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Abstract

Warm and hot compressive tests, bending test, measurement of density, heat capacity and thermal conductivity were applied to study of
feature mechanical and physical properties of cast alloys Fe + (16,8 - 25,6) % Mn + (0 - 14,4) % Al + (0,02 - 2,18) % C + (0,001 - 0,135) % N.

1. Introduction

Last some years considerable researchers force is directed to
design of the newest high-tensile steels, so-called advanced high-
strength steel (AHSS). Toughening of transport safety requirements
and automobile owners desire to raise own safety in a crash and a
trend to fuel economy increase stimulated wide application of the
newest high-tensile steels in automobile body construction elements
[1]. Among other steels high-manganese austenitic TRIPLEX-steels
with high contents of aluminum (transformation of a retained austenite
into martensite at a strain is accompanied by a strain hardening)
belong to this class. They are ductile and capable to hardening. Low-
magnetization is important property of these steels. It is shown, that
these alloys is perspective applied in cryogenic engineering to
transportation and storing of the liquefied gases.

Physical properties can be important criteria at projection
and choice some aspects cryogenic equipment materials.

Importance of density as physical material performance is
caused by use of cryogenic systems in such branches of engineering,
as transport engineering industry, in particularly, transport capacities

for cryogenic liquids, and, especially, the aviation and space-rocket
engineering. For such installations one of solving conditions of
application of this or that material is weight minimization.

TRIPLEX steels are characterized by a combination of high
strength and toughness, and the high aluminum content (5 - 15 %)
allows to achieve decrease of density to 15 - 20 % in comparison with
traditional high-tensile complex alloyed steels [2, 3].

Except high level mechanical properties modern materials
should possess and certain physical properties [4]. A thermal capacity
plays essential role at maintenance of the cryogenic equipment, and
chill down speed directly depends on thermal conduction. Besides,
thermal conduction essentially influences heat treatment engineering
processes.

2. Results and discussion

The chemical composition experimentally examined high-
manganese alloys with high aluminum content is shown in Table 1.
Table 1 - Chemical composition of the investigated Fe-Mn-Al-C(-N)
alloys

Alloy Ne Mass fraction of ele'ment, wt. %
Alloy group Mn Al Si Mo C N

1 (32K) 16,8 0,01 0,86 2,0 1,62 0,020
2 (35K) 21,2 6,2 0,50 0,20 1,10 0,006
3 (36K) | 19,1 7,5 0,60 1,20 1,47 0,002
4 (33K) 19,1 9,0 0,50 0,03 2,18 0,001
5 (34K) 239 4,0 0,54 0,01 1,80 0,032
6 (38K) 25,3 0,01 0,20 <0,001 0,02 0,014
7 (45K) I 23,8 4,6 0,20 <0,001 0,05 0,020
8 (41K) 25,6 0,01 0,20 <0,001 0,03 0,135
9 (44K) 24,1 53 0,32 <0,001 0,04 0,024
10 (39K) 23,7 7,5 0,20 <0,001 0,05 0,008
11 (40K) 22,6 144 0,20 <0,001 0,05 0,007
12 (42K) - 23,7 8,1 0,20 <0,001 0,05 0,008
13 (43K) 24,3 11,5 0,20 <0,001 0,03 0,045

The resistance to hot deformation o, (at 950 — 1000 °C)
increases with the increase of the content of aluminum, carbon and
nitrogen and it is less for ferrite alloys (omax 50 — 150 MPa) in
comparison with austenitic (o 120 - 180 MPa). The high-carbon
cast Fe-Mn-Al-C alloys are well hot deformed up to 40 - 50%
reduction without hot cracks formation is important result of hot
compressive test.

The greatest warm strain resistance (at 550 °C) 1450 — 1810
MPa have high-carbon Fe-Mn-AlI-C-(N) austenitic alloys of 1st group,
strength of alpha-phase alloys of 3rd group at warm strain temperature
makes 920 — 1290 MPa. Low-carbon Fe-Mn-Al-C-(N) austenitic
alloys 2nd group possess the least strength at T = 550 °C: 660 - 1000
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MPa. At similar chemical compositions within each of observed
groups the alloys microalloyed by nitrogen is stronger.

To high-tensile condition corresponds toughness adequate
supply. Deformation amount of all alloys without failure at warm
strain is 25 - 50 %.

Strength levels it is much more in comparison with a hot
deformation. With carbon content and aluminum growth and decrease
of manganese content strength is increased. The microalloying
nitrogen also deposits the contribution to strength increase.

At estimation mechanical properties of investigated alloys at
room temperature it is necessary to note that alpha alloys of 3rd group
were crashed in elastic range like brittle materials (cast irons,
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ceramics). Austenitic low-carbon alloys of 2nd group, on the contrary,
shown high toughness with high enough bending strength (o, to 1070
— 1770 MPa) combination. The greatest bending strength with
satisfactory toughness combination, despite a high carbon content,
was shown by alloys from 1st group (o, to 1880 MPa).

The minimum density made no more than 6,5 g/sm® at the
aluminium contents approximately 14 % (Table 2). It is equivalent to
relative decrease of density approximately on 17 - 18 % in comparison
with density of pure iron. Overall decrease of density is connected as

to smaller average molar mass of alloys at the expense of alloying by
considerable quantities of manganese to 25 % (pua = 7,21 g/sm®) and,
especially, aluminium to 14 - 15 % (pa = 2,69 g/sm®), and with
considerable decrease of atomic density of low level cells, i.e. lattice
dilatation. For an alloy with 12 % aluminum overall decrease of
specific density makes approximately 17 % (at density of 6,6 g/sm?),
thus density decrease only because of dilatation y-lattices are made
approximately by 10 %.

Table 2 - Structure and properties Fe-Mn-Al-C (-N) alloys

Alloy [The phase compositions| Density p, Specific heat Thermal  |Magnetizati| Hardness, | ™, [ p, | Gvenap,
glem® capacity conductivity on HV km km km
25-100 °C, 25-100 °C,
Ikg*K W/(m*K)
1 (32K) THE (Mo Cy) 7,7074 364 8,6 - 293 17 24 | 234
2 (35K) vH(kappa) 73282 399 8.4 - 279 1,7 | 232 | 236
3 (36K) v 6,9552 405 8 - 434 1,7 24,2 27,5
4 (33K) v + kappa 7,0181 376 72 - 447 29 | 238 -
5 (34K) Y 6,9994 369 7,3 - 376 2,5 211 19,4
6 (38K) y+te+B-Mn 7,4643 454 15,3 - 204 1,8 9 24,3
7 (45K) y+e(marks) 74774 427 9,5 - 130 22 | 137 | 146
8 (41K) y+e+B-Mn 7,6462 465 15,2 - 164 2 9,7 15,2
9 (44K) v 7,4041 417 9,3 - 127 2,5 12 15,1
10 (39K) o 6,7191 441 11,9 ++ 285 1,0* 14 8,6
11 (40K) o+e 6,5151 426 9,9 + 345 0,8* 20,2 -
12 (42K) o+e 7,1033 445 12,8 ++ 272 1,0* 16,9 -
13 (43K) a(y) 6,6027 450 96 ++ 259 24 | 146 | 55

Experimental thermal conductivity definition shown within
each group it is decreased with growth of the aluminum contents.
Besides, the reason of lowering of thermal conduction is impurity
dispersion on carbon atoms (and/or nitrogen) in high-carbon alloys
(1st group) and the alloys microalloyed by nitrogen. Values of thermal
conduction FeMn alloys with high aluminum content are similar to
analogous values for classical austenitic CrNi steels. Change of
manganese content in investigated alloys practically does not
influence molar heat capacity and thermal conduction. Molar heat
capacity of all alloys is decreased with increase overall alloying, and
for y-alloys of 1st and 2nd groups character of this decrease more
expressed, than for a-alloys of 3rd group. Thermal conduction of all
alloys is decreased with increase in total alloying Al+C+N, i.e. those
alloying elements which deposit big distortions to crystal lattice. a-
alloys have higher heat capacity and thermal conduction values, than
y-alloys.

Conclusions

1. TRIPLEX structure (y — a — carbides; y — ¢ — carbides; y — e — a)
with controlled distribution of phases and determined level of
mechanical and physical properties can be formed in investigated
alloys through regulation of thermomechanical treatment
schedules.

2. High-carbon high-alloyed as-cast Fe-Mn-AlI-C-N alloys are well-
hot-deformed up to 40-50 % of squeezing without cracking. Their
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resistance for the hot deformation increases with the increase of
the content of Al, C and N.
3. Warm processing (25— 50 %) of as-cast Fe-Mn-Al-C-N alloys
results to their well-plasticity (elongation was up 50 %) and high-
strength (ultimate tensile stress was up to 1810 MPa). Their
resistance for the warm deformation increases with the increase
of the content of Al, C and N.
High concentration of Al (up to 15 %) and Mn (up to 25 %)
causes significant decrease (up to 17 — 18 %) of the alloy density
(comparing with common high-strength steels). Both termal
capacity and heat conductivity of these alloys decrease with the
increase in total alloying by AI+C+N.
5. Investigated Fe-based alloys with high specific strength may be
used (both as-cast and after deformation) as high-strength, heat-
resistant and wear-resistant structural materials.
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