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CAST PARTS W TH ENHANCED WEAR RESI STANCE Fi el d of the invention [0001] The
present invention relates-to the production of cast parta.ﬁgth %@Eanced
wear resistance by an inprovenent in the resistance to a P il st
retaining acceptable resistance to inpact in the reinforced areas. 10
Technol ogi cal background at the basis of {he invention [0002]
Installations for extracting and breaking up mnerals, and in particular
crushing and grinding material, are subjected to nunerous constraints of
performance and 15 costs. [0003] As an exanple, one mght cite in the area
of thee treatnment of caggr eHRTESWIDE ERARREEAWELR RBSEsAl§er wear parts
such as ejectors and anvils of grindrng nma al shafts,
hanmers and breakers of grinding 20 machines with horlzontal shafts, cones

for crushersFiéfgﬂéﬁ §§§P1ﬂ¥QAEi %Ifor vertical crushers, arnoured plating

and - el evat mlls. Wth regard to
5 [0001] : The present invention relates to the

production of cast parts with enhanced wear resistance by
an improvement in the resistance to abrasion. whilst

retaining acceptable resistance to impact in the reinforced

areas.
10
) , ?echnological background at the basis of the invention
) [0002] Installations for extracting and breaking up
minerals, and in particular crushing and grinding material,
are sgubjected to numerous constraints of performance and
15 costs.

[0003] As an example, one might cite in the area of.

Che~ tredtment of aggregates, of cement and of minerals,

wear parts such as ejectors and anvils of grinding machines

with vertical shafts, hammers and breakers of grinding

20 machines with horizontal shafts, cones for crushers, tables

| and rollers for vertical crushers, armoured plating and
_;) elevators for ball mills or rod mills. With regard to
mining extraction installations, one might mention, among

others, pumps for bituminous sands or dfilling machines,

25 pumps for mines and dredging teeth.

 [0004] - The suppliers of wear parts for these
machines are faced with increased demands for wear parts

which meet the cons;faints of resistance to impact and

resigtance to abrasion at the same time.

' n30 [0005] Traditional materials generally meet one or
the other of these types of.requirement but are very rarely._
‘resistant to both impact = and abra51on Indeed, ductile

-Amaterlals offer enhanced resistance to 1mpact but have veryn

little - re51stance to abrasion. On the other hand, -hard :




m ning extraction installations, one mght nention, anong others, punps
for bitum nous sands or drilling nmachines, 25 punps for mnes and dredging -
teeth. [0004] The suppliers of wear parts for machi nes ‘ar &0 Mayedodi t h
~increased demands for wear parts which neet the constraints of resistance
to inpact and resistance to abrasion at ,he sane tine. 30 [ 0005]
"Traditional materials generally neet one or the other of these types of
requi rement but are very. rarely resi,stant to both inpact and abrasion.
| ndeed, duct E??%ﬂﬂiﬁ?%%%??ﬁqeﬁa§§ﬁﬁﬁﬁ@e§BW€sW?Fyh&étFéeiﬁﬁé&ﬁtBBFehBQe
very little vBsigianGaghdda abrasion. On the other hand, hard 30 May 2006

- abrasion-resistant naterials have very little resistance to violent

inpact. [00069°%lstori cal Bistomachildyt rtdfd efirsns red lelkitsongr abl enhied to
an exclusiv I | cal _appr.each ich 5. .consisted in suggesiin
steel s mﬁth%%%ﬁggﬁgégg%%%§ %?eggggvs%gé?%t%ﬁFa%gu¥%b3%fsaBRﬁoﬁ§€eW hefless
achi eve it exoredistier] ihargirprsdienelssceflst hetar d@hg%e@.é%hﬁt@@e!‘kfer%

(Vickers hardness). [0007] Qther alternatives such as castings with
chronme have HSF1EEN KughyBRiess FhdsBeucroheliesachrbievenantacwediavel s of

the order of, 400,40 8§QngsaQ£@rth%uiE%gke(£$e%gglt&gqugeqﬁpr?ggggéglues

are achieved for alloys containin a percent agé of carbrde u
[ 0008] Currdriddnedsilnetal |ic castings have al so been 15 used, but these

neverthél_ess0 o) the dis antagf of being limted to parts of sinple
shape, mhlch[g}ggtlcally Sggﬁges FRENRELPPDr t BRFRI e85 f oF 2P REREE ri with
~applicatign.chrome have also been suggested. These allow to achieve
{;} _ | hardness levels of the order of 700 to 850 Hv after
suitable thermal treatment. These values are achieved for
alloys containing a percentage of carbide up to 35%.
[o008] Currently, bimetallic castings have also been
15 used, but these nevertheless have the disadvantage of being
limited to parts of simple shape, which drastically reduces
their opportunities for industrial application.
[00089] Wear parts are generally considered as
Consumableé, which means that apart from purely technical
20 constraints, there igs also a financial constraint which
limits the opportunities for solutions that have an average
?i} cost of US$4/Kg. It is generally estimated that this price
level, which is twice as high as that of traditiocnal wear
parts, 1is the threshold of financial acceptability for

25 customers.

Description of the solutions according to state of the art

[OOlQ] Achieving a wear part that is resistant to

abrasion and impact has already been the subjeét of studies
30 of various types. ' :

[0011] : in this context, one has naturally turned to

composite‘parts based on ceramics and, in thig area, the

-Appliéant already _diécloses in documeht WO 99/47264 an




- [0009] Wear parts are generally considered as = consunebl es, which neans
that -apart frompurely technical 20 constraints, there ig also a flnanC|aI
constraint which limts the opportunities for sol utions t RAM3Y:

average cost of US$4/Kg. It is generally estinmated that this pri ce | evel ,
which is-twice as high as that of traditigpnal wear parts, is the threshold
of . financi al acceptability for 25 cust oners. Description of the solutions
according to at ey of the a 0010 AChJeVI wear part that IS

r esi stantJ toazg?gs BReEnd™ ?‘rf)%l&ta %‘l%lfat@a%‘i/ thie EUB] &5 16Ty Fices

30 of variougehypesd [fPddt.In this context, one has natural ly turned to

conposite parts based on cerami cs and, in th| s area, the Applicant already
di scl oses i nl@®tahent WO 9bF 4798qumen’ 3®TO|vay982,0b%3’b3.| oytbase@xp@dllqa@lt and

ceram cs whi ry.r nd, mact Q012] ocu nt WO
98/ 15373, %P%@?g%a%? f%%%%g}é%gc?o \lll\%glelrcf % 0 a r(r:rt?u% &ngbefao ggsg}%ng, a
waf er of 55 porous caEramic Wihidhi $si rlifnﬂ:‘tlrtaiaa:cécbybyh&li&traétéillr idnging
casting. The opportunities for application of this _invention are

never t hel essC#$HiE2d t FSar t PRATISEHINES cr 69%- sé@nldwadion o @f | ofkii th
‘high. fluidi{y;if:£38t1 06 g%ﬁ%ﬁes%helﬁfﬂihgﬁonﬁggﬁl %‘e%% C‘Eft?%@y he

~wafers is rather 10 conditione by the requirenents I I'tration
- ‘cast netal @WWthEOIaC@MI teegllopmenishohighefpaitiisyude. cap@ahg).

W t hout t th e obj ect i.ves, rzhanov di.scl oses in docupment
W0 0007055 HPr et SR SRR T SR e BT Co B s i LES SRONER! 1 he

raw 15 npgerddhdi®of omed %@t&m Nl pendr OfoaWdans rarden ¥PCHUR cast
'{;ﬁ ' .metal than by the actual requirements of the part’s use.
[0013] Without aiming at the same objectives,
Merzhanov digcloses in document WO/9007013 a fireproof
porous material obtained by cold compression of the raw
- 15 material, of an exothermic mixture of powders under vacuum,
followed by starting the combustion of the mixture. Here,
we are «@dealing with a chain reaction. With this method, he
obtains extremely hard materials but without any resistance
_ to impact. This is essentially due to the high porosity of
20 the products.
fo014] Moreover, in document W0/9011154, the same
3;} _ inventor proposes a similar method where, in this case, the
mixture of powders, after having reacted, is subjected to
pressures as high as 1000 bars. This invention results in
25 the production of layers that are extremely resistant to
'abrasion but with insufficient resistance to impact. The
aim here is above all to produce surfaces for abrasive
tools that are greatly solicited in this sense.
[0015] In genéral, the use of very pure powders such
30 . as titanium, boroﬁ, tungsten, .aluminium, nickel,
| molybdenum, silicon, carbon, etc. powders results - in
éxtremely porous.pieces after the reaction with porosity-
rétes close to 50%. These therefore reguire compression

after the reaction involving compaction and thus'_an'




foll owed by starting the conbustion of the mixture. Here, we are dealing
with a chain reaction. Wth-this nethod, he obtains extrenely hard -

mat eri al s but w thout any resistance to inpact. This is %%Méiﬁtzi 96 | y due to
the high porosity of 20 the products. [0014] Mreover, in document

WD 9011154, the sanme inventor proposes a simlar net hod where, in this
case, the mxture of powders, after having reacted, is subjected to

I . d [
of Tayers tnatcaratd HCHeRB Ry M UbInb " B LR abRRH e Te BoF RGP F e e ont

resi stance twsénpact. The aim here IS above all to produce surfaces for
abrasive togls that are greatly soI|C|ted in this sense. [0015] In
general, thel®@kebf very &hee nfati om0 enliexdtivumobor 8ach  a

tungsten, alygipsgm tHéCl&%htroﬁolc}@ = t%&i‘.i&?@ ahar ke, &4 Q?WQE

results in exiremely porous piréces a e reactiron with porosi fates
cl ose to B0%awWheseatdeiafor e meaut e leampr essinan deabbey t helmeactl @he

-involving co act on and t an 30 Q6 4 .increa n density, which
is indispens %cft}r%tfé‘{nh 8q&&C r@@%ﬁﬁﬁé‘tpnﬁpé’ﬁ@ﬁﬂ{tl on conpl exity
-of such a ”Ettb"'@ﬂ?] the conige@maof ;Sahf‘er{@aﬁ ?Pﬂéaﬁﬂgnth%@g% of Llaﬁmaﬁﬁw

mat eri al s neverthel ess considerably linit i ntroduction of these
t echnol ogi es3isrbrseriust rerPGQQ??nGeﬁeiﬂ‘mQ)atf@m cppti @aith T94Q773dre

Letmann O 56l 9569 it SOMSLLE UG L1 SpoloRTLonLIB, g Moty et
bi ndi ng HyentemmiEdr wirthalddnbuspawdes soivding keentBl tdiy f0i Aktabuibng
éiEStlng’ thE%Jowders with a low melting point. During casting, the
binding agent gives up its place to the casting metal which
then surrounds the carbide particles. In this method, there
is no chemical chain reaction and all the particles highly
15 wear resistant are present in the mould from the start.
[0018] Numerous documents disclose such a method for
_ sargounding hard particles, and in particular US-P-
5,052,464 and US—P—6;033,791 -~ Smith, which are based on
the presence of hard particles before casting which is to
20 infiltrate the pores between the ceramic particles. |
[0019] | The invention avoids the pitfalls rof the
;:} . state of the art by producing wear parts of original
- ‘structure and produced by an original and siﬁple method,
N ‘which is thus inexpensive.
25

Aims of the invention

[0020J' . The present invention aims to provide wear
parts resistant both to abrasion and to impact at a
- financially acceptable price as well as a method for their
30 production. It aims in particular to sclve the problems
_aesocia;ed-with-the solutions according to'the state of the

artc.




bi ndi ng agent gives up its place to the casting netal which -then surrounds
t'he carbide particles. In this nethod, there is no chenmical chain reaction
and al'l the particles highly 15 wear resistant are present30iMay 3@6moul d
fromthe start. [0018] Nunerous docunents disclose such a nethod for
‘'surroundi ng hard particles, and in partigular US-P- 5,052,464 and

US-P- 6,033,791 - Smith, which are based on the presence of har d partlcl es

. before castl V\hrj.cho' 20 |tnf| |trate the pores between the ceramc
particles. %eé—m%f?dsthe pitfalls of the state of the

art by prodummwvear par trse0fpr@ideditNalnvesitivel Wel sl HOdCeLsDYwaly

-original and sinple nethod, which is thus inexpensive. 25 Ains of the

i nventi on [ QUO. T%Jetl’pr@séﬁtfuph\}éﬁt W@ﬁnﬁpﬁﬁedobﬁr et deasdarongatyre of
resistant b ras nci al |y ,acceptabl e price
as well as gﬁ&%lﬁo?f e| r%f&opro fLrC S'rnaf)l ?Fcﬂgéﬁﬂb‘:sol ve
t he probl ®necsaisEo, aémi/cmtﬂaetamﬁal bb!r@ﬂésaC(é@r a\ieng tost hacskmteadiidhe
art. 5 Summary of the invention [0021] The present invention relates to a
cast wear ;f%mpcw% aherPREE e ecpelfotded FymRANGTHEst Gharegperbed
metal | ic cary n I d / 5 i d

~and/ or netal |c g?l g{é}gé ?s:élt“eve %1932&%%%(3%2{@? 2 rf%%iﬁljﬁtcs f%)gr g%f

cal l'ed the Gmmxmmm Ieher doten i sed inhot Iaauﬂdmid retmﬁmieara:ﬁmmg:,ﬂhg as
.reagents for salg ngonents have been i.nto a noul.d, before casting,
in the forrh OPEPFES sRAp&F® 5&‘68@9e&°ﬁ@ﬁ&«5@§ SOMIRTF0 $*hel® or m

“of barbitpnege i @o&matoi héod:80tdrl ,Of %Al EhaPOWHRS S Heidtiiiggengd 44 $itu
by the casting of a netal
{ } . powders is triggered in situ by the casting of a metal

forming a porous conglomerate in situ, and in that said
metal infiltrates the porous conglomerate, thus forming a
reinforced structure, so as to achieve the inclusion of
15 said conglomerate in the structure of the metal used for
the casting of the part, and thereby to create a
reinforeing structure in the wear part.
[0022] One of 'the key aspects of the present
invention shows that the porous conglomerate, created in
20 situ and laterx ‘infiltrated by the molten metal has a

Vickers hardness of over 1000 Hv,,, the wear part thus

ﬁi} _ obtained providing an impact resistance higher than that of
the considered . pure ceramics and at least equal to

1.0MPam . |
25 [0023] According to one of the features of the

invention, the reaction in situ between the raw materials,

i.e. the reagents for said cdmponents, is a chain reaction

and it is triggered by the heat of the molten metal by

forming a wvery porous conglomerate capable  of being

'30_'simultaneously infiltrated by the molten metal without
- significant alteratlon of the reinforcing structure.

[0024] According to one particularly advantageous

'embodiment of  the 1nventlon, the reaction between the raw




formng a porous conglonerate in situ, and in that said netal infiltrates
~ the porous .congl onerate, thus formng a reinforced structure, so as to
achi éve the inclusion of 15 said conglonerate in the stru%ﬁltﬁaézg%the nmet al
used for the casting of the part, and thereby to create a reinforcing
structure in the wear part. [0022] One ofg the key aspects of the present
invention shows that the porous conglonerate, created in 20 situ and |ater
infiltrated by the ltenp netal has _a Vickers hardness of over 1000 Hv20,
‘the wear p'ar?glf ﬂ%airsgbﬁggﬁgdp P51 ditng HIPSRISICC STt e gHéFlQ“t"HEn
that of theagpnpheeredlpur rRiaitiiGe agdsabud eashoepuaiet Gnd OVPELbue 25
[0023] According to one of the features of the invention, the reaction in
situ bet weenB®eefy Rl eyeupressione afites thggaReStLon.-sai d conponents, is
a chain reactg and it s trigger . t-he b t I t by
formng a ve%@%ojr ous congiﬁlc?rre*fg?e nﬁ%p%aé%of Eﬁg%ﬁggﬁo% gg:ll{oggggﬁs%e
infiltrat®d dymgdreemplbeiompttal tlid howup sifgfietiroast aalbesat peafefabhe
reinforcing sfructure. [0024] According to one particul arly advantageous
enbodi ment ot t FETHRMENt | 6RFPRE  r eBRTTHP betfldiP? he Feawodo - MafePDo8: 6
material s t akgs-gdace ralrRZF0SPREH G RRESSYE € k?erl%rigﬂtEBUtthé‘nérBﬁ tigglar
protective gaseous atnosphere and without the need for conpression after

t he react i orexi®HD5]prReeradvl yral idki, aFeOi, nFeptad Ii®.pr Gdtee Che,, Tmogponent

..be-longtot ro of ro al | , erably of FerrqQTi, Ferro(Cr,
Fer r oNb, Fe:]':?zgg\’/ E%P?’oh%% 5I‘—'e;$’t98, I\Pﬁrﬁ'rg%iel\?lclg—“e?? 02Ve8r HertBY, 9GP 12t ong
to the gi@Umedalsoxbelesheprebanabby Tre2erbeDy HE203, SOl Zr 02ca &8,

Cr203, - B203, M03, V205, CuO_ MO and Ni O or even to the group of
gw} or aluminium and also carbon, boron or nitride compounds.
. _

Brief description of the figures

. [002¢€] Figure 1 shows a barbitone 1 spread over the
15 areas where the cast part 2 in the mould 1 is to be
reinforced.
- 0027] Figure 2 shows the invention in the form of
reinforcing inserts 3 in the part to be cast 2 in the mould
1.
20 [0028] Figures 3, 4 and 5 show hardness impressiéns
for_a cagting with chrome (Fig. 3), a pure ceramic (Fig. 4)
:i} - _ and an alloy (Fig. 5) reinforced with ceramic as in the
present invention.
[0029] Figure 6 shows particles of TiC in an iron
25 alloy, resulting from a reaction in sgitu of FeTi ‘with
carbon to produce TiC in an iron-based matrix. The size of

the TiC particles is of the order of a few microns.

Detailed description.of the invention

30 - [0030] __The present inventipn proposes c¢ast parts
thse wearrsﬁrfaces are reinforced by putting in the mould,
before casting, waterials comprising powders that are ableﬂ
to react in situ and under the sole action of the heat of

the casting.




10 nmetals or their alloys, preferably iron, nickel,, titanium or alum nium
and al so carbon, boron or nitride conpounds. Brief descriﬁ(i‘M)n 8f t he
figures [0026] Figure 1 shows a barbitone 1 spread over t aI@_ 40 eas where
the cast part 2 in the nmould 1 is to be reinforced. [0027] _,Figure 2
shows-the invention in the formof reinforcing inserts 3 in the part to be
cast 2 in the nmould 1. 20 [0028] Figures 3, 4 and 5 show hardness

| mpr essi ons ' casting. with.chro (Fig. 3 a_pure ceranjc_(Fi.g. 4)
:algg an al | Oy[({)@:flgf 5) rei gj%oorég%lswie ’ce?%%g’r‘%x_l%% 't t%%“pabcitee;genpg?“’ﬂggﬁt i on.
[0029] Figurgré shbedsapdr piaked eh ThE ndbud@ irOrthe2SFddrh O¥f. wesetksi pg from

~areaction in situ of FeTi with carbon to produce TiCin an iron-based
matri x. The SP9RFeF 3t HE THES phediLIed BbaBe. t g crHd@rreft iyeflew i cEbas.

Det ai | ed desgriptien.o nyent.l ; [.QQ3 pr l,nvent i.on
pr oposes casf&fprgrétjg \%hfgg%le\?kggr ﬁs%&?%%éggagcgl%r g‘%or?ﬁgrecledﬁge%u’%}?? n%‘;#ﬁ fhe
moul d, Dbef ore ttaste ngeimbdmwrddal s conprising powders that are able to react
~in situ and F‘E er, the sole action of the heat of the casting. 30 May 2006
~.[0031] To th , reage i ESBaAS ddFo it ST TR ¥ ERIPEPERER in
~the nould i mdhe EBmBbohavald Sefividdiser bsrdaks, t bgikegui r@%ﬁ%&e,m@r
alternatively in the formof a coating 4 covering the noul 1 where the
part 2 5 isinteiketaslhifor cempoynia?] Thtee mavoceal fomedd, ceombigeetwinhsitu

produce har o] rbides, borides, oxides, nitrides or
internetall iaglygg‘%%éu!{n@se. Ctl%esecf{)eson%erefao({yne%fé% _ ﬁi%_%?‘? h23hP9od5t8Y e
car bi desl@l readys ptesutthér t hgctosdd Nehdl pB¥portion of hard particles

) with a hardness of Hv>1300 that contribute to the wear
- resistance. The latter are “infiltrated” at about 1500°C by
the molten metal and form an addition of particles

registant to abrasion incorporated into the structure of

15 the metal used.for the casting (Fig. 6).

[0033] Moreover, in contrast to the methods of the

'-'staue of« the art, it is not necessary to use pure metallic

powders to obtain this reaction in situ. The method

proposed advahtageously allows to use inexpensive ferrous

20 alloys or oxideé in order to obtain extremely hard

particles embedded in the matrix formed by the casting

b:} metal where reinforcement of the wear resistance is
required.
[0034] Not only does the invention require no

25 subsequent compaction, that is compression, of the areés
with reinforced structure, but it benefits from the
porosity thus created in said areas to allow the
infiltration'of the molten metal into the gaps at high
temperature (Fig. 6);

30 [0035] This requires no particular protective
atmosphere and.takes place at atmospheric pressure with the
heat provided by casting, which clearly has a particularly

. positive consequence on the cost of the method. A structure.




10 so as to further increase the proportion of hard particles with a
hardness .of Hv>1300 that contribute to the wear resistance. The latter are
"infiltrated" at about 1500C by the nolten metal and for$d ¥Meyz880tion of
‘particles resistant to abrasion incorporated into the structure of 15 the
metal used for the casting (Fig. 6). [0083] Moreover, in contrast to the -
methods of the state oft he art, it is not necessary to use pure netallic
powders to i S i i it T. d_- proposed
. advant ageougﬁ}ﬁ%ﬁ%}s& %%@ﬁgfeééin%ex%%%ﬁ#ees f:{e}r?r%%%ﬁgoogl ?%%sg(l)rrnu%;(?%%%u?n
“order to obtmeasisdrerely ihmadt padt abresienbeddedusnobbeinadri x fornmed by
the casting . netal where r in%or enment of the wear resistance is  required.
[0034] Not o[rﬂ%ﬁ%oes the FRGeARFERSFEqURLECROAChEC BB uERe BRRPAEIFDN,
that is comMmigasidibedded NGt} €88 rWihR &Ebafgﬁgfgcééfgféui e Bt hhge
benefits fromthe porosity thus creategln sald areas to a Iowtjﬁe
infiltratd orrf 1886 nodt &9 0Pet BV . i ol tdwirgapshat dnifghl t tedniper abyr etldi g.

6). 30 [0035]_ This requires.,no particul ar, protective atnosphere and takes
~.place at- at rﬁ]%'spcrfﬂ}q @%raels’s ﬁ?@‘?‘ﬂd el 11'5?58\}?3({%03 b@ajé‘g%??‘?‘lg?l Th
clearly has tmahartdoul @y, fwh PO ti-é/@ﬁﬁk%%&?nﬁﬁp@&tf@s%én@é khen &et hod.
A structure 30 May 2006 with very favourable features in terns of tThe
si mul t aneousharesi SiMmcEnt.0 ITHRAC ik @brasd It drfed huss obiedfedsd [ 09361

~The hardness val ues achieved by the particles thus enbedded into the
rei nforced sideadesdigne whicheeange thetoR tBOG tis IBOE fAY "=itowWwhe t he

oner hon TSSO B AL ot R AR AR M R RN

| :19MPaym Thedampact resistance is neasured by

As a result of the load, the material is bent and may

develop cracks at the corners of the dent. The Ilength

measurement of the cracks allows the impact resistance to
15 Dbe calculated (Figures 3, 4 and 5).

- [0037] The raw materials intended to produce the
componetit belong to the group of ferrous alloys, preferably
of FerroTi, FerroCr,- FerrcoNb, FerroW, FerroMo, FerroRB,

‘ FerroSi} FerroZr or FerroV, or they belong to the group of
20 oxides, preferably TiO;, Fe0O, Fey0;, 8i0., Zr0,, CrO; Cry0s,
B203, MoQ;, V20s, Cu0, MgO and NiO or to the group of metals
{} 7 or their alloys, preferably diron, nickel, titanium or
aluminium and also carbon, boron or nitride compounds.
E0038] By way of an example, the reactions used in
25 the present invention are generally of the type:
FeTi + C -> TiC + Fe |
 Ti0; + Al + C -> TiC + AL;0
- Fep0; + Al -» Al,0; + Fe
. Ti 4+ C -» TiC
30 Al + C + By0; -> B,C + AL;0
MoO; + Al + Si -> MoSi, + Al,0;

- These .reactions may also be combined.




i'ndentation, which neans that a dent is nade by neans of a 10 di anond

pi ercing tool of pyram.dal shape at a calibrated load. As a result of the
| oad, the material is bent and may devel op cracks at t he 0Bt the
dent. The length neasurenent of the cracks allows the inpact resistance to
15 be calculated (Figures 3, 4 and 5). [@371 The raw materials intended to
produce the conponent belong to the group of ferrous alloys, preferably

of FerroTi,. F , Ferr “FerroW_ Ferro FeryoB,. FerroTi, FerroZr or
FerroV, or tl[igéﬁgg ong to the Ig?%%tgl\é{ﬁ %e0¥%1a%§%f%?agp§9¥96£? =215}
Fe203, Si 02, the02ddlr 0dn G203 £ a2k mdr@B.s VAT oyeuor Ma@rdrdedi Ghotht o
“the group of netals or their alloys, preferably iron, nickel, titanium or
al-unmi ni um an8al®F cErBBn, PHEF o Zor thet efe td@ipouRiagse [ Gt imnswapart an
exanple, th Lons, 4sed he .pr t jnv ' e of

t he type: Fgmréfg&%éffaﬁ C +E{I=Cgeo'l1’|?sgi +%E\I_ Lﬁré%&_ >iI£]I'i ‘é!\}+de%[1‘2%r§> %@%5?’&% - >
- A1203 + FB 9ifip839] rEsd gteacts onrspeetkmaprapsothesconf r dHeed chypothee
addition of different metals, alloys qr parti.cles which ,do,not_take part
in the reactfort9%et %’dﬂ%t#%‘?%rcﬁd}? %%F@&}%Feﬁﬁ%ﬁt'aagéﬁsllﬁ FBOHBeRYi n
order to nodihyt£18] PoIMACET IR HtAiReEe 1Qa Rk . properties of the conposite

- created in situ according to requirements. This is shown by the follow ng

i | lustrativeFefacti ahsé: + RE2ED+ AL #xk ADOB +>2F¢+x) Al208 + 2Fe Ti + C +
Nl ->TiC+ N Descr i ption, of preferred enbodi nent of the invention
[ 0040] The flﬂrs%o%fe?\glrr@dfeﬁ' o+dil\frient of the

. 10

Description of a preferred embodiment of the invention

. P
-

[0040] The first preferred embodiment of the
invention consists in compacting the chosen. reactive
powders by simple cold pressure. This takes place in a
15 compression mould bearing the desired shape of the insert
- or the preformed shape 3, possibly in the presence of a
'bindingwagent, for the reinforcement of the cast paft 2.
This insert or preformed shape will then be placed into the
casting mould 1 in the desired place.
20 [0041] For the powders, a particle size distribution
is chosen with a D50 between 1 and 1000 microns, preferably
f} , lower than 100u. Practical experience has shown that this
-~ particle size was the-ideal compromise between the handling
of the raw materials, the ability of the porous product to
25 be infiltrated and the control of the reaction.
[0042] During casting, the hot metal triggers the
reactidn. of the preformed shape or of the insert which
transforms into a conglomerate with a porous structure of
hard particles. This conglomerate, still at  high
© 30 temperature, is itself infiltrated and embedded in the
casting metal making up the part. This step is carried out
‘between - 1400 and 1700°C depending on the casting

. temperature of the alloy chosen tO'make'the part.




i nvention consists in conpacting the chosen reactive powders by sinple’
col-d pressure. This takes place in a 15 conpressi.on noul d_bearing the
desired shape of the insert or the preforned shape 3, po%%P%WQO&@ t he
presence of a binding agent, for the reinforcenment of the cast part 2.
This insert or preforned shape will thenype placed into the casting nould
1 in the desired place. 20 [0041] For the powders, a particle size
. distribution hosen wi.,th a 0 _between .l and.1000 m,crons, preferably

"l ower than Ié&éf%facticalpéfﬁﬁFP' &&c §§r§ﬂoﬁﬂg?ﬂéW3Pﬁi%S Eg?t?g?eo i2e was
the ideal copprioiisiee bepxees) t hecbandihnfy ehe the- UM MBULfdAHS =4 heg
~ability of the porous product to 25 be infiltrated and the control of the

"~ reaction. [0BAXoTurfhgtadnt pEeastRE kbe mevan triqers the cerewt i Bhe of

the prefor nans ofct i.nse { rans inte a congl onerate
with a por gﬂegp% ructlfjgrne o% (g&ﬁ%r%ﬁp[gé]f%jr&e‘ze.rérh?% %gégf%%rg?%?nsjﬂ | ©%at

hi gh 30 t®npeteat whdckingsist s@efiradi | thhalsed dpdrfepbadderhydrd hareastheg
metal making up the parf. This step is carried out between 1400 and 1700C
.dependi ng ori"‘]tlﬁﬁ@"e@aﬁq r’fgtl‘f SFFOTS e Betehelsl PeYrERodBROt BheraReuidtel part .
10 30 May 2086 d 0f4BteA 2eeand JIef egéﬁﬁ!esem?&dwﬁggeks dle H8G Qo 1n
bar bi tone (paste) 4 containing the various reagen So as to coat certain
~areas of theouwdny d th orcugfatiehe acopesoushelagppl | whttbn D6 onef vt tnored

| ayers i s passibl.e.depending on 5 the thickness desired. These different |

| ayers are twdlﬁqeﬁ\ﬁafdétﬁ%drl&sqe?ecﬁcéﬂ% t%?rni‘ s PRt ¥ Hit o-Hdte Hbul d

- 1. Thi stowlg=an ifkiialrig Se5etwet bechr t89ehphbe 5BACHERQR, IN order to :
~create a porous layer which is infiltrated Tnrediately after its reaction

A9 forma structure that is 10 particularly resistant both to inpact and
ar. : :




30 May 2006 11 -said"conponents are fornmed by a reaction in situ fromraw
~materials acting as reagents for said conponents, said re s/?ts %i ng first
put into a mould (1), before CLAIMS 1. Cast wear part co%ﬁ & {0,
reinforced structure, said reinforced structure conprising at |least 5 one
conponent .sel ected fromthe group of netajlic carbides, of netallic
nitrides, of borides, of netallic oxides and of internetallic conmpounds,
characterised in that - said conponents are formed by a reaction in situ
from raw materials acting as reagents for said conponents, 10 said
reagents being first put into a nould Imefore casting, in the form of
~inserts or preformed shapes of conpacted powders (3) or in the form of
bar bi tones (4), - the reaction FAS8i MgadT Btd FIMRISinG 3 r rgdBEedCHY t he

casting of &iBl&urd? safd! dLAR6LEOR LRLBLEHLLOM B AU £ONGLORET Al e,

- said casting neta trates salrd porous congl omerat trng I'n an
I ncl usi.ons of orsai chrgomytonesaltes e threns tthiec guoapob £t hetakl ak vdsedifles, t he

casting, thus. creatjng a reinforced,structure _on the_wear rt (2. 2.
Wear parts a%fir?]el'(‘?ra];r _ﬂ'ltctﬁéi]e_fct ié’é?&"l%ieﬁ't R&t m?SPEIbSrGﬁEg%né?%rﬁgate
is created itk ié cdipfdundat edabuctheicagt jAeLRLy in that said
congl onerat-e has a Vickers hardness between 1300 and 3000 Hv, and in that

sai d rei nf orcedadtlr uttmpomenit st heravefivrpadt byasa anenct 26ni dpaciimesEsdance
of - over | OWPaym . 3. Methqod for fhe production of wear parts wth a

structure rei nFo¥c@RURFRL S ASt HhedEorpants for said components,
10 said reagents being first put into a wmould (1) before

%"} _ casting, in the form of inserts or preformed shapes of

compacted powders (3) or in the form of barbitones (4),

— the reaction in situ of said powders is triggered by the
casting of a metal,
15 - Séid reaction in situ forms a porous conglomerate,
V'_f--said casting metal_infiltrates said porous conglomerate,
r%sufiing in an inclusion of said conglomerate in the
structure of the metal wused for the casting, thus
creating a reinforced structure on the wear part (2).
20 2. Wear parts as in Claim 1, characterised
in that said porous conglomerate is created in situ and is
é:} ' infiltrated by the cast metal, in that said conglomerate
| has a Vickers hardness between 1300 and 3000 Hv, and.ih

that said reinforced structure on the wear part has an

25 impact resistance of over 10MPa~m .
| : 3. | -Method for the production of wear parts
with a structure reinforced by at least one componént
selected from the group of metallic carbides, of metallic
nitrides, of borides{ of metallic _ oxides, and of
30 'intérmetallic compounds, characterised in that:
— said components are formed by a reaction in situ from
raw materials acting as reagents for said components,

said reagents being first put into a mould (1), before




selected fromthe group of netallic carbides, of metallic nitrides, of
borides, of netallic oxides, and of 30 |nternetaII|c conpounds,
characterised in that: 20 30 May 2006 12 casting, in the (bWWWQPO@nserts or
prefornmed shapes of conpacted powders (3) or in the formof barbitones (4),
- the reaction in situ of said powders igatriggered by the casting of a

nmetal, 5 - said reaction in situ forns a porous conglonerate, - said
~ casting netal rates._s [LQUS. £on rate re ulting in_an
i ncl usi.on of SaIE% Ilé%{r}gl’ orinralr g;n% f}(r??t ot rrgg'uec tr e ofP1H O%?Cgl SIRRT 1 8F the

casting, thus epephtngdapoedaiser ¢ed 6irimtuﬂééﬂurMIMf\Mﬁﬁbﬂﬁmﬂhs(ZMdflo -
said reaction in situ bepmeenlthe raw materials intended to form said
conponent s aftefthsaixkadddem oni situr iafgesaitl apdwdeass ailwed byggdedely of
the nolten t hod_for_ the production of the wear 15 parts as in
C aim 3, charac?%?lggﬁgk%gtﬁgt t tgﬁaction between the raw materials forns

a very pogous cagloreLateonCaRabl & ftﬁ@'é‘ Stdud t Wilekdyy i | trated by

the cast nmetal w thout any particular teration of t rel nforced

structure. 20-5saliféit badting mBeapr odgciteacet wead E@f&ﬁsaaoﬁélbmeﬁéaén13
or 4, characterised.in that the reacti on between e raw materials takes

 place at atnosphefRetpresdir &0 wWiRHHIR1iaheOhethbd F@@Slpi“ﬁf&a&ﬁy ibnpRessi on
af ter feactlon sebutbgroonsier 5. peLhod, f05 thg- Praductiap; gl wegh,parts

creating a reinforced structure on the wear part (2},

10 - said reaction in situ between the raw materials
{} intended to form said components after said reaction is
‘triggered and sustained by the heat of the molten
meta1 
4. Method for the production of the wear
15 parts as in Claim 3, characterised in that the reaction
: between the raw materials forms a very porous conglomerate
_capgbléwiof being simultaneously' infiltrated by the cast
metal without any particular alteration of the reinforced
structure.

20 5. Method for the productidn of wear parts as
in Claim 3 or 4, characterised in that the reaction between

5:} - ' the raw materiéls takes place at atmospheric préssuré
' without the method requiring any compression after reaction
~of the powders.

25 : 6.  Method for the production of wear parts
as in any one of Claims 3 to 5, characterised in that the
reaction between the raw materials does not require any
.specific gasebus protéctive atmosphere.

| 7. Method for the production of wear parts

30 as in any one of Claims 3 to 6, characterised in that said
raw materials belong to the group of ferrous ‘alloys,
preferably _FerrbTi, 'FerroCr,‘ FerroNb,__FerfoW, 'FerroMo;

FerroB, FerroSi, FerroZr and FerroV.




as in-any one of daims 3 to5 characterised in that the reaction between
the raw- materl al's does not require-any specific .gaseous. %ﬂ%’f ch%
at m)sphere 7. Method for: the producti-on of viear parts 30 ALY, y one of
Claims 3 to 6, characterised in that said raw material s beI ong to the group
of ferrous. aIons ~preferably FerroTi, EgrroCr FerroNb FerroW FerroM,
"FerroB, Ferrosi, FerroZr and FerroV. 5 as in.any one of dains3 to 6,

characterisedin that said raw r b n p

- preferably T102, FeO, Fe2(%, %tt% o2 t%rc:r‘{:‘b% gbtr’gb%@go%zggw%%&ﬁégg&
CuO, MO anda$i tn 6ﬁ)y|\b1ye2666c8a1mbthodof 6 therpcobdutsedninf thear saadts 9.
Met hod for the product wear parts as in. any one of Clains 3 to

" characteri seﬁa‘i"n“‘ﬁﬁﬁfflég?dob‘?]éwgrm gritdlss BEPUng? tOO}EJrfee%'r oBﬁegFrﬁE%EI s. or

their alloys;opref&s abky,bfonsid),t adim dycgke'c1053a' E% '%O, vt hod
for the production of wear parts i n any. one “of o,

char act er P se@u® n NdfatarshiNi@aw materi al s i ncl ude car bon boron or nitride

‘conpounds..-11.- Use of the wear produ d acc to_any.one...of the
. preceding-clains for 15 ar?pl i caPIaB}??d gaﬁl ﬁgngg %éﬁla F0W§6th%5? and

-Inpact- o as in any one of- Clalms 3- to a, characterlsed ‘in that said
| s raw materlals belong to. the- group of - metals or thElrb:
”‘alloys, preferably 1ron, tltanlum nlckel or alumlnlum '
".1Df775]53“7;_ L 10_ Method for the productlon of wear - parts’ .
- -L n‘ib'asrln any one of Clalms 3 to 6 characterlsed in that saldn‘
R :raw materials include carbon, boron, or nltrlde compounds,
o ,‘11,_'-bSE';_of - the wear parts produced
'eccordlng te_ any one . of _the' precedlng clalms “for

"15]'app11catlons requlrlng re51stance to both wear. and . 1mpact




