HOT- WORKI NG STEEL TECHNI CAL FI ELD The invention

relates to hot-working steel, i.e. steel intended to
wheoogaedsi n the working in hot condition of a MOT/RE2007/050203

materi al. Typical exanples of the use of the steel are

tools for the extrusion pressing of light netals,

primarily alum nium Another formof use is in forging

tools. The invention also relates to use of the stee

in the manufacturing of hot-working tools and to tools
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profile/shape of the extrusmn pressed material is formed. Hence, an extrusion pressing

20  nozzle must have high strength in combination with good resistance to hot wear as well
as good resistance to tempering at high temperatures, since a material such as
aluminium is normally extruded at temperatures of about 500-600 °C. A well known
and long used hot-working steel is denoted H13 (or alternatively H11) according to
AISI and has the following nominal composition in % by weight. 0.30 —0.40 C, 0.20-

25 0.40 Mn, 0.80-1.20 Si, 4.75-5.50 Cr, 1.25-1.75 Mo, 0.80-1.20 V, balance iron and
unavoidable impurities, and for H11, in % by weight: 0.30-0.50 V, the remainder the
same as for H13. Over the years many different lines of development have been
investigated with the purpose of improving certain properties of the conventional steel
H13. Examples are EP 632139, US 4,886,640 and US 4,853,181,

30
A drawback in common for all steels mentioned above is that they have a relatively high
content of expensive alloying materials. It is realised that this is an essential drawback

that it for long has been a desire to be able to minimize.

35  ACCOUNT OF THE INVENTION
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15  different steels of H13 type have been on the market for a long time, it is realised that it
must be considered surprising that we have been able to find an alloy that is so efficient
in solving the above mentioned problems, especially when considering that the
important properties of resistance to hot wear against aluminium and thermal
conductivity are improved as compared to a traditional H13 alloy. It is true that

20  hardenability is somewhat impaired, but as most extrusion tools on the market are used
for fairly small dimensions, it is estimated that about 70-80% of the existing production
can use of this new alloy, resulting in a considerably reduced cost at a functionality that

for the rest is maintained.

25  When nothing else is stated the present description always refers to percent by weight in
respect of the chemical composition of the steel and percent by volume in respect of the

structural components of the steel.

The following is true for individual alloying materials and their mutual relations and for

30 the structure and heat treatment of the steel.

Carbon should be present in an adequate amount to give the steel the desired hardness
after heat treatment and to contribute to hardenability. Accordingly, there must be at
least 0.3% and for the best result about 0.4% of carbon. Too much carbon has a negative

35  effect on toughness and hence the upper limit should be about 0.45%.



conductivity are inproved as conpared to a traditional
H13 alloy. It is true that hardenability is somewhat

WO pailtgd; but as nost extrusion toofs on the PEI/KE2007/050203

10

15

20

25

30

35

are used for fairly small dinmensions, it is estimted
t hat about 70-80% of the existing production can use
of this new alloy, resulting in a considerably reduced
cost at a functionality that for the rest is

mai nt ai ned. When nothing else is stated the present

de§1‘ﬁ&‘)rpfs &eﬁ"s é@@yr%mﬁ@zfl @feSndn® fBRY RE Man ik cHBing BF tHer!;teel at a content
res he chem cal corrp05|t| og of the st e%

pe? malésy a‘vléfll% Re%-mngsé et byt 1 nailicPp iRGeAse t
C Offip Qfeerdngl Héﬁcd feomtibetes toTélee fhel skdéll\hm@ielqﬁatb rhuﬁlné@r It also

i ndi vi dual t t

RO a3 PRt BT ER P S finh ML P Graigtyhat are oo
t hlﬁgB Mglleacﬂal’obmﬂnnskﬁcmbweme dpe essarhmuanhaadﬁnmgeaqudteece the

hea Xl ruea (gdt%l}et O'flgl?c %ﬁl?gfﬁ%@l S??q% gﬂ% gnabﬁcﬁ%lgh 1-2%.
Accordi ngly, there must be at |east O. 3% and for the

begfanfER M, ChahQbh d46196deaamABuld B PrébeftinGRY f6d) ah@samount

a negative effect on tou hness and hence the upper
| i ek caonsl ta 2be the Hee! 0. WeweE hardan ﬁ%y ‘present as a

reS| dual el enment from t he rmnuf act uri ng of the steel,

llﬁ)%@/n ?nlaf, &18 Ili)r?Rr,%gt that ét b%sh ees é:gr ohﬁlré osﬁar?éntaﬁﬁ]lq %lso

st eceitnlands thermed it¢tmpaimgredstoecs. Honagi itdas h@ns:trev;dn that molybdenum
adﬁqllé?&e% zﬂgrcgﬁ]tgﬁts Cf ok el B9 %955‘[' R §Rant (98%”P1%@&9M§t #1is used
resi stance oxi dat | on and tenpering. Contents that
ar%ﬂ%@fﬁ@@hdww lead to brittleness problens due to

sol ution hardening and hence the maxi num cont ent of

SI|IC n.in the ste i.s 1.5% eferaﬂlﬁ/ﬁlnot nor e

oy RSN g 2 RO BAC AT SR R G GR Fohance and

pr gsknild ba ptdentsit eebntadt cdiat Bawurt% bugiotemoe ghant3009i Viee nominal

t he n_adequ bility. Ml ybdenum has
th%orﬁ?@r%? rf/) I%IS ?rte?er%ﬁglg?% contributing to
har denabi l ity aI so contributes to a good tenpering

F eR1aEARGE shdUfEEpreidnt RASHRER oPRAYRR 0 TR STREMB 8RBt in

giving the steel a desired hardenability at the limited content of molybdenum and

e carrt])on activity in

chromium that characterises the steel. The steel should not contain more than 1.8%

manganese. The nominal content of manganese is preferably 1.4 %.

Vanadium should be present in the steel at a content of at least 0.4% and not more than
0.7%. Vanadium also contributes to give the steel good tempering resistance, good
resistance to wear and also contributes to good strength by forming vanadium carbides

that contribute to the formation of a relatively fine crystal structure.

Conventional, known production techniques can be used for the manufacturing of the

steel.

BRIEF DESCRIPTION OF THE DRAWINGS

In the following description of experiments made, reference will be made to the
enclosed drawings, of which

Fig. 1 shows a graph over the desired resistance to hot wear, for gas nitrided samples in

a4 htest, and
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The alloys are heat treated according to Table 2 below.

Table 2. Austenitizing and tempering temperatures, and expected hardness of the
various alloys.
Allo | TA(°C) 30 min | T remp (°C) 2x2h | HRC

y
2 1020 580 48
6,7 |1020 560 48

Plate samples having the dimension 5 x 10 x 30 mm are produced of each species
according to Table 2. One surface of the sample, a side of 5 x 30 mm, is polished fine
with an R of about 0.10-0.15 pm.

The different samples were investigated to compare hot wear against aluminium. Fig. 1
shows the volume worn off after about 4 h for gas nitrided samples. The graph shows
that both samples produced according to the invention, i.e. samples 6 and 7, have

improved resistance to wear as compared with the reference steels (sample no. 2).

Fig. 2 shows the result from a corresponding 8 h test, showing that an improved

resistance to wear could be confirmed for the invention also in such an experiment. In



at 850C/ 2h, cooling by 10C h to 600 OC and thereafter
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20
It is realised that the invention is not limited to the preferred, narrow ranges mentioned
above, but that many variants are accommodated within the scope of the invention as
defined in claim 1, while still retaining the required good properties. Aspects that are
specifically preferred according to the invention are set out in the dependent claims.

25

It is clear from the table below (Table 3) that the steel according to the invention fulfils
the properties desired for an H13 steel, which table gives a weighted comparison of
important properties, wherein 10 is the highest rating corresponding to the best test
result (for the comparison between a traditional H13 steel and the invention) and the

30  rating of the comparing sample being weighted in relation to the best rating.

Table 3.

Invention HI13
Nitrification potential The same The same
Alloying cost 10 5
Yield % The same The same
Processability The same The same
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1. A hot-working steel, characteri s e d i n that it
has the foll owi ng chem cal conposition in %y weight:

WO 2B0404780% C 0-1.5% Si 0-1.8% Mh 1.5-3.5% Cr BCBSE208%650203
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(MO + W2) 0.4-0.8% (V + N 2) Rerainder iron and
unavoi dabl e inmpurities. 2. A steel according to claim
1, charac teri se di n that the content of (M + Cr),
in %y weight, is less than 3,5% 3. A steel according
to claim1, charac teri se d i n that the content of
Mcrianvi¥py wei ght, is nore than 1% 4. A steel
according to any one of the preceding clains, charac
teri se di n that the content of C, in %y weight, is
0. 38- A.16wopkia etealpt i aDa 4 O O1.s44%4 £.thd it hsshee@llowing chemical
accordin to any ﬁne of o he preceding clainms, ¢ h

ar act erIPEEdn ytwi’?}ﬁh the content of Si, in %y

wei gh®.30i0s50% 8- 1. 35% preferably 0.5-1.2% 6. A steel
accor gijng, p any one of the preceding clains, c h
aracteri_s e d i n that the content of M, in %y

wei gh®-1.§%Mn 3-1.5% preferably 0.5-1.35% 7. A steel
accor dismgs4,@rany one of the preceding clains, ¢ h

aract eri e [ that the content of Cr, in %y
wei ghﬁ'?'Q'i%d%-?V@% preferably 2.2-2.8% 8. A steel
accor durg8%avan¥/pne of the preceding clains, ¢ h
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2. A steel according to claim 1,characterised in that the content of (Mo + Cr),

in % by weight, is less than 3,5%.

3. Asteel according to claim 1, characterised in that the content of Mn, in % by

weight, is more than 1%.

4. A steel according to any one of the preceding claims,characterised in that
the content of C, in % by weight, is 0.38-0.46, preferably 0.40-0.44% C.

5. A steel according to any one of the preceding claims, characterised in that
the content of Si, in % by weight, is 0.3-1.35%, preferably 0.5-1.2%.

6. A steel according to any one of the preceding claims, characterised in that
the content of Mn, in % by weight, is 0.3-1.5%, preferably 0.5-1.35%.

7. A steel according to any one of the preceding claims,characterised in that
the content of Cr, in % by weight, is 0.7-3.0%, preferably 2.2-2.8%.

8. A steel according to any one of the preceding claims,characterised in that
the content of Mo, in % by weight, is 0.45-0.8%, preferably 0.5-0.7%.

9. A steel according to any one of the preceding claims, characterised in that
the content of V, in % by weight, is 0.45-0.7.



9. A steel according to any one of the preceding
claims, ¢ h aracteri s e d i n that the content of V,

WO p007hy479ki ght, is 0.45-0.7.10. A st&el aceor dPEySEI07/050203

any one of the preceding clainscharac teri se d i n
that the content of O in relation to the content of
Mo, in %y weight, is such that % /%b > 3. 11. A
steel according to any one of the preceding cl ai s,
charac teri se d i n that the content of Mo as well as
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st eel @eEBMBINg to claim1l, charac teri se d i n that

It contains not nore than 0.05 %y weight of Al. 14. A
steel according to claiml1, charac teri se d i n that

5 t hél.cArteehtccofdidg to dny oo yf whei ghtedingsclgnB,dh ®84cterised in that

pr ef e{h@k%ﬂteﬁtqgli\?lo gs &/é?l a;ﬁle c%n{%m f\c’:‘ﬁ gﬁ lgg]il ?Js?ﬁlan 0%7 ‘% Rf weight.

aracteri hat 1t has a conpositio
according to any one of the preceding claims. 16. A

hot2 Warden gco%kﬁﬁg PSR f, RS atr@ cG b i B dL Q@ nAhatkhe céntbht of V is 0.5-
ar act i“n that it has a thermal conductivity

of no Qq?ﬁﬁﬁm§§1VVn1OC at 2000C. 17. Use of the stee

10 according to any one of clains 1-12 for the production

15

20
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pr essi
0. 05 % by weight of Al

14. A steel according to claim 1,characterised in that the content of Al, in % by
weight, is 0.3-1.0%, preferably about 0.7%.

15. A hot-working steel, characterised in that it has a chemical composition

according to any one of the preceding claims.

16. A hot-working steel according to claim 10 or 11, characterised in thatithasa
thermal conductivity of more than 26 W/m °C at 200°C.

17. Use of the steel according to any one of claims 1-12 for the production of a tool for

extrusion pressing, preferably extrusion pressing of aluminium.



