MATERIALS
SCIENCE &
ENGINEERING

Materials Science and Engineering A 406 (2005) 254-260

www.elsevier.com/locate/msea

Mechanical and magnetic properties of a new
austenitic structural steel

Susil K. Putatund&*, Swaran Unn?, Gavin Lawe$

8 Department of Chemical Engineering and Material Science, Wayne State University, Detroit, MI 48202, USA
b Department of Physics and Astronomy, Wayne State University, Detroit, MI 48202, USA

Accepted 25 June 2005

Abstract

A new high carbon austenitic structural steel having low total alloy content has been developed. This steel, after melting, casting and
hot-rolling has a fully austenitic microstructure. The mechanical, magnetic and thermodynamic properties of this new steel were studied
extensively. Consistent with the fully austenitic structure, this steel is non ferromagnetic. Initial studies on this new alloy indicatet#dt this s
has good strength and ductility and high fracture toughness. Two interesting phase transformations were observed in this steel, one arout
550°C and another close to the Curie temperature of ferrite phase. A major application of this steel is expected to be in power generatior
devices such as turbines, generators, etc. There will be very little power loss in power generation devices due to the low permeability and th
non-magnetic nature of austenite. This steel also could be potentially used at elevated temperatures (remaining{&lbechie of its
potentially high creep resistance in this temperature range.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction well. Additionally, the austenitic microstructure renders the
steel non-ferromagnetic. These magnetic characteristics are
In this investigation, a new high carbon low alloy struc- advantageous for power generation devices such as compo-
tural steel with fully austenitic crystal structure has been nents of turbine, generators, etc., because of reduced power
developed. Steels with austenitic or face centered cybic ( loss, due to low magnetic permeability of the austenite.
microstructures (such as austenitic stainless steels) typically The conventional austenitic stainless steels are very expen-
have excellent mechanical propertids-5], e.g., a combi- sive, because they contain expensive alloying elements such
nation of high strength and ductility, good formability and as nickel and chromium in large percentages (typically 8%
high work hardening rate. These properties of austenitic nickel and 18% chromium). In addition, the processing costs
stainless steels make them highly desirable in many engi- of these materials are very high since the carbon content of
neering applications, such as the petrochemical industry,traditional austenitic stainless steels must be very low (less
food processing equipment and machinery parts requiringthan 0.07%). Although some of the nickel in these alloys
high corrosion resistandé]. The diffusion of hydrogen in  can be replaced by mangangd8¢4] and the structure will
austenite is slower than in ferrite. Therefore, these steels alscstill remain austenitic (e.g., AlSI 201 grade), these materials
have higher stress corrosion cracking resistance. Moreoveryemain comparatively expensive because of the expensive
because of the face centered cubic (FCC) structure, the creeglloying elements, and costly processing required to produce
resistance of these materials is very hig@h, which make them. If steels with austenitic microstructures can be pro-
them suitable for applications at elevated temperatures asduced without expensive alloying elements (or with lower
alloy concentrations) but still retain the desirable mechanical
* Corresponding author. Tel.: +1 313 577 3808; fax: +1313 577 3810,  Properties and corrosion resistance, they could be used in a
E-mail address: sputa@chem1.eng.wayne.edu (S.K. Putatunda). wide range of applications. The mechanical and the physical
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behavior of low carbon austenite has been extensively char-
acterized. However, very little information is available in
literature on the physical and mechanical properties of high
carbon austenite.

In this investigation we have developed a high carbon
steel having low allow concentrations. This steel after melt-
ing, casting and hot-rolling has a fully (100%) austenitic
microstructure. This steel contains significantly less Cr (6%
as compared to 18%) than conventional austenites and does
not contain any nickel which dramatically reduces the pro-
cessing cost of these materials. Additionally, the high carbon
content allows inexpensive processing techniques to be used,
further reducing the total cost of fabrication. We show in
detail the mechanical and material characterization of this
new austenitic steel, and discuss possible applications for
this alloy.

Fig. 1. Microstructure of the steel.

Table 2
2. Experimental procedure Mechanical properties of the material
Yield strength, MPa (ksi) 472.8 (67.73)
. Ultimate tensile strength, MPa (ksi) 743.11 (106.5)
2.1. Material Elongation (%) 12.22
) » ) _ Hardness, HRc 21
The chemical composition of the steel is reported in Strain hardening exponent)( 0.15

Table 1 It had about 1% carbon, 6% manganese and 6%
chromium. Steel having the above composition was melted

. temperature and ambient atmosphere. Three identical ten-
and cast and then hot-rolled into a 50.8 mmi6.2 mmx

. , . X sile specimens were tested and the average values from the
304.8mm (2inx 3in.x12in.) bars. After hot-rolling the 00 'samples are reported Table 2 The fracture tough-
steel bar was annealed at 8@for 1hin an air furnace and o4 tests were carried out as described by ASTM standard
air-cooled to remove the residual stress. The steel had a fullyg_399 These were also performed on a servo-hydraulic MTS
austenitic microstructure after hot-rolling and annealing, as o -hine. The specimens were initially pre-cracked in fatigue
determined by X-ray diffraction (XRD). The microstructure . - A ¥ jevel of 10 MPa,/m to produce a 2 mm long sharp
ofthe steel after hot-rolling and annealing is showRim 1 a0 front. After fatigue pre-cracking, the specimens were
This steel was produced in a commercial foundry (Crucible 15464 in tension and the load-displacement diagrams were
Steel, PA) and thus it appears the industrial manufacturing of j.-io o4 in ax—y plot. From these load displacement dia-

this steel should be feasible. grams, thePq values were determined using 5% secant devi-

From annealed steel bars, compact tension samples for o, technique as detailed in ASTM standard E-399. From

plane s'Frain fracture toughness tests and cylindrical samplesthesepQ values, thekq values were determined using the
for tensile tests were prepared as per ASTM standards E-399,,jarq stress intensity factor calibration function. Since all
[7]and E-8, respectivel8]. Samples for Charpy impacttests g tasting conditions of ASTM E-399 standard were satis-
were also prepared as per ASTM standard 23 fied, theKq values determined were all valifc values. Six
. _ identical compact tension specimens were tested and the aver-
2.2. Mechanical testing age values from six tests are reportedable 3 V-notched
Charpy impact tests were carried out as per ASTM standard

The tensile tests of the samples were carried outin aservo-g_o3 [9]. Six samples were tested at room temperature. The
hydraulic MTS (material test system) test machine at room average values from these tests are also report&akite 3

Table 1 . .

Chemical composition of the material in wt.% 2.3. X-ray diffraction

I\C/m gg? X-ray diffraction (XRD) analysis was performed to deter-
Cr 6.23 mine the volume fraction of austenite as well as to estimate
S 0.004

p 0.005 Table 3 . .

Nb 0.11 Fracture toughness and impact strength of the material

Al 0.01 Material condition As-cast and hot-rolled

Ni 0.01 Fracture toughness, MR&n 51.40

N2 0.004 Impact strength, J 19.5
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