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Mechanical Properties of Fe-Ni Alloys Having Microduplex Structures
Masayoshi YODOGAWA and Minoru TANAKA

Synopsis:

The relationship between structures and mechanical properties of seven materials having microduplex
structures consisting of ferrite (&), martensite (a«') and austenite (y) in Fe-Ni alloys has been studied
by means of microscopic observation, tensile test and impact test.

The strength of the (a+y) microduplex structures is larger than that expected by the rule of mixture
due to the grain refinement. Their ductility at low temperatures is improved remarkably compared
with that of «'. The shape of their grains markedly affects their mechanical properties. (a+7)
microduplex structures containing the unstable y show the maximum strength and large elongation at
a 50-50 phase ratio when they are tested at —196°C. Their low temperature toughness is lower than
that containing the stable y. The tensile properties of (a'+7) duplex structure are almost explained by

the rule of mixture.
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The tensile behavior of (a+a') microduplex structures are similar to that of a'.
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Table 1. Chemical compositions of alloys, wt%,

bal. Fe.

Alloy 6Ni 1‘ 9Ni ‘ 15Ni h 24Ni U 30:3 1 31:5  3sni
Ni o 6.18 9.1 15.02{ 23.67 30.60 31.80 35.51
| i i | b
Mn | 0.12 ]0.23ﬂ 0.23‘l 0.2:’!b 0.30 0.30J 0.30

Table 2. Heat treatments and microduplex
structures of alloys.

Alloy ﬂ Heat treatment FMicroduplex structure
600°C aging lamellar (a+a')
I5Ni 809, cold rollin
I
+680°G agingg globular (a+a')
450°C aging lamellar (a+7s)
500°G aging lamellar (a+74)
24Ni 2 i :
TEST T domia o
809, cold rolling
+5OOOC aging globular (a+7u)
30.5 subzero treatment '
Ni | between M, and M; | (&' +7)

o : ferrite, a’ : martensite, 7 : austenite, yg: stable 7
7u ® unstable 7
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. Electron micrographs of the Fe-24Ni alloy age
24Ni alloy : (a) as quenched, .(b) 20hr aged, (c) 100hr aged, (d) 1000hr aged.
15Ni alloy : (e) as quenched, (f) 3hr aged, (g) 20hr aged, (h) 100hr aged.

W s,

Photo. 2. Transmission electron micrographs of Fe-Ni alloys. (a) 24Ni alloy as quenched,
(b) 24Ni alloy aged at 500°C for 30hr, (c) 15Ni alloy aged at 600°C for 20hr,
(d) 24Ni alloy rolled by 809, (e) 24Ni alloy aged at 500°C for 10hr after rolled
by 80%, (f) 15Ni alloy aged at 600°C for 5hr after rolled by 80%.
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Stress

Strain

Fig. 1. Some typical stress-strain curves tested at
room temperature, —75° and —196°C
for Fe-Ni alloys quenched from 900°C

and treated at —196°C for 30 min.
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Fig. 2. Mechanical properties of Fe-Ni alloys.
Go.z ¢ 0.29 proof strength, o¢g: tensile
strength, ¢: reduction of area, d,: uniform
elongation, §; : total elongation.
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Strain
Fig. 3. Some typical stress-strain curves tested at

room temperature and —196°C for Fe-Ni
alloys having the microduplex structures.
(a) 24Ni alloy aged at 450°C for 100hr
after 80% cold rolled, globular (a+7s),
C;=319%, (b) 24Ni alloy aged at 500°C
for 5hr after 809 cold rolled, globular (e«
+74), Cr=40%, (c) 24Ni alloy aged at
450°C for 1000hr, lamellar (a+7y;), Cr=
419%, (d) 24Ni alloy aged at 500°C for
30hr, lamellar (a+7.), Cr=43%, (e) 15
Ni alloy aged at 600°C for 20hr, lamellar
(a+a"), Car=50%. Cyr=amount of y, C,r:
amount of a'.
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Photo.

3. Transmission electron micrographs of the locally contacted section of the tensile

0.2

specimen for the Fe-24Ni alloy tested at —196°C after aged at 500°C for 30hr.
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Fig. 4. Relationship between mechanical
perties and temperature of the Fe-Ni
alloys.
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Fig. 5. Relationship between mechanical properties and the amount of second phase for Fe-Ni

alloys having the microduplex structures.
(c) 24Ni alloy, globular (a+7s),

Ni alloy, lamellar (a+7.),

(a) 24Ni alloy, lamellar (a+75), (b) 24
(d) 24Ni alloy,

globular (a+7.), (e) 30.5Ni alloy, (a'+7), (f) 15Ni alloy, lamellar (a+a').
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Fig. 6. Relationship between tensile strength and
total elongation at room temperature and
—196°C for Fe-Ni alloys having the mi-

croduplex structures.
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Fig. 7. Charpy impact energy-temperature curves
of the Fe-24Ni alloy having the lamellar
{(a+7) microduplex structures.
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AKX —HREERTE &L ITHRL LT 55, —196
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the lamellar (a+ys) microduplex structure (aged at 450°C for 1 000hr),
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BTEFIR (a+7) MEEFA LTV 525, HoTzh
IR XD TRERIRHEEIC ThIEX S iRiBE otk
EINDWHEMND 5.
37 wEBgkslUvan

Photo. 4 1%, 3®EODEHMZMELD —196°C THER L
IR OWHE P RO FEEHFETSHS. »Th
4, dimple pattern H X AMMERE AL LTW5S. o
HBH5VE r BMEEOMM L Photo, 4 LT, HER
MR, NijREE, AHGL, AR 2 385 X % BRI &
ETHERFEALRD LRGP Dk. ZhbDMH5
WITHEEIE S TSRS X CMRE CIEMICE DBl
EMEEEET S EFELIONS. ¥y W E—REBIC BT
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[FIERC o7

24Ni 54D a' XK (a+7s)1, (a+7a)r M2
THRRIC DWW T, VEEIRY v+ vE—RAE 2BV THH
HIT BRI & D BREERES &, BUOKRHEELEIEL
7c. Photo. 5 IXBALIFROMEEE TH 5. a OH
Bix o WREERZETLTCVv S0t L(a), (a+
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(b). (a+74)r DAL (atrs)L EFEERTH O
ZDXHW a' FIXY (a+7)r HBOSIERSI Y +
€= ERIC 3513 Bk Eilo dimple pattern T3
545, BROIZRTIIER L HESBbh, Fig. 7 O

‘ Wtif
(a) 24Ni alloy having
(b) 24Ni

alloy having the lamellar (a4 7.) microduplex structure (aged at 500°C for 30hr), (c)
13Ni alloy having the lamellar (@ + «’) microduplex structure (aged at 600°C for 20hr).
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Photo. 5. Cracks in static bending specimens tested at —196°C for the Fe-24Ni alloy.
(a) martensite (as quenched), (b) lamellar (a+7¢) microduplex structure
(aged at 450°C for 1 000hr).
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