EP 2 650 064 B1

(19)

(12)

(45)

(21)

(22)

Europdisches
Patentamt

European

Patent Office

Office européen
des brevets

(11) EP 2 650 064 B1

EUROPEAN PATENT SPECIFICATION

Date of publication and mention
of the grant of the patent:
01.11.2017 Bulletin 2017/44
Application number: 13460021.2

Date of filing: 08.04.2013

(51) IntClL:

B22D 19/02 (2006.07) C22C 32/00 (2006.0)

C22C 1/10 (2006.09

(54)

A method for producing composite zones in castings

Verfahren zur Herstellung von Verbundzonen in Gussteilen

Procédé de production de zones composites dans des piéces coulées

(84)

(30)

(43)

(73)

(72)

(74)

Designated Contracting States:
AL AT BE BG CH CY CZDE DKEE ES FIFRGB
GRHRHUIEISITLILTLULVMC MKMT NL NO
PL PT RO RS SE SI SK SM TR

Priority: 10.04.2012 PL 39877012

Date of publication of application:
16.10.2013 Bulletin 2013/42

Proprietor: AKADEMIA GORNICZO-HUTNICZA
im. Stanislawa Staszica
30-059 Krakow (PL)

Inventors:

Olejnik, Ewa

34-350 Wegierska Gorka, Zabnica (PL)
Janas, Andrzej

30-513 Krakow (PL)

Representative: Magonska, Alina
AMAG Kancelaria Patentowa
Alina Magonska

ul. Dobrego Pasterza 108/106
PL-31-416 Krakow (PL)

(56) References cited:

CN-A- 1 868 635
US-A- 5 509 555
US-B2- 7 935 431

GB-A- 2 395 360
US-A1- 2011 226 882

EWA OLEJNIK ET AL.: "Composite layers
fabricated by in situ technique in iron castings”,
KOMPOZYTY, vol. 11, no. 2, 27 February 2011
(2011-02-27), pages 120-124, XP002721972,
E.OLEJNIKET AL.: "The composition of reaction
substrates for TiC carbides synthesis and its
influence on the thickness of iron casting
composite layer”, ARCHIVES OF FOUNDRY
ENGINEERING, vol. 11, 26 April 2011
(2011-04-26), pages 165-168, XP002721973,

E. FRAS, E. OLEJNIK, A. JANAS, A. KOLBUS:
"THE MORPHOLOGY OF TIC CARBIDES
PRODUCED IN SURFACE LAYERS OF CARBON
STEEL CASTINGS", ARCHIVES OF FOUNDRY
ENGINEERING, vol. 10, no. 4/2010, 17 July 2010
(2010-07-17), pages 39-42, XP002722032,

Remarks:

Thefile contains technical information submitted after
the application was filed and not included in this
specification

Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been

paid.

(Art. 99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)



1 EP 2 650 064 B1 2

Description

[0001] The present invention relates to a process of
manufacturing composite zones in iron alloy-based cast-
ings, designed for structural components resistant to
abrasive wear.

[0002] Iron alloys with increased hardness represent
the largest group of materials used in the manufacture
of structural components resistant to abrasive wear.
Among these materials, the most commonly used are
cast steels: mainly martensitic, and austenitic with man-
ganese and chromium, and to a lesser extent cast irons:
white martensitic cast iron, as well as chromium cast
irons. Among the materials resistant to abrasive wear, a
separate group form composite materials reinforced with
hard ceramic phases such as nitrides, carbides, borides
or oxides. One of the methods to obtain hard ceramic
phases is the SHS method (self-propagating high-tem-
perature synthesis) disclosed, inter alia, in the publication
by A.G. Merzhanov, Journal of Materials Processing
Technology, Vol. 56, year of edition 1996, pages
222-241, which enables a synthesis of these phases from
reactants of the atomic ratio corresponding to the stoi-
chiometry of a given compound. An example of the use
of this method for the fabrication of castin situ composites
is the technology of SHSB (self-propagating high-tem-
perature synthesis in bath), in which the initiation of the
reaction occurs at the instant of placing the packets with
reactants in a crucible of the furnace holding liquid alloy.
At that instant, the ceramic particles are formed as a re-
sult of violent exothermic reaction initiated by heat col-
lected from the liquid metal. Next, as a result of the effect
of eddy currents raised by the induction furnace, a vig-
orous stirring of the said ceramic particles occurs. As a
result of this process, the ceramic particles are dispersed
in the entire volume of the liquid alloy. This method has
been disclosed, inter alia, in the Polish patent specifica-
tion No. 190 605A1.

[0003] Polish patent specification No. 167197B1 dis-
closes a method for manufacturing by the casting route
a layered material, wherein the said method is charac-
terised in that, that on the bottom of the mould cavity, or
on a "scaffold" in the mould cavity, a ceramic component
in the form of granular electrocorundum layer is intro-
duced, said ceramic component being next poured with
cast aluminium alloy.

[0004] In the publication by E. Fras, E. Olejnik et al,
Archives of Foundry Engineering, Vol.10, year of edition
2010, pages 39-42, the authors disclosed, that in the re-
gion of reaction layer, the crystals show an oval and co-
agulated shape, while at the layer-casting interface
cuboids were observed. In the experiment a commercial
titanium powder of 99.98% purity and 44 .m granulation
was mixed with a graphite powder of purity 99.99% and
30wm granulation, and next compacted at the bottom of
the previously prepared mould.

[0005] Moreover, patent specification CN 1868635A
discloses a method for obtaining a composite material
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based on steel, locally reinforced with TiC particles,
which are synthesized from the compacted mixture of
powders of Al, C, and Ti-Fe at high temperature in a foun-
dry mould.

[0006] American patent specification US5,509,555 de-
scribes a method for producing articles, including com-
posites, by reactive infiltration of a porous proform. A
dense composite can be formed when a silicon-alumin-
ium alloy at temperature range from about 900°C up to
1800°C is contacted with the carbon proform. Because
some of porous carbon proform is reacted with silicon,
the composite beside silicon-aluminium alloy includes al-
so a ceramic phase - silicon carbide.

[0007] US Patent Application US20110226882 dis-
closes acomposite impactor for crushers. The composite
impactor has a reinforcement microstructure concentrat-
ed with globular particles of titanium carbide. The rein-
forcement was accomplished by placing granules, con-
taining a mixture of powders of titanium and carbon, in a
metal container, which is then placed in the mould at the
location where the impactor is expected to be reinforced.
[0008] From American patent specification No. US
7,935,431B2 is known a cast metal wear part comprising
atleasttwo portions. The first portion includes exclusively
a cast iron, and the second portion is a conglomerate,
where the cast portion has been reinforced with an ag-
glomerated particles infused into. The conglomerate
structure is formed in situ reaction between two or more
powdered raw materials, which have been formed into a
shape and placed into a mould prior pouring a cast alloy.
Parts created in this way, feature high impact resistance,
above 10MPavm, and for the conglomerate with the cast
iron therein Vickers hardness above 1000Hv,, was
achieved.

[0009] As for majority of heavy duty tools the surface
wear resistance is of paramount importance any im-
provement, which increases the wear resistance is im-
portant.

[0010] According to the invention, this problem is
solved by application of extremely high pressure, equal
to 500MPa, during the process of compaction and shap-
ing of inserts, which are next glued to the walls of the
foundry mould. The inserts are composed with powdered
reactants of SHS synthesis, and are prepared by mixing
atitanium powder having a purity 0f 99.98% and a particle
size of 40 pm with a graphite powder having a purity of
99.99% and a particle size of 40 um, and were the atomic
ratio of 1:1 is maintained.

[0011] Hard and abrasive wear-resistant ceramic
phases of the MeC type (where Me - Ti, Nb, Mo, Zr, W,
V, Ta) are formed in situ by reaction that takes place
between them, placed on the walls and/ or on the bottom
of a mould or die, reactants and liquid alloy poured into
the said mould or die. The introduced components are
undergoing the reaction of SHS (self propagating high-
temperature synthesis), as a result of which, in the liquid
alloy, carbides are locally generated, to form, after the
casting crystallisation process, a composite zone. The
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method guarantees the creation of areas reinforced with
ceramic phases in strictly determined places of the cast-
ing. The process of the creation of an area resistant to
abrasive wear occurs simultaneously with the process
conferring to the cast detail its ultimate, final shape.

[0012] An important advantage of the method accord-
ing to the present invention is the possibility of transform-
ing the selected area of casting into a composite, wherein
the reinforcement is accomplished by in situ synthesis of
a high-melting point, hard ceramic phase of the MeC type.
Within the area of the foundry mould cavity or die cavity,
where the shaped inserts are arranged, after the process
of crystallisation and solidification of the casting, a com-
posite containing carbides is produced, the matrix of the
locally produced composite being an iron-based cast al-
loy, while the reinforcing phase is composed of carbides.

Example.

[0013] A mixture of reactants for the TiC carbide syn-
thesis was prepared by mixing titanium powder having a
purity of 99.98% and a particle size of 40 um and graphite
powder having a purity of 99.99% and a particle size of
40 pm. The powders were combined together while
maintaining the atomic ratio of 1:1 and were stirred for 6
h in the absence of oxygen. Thus prepared mixture was
divided into batches and subjected to compaction in a
die under a pressure of 500 MPa. Compacted shaped
inserts of dimensions 5 x 10 x 45 mm were obtained, and
then the shaped inserts were glued to the walls of amould
made of bentonite sand mixture. Then the cast alloy cor-
responding with its composition to the composition of a
ferritic nodular graphite cast iron grade according to EN-
GJS-350-22-LT (PN-EN-1563) was prepared, and was
next poured into a mould. The surface of the shaped in-
sert contacting the hot liquid metal initiates the exother-
mic reaction of synthesis (SHS) of the reinforcing phase,
as a result of which a composite area reinforced with TiC
carbides is formed in the casting.

Claims

1. Amethodfor producing composite zones in castings,
where prior filling a foundry mould with an iron based
cast alloy, on walls and / or on bottom of the foundry
mould, shaped inserts are placed, which after filling
the foundry mould with the iron based cast alloy un-
dergo a reaction of self propagating high-tempera-
ture synthesis (SHS), and which previously are pre-
pared by mixing a titanium powder having a purity
0f99.98% and a particle size of 40 wm with a graphite
powder having a purity of 99.99% and a particle size
of 40 wm, and were the atomic ratio of 1:1 is main-
tained, is characterised in that, the powdered re-
actants of SHS synthesis are subjected to compac-
tion and shaping under pressure of 500MPa, and
subsequently glued to the walls of the foundry mould
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made of bentonite sand mixture.

Patentanspriiche

1. Ein Verfahren zur Herstellung von Verbundzonen in
Abgussen, beidenen vordem Fiillen einer Gussform
mit einer Gusslegierung auf Eisenbasis auf Wanden
und/oder auf der Unterseite der Gussform geformte
Einsatze angeordnet sind, die nach dem Fillen der
Gussform mit der Gusslegierung auf Eisenbasis ei-
ner Reaktion selbstausbreitender Hochtemperatur-
synthese (SHS) unterzogen werden. Diese werden
zuvor durch Mischen eines Titanpulvers mit einem
Reinheitsgrad von 99,98% und einer Teilchengroéfle
von 40 wm mit einem Graphitpulver mit einem Rein-
heitsgrad von 99,99% und einer TeilchengréRe von
40 pm vorbereitet, wo das Atomverhaltnis von 1:1
beibehalten wird, und kennzeichnen sich dadurch
aus, dass die pulverférmigen Reaktanten der SHS-
Synthese einer Verdichtung und Formgebung unter
einem Druck von 500 MPa unterzogen und anschlie-
Rend an die Wande der Gussform aus Bentonitsand-
mischung geklebt werden.

Revendications

1. Procédé pour la production de zones composites
dans des pieces moulées, ou avant de remplir un
moule de fonderie avec un alliage moulé a base de
fer, sont placés sur les parois et / ou sur le fond de
celui-ci des inserts fagonnés qui, aprés le remplis-
sage du moule de fonderie avec l'alliage a base de
fer, subissent une réaction de synthése a haute tem-
pérature auto-propagée (SHS) et qui sont préalable-
ment préparés en mélangeant une poudre de titane
de pureté 99,98% et une granulométrie de 40 pm
avec une poudre de graphite de pureté 99,99% et
une granulométrie de 40 pm, et ou le rapport atomi-
quede 1: 1 estmaintenu, procédé qui se caractérise
par le fait que les réactifs en poudre de la synthése
SHS sont soumis a un compactage et a une mise
en forme par une pression de 500 MPa, et par con-
séquence se collent aux paroi du moule de fonderie
constitué d’'un mélange de sable a bentonite.
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