CAST PARTS W TH ENHANCED WEAR RESI STANCE Fi el d of the invention [0001] The
present invention relates-to the production of cast partag’gth %gzanced
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 caggregrI'esSwIoh ERARREEANGEOE KESREAlgeg Wear parts
such as ejectors and mm—naﬁﬂ‘m%—mal shafts,
hanmers and breakers of grinding 20 machines with horizontal shafts, cones
for crusher SFiélacP@fE ﬁ@q.nrv@n!t‘ir% for vertical crushers, arnoured pI ating
and - el evat rts—or—od mlls. Wth regardto m ni ng
extractidn ibhxaall ati ons, Thae npgébeﬁentlmvem eeftes PURRS fphe

~ bi tum nous san dril machi nes, 25 punps for mnes and dredgi ng
‘teeth. [0004] O@@ﬁbl‘? %‘F ReKESpHitd fesmansesi meamrres heanod t hy

I ncreased degpn Wedf: Pards I C constraints of resistance
to inpact and (rjﬁegrltlg{vance tt oala ratsPlj%n gt %aﬁsé;e?re ‘?cp ébﬁ%sf%OSYE i
Tr adi t i onal hededniizics agesptablle meetistaacer tot hapatbein ofhéhesenfypesd of
requi r enent %ta are very rarely resistant to both inpact and abrasion.

| ndeed, ductiTe “materials offer enhanced resistance to inpact but have
very IIT.'IJIJIe reS|stance to abrasion. On the other hand, hard

) , ?ech_nological background at the basis of the invention
i [0002] Installations for extracting and breaking up
minerals, and in particular crushing and grinding material,
are subjected to numerous constraints of performance and
15 costs.
[0003] As an example, one might cite in the area of.
the- tredtment of aggregates, of cement and of wminerals,
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 const_fraints of resistance to impact and
resigtance to abrasion at the same time.

' ___30 [0005] 'I_‘raditional materials generally meet one or
the other of these types of .requirement but are very rarel'y 3
‘resistant to both impact = and abras:.on Indeed, ductile:
nmaterlals offer enhanced resistance to 1mpact but have very'. :

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




30 May 2006 abrasion-resistant nmaterials have very little resistance to
violent inpact. [0006] Historically, the first reflections_on this problem
| ed to an excl usively met al | urgi cal approach which 5 cond? Maydope, :
- suggesting steels with manganese that are very resistant to inpacts and
neverthel ess achi eve intermedi ate hardngss |evels of the order of 650 to
700 Hv (Vickers hardness). [0007] Ocher alternatives such as castings with
10 chrome have al so been, suggested. -These allow to_achieve hardness |evels
of the or dera%ﬁasfdﬁl't%e%a%& e{‘f.atteeirlaglﬁ (3 Fe VERYT et Pl Pe ZERBAE2FReER
val ues are agivrmed fifactdl | oys containing a percentage of carbide up to

~ . 35% [0008] Currently, binetallic castings have al so been 15 used, but

these nevert Hd&sls have t Hésgiozageradnvagehsf bHersy rdeffiecedons part shoé

si npl e shap i sfically reduces. thejr,opportunities for ipdustrial
appl i cati onépﬁ%gjoegﬁ] %cgr&p’)ar sgia{(l;gua};\‘ﬁ%]r%l T?'I:%%)‘ﬁé %?a?%ﬁ ﬁ?prE%ﬁguHﬁb?Es,

whi ch mealhis ddradispal tid raamgquyteing eekiiscal th2QaconsbEal Bhat LPereely al so

~a financial constraint which limts the opportunities for solutions that
‘have an averd{je-St@Edst @1 USIaArkg. and neverhkehesy ashieueednthumedhaseprice

e Shhol Cp bR et O Ry 301 0. YR, P sty e
sol uti ons adeurdtiesglt.o state of the art [0010] Achieving a wear part that
'S resistant; dQ-APrasion gpg P At eras: B LS 2L OE e AL el 2oL Ol Sh b es

10 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




30 of various types. [0011] In this context, one has naturally turned to
conposite parts based on ceramcs and, in this area, the. _Applicant already
di scl'oses in document WO 99/47264 an 3 30 May 2006 all oy B934 #6i r on and
ceram cs which is very resistant to wear and inpact. [0012] In docunent WO
98/ 15373, the Applicant proposes to inseft into a nould, before casting, . a
wafer of 5 porous ceramc which is infiltrated by the netal during

ting. Th | L f i cati f thiss ,invention are '
Saver t hel cocarray: bBRE 88, ¢ 80 RRE  GitA Tl Dol B b e s s B t

hi gh. fluidi#gatnasasiinpger. Moreover, the positioning of these ceramc
wafers is rather 10 conditioned. by the requirenents of infiltration by the
cast metal {A8H2by the actual dpegieremeMOs oF84He Part ' shase ApYloQesi

Wthout aim e.sa | eGt. , z v._di scl.ases i_n_dacunent
WO 9007013 aﬁg?é%%%%otf:é g%?%%s chrﬁa%éé‘r%}sa O%%{’ai ned %ey Ciaﬁt& n@dn’ﬁ\r g?%legn Q%f t he
raw 15 maberpatousf caraaxet helitgle dextin® fraxmdierg WhEermy@g£UUBurin

followed by starfing the conbustion of the m xture. Here, we are dealing
with a chai n"°#3at8¢on. et h PR Tt HGES hefoBbt ARpd icatiome| yohar §his

| mmterials bulnWAbOWL Sl ! aRlehARGA ook LERAELY THUS JS@SSERl | Akikodue O
~.the high porosity of 20 the products. [001 reover, i n documen .
- WO/ 9011154, chessasectiowemndrtorapdbses withnhligh fduhddtwheéne caisninhbi.s

case, the rﬂlﬁ%; ur e of I8_}8\/volers.,tlz;1ft._er %% react ed,, i%_ téb' eqt eg tg _
pressures as Nigh as’ 1000 PaAFs- O | S TSNS WP e85 Re TpEOGECt i on
of layersot hedndi©icxdd o5el the edfiliaRind®s of infiltration by the 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'




abrasion but with insufficient resistance to inpact. The aimhere is above
al'l to produce surfaces for "abrasive tools that are greatly saolicited in
this 'sense. [[0015] In general, the use of very pure powde?’% 90630 as
titanium boron, tungsten, alum nium nickel, nolybdenum silicon, carbon,
etc. powders results in extremely porous gieces after the reaction with
porosity rates close to 50% These therefore require conpression after

t he reaction:]j ing._c jon_and, thys.an.30 M 006 4 i.ncrease_in
Honsi o i ROy Eadk tBa SATREEL) PP RN, BHD iR EReBU FO 20 RELEREA
i npl enent atiwseconpl exity of such a nethod, the control of the reactions

and the cost of the raw materials neverthel ess considerably limt the

i ntroductionl®f1¢hese t ecHH§ ogitexauatE-atidust rsPmg ey G fanspakens
licati 7 di.scl ti h t
application ré%?l?g&, thEeRERRR 51 diFC r?ﬁ Sr@a@%%gx?g hﬂgi g‘ﬁte od, torofaﬁhipar S.

that. are hi y wear resistant. In s net car e powders arée I0
conbi ned W thagonbustetd el i ndieverEdeltessand/oonsieeakbily powaécs wehb a

low nelting point. During ting, the _binding agent gives up its place to
the casting f?é‘f%‘?d%trjc‘?fl Cﬁﬁgﬁie‘ﬁﬁ r%@?l%e@agﬁitgelﬁgPFFEVes. In this

‘method, thergoois) no chemigeahmaghaidr dachpen: aadish! 15087831 ti cheanbhghl y
15 wear resistant are present in the mould fromthe start. [0018] Nunerous

docurment s didkekessucl aprednetiionr mefthabuddingeast d grartd cltésit aadein
parti o Ui S92 A0 MAE. TR 03, Tl i ML G2ce based o
the por es0 betwmeinddewtehamicnpattibdleeshinding agents and/or metallic
_} .' - powders 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
_ sﬁrr;oundaing hard particles, and in particular US-P-
5,052,464 and US—P—G,'O33,'791 -~ Smith, which are based on
the presence of hard particles before casting which lis 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 producéd by an original and si.mple method,
N ‘which is thus inexpensive.
25

Aims of the invention

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

artc.




[0019] The i nventi on avoi ds the pltfalls of ‘the state of the art by
prodUC|ng wear parts of original structure and produced by an original -and
si.npl'le nethod, which is thus inexpensive. 25 Ainms of the 30MenZé®n [ 0020]
The present invention ains to provide wear parts resistant both to
abrasion and to inpact at a financiallygacceptable price as well as a’
method for their 30 production. It ainms in particular to solve the problens
associ ated wth theﬁﬁglq¥kans %ﬁgordlng to the state of the art. 5 Sunmary

Lo . un
of the inver HOG2H Ser= invention relates to a cast wear part,

with a strucmzel]_rel _nfOrngleb%x@seln%a%.tnv@?ﬁlbﬁp%eqfate@tt% |4 Cagat bisdey
-and/or netallic nitrides, and metallic 5 oxides, and/or netallic

bori des, as wu, a‘éit‘rl'ht@rﬁ’étfuptilée senpbondsd her e&f tleastaldnsl tiee of
conponents, cter i n t the mat eri al,s_acti as_reagents for
- EERCA s IR ngdta T BeF 67 aeace PACoR REERRER or

said conpone ave heen ﬁut

of inserts asxipdes Sf'@m/b:coﬂﬁéﬂélBﬁcpwaﬁésQr aisn wEL 1t hes f ehBeehebar bi & Ones,
in that the reaction of said powders is triggered in situ by the casting
of a metal 9VMAHYS porberltohgramtedt &£hen GourPneHe i nchhipckar#sedet al

infiltrates tIhethaeout?heorfwnﬁaeg&aiQU}J@%@ N8s2 oL A0l cagstiyedure,

.so as to achieve the 1nclusion o congl oner at e Sstructure of
‘the netal usesnfarentshehaestibegn oput henpar &, meond d, héreshyrd occasebi®, ain

reinforcl 0 s Uetur ek Tyt ver part. oL9022] (Ohe ol e KRR O
' 10 the form of barbitones, in that the reaction ~of said
{} _ powders 1is 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




20 sit_tj and | at er inf_i'Iir_ated by the mol ten net al ha's'_a'\ﬁc'kérs ‘har dness of

~over 1000 Hv20, the wear part thus obtained providing an_ inpact resistance
hi gheér than that of the considered pure ceranics and at i : ng%al to
10MPa | . 25 [0023] According to one of the features of the invention, the
reaction in situ between the raw materialgs, i.e. the reagents for said

conponents, is a chain reaction and it is triggered by the heat of the

nolten netal_by _form a_very porqus congl.onerate capable of bej 30
oTmul taneousTS TR 1 GPERE b ARE A rUTCRREAE NS (RRREUS Pt | BAREOus
alteration ofnyheatehahoee NGrSHdUG egadfD2d] aAGRPUERE t£hPNRithout
particul arly advantageous enbodi nent of the_ invention, the reaction between
the raw 30 Nele 2R of Qlateyy s sigee s fflesc Ehgt reembdpheri c pressure and

wi t hout any i cul ar pretectLve e to i t e need
for c-orrpress;éc:(?lﬁa]i‘ter the@%ac%%%n. I3ﬁ%}aﬁhga?%@vargrgt.Zﬁga\lgglqﬁ%t%gndégeto
produce the cdnpmmprnddldigl drg e dreugr ofp fetrrbeer allogkl opseforabeyabl y
of FerroTi, FerroCr, FerroNb, FerroW FerroMy, FerroB, FerroSi, FerroZr or
FerroV, or. %ﬁl §EF 4T trhe F6FG6RFTof FORFAUMR, HETabl FeFrONO. FelferreBos,

Si 02, Zr02, Cr 2@3, 0 M3, o¥205 d\%o d N en.to the
group of 10 %%ssl"org?ﬁgﬂﬁga??roys, progf'er%f)lc')ﬁlro . g?ck‘g}lg %{riot%)aéni%% or
al um ni um amkigdesd qrdfaralbar oG, AeD; | He@oninds ZrBei e€rdgsard.phi on of

the figures 026 ig 1 ws arbitone 1 spread over the 15 ageas
where the caligs"t%"ﬂoa#f>5 ’ iugze%he ul ﬁﬁlasnci oﬁﬁé OFergFﬁeBr & ER0TAYP | B gur e
2 shows 1the ndved i®N theibe alobef preferably iron, nickel, titanium

gw} or aluminium and also carbon, boron or nitride compounds.
‘6\. .

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.




reinforcing inserts 3 in the part to be cast 2 in the nould 1. 20 [0028]
- Figures 3, 4 and 5 show hardness inpressions for a castig(g%th éhr_orre
‘(Fig.” 3), a pure ceramc (Fig. 4) and an alloy (Fig. 5) dP8ed with -
ceramic as in the present invention. [0029] Figure 6 shows particles of
TiCin:an iron 25 alloy, resulting from-sa reaction in situ of FeTi with
carbon to produce TiCin an iron-based matri x. The size of the TiC

particles is e order of few m.crons, Detail.ed description of the
invention 30[(%%%] The prlgoseﬁlfll? Ny oﬁe%?%]f)‘b%eémca%?mppaaﬁesd wRB¥Eehgar
surfaces arearei ngesicaddbylpublli ig ichet hputeulid ciefffen cast vagersaberi al s
~.conprising powders that are able to react in situ and under the sole action

of the heat YFS¥HES castithg-haoraayivedeshonsi] oo alfierratd velyagent Shen
compact ed Popgiah Sor a5e HSRdnang RIAEednkn el Wil 4 Naldig, TN gl pabers

or inserts 3 1in e required shape, or-alternatively 1n
coati ng 45 coveriamdos heeimidbeld where the part 2 5 is to be reinforced.

- [0032] The erjals that can react, iin situ produce hard conpounds of
ccar bi des; bgﬁ% . oxi des, TG (1AtEEL3F GhRterGidt a3t cHpdtidsPrIfEse,

~once forned horbiBRpBLhAs Y Rossidde cphbides, a'ok%a_@)é,prrf%ﬁddéé Lpe
casting alloy 10 so as to further increase the proportion o ard particles
Wi th a har digssegietadiizgooceohpeurdmt rThese, t oncke fgeamed,r esistiareeviThe

Latter are Sl AT slsbou ROOG P be ol eh, oL a0d, o1
struct urkd ofso Ids the fetehetsetcfedsd hehsagtbpert fo@. 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
 state of the art, it is not necessary to use pure metallic
powders to obtain this reaction in situ. The method
proposed advantageously allows to use inexpensive ferrous
20 alloys or oxides in order to obtain extremely hard

particles embedded in the matrix formed by the casting

ﬁ:} 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 areas
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.




[0033] Moreover, in contrast to the methods of the state oft he art, it is
not necessary to use pure netallic powders to obtain this reaction in
situ. The nethod proposed advantageously allows to use i Qﬁﬁﬁgp@e ferrous
20 alloys or oxides in order to obtain extrenely hard particles enbedded
in the matrix formed by the casting netal where reinforcenent of the wear
resi stance is required [0034] Not only does the invention require no 25
subsequent  comA e wi t h. rei nf orced
structure, but C&%gﬁ ?lts %%%ﬁﬁ%?%éﬁﬁ%%g% ?ﬁﬂ% %#e eds%ﬁu% Fa-ardas to

-'aIIOM/the |résiSU&naamtdﬂimpmetnahﬁeﬁbmababnlmhothhs gapsinédhi gh
is requires no particular protective

t enperat ure &ngﬂ %g03 gﬁ

atnosphere a kes plac &t "arABSHReV e UBFedShtevertt iy t hee PREELIHIW ded
by casting, sishoefldy iRaS @npart %%Ele)i segfa&ége FONPRIEDCEaR the

cost of the nethod. A structure 30 May 2 very avoura ures

in ternms of aheldiOfiul tandd®ld® Hesi sFtca',lrilcmm‘rg i hbactlmﬁmdltaia’tamronbys t}hms

bt d. [0036L Th d | hi d th
 nbadded | AT GHTHUCaT S THROR e T A b 805 955000

Hv. Fol | owi nghdrher 6oy i} abhons thyrd e 08t | 10 TmRbad :Eé@l&mm%@bé@' ned
has a hardness higher than 1000 Hv20 whilst retaining an inpact resistance

“higher  tharHHMPayONPaHe i MG registtanoeedisTRAsIT e Dyned Adesd atipn,
‘which neans that a dent is nmade by neans of a 10 di anond piercing tool of
pyrani dal sHasETER L ofal WhdgheMieangadhats s deddulis gladendy derpng et a

nat Sr' al1g S AN Y1 AP VELSP SFAGY A ddte &%ﬁeergt()fa the) dsleedne

_. i
P load.

‘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.




measurement of the cracks allows the inpact resistance to 15 be calcul ated
(Figures 3, 4 and 5). [00371 The raw materials intended tq produce t he
conponent belong to the group of ferrous all oys, preferabl3§) & 28 1 oTi
FerroCr, FerroNb, FerroW FerroM, FerroB, FerroTi, FerroZr or FerroV, or
- they bel ong to the group of 20 oxides, preferably Ti 02, FeOQ Fe203, Si02,
Zr02, Cr03 Cr203, 3203, M3, V205, CuO, MyO and Ni O or to the group of

netals or t | | oys, ef . iro ni ckel |ta |un1o u

and al so car ESbﬁ or on or %nl} extéca;ate)éec/loorlr"'rpoL}j S. T%B S%y co}olgrg;h%g]aﬁﬁ

t he reacti onshesedditnioRSof hi pfesait mavsdd,i allane gengaaltliylek Fuh@chype

" FeTi + C -> T|C + Fe Ti0o2 + Al + C-> TiC + A1203 Fe203 + Al -> Al1203 + Fe

9 .[0039] The9Pedtdh oRcEfedPHay 1& SEh%e eHRtien -edThgse t RAGHHi A Onm8Y

di fferent I S [ do; ;not

reaction. 'mgté%d%t%nsaq{r?%@%sfléﬁvgy gggﬁt agrgous C?é&ﬁe useglbl n gﬁaer to.

- nodi fythe55 impact mmtarm@e oomtcb@emr@p"epe:reseef d>f1e dmnpesmpesiceeat ed

in situ accordln o [ ec renments,, This i s shown b foIIowh %

1T ustrati veSTEACET offs. & Feb G PTG, %?Aff@%‘lrf’“\ep 2y ;R 8z 1f 5REVH PY C +

Nl -> TiC + dhe 1@0%@111@1gnléq{raaup,reef@ar&qoggbod| ment of the invention

- [0040] The first preferred enbodi ment of the invention consists in
conpacti ng tﬁ%ﬁbhmséhlrEaﬁﬁlﬁb -pohkters AlOsi ipkBecol d pressure. This takes

place in a npre |on %t# arlng the desired shape of the insert or
t he preform&*dl sT1ape , poss y I'n the presence of a
10
'_Ei} Description of a preferred embodiment of the invention
~ [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.




bi ndi ng agent, for the reinforcement of the cast part 2. - This insert or
preforimed shape will then be placed into the casting nmould 1 in the R
desired place. 20 [0041] For the powders, a particle si ze3QMay20Bution s
chosen with a D50 between 1 and 1000 microns, preferably |ower than |00.
Practical experience has shown that thisjgparticle size was the ideal .
conprom se between the handling of. the raw materials, the ability of the

. porous produ 25 be infiltrated and the control of ,the reactiop.:
F00a2) Burin ¥k no, "t né” HSCoRR: BPoEPFGar STORE BPBECE PoRhBTUEReSE &
preformed shegpediond KE@staﬁeat_cwﬁlt@mnihga@hteowa&ﬂdﬁso FeLHHOBI a5 Wi th
- a porous structure of ard particles. This conglonerate, still at high 30

" tenperature,t9 sCPaeferiain| pragedoingheneuded 1 px et ceke | eore®t aThemki ng

up the part. I 4 i S C i b 140 0QC dependi ng on
t he casting a%%grﬂp%a;%% %1’? %ée %fl@%%hgéﬁgf%]o}%a 3 %gléi%ag?Pe& ) y
2006 [0043] #hmesechidkmesker dedi eafiodiTienaie | difhergse dfayperdabkit ofigen

(paste) 4 contai nic{ﬁ_é;t he various reagents_sQ as to _coat certain areas of
the mould 1 e Sredetnre thspretadi 6 BPUBRE sRtAvERE| B9eIS }s

possi bl e dependi ngoofer hBealhigkess RSl red- (These dichier NPT Far e
then allowed to dry befor eat héEL met Zflse I's pour ecti ?ﬁ?%rt ﬁgemﬁgd:éf%%s
~nol ten net alowesn der verraad e riaggeorthe r éageironwhichor dler fofilesdesd
porous layer, whigh.,is infiltrated i diately after its reactigon to, forma
structure tﬁﬁmﬁcglatféypfréﬁe&ljdﬁ Y s art bﬁﬁ'ﬂ“_tab ittt d-i#fart S 30
Moy 2006101 pasaiidiaeneriss staatfl 8bFRdtBY ifpha88CLAhQNWERySitu from




raw materials acting as reagents for said conponents, said reagents being
first ,put into a nould (1), before CLAIMS 1. Cast wear p E)é{lco rising a
reinforced structure, said reinforced structure conpri si ng ay 5 one
conponent selected fromthe group of netallic carbides, of netallic
nitrides, of borides, of netallic oxidesy@and of internetallic conpounds,
characterised in that - said conponents are forned by a reaction in situ
from raw materials acting as reagents for said conponents, 10 said
reagents being first put into a nould (1) before casting, in the form of
inserts or preformed shapes of conpac¢eaipewders (3) or in the form of
- barbitones (4), - the reaction in situ of said powders is triggered by the
casting of a metal, 15 - daid r &88ti #193Tn RAT FIIRELS brdUESEBARGFEREr at e,

- said castifg. I NELE KT aLdsp glo&ﬁ{ e, T esulti Ln an
I ncl usi on of sa@%%bl%‘%&a?%?ﬁﬁét éei stgli:gggﬁﬁgeof t ﬁr%gstlé—{geu%%edi?%?tthe
casting, ¥husne ccaepomenta sl atftede ddost thet greupn oftheetedl ipackrb2ies?.

Wear parts as_.in Caim1l, characterised, in that sai or ous _.congl gQnerat e
is created i9f s‘?‘?l't?]g]lrfocirglt? S8t Pt &rﬁgeﬁheogag’“?tﬁg@g?,O?‘:hd?ﬁagngaﬁjﬁ
congl omer at & n NAgnd: M CkercoiRfResS chat-weed13@8 andy39P0 Hv, and in that
said reinforced structure on'the wear part has an w 25 inpact resistance

of  over 10MRaysrid3.cdvridnethtforatenef proddcbiyorn otesetfopaihs siid hfaom
structure reinforced by at |east, one conponent selected fromthe group of

netal | ic carbi G2¥, "Gt 8 | REIRY r Pl CHICHGT | H8E, FH%efaFPPEER%E des,

and of 19 said reagents being first put into a mould (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




30 internetal lIic conpounds, characterised in that: 20 30 May 2006 12
casting, in the formof inserts or preformed shapes of c 3rH)act ed owders

(3) 6r inthe formof barbitones (4), - the reactionin s May208
powders is triggered by the casting of a netal, 5 - said reactlon |n situ
forns -a porous conglonerate, - said castismg netal infiltrates said porous -

congl onerate resulting in an inclusi on of sai d conglonerate in the

- structure of th%ag@aﬁbpar F‘d %}gr ftf%?“ cas cre t| n a_fei nfor

structure on the wear reacsrt]l on ¥ eﬂl/\%% t’ﬁ raw
materials intepdegataefiopowdars cmrrp@f\em Stted tﬁjrrrsa:lfd Ha&ﬁﬁttlcmésl S4),
triggered and sustained by the heat of the nolten netal. 4. Method for the
producti on of—t ﬁélevmaCtﬁ@mamsSétui iC sdid 3powdaractier i sehdardadabyt he
reacti on betwee the raw naterials rnms a very porous congl onerate

capabl e’ of. bei EB Ef‘%%e%’gs‘?y ??‘ﬁ’fﬁrat ed by the cast netal w thout any

arti cul alt et o] [ [ C t . for the
p ag - satla ReQbtiBR _*Lﬁ @i%l P&eré é%ftg%ar%%ggﬁn{g

production of wear parts as 25 in alm3 or 4 in that the

reaction- bet weepaitiheastingaiethal snfakesapbacgadd pbrOSPhechElohesstE e
wi t hout the nethod requiring any, conpression after reaction of the
powders. 6. Met ﬁ@ﬁu%?‘n%hénpra@du@w]diﬁjd?ﬂ wehr spaft $ongd omeragg ok Bhe

a ain; 3 to 5 chapachesi sfd ichet hakehhe used for the casting, thus

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.




reaction between the raw materials does not require any specific gaseous
proteotlve atmosphere. - 7. Method for the" productlon of - Weﬁi.l artﬁ 30 as in
any one of Clainms 3 to 6, -characterlsed inthat said raw 2008 pel ong
to the group of ferrous alloys,. preferably FerroTi, FerroCr, FerroNb,

Fer r oW FerroM, - FerroB, Ferr05|, FerroZg and FerroV. .5 as in any one of
‘Clainms 3 to 6, characterlsedl nthat said raw materials belongto the group

b Vs, Penty O and o ShebReDan She\BFRucFitt, pE' BFn,PR0R o

wear parts 9as Ivbm'honiyfonethé pladmst Bohook, welaaraatémaedl mnaohaonanﬁ
Cains 3 to 6, characteﬁl sg? n that said .raw. materlajs bel ong-. to the -

" group of metit¢ BRLEREP!S I bPefd1andyPwR oRE (¥ HHREm PHFEEEP oY

al um-ni um  19; o Metfgsl fee dhe @I@duo‘tf@zn erdg@arpr@rtsBzd)sn anyo.ones of
Clains.3 to 6, characterlsed in tzhat said raw mat érial s nclude car on,

bor on, or5n|€m®dd"1§£brmoild‘ths3 11. Use of. the wear partsproduced accor di ng

.. to. any: one.- of the precedi ng cl ﬁfegﬁod for tﬁgpl i cations regw ring

""»reSI stance to both

pro uc lon o wear parts
- as in any one of- Clalms 3 to 6, characterlsed in that sald,"
i raw materlals belong to. the- group of - metals or thelrtf
”‘alloys, preferably 1ron, tltanlum nlckel or alumlnlum '
".1Df775]53“7;_ L 10_ Method for the productlon of wear - parts’ .
- -L n‘ih'asrln any one of Clalms 3 to 6 characterlsed in that saldn‘
R :raw materials include carbon, boron, or nltrlde compounds,
o ,‘11,_'-ﬁSE';_of - the wear parts produced
'éccordlng to_ any one . of _the' precedlng clalms - for

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






