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(57) Abstract

A steel produced by densified and agglomerated high-purity pre-alloyed powder metallurgy is disclosed. The steel comprises < |
wt.% of manganese, < | wt.% of silicon, 4.50-6.45 wt.% of chromium, 4-6 wi.% of molybdenum, 6.10-6.50 wt.% of vanadium, 18.20-18.70
wt.% of tungsten, £0.020 of sulphur, <0.030 of phesphorus, £100 ppm of oxygen, 5-7 wt.% of cobalt, 0.050-0.080 wt.% of nitrogen, <0.020
of aluminium and 1.80-1.95 wt.% of carbon. The balance is iron plus the typical impurities arising during steel production. Said steel has
a dispersion essentially consisting of carbides such as vanadium MC.

(57) Abrégé

La présente invention a pour objet un acier obtenu par la métallurgie d’une poudre pré-alliée de haute pureté, apglomérée, densifiée.
Selon Pinvention I'acier a Ja composition pondérale suivante: Mangan2se < 1%, Silicium < 1%; Chrome 4,50-6,45 %, Molybdene 4-6
90, Vanadium 6,10-6,50 %, Tungsténe 18,20-18,70 %, soufre 0,020 %, Phosphore 0,030 %, Oxygéne <100 ppm, Cobalt 5-7 %, Azote
0,050-0,080 %, <Aluminium 0,020 %, Carbone 1,80-1,95 %. Le complément étant du fer plus les impuretés caractéristiques de la pratique
de la fabrication de acier, ledit acier ayant une dispersion essentiellement de carbures du type MC de Vanadium,
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PATENT APPLICATION
‘Steel for shaping tools’
THYSSEN FRANCE SA

ABSTRACT TO THE DISCLOSURE

The present invention concerns a steel obtained via the metallurgy of a high
purity pre-alloyed, agglomerated and densified powder.

According to the invention, the steel has the following weighted composition :

Manganese < 1%, silicon < 1%, chromium 4, 50-6, 45%, molybdenum 4-6%,
vanadium 6, 10-6, 50%, tungsten 18, 20-18, 70%, sulphur < 0.020%, phosphorus <
0.030%, oxygen < 100 ppm, cobalt 5-7%, nitrogen 0.050-0.080%, < aluminium 0.020%,
carbon 1.80-1.95%. As the complement is iron plus the impurities which are
characteristic of producing steel, said steel has for the most part a dispersion of

vanadium MC type carbides.

THYSSEN FRANCE SA
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Steel for shaping tools

As in the aviation, munitions and associated industries, materials are machined
still having greater mechanical resistance, it is clear that it is essential to have an
extremely hard fast cut steel which, via the metallurgy of the powders, possesses high
toughness, thus offering extremely high level resistance of the positive cut edges.

The object of the present invention is to provide a fast cut steel produced initiaily
from the metallurgy of powders, this steel proving to be extremely hard with a scale
« C » Rockwell hardness of between 68 and 70 Re.

This steel, obtained from a pre-alloyed agglomerated powder, is characterised in

that the alloy has the following composition :

Weighted value percentages :

Preferred bracket Wide bracket
Manganese 0.20-0.40 <1%
Silicon 0.20-0.40 < 1%
Chromium 4.50-5 4.50-6, 45%
Molybdenum 4.50-5 4-6%
Vanadium 6.10 - 6.50 6.10 - 6.50
Tungsten 18.20-18.70 18.20 - 18. 70
Sulphur <0.015% <0.020%
Phosphorus <0.020% <0.030%
Oxygen < 100 ppm < 100 ppm
Cobalt 540-6.20% 5-7T%
Nitrogen 0.050 -0.080 % 0.050 - 0.080 %
Aluminium <0015% <0.020%
Carbon 1.83-190% 1.80-195%
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As the complement is iron plus the bupurities characteristic of producing metal,
said steel has a dispersion mainly composed of vanadium MC type carbides. The ateel of
the present invention possesses remarkable toughness, due mosty to a panticular
distribution of primary carbides associnted with extremely good ¢levaled temperanare
hardness. Tn addition 10 the hardness, elevated wemperatwe bardness, resistance o wear
and an exceptional toughness, the family of steels of the present invention can be
particularly adapted 10 the shaping of wols : machinability, hardenability and
wettability. _

The carbon content limited to 1.95% is significant : beyond this value, the
matrix would be rendered brinle. The low oxygen content, less than 100 ppm,
pr'cvcms the oxygen from forming an oxide film on the surface which could create a
large network of oxides in the steel following isostatic compaction. This oxygen
coutent, combined with a nigogen content of less than 800 ppm, guaraniees ‘super
¢clean’ products.

The stoichiometric relation for forming vanadium carbide (Cubic MC type with
centeted face) is 1% of vanadium for 0.020% of carbon. The carbon content of the steel
is balanced with its contents of vanadium, chromium, melybdenum and tungsten 1o
provide & sufficient amount of carbon and thus enable it to be heat-ucated s0 as to obtain
a hardness of 66Hrc.

According 1o the invention, the sieel for sbaping t0ols possesses a combination of
different qualities * resistance to wear, elevated temperarure bardness charactenised by
the Mathon cunting capaciry test, a toughness not previously having been able 10 be
obtained until pow.

Toughness is determined via & measurement according w the Charpy tost
referred 10 in the standard ASTM-23-92 and 23-93, A 10x)0x55mm reference test piece
is treated at 1.160°C, swopped in oil o an isotherm stoppage a1 560-C, followed by three
anncalings of one hour at $60°C. 1t then exhibits a oughaess of mose than 40 days/cm?2.
The cutung capacity is characteriied by the MATHON test (detined in the standard
AFNOR A.03.654).
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Claims

1. Steel obtained via the metallurgy of powders and formed from a high-purity
agglomerated densified pre-alloyed powder, characterised in that the steel has the

following weighted composition :

Manganese <1%

Silicon <1%
Chromium 4.50 - 6.45%
Molybdenum 4-6%
Vanadium 6.10 - 6.50%
Tungsten 18.20 - 18.70%
Sulphur <0.020%
Phosphorus <0.030%
Oxygen <100 ppm
Cobalt 5-7%
Nitrogen 0.050 - 0.080%
Aluminium <£0.020%
Carbon 1.80-1.95%

As the complement is iron plus the impurities characteristic of producing steel,
said steel has a dispersion mainly composed of MC type vanadium carbides.
2. Steel according to claim 1, characterised in that the alloy has the following

general composition :

Manganese 0.20-0.40
Silicon 0,20-0.40
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Chromium 4.50-5 %

Molybdenum 4.50-5 %
Vanadium 6.10 - 6,50 %
Tungsten 18.20-18.70 %
Sulphur <0.015%
Phosphorus <0.020%

Oxygen <100 ppm

Cobalt 5.40-6.20%
Nitrogen 0.050 - 0.080 %
Aluminium <0.015%

Carbon 1.83-1.90%
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