hardening characteristics and precipitated phases in
Fe—4~7%, Ni alloys were investigated. The results obtained were as follows: (1) When Al and Be were
added simultanously, the maximum aged hardness obtained was the average of those of the single additions.
The precipitated phases were NiAl and NiBe, both being CsCl type. The hardening was considered due to
formation of clusters with ordered structure and also to precipitation of NiAl.  (2) When Be and Ti were
added simultanously, the age hardening effect was found to be additive and NiBe and Ni,Ti phases were
separately recognized in the electro—chemically extracted residue. (3) When Al and Ti were both added,
fine spherical Ni,AlTi phase was precipitated and the hardness increase due to aging was remarkable. (4)
Even if 24% Cr was added to Fe—49% Ni alloys, the combined effect of Al4+Ti was also recognized. The
precipitated phase of Fe-249%, Cr—49%, Ni-Ti alloy was mainly X phase.
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Table 1. Chemical composition of Fe-7%
Ni-Be, Al alloys tested (wt %5).
Alloy No Ni Be ﬁ Al
BA 1 6-98 — 1-08
BA 2 7-02 0025 |- 1-19
BA 3 6-93 0-095 1-07
BA 4 6-91 0-18 0-74
BA 5 6-89 0-31 0-38
BA 6 6°96 0-39 —
BA 6 —o—
BA 5 —a—
BA 4 —e— —
BA 3 —o—
BA 2 —a— 550°C
BA | —o— ]
u\;
SN
—— —1 600
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As solution | 10 100 1 000
freated Aging time (hr)
Fig. 1. Isothermal aging curves of Fe-79,Ni-Al,

Be alloys at 450, 500 and 550°C after
water quenched from 1 000°C.
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Fig. 2. As solution treated and maximum aged
hardness as a function of Be vs. Al ratio.
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Photo. 1. Microstructures Qf Fe-79,Ni-Al, Ti alloys water cooled from 1000°C, aged for 50 hr at
500°C. a) BAl, b) BA2, c¢) BA3, d) BA4, e) BA5, f) BA6

Table 2, Lattice parameter of matrix and pre-
cipitated phase identified.

. Precipitate

Alloy No Matrix bee(A) ordered bec (A)
BA 1 2-871 2-882
BA 3 2-872 2-616
BA 4 2-873 2-617
BA 5 2-870 2-615
BA 6 2.870 2-614
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Table 3. Result of electron diffraction analysis
of a extracted replica for Fe-6'939;
Ni-0-0959% Be —1-079; Al alloy aged
for 500hr at 600°C.
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Fig. 3. Change of lattice parameter of matrix
with aging time at 500°C.
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Table 4. Chemical composition of Fe-7 9,
Ni-Be,Ti alloys tested (wt 2%).
Alloy No |  Ni Be 1 Ti Al
BT 1 6-98 0-17 1-02 —
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Fig. 4. Isothermal aging curves of Fe-79;Ni-Be,
Ti alloys at 500°C.
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Fig. 6. X-ray diffraction pattern of electro chemically extracted residue of Fe-6-98%,Ni-0-179,Be-1-029,Ti

alloy aged for 65 hr at 650°C.
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Table 5. Chemical composition of Fe-59% Ni-
Al, Ti alloys tested (wt %).
Alloy No Ni Al |
i -
94 5-38 2:09 | N.D
95 538 1-:56 | 083
96 5-38 1-04 ‘ 1-67
97 5-37 0-49 | 2-50
98 5-35 3-10
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Fig. 8. Effect of quenching temperature on quenched
(full line) and aged hardness (dotted line).

Table 6. Precipitated phases identified.

Alloy No Precipitated phases
94 NiAl
95 Ni(Al, Ti)
96 Ni,AlTi
97 Ni(Ti, AD), (Fe, Ni),Ti, Ti(N, C)
98 (Fe, Ni),Ti, Ti(N, C), NiTi
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IRAEZ 20 5 7201 02 35 X OV TRA MBI B 2o 22 1370
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Photo. 3. Microstructures of Fe-59,Ni-Al, Ti alloys water quenched from 1 000°C.
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&, EHIRHTHI & RARGT U DIRZE U 7243 (Photo. 7)
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Ti Biiing No 98 DORshHET, 13& A Fpighik
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2T, K& Laves HBELLT 584 (Photo. 9) 7,
Db,

3-3.2 249%Cr-49,Ni-Al, Ti 44
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LEHTEHBEABNBEOT, Cr OEELLhETES
oWIZEI 24%D Cr ZiFml 7z Fe-49%Ni #4417, #i
HEMULK Al & Ti ORBEE X TIRIGL, B35

Table 7. Chemical composition of Fe-24 9 Cr-
4 9% Ni-Al, Ti alloys tested (wt %).
Alloy No Cr Ni Al Ti
CAT-1 23-84 410 r 1-64 N.D
CAT 2 24-30 392 | 106 0-66
CAT 3 23-25 3:98 , 085 157
CAT 4 23-83 4-40 ¢ 0'55 2:33
CAT 5 | 2442 | 403 | 002 | 306

WEDER, CAT I~4 13 1000°C *CZEESY: <,
CAT 5 3%y 950°C T 1000°C jnZhTdoF 512 —48E
WIZADI. INBHDT7 =54 MESHNT Ti Ehsnnt
B & LI HRBIASEERIC T o7

Cr 2t 52 LIS X o THHBLEEIIELCE
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Photo. 4. Microstructures of Fe-39,Ni-Al, Ti
100 hr at 575°C.

< too7z. Fig. 9% 1000°C 7 B U LY A 2 A T
Lt E50BETH5HM, BHTT TR IELLT
5. Fig. 103 1000°C TiEMk{LmimgLcob 550°0
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AR L7, B odirafi s Table 8 0L 72. b2k
L L5t CAT S 250X Cr G wii LR
U ¢ NiAlTi THho7n%, 750°Cx100 hr BE#hL 7238

alloys water quenched from 1 000°C and aged

Table 8. Precipitated phases identified.

T Heat treat-1y 4000 x 1hr WQ 1 000°Cx Lhr WQ
ment 57500100 hr - 750°C X 100}hr

Alloy No
CAT 1 ‘NiAl NiAl
CAT 2 Ni,AlTi Ni,AlT1, Ti(N,C)
CAT 3 NiAlTi Ni,AlTi, X
CAT 4 %, NiTi,(Fe, Ni),Ti %
CAT 5 %, (Fe, Ni),Ti Z

e B R o LR Stk CAT4, 5 THED
= 1 T H . CORICHIL TiE HucHes & Lie-
WELYN® 7b Fe-250,Cr-49,Ni-3-59%Ti {74: TR H

CreNigTiz 7 1) AT %A% AREIZI T LIziE—H
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Photo. 6. Electron micrograph of aged Fe-5'379,Ni-0-499,A1-2-5094,Ti alloy (No 97)
(extraction replica).
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Photo. 7. Electron micrograph of aged Fe-5'379,Ni-0-499,Al-2-50%,Ti alloy (No 97)
(extraction replica).

A -

Photo. 8. Electron micrograph of aged Fe-5:359Ni-3°10%,Ti alloy (No 98) (extraction replica).
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Photo. 9. Electron micrograph of aged Fe-5-35%Ni-3'109%Ti alloy (No 98) (extraction replica).
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Fig. 9. Hardness change due to various cooling
media.
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10. Isothermal aging curves of Fe-249,Cr-49;Ni- Al, Ti alloys at 550°C.
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Fig. 11.

Al-2-3394, Ti alloy aged for 100 hr at (a) 750 °C and (b) 575°C.
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X-ray diffraction patterns of electrolytically extracted residue of Fe-23-839,Cr-4-409%Ni-0'55%



1866 % r @

% 56 &£ (1970) 4=

hic.

(2) Be o—HEFFEFLRTHHED Al 2 Ti TE
EhrxbHE, Be BMIRIMOEE X W B(LixDlcroi-
25, Tivx Al X va{bizizgEshTchdot. Be & Ti %
EATRMU 84, H4Eic NigTi & NiBe 23385 5
o, BIEHTR T EE 2605,

(3) Al & Ti 2EAHRMTSEEEMEFELCL
H, F OO HARIIEKR D NLAIT: Chor. Fio
Al DIERBSNGETRIRD NiAl 23, Ti Qs
Z\WIGEIRRD NiTi L§14KkD Laves EASEZEL 7=,

(4) Fe-49%Ni-Al, Ti &4z 249%Cr 275N+ 5 &
REZDREILEEIIE U L B o7, EoRERahE X1
Cr ZImMUBVWEEERT L Al & Ti BEFHET
HEOHFEI O ELEI DA, Ti BIRmMmoBsd
B Laof. MR Al & Ti BSRE0EST
T Cr ZFINLAVWE E LRICHETHD7E?, Ti 0

SVEREITIE O FRINC X b L FBAE L 7.
b D 1T T DERO— R AR Sl b PRI
KR HAZR I W OB ET 5.

x [

1) &R, ¥k, Ak, #BM:
p. 610~613

2) &R, %A, BHE, hE: gL, 55 (1969) 1,
p. 48~58

3) &R, WA, BHE, ¥R L8, 54 (1968) 8,
p. 967~977

1) &R, A&, ¥R, BHE:
p. 887~889

5) H. Hucues and D. 7. Liewkryn: J. Iron
Steel Inst., 192 (1959) 6, p. 170

6) H. Hucues: J. Iron Steel Inst, 203 (1965)
p. 1019~1023

& 280, 52 (1966) 4,

kL@, 53 (1967) 7,




