Refractory article and production process thereof.
[ 0001] Description. The present invention relates to
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properties. In particular, it relates to refractory
articles conprised of a fused silica matrix such as
rollers for conveying hot articles or articles used

f REfrddiGry laHRI SR BroBiictignl grocbsgiiséofOr Non-ferrous
netal s_such as crucibles Tor nmelting or crystallizing
siPPHoResHBY8ry degasser for the treatnent of
aThUTpréwm in@dntion fe@E32¢ reﬁeétb@(hhmrey ingenerai idvegamprovdddiatiyce properties.
edl catlo such as the.
¢ Pt e P R PPl R Py Gioar gy suon as rotersfor
acqrweylrlgshot hrticlpsertarivies ased foathe treatnentod rrpmrsgiaﬁsw nep-ferrous metals
fids Shbbed ftih oPdrGstdBinl For e RIatnfdh of
a\%sgru at f]d?’ﬁﬁa l %?rper ature E&wbér %ggérh?rg 2 °
r@ﬂm@emo‘?fpness and | ow thermal expansion and for their

I @odd)l KerrdchRy hBRASs %Wdﬁ%@@ﬁhléf@d&{aﬂ&ﬁg BpplieAidRs such as the
nolten netal s. ain surface ties
t H%”‘t’f‘ﬁ@ Qamglfqn rr&%almr té(? paoﬂ n%\ﬂ@\/aétl‘c eﬁalkjgpaﬂ%élll?{ materla s comprised of a
ufmseu gilzh neatrfxaire seinfmoap pri Itr(ea_teb(cnﬂsm bblmavpﬁat hlgrutleaperaml'eesuch as their

E*Hﬁ ];e?r%g‘[orpr]legé( gr% Iovp %@%XA| %)r( awsigr? ({' f% tli'lglpre?atl é ﬂ?ﬂr{%& %fn# %spect to

up Thpurrties or‘?rag Nt

sglaismreoroé molen metalesported articl e) or t he "surface
bﬁbbﬂugenmmb@ﬁroééﬂ{sl df ﬂ\%tfbéya smf:a %Q@néyﬁé\@&@r r'hgke them unsuitable

recel've and accunul ate net al part| cles (such
t fonsonag aAPEGAONSe It PYtiqHES, éh%lsyrfmpmk%@ewqﬁ 'm&*na@p)of the material to

re Fld@d’lﬁ\pGMleEGrM n%lﬁaééeﬁtaitbﬁlﬁjrfé&%f&fétr@lhﬂﬁ)&ediﬁrﬂﬁéﬁdrm 'surface
ro erin ro

oAb Rgpa R RE? RTER 9 BPoe AP AP FeligPages (svehas

otin, Bittam| et€.¢ papsiblyroviclizbd emfosllde)r)mdntiem guisd proldemnatic tidirsk ag glass

o‘farrne rglegéﬁglmﬁ@ %@ Asg %eﬂ@ﬁjroﬁ@ﬂ gg?%{onkm%r for handling and/or

ek@ﬁfpd; mglt@fglam@hmprab(blgewymblﬁ@f melfion siignd)-i Marking akthe transported

eéﬁ ﬂ@sr arldtadh&sid}est ﬁfe%ﬁl(:é/n ér?staﬂ kDb Wﬁllst HeheXdriditidal@kérhpes of such
an expensi ve and el abor at ed Coat|n or to use

aPF@P'H@F Fe(tseeh %ﬂp“qagen?he%f Histngressary ma‘]'dqjae SHea patggwith an
16peR ddleRibdia®ll cbing of BIIRE Ahbthé@indiaral (spcﬂea@ rﬁ\@al)

SO g 6855k A R ol P EhEIh iy pit srco o

bagn a ref@bmwhaasyn biuo&osh afmpsijéreis ssewbrtmgtg\cﬁem regaiethe basic

D%?rgagrvtblo% 04 ﬁlrr@atcgsD&Rm%n (5‘998 relates to a patching
f r 7 e E

OSIt I ons tOf f ur nace
pmnoguormforgeﬂracm wrr@@wockswepqss@ﬁutan pilig t&th%oBretna&hmg composition

SQ%U'd%oP@ﬁQhé ﬁ’ottshcea hieks & Whiceit Blapeis. dueh Bbrhsdeitiohs Arg used for
Such conpositions are used for repa

PRI e P GEEREST OFokE DV AST R CTPEA Lo B Egses: e spayed or
| patbRbRugas @Sroughadsaayenesliapat ched surface is rough
NIV T
sfor mo&enrreétalaoplwal}onﬁoﬁmtmhw aids ﬁfetaaﬂectmphatmqoemg sinters at
Sfe%{p@(a&ﬁ&lo@bﬂﬁarf{ 2%0@‘4 é%ehgﬁgtnl;neﬁtaﬁ%’;\é Rfecishi€d Substrate. Such

erature ower elng
d@ntﬁeﬁ@mtags prgrwegk éncl/tvrtttfeeaﬂa@%%qap@a fog theepalgyding-such

S{odb&)r BEcURRAL UEES28b81 MR @A SIAON bédting aplied 64 fuds@gicadvare.
for thermal cycling

L] e s e g A VBT AR L S AQN materiaimply
Wpdseible AN sedking tcplhesetmtrateshrrmmmcamkmsﬂ@e oxittedion) Indersgerature for

t I
p{%gl%,g/ﬁgogr S%%virg B B SiarAb T (8L Shoa Y 1BAHSON  fatera
possitdllesfootkerdat ¢y@img|aﬁ>plt0@m§§r ature for



the SiIAION and irreversible crystallization of the
fused silica nakes the Si AION materi al unsuitable for

wo b@rtsd74cycl i ng applications.[0007] | n additiPCT/EP1e7/004248
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provision of a coating is always expensive since it
requires additional production steps and further, is
of90g7]alntagirtipon, arewrmlqntqf@mosing dseglways @yrand® bipce it fpguires additional
f & tsBlulicH si@SurfavbigRsie i
it rther | f
o5 el 3o BBl 8 RO B
nﬁ? épatlag makeirigthag gtensiansy tedelamipals fromahe siiiage gfithe gilica matrix material

”ﬁﬁl@f hdtlontly HQ;B'HVE@@B lRegtiida RiteddIRork @RIYeREXt Bﬂthe delat'hgl b!’:} in turn
pro uces scalin defects. For conve Iqﬁ aB% I catl
splfeoRiBsl

oPTORSE? Sraliohieleds di5pPaYIGRPlcapny %Pﬁ'&a} @8, since the
aﬁiﬂa&ﬁfg i Bdddiieonttegtop bf thé eurside fnas efteniriecéssayftd subjateibe ssaed/article to a
ape%vnn{gnsgep %g}e h%égt {%g S%P r|]n %r(rj%[ t R?rr% %ﬁfzr%lhgsﬂgaec%z E‘Brther since the
sthefeat expafsiort (oethe trerma debdveor trmenmal) olthig m»eolﬁye(r@rdlft&n@t from the
t!ﬂgmb Xgﬁ{) %Ptrhﬁ by Q@)@ﬁ@c} inYenbrll) Bt tf'lé‘&h&efﬁatl'lﬁlégﬁstrbﬁs are

ermal expansi on her mal
begnaatastat the '@terfﬁ@p&ptyveem thteweat@ig ape ﬁ‘eﬁﬂiﬁé‘ T”ﬁ"'xcaéfﬁgtt“ﬂ ety negatively

?{[}16 sgreef%@ b@&l@ﬁ l\ﬂére&v@ﬁ sinE‘é ﬁéﬁ@ﬁﬁal*&@ﬁdﬂ@lﬁﬂy bihBis GOMES Iﬁﬁar &Mt the same
e SillcCa

s%ﬁ‘f‘%\ﬁ'@”ﬁﬁj gP’?f{lJ{]‘t'V'twrt%%Wé?d Sllgﬁh’@glrxte tﬁétr?@ég%ﬁgat thougﬁ the article is not
Cmmbg@hédﬂst Yhé)ﬁsetdﬂ metafiic iriafegials i@ pach drticlesot albdensabsiactag since metals
t aé/e g‘ﬁ“"fe é(r |gg1r}'g l'Ic Ly\{ Q’rds tL% r?%eé éélrr%t%g C;is rte!li gr‘fﬁclg?t th I.euyfi('mlon metallic
hatideprase asquntéﬂhgh merabcﬂefmtamri with compansion tasfusestsilicg efticles and their
aéff idiGl B9 o ||$Q h&dly AhlidhAEH N %’s Qq:_@hrrg?ta @ly%tah?é{ﬁn furnace) is

at IVGF % react|V|ty towards the treated or
t'ie@ﬁ‘éﬂh\bﬁiﬁoéd art| cles. In addition, netallic articles

hrves) aTMB;&ntu é}rhefdr&@éblfla\llend@f .@ rdmb;bo@a aWdrh fro@RTERedtitsOBfractory
tofused si | articles and effici

of
ugrgc ?shcogpﬁl% aéijrs %?HIX (VQIER:HIH 8§erg\orﬂee{qF ag?ve |scussed defects
cwhiktkabpingit ersellért kimadepropesties ef b fused yhcsihnmnx [ 0008]
T .
a@ﬁ?ﬂpbcgc\%éd mﬂit? ﬂ'fe |N23ﬁtlc91r ﬁ,%e&g etcf \ngrﬂnt ? észre%%e%r\n%@ﬂg%g%ered
acdrargie @hasiel i nrasemamrtme;@qmnm pf a,wqalst QJNP@IO@(ﬂfrét lefﬁéa awéage of the matrix.
dpgiased .sdmregrﬁ tagumaleeor 5&@9 kdyer. tTing s@ag%?ieloea%nvb RQYILf the article

prop ertles of fused licada matri x
AR ER wgtStperOtS'rvem?Sﬁeféh? ﬁ'etﬁfedﬁﬁfag*'fo%]aé%ﬁovéosctaﬁ60 the core of the article

Ol/hEX &desint doﬁibﬁgéeéhy\&hﬁd’iecﬂcéiadﬁl'b ph&d boefused sicphase i's
rt ion  of

PIBL" i Dy P R ey et el fhopppe o

aars sty ditegto Mer@|bmath®ﬁeme glél'slsear petasanddhe opan modsitypresent at the
ﬂ}ﬁ%«r:e &fthé 1’3? oasrichb Sl‘tlgle %ﬁgpg\}estﬁ‘ed B f|hc§ ac‘wQPtroq;ﬁ h nttxlﬁ@gﬁécegt)rosity As a

t At &r ed ceram pposition to

offestitas ther gurfadecporgsitye bﬁl@mfélgd othe congsy pfstée avriace jsriberefeeg higher than the

CEIRM & tRN@sEorit rufddsfa ﬂalr?xc PrefdrM He opBR pbrﬁylﬁyrbtf fhressurface is at
have i ndeed fornul ated t hypot hesi s that the a

i BesiePYilver thendha %Deglpgmﬁzgr omry? Ca{féf{'}? flrl%fiélll%iirtlﬂﬁénost preferably
bsdwmeer.t he gl ass or netal and the open porosity

p ﬁ Cat t e hseulrf zr’\‘t?oen t%fe mtltlh s fr}éceo t Iéllllcgarlna rrxtrler%lau s%@%uﬁace of
?é’a“ thi's U Tac
p'me 03|sneﬁ artiste (anlv &eu;htfaoefpomsa/ rmsrbbacfdlepmmr ataoub%OOngn to 1 mm,
rle%%lyl out'sd ,,fﬂn?@é{hgtym@rte #st,h, = ?Jr@‘ﬁﬁth'e?méélﬁﬂ sgépeaner the

an t densi t ép he core of fuse
simwegaatwatsrqpx Thefilen g § s"lqwtwp%wag%?f&gieﬁwa&ﬂat qpgtinuity between

Smefsm@eematﬁx artd th@@ﬁtere%Q%dnwwas& e thiter SiRRAnPSRSTIkYtogether with
he core t he fused ar

a nost . ;
p‘hgfs\éﬁtaés |I%yer5qjd}\q 'B%’f’ enst"@ﬁfj‘_’fr 22&%‘(5:? SH)éﬁ{GBN%EH éhe matrix and the filler.
i TagiHet, Dbth cohtebute syineaistisally tegighifcbnttylreprevd the aropatties and performances
remains the surface of the finished article (only the
surface porosity has been filled in over about 200 mm
to 1 mm preferably about 500 nm) so that there is no
need for a further machining step after the



i npregnation step. The filling in of the silica matrix
surface ensures material continuity between the silica

woredoriixi7and the sintered cerani ¢ phase. The f upPCTEP2007/004248
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sintering of the filler togethey wth the surface

| ayer of the matrix ensures a very high cohesion _
befttheeaticle. nEnerfilenis horagugneduslyidispéreed onthg eurtace laygycan constitutes less
Cﬁg,t, bR lﬂg e 'Er% St s%ﬁ.laéeyiaytep m§{e95\' fI'hlg Wd% tile éﬂfé‘?rpr‘éﬁ\alns thermally

rtres an per ormancesof the article.
f $tP¢|%ﬁeSS§tfPﬁ§rﬁ5@@?i@tﬁﬁq 3nddensigar ResinARA CragIBg §@F'F5a%’% "fdélff%’r

afde190MRd UL SorbR§ of th ﬂ@eé—g%abtyaté/hﬁl |§ Betddibly MR irokitd a ceramic
surface |ayer material. Thi 5%% systemre

t Matera{spigeted g e gjouR gongtsprlgsogg ZiEegnium an @nﬂgmagnesmm oxides,
t edsbirations [ieedof, mgroa,rammazm mgi smlbdmktﬂdesraed camhirctiohs L 2]

g&g?%;’la@ﬁa@% ||rn9e31|tlgl¥ also eL tes tg g?s?o%ess f diugﬂ%; gﬁéhlaaln %rl?‘c CF According

f wmmaumtayeowmme@t ofrilge lo‘iensqm thesnrfacel of thierfupep silica matrix is
ZH eg;ﬂstumg sOBEHRG? b Bgard-AeSic emn@woae. n%m%@med metallic
um siliccon nitrid

num an es and I nat1 ons

t ﬁtemewabﬁmsmo MealliqospeHIdsiarR dieen Based (lsaaiay Gitos igios. methyl

aorﬂfo@nﬁ&‘ﬁe“s fiRheD ERY USSR H@é@d Qﬂrcé\’ﬁﬁm ﬁée@ate Are0d, dhlﬁﬁbé;sooxychlondes,
an advant eous enbodi nt of

e S QU DR (RBE ST TS RRT PSR LTI By AP Bafvg fyresi
ac@mintelhg 612 reduiradh mfaganm (seeh ab bolgsilgmnploonimdmpehelatednortfied resin, salts

%e re ﬁhggﬂ]ggsa LS &t Q gg Sui tabl e organo-netallic
nds are f'con based (tetraet hyl o _
oiODhﬁsAltercearvds, thenearosity filker caroks infresiicesias asguspgneion ieg [qujd carrier. In

CHC %W@&%c(& lof ﬁgg}{a@‘aﬁ(ﬁ@éfﬁeegralﬁ‘b&é RiEr than 0.01 um) are

oxychlorid ['um num based
( a@emeé mtce@ra:aeproma@ﬁew a%ﬁ'ﬁa§étsﬁb{edmt6w%%§ jor example metallic
Ab4rdiddds il&InYalurinliM SthAgreSilidlor Sleln @xitiddeor be@H, 1@ hinifebasilicon nitrides,
aton1(such as pol ysilane, al um num chel ate nodifi ed
r&@Ph, salts of a polyacid resin, etc.) can also be
upets] [nGOldfer Alep gharatriagebhithe artigle ;sOInem&iiubjyctéd:l td eethemmaahtréedment to
I Q I\trﬁro tqgggrgm%S r%apgft}éﬁlgﬁ\{]aht?ﬂ {r%tﬁ#t CglleIS(EJS |ﬁ§rnfe|nﬁgby Jlg?ne treating the
ghlaﬂ iy ss,urfz@e alfbwmh in h%rralr(pa@q SiffRly euriag %grﬁéin@tefu" @rﬁw@e ﬂ required
apphepsi ate liquid carrier. Suitable naterlals are for
exaﬂgle netallic particles of silicon, alumn

slthag krentmaasyred ifatibe syface gerasity (gqe@mom%) alan be reduced by at
Slebét@g% withtrédpdetSo th‘élpa}o@ify of [tr&beEd of the fasécdu;ﬂlbzh eatrixl e pore size at the

the surf o SchJ fgr t"\e ural‘!reated fused silica

L HEPRAF “EPERrENoT 8" ai<iade s Hob S
partitie dawratollgss shantabire fdr treceriinkndccerding lcsths Irwent@n nTey $unigce

b%u%lkn%g?ofttﬁeeéﬂ éllg gcctonﬁ\g tb He%ehﬁbn%%l%@&gma% ctanpr\églrbeb 'Omh respect to

certaln case urin rOVI
t the fysed ailicacraateix easeRBrpes Pfdoele]or Pt qqa%d'b@@ﬁhwa%w@dhe roughness

t itank bﬁgﬁ lérgﬁﬂé‘eﬁltlpwdg(%dt Ra(i9HRAgROFRSS LM)to @8&thB& 1.5 ym and Rz from
reduced | east 50% wi th respect to

ofS #de I@ﬁsrt@arbqs U Vispallyeltcan ‘1'5?00‘33 ?rchgghatﬁ]ees%afeetegﬁuk}éwas been
aimprdved &udadca@eoﬂhsteal ssaitdhes| bosiles, pionoleetay eTkgitexarar Steagth of the

g%?dcﬁs"ﬂg% gno |atl %nor'eeté an %(#Ulsa)lég tigt a?fa?%jd gyl{ﬁe e tcé I’r‘%glflcatlon
alpovTId Inyder ¢o beiter desorhettheinverTibr itovil foadze ilustratid by meers of examples

t mst 2k th%gno% Pk tngséo%etohme br@gsfﬁ%m@m dplicaliP

dranmt i cal red uce \ respect he fused silica
007 §1x Exaneniel! sy salono! 1 guface 615 Reed Siica driele ng to
t h@lsbcmé%ﬁﬁm&fbf slldi@nd i9 b@a‘ﬁ&%& By (n?@hg%@dvt R%)of feGaethyl orthosilicate (purity

nificantly reduced 3 Mmto

© HER . e ahGorP PR B e BT Lo Rl agURRHe S0l The ok of
Vihe Wadlultivig sdldition denof abswo 515e Adbsgirsitieal ral kmmethe 0§ ummnh)ais Enpregnated with
texture has been inproved (reduction of holes,

scrat ches, bubbles, pinholes, etc.). The flexura

strength of the fused silica material (nore than 20

MPa) is not affected by the surface nodification.



[0017] In order to better describe the invention, it
wi Il now be illustrated by neans of exanples that are

wmodo7ist7rended to limt the scope of the preseneCpEP®0t/004248
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application. [0018] Exanple 1la - Inpregnation of the
surface of a fused silica article. A viscous sol ution
ofhisssoluticraurdler wicpure pa@-2 tars jor iti heumg THEOMategnaedfoll is then subjected to
U RLd: @ %Qyérpuﬂ Ehﬁ)sd? kdr Q@h@urg)p Wde‘i é(ev%%pg’wﬁ@m t(hggu?f@ce Ia%pind is

i sopr opano uri AL 5% aqueous _
Sgpmqeg 59 thawgafﬁp{paqnclgshg na ‘Sel,ﬁ"'P? ﬁ@ fg:megfq ity witkin dige surface porosity of
am@uy|5 5. Afused silica roll (dianeter 100 M is

gBreg ththls sol |on undgr va qun1 < O 2 bars

o ST B¢ S 3806 fected to

haaitst (rrfp@ég@&ltbn(ibyatlcngs atepﬁraﬂﬁy fm‘)dingm v.Oxl pbtptraethyg edthosilicate (purity
d L b €

ﬁy ? /9 {é \INQ e/ of‘is ?roé%ﬂé ol ?p%ﬁtyna%f )\r)e%\r}g?ed%a@% &IR (4 érﬁ&gr 108 mm) is
i nnrsersasﬂ intp tHie wlqtlh@fos U@ méingites 5o ve i qapillastly imreegnate Ithe roll surface porosity.
[ QIQelr%]I ls%'mhw%rség into 4 Eﬁ?ﬁtﬁ‘bg B@ﬁ)}d%hlgr“lc Jclibe(s%%fqﬁ@&f% $Biutich). The

fused I[Tca article A first TTP %natlon solution is

p\"’ﬁ’ff)‘?ﬂ”étﬁd WI iy§hen ﬂ.ﬁneg@d\m heajg9fC gté'f;)hg'hls sequence of operations can
Obé Rpsitbd iﬁﬁlts%eélﬂaldrté Iuﬁh&ge&c%he%ﬁ]dac@bo%ny % Qﬁgle |mpregnatlon reduces

BP SHERE PRl oY 40P hapind Morbarelan LA FibPasing sprece open

160rmm9 bl @sotised 2086 4ral Cthjpd Irﬁmgnlat}onlfurmeegdades thidsairfacd dpen porosity by
mﬁ%§qogor05|ty The roll is then imrersed into a
I on of hydrochloric acid (5% aqueous sol ution).
Tmmlnﬁmgmjmﬂ_mgnaﬂon of the aurtagh jpba-fused gilisaladiale (600C

f Efan%lg‘%ulg Qpeatgi‘ bt tﬁ@ﬂ“%ﬁﬁoﬁosm% _ldpiesd 6RR rrh%@ure of 56 wt. %
eated if it is desired to further reduce the

sl&‘ el opnsticate gnd 48 W HATECNYHREAGt i on reduces the

SE&ﬁﬂC_@ﬁ}%Hquﬁfbﬁdqhéﬁmbbf #he Yortade SEE BEH snnsaraag rRat i on
educes anot her

r,r face open. por
DBrHn i & eprr et el AR R S TiePR Ty iy ClegRRn 8 neir oxices or
swarbracae:ndrpmnorpsojuwsmmnyesmr sitvotaeesuspénded infdX0@ 6¢lutlendetoresimpregnating
16 o7ushgB E%gg@tlon of the surface of a fused silica
article le la is repeated but the tetraethyl
o[OpazisEkarmea Burface ginteriegiofithe fysed silicaagiclsf 56 wt. %

t ﬁh.a@@brlayére@éttéi%blhé {0 dAde ﬂeden\med VBEICGED Hbms
acet at e. 2 nation of t

s [ﬂO?gC Eh%r[pfract?r]m g@ale §F<|qu@%lg tgrﬂfq xEYeémtl p%s mpany; |g§ustrlal applications
r &maﬁte dxdéﬂﬁonﬁﬁir@iehlee Pldytoan k@se ad roiers foe Odsnveﬁthmtratlh“les such as

g?sc e g Fqllfsj Q.seh g?rq_?Rg?gﬂg [ tgrgéecm éoﬁ]‘% goa chJnn Y)Qq ?]Iass sheets, rolls for
snéantreajng bleinese stealpr elipvatbasay ddvdichistaetisheelsi s foohdat treating carbon
P&%Lee@(@mpc{t%lpérafvaéﬁﬁig%ﬂcaﬁlbﬁg Hté]lgerg’tjsetdh& tﬁ@@@a@nent é)f molten

Ica artic repared at exanp
h@@@n@é@ﬁsg metal etgt) sg@(ﬁ;@rmesgormqng tre[agwg]d/orﬁ@/stalhzmg silicon,

r %El@@é F MeFﬁﬁd Al tr@zlﬁﬁ‘a@ Igfhis§ Ebr Tn@h b&mmm&bpmt.@amr example glass
ndustri a

i nds

e L BRIEP GRHIc=(AnS S R e R oL 5RB e rep e nqgp mterils
coutiay irdary dedasedriforcheatgeashiar obBurgihas,st@nneal i ng rol |'s
(Lehr or LOR) or glass tenpering rolls for conveying
gl ass sheets, rolls for heat treating stainless stee
or silicon based electrical steel sheets, rolls for
heat treating carbon steel sheets for hot dip

gal vani zi ng applications, containers used for the
treatnment of nolten material (glass, netal, etc.) such
as crucibles for nelting, treating and/or
crystallizing silicon, crucibles for nelting and/or
treating glass for high perfornmance applications (for
exanpl e glass for optical applications such as | enses)
or articles for use in the treatnent of nolten
material s



such as rotary degasser for the treatnent of alum num
etc.Clains. 1. Refractory article conprised of a fused

w@epdoraz7mat ri X having a core and at | east a SUPEHER2007/004248
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wherein a sintered ceram c pha is present in the

porosity of at least a portion of at |east a surface

oflaims nmatrix. 2. Refractory article according to

claim1l, characterized in that the sintered ceramc

phase is present up to a depth of between 200 mand 1

n pr Befeackhy grticlp cerepriseof rfiiesd siica ey Ravig a ¢¢e and at least a surface,

mat r i Xwhetein Basinisted &rré’m@bﬁés@lﬁpraﬁhﬂhdrhdk@résmy 6f Alilgastla portion of at
characterized in . th at | east a portion of the

surfac@aﬁfaﬁuﬁéceri’émel'?@“ﬁ‘as a denS| ty higher than the

tﬁ'gﬁ :ﬁg bor%%m%loa%cp dﬁrﬁ eto 8I ||rne 8¥1ar€1ﬁt8nze% nQ 91 ?ﬁ.'ﬁ s%tere%vxglramlc phase
Ref r aclscmrqseramb |tccd deptho betateen200 omaind it mnd, pmferal?ly up to 500 um of a
characyef, #g&%é rﬁatmat the sintered ceranic phase is

sel ected Tromthe group consisting of silicon,

ak UM NHBAactdry £00: HEBoRAHY t&agﬂeﬁ IcHARaOv 565N tmafmagas bW of the
t hereof, boron, alum num and silicon nitrid
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