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AND TOUGH-HARDENED BLANK FOR PLASTIC MOULDING TOOLS 5 TECHNICAL FIELD Then
invention relates to a steel alloy and particularly to a steel alloy for
the manufacturing of plastic moulding tools. The invention also concerns
plastic moulding tools made of the steel and tough hardened blanks of the
steel alloy for the manufacturing of plastic moulding tools. BACKGROUND OF
THE INVENTION Plastic moulding tools are made of a great variety of~steel
alloys, such as carbon steels, low and medium alloyed steels, martensitic
stainless steels, precipitation hardening steels and managing steels. A
summary of existing steel alloys which are employed for 15 the
manufacturing of plastic moulding tools can be found in the printed issue
o~Tool Steels in the next Century, Proceedings of the Ss` international
Conference on Tooling, September 29 to October 1, 1999, University of
Leoberf (ISBN:3-9501105-0-~ page 635-642. Within the group of martensitic
stainless steels there exist a number of commercial plastic moulding
steels; including a steel that is manufactured and marketed 20 by the
applicant under the registered trade name STAVAX ESR having the following
nominal chemical composition in weight %: 0.38 C, 0.8 Si, 0.5 Mn, 13.6 Cr,
0.3 V, balance iron and unavoidable impurities from the manufacturing of
the steel. That steel is standardized according to SIS2314 and AISI420.
Steel of this type has an adequate hardness in the hardened and tempered
condition of the steel. The ductility (toughness) 25 and the hardenability,
however, do not satisfy the increasingly higher demands which are raised on
the materials of today for qualified plastic moulding steels, at least not
for tools in large dimensions. DISCLOSURE OF THE INVENTION 30 It is a
purpose of the invention to provide a martensitic, stainless steel for
plastic moulding tools having the same good features as STAVAX ESR but an
improved hardenability, i.e. capacity to be hardened also in large
dimensions, and improved ductility (toughness). This can be achieved if the
steel has the chemical composition which is stated in the appending patent
claims.   9 2 OCT 20p As far as the importance of the individual elements,
and the cooperation of the alloy elements of the steel, are concerned, the
following may be said to apply without binding the claimed patent
protection to any specific theory. 5 Carbon and nitrogen are elements which
have great importance for the hardness and ductility of the steel. Carbon
also is an element which is important for improving the hardenability. At
the manufacturing of said steel of type SIS2314lAISI420 great segregation
variations between different manufactured bars and also within individual
bars can be found. Also great hardenability variations between different
heats can occur. 10 This has to do with how much of the content of carbide
forming elements of the steel that is bound in the form of in the first
place carbides. La from this reason and particularly in order to counteract
the formation of unfavourable carbides in the form of chromium carbides
(M~C3 carbides) the steel of the invention contains not more than 0.27 % C,
preferably not more than 0.25 % C. The minimal content of carbon in the 15
steel is 0.18 % in order that the steel shall get a sufficient amount of
dissolved carbon in the martensite, so that the martensite in as tempered
condition shall get a hardness of at least 50 HRC, suitably 50-54 HRC.
Carbon also has a favourable hardenability promoting effect. Preferably,
the carbon content of the steel is at least 0.20 %. 20 The nitrogen
contributes to the achievement of a more even, more homogenous distribution
of carbides and carbonitrides by changing the solidification conditions of
the alloy system so that coarser carbide aggregates are avoided or are
reduced during the solidification. The amount of 1VI~C6 carbides also are
reduced in favour of M (C,I~, i.e. vanadium carbonitrides, which have a
favourable effect on the ductility/toughness. To 25 sum up, the nitrogen
contributes to provide a more favourable solidification process with
smaller carbides and nitrides, which can be broken down to a more finely
dispersed phase during working. From these reasons, nitrogen shall exist in
an amount of at least 0.06 % but not more than 0.13 %, at the same time as
the total amount of carbon and nitrogen shall satisfy the condition 0.3 _<
C+N _< 0.4. In the expression, weight % are 30 referred to. In the hardened
and tempered steel, nitrogen substantially is dissolved in the martensite
to form nitrogen martensite in solid solution and therein contribute to the
desired hardness. Generally speaking, as far as the amount of nitrogen is
concerned, said element shall exist in an amount of at least 0.06 % in
order together with carbon to form carbonitrides; M (C, I~, to a desired
degree, be present as a dissolved element in the 35 tempered martensite in
order to contribute to the hardness of the martensite, act as, an austenite
former, and contribute to a desired corrosion resistance by increasing the
so called PRE value of the matrix of the steel, but not exceed max 0.13 %
in order to   12 OCT 2004 3 maximize the content of carbon + nitrogen,
where carbon is the most important hardness former. Silicon increases the
carbon activity of the steel and consequently the tendency of 5
precipitation of major primary carbides. Therefore it is desirable that the
steel has a low silicon content. Besides, silicon is a ferrite stabilizing
element; which is an unfavourable feature of silicon. As the steel moreover
has a comparatively high content of chromium and molybdenum, which also are
ferrite stabilizing elements, the content of silicon should be limited in
order that the steel shall not get ferrite in its matrix. The steel 



10 therefore must not contain more than 1.3 % Si, preferably max. 1.0 % Si.
Generally, the ferrite stabilizing elements shall be adapted to the
austenite stabilizing ones. However, silicon exists as a residue from the
desoxidation treatment, wherefore the optimal content of silicon lies
within the range 0.1-0.5 % Si, possibly not more than 0.4 % Si, nominally
about 0.3 % Si: Manganese is a hardenability promoting element, which is a
favourable effect of manganese, and is employed also for sulphur removal by
forming harmless manganese sulphides. Manganese therefore is present in an
amount of at least 0.1 %, preferably at least 0.3 %. Manganese, however,
has a co-segregation effect together with phosphorus, 20 which may cause
tempering brittleness. Manganese therefore must not exist in amount of more
than 1.2 %, preferably max. i.0 %, suitably max 0.8 %. Chromium is the main
alloy element of the steel and is essentially responsible for the stainless
character of the steel, which is a vary important feature when the steel
shall be 25 used for plastic moulding tools with a good polishability.
Chromium also promotes the hardenability. Since the steel has a low carbon
content and also a low total content of carbon and nitrogen, any
significant amounts of chromium are not bound in the form of 'carbides or
carborutrides, wherefore the steel may have as low chromium content as 12.5
% and nevertheless obtain a desired corrosion resistance. Preferably,
however, the 30 steel contains at least 13 % chromium. The upper limit is
determined in the first place by the desired ductility (toughness) ofthe
steel and by the tendency ofchromium to form ferrite. Nor is it desirable
that the steel has a too high content of chromium in order to counteract
the formation of non-desirable amounts of chromium carbides andlor
carbonitrides. The steel therefore must not contain more than at the most
14.5 % Cr, 35 preferably max. 14 % Cr.   12 OCT Z004 The steel of the
invention may have as high vanadium content, 0.3 %, as the reference steel
STAVAX ESR in order to provide a secondary hardening through the
precipitation of secondary carbides during tempering and hence increasing
the tempering resistance. Vanadium also acts grain growth inhibiting
through the 5 precipitation of MC carbides. If the vanadium content is too
high there are, however, formed large, primary MC carbides at the
solidification of the steel, and that also applies if the steel is
subjected to ESR remelting, which primary carbides are not dissolved in
connection with the hardening procedure. For the achievement of the desired
secondary hardening and in order to provide a favourable contribution to
the grain growth 10 inhibiting, but at the same time prevent formation of
large, undissolvable primary carbides in the steel, the vanadium content
should lie in the range 0.1-0.5 %. A suitable content is 0.25-0.40 % V,
nominally.35 % V. Molybdenum shall exist in an active amount of at least
0.2 % in the steel for the 15 provision of a strongly hardenability
promoting effect. Molybdenum also promotes the corrosion resistance up to a
content of at least 1 % Mo. At the tempering, molybdenum also contributes
to increasing the tempering resistance of the steel, which is favourable.
On the other hand, too much molybdenum may give rise to an unfavourable
carbide structure through a tendency to precipitation of grain boundary
carbides and 20 segregations. Further molybdenum is a ferrite stabilizing
element, which is unfavourable. The steel therefore shall have a balanced
content of molybdenum in order to take advantage of its favourable effects
but at the same time prevent those which are unfavourable. Molybdenum
therefore should exist in an amount of 0.2-0.8 %. Preferably, the content
of molybdenum should not exceed 0.6 %. An optimal content 25 may lie in the
range 0.3-0.4 % Mo, nominally 0.35 % Mo: Nckel is a strong former of
austenite and shall exist in an amount of at least 0.5 % in order to
contribute to the desired hardenability and toughness of the steel.
Manganese, which also is a former of austenite, can not to any essential
degree replace nickel in this 30 respect, particularly as manganese may
cause some, above mentioned drawbacks. The upper content of nickel is
determined in the first place by cost reasons and is set to 1.7 %. Suitably
the steel contains 1.0-1.5 % M, nominally 1.2 % Ni. The amount of chromium,
molybdenum and nitrogen that is not dissolved in the matrix 35 of the
steel, i.e. not bound in the form of carbides, nitrides and/or
carbonitrides, contributes to the corrosion resistance ofthe steel and
takes part as Factors in the so called PRE value of the steel, which is
expressed by the following formula, in which Cr,   <12 OCT 2p04 s Mo and N
are the amounts of chromium, molybdenum and nitrogen that are dissolved in
the matrix of the steel: PRE=%Cr+3.3x%Mo+20x%N After hardening from 1030C
and tempering at 250C, 2 x 2 h, the PRE value of the matrix of the steel
should be at least 14.8, preferably 15.0. After this heat treatment the
hardness also shall be at least 50 HRC, preferably 50-54 HRC. The same
hardness also should be achieved after high temperature tempering at 500C,
2 x 2 h. , 10 Best corrosion resistance and a very good toughness is
achieved after low temperature tempering at about 250C, but through this
heat treatment internal stresses may be established in the steel, which can
be released by spark machining in connection with the manufacturing of the
plastic moulding tool At high temperature tempering at about 500C the
stresses are released, which is favourable if the tool bas such a
complicated design that spark machining is required at the manufacturing of
the steel. From these reasons, the steel shall obtain desired hardness
after low temperature tempering as well as after high temperature
tempering, . 



20 which gives an option to provide a material which can have a good
release of stresses prior to e.g. spark machining. The steel of the
invention shall also be possible to be supplied in tough hardened
condition, which gives an option to manufacture the tool in very large
dimensions 25 through machining of a tough hardened blank. Through
tempering at 540-625C or at about 575C it is thus possible to achieve a
tough hardened material with a hardness of about 40 fiRC (35-45 FiRC),
which is well suited to be machined. The hardening can be carried out by
austerutizing at a temperature of 1020-1030C, or about I030C, followed by
cooling in oil, polymer bath or gas cooling in vacuum furnace. The high
temperature 30 tempering is performed at a temperature of 500-520C for at
least one hour, preferably by double tempering, 2 x 2 h. The steel also may
contain an active content of sulphur, at least 0.025 % S, in the case
sulphur is added intentionally in order to improve the cuttability of the
steel. This 35 particularly concerns tough hardened material. In order to
get best effect with reference to the cuttability improvement the steel may
contain d.07-0.15 S.   ~ 2 OCT 200 It is also conceivable that the steel
may contain 0.025-0.15 % S in combination with 3-75 ppm Ca, preferably 5-40
ppm Ca and 10-40 ppm O, wherein said calcium, which can be added as silicon
calcium, CaSi, for globulizing of existing sulphides to form calcium
sulphides, prevents the sulphides from getting a non-desired, elongated
shape, which could impair the machinability. In this connection it should
be mentioned that the steel, in its typical embodiment, does not contain
any intentionally added sulphur. The steel of the invention can be
manufactured conventionally at a production scale by establishing a melt in
the normal way, the melt having a chemical composition 10 according to the
invention, and casting the melt into large ingots or continuously casting
the melt. Preferably electrodes are cast of the melt, which then are
remelted by employing ESR technique (Electro Slag Remelting). It is,
however, also possible to manufacture ingots, powder metallurgically by gas
atomising the melt to form a powder, which then is compacted by a technique
which can comprise hot isostatic compacting, 15 so called HIP-ing, or
alternatively manufacturing ingots by spray forming. Further characteristic
features and aspects as well as properties of the steel of the invention
and its usefulness for the manufacturing of plastic moulding tools will be
explained more in detail in the following through a description of
performed 20 embodiments and achieved results. BRIEF DESCRIPTION OF
DRAWINGS In the following description of performed embodiments and achieved
results, reference will be made to the accompanying drawings, in which 25
Fig. 1 shows tempering graphs of a first series of steel manufactured as so
called Qingots (50 kg laboratory heats), Fig, lA shows the tempering graphs
ofFig. 1 in the temperature range 500-600C at a larger scale, 30 Fig. 2
shows tempering graphs of the reference material and of a second series of
steels manufactured as Q-ingots, Fig. 2A shows the tempering graphs ofFig.
2 in the tempering temperature range 500600C at a larger scale, Fig, 3
shows the tempering graphs of the reference material and of a third series
of 35 steels manufactured as Q-ingots,   i 2 OCT 200  Fig. 4 is a bar chart
which shows the ductility in terms of un-notched impact energy (n of the
examined steels after hardening and low temperature, and high temperature
tempering, respectively, 



Fig. 5 is a chart which shows the ductility in terms of un-notched impact
energy (J) 5 versus the carbon content of the examined steels, Fig. 6 is a
chart which illustrates the ductility in terms of un-notched impact energy
(~ versus the content of carbonitrides of the examined steels calculated
according to Thermo-Calc, and Fig. 7 is a chart which illustrates the
hardenability of the steels in terms of hardness 10 versus the cooling time
between 800-500C after austenitizing treatment at 1030C. EXAMINATION OF
STEELS MANUFACTURED AT A LABORATORY SCALE 16 Q-ingots (50 kg laboratory
heats) of steels having chemical compositions according 15 to Table I were
manufactured in three series. In the first series (Q9043-Q9062) ingots were
manufactured having chemical compositions within a broad range. The
variants of this first series which were considered to be most interesting
were Q9050 and Q9062. The effect of Cr; Ni and Mo on the properties,
however, needed to be examined further, wherefore a second series of
Q-ingots (Q9103-Q9106) were manufactured in order to 20 optimise the
features obtained in the first series. In the third series of Q-ingots
(Q9133Q9134) the nitrogen content was increased at the cost of the carbon
contents of the variants Q9103-Q9104. Q9043 has a chemical composition
which lies within the frame of the manufacturing tolerances of STAVAX ESR
and is the reference material in the study. ; 25 The ingots were forged to
dimension 60 x 40 mm, whereafter the bars were cooled in vermiculite. Soft
annealing was carried out in a conventional mode according to normal
practice for the commercial steel STAVAX ESR. 30   12 OCT 2004 8 Table i
Chemical composition, weight %, total content of carbonitrides* (vol-%)
according to Thermo-Calc, and PRE* value of examined steels. AlloyContent
of carbonitrides*CN
~SiMnCrVNiMoPRE*Q90431.30.360.0260.830.4713.90.320.180:1214.3Q90441.60.340.
0330.250.6314.10.3L110.4315.6Q90451.90.340.030.810.6414.10.321.080.431S.4Q9
0461.30.340.0220.190.6513.40.291.650.4414.9Q90471.50,350.0340.20.613.80.291
.10.1214.3.Q90490.230.30.0670.230.6613.10.340.780.4415.5Q90500.230.290.0670
.20.6812.90.331.620.6415.9Q90510.360.Z90.0730.220.6513.20.440.80.4415.4Q906
12.10.350.0680.190.5815.00.281.390.4416.7Q90620.140.260.0740.150.613.40.251
.570.6516.7Q91030.160.270.0580.190.S113.20.3l.710.3215.1Q91040.l50.280.0710
.220.613.40.321.240.3215.4Q91050.280.270.0630.180.5914.30.311.230.3216.3Q91
060.470.270.0810.200.62l4.90.320.840.3216.9Q9133_0:370.220.100.310.54I3.30.
341.330.3615.7Q9134 ~0.450.180.I30.320.5113 30 331350 3616 1 * the content
of carbonitrides was determined according to Therriio-Calc after hardening
from 1030C and tempering at 250C, 2 x 2 h. PRE = % Cr + 3.3 x % Mo + 20 x %
N means the amounts of the elements forming base of the PRE value, which
are dissolved in the matrix of the steel, after the said heat treatment. 10
Of the steel alloys of Table I, the variants Q9103 and Q9105 through Q9134
are found within the frame of the widest ranges of the alloy contents
according to the invention. The variant which most closely corresponds to
the optimal composition is Q9133. Tempering graphs of the first series of
Q-ingots are shown in Fig. 1 and at a larger scale 15 (the temperature
range 500-600C) in Fig. lA. Corresponding graphs are found in Fig. 2 and 2A
for the second series of Q-ingots. After low temperature tempering at
200C/2 x 2 h the reference steel Q9043 achieved a hardness of 52 HRC. Also
all other variants were lying at the same level +/- i ~C. When tempering at
the higher temperature   '6 2 OCT 2004 range, 500-600C, Fig. lA and 2A, the
hardness of Q9043 drops more steeply at increased temperatures than all
other variants. Q9133 and Q9134 exhibited equally high hardness after low
temperature tempering at 200C, 2 x 2 h as the reference material Q9043 but
a higher tempering resistance than Q9043 when subjected to high temperature
tempering, Fig. 3. The effect of nitrogen on the polishability was examined
since it was feared that an increased content of nitrogen might give rise
to nitrides and hence to mattress of polished surfaces: Samples Q9133 and
Q9134 of the invention Having a relatively high 10 content of nitrogen were
compared with the reference material Q9043 having a lower content of
nitrogen. Any nitrides, however, could not be found in the material of the
invention and no difference concerning mattress etc. could be observed,
neither in the soft annealed nor in the hardened and tempered condition. 15
For the ductility studies three un-notched impact test specimens per
variant were cut out in the L-direction. The test specimens were heat
treated (hardened and tempered) in the following way; including low
temperature tempering as well as high temperature tempering. 



20 Heat treatment l: austenitizing at 1030C130 min; cooling in air and
tempering at 250C/2 x2 h.' Heat treatment 2: austenitizing at 1030C/30 min,
cooling in air and tempering at 500C/2 x 2 h. 25 In Fig. 4 the results are
shown in terms of mean values measured with the three test specimens. In
the drawing, also the achieved hardness is indicated. The drawing shows
that best ductility in terms of un-notched impact energy (J~ was achieved
with the alloys Q9133 and Q9134 of the invention. Q9103 had the next best
ductility after low 30 temperature as well as after high temperature
tempering. However, it should be mentioned that Q-ingots, because of
reasons which have to do with the manufacturing technique, may contain high
contents of inclusions which reduce the ductility/toughness. 35 The
superior ductility in terms of un-notched impact energy (J) of the steels
Q9133 and Q9134.of the invention, however, are so pronounced that the
differences hardly cam be referred to impurities in other materials. This
is most clearly shown in the charts in   .12 ocr 2oof  Fig. 5 and Fig. 6,
in which Q9133 and Q9134 form its own, clearly differing group. At a whole
the impact toughness experiments show that not only a low content of
carbides, Fig. 6, but also a lower content in comparison with other
samples, is required for the achievement of best ductility in the low as
well as the high temperature tempered 5 condition of the steel, Fig. 5. For
the investigation of the corrosion resistance of the steels, polarisation
graphs were made for all the steel alloys. The examined samples were low
temperature tempered at 250C, 2 x 2 h after hardening from 1030C/30 min.
The value of Icr (the critical current 10 density) is shown in Table 2. The
lower the Icr is, the better is the corrosion resistance. It is established
that all the samples according to this test had a better corrosion
resistance than the reference material, Q9043, including, with a good
margin, the steels of the invention. 15 The hardenability, which is one of
the most important features of the steel of the invention, was determined
by measuring the hardness of small samples subjected to various cooling
rates in dilatometer. In Fig. 7 the hardness is shown versus the cooling
rate, establishing a measure of the hardenability. The reference material,
Q9043, had the lowest hardenability, said material corresponding to said
standardized steel of type 20 SIS2314 and AISI420. Q9133, Q9062 and Q9134
had the best hardenability:   12 OCT ~pp~ m Table 2 Results from corrosion
tests Q-ingotIcr
(mA/cm2)9043=ref1.0490440.5790450.590460.490470.9590490.590500.2790510.5906
10.2590620.291030.391040.491050.3291060.591330.591340.5 S   12 OCT 2004 12
PATENT CLAIMS 



1. Steel alloy for plastic moulding tools, c h a r a c t a r i z a d in
that it has a chemical composition consisting essentially of in weight %, 5
0.16 - 0.27 C 0.06 - 0.13 N, wherein the total content of C + N shall
satisfy the condition 0.3<C+N<0.4 0.1 - 1.5 Si 0.1 - 1.2 Mn 10 12.5 -14.5
Cr 0.5 -1.7 Ni 0.2 - 0.8 Mo 0.1- 0.5 V 15 optionally one or more of the
elements S, Ca and O for the improvement of the cutability of the steel, in
amounts up to max. 0.15 % S max. 0.01 % (100 ppm) Ca max. 0.01 % (100 ppm)
O, 20 balance iron and unavoidable impurities. 2. Steel alloy according to
claim 1, c h a r a c t a r i z a d in that it contains at least 0.20 C. 25
3. Steel alloy according to claim 1, c h a r a c t a r i z a d in that it
contains max 0.25 C. 3. Steel alloy according to claim 1, c h a r a c t a r
i z a d in that it contains about 0.l0 % N. 30 4. Steel alloy according to
claim 1, c h a r a c t a r i z a d in that it contains max. 1.0 % Si,
preferably max. 0.5 % Si. 5. Steel alloy according to claim 1, c h a r a c
t a r i z a d in that it contains max. 35 1.0 % Mn preferably max. 0.8 %
Mn, suitably 0.3 - 0.8 % Mn.   12 OCT 2004 13 6. Steel alloy according to
claim I, c h a r a c t a r i z a d in that it contains 13-14 % Cr. 7. Steel
alloy according to claim I, c h a r a c t a r i z a d in that it contains 5
1.0-1.5%Ni. 8. Steel alloy according to claim 1, c h a r a c t a r i z a d
in that it contains max. 0.6 % Mo, preferably 0.3 - 0.4 % Mo. 10 9. Steel
alloy according to claim 1, c h a r a c t a r i z a d in that it contains
0.25 - 0.40 % V. 10. Steel alloy according to any of claims 1-9, c h a r a
c t a r i z a d in that it contains 0.22 % C 15 0.10 % N 0.3 % Si 0.5 % Mn
13.5 % Cr 1.2 % Ni 20 0.35 % Mo 



0.35 % V 11. Steel alloy according to any of claims 1-10, c h a r a c t a r
i z a d in that it contains 0.07 - 0.15 % S but no intentionally added
amount of calcium. 25 12. Steel alloy according to any of claims 1-10, c h
a r a c t a r i z a d in that it contains 0.025-0.15%S 3 - 75 ppm Ca,
preferably 5-40 ppm Ca, and 10 - 40 ppm O 30 13. Steel alloy according to
any of claims 1-8, c h a r a c t a r i z a d in that it contains so high
contents of Cr, Mo and N that the amount of the elements Cr, Mo and N which
are in solid solution in the matrix of the steel after hardening the steel
from 1020C followed by tempering at 250C, 2 x 2h, i.e. are not bound in the
form of carbides, 35 nitrides, and/or carbonitrides, is so great that the
matrix of the steel has a PRE value which is at least 14.8, preferably at
least 15.0, the PRE value being expressed through the formula:   12 OCT
2004 14 PRE = % Cr (s) + 3.3 x % Mo (s) + 20 x % N (s), were Cr (s), Mo (s)
and N (s) means Cr, Mo and N in solid solution in the matrix of the steel.
14. Plastic moulding tool, c h a r a c t a r i z a d in that it is made of
a steel alloy according to any of claims 1-13 and that it after hardening
from 1020-1030C followed by tempering at either 200-250C or at 500-520C has
a micro structure, the matrix of which substantially consists of tempered
martensite and, in the matrix of the steel, totally 0.3 - 1.0 vol-% primary
precipitated carbonitrides, which essentially completely consist of M(C, N)
carbonitrides. 10 15. Tough hardened blank in the form of a bar, rod, plate
or block for plastic moulding tools, c h a r a c t a r i z a d in that it
is made of a steel alloy according to any of claims 1-13, that it after
heat treatment comprising austentizing at 1020-1030C, cooling to room
temperature and tempering at 540-625C has a hardness of 35-45 13RC and a 15
micro structure according to claim 14. .Ainve.A0 .AQb.A .AFY.A0v.A
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