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Effect of Transformation Cycles(a' <> Y)on Microstructures and
Mechanical Properties of Lath and Lenticular Martensites in Fe-Ni Alloys

Seong-Bok Seo, Joong-Hwan Jun* and Chong-Sool Choi
Department of Metallurgical Engineering, Yonsei University, Seoul 120-749, Korea
*Research Institute of lron and Steel Technology, Yonsei University, Seoul 120-749, Korea

Abstract The influence of transformation cycles (o' <> ¥) on the microstructure and mechanical properties of lath and
lenticular martensites has been studied in Fe-Ni alloys. The width of lath in Fe-15%Ni alloy decreased with increas-
ing the number of transformation cycles, while no appreciable change in dislocation density inside the lath was
observed. In case of Fe-31%Ni alloy, a number of dislocations were additionally introduced into the martensite plate
after the transformation cycling. Tensile strength and Vickers hardness of lath martensite decreased with the increase
in number of transformation cycles, whereas those of lenticular martensite increased up to 1 cycle and then remained
constant. Elongation of two alloys was deteriorated after 1 transformation cycling, corresponding to the tensile
strength. But the decrement of elongation in Fe-31%Ni alloy was smaller than that in Fe-15%Ni alloy.
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Table 1. Chemical composition(wt.%) and martensitic
transformation temperatures(°C) of experimental alloys.

Alloy | Ni | C | Si |Mn| S |Fe|M,]| A,
Fe-15%Ni| 15.0910.004/0.03(0.01/0.004| bal. | 384 | 588
Fe-31%Ni| 31.0610.0050.03(0.01 0.004] bal. | -50 | 360

Aot Azd ¥ EEAgY vl2EiolE Heles
£ Table 19 VFERARATE

B APME 2mm FA B AAAHE A+
50°Ce 2o fA¥ A&FM 38 FAstd
PlEHRRIES QAHURER HHeARl O o1&
FYE F A -196°Ce] A ALo)A 108 B9
AeAzAeshe HHE 1 AlEE 3k sEgaa)
g Agsigen, & 7 Ale)F7A 438 Fig. 1
o & dAyelA 33 wEAAe] g mHFHom

=

- w e

AE -

HEs

Solution treatment
1100°C X 1 hr

(A + 50°C) X 3 min

(A + 50°C) X 3 min

water quenching water quenching Water quenching

~196°C X 1 hr

-196°C X 10 min ~196°C X 10 min

1 tharmal cycling 2 thermal cycling

Fig. 1. Schematic diagram showing thermal cycling
treatment.
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Fig. 2. Change in optical microstructure with number of thermal cycles in Fe-15%Ni and Fe-31%Ni alloys.

(a) Fe-15%Ni alloy before thermal cycling (b) Fe-15%Ni alloy after 1 thermal cycling
(c) Fe-15%Ni alloy after 7 thermal cycling (d) Fe-31%Ni alloy before thermal cycling
(e) Fe-31%Ni alloy after 1 thermal cycling (f) Fe-31%Ni alloy after 7 thermal cycling
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Fig. 3. Change in TEM microstructure with number of thermal cycles in Fe-15%Ni and Fe-31%Ni alloys.
(2) Fe-15%Ni alloy before thermal cycling (b) Fe-15%Ni alloy after 1 thermal cycling
{c) Fe-15%Ni alloy after 7 thermal cycling (d) Fe-31%Ni alloy before thermal cycling
(e) Fe-31%Ni alloy after 1 thermal cycling (f) Fe-31%Ni alloy after 7 thermal cycling
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Table 2. Variation in martensite volume percent with
number of thermal cycles in Fe-15%Ni and Fe-31%
Ni alloys.

Alloy |non-cycled|1 cycled (3 cycled|5 cycled|7 cycled
Fe-15%Ni| 100 100 100 100 100
Fe-31%Ni] 99.0 98.0 97.5 97.0 97.0
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Fig. 4. Relation between hardness and reduction in
thickness for Fe-15%Ni and Fe-31%Ni martensites.
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Fig. 5. Vanation in Vickers hardness with number of
thermal cycles in Fe-15%Ni and Fe-31%Ni alloys.

X AEWslE ZAKE Bast o Fig 48 F
gl slzdiole 24 AEE Wrkiael Hal
221 Zoltt. @2 mlzdille AL FFEd



Fe-Ni §3eiM 22 nl2rlo| Eo} Az} w2 elajo] E2) ulEae] ~ 89

ARl AT Bk VehiH, =24 vl2giAlo)
E 232 713x9} tio] A&Hos Axrt vl
I At o€ @2 vizdrlolE9 A Yz
Ut2EIALOlE Jejol M AWyt EaPdelE EAjstn,
P24 vl2RR|EY] Aew WZE radile
Feol A 7K W) FsdEE o
A -2 ouljic}

Fig. 55 Fe-15%Ni#} Fe-31%Ni 322 rl=eli}o]
E =g g X 35 gis) vehd Rl
A=A vlZERlO|E Z9 whEEE] 1 Alo]ZoA
A=t JA43] F/BRIL 1 ol Axr) HAHew
F7KiTh ol& Fig 4olA HE nish go] el
vt2RIAtelE FEloA A7 ZakE QA 97
Y2l WHEHEIA] 1 Ale|ZelA A7) EsPdE o)
HT AEZ Bol EQHIT 2 o)FE Alo]E
S718k tiEo] ofztel 97t ERUE7) whio)gt Azt
g a22u P2 rl2EielEY A9E Aes)
2 Alelg7Ale F3] oL 1 olFe YAE e
UehlaL k. 2 olfel ois) thea go] uds|
£t AF Fe-15%Ni 59 g rlzeiole Ax
(H)E Choi ¥ Tanaka[12]°] w=w H=H +AH,+
AHE AT F Aok 974 He ojdgd
HeolES A%, AHe A9l 2] AEF7), AHE
£A 940 ng7slolth Fe-15%Ni T2 Fx
2 dRIo|E el Adnrt 23lE]o] Q7] b
(Fig. 4), ¥HAlOlE47E 7B IHelE AH e 93
%E AT Aotk aug wrEIHY 357}
VRS HEHyL 2adke AL AH, 7o) 7
7198 F wtofl gk ugUAE BAhge 37
YA FAR 4 A3 Ni, Si, Mn 58 13 &
Ut ol PAS} HYALY HHA|E FAR) B,
| dFe)—dND) | =0.014, | dFe)-d(Si) | =0.13A, | d
(Fe)—d(Mn) | = 0241AcIc}. &, AP 1833}
g =7]E Mn, Si, Ni®l 471 2 Aolth. Fe-
15%Ni 3ra9l 729 wkEwe] dxg)A) Aghexrt
690°C(A; = 640°C)F %¥7] &l BHE-AXE] F<lol
olgigt AFY LA E| AAE T3 oz
o] L2EUolE AAHAR NE 8733} eko]
#23817] Wil Fig. 5914 B ule} o] 2 Alo)&
7HA P2 vl2diRle|ES] Hert hadiar, 1 olFe
M&o] AFEHWY] Wi I Axghe FAa
AZhgcy.,

850 —

800 |

750 1

B Fe-15%Ni
® Fe-31%Ni

700 |-

650 |-

Tensile strength (MPa)

600 |-

550 n 1 1 1 i ) i L
0 1 2 3 4 5 6 7

Number of thermal cycles

Fig. 6. Variation in tensile strength with number of
thermal cycles in Fe-15%Ni and Fe-31%Ni alloys.
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Fig. 7. Variation in elongation with number of thermal
cycles in Fe-15%Ni and Fe-31%Ni alloys.
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