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-A-'Bstract

"The aim of this study is to investigare the possibilities of Develol;ing New Steels with high »

austerite/epsilon martensite to lath martensite.

1. Introduction

Nigeris has joined steel producing nations for quite sometime now. The products of the

* ‘mignganese content in Nigeria. The steels used as candidates were found to have
. impressive mechanical properties, anributed to the strain-induced transformation from

steei plant is low carben steels with minimum manganese content, to be used mainly in
construction industry, as discussed by Inegbenebor [1]. However, with the discovery of
manganese ore deposit,in the country, it is possible to think of developing new steels with

high manganese contents.

With somé eicépdons such as Hadﬁeld Steel, manganese has not been widely used as a

high concentration alloying element in steel. The development of nickel maraging steels
pointed the way to a possible application of manganese. As the influence of Manganese
in the transformation behaviour of iron is similar to that of nickel, could it fully or
partially replace Nickel in a new type of maraging steel? The co%—beneﬁts were obvious.
This type of maraging steel could be very useful in our aviation industry. The similarity
between the Fe-Ni and Fe-Mn equilibrium phase diagrams is readily apparent from

Figures 1 and 2.

Mn and Ni are both vy stabilising elements when added to Fe and both reduce the critical
cooling speed to form a’ following an austenitising treatment. Thus, with sufficient

alloying addition, the steel can become air hardened.
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Figure 1: ircn-nickel equilibrium diagram
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“Figure 2: Iron-manganese equilibrium

38

Inegbenebor: Developing New Steel with High Manganese

In Fe-Ni alloys containing 5-25% Ni and in Pe—Mn alloys containing about 2-10% Mn,
the martensite formed is beca’. However, in Fe-Mn alloys at manganese contents
between 10.and'15%, hep € + martensite is formed . {2). Further increases in Mn content

Jead to-the. rétcnﬂon of some y at room temperature following so]unon treatment {3].
The idea of dechopmg of a High Strength Manganese steel stemed from the- work of -

. Jones er al. [4] on lower cost maraging steel. Further work on this steel type suggested

that it is work-hardened very rapidly in the early stage of deformation and simultaneously

possessed higher strength than Hadfield manganese steel [5]. This high strength
manganese steel is the one we are now proposing to be produccd in ngena Thc steel
compnscs 1ron-mangancse and molybdenum alloy. : S W

The most likely apphcauons of this steel are pressure vessels, chains, dlcscl cngme ’

components, cutting tools, railway points and crossings, and wear resistant casungs for
use in the mining industry as well as the agrlcultural sector.

2. ‘Manufacturing Technology

e Dunng the course of the development of this steel a large number of experimental steels

have been produced using both air and reduced pressure inert gas melting of electrolytic
and mild steel bases to which were added electrolytic manganese flake and molybdemnurm.

Chemical analyses of the representative vacuim- -melted alioys reported on are given in

Table 1.

Table 1: Composition of Alloys (weight %)

1 Alloy Mn Mo c Si S P

(1) Fe-9Mn-2Mo 8.60 1.99 0.003 | 0.009 0.018 0.006

(2) Fe-10Mn-2Mo | 9.900 1.5 0.1 0.006 0.016 0.005

(3) Fe-12Mn-2Mo 11.90 1.93 0.07 0.19 0.025 | 0.016

(4) Fe-12Mn-3Mo 11.85 2.65 0.020 | 0.012 0.024 0.007

(5) Fe-14Mn-2Mo 14,10 2.07 0.003 0.05 0.015 0.011
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various bar and slab sizes. Tensile properties were determined with Hounsfield No. 12
specimens and impact tests were carried out using standard charpy V-motch specimens. !
Conventional optical microscopy with microstructures while fracture surfaces were
studied using scanning electron microscopy (SEM). :

The alloy ingots wcre'homogenised at 1150 “C for 24 hours and then hot rolled into D - _ ’ - _ g%"}

i
4 3

3. Resulis and Discussion

= 4
The idea of developing new steels high manganese stemed from nickel maraging steels, :
because as the influence of manganese as the transformation behaviour of iron is similar '
to that of nickel. To achieve a maraging response with pronounced strengthening, it is '
riecessary to use ternary (and some time quaternary and quinary) additions which have
a much larger solubility in austenite than ferrite. ) .
Figure 3: Iron-10% Manganese-2% Molybdenum Optical Micrograph of

Supper saturation of the solute element is then brought about by transformation rather ‘;_ the fully Martensitic state, 8.T. 950°C for 1 hou; X 200. ]
th_;n by quenching as in conventional age-hardening treatments {4]. Reheating of the . : The

super-saturated martensite at temperatures below t?g_r_t_:verse shcz}r temperature leads to * here also that the yield stress or proof stress of the alloys a'bout 14% mangaf\c;e. /k:

predipitation of the solute, sometime in a form that can 1¢3@ to considerable increases in S alloys in the range about 12% Mn show high !ﬂ%gggpﬁgﬁugnglh and bjﬁ w?lfh

stength. Thus the iron-manganese system has the potential to display maraging if suitable H;Td’éﬁﬁé’ cocthicients, which were determined at an early stage of dcforinauon. Ae

solute addition can be found. ‘ I eased-values of fensile Trength shown within this range of alloys, result from greater

work-hardening caused by the transformation from ggitgg;g(gpgigq;i mariensite to 1a£1w B
e Similarly the fall in yield strength of proof stress in 14% nanganese may be

Kapoor {6] examined a number of potential maraging additions to iron-manganese alloys
containing 5-12% manganese. The results showed that there is a fairly strong maraging related-to the increase in proportions of austenite and epsiion n%ggr}fijg \j’lthlhe former
response in the higher manganese alloys containing appreciable quantities of molybdenum %’a\?iﬁg the ﬁﬁ-zm’{gmg'ﬂiﬂﬁéy'mﬁ at this composition, the
which zould be attributed to a dispersion of Fe,Mo type precipitates. The influence of SteRiiE/e ~siloni Dhase content is the highest. The assumption is backed up from the
molybdenum was accentuated in the presence of cobalt as in conventional nickel AuSIenIle/ep P 6. Figures 4 and 5, also show the
maraging steel which accelerated the precipitates that increased the strength of such steel.
The strong maraging response could- also be attributed to the impressive mechanical
properties of the proposed steels in Table 2 which invariably could be linked to strain-
induced transformation”of metastable austenite and epsilon-martensite to lath martensite.
~The alloys of fully martensitic state which do not transforfii during deformation have a
modest mechanical properties. (See Figure 3). It is evident from the results presented

evidence of the optical micrograph in Figure : : '
austenite/epsilon phase. Table 3 shows the impact testing results.

As can be seen some of the impact values are not as high as would be expected, hc?wgyer
increase in manganese content.

i d with
the energy absorbed on impact generally-increase v .
Fiauresgj; and 8 reveal that the fracture modes of the steels _consxst of a c.ompletely .
du:ﬁle fracture showing characteristic dimpled appearance, 2 mmre .of quasi-cleavage "
and ductile dimpled and also a mixture of intergranular and ductile dimpled.
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Table 2: The Mechaical Properties .

Alloy Elastic] .2% Proof Tensile Francture Eloﬁgan‘on Reduction in{ "n"
Limit | Stress (MPa) { strength {stress (MPa) in % Area 0.319
(MPa) (MPa) :
1. { Fe-9Mn-2Mno” 349 882 1245 16 65 0.319 ‘
2. | Fe-10Mn-2Mo™ 567 892 1181 17 64 0.324
3. | Fe-12-Mn-2M" | 422 472 1480 2198 24 50 0.683
4. ] Fe-12Mn-3Mo’ ’455 455 1276 1920 20 25 0.643
5. | Fe-14Mn-2Mo"™ | 89 101 814‘ 1256 33 65 0.218
* Hot-relled condition, ** Solution-treatment 950°C for 1 heur.

Figure 4: Tron-12% Manganese-2% Molybdenum Opticai Micrograph of
Lath Martensite and Exlrsilon martensite, S.T. 950°C for 1 hour X 200
. i - .

Morris et ai. {7] attributed the quasi-cleavage fracture to the lath martensite within the
substructure which is well aligned,.and-permits fﬂgrejy@vage through
-packets of adjacent-laths. The intergranular fracture path follows prior austenite grain
boundaries. This catastrophic intergranular failure in structural steels is usually attributed
to one of two causes: the segregation of an embrittling metalloid impurity to the grain
boundary, or the development of a second phase along the grain boundary [8].
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Figure 8: Impact Specimen Surfaces from room temperature tests carried
. out on fron - 12% Manganese - 3% Molybdenum showing ductile dimples
. . e o and intergranular embrittlement in the as-solution’treated condition
; . Ma se- tical Micrograph of :
Figure 6: fron-14 Manganese-ZMolybdenum Optica Eo
Epsilon Martensite S.T. 950 °C for 1 hour x 200 . | Acknowledgement

: 1 wish to acknowledge the University of Wale U.K., for allowing me to publish pait of
2 my Ph.D thesis ia which the experimentai work was carried out in the Institute of
Materials Laboratory at Newport Road, Cardiff. Also the Federal government of Nigeria
and Manageable centre France for Finance assistance for the work.

REFERENCES

1. Inegbenebor A.O. (1994). Heat Treatment of Some Nigerian Constructional
Steels and its Technological Application. Proc. 2nd Africa-USA International
Conference on Manufacturing Technology, Lagos, Bugust 8-11, 1994.

-~ 2. Holden, A., Bolton, J.D. and Petty, E.R. (1991). J.L.5.T., 209, 721.
3. Krovobok V.N. and Wells C. (1993). Trans. A.5.5.T., 21, 809.
4. Jones R.D. er al. (1982). "The Development of a high strength Manganese

Steel” Proceedings of the 6th International Conference on the Strength of
Figure 7: Impact Specimen Surfaces from room temperature tests carried Materials and Alloys, Melbourne, Ausiralia, Peramon Press, 1225-1230.

out on Tron-12% Manganese- % Molybdenum showing ductile dimples in 5. Inegbenebor, A.O., Jomes, R.D. and Ralph, B. (1989). "Mechanical
the as-solution treated condition Properties and Strain-Induced Phase Transformation of some High-strength

45




rual of Engineeriﬁg Rexearph

: Mangancse" Journal of Materials Sctence 24, 35292, .. o
6. Kapoor , S. (1973). "Maraging Rcacuonsmlro" Ma.nganese Martensite, Ph. D

thesis, University Wales.
7. Morris et al. (1979). Proc lm Conf on Martensxstlc Transformatxon
(ICOMAT), M.L.T. Press, Cambndge MA, 572. )
8. Tomota, ef al. (1987). Mer Trans. 18A, 1073.
= 4

S

46

SIS VP AT . - - g‘« ‘




