
0043808 Description The invention relates to a new type of austenitic wear
resistant steel. The objective of the invention is to increase the
resistance of the steel to abrasive and/or 5 goughing wear, combined with
sufficient ductility to avoid service cracking in the various applications
of the steel, like bowls, mantles and concaves for cone crushers, wear
plates for jaw crushers, railcrossings etc., compared to the well known
Hadfield Steel with 1 1-14% Mn, and also compared to the steel described in
US patent No. 4,130,418 containing 16-23% Mn, 1.1-1.5% C, 0-4% Cr, 0.1-0.5%
Ti. 10    The invention 'is characterized in that the new austenitic steel
has the following chemical composition: 16-25% Mn 1.0-2.0% C 15
0.5-5% Cr 0.2-2.0%  Si 0.1-0.5% Ti 0.3-4.0% Mo 20    In addition to this
the following elements may be added for a further increase in wear
resistance in amounts depending upon the actual requirements for ductility
by the various applications: 0.5% of one or more of the elements: Ce, V, Nb
(Cb), Sn, W, max. 5% Ni and max. 5% Cu or other carbide forming elements.
The remainder being Fe and impurities to max. 0.1% P and 0.1% S. In. the
previously known austenitic wear resistant steels as referred to above, an
increase of 25 carbon content above about 1.5% C will decrease the
ductility of the material to an extent that its brittleness will make it
unsuitable for many of the highly stressed applications. The reason for
this is that although a higher carbon content normally increase the wear
resistance of these steels, the carbides formed during solidification and
cooling precipitates preferably along and around the grainboundaries and
are difficult to dissolve during the heat treatment process. Such 30
grainboundary carbides have a pronounced embrittling effect on the
material. By adding molybdenum to a high manganese steel containing
titanium and chromium and other carbide forming elements, the invention has
shown the unexpected effect that the carbon content can be increased above
1.5% C and the wear resistance considerably increased without extensive
embrittling of the material and without introducing complicated heat
treatment processes. 35     The main reason for this phenomenon seems to be
that when carbides are present in this type of steel, they will occur In
the microstructure mainly as rounded globules of complex and hard carbides
in a ductile austenitic matrix. Such rounded carbides, occurring mainly
Inside the grains and to a far less extent at the grain boundaries, will in
both places act far less embrittling than the normal grain boundary carbide
films, 40 pearlite and acicular carbides. These rounded carbides, however,
seem ideal for improving wear resistance of the material. Such a steel
containing molybdenum in addition to the high manganese content and
titanium and chromium addition, makes it possible to add a higher amount of
carbon, and of each single and the total sum of carbide forming elements,
than previously practically applicable, also with greater flexibility in 45
the relative contents of each of these elements. In order to demonstrate
the abrasive wear resistance of the new alloy in more detail, some
experimental test results are given in the following table: 50 55 60 65 2



0043 808 TABLE 1 Chemical composition (per cent by weight) of various
samples of the new alloy, and steel according to US patent No. 4,130,418
(51, 58 and 4). Alloy 4 is used as reference. 5            Alloy No.    % C
%Mn    % Si    % Ti    % Cr    % Mo 4       1.4      19.5    0.47      0.1
2.5       - 51       1.4      18.0    0.70      0.1      2.4       - 10 58
1.5     22.0    0.63      0.1      3.2       - 17       1.6      19.4
0.65      0.1      2.3      1.1 15              18        1.6     19.6
0.51       0.3      2.3    . 1.7 19       1.6      19.5    0.51      0.3
2.3      2.0 20        1.8     19.2    0.51      0.3       2.3      2.0 20
21        1.8     19.5    0.48       0.1      3.5      2.7 22        1.9
19.0    0.43      0.1       3.6      2.7 .25     In order to evaluate the
new alloy's resistance to wear resulting from combined Impact and:
abrasion, tests were carried out In a pan machine, using rounded stones.
Test pins are moving through a mass of stones and weight loss versus time
is recorded. The test pins investigated had the prescribed dimensions and
were heat treated at about 1 00[err] before testing,. 30 Normalized wear
ratings The normalized wear ratings are obtained by dividing the amount of
wear on the test samples by the amount of wear on the reference material
(alloy No. 4) at the same wear level. Alloy No.   Normalized wear ratings
36 4               1.00 51               1.01 40
58               1.02 17               0.88 18               0.85 45 19
0.86 20               0.81 50                             21
0.80 22               0.76 The microstructure of pin test from alloy No. 18
is shown in fig. 2 as example on how the carbides 55 that remain in the
structure has a rounded globular form and are found mostly inside the
grains as compared to fig. 1 showing the typical distribution of carbides
when they are present in previously known austenitic wear resistant steel
of type, Hadfield or alloys 51, 58 and 4 in table 1 (acc. to US pat. No.
4,130,418). It can be seen from these results that the addition of
Molybedenum considerably improves the wear resistance and the shape of
remaining carbides in the structure. The shape and amount of carbides in
the structure and the austenite grain size varies with the composition,
size of casting and heat treatment parameters. The above results is showing
that a steel according to US pat. No. 4,130,418 (alloy 51, 58,4) is 65 worn
abt. 15-35% faster than the alloys 17-22 which are alloys within the new
invented type of 3    



0043 808 steel. This unexpected effect Is probably based on the rounded
shape of the carbides promoted by Mo- addition, permitting higher total
carbon content in the alloy for practical purposes. As previously known,
the Hadfield types of steel alloys (11-14% Mn) have a wear rate
approximately 25-40% higher than steels according to US pat. 4,130,418
consequently, conventional 5 types of Hadfield steels will wear abt 45-80%
faster than this new invented steel alloy. Further improvement of the wear
resistance seems possible within the specified claim, but the ductility is
gradually reduced when the amount of Carbon and carbide forming elements
are increased. Therefore the various actual service stresses and
applications of the material will be decisive for how much can practically
be added of these elements, and consequently also the maximum achievable 10
improvement of wear resistance. Other successful alloys with compositions
within the scope of the invention are: TABLE 2 Alloy    %Mn      % C
%Cr    % Si       %Ti    % Mo 15 A      20        1.6      2.5      0.7
0.17     1.5   The remainder is Fe and impurities B      19.4      1.5
2.4      0.60     0.18     0.55 20 C      21.8      1.8      3.5      0.80
0.15     3.20 D      20        1.7      3.5      0.6      0.16     2.0 25
The steel can be produced by conventional methods similar to Mn 12 Hadfield
steel and US pat. No. 4,130,418. It is recommended to alloy with Mo before
the finery process as the dissolution of Mo in the charge then will take
place more rapidly. 30     Further it is recommended to alloy with Ti in
the ladle during or after discharging. It is best to use low melting Fe-Ti
which either is introduced in the discharge stream or preferably is
injected into the ladle by means of inert gas. The casting temperature
should be as low as practically possible and will vary with the composition
and actual type of casting, between 1 390[err] and 1 4600C. A conventional
heat treatment 35 process should normally be applied with an austenizing
temperature of abt. 1050-abt. 1150[err] depending upon exact composition
and amount of remaining globular carbides that are wanted in the
structure.. For certain applications this type of alloy may even be used in
the "as cast" condition. As compared to the time consuming and costly
prescribed heat treatment procedure for the previously known 12% Mn, 2% Mo
austenitic steels, necessary to obtain the desired finely dispersed 40
carbide distribution for such steels, this new steel represents a major
advantage. Claims 1. An austenitic wear resistant steel having good wear
resistance and serviceability when 46 subjected to abrasive and combined
abrasive/impact stresses, the steel consisting of, by weight: 16-25% Mn
1.0-2.0% C 0.5-5.0% Cr 50              0.2-2.0%  Si 0.1-0.5% Ti 0.3-4.0% Mo
with or without addition of up to 0.5% on one or more of Ce, Sn and/or
carbide forming elements like V, 55 W, Nb (Cb), the remainder being Fe and
impurities. 2. The austenitic wear resistant steel as claimed in claim 1,
consisting of, by weight: 20% Mn 1.6% C 60              2.5% Cr 



0.7% Si 0.17% Ti 1.5% Mo, 65 the remainder being Fe and impurities. 4
0043 808 steel. This unexpected effect is probably based on the rounded
shape of the carbides promoted by Mo- addition, permitting higher total
carbon content in the alloy for practical purposes. As previously known,
the Hadfield types of steel alloys (11-14% Mn) have a wear rate
approximately 25-40% higher than steels according to US pat. 4,130,418
consequently, conventional 5 types of Hadfield steels will Wear abt. 45-80%
faster than this new invented steel alloy. Further improvement of the wear
resistance seems possible within the specified claim, but the ductility is
gradually reduced when the amount of Carbon and carbide forming elements
are increased. Therefore the various actual service stresses and
applications of the material will be decisive for how much can practically
be added of these elements, and consequently also the maximum achievable 10
improvement of wear resistance. Other successful alloys with compositions
within the scope of the invention are: TABLE 2 Alloy    %Mn      %C
%Cr       %Si      %Ti    %Mo 15 A      20        1.6      2.5      0.7
0.17      1.5   The remainder is Fe and impurities B      19.4      1.5
2.4      0.60     0.18     0.55 20 C      21.8      1.8      3.5      0.80
0.15      3.20 D      20        1.7      3.5      0.6      0.16      2.0 25
The steel can be produced by conventional methods similar to Mn 12 Hadfield
steel and US pat. No. 4,130,418. It is recommended to alloy with Mo before
the finery process as the dissolution of Mo in the charge then will take
place more rapidly. 30     Further it is recommended to alloy with Ti in
the ladle during or after discharging. It is best to use low melting Fe-Ti
which either is introduced in the discharge stream or preferably is
injected into the ladle by means of inert gas. The casting temperature
should be as low as practically possible and will vary with the composition
and actual type of casting, between 1390[err] and 1460[err]. A conventional
heat treatment 35 process should normally be applied with an austenizing
temperature of abt. 1050-abt. 1150[err], depending upon exact composition
and amount of remaining globular carbides that are wanted in the structure.
For certain applications this type of alloy may even be used in the "as
cast" condition. As compared to the time consuming and costly prescribed
heat treatment procedure for the previously known 12% Mn, 2% Mo austenitic
steels, necessary to obtain the desired finely dispersed 40 carbide
distribution for such steels, this new steel represents a major advantage.
Claims 1. An austenitic wear resistant steel having good wear resistance
and serviceability when 45 subjected to abrasive and combined
abrasive/impact stresses, the steel consisting of, by weight: 16-25% Mn
1.0-2.0% C 0.5-5.0% Cr 50              0.2-2.0%  Si 



0.1-0.5% Ti 0.3-4.0% Mo with or without addition of up to 0.5% on one or
more of Ce, Sn and/or carbide forming elements like V, 55 W. Nb (Cb), the
remainder being Fe and impurities. 2. The austenitic wear resistant steel
as claimed in claim 1, consisting of, by weight: 20% Mn 1.6% C 60
2.5% Cr 0.7% Si 0.17% Ti 1.5% Mo, 65 the remainder being Fe and impurities.
4 11111111 111111 111111111111111 *  C  L  M  5  *    0043808 3. The
austenitic wear resistant steel as claimed in claim 1, consisting of, by
weight: 19.4% Mn 1.5% C 5               2.4% Cr 0.60% Si 0.18% Ti 0.55% Mo,
1O the remainder being Fe and impurities. 4. The austenitic wear resistant
steel as claimed in claim 1, consisting of, by weight: 21.8% Mn 1.8% C 15
3.5% Cr 0.80% Si 0.1 5% Ti 3.20% Mo 20 the remainder being Fe and
impurities. 5. The austenitic wear resistant steel as claimed in claim 1,
consisting of by weight: 20% Mn 1.7% C 25              3.5% Cr 0.6% Si
0.16% Ti 2.0% Mo. 30 the remainder being Fe and impurities. PatentensprOche
1t. Austenitischer verschleiffester Stahl mit guter VerschlieBfestigkeit
und Brauchbarkeit gegen- 35 31er Abriebbelastung und kombinierten
Abrieb-/Schlag- Belastungen bestehend nach Gewicht aus 16-25% Mn 1.0-2.0% C
0.5-5.0% Cr 40              0.2-2.0%  Si-' 0.1-0.5% Ti 0.3-4.0% Mo 



mit oder ohne Hinzufigung von bis zu 0.5% eines oder mehrerer der Elemente
Ces Sn und/oder carbid- 45 bildenden Elementen wie V, W. Nb (Cb), wobei der
Rest Fe und Verunreinigungen sind. 2. Austenitischer verschleilfester Stahl
nach Anspruch 1 bestehend nach Gewicht aus 20% Mn 1.6% C 50
2.5% Cr 0.7% Si 0.17% Ti 1.5% Mo, 55 wobel der Rest Fe und Verunreinigungen
sind. 3. Austenitischer verschlei~fester Stahl nach Anspruch 1 bestehend
nach Gewicht aus 19.4% Mn 1.5% C 60              2.4% Cr 0.60% Si 0.18% Ti
0.35% Mo, 65 wobei der Rest Fe und Verunreinigungen sind. 5    0043 808 4.
Austenitischer verschlielfester Stahl nach Anspruch 1 bestehend nach
Gewicht aus 21.8% Mn 1.8% C 5              3.5% Cr 0.80% Si 0.15% Ti 3.20%
Mo, 10 wobel der Rest Fe und Verunreinigungen sind. 5. Austenitischer
verschleitfester Stahl nach Anspruch 1 bestehend nach Gewicht aus 20% Mn
1.7% C i5              3.5% Cr 0.6% Si 0.16% Ti 2.0% Mo, 20 wobei der Rest
Fe und Verunreinigungen sind. Revendications 1. Acier austenitique
resistant A lusure ayant une bonne resistance a l'usure et a I'usago
lorsqu'il est soumis A des efforts dus a rabrasion ou simultanement A
iabrasion et au choc, I'acier etant 25 constitu6 de, en poids: 16-25% Mn
1,0-2,0%  C 0.5-5.0% Cr 30              0.2-2,0% Si 0,1-0.5% Ti 0,3-4,0% Mo
avoc ou sans addition de jusqu'a 0,5% d'un ou plusiours des el6ments de Ce,
Sn et/ou des e6iments. 36 formant des carbure tels que V, W. Nb (Cb), le
reste 6tant constitu6 de Fe et d'impuretis. 2. Acier austenitique resistant
a l'usure selon la revendication 1, constltuO de, en poids: 



20% Mn 1,6% C 40              2,5% Cr 0,7% Si 0,17% Ti 1,5% Mo I lo reste
dtant constitud de Fe et d'impuretds 3. Acier austenitique r6sistant A
I'usure selon la revendication 1, constitu6 de, en poids: 19,4% Mn 1,5% C
2,4% Cr 0,60% Si 0,18% Ti 0,55% Mo 55 le reste etant constitue de Fe et
d'impuretes 4. Acier austenitique resistant A l'usure selon la
revendication 1, constitud de, en poids: 21,8% Mn 1,8% C 6a
3,5% Cr 0,80% Si 0,15% Ti 3,20% Mo 65 le reste etant constitud de Fe et
d'impuretds 6    0043 808 5.'Acier aust6nitique r6sistant a l'usure selon
la revendication 1, constitui de, en poids: 20% Mn. 1t7% C 5        3,5% Cr
0,6% Si 0.16% Ti 2,0% Mo to Ie reste itant constitu6 de Fe et d'impuret6s.
'5 20 25 35 45 50 55 60 65 7    


