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On the Tensile Deformation Behaviour of Two-Phase Iron Alloys
Ys Tomora, Késhira KUROXI, and Imaoc TAMURA

Synopsis:

Tensile deformation behaviour of two—phase iron alloys with ductile second phase is studied and tried
to be understood by the difference in strain between the harder phase and the softer phase. The alloys
used are classified into the three groups; Fe—Cr-Ni alloys, Fe-Ni-C alloys and Fe-C alloys composed of
austenite and ferrite, austenite and martensite, and ferrite and martensite respectively with various volume
fractions. The mean effective grain size of each alloy is adjusted to be nearly same by heat treatment.
The main results obtained are as follows:

(1) The tensile deformation behaviour of a two-phase alloy is dependent on the C—value (=0-29, proof
stress of the harder phase/0-2%, proof stress of the softer phase), volume fraction and shape of the harder
phase. This is because the degree of strain-inequality m (m=3s/51: 3118 the mean strain of the softer phase
and 3, is that of the harder phase) is affected by these factors.

(2) The flow stress of a two-phase alloy with small G-value (smaller than about 3) is estimated by the
strain-equal model (m=1).

(3) The m—value of a two—phase alloy with nearly spherical second phase decreases with an increase
in C—value and its tensile deformation behaviour approaches to the stress—equal model (m=0). In this
case, the m—value is decreased with decreasing the volume fraction of the harder phase. When the volume
fraction of the harder phase becomes close to unity, the deformation of the softer phase is strongly
restricted by the around harder phase, so that the tensile deformation behaviour of a two—phase alloy

approaches to the strain-equal model, independent on (-value.

(4) The m-value is slightly affected by the overall strain of a two-phase alloy. It is small at small

strain and increases with an increase in strain.

(5) The tensile deformation behaviour of a two—phase alloy with long fiberous or disc second phase
whose largest axis is parallel to the tensile direction is nearly shown by the strain-equal model even if C-

value is large.

(Received Feb. 14, 1974)
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Table 1. Chemical composition of speciment (wt %).

fo! Si Mn “ 13 s | Ni | er Fe V.F.F*
(A) 1| 0-003 | 003 | 0-005 | 0-002 | 0°007 | 17-03 | 20°97 | Bal. 0%
Fe-Cr-Ni 2 | 0°004 | 0°02 | 0005 | 0-002 | 0-010 | 1376 | 24-30 | Bal. 32-49,
A*“fcnﬁe and 3 } 0:002 | 002 | 0005 | 0°002 | 0:009 | 10°49 | 28-18 | Bal. 5089
ferrite 410002 | 002 | 0005 | 0:002 | 0:013 | 7:35 | 3035 | Bal. 67-2%
5| 0009 | 002 | 0-005 | 0-002 | 0-016 | 3-64 | 34-41 | Bal. 1009
(B) Ms Temp.
Ai:::;ind 1] 0005 00l | 0001 | 0002 | 0-008 | 308 — Bal. —60°C
martensite 2 | 0-23 0-21 | 0-22 | 0004 | 0-002 | 29-89 — Bal. —57°C
3| 037 0-04 | 0-005 | 0-003 | 0-002 | 25-21 — Bal. —50°C
(C) V.F.M**
1 | 0001 [ 0-001| 0-003 | 0-005 | 0-006 — — Bal. 0%
Fe-C 2 | 012 | 0005| 0002 | 001 | 0008 | — — | Bal 2119
Ferrite and
martensite 3| 019 051 | 0009 | 0:30 | 0-013 — — Bal. 4429,
4| 033 0-72 | 0°013 | 0-3¢ | 0-021 — — Bal. 78'6%
5 | 04l 0-75 | 0-020 | 0-21 | 0-021 — — Bal. 1002,

* Volume fraction of ferrite, ** Volume fraction of martensite.
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Table 2. Heat treatment, G-valuefl, strain-hardening exponent (n) and strength factor (X).

Mark Alloy and heat treatment iﬁi:;: I};I]i:ier \(/:;l:e ni ny Ki Ky
Aq Fe-Cr-Ni, as quenched r* a** 31 0:627 | 0-190 130 100
Aa Fe-Cr-Ni, aged at 480°C r* a** 65 0:627 | 0-075 130 171
Bl Fe-31Ni r¥ a 'R 23 0-364 | 0°173 73 107
B2 Fe-30Ni-0-2C ¥ a *EE 36 0-560 | 0-238 118 188
B3 Fe-25Ni-0-4Ct ¥ qFEE 7°3 0-530 | 0-057 135 190
Citgoo Fe-C, tempored at 600°C a** o TRk 4-5 0-286 | 0-103 63 111
Cityoo Fe-C, tempored at 400°C a** a' Tk 55 0-230 | 0-086 | 54 161
Ctago Fe-C, tempored at 200°C a** a'FrE 6-7 0-193 | 0-143 56 290

*  Austenie, ** Ferrite, *** Martensite, T Tested at 135°C

tt C=0°'2% proof stress of the harder phase/0°2% proof stress of the softer phase.
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Flow stress (kg/mm?)

5

(a) Alloy 3 in series A as quenched (A 3q)
containing 519% of ferrite in volume fraction, (b) Alloy 2 of series B (B2) containing
32% of martensite in volume fraction, and (c) Alloy 3 of series C tempered at 600°C
(CG31t600) containing 449, of martensite in volume fraction.
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Fig Relationships between flow stresses at various strains and volume fractions of the harder phase:

(a) Alloy series A as quenched (A,), (b) Alloy 1 of series B (Bl), (c) Alloy series C tem-
pered at 600°C (Ctgp), (d) Alloy series A aged at 480°C (A,), (e) Alloy 3 of series B
(B3), and (f) Alloy series C tempered at 200°C (Ctyp).
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Fig. 2. Effect of volume fraction of the harder phase on work-hardening rate 8
(a) Alloy series A as quenched (Aq) and (b) aged at 480°C (Aa).
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Fig. 3. Effect of C-value on the relationship between work-hardening rate and strain
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Fig. 4. Models for deformation of two-phase alloys:
(a) strain-equal model, (b) stress-equal model,
(c) Soyama's model?® and (d) four-element
model.
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Fig. 5. Relationship between measured stress-strain curves (solid lines) and calculated
curves (dashed lines) : (a) Bl with V=052, and (b) Alloy 3 of series C
tempered at 200°C (C3tg, Vj=0-44).
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Stress

Strain

Fig. 9. Schematic illustration of stress-strain curves:
I : the softer phase alloy, I :the harder
phase alloy, and II : two-phase alloy.
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Fig. 1l. Schematic diagrams of stress-distribution at a fiber in a composite material : (a)
transmission of stress from matrix to a fiber??, (b) stress-distribution in a fiber

when [=I¢c and (c) >3,
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