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1 APPARATUS AND METHOD FOR MOULDI NG ARTI CLES USI NG

H GH TEMPERATURE SI LI CA- BASED MATERI AL Field of the
Invention 5 This invention relates to apparatus and
met hod for the nmoul ding of articles using high
tenperature silica-based matgrial and refers

particul arly, though not exclusively, to such
apparatus and nethod for noulding articles requiring a
APBARATYS |ANDs METHDDSEOR dM@ULIBNGKARTCLHS tUSING cHIGHVEEMPERATURE
st ABRSEFMATERG articles requiring a relatively
snoot h surface the nould surface nust be
correspondi ngly snmooth. Exanpl es of such articles
Fiehicdf tiskeinvéagibnare not limted to, optical |enses

TlluQ qMéﬁflcﬂg rella%%s o a@ﬁéﬁat@ ghé ‘%etﬁﬁi”ﬁ)" acﬁe %ﬁb r@s ofd E&blgél u3||ng high

canmeras incorpora I nto bi | hones, perso
tegw gt 5&%%?355?%{@3”% Siits JF@FSS Pa'?/{%’d?”& aFFEI-'%[’s, noty SEFlysfygly. to such
appakatys aqd chethed &e swoulgieg articled ragning adeMdivelySmontB asrfacenent

equi pnent, projectors, projector television receivers,

sensor |l enses, 15 spectacle |enses, contact |enses,

B?%?E%@ﬂﬁ%teéﬁ§@§°"n1croscope | enses, and | enses uses
When nmatlingadrticksy regeisng €orativelyt exhoth qawefscef the o Enifavg must be

c&r@?poﬁ&ﬁél?%o&ﬁ Eﬁ%p@‘d Qjch Qﬁlclggz’lhﬁhlgdé %Ete.arré ncz)t'h{?:gédjtgeoptlcal lenses

mthixﬁrf]zgg IF%seg foga)lglteﬁ ﬂgerg%lﬁggﬁf ngltal é%%ﬁ%lin%por ﬁqjlntoz'@pb%e telephones,
panstnell digital essiskants loempatere, wétheanzdrae aodadlid litg: hab leases uses in laser
de%QsderﬂQééuFe%eht' Erswd?lté‘nt V}Srgjgctc’:@eprofe@t%}“ |t§lév%9)n' l%cé \bb@s ﬁ&HL&i lenses,

I'nsert havin resurfaced unmar

SF’Fﬁ‘@%t"?WBﬁS |°H"%938'?38§n§9l§5%w Nl 'P'&T’SCBP%#%F‘F% danﬁéff&E’f uses in
médiey devicgs.pr ovi ded apparatus for noul ding an article,

the 25 apparatus conprising: (a) a body havi ng a

recess nDuIdln i nsert for ins i on

Conpes éec'“% ﬂ% il Ej'g R &rtahali g ch |r?ﬁ“H€ '“E%Rn ’E‘i}”de fine
marhingigs platngawith gihapbkerf pelistihg Mbigl idisfey, difmet Jpesuaming, eixpgnsive, and
ur@éﬁigble V‘hﬁfh@r‘rrn)re?’ 916(29'): c&ehlﬁg HQ:'.UA Qh(ﬂﬁcﬂ' RBSR Gk w‘tﬁ' uﬁf re@ulmgglhthe mould

mg rature Slh#Fa based material. In accordance with
mﬁwg B WpPREVIPEY: aspect there is provided a method

for moulding an article conprising:
Summary of the Invention
In accordance with a first preferred aspect there is provided apparatus for moulding an article, the
apparatus comprising:

{a) a body having a recess;

{b) a moulding insert for insertion into the recess, the moulding insert having a
moulding cavity of a size and shape for the moulding of the article; and
wherein

(c) the moulding insert is of a high temperature silica-based material.

In accordance with a second preferred aspect there is provided a method for moulding an article
comprising:
(a) forming a recess in a body;
{b} forming a mould insert having a moulding cavity, the moulding insert being of
high temperature silica-based material and being for insertion into the recess;

(¢) surface finishing an inner surface of the moulding cavity; and
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(a) formng a recess in a body; 35 (b) formng a nould
insert having a noulding cavity, the noul ding insert

bei ng of high tenperature silica-based material and

being for insertion into the recess; (c) surface

finishing an inner surface of the noul ding cavity; and

2 (d) noulding the article in the noulding cavity.

The article may be an optical lens including a |l ens

for di gitabuldieg®ee asicls imathe asuldihgda/igd. camer as

i ncorporated into nDbiIe t el ephones, personal digital

assi stants, conputer web caneras, and 5 the |ike
Thgarticie mew ke g8 @gthahfemsdlggpduage@ jep@ dor Jjpital camese §tich as digital cameras
inedbritee intg mplsile jt€eihonas, pErsajatdibicyl asstdt@ns, soroputdre oaibva@ngras, and
the el[@ 0 EncJ ?e'ﬂ§&s usesPh CIE%?' oeevilcgsn fagur%ﬂgﬁta&&u 5rr%ﬂts ep?‘o;ectors prOJector

escope | enses, n1croscope nses enses

teleﬁ's'ﬁ‘é o’Pﬁ%‘{erﬁd eSFNEBsenseie SRERAGH Lica s‘é’i“fachéﬁf‘sffe ‘Pl??‘??@ﬁ lenses,
microstdpe laheesesisi larisesrages !trenécﬁnfaaneth side the recess and

iIs 10 inserted into the recess. The noul ding insert

may have an insert wall with an outer surface, the
T'E?lff‘%'f‘d'%'f‘?eé'c’éayo'éﬁ W@““é’ Rdag reFEsE oF ey he fHEEt Q“’é"ﬂﬁﬁt?rrf*%‘ﬁs and Is
infrtet! indo the casss. THdhmpddinminséremag haiecndnseg wall With an bixer surface, the
oYL HBGoh g3 R bl delo ERKESTb/ e FeBEdcased

structural™ strength tothe I nner surface of the

nmoul di ng cavity. The reinforcing nmay have extensions
Thees siapghe Bhfdrdmgowifin aived menitiieg dised adlyfon grotvidiag Nbaéatied Gtructural

Stllen&ﬁ b thdRhdr s{i®lce BF tﬂé’ h@hiﬂﬂg Bﬁfﬂ} The F@H&E.hg( iy hdve QRehdihs passing
Insert to O acent he recess. The

th'l"?ﬂ%ﬂ Eﬂdn%tqnﬂlg% Ib?y%me ’fgvi'U%erJa WP ‘ﬁﬁ‘é‘?"%ﬂ heaf P?Hdaftw%from the

maexirgr ingenido thhepwwacamweapmsaﬁ'lwsmmnd ingertivedl megipye S peripheral

rir@atgn@?bgef.,@{he@gpportl ng and hol ding the noul di ng
i nser The 20 cradle may be external of the noul di ng

insert wall, follows the noulding insert wall and may
THeappaéths maylfuttioer tebreprive al cdddiegfor suppartingveml holding the moulding insert. The

crﬁlé ﬁlgf'@é éﬂ@rhé{ of fhg %dﬁﬁﬁ’n‘alsr%emll qglloq@ lt“qugul&“ﬂgf 1hée@t \Mﬁeand may be

i nser
aﬂrmgf%‘f‘? ?‘5?“'8?‘9 B‘S?“f Wﬂbt“&%‘ ”TtBe'éﬁ%F’éd‘? Héy g‘@ﬁ@ei Withip, the moulding
maeetlmaﬂts"ﬂ‘@l oyadlesremyuroagirisern fitrelity eftol BolesXb efidhie the arfile tageyreleasably

sebROPhGe@sPpl urality of equally spaced spokes
extending froma |lower hub to the rimof the noul ding

insert wall, and the cradle nmay be functionally
The oradegtaycotmprisehepl@aitteofsiqoaly spéced shakes exterfdmgdionga loWkrehub to the

rtnﬁéfltﬁecrﬂom%qﬁ’seWaﬁ r4n@ ne YD R aPod uldtiod A hedid & tﬁH &dshsions of
or ?h gh-tenperature ceramc. 30 Preferably, the

thesieinfofeNShased material forms a smooth inner surface.

The silica-based material may be a high-temperature glass or a high-temperature ceramic.

Preferably, the silica-based material forms a smooth inner surface.

Brief Description of the Drawings

_In order for the invention to be fully understood and readily put into practical effect there shall now

be described by way of non-limitative example only preferred embodiments of the present

invention, the description being with reference to the accompanying illustrative drawings in which:

Figure 1 is a perspective view of a first embodiment;
Figure 2 is a vertical cross-section along the lines and in the direction of arrows 2 — on Figure 1;



10

15

20

25

30

35

Brief Description of the Drawings In order for the
invention to be fully understood and readily put into
practical effect there shall now be described by way

of non-limtative exanple only preferred enbodi nents

of the present 35 inventiong the description being

wth reference to the acconpanying illustrative

drawings in which: Figure 1 is a perspective view of

Faukisns pmﬁmeﬁﬂemewtof a b¢@ud embbdingeng verti cal

‘g[trgslﬁs 5%8& J:aq’ Qro@é %gon%hﬁevll blgrligsth@%s'aﬂd Enhtﬁe gfre[cﬁ&'t 6f%0\9§ 4 -4 on
rrows - on Figure 1; lgure 3 1s a perspective

FGi"&wW of a second embodi ment; Figure 4 is a vertical

Fgure$93smtpeomlwe\moewtrﬁrhemgothI ines and in the

Fﬂbt@%qg bQQrtlEgI cfdkd- &Wﬁon%l view aIQrQ; th('-z: it R ?h tht,E Higé&u% ('5} a'rr5w§6 6 on
perspective view of t hi enbodi nent; 5 Figure 6

Figur@rt i cal cross- sectl onal vi ew al ong the |ines and | n

the direction of arrows 6 - 6 on Figure 5; Detail ed

Dgﬁﬁ&f Iﬁ&t:hiﬂ_ﬁban tﬁeh@efe’h%& ehibedinfenfeodi nents To first

refer to ur e here is shown a mpuld 10 that ma
To frstrRigr ‘élIngé‘? 1aihie’§?és By afpiyq ‘H%‘é‘i‘aty in the GiteFpRiiv gg P iopld insert
Thearsowdd biblehs dltbdpnd aed avwlid cewdty ity Thelmolith eavitp d & foratlrie tnpulding of

the 4rticR Zh@had Rei-Eakd 94389 ré?]‘;urrrrt]ad: B %orAlthd ertnﬁe a‘ﬁl% s}ﬁée ?ha b@ @n optical

B APGIFTBER 95| BHETT BYT OV (BBEToF GreCfEE G o mobie
tebampea pesowhdigital eisglansl caomoersaweh capergsoarat teellikendrd lenses uses in

labd? kab\lﬁ@es %@Asﬁﬁn@ﬂteeﬁmpﬁ’@ﬁts &Bj@l:torg' &bj&(ﬁé}{té\&ﬁél&\t @Bivirs, sensor lenses,

aner as the I'i ke
SRR . a0 o B s B AEon QU RS ore B RS wsos i

mpedicy éavices. t el evi si on receivers, sensor |enses, 15
spectacl e | enses, contact Ienses t el escope Ienses,

m Crosco and | enses uses nedj cal
TR 8 Moy istila ) oG Siry SRS IS EEEEb Ry g (not shown),
Theelbpdly ri€@dmey bt inmegle odf sanp elugablenola@dd tseick pat fos kwamp)e, moliléng steel,
sthN6k sd?r, BB h@. made of any suitable material such as,

for exanple, noulding steel, 20 stainless steel, or

the like. The nmould cavity 14 is of, or is lined wth,
Tre nouldf @rignt4 israt er s dihedswithh a diffentrnajérial eyrh @ athigheemperature silica-
baséd hm&t@rg pased material. 25 Silica, also known as

silicon dioxide, is the oxide of silicon. It is found

in nature in several forms, including quartz and
Silgpadlso Haramp$ elicoo fdiogidé,iic the loside gf gifieeru fitae toundid netaresie wevesd! forms,

indiRfdBubRCAdddBald ERSShles of silica being manufactured in several forms include glass
and a colourless high purity form of glass known as fused silica. Compared to ordinary glass,
fused silica is used because of its strength and high melting point. The extremely low coefficient
of thermal expansion for fused silica accounts for its remarkable ability to undergo large, rapid

temperature changes without cracking.

In an embodiment of the invention, the mould cavity 14 is of or is lined with silica-based glass;
high temperature glass or tempered glass. By “glass” it is meant any uniform amoerphous solid
material, usually produced when a suitably viscous molten material cools very rapidly, thereby not
giving enough time for a regular crystal lattice to form. Amorphous materials are commonly
prepared by rapidly cooling molten material. The cooling reduces the mobility of material's
molecules before they can pack into a more thermodynamically favorable crystaline state. Glass,
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and a colourless high purity formof glass known as

fused silica. Conpared to ordinary glass, fused

silica is used because of its strength and high

melting point. The extrenely | ow coefficient of

thermal expansion for fused gilica accounts for its

remar kabl e ability to undergo large, rapid 30

t enperature changes wi thout cracking. In an enbodi nent

inolts pire formy d#tstromy, atich defdteliaC aMich \ead del forrodd @fth ivery smooth and

.,Aoaen,%qs @h&aneé'ﬂhbgeaa&%%dprg})m 1eadhﬂoqéa ahsam%@ b i ,g' #Sfing the

ered gl ass. I's meant -any unitorm
mﬁWB'P%FﬂYﬁ%1%tBInT°H’d aﬁtﬁ{eéquﬁ'r'"g %%YQ'VWME%% when a

suitably viscous nolten material cools very rapidly,

CBIH:%B@QXSSQQH’\O&I? amo}ﬂh&% sﬁ@%& ote' mcl‘f Qkhe%aln€ gl%nﬂéal compound found

tice form phous materials are .
'"d’&ﬂﬁ‘?o H’I iy 'tS 5?'%5?@88 ESV“TS&B? (ﬂ“SF 58 PAhR MRHNG YNt Rhakort 2P00 °C. An
exBhelecd @l suitapler gelisassd tltiee pretgEnk inbantiod isrtégheteinpdritare borosilicate glass
(SUEH g& ll’l’lyl%§ JP%:%S Jshﬁx:ar?mhé?%kteh?&gtu?esr@rtﬁ) to 458I degrees4CeIS|us

her nodynani cal avor ab crystaline state.
p‘?rﬁ'a“ecngy BU‘:’pe“’fsB‘? P(%/Q“?eé Cslsia g “%\P?dwuhﬁ‘ér?t“ hasthighiimpactrpisiance.
can be fornmed with very snooth and i npervious
Insé%thépgrﬁbodm %f Q'i%slh\feﬁﬁane tf@rrﬁ&% Eé\ﬂ§ 114‘:1‘§Gf Brols' i&d with ceramics.

dvant a form t he ca
Ci’"ﬂ’“% '"ﬁ%a “Bte%\trsﬁ’f‘iel i P%rt%a'ﬁlf Pid hﬁg?mi'seﬁa‘f P‘f?%l"i}p‘g'ﬁ{s‘d{’l H‘ege were the
trglifiohal clays, Smfgenmorpalfesbricks titassanidythafito, oy sviti demeots and glass.
HEUR fEmodhi &) usSgel bf c8@MRsCNE M2t an§ greagwa,sﬂodt%m the &ktion of

uart z t crystal line form sand
e P SRRl TR eaRn OGP B SO GYCE: Sigh Slicates occupy a

predeanipint pofitica. eramidsl elsglirggie usgdmetal biidespems @otganic non-metallic

mbtBVRN A @hpb §tehﬁegghat SBRRhAd é{{derngglrlg’ﬁﬁdvx{nc&tc%rrgétaﬁ|§toncally ceramic
can w

prg%ﬁtahl?aé{? LPF arido {aﬁrﬁvltlsgg% antgee géeégglc (‘}éfft%rla Sarg dusually ionic or glassy
mgenattanent |y, or up to 500 degrees Celsius for up to 10
hours It has high inpact resistance. 10 In another
the inventio cavity 14

moul . d
CEPmPS Mo HE TR Avdey LHPL 6D Rl Gt PLEYL? CpEcguminim
nitgeém sunriggire regdicate, edrery nitrigle ambgnesiemf dibarde, Mhgneriowt oxide, zinc oxide,

fer:nfhgg%étﬁé‘tgla@g—cérgrﬁ§ebr}ﬁ@§ ?ncisﬂ?aiu%iﬁi@gl' §|I|09t@®| m%iaﬁ&’e?amll‘:@ ompos:te
RS R e e R C PR o s g SNl mixre),

urdrgusr ewidec glriuintbaiiem peraat oxiia png ricduien phespbiie dokhbrs?l he
action of 15 heat on earthy materials, for exanple,
orcel aLn which silic n and S|I|cates occup
SRS kAl P bisr Bk it SRS Sl i g deoroes
Cefsitisdsre arederatio egaitable aecmisses arld tha canmaittetand teanpepgtures beyond 500
deQ@Q@@él‘sL@ IMBA R QLD Rdve ARGHMTpG ot 388 iRk khd ﬁo&@%ﬁﬂtyaﬁ may be a

SRR ORI ORr 1 O P10 01 B DL AL S 12 6 ey be mouided
in gisrathk yorrespending conplagsregess i indrodnl % .

Non-crystalline ceramics, being glasses, may be shaped when either fully molten, by casting, or
when in a state of toffee-like viscosity, by methods such as blowing o the mould cavity 14. For
crystalline ceramics, the mould cavity 14 and the lined ceramic material may be moulded together

in situ. In such a case, the dehydrated ceramic powders are mixed with water. This starts
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20 Ceram cs include silicon nitride, boron carbide,

silicon carbide, alum niumoxide, alumnium nitride,

alum niumsilicate, boron nitride, magnesi um di bori de,
magnesi um oxi de, zinc oxide, ferrite, steatite,

gl ass-ceramc, bricks (nostly alumniumsilicates),

nmetal ceramcs (a conposite material nmade by m xing
powdered netal with powdered ceranic and sintering the
hydratioo medctions2 Bhidhi aasultiim oXg, deterlogkibd ictysialb dérming) e ppahe aggregates.
iR, ARG rRidiGPidigLabagphat e. [others?] An exanple of

a suitable ceramcs I's one that can withstand

tenperatures of up to 450 degrees Celsius. Mire

T eframialiding may den beadglhzed e kaovingsetha@is dnbe Bl afor egample, glass may be
uygdtaggté@qg (t&srenat ures beyond 500 degrees Celsius. |t
shoul d al so have hi gh i npact resistance. The noul d

cavity 14 may be a 30 separate conponent able to be
Siryrbeslt eohmintroatenatt penerdlight oveighh ehdvdeal ythdi? medals, nwithstaad  higher
?Hﬂam arld"ars 'at:fdallyrktrton&r CRh&F TRy ralg'fﬂagtuFéo %@t\/ﬁgﬁ Sfrdroth ceramics

n-crystalline ceramc

£SO e IR B 167 FLTa) UREIY B cggpty and fne
greiasizengre st bephisa ﬂnmglaessltrmeeharﬂnaseﬁlﬁdaleeﬂer inéfomniity @od strgngth. It is

bddY o BBRIPHE pSdSily oRfhe RlaRWLING tO the nould cavity 14. For
35 crystalline ceramcs, the nould cavity 14 and the

lined ceramic material may be noul ded together in
Thei key fo dbteirshighstength Sestruttirel cteinyatriatoattrees tiniteighreagiehish prevents
fratiufe. m'd&ﬁﬂe éMN&ﬁ o‘é@.ﬁ’@ﬂue td HigR s@és@éstaﬁ flaws SHEFHCRL RN flaws are carefully

k| ng. cr
comeﬁal:%i cgragpc&?ﬁa a? e&g gg“gi‘ﬁ‘%g? Eas{bg t'B?%E?'QtEﬁr e%é%gglcall?( at 1/3 the
weightult in a solid ceramic. The ceramc |i ni ng may al so
be gl azed by known nethods in the art. For exanpl e,
d ect?] Struct
iR PR AP B TRieeSR B BBy b PRl por e (e pEpeecie
orrfibergl g givei nedeberaswes $iichee roull petrpeciataivesitaredd &ragk bridging. Another

todghbMAd loptioht i QD HRA - zw%ﬁ‘anfo} hr%Msz‘%taﬁJrﬁfbhweﬁmg rﬂ?sfﬁetglé gh allow local
tastro

tr t fer c
BB SBETE S p Py APREE SIS T RFIGHSGISRpagess wi
dlraﬂ@néiuvnré sp@recpr arefergitialedebendimg virettioheioalieve for hiask propagstion without
catys@swc fénareotemaﬁxae id36 FibrBdis erEHofntﬂ Q;Hhééé:t@s‘? drhats{r@r@m.busulaﬁy lower
folgB 1525 R0 OIS e P BNEL RIS JpP LpTr o R e 0o d @ iek
streg$. i ncrease t he toughness which prevents fracture.

Fracture always occurs due to hi gh stresses at fI avvs
ar ef 15 control |

Scfle TRPELT BB o 0B 4t NGRSO, MBI (1T Elgh srenh
hadness, rfgqcalres,toqupqzsgampyomn 1¢sgatqnh@ bm@qrgjatlbllsty and thermal shock

resistance.

When the article is required to be moulded at ultrahigh-temperatures, ceramics selected from the
group of diboride and carbide ceramic-matrix composites including ZrB2/SiC, HfB2/SiC and
ZrB2/SiC/C may be used. They have a unique set of material properties including unusually high
thermal conductivity, good thermal shock resistance, and modest thermal expansion coefficients

that make them particularly well suited for withstanding ultrahigh-temperatures.
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The toughness of ceramcs is increased by using high

aspect ratio particles (whisker or needles) or fibers

to give nechani sms such as pull out, crack

tortuousity, and crack bridging. Another 20

t oughening option is to add z rconia for

transformati on toughening or netals to all ow | ocal
deformation to absorb crack tip energy. Another

Iraysb poctbdy enbodimentrod thedaentidne theougtidhesdy Wi tshof or is lined with a glass-

Cg'hlﬁ%%&t@{e a'i' hisVQésg-cﬁiQﬁﬁ:qs QmikRre fo?él@&tdngltc:a%ﬁih:eﬁéﬂ}g;t(mainly fithium-,

& :
sfcabadt OB Be ARE BB ESEL B 8 THEN e Byepietome temperature
shrokio The maodanyaiog Posyss iy sitilaTigtiat piglassufatt the rhathie then made to

crfyﬁélisé hatty! aRd c%ﬁﬂtﬁ@%&np&?\@ﬁﬁyﬁfhet rQ@ultﬁii@l ANEGhl fi‘fagcat FgBitar crystal
stgttc},Uée %nd aggaﬁgtivg ﬁ%e&icliegL?flﬁbqnaﬁl éelz(?a'néign ebsi%ng%ﬁ, tﬁ?)ﬁ%smve coefficient of the

gless euchuhad lolasesesaniic gs 8 mbbladles aweamal egpansibm paediicient that is very close
toSkfengt h, hardness, fracture toughness, corrosion

resi stance, bioconpatibility, and thermal shock

resi stance. 30 Wien the article is required to be
Glepitatarcic a¢ mgthanighllygient eime rand ugaa ssusteiorrapdatesl aral| @uidkelgmperature
cHah@¥ dohesooariopcof di bori de and carbide ceram c-matrix

conposites including ZrB2/Si C, H B2/ Si C and

ZrB2/ Si C/ C may be used. They have a uni que set of
Theereessk 4 iqnrefprably iobibe isproe aigé aed thane eaitheypuler giface Mepfvalvity 14 so
thﬁtQﬁKjd;hQIty Ml i& ¥ ne&ﬁ QOA ahdie Wdil'ﬁkup%Br@&:KmfhiﬁStheSJe@&Q 36 B)V‘ﬁ’avmg full support

fo{Tlﬁe caV|t¥lt1 trtmrec?ss nar%{j erm% 8 dpi'fysiPaq \X}F?Sﬁg? %erna ﬁ a m or applied to the

cayityt 1i-4aif|f1il @qitrqnéfﬁrs%t %tthgﬁte@, parpto therboge 12 2rawdieseseibodi nent
of t he invention, the nDuId cavity 14 is of or is

S -
By tzeu%% oiy\'i-nPh tem ra urt?jl ceram cs e c vi é’l Sanaiﬁr(i]er sgp%tzl%%’z that is relatively

snppgthe andayild be( fﬁﬁhiﬁ 3p Ipnqqsﬂtumtpmpergtufq gnd physicgl stress levels of the ceramics

used i dality M40k RS Exckbddbidi frgn WHR 8 éramick, h‘ﬁé iln8r surface 22 may be
nper at ure

rol R 4 R R T, BV Hi ity Sl Hen
glass but the nelt is then nmade to 5 crystalise
Cay 14 . hleﬂ:_ihﬁ‘ rd’ééééﬂ(ﬁ&iy' dnfp %w%@féﬁﬁkfhﬁﬂ‘intc@ﬁin% B&‘ieét%hﬁdcli\fégadheswe (not
e I {a Structure an
shned %r{d%r pliligz?a? c,:ai%g not s%{a%r q/or ige( g ncgf)tl\fﬁ nu't) Witgwc?aﬁléy wall 38
aceasaiblg By jattiol éncg shen) @e‘iSQns thoguct ﬁebolt@i)lagsbods; (12h Te ssist in the use of

cla@lpe3the ERMPTE Gaydveaa@ee has a thermal expansion
coefficient that is very close to zero. 10

A ass-ceramic is mechanically very strong and can
Figygpst hiapd reghewtaesecant enbedient e tises dewsasity thhagesinfarging 80. The
reif¥0Ring 20 AR Ge a EDRLIYRERS Snd §ralist REBI(GY ﬁbtﬂlﬁ) ﬂafinféraﬁg AR the like.
Thg 're%r%or@iﬂgzé E%Rt%e@q%d wqhen %tc%\rfity%ﬂrdfur"iln: %he mm‘ﬂ ding ovclasix 111 Pre?erabiy
it is approximately midway between the outer surface 18 and the inner surface 22 of cavity 14.
Alternatively, the reinforcing 20 may be closer to the inner surface 22 to assist in management

and distribution of thermal and physical stresses on the cavity 14.

Preferably, the reinforcing 20 has a plurality of extensions 24 passing through and extending
beyond the outer surface 18. The extensions 24 are integral with the reinforcing 20 are to contact
the inner surface of recess 16 when cavity 14 is inserted in recess 16 so as to enable
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that the cavity 14 is a neat fit in and is fully

supported within the recess 16. By having full support

15 for the cavity 14 in the recess 16 and thernal or

physi cal stresses generated in or applied to the

cavity 14 will be transferredq at least in part to the

body 12 around recess 16. By being of high tenperature
ceram cs, the cavity has an inner surface 22 that is
tramesimastsion of Yeat dorpodvh 12 amedndyrdeesshis. r bl thialtag tiaes rdirdergng@i 80 acts as a

tHePal LEHINQEAD YESKst ﬁ‘irh@nm}f@ el av%t rasScab®VRl Sndh thili&ssist in cooling
not exceeded.,

R o1 ufE BESth pLogab ey Sl 35 s FrBuisH o e The
reinfereiegyree bemade gf & astal,i prgferable etreda svith [ghadhekd corelugtivite saind good
hWsQé(l's@&gftrh EFcb BRI, fHeriélﬁlﬁl%]ng 2@%“)éfytb¥ m]aﬂe bSsthiRbd skddl. The glass of

GGV B P D SERIFBk GBS SouNoftn oM B YR pragesies. I
trerisparpd of fretsliushgwihy status/ o thebreinfpreirap?d will bawblevip tlsi sgen through the
mBRMAI LYo 14, BBs BngAs 6&%HNbY Rr RXin@nkRE burbis. shown)

passi ng through a bolt hole in body 1 To assist in
the use of clanps, the cavity 14 may have a rim 26.
FigirgriP @9d 8 shewd aghishespbodimeat wivete erdyoltt 2feiatadddde ineadditien to or as an
alfé&%él‘asﬁeyto ﬂéfhfch&ﬁg 221 1hE Faie28 n) havPeontitlold Sl aMDr, 28 shAWh, have a
§U|tab g g zed and radep nmesh (as shown),
plural'th? or 5?"?4 P58 "bs ar?%‘ ‘{1-' Y1430 The reinforci ng 20
IS enbedded mnthln the caV|ty 14 during the noul di ng

THRf ribe @ iekiéndl dpwakekr&h ahtl»\n)ér hilh 32 §noa&9 afiXedBed Yutdr UMY 18 of the

cavfy w Q/referalali i)? liIJtsgfr) h Zr%aé ?gnedu%hve a?%eélv? oi h? gh? Osgéﬁozvgi%ﬁgéape of the
OUiRE Sté'Tfft?-S é? fighe wepef ensici4 engl flla@fépaégea Qyeeths iivyt26jand thus may be used
tolFBARG eReAlity @ANnd il Btdsk Rl imen ﬁﬂﬁ 3@ h‘%{( Mabe SHRCbrPhBES bSiBholes 36 to
enr%éil[a ﬁfsmsafinloﬁ sghotgg)et% gaas\élthrxhgl]ﬁldbop ?2 anéifmt% )'Ezt?lgtlh%ef %etntg es&c&re the cradle, and
thsaeasinyf ineessy) hﬁ-anwees@pe 38l bﬁyeerbréy&adnaym used for a heat conductive
adfitlifeas Rirthét. enl:l_d'rhee % lsBABh® Bsoradfe @raﬂd At} 94 ﬁ'red@sé hS tfh% extensions

24 a% mfcght%ér\k\%ﬂ or a E:heedttg c%gfétzgcf? %Ilogr ?r&&a{] ?L&H'(gs gon'i%lnéo(scmg 20 to
th%\@ra@'% 2epnsihes tv bociyr13n 5 riasy$t guchdteatnoaductian. hedadieds preterablty made
of b @6 $6ndlibting hidtdriBil sScV\@Y fok BRainfpR), fthigesd k.20 acts as a
t her mal conductor to assist in conducting heat away
fromcavit and to thus assist in cooling cavity
As el alteiRaiva éirs 30| reqychetforaned Withio gevity wathB8 with bareibeing agepss to bolt
holRB¥6 eouds cdvdglwalr3ad or desired. The reinforcing may be
made of a netal, preferably a netal with good heat
conductivity, and good 5 physical strength. For
In ghisanpy e nowdinggiredess spqoges Gomeyyhah simpled e Thyf bagly Hli2nik @gepared and
resbLe$ form&te ghvitg 34 @f eﬂhtah@ep%ft‘(dl;t hélodléedﬁab’ mb@déd .a%ﬁ@a.m@rﬁr without
Y, ure as .re : .
reu‘é{&%ﬂ? zg %P’%f cr%!ﬂg%g ar en I8e°o STPREILE R em?dhandsffeg{ [isP'3e s is
degoriped-akiov. oiYingeessaY Wfﬂce B@simsi fer iprer Berfage @2 mah be agffermertbefore

' insBbie rdr afterGihsegtvi] tBhe Ifould MOISs B RehdPforagsl MaankR &y times and

ter%%kaq}rgs!’]rqu be &epecgg% provide the best possibfe result without damaging the cavity 14.
This may mean lower temperatures and slightly longer cycle times, but the result should be a
significant improvement over the known processes. As the high temperature silica-based
material used has a smooth finish, provided all surface irregularities are removed, the resultant



10 Figures 5 and 6 show a third enbodi mrent where a

cradle 28 is added, in addition to or as an

alternative to reinforcing 20. The cradle 28 may have

a continuous side wall or, as shown, have a plurality

of equal ly-spaced ribs 30 areund the cavity 14. The

ribs 30 extend upwardly froma | ower hub 32 and are
affixed to the outer surface 18 of the 15 cavity 14
mekid¢coprediicty sheuldjkave dre samiges betten phiwastarivliss ael Hesd meuldeprising known
techlifuedO fol | ow the shape of the outer surface 18. At

the upper end 34 each rib 30 passes over the rim 26

and thus may be used to secure the cavity 14 in the
Whitd thete heg beﬂEeﬁ,eﬁcrlb%ms’me i9E9ping dessriian pesferied embestnentsef|thespresent
inddntibrg it vallN@lngerstobdihbt oty tvasdliongh dét@ilsRISsidn) E&ié@lh’bt@@&)bperat:on
m%ﬁ ?Jégrq gciaei/\)ﬂtﬁ'u 8ut %g;lzgrtmﬁq rogl Ctgeg :g&e%gosne & uJePnetd I?ne thC %J?ld i ﬁ%aelrﬁls Fi
30 may be used for a heat conductlve 20 adhesive to
further enhance the securing of cradle 28 and cavity
14 in recess 16. The extensions 24 are in contact
with or attached to cradle 28 to allow for heat
conduction fromreinforcing 20 to the cradle 28 and
thus to body 12. To assist such heat conduction, the
cradle is preferably made of a heat conducting

mat eri al such as, for exanple, stainless steel. 25 As
an alternative, the ribs 30 may be formed wthin
cavity wall 38 with there being access to bolt holes
36 through cavity wall 38. In this way the noul di ng
process beconmes sonmewhat sinple. The body 12 is
prepared and recess 16 forned. Cavity 14 is either
separately noul ded, or noulded in situ, with or

Wi thout 30 reinforcing 20 and/or cradle 28. If

noul ded separately, it is inserted and held in place
as i s described above. Any necessary surface finishing
for inner surface 22 may be perforned before
insertion, or after insertion. The nould 10 is then
ready for use. Moulding cycle times and tenperatures
may be sel ected to provide the best possible result '
wi t hout damaging the cavity 14. This may nean. | ower
tenperatures and slightly | onger cycle tines, but the
result should be a 35 significant inprovenent over the
known processes. As the high tenperature silica-based
material used has a snooth finish, provided al

surface irregularities are renoved, the resultant 8
noul ded products shoul d have the sane or better
characteristics as those noul ded usi ng known

techni ques. Wil st there has been described in the
forgoi ng description preferred enbodi nents of the
present 5 invention, it will be understodd that many
variations in detalls of design, construction or

oper ati on
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may be made without departing fromthe invention as
defined in the followwng clains. 9 The Cains: 1.
Apparatus for noul ding an article, the apparatus

-conprising: 5 a) a body having a recess; b) a nould

insert for insertion into theg recess, the noul ding
insert having a noulding cavity of a size and shape
for the noulding of the article; and wherein c) the
nmoul ding insert is of a high tenperature silica-based
THRERih&l - 10 2. Apparatus as clained in claiml,
wherein the high tenperature silica-based material is
gl ass. 3. Apparatus as clained in claim2, wherein the
hi ghAprenger fat mewdingl @isstides tha abmarayed dompagieg: gl ass. 15 4.

Appar atdysz 8sdyHadhdBbcbdd: ¢l aim 1, wherein the h| gh
t enper Sure si.lica: based naterlal isS ceramc

Appar at®is® BSUd MSPTH{eg MR P e 1oceh dearoiidnganesi 6?1‘”"9 a moulding

t enper at ueayitsofla siza-abd siede foathe maalding ©f the ai@le; and wherein

gl ass- @ dFhoulding id&iis ofa hlépﬁﬁFé%M% AR aBhdl TRk any

one of clains 1 to 5 wherein the article is an

optical lens selected fromthe group consisting of:

| énséppafatys aH gaimed incdaine rawhérgio | thrdhighy tedipgiatund sitcarbesasmaterial is

i ncogiprated into nobile tel ephones, personal digital

assi stants, conputers, and web 25 caneras; |enses uses

in |aser devices, neasurenent equipnent, projectors,

prioj Srpamtus asetlaimpd inotlaimel eihereinsthe bighdempdratwrs agass is a borosilicate

spees.acl e I enses, contact |enses, telescope |enses,

m cr oscope Ienses and | enses uses in nedical devices.

7. Apparatus as claimed in any one of claims 1 to 6,

wWHer Aitraratuseasmtsirel] nglaim g ewhergin tfeohighettmp8@turansilicadased material is

r ee@sks. 8. Apparatus as clainmed in any one of clains 1

to 6, wherein the noulding insert is formed outside

the recess and is inserted into the recess. 35 9.

Afjp afrpengtus @ claimgidrie daipnt. avgreirtes wah tehaenaire sifce-bg8sed material is a

WaRELEdarkib iRl di ng insert has a noulding insert

wall with an outer surface, the outer surface being a

neat fit in and being
6. Apparatus as claimed in any one of claims 1 to 5, wherein the article is an optical lens
selected from the group consisting of: lenses for digital cameras including digital cameras
incorporated into mobile telephones, personal digital assistants, computers, and web
cameras; lenses uses in laser devices, measurement equipment, projectors, projector
television receivers, sensor lenses, spectacle lenses, contact lenses, telescope lenses,

microscope lenses, and lenses uses in medical devices.

7. Apparatus as claimed in any one of claims 1 to 6, wherein the moulding insert is formed

in the recess.

8. Apparatus as claimed in any one of claims 1 to 6, wherein the moulding insert is formed

outside the recess and is inserted into the recess.

9. Apparatus as claimed in any one of claims 1 to 8, wherein the moulding insert has a
moulding insert wall with an outer surface, the outer surface being a neat fit in and being

supported by the recess.
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supported by the recess. 10 10. Apparatus as cl ai ned
inclaim9 further conprising reinforcing within the

nmoul ding insert wall for providing increased

structural strength to the noulding cavity. 5 11.

Apparatus as clained in claimolO, wherein the

rei nforcing has extensions passing through and

ext endi ng beyond the noul ding insert wall for

provi di ng heat conductivity from the noul ding insert

\N|aI1D Apgatahe ao @Rinea dyj ?ﬁi&m fufti c6rﬁ§d§ﬁx§ relﬂv*ﬁrcmﬁ\ﬂzﬂﬁﬁ ﬁfeuﬁouﬁﬁng insert
cl gj i [ erein the

noul agt%np °9%’§’2¥%%§F? Lhcmraq St@’f% b g'? |m°H!éj'|“3P ¥¥'mat an

upper end t hereof . 13. Apparatus as clainmed in any one

of 1t|Arpp@tt® 4sOcldided Wd tch@i 100Wﬁérle8| thg r&niﬁi’cﬁ\@' #asf Sdensions passing
S UHP&IgB 'aﬂ@ eﬁ&\%l rgqng%-ﬂ%é Fr\ uI&R r{] \%ﬁﬂ E, Prowg A& E%el:,lf gandélctlwty from

par atus as ere
s theypouiding insgt wallfa “i?d’@ﬁﬂ?qdﬂ}e‘i‘tﬁ'iﬁerﬁt:ess\/\/al |, follows the

nDuIdlng insert wall and is affixed to the nDuIding

' nge rﬂpp%ug as c’,llgrgemgﬁ; gﬁeulﬁ 8@@13%' t?ﬂ]pewq]eh ein tﬁe mp H&il%ihsert wall has a

wher ej cradle i s nou
i NP a?@WWataQBWE%e”WWRﬁﬁﬁatus as claimed in any one of
claims 13 to 15, wherein the cradle conprlses a

pl ’fﬁ a\lpbérXtUQ sb;%lt e hﬁl rﬁ? Jng (9%? 9 ng 120fuﬂﬁgr ctomgnsmé; a cradle for

rel easab % secure
cl EPREENY 5W9“%W@”BM“@B§Pﬁ§ 13 to 16, mhereln t he
cradle conprises a 25 plurality of equally spaced

SD‘QLK ﬁﬁpﬁéﬂj@gsdbfgigueé h O{Huﬁ 130%&”% &rQuid E x{errm gff he rrr]w widing insert

II¢P31 ﬁnsert aratus as ny
on"ea logys drsrRouiding ipseqt wafhareds aiirsiie e magiding insent :wa",
wherein the cradle is functionally connected to the

ex{se Rgpapdiss of clB P8d rr?blgiﬁlo{ £ '\nm re:ngtﬂe %QadleAs %LBQ&? mfﬂ%r[n the moulding

moul di ng an article conpri si
f Y E"a recess in a body; (b) forming a nould insert
having a noul ding cavity, the noulding insert being of

h|1@hA;§p%FgP@sr§st Hén%e@ b arf}aongao?gg n{@ﬁf [d ‘?é‘, wABORL %%de comﬁr:ses a

ace tinrs

| ﬁrl rlit:yl F?I Le erl%HIr@%}%SﬂSQﬁ tﬁae %ﬁsat&}y segprgd in the recess.

17. Apparatus as claimed in any one of claims 13 to 16, wherein the cradle comprises a
plurality of equally spaced spokes extending from a lower hub to the rim of the moulding
insert wall.

18. Apparatus as claimed in any one of claims 13 to 17 when appended to claim 10, wherein
the cradle is functionally connected to the extensions of the reinforcing.

19. A method for moulding an article, the method comprising:
(a) forming a recess in a body;
(b) forming a mould insert having a moulding cavity, the moulding insert being of
high temperature silica-based material and being for insertion into the recess;
(c) surface finishing an inner surface of the moulding cavity; and

(d) moulding the article in the moulding cavity.
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(d) nmoulding the article in the noul ding cavity.

------------- ~ 11 20. A nmethod as clained in claim

19, wherein the high tenperature silica-based nateri al

is borosilicate glass. 21. A nmethod as clained in

claim19, wherein the high tepperature silica-based

material is 5 ceramcs. 22. A nethod as clained in

claim19, wherein the high tenperature silica-based

Med0e Airgdthddsasalaingdais Slare 1@ mherem te bigh tenif@radBe sificarmbébolaterial is

a%ofdsfbdiBgladsn any one of claims 19 to 22, wherein the

article is an optical lens selected fromthe group

consisting of: lenses for digital caneras including

didji fatetodragrcigned imclinp 89, atheckin the dightdmdesatire bittgpHenes material is

peesanal digital assistants, conputers, and web

caneras; |lenses uses in |laser devices, neasurenment

equi pnent, projectors, projector television

r €2efAvwethod as elpiged in daip d8, whepet thadigh tdnepestige sitiartaasdt material is a

| enseserahi@h®@Gope | enses, 15 m croscope | enses; and

| enses uses in nedical devices. 24. A nethod as

claimed in any one of clainms 19 to 23, wherein the

m2d! Aimsthofl s elpimet & rorome df cléims 1Ae 2% whersin tRCarRE: is An optical lens

MRLIBAE A6m GhedbraB cdrBis@HaYorORRseR fforCdigiaMEambhstifciidihg digital cameras

wherei n, the nnuhglggahnsert S ﬁqrqu %%%§lde the d web

r SIeRPRrAted qinfos MOREe 1980011 BOTHE UGiRls 8SSISHETs, ROMBYIRTSy and we

asameras: nietkes nusanyn daser gibvicdsaimeesdromend mipfnent; Ipegjectors, projector

C @diVisichl fRBkiVens &ehdoR Jensk & HbOEGE Mhs¥d, tdahBett BRseIPIIELE fenses,
nmoul di ng cavity

i nsert [l duri t he moul d qf, the
£ B ePEhnsor 4 Bk b estR B el ertithr o st rongth {0t he
noul di ng cavity.

24, A method as c¢laimed in any one of claims 19 to 23, wherein the moulding insert is formed

in the recess.

25. A method as claimed in any one of claims 19 to 23, wherein the moulding insert is formed

-outside the recess and is inserted into the recess.

26. A method as claimed in any one of claims 19 to 25 further comprising inserting
reinforcing within the moulding insert wall during the mould of the moulding cavity for

providing increased structural strength to the moulding cavity.



