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di ssolved carbon in the martensite, so that the martensite in as tenpered
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contribu to provide a nore favourable solidification process with-.
smal | er carbides and nitrides, which can be broken down to a nore finely
di spersed phase during working. Fromthese reasons, nitrogen shall exist in
an anount of at |east 0.06 % but not nore than 0.13 % at the same tine as
the total amount of carbon and nitrogen shall satisfy the condition 0.3 _<
C+tN < 0.4. In the expression, weight %are 30 referred to. |h the hardened
and tenpered steel, nitrogen substantially is dissolved in the martensite
to formnitrogen martensite in solid solution.and therein contribute to the -
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10 therefore nust not contain nore than 1.3 % Si, preferabld2 ﬁ&ﬁg % Si .
Cenerally, the ferrite stabilizing elenents shall be adapte I

austenite stabilizing ones. However, silicon exists as a resrdue fromthe
desoxi dation treatnment, wherefore t he optrnal content of silicon lies
within the range 0.1-0.5 % Si, possibRy not nore than 0.4 % Si, nominally
about 0.3 % Si: Manganese is a hardenability pronoting elenent, which is a
favourabl e effect of nanganese, and is enployed al so for sulphur renoval by
form ng harm ess manganese: sul phi des. Manganese therefore is present in an
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20 which gives an option to provide a material which can haiibﬁ %oo
rel ease of stresses prior to e.g. spark machining. The stee
invention shall also be possible to be supplied in tough hardened

- condition, which gives an option to nmanufacture the tool in very large

“di mensi ons 25 t hrough machi ning of a tough hardened bl ank. Through
tenpering at 540-625C or at about 575C it is thus possible to achieve a
t ough hardened nmateri aI wi th a hardness of about 40 fi RC (35-45 Fi RO),
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results, ref& ence will be made to the_ acconpanying drawi ngs, in which 25
“Fig. 1 shows B 15 gheymajarpllio element efthe steel and ipessentiadly respousibletfor e as so
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f enp er | gBd) SR ay@a; ast 13 % chromlum The upper limit is cfetermmed in the first place

by the desired ductility (toughness) of the steel and by the tendency of chromium to

form ferrite. Nor is it desirable that the steel has 2 too lugh content of chromium in order

to counteract the formation of non-desirable amounts of chromium carbides and/or

carbonitrides, The steel therefore must not contam more than at the most 14 5%Cr,

35 preferably max 14 % Cr
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Fig. 5is a chart which shows the ductility in terns of un- nofghgg-rlm
energy (J) 5 versus the carbon content of the exam ned steels, FIQ Fs a

chart which illustrates the ductility in ternms of un-notched inpact energy
(~ versus the content of carbonitrides of the exam ned steels calculated
according to Therno-Calc, and Fig. 7 s a chart which illustrates the

har.denability of the steels in terns of hardness 10 versus the cooling tine
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20 Heat treatnent |: austenitizing at 1030C130 mn; cooling i [
tenpering at 250C/ 2 x2 h.' Heat treatnent 2: austenitizing at ﬂl@M%Mﬂ n
cooling in air and tenpering at 500C/2 x 2 h. 25 In Fig. 4 the results are
shown in terns of nean values neasured with the three test specinens. In

t he draw ng, also the achieved hardness is indicated. The draw ng shows
that best ductility in terns of un-notched inpact energy (J~ was achieved
with the alloys @133 and (®134 of the invention. Q9103 had t he next best

ductility after | 30.tenperatyre as well after u ]
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differencgs hardly cambe referred to i rrpurltles I'n other materials. This
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PATENT CLAI M5
The steel of the invention shall also be possible to be supplied in tough hardened

| condition, which gives an option to manufactz_lre the tool in very large dimensions -

25  through machining of a tough hardened blank. Through tempering at 540-625°C or at

about 575°C it is thus possible to achieve a tough hardened material with a hardness of
* about 40 HRC (35-45 HRC), which is well suited to be machined. The hardening can be

carried out by austenitizing at a temperature of 1020-1030°C, or about 1030°C, followed -
by cooling in oil, polymer bath or gds cooling in vacuum furnace, The high temperature

30  tempering is performed at a temperature of 500-520°C for at least one hour, preferably

by double tempering, 2 x 2 h.

‘The steel also may contain an active content of sulphur atleast 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 0.07-0.15 8.




1. Steel alloy for plastic nmoulding tools, c har act ar i ag &g
that it has a chem cal conposition consisting essentially of 12 Tg?ﬂ %
0.16 - 0.27 C0.06 - 0.13 N, wherein the total content of C + N shall
satisfy the condition 0.3<C+tN<0.4 0.1 - 1.5 S 0.1 - 1.2 Mi 10 12.5 -14.5
Cr 0.5-1.7 N 0.2 - 0.8 M 0.1- 0.5 ¥ 15 optionally one or nore of the
elements S, Ca and O for the inprovenment of the cutability of the steel, in
amounts up to max. 0.15 % S max. 0.01 % (100 ppm Ca max. 0.01 % (100 ppr‘r)
O 20 balance iron and unavoi dable inpurities. 2. Steel alloy according to

claim1, ¢ h @jsfald &mbel%ﬁle ’thal%al - iél'?n%&tauiﬂ%??b%".i@s s3h ch@%ﬁfapg N 25

3. Steel a Io ccording to c

. contains ey %Pfeﬁrééll}’ 5af® ppmece andil g0 pem &, azvherﬂ:,l said lealgium, awluch a r
i zadin tfbﬁﬁbehd&&masﬁl[b% %lamahg ng to
claiml1, c¢c h at }ég 1 eal) %I&qbﬁﬁm %og&ﬁ&linréé ul[lﬁ%d%%ﬁ/ﬁgm
pref er ebl y mic "5“5“1(9 pﬁe"%fséQP S‘AIIPF’WS ﬁ"@@’cﬁe(‘ﬁﬂﬁga Ros-dgspehn elongated shape,a c
R/h ar .tzg? dwhich tdudd 1mpmcﬂ1etrﬁadhgnam%y Bhik. cgm%cwbn Rrsﬁ(fnﬂﬂi%@d{en'ﬁ%ﬁedd&a@thé/o
, Suitably I n
claiml, ¢ h s@eeg i i3 t’ﬁm@ %bo%mi@&%sm%?onﬁn E‘S’ﬂ?‘éﬁ“ﬂgr‘ @éeg/é‘éPﬁ St eel
al | oy accordlng toclaiml, char actar i zadinthat it contalns 5
1.0-1. 59 . SrpeteRehs k! gﬁ% a5, 2 d
inthat it conte 1:9%:1%8@9%5@913&1 era ﬂoév?%m%l?& R’Bdu“it’(?n@algégel
al | oy accor dleﬁ'&g]l[‘%“%g afmeftn the pormal V\@Ycﬂl@ n&ﬁltrhamng azchemiigal composditiocont ai ns
0.25 - 0190 Ycdbrdilg. to HesiaVerHonOdnPELEhE i gE%rﬂt
ctar.i :ﬁh@ ?t | te o | ns O. K%?%@‘{@%I%ng/&ﬁlb w%guﬁ%ggs@)&éwh
13. 5 % Cr 1 %h Rﬁ % e es are cast of the melt, which then are remelted by
ernploymg ESR techmque (Electro Slag Remeltmg) Iiis, however also possible 1o
manufacture ingots, powder metallurglcaliy by gas atomising the melt to form a powder,
which then is compacted by a technique which can comprise hot isostatic compacting,
15 se 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 usefitlness for the manufacturing of plastic moulding tools will be

- explained more in detail in the following through a descnptlon 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 Q-
ingots (50 kg laboratory heats),
Fig. 1A shows the tempering graphs of Fig. 1 in the temperature range 500- 600°C ata
larger scale,

30 Fig 2 shows tempering graphs of the reference matenal and of a second series of
steels manufactured as Q-ingots,

Fig. 2A shows the tempering graphs of Fig. 2 in the tempering temperature range 500-
600°C 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—mgots,



0.35 %V 11. Steel alloy according to any of clains 1-10, 2 @ t ar
i zadinthat it contains 0.07 - 0.15 %S but no intentio Iy added
anount of calcium 25 12. Steel alloy according to any of clainms 1-10, ¢ h
aractari zadinthat it contains 0.025-0.15% 3 - 75 ppm Ca,

- preferably 5-40 ppm Ca, and 10 - 40 ppm O .30 13. Steel alloy according to
any of clains 1-8, c har actari zadinthat it contains so high
contents of Cr, Mo and N that the am)Unt of the elements Cr, Mo and N which

are in solid sol utio he,.st.e af h nin st eel
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Rt ek
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ST, 10 S i i e i, 1

or bl ock for plastlc m)u it
is made of a steel 1¢30°6 y according to any of clainms 1-13, that it after
heat treatnent conprising austentizing at 1020-1030C, cooling to room
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10V \ ! @Hi F1O09&' ()-2Z!' GH #10%&' ()-Z2! G i #109%&' ()-ZH 10%&' ()-c" 109%& ()- 10
10@sH Jwi [ M Tbe ing@si where 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®.
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10% & () - 109a%9dah-|'028%2& () - VRS Fo.067|023|0.66]13.110341]0.78 044|155
Q9050 | 0.23 0.2910.067(0.2 |0.68]129]03311.62|0.64] 159
Q9051 j 0.36 0.29(0.07310.22]10.65{13.2}044]08 |0.44]154
Q9061 | 2.1 0.3510.068 {0.1910.58 ] 15.0| 028|139 (044 | 16.7
Q9062 | 0.14  10.2610.07410.15| 0.6 |13.4|025]1.57|065] 167
Q9103 | 0.16 0.2710.0580.19]0.51113.2/0.3 |1.71]0.32| 15.1
Q9104 | 0.15 | 0.28 [0.071]0.22]0.6 {13.4{032]|124]0.32|154
Q9105|028 0.2710.06310.1810.59 | 143 {031]1.231032] 163
Q9106 [ 0.47 0.270.081]0.20 ] 0.62 | 14.9]0.32]| 0.84 {032 | 16.9
Q9133 | 0.37 1022010 [031]0.54|133]034]133}036| 157
Q9134 { 0.45 0.180.13 }0.32]/0.51|133]033|135|0.36] 16.1

5 *the content of carbonitrides was determined according to Thermo-Calc after hardening
from 1030°C and tempering at 250°C, 2x 2 h. PRE=% Cr+33 x% Mo +20x % 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 Ofthe steel alloys of Table 1, 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 500-600°C) in Fig. 1A, Corresponding graphs are found in Fig. 2
and 2A for the second series of Q-ingots. After low temperature tempering at 200°C/2 x
2 h the reference steel Q9043 achieved a hardness of 52 HRC. Also all other variants
were lying at the same level +/- 1 HRC. When tempering at the higher temperature
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InFig. 4 the results are shown in terms of mean values measuréd 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 can be
referred to impurities in other materials. This is most clearly shown in the charts in
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It is established that all the samples according to this test had a better corrosion

resistance than the_refere,nce 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, estab_lishihg a measure of the hardenability. The reference material, Q9043, had the
 lowest hardenability, said material corresponding to said standardized steel of type
20 8182314 and AISI420. Q9133, Q9062 and Q9134 had the best hardenability,
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Table 2

Results from corrosion tests

19134

| Q-ingot | Ter (mA/em?2)
| 9043=ref | 1.04
| 9044 0.57
9045 0.5
| 9046 0.4
1 9047 0.95
| 9049 0.5
9050 0.27
9051 0.5
9061 0.25
9062 |02
9103 0.3
9104 0.4
9105 0.32
9106 05
9133 0.5
0.5
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PATENT CLAIMS

1. Steel alloy for plastic moulding tools,characterized inthatit has a chemical

composition consisting essentially of in weight-%,

0.16-027C

(.06 — 0.13 N, wherein the total content of C + N shall satisfy the condition
03<C+N<04

0.1-158i

0.1-1.2Mn

12.5-14.5Cr

0.5-1.7Ni

0.2 - 0.8 Mo

0.1-05V

optionaily 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,

balance iron and unavoidable impurities.

2. Steel alloy according to claim 1,characterized in thatit contains at least 0.20
% C.

3. Steel alloy according to claim l,characterized inthat it contains max 0.25 %
C.

3. Steel alloy according to claim l,characterized in that it contains about
(.10 % N.

4, Steel alloy according to claim 1,characterized in that it contains max.
1.0 % Si, preferably max. 0.5 % Si.

5. Steel alloy according to claim I,characterized inthat it contains max.
1.0 % Mn preferably max. 0.8 % Mn, suitably 0.3 — 0.8 % Mn.
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6. Steel alloy according to claim 1,characterized inthat it contains
13-14 % Cr.

7. Steel alloy according to claim I,characterized inthat it contains
1.0-1.5% Ni.

8. Steel alloy accordingtoclaim I, characterized in thatit contains max.
0.6 % Mo, preferably 0.3 — 0.4 % Mo.

9. Steel alloy according toclaim I,characterized in thatit contains
0.25-040% V.

10. Steel alloy according to any of claims 1-9,characterized in that it contains
022%C

0.10% N

0.3 % Si

0.5 % Mn

13.5% Cr

1.2 % Ni

0.35 % Mo

0.35%V

11. Steel alloy according to any of claims 1-10,characterized in that it contains

(.07 — 0.15 % S but no intentionally added amount of calcium.

12. Steel alloy according to any of claims 1-10,characterized in that it contains
0.025-0.15% S

3 — 75 ppm Ca, preferably 5-40 ppm Ca, and

16— 40 ppm O

13. Steel alloy according to any of claims 1-§,characterized 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 1020°C
followed by tempering at 250°C, 2 x 2h, i.e. are not bound in the form of carbides,
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:
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15. Tough hardened blank in the form of a bar, rod, plate or block for plastic moulding
tools,characterized inthatitis made of a steel alloy according to any of claims
1-13, that 1f after heat treatment comprising austentizing at 1020-1030°C, cooling to
room temperature and tempering at 540-625°C has a hardness of 35-45 HRC and a

15  micro structure according to claim 14.




