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greater grain size uniformty than the SiC pomder used. The m crostructure
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conpact, rather than as a powder %]ﬁ gqrt of the required | evel of the
Al source, preferably a m nor par or ag tional Al source, may be present
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| ost, they prOV|de a suita Ie at nosphere in whi ch denS|f|cat|on occurs, by
generating a sufficient vapour pressure of deconposition products of t he
densification aids. The relative |loss of the densification aids fromthe
conpacts and hence the anount of those aids retained in the conpacts
conpared to that 45 required to stabidise the atnosphere) is thereby
reduced by the nass of the conpacts and hence of the densification aids
initially present. It is preferred that the ratio of the effective furnace
velunme to the volune of conpacts therein be not nore than 5 tpo 1. However,
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in ekcess of 2 w% such as up to about 4 wt % However, a higher |evel of
[err] presupposes that a small pr ?qu gl assy phase can be tolerated
in the sintered product, or that e sintering conditions will be such that
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for reagpects detail ed above and in the follow ng. The fracture toughness
val ues iThelpresentioveation wil bp Bathdr illestipiee Byeexamplesiire a hergimitmge mannegie ineash of the Elgmples,
i ndentlimensions indigater rplatetiethgmpach thabie iatias sheping'eriprepsingeand prior to dold iggstatic pra@eingwhereSoc .
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N| i haF'Q pagf‘"es °8P 299687 Letters 1 (1982) 13-16, for Pal ngui st and
x&qﬁgggmé}l ve nunerically higher values ranging up to at least 5.6
nFerr] I'n the above detail ed explanation of the nechani smthought to
be |nvolm@,qwmgtep,gp@usggggmﬁfragme present invention, 35 the indicated
I nvol venent of MgO is explained. Central to this is the formation of an
MgO-[err] liquid phase at a | ow tenperature, with that |iquid being
i ncreased in volunme by dissolution of further [err] and being retained to
hi gher tenperatures. Despite this, and despite al sothat the MO can
befornmed in situ from My species generated in or supplied to the
at nosphere, it is found that MO prograessi vely deconposes and is lost to
the sintering atnmosphere with still h igher tenperatures, and tine at
tenperature. Wiile the loss of MJO by this neans can be substantially
conpl ete, resultlng 40 in the low levels of My in the product of the
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“is not taken into solution in the |liquid phase. The proportion of [err], if
any, which is not taken into sol I.E'g[ﬁ |8§2§qbstant|ally | ess with use of MO
conpared with use of [err] al one e to any loss of [err] and also the
| oss of MyO the product of the invention can exhibit a weight |oss
relative to the weight of the conpacblétom which it is formed. Sone wei ght
| oss al so can resuftr—fromdeconp SrCand,as 59 the sintered
product typically ¢xhi-bits—hno de?&ru%te%? pAt-a—Si—oa+—gl assy phase, it
appears that wei ght RewMstera!  Sagee | Hi/a"lﬂecor'posmtaf"@?ﬁtsof [err]. It appears
that the bed or coalbisiyg, if |cwehtzai|ni ogoiFes 4l so serves tlhe purpose of
\%tppl ying vol ati | e| a0, es <tum&a>aa< Si @heda ch |i nhi bi-t t he jdeconposition of
SiCin the powder wgoact . Thaax otsAnerpm{mQMd]; ceuine@atibe@ol jat ed by generating
Al - species in the atmosptere T wirTir tiretonpact— 15 srmtered, or by
priévi di nee sowaars WErs WEiGHeB, H@RbrAal el vitd 81 LERETHe @SnditiaH sdalateSshdvin i pued to be
beneficial. Thus, in one preferred formof the invention, the conpact is 55
heated to the sinteri ng tenperat ure Table 2 he presence of abed or coati ng of
an Al -containing materi al e the Al -species simlar
tosthat formed by the dec . S of the conmpact. On heating
of the bed or coating, th Buffed or fornmed therein is deconposed,
with its deconposition pr p 3%% ng the requj red Al -species. The
guantity of [err] deconpo %ed or coatijng is such that the
Al -speci es are present at 5'“‘H| gh fmm"serﬂ"’ea"&m 82 Bl partial pressure in
t#e furnaces and Act to pL B , he [err] content of the
.conpact. The principal relevant AI-speC|es S thou ht to be err ot
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generate |n t e at rms her e, genera I on o AI specr es in the at rmsphere can
result in the sintered product havi mgoi@®m i ncreased wei ght percent of Al
repative to the SiC content, than wmsg@eesent in the conpact from which the
product was fornmed. Thus, there gadpdgremnet ght gain with respect to

alum nium even allowi ng for the IHeg% 14b0°@ny of MO and Si C by sublimation
or deconposition. Assum ng that plisdredmmasy Al -species is Al20, this
evidently pernmeates the com 10 RaRe&eddihor to full densification and
evVdently is converted therein topbfkddadey reaction with [err] of the

| i qui d phase. The nmechani sm by whpgdiidibo sReci es result in a weight gain
with respect to Al appears to becgdjkti8chhigiti nct from that involved in the
transport of My-species to the conpact where the My source at |east
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densi badieads somsuitbl changex in cprposition duriag the gitering rb@sd dansad byl drauniacsigable Mgitd e ratio in
densi the gatiigepmpectds t o t he furnace atnosphere to provide a stable
environnent is to be such that the anount remaining in the conpacts is
sufficient to enable the conpacts to be densified. 25 This i s dependent
on the charge of conpacts in the furnace chanber and the rate of any
effective renoval of the active densification aids fromthe reaction zone.
The process of the invention enabl es @ensification over a tenperature range
of from 1500 to 2300C. However, over the |lower part of that range to about
[err], substantially conplete densr fication can necessitate recourse to
elther appl i catlon of pressure or an |ncrease |n t| me at tenperature, or
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in the atnosphere. However, sintering tenperatures of from about 2100 to

[err] enable a reduction in the t
Al so,

t han about 1 hour.
product, substanti al
beneficial. The ind
at a relatively | ow
obtained by a md-t
ligyid phase initia
retai ned at tenpera
40 ; at the upper e
enhance the | evel of
m d-tenperature rang
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nor e,
enhanci ngdensi fi cat.i
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m d-t enperature soa

that the MJO acts ag
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i $%ound to achigve

MyO i n conbi nat&on,
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sintering, & l®ast
attgjned. |® adgiti
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of l'iquid phasegt hal
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whetsher by neans of
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[err], MyO or both.
of the species pref
The particulate 13

part®cul ate Si C, as
t ke’ at nosphere pass
m ni m si ng deconpos
the particulate sou
benefits. First, th
source tofuse into

el emental 5 Si. S
constituents of the
and Si-species. As

sourme can be heate
of particulate Cis
Al - speci es, but not

such as about 6

d 35 at tenperature, to | ess
operties required in the end
|y conplete |loss of [err], MO and Si Q2 can be '
role of MJO, in formng a transient |iquid phase
rature, is confirnmed by thecbenefit found to be
ture hol d. oAs -6t abedwabave, ni t wappears t at the
Ts at @boalt $30Qat 0 €], mand i s sta@pl ax and
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the liMui® A hdrd 8 from 20 to 180" Mites or
utes, typically is sufficient forthe purpose of
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eating to kheesinher g denfer as urg, suchathat the
tempesat g e & ande &F fuhommabdht J20@ t g about
ut 30 trd 120 m nutes®™N The benefit of & =
nhanci ng densification simlarly tends to confirm
ux, facilitating dissolution of A1203. In this
such soak @oesy NOL pepVvige Qnhancad densidi cation
absencgs of, M. Ahndged,jusg o2 [egpr] «pl Q@e
erdegred ofN densittication than uselof N em] and
ast in a given tinme at a given sintering
uch so m d-tenperature soak is not used with
ications age tdateg agp suggeRted byt he [g4r]
i dered gboye, tengififratfong it [grrl algQne

uid necessery foredensification by!liegui dphase
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untill relatively higher sintering tenperatures are
pn, afl those relatively high tenperatures, the tendency
[er{] is increased, thus limtigg the potential volune

g tHines a® such
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n [iggid formati on. The Al - speci es, I\/g-sbecf“es ?r bot h,
or coating in the furnace or froman extgrnal
sphere, nost preferably are generate@ bygheating
yer, with use of these or. other source tde source
Yy is in particulate form such as grit or @owder.
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thé& C Bssists wit,h decompoli tighn Hf e

cul gf e 8ource ancé hence, gemeratign of A -, M-,

ernativie t® use of pasti cul af e, hewparticul ate
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Ww%SiC fromlto
[err]).
si mTar sou

for Al &5
gener at ed, i
from1l to f@g\?\#&o
(respectively cal cul
| evel of addition).
My- speci es into and
phase. This acts as

di ffusion can take place at a greater

Where the particul ate source 10

TR

DO &M % C, and from1l to 50 wt % Al 'source (cal cul ated as
is to generate Mj-species, a

R whi ch My source (cal culated as MJO is substituted
used. Where both Al - and My-species are to be

£ oPBainbiGe 185 CoxSpiHs GRiIcAEI B Exarfile 7 drid B, ibod T5mitin tibrfi6tdBiaks
and from1 to 30 wt % of each of Al and My source

ated as [err] and MgO but not necessarily at the sane
Qur research suggests that the diffusion of A - and
fromthe conpact can take place through 15 the liquid
a rapid diffusion pash. As will be appreciated,

rate through a liquid or anorphous

phase than through the corresponding crystalline formof the sanme chem cal
conposi tion. Mcrostructural studies have revealed that the Al rich
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is sufficient to allow densification to proceed to. conpletion. Thus the
observed behaviour is explained. Idp iyyﬂagaqlso be appreciated that the
secondary oxi de constituent can exist over a range of Al rich conpositions
as a S adspedtiveip it iam-Smmﬁckvae@ﬂrJBEM. frite fBfund Q@sh’&\% ii'\ Qab%fs. My to Al of this phase
nmeans that the | oss of My can be accommobdated. This mechani sm could 25

al so be applied to reduce the anobunt of secondary oxide constituent after
densification of the bodies. The ppabkessto conprise the conpact can be
prebared by conventional procedures, as can formation of the conpact to a
riequi red shape. The powder s ExpedimerntailddResultschni ques such as wet or dry
bafl milling. Wet nmilling can be carried out in water or in a suitable
organic fluid, such as i s&of Jimmdisps I Bhigk sliurry, containing a
reqyired binder as is conventional, then is dried where this is required,

such as : - act ed
into the required shape by conventional ceragic form g techn% ues, such as
uni axi al pr , isostatic pressing, a conbination Of uniaxi and

isostatic pressing, injection nmoulding or extrusion, with these techniques
beimg suppl emented, if required, by green machining, slip casting, pressure
slip casé&&&bgqtigge_casting. When a binder is used, the conpact inits
green state nost preferablx is_heated slowy toa relatively | ow
tenper atgi €, sertheé Apehhm s'n@ering furnacegor as agsepar atyg operation
This is desirable to effect binder burn-out for renoval before 35 the
def%i fi catmabwislep. Such heating preferably is at a tenperature of from
ferr] up to [err] to [err] for a period of from30 to 90 minutes or nore,
such as upAlgPg00 ni nut eswthowever, the tenpdrétureldnd timdkah vary,
depending on the size of the conpact and al so on the _chosen bhinder. The
hegjing cMIBe in an oxyg¥h%contai ning atnosphére, sdch as aik4or in an
at nosphereg, supstantially free of oxygen, such as argon or nitrogen; a
choi ce onf¥®®% depending in part on the binder type. For a binder which is
burnt out Qr.renoved by d nposi tion, wthquyt .| eavijng.a reg dye, either
type 40 g}cat nospher e i‘ée'ggccept abl e. Howe@ r"asomeB i'r}ders,ﬁ“‘t#ﬁh as those
| eavi ng a hdue typical of carbon, necegshtate e of a gen
containind‘ggg%sphere mhe?g? as is preferregfhthe rg§f3ﬁe apggé?s to be
burnt out.mgpere the conpgeg includes an orgaghc precgnsor ofg A source, My
source or both, this wi|l typically result in a residue in the conpact
after bi ndpen®itp-guec However, the benefit 3Qfigsuchaprgsursa,24such as in
acting as a lubricant during powder conpaction, will not be offset by such
resi due. ™eight, chbngec%i due will conprise-pefr], MOlor beith,8 45 abl e
to conprise at |east gart of the required sintering aids. Also, such
resi due i ntiekers Hardnesfg(SPAddul us of the conpact after the burn-out,
-ang can alsg increase its strength, allow ng_far easier handling and green
&gacMnﬂrm;Eﬂg?he conpact. The present invena?oﬁ wi | B4pd further illustrated
by exanples_ip a non-limting manner. In eagh Qf th anpl es, di nensions
i ndi cat ed ¢%Fgf% to the conpact (that is, a??é? shagfﬁé or pressing, and

prior to o tak] S 0.6§,50 ,applicable, the unfired green
bofiy) , mhﬁ?%gﬁgﬁgét§$9§P§é§§akggPE§se'af thg'gired bgdf. Al so, an organic

bi nder igoteed i P14l | PE¥BRAADIEA,2 REMEInPT £ Lot Ywﬁ%ﬁo"?ﬁ‘#ﬁ;

i ndi cated. Additionally, analysis of sintered bodies are bas

assunptions that detetahpatheﬁseo&as,aelzgn¢,mhnaﬂe respectively
atgributable to SIC, [err] and MJO, with resultant m nor departures from
100% on aggr egat €2) 55Fra&XdbBLES totighfieshe r amasnt erdetermiwed ar e kyhown in
Table 1. 14 EP 0 497 822 Bl Table 1 Starting Materials Raw Materi al

‘Sour ce G ade Treatnments [err] SiC Lonza UF10/ UF15
[err] - Al coa A16SG MyO Aj ax Anal yti cal G ade
Cabcined at [err] 10 The powders were wei ghed, and then ball mlled wth
SiC balls. The conditions used are shown in Table 2. Table 2 Conditions
Used for Ball MIIling Operation 15 Ti me

16 hours Powder 300 g
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Ball s 1500 g Fluid 600 m i so-propanol 20

Bi nder 2 % After mlling, % 4?? %Nererermved and the slurry was
subsequent|ly spray dried. The resultant powder m x was uni axially pressed
into cylinders 38mm di aneter and 33mm hi gh and then cold isostatically
pressed at a predsdestetiabounsing Mhe Tégqustign esofierdnsdbbsheated in
airat [err] to [err] and_held for 60 m nutes to renovethe binder. 25

The sanpl es V\ereCBGPEFEHlbyL&WBO\MQr Mshad la ghaphPfb—weRkBox. The
f 0 1 wd d
SO C | The vior E560x oo PRastBosfl Ni0edy, thpteg tu dbibhets] POVCEL O

al‘f*’argon at "Dsph@aednéBs &nammcmgwmlaqy%d 1|o%asba\msnn Table 3. Table 3
Firing Cycle Ranp at [err]

Heat tg M{Feﬂf mﬂﬁé@'ﬁ!ﬁ@@ﬂ%ﬁmﬂ' ﬁnﬂue§f WG@?“"{%W’P FgeExample 8, a small amount of o-Al;O3

Heaf’® t BF R l The resul ts obtai ned

are shg s 9“'9 '° ?fl"??"&fﬁt "Tsﬁé hlf(‘é? PTWY%%‘ rs&FH odyetof 18 s

e e ?%%ﬁ?é%" "% D s,rf‘“@ O S e
ns

(comn&w%m &%E”gfd H %’n {Qel n 'ﬁ ﬁﬁ%luseb wa{’sesas?ecertwg'cmed

by combu Sﬁﬂoﬂﬁhlc%ﬁﬁbﬁésrb&ed;ﬁ&tﬂé &‘the nﬁ]@&s’tr%r@&f o 3ftefed BEW) Bﬁﬂgmﬂé Y. Q@sf#ag igures

assum ngo Blnwhiche C was associated with the SiC. The Al and ana s &5 Ver e

performed using Atom c Absorption techniques on the fired bod| es. The

el ement al Figureal iy 8 potomizeogapX 2300 &fch pbishddihereiipdissctiond >  al ent anount of oxi de.

The20Vi ck efiguredds &preomicidgrapreX 2000efragpoidbddandietchedseetigp) adgi Nng a | oad of 5 kg

force. | tFiggead ibmigelofiguh dbutat X $0gher | evel s of al umi ni um and magnesi um
additions_in the rml ar ratlo of 2 to 1 good properties were not obtained

f or the_tfRvEd Byslst wb%u%@mmlnen@nm fighEsotprmed! eond)

Mor gov “°"‘[°ﬁ@p’ @‘fhtsP‘é’gd "’?'R?l“ '%Y}'ﬂg FHKW“‘?“&? thepuohrg thesiteter §iger

I eveI s q‘ts " 9 19 elghing. éFPBUQQI‘hW‘}qUTﬁ‘th’%’;?ed

Lg{j;ac rt| z@%ﬁ he S é use%?éic weof es avm en cp ? lv@%‘gmg l;éq’ ﬁ5§

IS pos HIn@-reﬁdjlh $b§$nc ool cis uc 3 ma Iﬁ%ssl remt TS UbSt” t as%ﬁﬁi@ﬁé% on
[

is #equired to achi eve excel | ent propert| es. Furt her nor e, i s specul ated
t hat t lcoMISRATAEEXAMPLER 9Hpgld i es especially in the interior of thicker
bodi es could be of a result of the inability of the thicker bodies to
subst ant ilaihkse sdmplbs RGOS (PSRN ISuBoMoTGE @8 istle kifterdh AR THeGaRIsH vi¥Ecolered by a

f avour apyyder ke inrei graphite work hor Jhesawden beditvasta Liland bt 80 wiko iz, griBid cOWEY AT, pbvidet. The
pos¥i bwerk bex yee bentaddn daatintesresigianke fhingda iredniargom atoncsph@e. Thgities eyainemplbyied & sawd in

mai nt ailtvledyEtederiesrasbpwndn Tbledper ti es W|th no cracks being detected after
55 firing (conpare Exanples 2 and 3) : %} is specul ated that the cracking
is caused by either differential Et 'P of the surface and the interior
or gifferences in the thernal expan haV| our between the inside and
the outside of the bodies as a 1 5% %9 ﬂ‘i‘anges in conposition during the
sintering process caused by an unfé\‘? & 4p°e My to Al ratio in the starting
compact . EP 0 497 822 Bl [ERR] F‘S’BP%WEES 7, 8 and 8A Using the
procedure of Exanples 1 to 6, excebPRP%Gi cated for Exanple 7 and 8A

di s,¢s 75mm i n dianeter and 16 Y14Erm8o> Bl respectively 7nmand 1 3nm
thick were prepared. The results SPREIRGHAT'n Tabl e 5.

Table 7
50
Experimental Results (Al;O4 Only)
Example 9 10
Composition '
- SiC Surface Aream2.g-1 | 10 10
Sample Dimensions

Continuation of the Table on the next page
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‘Table 5 5 Experinmental Results for 75mmdiscs 7mmthick 10 Exanple

7 8 8A 15 Conpositi oNng 82?'5 ace Area [err] 10

10 10 Initial [err] vv? §b§: i 3.6 10. 7 10. 7
O wt % . 1. 1.4 25 Final SiC

VI\\/E% 92.8 861 %ﬂe-ﬁ (‘59'?“"”3‘6 [ore] W %

8.1 15.6 13.3 Mo Experimentg|Rpgults (Al,O5 Only) 0.01 0.01 0.5

Density g.ccl Example 3. 19 3. | wei ght change %

-0.% -1.1 -0. 8 Vi ckegrs—TERMEETm ( &4

64

22. 9 24.7 Centre Thickness rmm 24.2 Fracture
Tcz}ughness (MPa.nferr]) 4A|‘b Wi% 5.4 N¢tes: | (1) |For Exanple 7, heating
from[err] to the soak tenperal,hmaqa was at |[a@kr]} 4d2) | Fracture  toughness
was det er mi ned by 55 17 ik 0 497 822 ppgengati on using the
equdfion of Anstis, Chanti|ksnst Lawn and My ,ooh |AMEr. Ceram Soc.
[ 9] 533-538 (1981), URbiliYchandd % V1 CK¢r :g s$ dianond indentor
at a load of 49N. For E ﬁar esQHPX) bi al | anmount of Si was
detected by XRD. For Exangl e ammy s4€fr] 10 (corundum was
detggeted. Table 5 iIIustrates gﬁg h| gh | e gcure t oughness
achievable in a fired body Si-C—prHoductlof the invention, and
the general tendenc for fracture tou hness to increase with the | evel of
Al ri cHEeERIRYEaY "8%'“ ' o “’“'\"P?t blg,under the sprmgopditions wijryeeothlaq. 5j C
densi fu’ﬂ 7 g’p‘ﬂ‘g 6’“’@"'8:’ "%’Eﬁlﬁp" ﬁ‘Eﬁes PO A Litormitg with sgcfgndhicknes
toughness 8te aBout 3.1 I\/Pa nferr] as determ ned by the Vickers indention
ng»{uo %ﬁﬁ Ofi53@ampl es 7 and 8, which 15 accords with published data on
EXOLOY otom crographs, representative of the mcrostructure of the
si ntered BafHwbs Abre B3N URdeBdifeRdnteoTdRiGNYIn aegardéwwp%adelbédqn@ﬁmgevcnm;d;sbuﬁhg.uz el
i's a phsstadana ragits aRiisted in 73 80f a pol i shed, unetched section; Fi gure
2 1S a photom crograph X 2000 of a poli shed and et_ched secti on, and Figure
3is simlar to Figure 2 but at X 5000blel gure 1 illustrates the form of

dupl ex mcrostructurfe obtai nable %mgnmﬁ‘gggmgsent I nvent| orh The 1ight
col oured con- sti tu“,]xa qITpT ses—A—Ttth comdary—ogtte—alf so cont ai ni ng
My, sf ormi ng a skel etla® 8% uct ure 't hronughao 47 thd '@ ntpfdd S|C. 25  That
secondary oxi de congtGomgesiitn i s not appare1t in|Figurps 2 apd 3, due to
etching, although the&si®Sacert&m2g-olinded | 15 15 15
Initial _
35 Al,O, wi% 36 3.6 36
MgO W% 14 1.4 14
Composition of Powder Bed
sic wi% | 80 73 76
;e : ALO, wi% | 20 18 19
il c wi% | o 9 5
Firing Cycle
Hold at 1400°C no | no yes
d Density g.cc™1 310 | 315 3.21
Weight change % -4.3 7.1 -1.6

As shown by Table 8, densification is enhanced by use of C in the bed, and also by use of a mid-temperature hold.

EXAMPLES 14 AND 15

Samples were prepared without MgO in the samples, but with MgO added to the powder bed. The powder bed
(composition "A") comprised 75.5 wt% SiC, 19 wi% Al,Og, 5 wi% C and 0.5 wi% MgO. The conditions were as for

55 Examples 9 and 10, and resuits are listed in Table 9.
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grains of sintered SiC are readily apparent.

of very fine grains co
used,

i ndi cative of these having
sintering and precipitation on and between | arger particles.

rrespondi ng
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The use of MgO in the powdesr bed, when no MgO is initially present in the body, is shown to be useful in producing
dense bodies by Examples 14 and 15. From the results it can be seen that the use of MgO in the powder bed has a
beneficial effect on the densification and results in the formation of a uniform body of high density. This is in contrast to
Examples 9 and 10, when no MgO was present in the reaction zone. In addition, it can be seen that the MgO is effectively
retained in the thicker body (Example 14) after the firing process but is lost from the thinner body (Example 15). It appears
that this loss occurs after the densification is activated. In any case, it is demonstrated that the use of MgO in the reaction
zone allows the fabrication of dense uniform thick bodies as evidence by the fired bulk density and the hardness meas-
urements as compared with when it is not present.

EXAMPLES 16 TO 21

Further Examples 16 to 21 were produced by the procedure of Examples 14 and 15, at various levels of Al;O5 and
with either no MgO or 1.4 wi% MgO in the samples. The powder bed corprised either composition "A®, or composition
*B" having 76 wi% SiC, 18 wt% Al,Q4, 5 wi% C and no MgO. Other conditions were as in Table 10.

The results of Table 10 make clear that good densification is possible if there is MgO in the reaction zone. MgO in
the fired body can be slight, although (taking into account experience where no MgO is present) indications are that
MgO taken up by the body initially is at a higher level. Thus, with no MgO detected in Example 18, the indications are
that the relatively thin body enables all MgO to be lost after it has activated densification. Particularly in the case of
thicker samples of Examples 19 to 21, increasing density with increasing level of Al,O, is apparent. As aiso detailed
herein, fracture toughness also increases with increasing content of seoondary omde constituent, such as up to at least
15 wi% of that constituent.
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-Experi mental Results Exanple 11 12 13 30

Conmposition SiC Surface Area [err 15 - 15 15 Initial 35

[err] wt % épo4%7%2231 3.6 MO wt %

1.4 1.4 1.4 Corrp05|t| on of Powder Bed SiC wt %

80 73 76 40 [err] wt %
20 18 19 C wt % 0 9 5 Firing

Cycle Hold at [err]] no no yes 45 o

Density g.[err] ©3.% = di15 3.21 Wi'ght “change %

-4.3 -7.1 1.8 As shownSy FabPe & Rnsifi &tiGn % SMhafced by use
&@f Cin the bed, gnd alijso by use of a md-tenperature hold. 50 EXAMPLES 14

to the powder bed.} The jpowder bed (conposition "A") conprised75.5 wt % Si C,
19%t % [err], 5 wf% C gnd 0.5 wt %"y~ THe cBnditions were asifoft 55
Exanples 9 and 10,| afd fresul tsSar&liSte® i M Table®. J9 @ EP 09497 822 Bl
Tabl e 9 Experinentlal Rgsults (External MO 5

AND 15 Sanpl es werfe prjpar ed without MJO in the sanples, but with MyO added

Exanpl e 14 15 Conposition Si C Surface Area
[erﬁ] 10 19 Initial 10 - n - [err]
9 3.6 10.[7 - MgO Q@ wmRB S 0.0 0 Final® - [err]
12.2 - MO | & 9 =™ o 01 S o0, 12,Sanp|éﬂu‘ﬁen§i ons
D ameter nm H 75 38 20
Thi ckness Mm © 7 33 Conposition of Powder Bed A
A Rensity g.[eir] 3.19 324 Wi ght changan%
+2. 4 -1.2 3} _ S S < VRckers Hardness (@Paf: Edge
%1  25.7 Qntre ® o W ° I (° 25 30~ < Pheise of MO

in the powder #wed,| when| no I\/gO|s initially present in the body, is shown
to be useful iw produci hg dense bodi es by Exanples 14 and 15. Fromthe
resflts it caif be |seen kthat the use of MJjO i,\g the powder bed das a
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fetaihed in the thicker body (Exanple 14) after the firing process but is

| ost fromthe thinner body (Exarrpléi,ol,‘i'&azb?appears 35 "that this |oss

occurs after the densification is activated In any case, it is denonstrated

that tRRaMSiesebTdEE in the reaction zone allows the fabrication of dense

uni formthick bodies as evidence by the fired bulk density and the hardness

meas- Ur esresnibedicapmexiiadlyedonih sddardliemim tHick sl waRhingubow 6.5 kg wérd@ddatddfromh @ pdvide?? 1

40 Fur rdehavibgc e mpitis1.4 6t MgQ 2 wigs biadgd (e (s etbudExainhles) pridibeblianes @mpilisiog IS. @ 14

ands5 15 povader minwasmilled asaietailes indhblq 2 with]thearertitand sluiTy thert spey dried. TMgBean bodles AveratpfepdagrO | n

t.he sakhpéingls endeidenippinheressing al$s MBainai68 teanegirash dheydhenwers ihedtagiin & finw of ainat 30°C.h~1 to

. Corfpos F0°G Andreld atiha) fermgerstere for d4iatrabeloEgogiing/at PO G pr‘tsroam%meratn@ no MgO. Q her

condi t i orl@regreptve firings, PP"’F&‘B'P’%“TE"’S- fl"ﬁé"’?’@d'P%‘%e’%ﬁ'"“’r‘?i’d‘P E—!’@e‘* WP&“Q?F"@&?EW"H%PF

goog dg\jﬁ??‘ e b‘?"é“ P ‘“‘?‘h fHepge f R/?’@?"i‘ 3‘1“ F?“QU umn

45 " ndEerad g Rttt Toniini f‘esasa%‘eg ML plp P

where H5° NGO ??"]5’ sﬁ'fbf T Sf‘l%?ns”g? Rare poNEEfe 87 OBy PR Thody

initially is at a higher |evel. Thus,-ramﬁh no MyO detected in Exanple 18,

the indications are that the rel@migbyridngicpuddody enables all MO to be

losfs after it has activated denghdfat fp3¢ AN 103866i cul arly in the case of

t hi cker sanpl es of Exanples 19H$|@un3|11acuhrﬂ‘<‘éoﬁ g density with increasing

level of [err] is apparent. As al gQuflGk herein, fracture toughness

al so increases W th increasjfg:Gephan ,'Sis&,e& gy oxide constituent, such

as up to at |east 50 15 wm A)Ofﬂoﬁigﬁmﬁe%?&d&dfe”t 55 20 EP 0 497 822 B1

K_ 20 at 5° -1 from

[@R] 55 21 EP 0 497 82% i 'M’ g%ﬁé S§een bodi es approxi mately

130mMm square, 19nm thi ck ana \/\/EngI Eo | g wer e produced from a
)‘%@ﬁ U nder (as in previous

powder m x having 10.7 wt 74

Ex | es) and the bal ance(:@(?o#pr?smng "E‘" ""%P'I(esm@\r/\der m X was mlled as
detali | gglylofin mega lbrd il S el Ynar&%n?u% b et
bOd' €S paifvdeh tilBd dl €rrlh lesiAhFsich W e {h8 p

tONNe BLARS usel HMHin fal Bf% bl %a@ﬁimhdad Eoforf bt i L‘fox,%h ﬁrof o bdd oh Hiaf |
and helager.adith thb?ématnﬁngp&&ﬁetdﬂ{he bdxGiliedith b béwaBie@ ESasid dltﬂgh@&odnfaﬂd‘ coJeQd fo@om
t enger adpi dabolioh SpROHHAIMES kg of bdddErbe®Rdslbsadin dacv@inganpl es, the gr een bodi es
wer e si ntTas @ellts Gotgiied ittCEXainplbs 14136 aheasat dutig Tdbl 18N at nos- phere of argon or
car bon nonoxi de supplied to the furnace froman external source and passed
through the furnace. 10 Wth each atfffisi¥®here, one firing was with a powder
bed .in the furnace, an anot her VasFiiMgiReasé such bed. The bed used was the

sam® as described in Al T gl firing cycle was as
set out in Table 11. TabIE" 1 t?#'f‘r"é'"%/mo @é‘%&"ﬂy@cﬁ\ 7°LVH es )5 o
Heat at 10C min. -1 tojerr] Hol d unti || Geendintied 0 Lassct ons Backfill with
Ar or CO Heat at [err]| faeam[B0Qked 0 [efrisdipl dogt] 1480C for 60 min. Heat
at perr] fromf[err] tlo [26r]| Heséa at [ferid7 |fraem [l §60C to 2030C Hol d at
ferr] for 60 mn. Cool| atasberfr Jamstnt i | jnaj sy &l @gohlia_g [ akes over 25
22d Arbed 1.56 3.21 06
22e Ar/bed 1.59 3.23 0.6
ad .28a Ar/no bed 154 | 317 | 64
23b Ar/no bed 1.55 3.19 4.0
23¢ ~ Ar/no bed 1.53 318 37
: 23d Ar/no bed 1.54 3.18 3.9
50 23e Ar/no bed 1.55 317 6.5
24a CO/bed 1.55 3.21 1.2
24b CO/bed 1.55 3.17 1.2
24c CO/bed 1.56 3.15 08
6 24d CO/ed 1.56 3.16 1.0
24e CO/bed 1.56 3.20 15

Continuation of the Table on the next page
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For the firings, the green bodies were placed on edge, in a parallel array
In a rectangul ar, graphite work bogpol'%egz?%ci ng between tiles was about
lcm with a spacing of 1.5cm between the tiles and side walls of the box.

Where the powder bed was used, a {‘Eje%l@%ﬁrueéif carbon bl ack was provided on
t he bottom of the box, ~w | ayer; with the

remai ni ng volune of thg box filled WrngResHe powder bed $0 as to result in
the bodi es being cover axdmpiad| 3BhwionfBRt N Bbnsged) Poowt. Approxi mately 3 kg
of powder bed was used|in each firing. -i,%e' SHIS qt=iined wi th Exanpl es
22 to 25 are set out ipTablell2 T Heing D?e'lss-%fl—ds 35 Exanpl e

Efwd r onment Density](g/cc) N . G een Fi rgd s 22a Ar/ bed
-25a CO/no bed 1.54 3.21

1. 58 3.26 0.6 40 25% Ar/ bed

1.57 3.21 0.6 22 250 a}/ fRjgobed 1.55 156321 | 3 349 0.5 22d

Ar / Bed 1.56 3. %5¢ BOBobede | 189 pRef | 36 1.59 3.23
0.6 45 25d CO/no begy 1-55AJr/?ﬁ? hedd 1.54 3.17
6.4 23b Ar/ no bed 2501 £5COMmobpdig| 155 |0 $2%| 54 Ar/no bed 1.53
3.18 3.7 23d Ar/no bed 1. 54 .18 3.9 50

23€44 Exampies 22d0]25 show gdod 'gBnsificatidh, dtfained wigh &n gmgsphere of @Gprixer darbon monoxide ] withHr
3.21 witoupa gaptder bed (oRONbRmble external sourc obA)-speciegor Mp-specieg). 2 24¢ CQO bed

1.56 3Chpmical anglysgs wate performed by taking a vertical, cross-sectional slicg i selected tiley qf aaph firing of
1.56  Examples 22 to 2§, agd gnajysing top, iddipangl bottom portions pf thgslice. Thp ragyits are detaledipy bl Aiat i on
of the Table on the next page 22 Ebni91£197 822 Bl Table 12 (continued)

Fir#gong Results Exanple ¢ ) % W. Geen
FLrged Loss 25a CQO njo_bed _Chemicgl Agalyses (Wifp | 5.2 25b CO no bed
1.55 3.21 3.4 10 Example | Region | SiC | AlLO, | Mgo25¢C CQ' no bed
1.56 3.22 3.6 25d < BT sl La®| 109 22 3.5 25e

CO' no bed 1.55 42 i%r:“éLS ass | B! 65 |22 to 25 show good

den®i fication, obtained With an rigorﬁp"le%egbﬂ : opgqr car bon nonoxi de,
with or without a powder |bed (or| conpal abl'g exte na‘f5 source of Al -species

or My-species). Chem cal an?é%/s s_wer e| perflor red b%[otaki ng a vertical,
L
&

ecteq ti|les o g7c

25, spand anal ysing top, mj{ddl e and Bt ¢ gldrt itk g the slice. The results

are detailed in Table 13.| Tabl e 1%"Hefi A aq_s S (W% Exanpl e Regi on
5

cross-sectional slice frgm ! of & i ng of Exanples 22 to
m
80. 6£ 143, 1

SicC [err] MO 22c Tlop 2
M ddl e 84.8 10.3 0 7 bt tlofP . 5 8-50. 8

Middie 86.4 9.2 0.3

85 Bottom B84.2 11.8 05

25b fop 864 1.1 | 07

Middle 858 11.1 10
Bottom 88.1 1.1 0.9

The results of Table 13 shows good overall results are obtainable with an atmosphere of argon or of carbon mon-
oxide. The tiles show increasing levels of Al and, to a lesser extent, of Mg (taken respectively to be Al;O4 and MgQO in
the secondary oxide constituent) from the centre of each tile toward its top and bottom, due to the use of a powder bed.
This compositional variation is not found to have adverse consequences for the physical properties of the tiles. It is
attributed to the relatively large mass of tiles in each firing to the effective furnace volume, and the close confinement
of samples in the work box but can be minimised by reducing the quantity of powder bed or its composition, the initial
level of sintering aid or a combination of these factors. While a powder bed can be beneficial, as evidenced by earlier
Examples, Table 13 shows that use of a bed can be obviated.

EXAMPLES 26 TO 29

Furtherdiscs, 75mm diameter and 7mm thick were produced using either o-SiC powder as in the previous Examples,
with B-SiC powder (ex-Stark), or with a mixture of these - and B-SiC powders. Green bodies for the tiles were prepared
from a powder mix of 10.7 wi% Al,O3, 1.4 wt% MgO, 2 wt% binder, the balance SiC. The powder was milled, spray
dried and compacted as described in Examples 1 to 6, except that the mix for Example 28 was prepared by blending
separate a- and B-spray dried powder mixes. The resultant green body compacts then were sintered, using a powder
bed and firing cycle as specified in Examples 1 to 6. The results obtained are summarised in Table 14.
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23c ' Top 86.5 11.0 1.0 Mddle 84.5 . 10.7 1.0 30

Bott om 85.8 11.0 1.0 24c s 83.6 13.1 0.6 Mddle

86.4 9.2 0.3 as EF ORer 02281 °° - Bottom  84.2
11.8 0.5 25b Top 86. 4 11.1 0.7 Mddle 85. 8 11.1 1.0
Bott om 88.1 11.1 0.9 40 The remiidtas of Table 13 shows good overall
results are obtainable ftTh an aru_@g %glg,ﬂ,ggtm@rgon or ¢f carbon non- oxide.

The tiles show increasi pg—evels—ed essef extent, of My
(taken respectively to 33"5["%??% SiggPavt ODeRsity 9l sbc%Mfa y oxi de constituent)
fromthe centre of eachftile tpward i| ®rdef|} Eireld pChdngery due to the use of a
pdwder bed. This conpos Trggarfgarrat|op.1 4y ourg, 1o have adverse :
consequences for the thsi cal OE&%Et e§:7ff Tﬁ [ i I+q,ég It is attributed to

the relatively | arge nap { fi:{'d.,ng t+cb'1t He ef fective furnace
vol e, and the cl ose chf bénema o] 4s 442 the 1' k box but can be
m ni msed by redum ng t [ty of n'mﬂ ped ‘ 3 corrp05| t I on, the

initial | evel ' of th ct

povcer TG 'ﬁ"é’ “::g§°°e:x: fé??ﬁ% ikt g

iggm di &%ﬁ&net{% ﬁ BE 'AErfB dié'tr{bg sedl . ﬁJ ! 5%9 @g,%qlasscs
n D esn e as-op| to ||nspp iBSNo

i nthe %ﬁﬁbhﬂuﬁerﬁ% wasn us¥brlcDardPlic wemb SpstHUddR the ﬁfs}so ana%esw thd Widds, and

M Xt Ur ghe@dwet deASitRs dith 878 of @rsrslslcSarG “m@s\deraﬁme 47 R BtrBGeH tea.ﬂéra{ceg ifihal dohBasitiver €

pr epar oftkhd disesn a powder mx of 10.7 ww% [err], 1.4 wt% MyO, 2 w % bi nder,

t he2bal ance Si C. The powder was m' |l ed, spray dried and conpacted as

descri EXaMPUESERAOPEes 1 to 6, except that the mix for Exanple 28 was

prepared by blending separate [err]- and [err]-spray dried powder nixes.

The r esulRigepeprixielsly 78y demeiprand sboutyam els, wers iprppecedd iom & agwder reix pryiRa &9-7 Wed

and,f i PRy 1EYEr MoR 2 "%"bé’&‘i"’f?’@él""lbﬂ'a@ﬁaf - dlae ppwiles mix WasT'H@Bdr@@ﬁ?ﬁd@Wta‘F ﬁ@Hhear e

suntrar |’°§lé’ n gipert 15‘1 GOonRpcls Fhen sintojed,ap é%fxﬁf'e?dﬂ‘l’% °I‘2?pj Sérqegf“edé‘ﬁ’d'"géts?igi i C

.Ql

Eval u af’\ egthe milling was in water, rather than lsopropanol Also, in-ong illing / cc

% W Gp%% rafgertlé spraygg?.@é r%egases theéined powderwasWE\iedﬁ ore co

n. Powder HGEF

50[ err / edln ble fhown mTaBIe bs 10

28 a0 25[err]/75[err] 1.81 3.1&]915 + 0.1 29 [err]

1.86 3.05 -rt2—fhe—gre Trti:;' TS IIL,I ggset—wtih—Tmcyeasing [err]
content, consistenf_with jhe | ooder (oparatlon Progessig v of 1 he 4 Si C powder

used. The use of 5pDEg@ple- | aMiling iEyid | QNmP@mﬁt&cqn#wTwmb lent fired bulk
density. The use of [e&dr]| fkfer al One| andspipe 2%: 75 {ip mechpni cal m x of
spr&y dried [err]-Bi Cgand| \gfef ] - Si C pr ed fel at g@gl ower | fired
densities. However| tBe UBRoRdpahdt! I'| - Siderapas {ot bagn optin]sed and these

| ower densities arp abgri 3Wa1% to this,pgaS opposedglgpgany i htri nsi c
property of [err]-Pi Cs4No gbggyamcant q;pia&ere ces gg‘t,e\geen upe of a- and
[erp] - Si C were observet—oh—the—basts—of—ehenmcal—aral-yses—et the discs, and
the | ower densities with 25:75 [err]- plus [err]-SiC and with [err]-SiC
al one are not attributed to dlfferenqadfuen final conposition of the discs.
20 EXAMPLES 30 TO 34 DrsTs ap anj about 7mm t hi ck,
wer e produced from ajl-peowder Fﬂegmg{"%ﬁb’ﬁé el 14 w% Mo, 2 wt %
bi nder and t he bal angExagples FhickrasemmclProity Fired (alees | % Wi less | dr i ed and
conpacted, and the 2 sesu] t antesgr egn bodw.2oonpa¢t s Zigen| si ntered as
specified for Exanplles 41 to] 6, egcept| as dehail ed|heragdon. |1 n some instances
the mlling was in watesa rpthersthan i sopmsgpanol | Alsa, |n one instance of
mlling in water, the nadled sl uysry S 321 3.08
® 34 25 3.20 272

The fired bulk density of all discs was high; there being no significant differences in Examples 30 to 34 to be attributed
tothe different fabrication routes. Thatis, it was found that milling in water is essentially comparable to that in isopropanol.
55 The relatively high weight losses were attributed to a temperature measurement problem. Milling in water necessitates
- ahigher drying temperature, tending to increase the formation of aggiomerates. Thus, while sieving has not been found

to be necessary with milling in isopropanol, it is indicated as desirable after drying of powder milled in water.
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‘pan dried, rather than spray dried. In sone cases, the dried powder was

si eved, before conpaction. Powdergg 2%51% S det ailed in Table 15,

while firi ng results are shown |n Ta |

Tabl e glamPl@aderoRBg epar ati on Processi ng Exanpl e MIling Fluid Dryi ng

Process Secondary Treatnent 30 Wat er Spr ay Ni |

31 VA these further Examples, disc&pdnipHirable to those of Exaniple@Witiére prbpared, inlgeiibidl ByXAdSrbcedure

Spr ay of that Example. The Riktént f3vhich each\éitE@dimple 35 to 39 was the sdn@ras or different from Examplsisde/etou84

| sépr dp@ablei7. Spr ay Sieved 40 Table 16 Results with Table 15
rocessi ng 45 Exanpl e Thickness mm Density Fired
g/cc) %W loss 30 25 Tble17 3 20 2.16 31

25 3.19 ReRlvitp® Example 8 5 3.21

3.44 29 S. 21 3. 2b °OU 54 29
3. % ‘Example 272 The fivad budl dons Comment, e o Ri-eth—ther

Ol IN  OCTT A1 ol JCJ vvuq LR 3|| C

bei ng| A si g1|TF?‘&'§'ﬁt“s‘ﬂ'l“Pfl%‘?"é?1'dFé9 rethpr (har e ﬁé%'”ﬁéa"ﬂp@e?ﬂ to be attributed
tot hefitéfere 1%%?'&‘9’8? blagk Aphgeen SIC of 18mSfa apgynot Ipss "\ﬁﬁg-‘%ﬂﬁ'\‘ﬂ "P‘PPéfha’l‘rﬁi'Pqnl“t‘i'@fs‘i”h
water|i s esseRiqohntip é’P"élHl"é‘th’tﬁ’f%pr'?% i sopr opanol The relativyely
"étag ey siat AP IBPEY Pem

i = %’:iﬂl
!r\]/; Flhl hg ?ELV\AHJ@?X% 09 ’158}” 'Fﬁ E?Wda’ %‘e H‘ﬁt@ %’gﬁw b"fdﬁfﬁi'f’ng tg
|ncreat§% t he é%ndé wm&j}% :%ﬂ“%?‘ﬁ m\hng?fgvg I4&f""ﬁ? as _not be¢

ng:’l? e af é nl 98' 1 rlc to um-ou
ExaVPLES 35 @:1?9 A unﬁ%ﬁm%ﬁ ln]ectlon ud le Of
Siten| to wh| i ars ﬁarms Prw.aame b 2| The

extent to whi gy ,et _was e sane as or {rom

EX 1Z Dol o+ o bt b o ool o O 10
arrp VU ID DCL U Il IalJIC J.l. IaUIC LT T\C1T aLIVILy LU LAAlipr © o

-

14

n

(]

Exgnpl e Thedensntles nessandfr cture toyghnes: resultanttiles ﬂgﬁ%ﬁﬂmpﬁ%to% aresu is@g S C
ST, Yo ol o H?ﬁ 0 corkiad AL 11;9« oD tAghrbdd (e Rentaion. as determin %ﬁé’n@a Si C
was  bls@fdardis NRkcbordiHg 10 A&k bilal rBrerid i dBGle. The Pvalubkaia ndl ARéwRkEobibtibn tolpaHiddRF
t han ghaaypeéﬁh%m valués r@f,e Haed calc@ifed tbribo 13 PefmBuist tybd/(inf parenthes’ @k the $redian/type.
As f orrhdzxesisp type B&oremkemmuﬁwoadum ahdthd fizBlu@nadginessivalles og@iedl 0SNM squar e and

12s%m t hi ck, and forned by 15 uni axi al pressing at 80 MN/[err].
Al so, the powder was nmilled in water™@R#th 4 w % bi nder _and aggl oner at ed,
wi th green body Wi nder burn out aihye{.oarprr&peii.w 4 hr. 38 As for Exanple

37, but with aquqo S Wgreeyr. Also, the
povvder was bl enddd—w plg *Efﬁ_gy%p.m Tlh %rdnegw@ﬂg) ﬂ°'°!@f§x"§ nt to provide
af¥er bum out, addi t¥ona MyO. 326 3p 201 Agl for 5B8%&®il e 36, plus the
disc was 20x40x5rm a#d flor med B§1inj eclion Wul dijng, &$®8 [18.5 wt % bi nder .
Al so, powder milljingwag in wafé?, with 1 vit9% My-[st eab&@Slilncl uded as in
Exanpl e 38. Bum dut 3as |by heaBRhg to BOOC 199 an |i ner 5-248-Adsphere to char
thg binder, foll dwedy |heatin819n airf at [166r] flor 15688tjo conplete

\bi nder renoval . 25 Thedensities, hardness and fracture toughness of

t he r esWheaftand ¢ &re gsep paintariegiidsfor Blacki$is} af sot BBs than 92% parityciG! thehighes Albontent didhat e
18. Thede & §iGig faund tatregult in gxcpesiva grain arowt. I practi¢e; ibie exiremely difficyihiecentrollthersinjeringsyale by

i ndenteavPid ﬁus Hewewasithg t,lﬁsrp@guqﬁp With Examples 36 to 39, each using such commercial SiC, were found to
4 oxhibita microstructure of uniaxed grains of less than Sum. Also, as shown by Table 18, the tiles produced with that

material were found to have similar fired bulk densities, hardness and high fracture toughness properties as obtained
with more expensive green SiC of not less than 98% purity used for the tile of Example 35. These findings, attributed
to the quite different sintering mechanism characterising the present invention, are of significance given the cheaper
and more readily available less pure grade of SiC.

50 Examples 35 to 39 also further illustrate the excellent level of denslflcatuon obtainable with the present invention,
as well as the level of hardness and level of fracture toughness. These Examples further illustrate the ability of the
process to accommodate different methods of compact preparation, both in respect of powder milling by aqueous and
non-aqueous media, and of methods of compaction. Examples 38 and 39 also illustrate the ability to utilise organic salts
as lubricants, with these in the case of Al- or Mg- fatty acid salts able to serve a second role, after burn-out, of providing

ss Aatleast part of the required level of Al or Mg source of densification aid.
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sttandard | oad of 306.6N according to Nii hara et al referred to above. The

| /a values do not allow associ ati or}ﬂ; gqul ar crack types and the [err]
val ues have been cal cul ated for both the aI ngui st type (in parenthesis)
and t he ggRelbids do¥8Q9 The nedian type is nore likely for the | oad used and
the fracture toughness val ues obtained. 30 Table 18 Physical Properties
Exanpl e Damsiabdve &fanipies, @Aleds ldRated to tHa c6Hirarg, She(coiifakts werpfeparddRith [26vi% brgaric binder,
35 with binder rethowflas detailed in Examples £ .61Thus, in general, bindbr. rmdvél. wa} cdhBucted by heating the
3.215  compacts in a flow bBairGat 400°C for 60 minutds, The pPBsd) fudier Examples provide a c@mda@son between this
19.-5 and use of an ir@rt gtn’@@hgy ra@h@r than air, with argon selgctét{3s the inert atmosphere. 19. 9

5. g/( 6. 7) Riges 75mm in diameter and either 7mm or 13mmdhick were prepared, in eggh ¢ape with 10.7 wi% Al,O4, 1.4 8%

5 6 ( 6 gowreﬁmc B'"a?'i é"‘ﬂh?a?"@"%s‘é ﬁ'cdg Eéqmrteeﬂq ‘ﬁd“ andd@ Q'Q?P AgfjegrnSiOsp! ot gss Hhan 9%‘7es s

e & V?h e Frxr' eﬁhag? L
I | or o et
§f‘3 i s %%g gt i :ﬁéd %%3« st
exhi b brt ?QT cefg'acgqpéhg%‘"%% axed &%ﬁgﬁﬁ% iplop 410 4PNl o err Jgnovadn
abl e 18

shows by the tiles produced with that material were found to have
simlar fired bulk densities, hardnessmaa®nt hi gh fracture toughness
properties as obtained with nore BigeeRemovaingrggen Si C of not | ess than 98%
purity used for the tile of Exanmeettstsocd@swenfi ndings, attributed to the
quite different sintering nmechanimw ahesetdresmisi Ng the present invention,
are ® significance given the chasperciogd-owms®echeadi |y avail able | ess pure
gr.ade of Si C. 50 Exanpl esHeabest @ t4b0ad f eyt her il lustrate the
x"él | ent | evel of densificati ofeafifsb@ibéodtcat¥octi-it he present invention, as
weII as the level of hardness and gwawvabkomet fof §@Ct Ur e toughness. These
Exanpl es further illustrate the ability of the process to accommbdat e
di f f er eholardobrahs! wiil nafhR 8sdingiePaveat i on, both in respect of powder mlling
by aqueouseaainét tHa@Resot| Exatndiss 4086l 49} aftedbitieObmeval Waelsintarbd it 8 Rgatey dyéd) wittrbaakigat @fh 38
and 39 atgsm as delailatin Rble 11 Inchisins Hisds werb i twi batches@f Sfisg@) Dsing apeEphits wark bbx fEricadh &AILIS |
wi t h t hesda powddrhed asalstailed for Bdamples 2204j25. f at ty acid salts able to serve a
secosd r ol Ryior tobindsr refyemalithe green bodiesyyith highdr binfleEnterh werp relatively waakiandfequiredcarefitfoains ed
| evel oF’"'!&lThﬂ'rs"W@‘hS‘GﬂmEfeW@Fﬂedmifﬁmwatwhmlrdﬁf@m%wassatﬁhc@yﬁtw Egplegindicating
EXAMPL ES‘%B"“TB ugean ipert ataosphors i thissopgigiion Slowsypy, @ bigher ‘f‘ﬁﬂh&'a*tséﬂ"”ﬂﬁﬁ i e aperptiop Wit

aedor arm Al b IR ol R ek s

CondﬁCt € :&ﬁe\éurﬁgﬁé&eﬁ% Jﬂg i dd rggeq(ﬁﬁt?n'llaﬂefo flowof air at [err] for 60

m nut es. e present es provide a conparison between this and
use of an inert at m)sphere rat her than air, wth argon selected as the

i nert atnosphere. Discs 75mm i n dianmeter and either 7mmor 13mmthick were
prepgred, in each case with 10.7 wt% [err], 1.4 w% MO, organi c bi nder and
tRe,bal ance of SiC. In Exanples 40 to 44 and 49, green Acheson Si C of not

| ess than 98% purity was used with 2 wt % bi nder, while in Exanples 45 to
48, bl ack Acheson Si C of not less than 97% purity was used 10 w th about
7.5 W % organi ¢ binder and about 1 wt % Mj-stearate. For Exanples 40 to 44
and 49, the powders were mlled and spray dried as for Exanples 1 to 6
while, in the case of Exanples 45 to 48, the powders were aggl onerat ed.
Exanpl e 41 was subjected to binder renoval in air in accordance with the
procedure for Exanples 1 and 6, to provide a reference for conparison

pur poses. The others of Exanples 40 to 49 were subjected to binder renoval
in a?agon, as detailed in Table 19. 15 Table 19 Bi nder Renoval in Argon Heat
to 160C at 30C. [err] Dwell at 160C for 60 mn. 20

Heat [err] to [err] at 30C. [err] Heat [err] to 450C at [err]
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Heat {err] to [err] at [err] Dwell at [err] for 3 hr. 25 Cool at [err]
until material cooling takes over % he di scs of Exanples 40 to 49,
after binder renoval, were sintered 1n a heating cycle, with backfeed with
argon, as detailed in Table 11. I'n this, the discs were in two batches of 5
discs, using a graphite work box fofaRlem®atch and a powder bed as

detail ed for Exanpl es 52 to 25. ,39‘\/\@, Prior to binder renoval, the green
bodi es with hi gher bi nO&F*B8/t ¥AL1Bindex) Remeyal i@ Arand required caref ul
hans dling. Theirstrength was inprovedafter binder renoval, while binder
renoval Was—satt sftactoryforat—Exanptes—freeatrg—e—abiHy—to-use an
iaert atnosphere in this operation. However, a3 higher weight |oss occurred
in this Jpe@P18n with Exanpl esDessity4dadae ?"() t hefr Wti.glChangender
content. The weight |oss for Exanples 45 to.48 was about 8.4% conpared with
1. 8% for Exanple 41 (binder PERBYPal i nFAXEY and about 2.3%for Exanpl es
with |ower bhinder content renoved in 35 argon. Results obtained with the
fired discs are set out in Table 20. 40 45 50 55 26 EP U 497 822 Bl
Table 20 49rings with BinderlReRoval i3.28 Exanple - ¢.37

Dengity (g.[err]) % W . Change 10

G een *1 Fired 40 1.73 3.09 _ -10704 3.18
- 0.37 41 *1 1.73 3.09

- 0.04 442 1.70 13706 - 037@6

0.72 43 1.7 ' 3.10 +
> o4 44 3 1.70 1.3110 +32344 -
.14 25 4445 * 1.90 ) 3.16
LW 1.71 3-38 - 0514,

- 0.25 47 * .- 1.88 3.09

- ]f.536 30

- £°36 4@5 = 1.90 3. B8 - 03471

_ 0.38 49 *2 x 0347

- 0.10 386 * - higher bindex.8®ntent,3ali other |owey, pgnder content *1 -
burn out .in_air, all others in argon *2 - green disc 13mmthick, all

ot hers 7/ thick. The di scofl#8&npl e M@ broken on Iegeval fromthe

wor kboxant hRe cause of this anomaly is unclear. However, apart fromthis,
the overall results were sati&8ctory,3vw}h sinilar-d@n38ties being

obt ai ned 4geqaqr dl ess of differences in 45 bi nder renoval atnosphere and
bi nder contefit. The densities were | overdbn average= theM0f or nost ot her
Ex#fples, and it is speculated that this is due to the quantity of powder
bed in conbination with the work box size and disc con- figuration.
COVPARATRVE-EXAliighle? GiR@¥ L lcbaRRlRE)a 120 wdihere is set out
sel ected detail of conparative speci fiac exéﬁpﬁ-%giﬁ%r}n ‘é?mé?n%USP
4,354, 991}, ~asburnl ont reswilts dQlAidters) it AJyye- mentioned article by
©Owri et al. The detail from Suzuki et al is fromtheir Exanples

*2 - green disc 13mm thick, all others 7mm thick.

The disc of Example 43 was broken on removal from the work box and the cause of this anomaly is unclear. However,

apart from this, the overall results were satisfactory, with similar densities being obtained regardless of differences in

45  binder removal atmosphere and binder content. The densities were lower on average than for most other Examples,

and it is spaculated that this is due to the quantity of powder bed in combination with the work box size and disc con-
figuration.

COMPARATIVE EXAMPLES (FROM LITERATURE)

50
In Table 21, there is set out selected detail of comparative specific examples from Suzuki et al (USP 4,354,991), as
well as results detailed in the above-mentioned article by Omori et al. The detail from Suzuki et al is from their Examples
1 to 8 based on use of B-SiC and Example 6 based on a-Sic; the sole sintering aid in each case being Al,Og. The detalil
from Omori et al is in respect of use of Al,O5 alone, or in combination with Y,Og, as sintering aid.
&5
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‘1 toi3 based on use of [err]-Si C and Exanple 6 based on a-Sic; the sole
sintering aid in each case being él% 4 sr%% detail fromOrori et al is in
respect of use of [err] alone, or in conbination with Y203, as sintering
aid. 55 27 EP O 497 822 Bl Table 21 Literature Results Suzuki et al

Conposi tion _ SiGablezrea [err] 13 13
13 7 RI203 -ttt at W7 orature it —1I5 13
10 - | ture [err]
2060 2000] SuzukietappQQ 1950 Tine mn. 300

300 300800 %ms&swng [e'rr] 3. 06 3.

813 3.13[15 S area OB A~ Copogi tion SiC -
area not Qj ES a - i ni tbéal I\t %5 3 I s 10 5
Al - fina .5 1. err]..z. fimpal w %

0 2.1 Ng‘@" Pe [erH 2°°g "’%g‘g gjg)o ! 2100
Time min. 3d° 30| 2

Density - g.cc Es'EEXQﬁS‘Le; 306 21 81 R_1 "ﬂau:d bul k

depsities obtal Pabfiealni th the present invention are shown in Tables 4,5, 8,
9,12, 14, 16,18 and&{rposme regults i ndicate thai |ncrej5| ng the addition of
oxi des, increapes l. et uulr\n“I Na.i Ty~ s U‘llcxpet‘reclr nd in stark
contrast with fhefi zﬁlaﬁs s of $uzuki etal ,(Tabl e, 21) where the|opposite
trend was obsefved® |orj, the tine$ r&bor{ed 3o feach a significantly
~ higgher fired bpl k JeQesiint '?'%re much | onggr (‘See Tabl e 1). In}jthe work of
Onori et al, the adb?ilfﬁﬂwg? lerr] only s thef{fectdvé for the attainment
Bt high fired Hensi'eQe-HofiMe%s. |1t appears|thdt the &¥férence |n the results
of Onori et al|Z®PoBYAIRI et 3l is due t9 A% of A% owger bed|in the work
of _Suzuki et al TmEq¥ her nore, |t he use of |vg€9 as|distl oged her¢in, provides
a ¥ery stable Pensittt aspfeetiafel |abl e to relai P4 hé activé densification aids
which in turn greatly enhances the observed fired bulk density of products
especi al fifgd fisiansiipgohtainablewitbite presert inyenfon greshawinin Tablesd, 5. 869, 12,14, 1 ﬂsw\%ﬂhe

| evel §935'F=‘ "Hseﬂta@atarafmmgdw godition ofxxidag fnereasps the fiy s@‘s"ﬂ%ﬂl“’?’ﬁ‘ ¢ anddn flark

ﬁ?frsrézr“k' !‘fk%bl"’é‘l“fhﬂﬂ PP&‘P?& r 'e 3 d 'ER? "%%:P&quness
lﬁindge |ve or toms ent o |gh ﬂbégmt ies. It kﬁj?’a‘ﬁ‘ﬁ:rﬁ\etedl ¢ nc:Ebnt SU
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31. A process according to claim 29 or claim 30, wherein said coating contains both an aluminium source and a mag-
nesjum source provided by particulate material comprising a blend of alumina and magnesia.

32. A process according to claims 28 to 31, wherein said coating contains particulate silicon carbide.

33. A process according to any one of claims 29 to 32, wherein said coating contains particulate carbon.
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35 26° A process according to any one of clains 23 to 25, H ﬂ (n
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bl end of lakidiphascand athinmeghebssidaesuttpst ingd phasqpintseadpdegtcor ding to claim 21 or
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A process according to clainms 29 to 31, wherein said coating contains _
parti c3b.aA prosd dcaidingd@any obeof clB@s 1 18 3 wbeareis Saicaxitie s thitargd indhechingy apieempddtiorcd? aaidrs
29 to 32,hemlingstep.n sai d coating contains particul ate carbon. 31 EP 0 497
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Iggst @PreA Rypcepd qsr?ﬁrq'ngmm%u’her@w&%ae @nﬂ""ﬁ'ﬁgﬁ*@@mﬁ%%’aﬁ@%ﬁa‘W'mﬁ -at ed by
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f cl | he bod
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Wer ei gg S e VA LR brfo UFdH schp Fthdirthd o bﬁ o) sac! HHMAL 40.
A process;?éfggp éaE% ﬁtogb%preyggtﬁ ' B‘g ksl na'a%f &5
nmagnesi um at a nagne5|umto al umi ni umratlo of not nore than 1:3. 25

Pr 0CeSs 96. a0difdrél BB@mic Prodity combting b bédyai siBonkarbide ds/obtaivbisls Byittd prddéss BRAY brid@r ad.@ep l S
conduct editass.t he sintering tenperature and for a period of tinme at said
tenperature such that said oxide constituent is caused to becone

- subst aAt.iAiftarectheamistreadudt comprigiaadiodyprodased by pressarelrgsdinuidiphbeachinterring of g logrisalidéteda| | y
free of rPeYdeeBedyANd IBEing atdgest 70 Wik gilicens earhidecitnmulf Wil te potaviogs thanB0 Wi alemiaium oxigd d
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48. A product according to claim 47, wherein any oxide constitusnt substantially comprises aluminium oxide.
85

49. A product according to claim 47, wherein any oxide constituent comprises alumlmum oxide coniaining magnesium
at a magnesium to aluminiurn ratio of not more than 1:3,
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wobei der Korper imErhitzungsschritt in Anwesenheit el"ﬁ“’”ﬂmmﬂm'
erhitzt wird, die von der Al um nim Iéal ver schi ede
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el |nem ampidruck enthélt, durch den der Giehalt an Aluminiumonxid bzw. Magnesiumoxid der Oxidphase reguliert
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22. Verfahren nach Anspruch 21, bei welchem der Korper, wie er geformt ist, im wesentlichen frei von der Magnesium-
quelle ist, und die Atmosphére Magnesiumdampf bei einem Dampfdruck enthalt, der ausreicht, um zu bewirken,
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55

37. Verfahren nach einem der Anspriiche 1 bis 36, bei welchem der Erhitzungsschritt bei der Sintertemperatur wihrend
eines Zeitraums von 0,25 bis 3 Stunden durchgefiihrt wird.

35
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7. Un procédé selon I'une quelconque des revendications 1 & 6, dans lequel ladite source d'aluminium est choisie
& - parmi les oxydes d'aluminium, I'hydroxyde d'aluminium, le monohydrate d'aluminium, le nitrate d'aluminium, les
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aé N 40,]6-\6 ﬁ\? UM&%%%'SQE %vigg%j%n %\éa%g %Iqt% te%%g sl g’ htiegtac{ggﬁlé]q%egn ploigégz{letladgt?&ggg &e

/ aahésn 164 5 rocede so une "quel’conque des
revendi cat i GaHM PSS oquel le corps contient de 2,5 A 20 % en poids

de | adi t g4 SQUkLEIeTeidh 14H QhokdRabe-R) follnSisatio 1408 Aais leqhdl 16\ BB B RAGHS 16r04eQ&bIS opsne

quel cgnque (Gies dd YRR SrideRddStude simcbphare@ariidhatt @S uh Rerftdé JuFroliSH IS St leskpdes3

A 4 % en pQiedspeds contenant Salidifliurh 6t ISVAPSUEE rikgnd3REAGAE prédsitroddlvapsligdmananMiCpntroler

| adi t e sourigendt REPectvei dintne@BsnThagh@icria giphsi epxylles pr 6cur seurs de magnesi e

at | eurs nBl anges. 19. Un proced6 salon | a revendication 18, dans | oquel

| edit corpsUnprEdéasalbn ideevndisatian 21, Yane feqprbleditcouiea bangntecie dagonnage egicsenaibipmeniexampt
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23. Un procédé selon la revendication 21 ou la revendication 22, dans lequel ledit corps est chauffé lors de ladite
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de 4 MPa.nD 5. 5 60. Un produit solon |la revendication 59, dans |equel
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