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FI' NI SHI NG MEDI UM AND PROCESS Fi el d of the Invention
The present invention relates to finishing nedia, and

W 00op3eress of finishing an article. |n partPCUGBR008/050821

but not exclusively the invention relates to a
finishing mediumfor use with Vibratory finishing

appar at us. Backgr gifigdniNG MBI ANDPROEEKSDT at or y

fini shing processes renovi ng urrs and snoot heni ng
the surfaces of mass-produced articles. Burrs may be

PloRS§SL fmeﬁt&qarti cle for a variety of reasons. In
particul ar e surfaces of parts produced by netal

casting, machi ni ng and general processing frequently

. . I
?ﬁéé B’Eé.%%é Iﬁ\éé?‘glgﬂ 2@5%%%% i‘i‘iﬁ%ﬁmé Wﬁ%diédﬁangﬁ{j S&PStsaoqlfiﬁishﬁg an article.
nepaptiallarafut ot exclaginkly trauiovérdion aélatdseo ra)iugﬁnregs medfumafor use with

?§%ﬁ€rgl‘ﬁpféhsb§§8%ra L|Scl e. Articles to be finished are

I'm"a vibratory finishing apparatus
such as barrelling or runbling apparatus, a vibratory

r bowl, a centrifuge or drag-finisher,
%g%ﬂ%?j with elenents of a finishi ng nedium A

polishing or degreasing conpound may al so be added. In

kﬁﬁr‘fvoi?sgg\ﬁl{))réf rri ﬁﬂ%ﬁﬁ%ﬁg}cgééeqs;flof iz)elrjrg%/?nsqu% %riongmoothening the
mhi‘dcsi; of maskprahsed afticpzsl iBlhrsnigayibeamesnnt belaa, arl]dfie for a variety of

Fe'l#;llp rﬁgﬁrﬁ ur%rnlk}g—ffysq#rf:aﬁ ﬁf %% Srgr eI ﬁig){a}l c%?i mgachining and
gambralrprosesagigtf&tqadntlycmi&i grst dred alr@rgi!imass thiat tshrmtrmdemable in the
fﬁ?ﬁ»‘ r@gﬁge agai nst the articles to be finished. One or

unds such as liquid soaps, degreasant,
polish etc may be provided together with the finishing

E@Ehp‘gtqjsan qu h@%n\g@%reergqe?glél %fﬁzrss agoifdt rﬁguction o'?ghe roughness of a

surface of the article.

Articles to be finished are typically placed in a vibratory finishing apparatus such as
barrelling or rumbling apparatus, a vibratory trough or bowl, a centrifuge or drag-finisher,
together with elements of a finishing medium. A polishing or degreasing compound may
also be added.

In the case of deburring of an article, the finishing medium typically has a relatively
rough surface, whilst in the case of polishing of an article, the finishing medium typically
has a relatively smooth surface.

During the finishing process, the finishing medium is agitated, causing the elements of
the medium to impinge against the articles to be finished. One or more compounds
such as liquid soaps, degreasant, polish etc may be provided together with the finishing

medium.

A number of different types of finishing apparatus are known. One such type is the
tumbling mill. A tumbling mill is configured to finish articles by means of a ‘tumbling’
action of elements of the finishing medium on the articles.
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tunbling mll. Atunbling mll is configured to finish
articles by neans of a '"tunbling' action of elenents

w@tooviae3p2 ni shing medi um on the articles. The fPei/eBR0vg/050821

mediumitself typically conprises articles having
sharp points or corners. The rddi um may alternatively
or in addition have enbedded particles of an abrasive
material. Some finishing materials are in the form of
irhe &disting rmeediumyitself typically gomptisesoaitidies raving ciharp points or corners.
t c f n i :
RO PR s Ehdinal o) SR BRA hle LB TRl P an abrasive
j;erlaé ﬁ@d@dtmlmmg mpteriads farmmsﬂmenfgrrprocﬁdm chinheslayhwitip aluminium
j C d Mg d.,.at
Qﬂé%?g@feeso%ﬁfé{%d%@ﬁ%ﬁn{f e R, e Tl B8 form of 2
plastiasrreatedal squsriztgasticlest may be addiest. eby snoot heni ng t he
article. In sone cases, the finishing nediumhas a
cl eaning effect on the article instead of or in
Bddng itlen fitiehiag saroeeshe tienghaep frmpits Of hoerme s [@ndfor estilsdsled particles
| i NS p d
E)%%g?nlﬂ’éreggur?&% Sf I.'P1 rﬂééﬂ?m fi @Cﬁﬁéﬁ \?WW%%%&V:C}% C?n% cgrg\%es of the
guickek theretiyr %tdemihemnig W articleons bgsmme legses, I &Ihlehm@tm;adlum has a

B 80 Sl E ARARferBha EAATE BBRATND S ORHETaG B
di scl oses a finishing tunbling nediumin the form of
;Ee‘g’“”igifﬁ@ PR e LT Fon v
i alerse igttirgs meStuar gr ratiédba . a ensequenty,t e
| m éﬁseeﬂ'e n%tl%ﬁ%‘? %géti}ee 3t resp% ﬁn)%%?%%lloug% #rSYigesogp f'{nhsg the article

éffiniesthy.ng nmedi um t he rredl umis arranged to fracture

in use when it has worn to a predeterm ned degree. The
mediumis arranged to fracture in the region of the
HSGBY&B‘Iésdisd:IdJ\msebyﬁn}imagi tljmltging rresdiumhiar {heefdge soff iangular or star-
SebeRl s, ol SBbR [Pl e AP deliny B8 apthPBa! AR dose t
apmén ofaﬂhecp1ate§ Sea@mdgeahufalm mdmaarelpmdmdaeoaradtm apices, in order to
V|tr sor k}stlc res Ende at bi

ré)mo @ghlp% %rg?r to&;? er}.ésg aq/éh ﬂrﬂsﬁﬂiﬁghr%edium, the medium
d;l esmgamcagacturleah uBG@Meantmaswrh Yo & praguietstonireedaded reve ethe medium
t o_have

IS arranged to fracture in the region of the apertures, thereby providing fresh sharp

edges for finishing.

The medium is disclosed to be formed either of substantially 100% inorganic ceramic or
of a combination of ceramic abrasive particles and a vitreous or plastic resin binder that
binds the particles together.

Ceramic media have the disadvantage that they are costly to produce and need to have
an abrasive added in order to effect a cutting action.

GB1130923 discloses finishing media in the form of articles having a star-shaped cross-
section, and a length greater than the maximum dimension of the star-shaped cross-
section. The medium is disclosed to be formed either from a zinc based die casting

material, steel, aluminium, brass or a ceramic material.
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an abrasive added in order to effect a cutting action.
GBl 130923 discloses finishing nedia in the form of

W@ra00084382 havi ng a star-shaped crosssection, ardI/&B2008/050821

| ength greater than the maxi num di nensi on of the

st ar-shaped crosssection. The 3rediumis disclosed to

be fornmed either froma zinc based die casting

material, steel, alumnium brass or a ceramc

farasti¢ anatgkalaaye nthe edisadventage dhatheneti dweyvhareayerm Haey must be

8@8&&@@%0@%’@ NP edsy U1 sB43tn Pr%tgr'ieﬁ’ .af\lﬁd—z%filjcshﬁf‘eﬁalston the other

easy to reuse su mat er : tallic

hmobarea:lapabia it many cares dh Aeidg seferrsegpla melting amd mgcastings

of being reforned by nelting and recasti ng. However,

when netallic finishing nedia are used to finish

hewavadri avh@mrMpiaéicef@isftimce masti ane tused Jo tfinishosetallics workpieces, the
RSB EETo KRE 3! okl ool At i BRI ook e i Rrcer materias

sudhr ag oerpmiidsni Sonseguemnttyi, smatalivibmtdrg finishimgdeediadent! to be carbide

[ I \% ' Y -

PR AP BRR e B e BEaE e WiRalri A Al FRE e Rhatvely costy 1o

nnoslacmant ages of netallic fi ni shing medi a i nclude the

fact that such nedia are relatively difficult to

machi ne and nmass produce. The materials also tend to

Eonthey dbsadsipintdfgs phmetllicpliiraoghess megiaeinvlude mime fecs that such media are

%iﬁﬁglga&ihi%fﬁjm’fbeﬂ%cﬁ%bdén% ﬁggsp?)wﬁearﬁﬁ U rlals also ter%d to corrode
nsequently, i n some cases ni'shin iaare

wpidly iperkt procabsing Rawltwmentsoﬂppnmmlysvrweaacsdlbjcempemdscare used.

"self processing' conditions. In other words, the

conmponents are left to nove against thenselves in the

(besm;uenljy finnissmiengasasy i fireshimgntmedia t renoof iutilised reg all.  Rather,

di_Ljo y J ut g ||
ERTGERL RS ot WP gietl o ST P Bliohy 1, 8 worcs, e
mpbrre@twmreyleit itd tiove dghlnat thiengebves dether vibratpry finishing environment,

f- 1t i e a n_. :
\%gllw flnﬁtﬂ;ﬁ u& Lﬁ‘a %@ﬁéds %@1 cgonﬁjg%H% tgglgg&aég@%g%n}y in the case of
tiugb cohses law Qualiy pads meedingvedy ldtle dj\eﬂalsrbipgaxstdebaﬂrihg. Self-finishing

roces I l. r.qranul ate f t |ne
eSS Harat i MEnaE BT Peblocy el MugliiEirarss,
an adhesi on pronoter. Pol ymer vibratory nedia have the
that th ent ni,f 1 cant

ISP A7 BFeidicn qiatjo TPESHE of'p JBbyldiasPiHil fBPissable polymer
praodiatee filledh dvithhéyelyrdivideat metal, the metal particles being coated with an
adhesion promoter. Polymer vibratory media have the disadvantage that they present a
not insignificant carbon footprint, they are relatively difficult to produce, and they are not
easy to recycle.

US2004/0148966 discloses methods of making glasses and glass-ceramics comprising
AlI203 and SiO2 and discloses that glass-ceramic particles can be useful as abrasive
particles. The document discloses embedding glass-ceramic particles in a host matrix to
form an abrasive article such as a grinding wheel. In one embodiment particles are

bonded by means of a binder to a fibrous mat provided on a substrate.

Furthermore, finishing medium elements may be formed as discrete components not

requiring support by a matrix such as the fibrous mat of US2004/0148966 (see above).
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easy to recycle. US2004/0 148966 di scl oses net hods of
meki ng gl asses and gl ass-ceram cs conpri sing Al 203 and

W@GRE02/034302 di scl oses that gl ass-ceram c parti cl BGI/GBRO0BO50821

useful as abrasive particles. The docunent discl oses
enbeddi ng gl ass-ceramic partictes in a host matrix to
forman abrasive article such as a grinding wheel. In

one enbodi nent particles are bonded by nmeans of a

i andiest aspeci of ithe pesentinventionitierd i pravidedios vibeatery finishing medium

BRI Car SAA BB RIS RURFIGY B T or red

| scret’e conponents not urring support by a
matri x such as the fibrous mat of US2004/01 48966 (see

b . i - :
FREHE ehBeBlds iR floc 7 B RRRY Lol SRk B o matera
thavisray Imst pardiglly devjoiiad. oln somemmlsodugeratsalea/ﬁmismim@ awdium elements

GRS eBbonufl SOTEIREERRAEPHEP phOBekh BN Ge TR M qtner words,

inessne pabodlialenis e finighingi reddlumnelsmaetsedwbmuiqmise taheast partially
| .

G R0 RRTRSH AL FERCS GANE 5l 20R SRRl i, oy mat o

am;hemembnd ©f matrixs breinetiebd @renﬁ:mrtnsd tshlestamtmllg lentirglynad diit lgast partially

G Paflfial BerGARD AR Alichgast partially

eria Articres in a host matrix such
as a ceramc matrix, polymer matrix or any other kind

rj al .
clﬂﬁée | n?bopmr'%nt easﬁﬁgmﬁé ?Té%q‘?ﬁrﬂgeg%rﬁ%é Bﬂé t rrégt% rglagﬁ’materlal that
pasabmrmillgasgbamallymmmai In sone errbodl ments t he

finishing nmedium el ements consist of a glass nmateri al

that has been at |east partially devitrified. In sone

ndooos mebeintehts the finshing gnewbuin efene¢resrare forred efsentraly and aimost

a % I
PRABEE ol Peon B lal ! o3 B PR BeffRS UBERL™o 2 hea
tregtatentid fdro hqmanladlypcmvttmfeddl satkeial. t in fsbme eraba@timahts tha finishing
i.ent ni rre r

BTt OSReE e, iret R B SRR ar e o gy, has boer
sulizequeralytsupjesieljte athedt nreatmeh’elatfoﬂrm aephrtiaity déitrified magerial
partially devitrified material Enbodi ments in which

the elenents are fornmed essentially or exclusively
EmUdigimssimwhiehitaé etareeres @ee ifairieg @st\eaﬁnllag&oemlmwely from glass

ke?{ell zéllrret espmeeg:,aﬂy agv nrtégselor&g or\r/%F |ro|r|())(r art ?nneecp ia Comprising matrix elements

with embedded abrasive particles such as aluminium oxide or the like. This is because
the prior art elements tend to shed their abrasive particles during use, forming a slurry of
abrasive particles, matrix components and cuttings from the article that is being finished.
This slurry can be environmentally problematic for certain abrasive particles, and may
need further, expensive processing before it can be disposed of. In contrast,
embodiments of the present invention shed only glass particles, which can easily be

disposed of or recycled.

By devitrified is meant a material having a crystalline structure that formerly had an
amorphous (glassy) structure. By amorphous structure is meant a material that lacks
any long range crystal structure as determined by X-ray diffraction. By glass or glassy is

meant an amorphous material exhibiting a glass transition temperature.
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wi th enbedded abrasive particles such as al um ni um
oxide or the like. This is because the prior art

web@nesss2 t end to shed their abrasive particl eBCHGBRIV/050821

use, formng a slurry of abrasive particles, matrix
conmponents and cuttings from the article that is being
| R
A DIT Do d et oo o1Ag pRRSFINVE REFTED 20 Yavapiage that it may be
Iebdcated frofrere)ativgly dovs icost startioe: switaTglhaicine fefativels I@m cost manner.
ﬁle%%?segc&f% % Qtorr dre &F%%?ﬁgtoﬁf tﬁ’é ir‘{x{l%f?rtiolﬁr &re%3bricated from
Inventl on y glass particles, which can easily
tﬁ@weépkasemaéﬁrlabr recycl ed. By devitrified is neant a
material having a crystalline structure that formerly
had an anorphous (gl assy) structure. By anorphous
$he vaw urateriads freanwhigh wataamics bret dleiainkadkuchaag/chiomglay) are typically
é@?@?g %&WH% géletra]%é%érgd @ﬁs@@ﬁ&ﬁlp‘gﬂﬁgoarﬁferﬁ cgﬁ%ern%emst in respect
ofethe ruisalof $hitimaiteriah gThe gS®s§a recamedtnnajerlal,ehqymat lJnae tthe advantage
t ] jon
el RS oCTER L SCRERR Al A ek B RE AR bl
relatively |l ow cost starting materials and in a
I e r -
rneﬁf?ﬁéu\(aeré%eg%r%? g@g{éhg noﬁb/cgr%q%?ecgglgg " g Qr%f&r? eﬁﬂ)%dlments of
fheopriesenty oiventiogl prosideaare rexatllenThiee rfawtivatreatiedflswhicbns otherwise
kna clay) are
bRt P B! e op Rl HERs BT fiBs N
consequently enV|ronnentaI concerns exi st in respect

S b S S RSt 2 LYl

of a | andscape due to a mning operation is not

b?eq&jaf)ﬁqhe Ivglu réﬁ t%% & rqrﬁ%]erréo(?ﬂ'u gfrc(i) |f|%J ﬁ%lserla?lsniﬂtthe range

notf mal'ty Fecyc hererore e odlne

froreseoind P émbroond P00%. de an excel l ent use for this

material which is otherw se di sposed of at l|andfill

sites or other waste disposal facilities. Preferably

Moes btielférabiyntgemetdjmﬂmfeﬂhermmnemdmrmei foen of idevitbidied material may be in

Beried Pot e RrbiE#8lod ST Tonge 11om around 19 o

around 100% More preferably, the volume of the
F[lls ound tlﬂgt Yﬂh%lgfh%rr %eogro%%ﬁfo%” fcJe(\en riflrtra%tr%gtle%l FF]BeyhargerI fhe finishing

element. In some embodiments the finishing element has a hardness of around
5.5mohs.

If the hardness is excessively high, finishing elements are at risk of suffering fracture
during use. If an element is excessively soft, the element is at risk of losing its

effectiveness due to rounding of edges of the element.

Preferably an element has a longest dimension in the range from about 5mm to about

80mm.
An element may have a longest dimension in the range from about 5 to about 50mm.

An element may have a longest dimension in the range from about 10 to about 40mm.
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the range from around 20%to around 80% It is found
that the higher the proportion of devitrified

woreaoens4ah2 the harder the finishing el enent. |PCEGBR008/050821

enbodi nents the finishing el enent has a hardness of
around 5.5nohs. |f the hardness is excessively high,
finishing elements are at risk of suffering fracture
during use. If an elenent is excessively soft, the
Elegrepta witls dimensioni inthdsesanges bavedganciolne trebe padisulady suited to
ﬁﬂ’sﬁlﬁ’% Qﬁlﬁ%“s o §$argf 5fg)9fe%ﬂmts: F'ﬂ?tﬁfeﬁﬁ&@l y s?@ of an element may
el enme as a I mension in the range from
bd setecBinsQ cbh%tkibatelmﬁmh is Ajikelyl @nbe]tabiea;o havabler to dngiege upon all
Fé{qﬁﬁ@c‘f’ 5 Qfaded otfl?ter‘e 5&1@%% o‘ﬂfrg otggd %Pg%ce‘%Q'H?‘qéﬂbe or other
el’'emrent may 'onge |rrens on-in the range from
tetlabune oflgn athC@bout 40rrm El enents with di mensions in
t hese ranges have been found to be particularly suited
to finishing articles over a range of different sizes.
Peferably remr edgmantsis peovifedain ted elmapet of redjedse ose belected froon amongst a
t t I | y I -

A, G SRR b, 6l £t 2 IR e oG, FPuffnddtal soli and o
swheln@ut becom ng | odged in a recess or crevice or
other feature of an article. Preferably an elenent is
provided in the shape of at |east one selected from
ane epsend ntaybaindrisenorehtdrpsraieda pdurplity ©mvoids domegd, dor example, by
QE%B%?%ﬁ%rer?blﬁéﬂ%glesa pol yhedral solid and a

phere. conprise or incorporate a
pI urality of voids formed for exanple, by gas

S v

%s ! E%t Engg/eg %t%r}t%”){/ L@Hé’lwélf di Cp-gbsee[d Witﬁjlﬁhe e?lgr%entf or may be
kmcamlyn hrtdeasjtaaetueface tayaltthlems{;t a surface |ayer ther eof .
The voids have a nom nal dianeter in the range of from
around 1 mcron to around 1nm preferably around 10
e voids Havesa aomihabd@nmater onthe naoge op freire redving fanoernd to around

?‘rﬁ%?géér%%&r%g)%@ géjgn? rgt%olﬁn%rﬁﬂeﬁ)dqgoo %%rgr%%o?ggpe%r%lgta‘?ound 100
microns to around 500 microns. In some embodiments the voids are of a size in the

range of from around 50nm to around 5mm.

The voids, when exposed on surface regions of the element, present sharp edges that
are well-sized for cutting and deburring and finishing. The exposed voids can also act
as reservoirs for fluid finishing media that may be used in a vibratory finishing process.

Preferably the element has a plurality of regions of a crystalline material at a free surface

of the element.

Preferably the element consists essentially of at least partially devitrified material,
preferably at least partially devitrified glass material.

In a second aspect of the invention there is provided a method of forming a finishing
medium element comprising the steps of: providing at least one piece of a material
comprising a glass portion; subjecting the at least one piece to a heat treatment thereby
to form a solid cast member having at least a portion comprising a devitrified material.
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range of from around 50nmto around 5mm The voids,
when exposed on surface regions of the el enent,

w@e@eesM3Isharp edges that are well-sized for cRET/GB08/050821

and deburring and finishing. The exposed voids can

al so act as reservoirs for fluid finishing nmedia that

may be used in a vibratory finishing process.

Preferably the elenment has a plurality of regions of a

By glesabbitine isvmeant aportien termee doguart amerpbpus breglassymeaierial.
Preferably the el ement consists essentially of at

| east partially devitrified material, preferably at
Pesdgrablyahe istgn pf geovidind i edsigbes piasatarmalteriall gprgprises the step of

EFRRS 2PRRR A oidcas of MAEH, 6 SORTHe bRl SHErEREh fass inthe form
clgtpss ailleig(redeimed glasshf : providing at | east one piece
of a material conprising a glass portion; subjecting
the at |east one piece to a heat treatnent thereby to
Paferablyshe pliraitys of precdseof raterialghaxe dneavsrage $iza ini tba range of up to
Qr%{m{]idfﬁinﬁ‘g a devitrified material.By glass portion is
neant a portion formed from an anorphous or gl assy
material. Preferably the step of providing at |east

i : ' : i of . i di
SR8 pRIEFF o Pist, T blor B RRL P 3T 2b "R BhERA o lelom around
émnblockeimd®rams in the form of glass cullet (reclainmed
glass). Preferably the plurality of pieces of materi al
have an average size in the range of up to around 4nm
The ppiralityabi pipcesf ofpineteeial why maveanaveragy direvie the range from around
%%ﬁ{t%%im?’iqzﬁ“h‘n the range from around 4mmto around
nm e plurality of pieces of material nay have an
average size in the range fromaround 3nmto around

raljty ni ial .m

SE puldR. B et Aot B6F Patk aF Rt ired RN BE YRl around
0.5rmtn ardhed pl76mat.i ty of pieces of material may have
an average size in the range of fromaround 1.5mmto
around 500 m crons.
The plurality of pieces of material may have an average size in the range of from around

1.5mm to around 500 microns.

The plurality of pieces of material may have an average size in the range of up to 100

microns.

It is generally found that the smaller the average size of the pieces from which a
finishing element is made, the smoother the surface of the finished article. Elements
made from pieces having an average size at the lower end of the range are particularly
well suited to finishing articles such that the finished article has a relatively low surface

roughness.
Preferably the cast member further comprises amorphous glass material.
The presence of amorphous glass material may have the effect of increasing a

toughness of the element. In other words, the presence of amorphous glass material
may reduce a propensity of the material to fracture.
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The plurality of pieces of material may have an
average size in the range of up to 100 mcrons. It is

w@emenad3by found that the smaller the average BCHEBRG08/050821

the pieces fromwhich a finishing element is nmade, the
snoot her the surface of the fithished article. Elenents
made from pi eces having an average size at the | ower
end of the range are particularly well suited to
Prafershly rige anethias fegheruesimprisas thehetep iohcuttiegl ther edst menties thereby to
e @Et‘%@lo\( gihiewﬁgwé‘oﬂﬁﬁefeﬂ‘r&@?ess- Preferably the
cast e r further conprises anorphous gl ass
mat eri al. The presence of anorphous glass naterial nay
et [ i f
SR o o Lo Aherfibor Ml B8 PpAGfd OF RERRE o1 AlehkiBir saw such as »
diemesd ripped iciitularasaw. e Aliemativaly op emaddiyjoro¢uttimg: mayther performed by
f rises
Rah Bt PR ER A TR M gL 70
plurality of finishing nediumelenents. Cutting of the
) - f

Rl RE sttt HERRE VRS oL eaREPE oltce e BHEUIHAH By the step of
platiog Mz avleast ame pieceaddi moold, thetrmould haing lasshape fcorregabnding to a

of . cutti a / ro
SPEE 1 Aot eh TP BUB, AAF sBhgHe &y of mouies
tormad img tiahesiailad tessmutiindrayi wberei ®@nps acetbededyelements with a cone

b I ' [ I t he
LR A e T b e S A
finishing mediumelenent. The nould may conprise a
' . | ds.: f or ' il ar
Plaak e, friofRd pRil eFRibk By Brhécie Bt fffefr pne setected
tomeanzorgktanbng@d aGOpoidpaCellifshid@ pretn, Lgpcdne, a 26 rahediay e pyramid,
: ul. Preferably the finishing

%@g&n%n&ér%#é%ngss%ﬁg{eﬁed in the shape of at |east one
sel ected from anongst anongst a cuboid, an ellipsoid,

ism I ahedr ram.d,.. .
B RETnd EBF neAuie B g b Bbs e Pb A By o & gpospature in the
repgt friomealtdub JoeWnprabeesi1 td9eCst ep of heating to a
tenperature in the range fromabout 700 OC to about
1100 OC.
More preferably, the step of heat treating comprises the step of heating to a temperature

in the range from about 800 °C to about 1000°C.

Still more preferably, the step of heat treating comprises the step of heating to a
temperature in the range from about 850 °C to about 950°C, preferably from about 900°C
to about 920°C, more preferably around 900°C.

The step of heat treating may comprise heating to a temperature in the range from about
700°C to about 1100°C for a period of from around 1 hour to around 3 hours, more
preferably from around 700° to around 950°C, still more preferably heating to a
temperature of around 900 °C for a period of from around 1 hour to around 3 hours, more
preferably around 2 hours.

Preferably the step of heat treating comprises the step of heating to a temperature in the
range from about 700°C to about 1100°C for a period of around 2 hours.
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More preferably, the step of heat treating conprises
the step of heating to a tenperature in the range from

W@keon3gsoD 0C to about 1000 OC. Still nore preP&r/aBRons/050821

the step of heat treating conprises the step of

heating to a tenperature in tHe range from about 850

OC to about 950 0OC, preferably from about 900 OCto

about 920 O0C, nore preferably around 900 OC. The step
sfmatesial forraed ifellpwingy Pwoasring ef Reglasmpatasiah tq éarpeviktaierg finishing
| ut 1100 OC for a
@gpkgﬁa%@%%o%rgﬁ%%ﬁ% T (ﬁ%ﬁ?&}goé'gpgﬁ%d 3 hours, nore
preferably fromaround 700 to around 950 0OC, still

f . ' . .
I8 B SRR B bRk B Al 1o e pice
Hetaty, to meiteat peast amaltion diiseidrad leashoue piec@rabeequsinily coming to form
350 St Beloch DALY AP R e P S sl ©
1100 OC for a period of around 2 hours. A nmateri al
o8P BEREE o SARRE s AafhAss, MRYRH f idfins @ s
mneHiven efenmand waothpBsiBg rtbéstepbhef: previding ah desst toneatieceyof a material

’ i . st , t ' t
i EFEES oBSs PAfioR: §8 B Ml e L BE6L Bk be8s Horg S7imolt ateasta
partibre a6 tsaidnat lpagcae piabsespeaguently @oblinggta wrihoa soldd cast member
Ny r j : tion conprising
S PR ooPBY oot R iR L 0 T
invention there is provided a nethod of formng a

Tn' Qlfoﬁ.,?fhnegsp'gﬁtd(#fl{m—:‘ ?Av%ﬂﬁcm th%%rggérg\'/iggd %Wﬁetﬁéc‘? Bﬁre%rmingi1 at least one

providing a east one pi ece a material conmprisihg

Bnighieg s1edoint elemenhemprisingahe stpps loé priovidegstatorieagyi eve finishing
Yy | .1 east p [ f ' | ea )

RgP dekefiseaBlouiel TS u it 8o, Bftctufla £ St weatment

sarsequertiigycangin@to foenst scdid pasttmemberaopmprising@ aevitrified material.

devitrified material. In a fourth aspect of the

invention there is provided a nethod of reform ng at

Teia$ias dmeadvaniaglei that spedt iimshehg slententsompy bsirefgrméabto produce fresh

: of : _providi ng. I t gne finishing.,.mediu
e Bt T8 o o837 cB"BabifeM BopgRine g spent inishing
tlemientsrie atlaretiit or sthies egstedidppsaldacility.ng to forma solid
cast nenber conprising a devitrified material.

Preferably the step of providing the at least one finishing medium element further

comprises the step of fracturing the at least one finishing medium element thereby to
form a plurality of pieces of material.

The step of fracturing the at least one finishing medium element may be followed by the
step of placing at least one of said plurality of pieces of material in a mould.

In a fifth aspect of the invention there is provided a method of reforming at least one
finishing medium element comprising the steps of: providing at least one finishing
medium element according to the first aspect of the invention; performing a heat
treatment thereby to melt at least a portion of said element; subsequently, cooling to

form a solid cast member comprising a devitrified material.
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This has the advantage that spent finishing el enents
may be refornmed to produce fresh finishing el enents.

Wah@p@343%2 t herefore no requirenent to di spose PET/EBR0UB/050821

finishing elements in a landfill or other waste
di sposal facility. PreferablylPhe step of providing

h I ' d; her
R e PR oL e Rl S e s ORI o L Imecium element
a¢q¢rc§m g tredirgimagbegieint camikinatipp wih fardegeeashnir and/py a polishing
? fges of material. The step of fracturing the at

east one finishing nedium el enent may be foll owed by
the step of placing at | east one of said plurality of

' rds f t te ; ;
ﬂg%??l%rgﬁtagge@t (11%% |H|1vseﬁt|%tﬂe§e ds y.[;‘ro@ldreii1 He?ﬁb 91? oﬂrn%fhlr?g an article
eomprésiry thersterds ofi smvwg@mumthtxebeﬁum’rtmg: mvegiuins Elegentseaccording to

e r o fed dj
ﬁ’lteei{rﬂr%etn ?g%eé:gor\c? gémga%i#etﬁ?ﬁg/so? qg% fl'nB ﬁgf rﬂgﬁlmﬁ tidfents to impinge
ame&ttanmtlclepmefehyrto neduae leesarface mheeﬁs oflee ettiglet o nel t
at least a portion of said el enent; subsequently,
cooling to forma solid cast nmenber conprising a
Besi¢rablyfthe dnethoa furtier lcomprisg¢skthe step@ot abviding at least one selected
e h i.de
e b ST oF Kealiflo By heliuhg BRBodRE MRy fo enance a
dehtltm |degrfmra)ughrmsd/o®theaarpcje dshmgw@edmmbmgrmiocelsa. a
seventh aspect of the invention there is provided a
nmet hod of finishing an article conprising the steps
Efnbopirr@mtsdd)frtge avphiiomavill npwdfe desarilsdd with refelience ®l thewatampanying
@QC&% if-0 the first aspect; and causing a plurality
e n| ‘'shing nmedium el enments to inpinge agai nst an
article thereby to reduce a surface roughness of the
r b

[éuﬁé‘? is B fo(t)\?;? ge%ﬁerétp% eas[h%gtrl]ée#éfgt[}g for 3 M g l?hga;rr?gﬂFacicordmg to
ﬁrsdmgindgnmodmmmngeuwepmﬁri;shi ng conpound t her eby
to enhance a reduction in surface roughness of the
article during the finishing process. Enbodi nents of
FiGURBv2rdhoans ai plisrmeageel (ieisking beddivnt lelenedrer asvoeding to a first

h flguresmvvhlch FIGURE 1 is a plot
%WB?CZ&]%RP@%%@V QOYt Uunction of time for a heat
treatnment according to
FIGURE 3 shows a substantially conical-shaped finishing medium element according to

a second embodiment of the invention;

FIGURE 4 shows a mould suitable for forming a plurality of finishing medium elements
according to the second embodiment of the invention;

FIGURE 5 shows a plurality of finishing media of conical shape having cone angles in
the range from about 15°to about 90°;

FIGURE 6 is a cross-sectional view of a finishing element having an aerated structure;
and

FIGURE 7 is a cross-sectional view of a finishing element showing the presence of
crystalline (devitrifed) material at a free surface of the element.
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first and second enbodi nents of the invention; FlGJRE
2 shows a prismshaped finishing nmedi um el enent

wW@ewonsdny to a first enbodi ment of the i nventP@RGB2008/050821

FI GURE 3 shows a substantially conical - shaped
fini shing medi um el enent according to a second
enbodi nent of the invention; FIGURE 4 shows a noul d
suitable for formng a plurality of finishing nmedium
Atconging S0 e bt @migdineent (é the devenatientro dihisking r¢divmels formed from
h%\é&lgfrb?@staﬁg Fﬁc% IS8OMS el 8t bibYs r(f’ﬁfatefrlbf%'a? LRE useful.
ra of “conica pe having cone”angles” I'n e range
from about 15 to about 90 ; FIGURE 6 is a
- . e .
AERTRCRE S Fanel ke Widbly Bfipeldh B%dPRTRY. maB¥lal Mlatively low
piices iof campdrisos Hp ngefelllen'eanerlslaomFWgexamplpr emerpreusfsilica glass is
1 o9 ) of
FiRlRbR Lo f Bt et b TR s oo BBl S iges.
i nvention, a finishing rredi umis fornmed frompartially
I [ ki
5\8 réfl gl%s arﬁgtﬂg sonﬁaz(é ?ﬁﬁlmé %}éaﬁlﬂsmsﬁtlg}g@g%ae%adlments of the
wedemtynmrmloh,ablsmrmsg mabertaimdtheyfonatoéraMrpMUsmlllcat glasd i crushed
*n?d"érﬂ%l'l &géeé nIn s%%aéhﬁ&ﬂmteﬂﬁsr@ttﬁé Inklgntmﬂttﬁ% p?elcés a@?ﬁround 4mm in
ous” SilTica ass aval labl'en e
dlametemf Blyéchymb@d mmeniaegmabmwm disnemsidnaff herieceaxt ydterihl.
articles. According to a nethod of making a finishing
medi um accordi ng to enbodi nents of the present
innsaan¢ ieopodimestargradey mided raudiét is rusedehéwirrgrpieées having a maximum
?i%%gilaﬂ%?ﬁﬁoiuhb%%ngl ass is crushed into small pieces.
n -sorme “enbodi nent’s of the |nvent|on the pieces are
around 4mmin dianmeter. By 'dianeter' is neant a
@an%dor@@ @‘n%' g%gw'}saglegésmﬁl%\g dgeéﬁ gr—:‘r gg%%l{éeraée urL]Qd Sf‘%gnraexample pieces
pa\érumsdtaa\eterg)faxpnamrdmnm%mmwlmruaeﬂ ar ound 4m11 I n
sonme enbodi nents pieces having a |larger dianeter are
used. For exanple, pieces having a dianmeter of up to
bor sounmer] efbndimepts) piecee taving a diameter of from a few microns to around 5mm

are used.

According to the first embodiment the crushed pieces are placed in a mould substantially
in the shape of a cuboid and subjected to a heat treatment. The heat treatment is such
that the crushed pieces are at least partially melted, before being cooled to form a
material having at least a portion comprising a devitrified silica material. Devitrified silica
has the property that it is relatively hard and resistant to wear by abrasion.

The cooled material has both regions of amorphous material and regions of devitrified,
crystallised silica material. The crushed glass starting material, on the other hand, is
typically almost entirely composed of amorphous silica material.

A plot of temperature as a function of time for the heat treatment process is shown
schematically in Figure 1.
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In sone enbodi nents, pieces having a dianeter of from
a few mcrons to around 5nm are used. According to the

W0 pevso3enbodi ment the crushed pi eces are pl acerCT/6B2008/050821

nmoul d substantially in the shape of a cuboid and
subjected to a heat treatnent12The heat treatnent is

I
PHE BukPe sl U TRERADL L i AufE T ST fonP Bl B 2007 to around
0Q Easﬁhewlmtare held@tpiis tsimppraiucecior apefiodd ne ttc@t from around 1
R4 EhAPE holpgvi trified silica has the property that it
I's rel atlvely hard and resistant to wear by abrasion.
The cool ed material has both regi ons of anorphous
Wtaegte‘t’erre'ﬂ“entq%%r%ﬁ &f th‘eeYrt tehl:(icr't % C?J%%a]t)leéessegre heated to a
sil'i ca mat ed starting
tempehauist Adr ohanelnd §0t)§i.‘p|fgrala ybeadndrdétofentqundl 9 hours In some
grﬂBB&ﬁt%ﬂts%e @FH%EQ{PE Shi! émb%rt]bﬁtl aﬁn Bqut%f%fround 925<C.

erature as a |ono time

treatnment process is shown schematically in Figure

h
igéf Pi%g%regffo%g JQ%%S@O&?%%O%@@%{C% b)_tllgrb%g 8@%&@%’, rcﬁJrl-rqg ]coollng from
blevaledtennpargiuteip determines toa sabgientiabextent the rinarctne$s of the resulting

ﬁrﬁ%ﬁhﬁ%ﬁ@%%w% tlﬁtreOtLI'rb‘tjtdEterth F{?zurglr'rastﬂseegrvﬁ ﬁﬁlﬁgﬁce the proportion of

I'nventi on | eces
brysiatiide neaterial eopwrisedimeth® fihishingamediad A)O@her bmpoetlon of crystalline

Ht%ter%ﬂatt)bo]r cally i&a4e es% thr%rflﬁrshlln n?e%tﬁn%me%?g%@hérdhggs

s are ea ed°t'oa enperature
around 925 90 The degree of recrystallisation

EBRFocd e pbriatin' 4 TR, Bichhiol b, Sheidlfie bl Maiso have
|xteanéd ttdnlttlehamjnmaeh ofayt tesult es Litatctumg during she rfigismgi process.  An
%«ﬂ: abtee bta ahcgrt%ft\}t/gefp%eat ?Iaﬁve p%?t‘ieoq]sw'ot ant %hogtgngt% crystalline

propor I on crystal AR conpri'se
material mushthegefn@dbaach\emcghreprqmdp@btalm)a fofishing medium sufficiently

I RN T

emillt/aiummgtaamshing peodesgher proportion of crystalline
material al so have increased brittleness, which may
result in fracture during the finishing process. An
@oce tHeapdréallyakeanystallibed gaes nidierial dbatewe cpologds tocom senaberature, it
%nct:)urtqhqgrsm aeedme:nrtélst gl lsha?)% and size suitable for use as a finishing medium.

Cutting is typically performed using a conventional diamond tipped circular saw blade.

In some embodiments of the invention cutting is performed by means of a water-jet or a

laser.

According to the first embodiment of the invention the material is cut to form prism-
shaped finishing media as shown generally at 110 in Figure 1. According to the first
embodiment, a length of a side of a base of each pyramid is in the range from about
5mm to about 50mm. In some embodiments the range is from about 10mm to about

40mm.
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material nust therefore be achieved, in order to
obtain a finishing nmediumsufficiently hard not to

W@e@p/034392 oo high a rate, whilst being sufficikei/GB2008/050821

tough not to fracture too easily during a finishing
process. Once the partially ré8rystallized glass

*i'ﬁé §|Eé %t thlée}ﬁecﬁg%nse@é%% Qcc%&i]ﬁggﬁrﬂ Y éTHr% Qﬁésﬂeeof trcléssto be finished.

ormelenents o e and siI ze ita
b@ sa@ ia seiasteshiongvait @i prablemuet jamgning of yipisbabl pedia elements in a

; nd tipped circul ar
e B e e vt i on
cutting is performed by nmeans of a water-jet or a

A@fb%ing’ﬁ?ﬁ%rﬂétn@mﬁ&l Fﬁt éf tﬁé‘nv’éﬂ?ﬂ?\dﬂhg‘?lﬂkh hsrhgcﬁa 3re in the form of

I nventron the material is cut ormpris

$olidigismatjc piedeaforrved hywnitine fremaa blpclaof aarﬂnliyrdemltrg@denmenal
According to the first enbodinment, a length of a side

of a base of each pyramd is in the range from about
&mherrmtiaexemboai@mms tire wetesiabaisotiiorferm g diffesentshgee.issich as a cube,

?e%H %)Q&‘g% %%o?g%%mége@g%—%gg ,gée o({théﬂforﬂ@mna‘khesform of a
sier fqran$h’é1@r su‘ta@IessmBeJ s selected to avoid a problem
of jamm ng of finishing nedia elenents in a recess or

other formation of an article to be finished.
Acoodidg rig a secdmi embedimenb oflitinee imveofion, Hanishinge nted@nateh®rmed by

Reﬂmégjaﬁ%lé? uér’]’LeSit%Hﬂ: gJ,%r o\%l'g?w @'{dl C@ail)&oglgdrsf%a% Fo form finishing

or e m 0
nhedlat of fheeoquaedarflnal shdpe elirecﬂlynatnweth@ratmejmmbmmessaneto cut the

. - h
SRt ahal B ghdi bR G RRipafEDF S e @
Cross-section or other portion |n the formof a star,

Sl B S AR GuAER or AR AR SEFRF 210 v o
lestmﬂilabycomai shapepibat was ésmet! direuﬂ;,hfeminsai mbule. ol sstable mould for

v u S f
Bt ey RS ERugl Fiyed | G ol BeReREi puraiy
ofotvelheleewptr §10 of ashapd eosedpioddihg ¢ad thmlctf tlnen comicad rfinishing medium
mHL%{H shing nediumelenments. Figure 3 is a

I'C illustration of a finishing nedium el enent
210 having a

Finishing media of conical shape have the advantage that they are readily removed from
a mould once the cast material has cooled. Thus, finishing medium elements may be
manufactured rapidly and conveniently.

By means of a casting process according to the second embodiment of the invention,
finishing media of a variety of complex shapes can be formed in a rapid and efficient
manner. This is at least in part because it is not necessary to perform a cutting
operation once the melt has cooled.

It will be appreciated that once finishing medium elements according to embodiments of
the invention have become spent, i.e. worn to such an extent that their effectiveness is
no longer acceptable, they may be recycled to form new finishing medium elements.
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substantially coni cal shape that was formed directly
froma nould. A suitable nould for form ng such

Web@aes3s2 210 is shown in Figure 4. The noul d PGI/GB2008/050821

provided with a plurality of well elenents 310 of a
shape corresponding to that ofl4t he coni cal fi nishing
FEien f C : ;
h veugﬁhe a vanqtgléﬂaxf hat h?ﬂb&‘ ar egérxgg%)ltf)y ngrr@%séﬁh@?@ﬂg medium
elemeaisd Ionsoeleterrebmentﬁasmni gleneats yeciehed Thifym particles that are
{Heﬁ's%%ee%d%%f H’é‘gt?rl Sfﬁ‘:r‘éﬁts I mQ%M&B%@ﬁs Weeﬁartrc%g HeYplaced in a
an veni ent nmeans a casting proce
sovlor glidhgas cthatr@oweclodﬂGerﬂbe@kﬂ isebiectefl tohee heatveaatrrmt in a similar
ﬁfaﬂhéﬂb%t'a‘égérﬁ)e fab@v ariety of conplex shapes can be
|nara| ‘efficient manner. This is at
| east in part because it is not necessary to performa
t I | 1 :
?Hé tréé‘ |I®D g{ ?%érﬁreé%ﬁgefrﬁ? Ifﬁllgstﬁlg n‘%"%@%?[ﬁ%@ é?@‘ﬁé’*ﬁt \év%tgbe %? material,
ﬁneceinydedlgclmgaa botsiedi aidime Bnighing heocess emivaste digposablacibties. The fact
. Ne: . i . .
3P s Tt R TEET b iUty BB Ydmodig obtained from
resygled esilica ogléss matenial fin rihe Hirstgplaeadiiu@isel @ mensiderthles advantage in
sl t ooled to formfresh
Ee%ﬁplbﬂlﬁneg méﬁr@%ﬁ%’ p@g@ﬁ& tﬁ?ﬁpors&gﬁsg enbodi nents, spent
elenents are crushed to formparticles that are then
ﬁf@b%egﬁ&gs Elose‘i?1 or‘ﬁﬂ'sgﬁ@ qﬁéd'@rﬂtek—#gn@%orﬁ ottg' ﬁﬁg};n%o&infent of the
particles are ace na no chas at shown i n
FvEntion Pavmgsazmr]eemtw inotha raegd ot fremtaremd i1 5° o grioondl &0°. A cone
gﬁsﬁ ve. The recycling of spent
Qef}?dgé“éf%ﬁ %hérgeﬁ% %/g}r% gjagmgf reduci ng wast age of
material, thereby reducing a burden of the finishing
ti h t hat
PR 3B, LR bR oA Bau bR T g mter
aoa aegstatliseb glaisaethténiabm recycl ed silica glass nmateri al
in the first place is also a considerabl e advantage in
reduci ng the environnmental inpact of the process. FIG
bIGs losteovas aeinteshalfstrocisie oija lﬁeidhiug]rmécﬁwmrdlanem@cbf)ddmn@d to have a

o SRR TS T A R R oBEA BBk @ puray
of pores or voids 450. Such a structure has the advantage that an element having a free
surface 411 presenting a plurality of sharp edges 415 may be provided in a convenient
manner not requiring bonding of particles to a matrix. Furthermore, it is to be
understood that as the finishing medium element wears in use, fresh voids are exposed
at the free surface. Thus, fresh sharp surfaces are exposed as the element wears.

Furthermore, as the element wears, any shards of material breaking from the element
are of relatively small size compared with the size of the elements themselves. Thus,
the risk of shards blocking filters and associated fluid handling apparatus of a vibratory
finishing tool is reduced relative to some known finishing medium elements and abrasive

materials.

In some embodiments of the invention a finishing medium element comprises crystalline
material exposed at a surface of the element that presents an abrasive surface to an
article to be finished. In some embodiments crystalline material of the element is in the
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angle of up to around 120 is al so useful. An el enent
as clained in any preceding claimconsisting

wes®ensddat |y of a glass material and a cryst al PCBEEH2008/050821

glass material. FIG 6 shows an internal structure of
a finishing mediumelenent 4 186 formed to have a

fb?r@%f%ld?\lrga%e&?étﬁlq tﬁétrdr‘ Eb‘trf?opr?ur 2 teitrr;al sPF?ScJ bithe RidMent, JFIG. 7is

Ium el enen conpri S a pores or vol
asmsssachorml sntewmtammlomgf a fieiskioy glemege 51 G aaviag a free Surface 511,

ur a[?w'é @@VI rﬁlgﬁf‘nfaﬁ&%gggbz?%? i 9r]e%e|9tr Qsﬁ@tfré(}ags@rface 511, in some

arp e be provide
emho@ mieaist someenolethe wotstallngunaterigl dsinrgdinrie éfrmpefralongadsscrystals 520

g@trﬁﬂlﬂ’&tﬁo’nﬁ(t eFiir'éé Ql?r’fdé&r@H '\t2’0|5% (%Agogr?gs %%ﬁ)} Qggggﬂﬁgsent in the

in use,
dloimgstsfyi®. exposed at the free surface. Thus, fresh
sharp surfaces are exposed as the el ement wears.
Furthernore, as the el enment wears, any shards of
tas &r balunderstdodrigatf a siretdighelceystate peasenton thelfiaishinglgjfements may

t .

SRR (P8 e B Bt Bofedip e Bial Do ABRA, Tonoer annealing
Bmels as@emted @cmeelratud: thinallyi ragplaip preer @i stiarf ofdargeberastalsy
finishing tool is reduced relative to sone known
finishing mediumel enents and abrasive materials. In
8 oo kenfodbemendestadd thaeinisnmerenmtandiraerfts thestavitgfietedatenal is present
ﬁwlc Matﬁﬁ%ﬁ' a&m tr&rOY ? %13} fn%?en%ﬁ éd%lh th&he ‘8:%'/3{& lin& material 520,

ace at

sur enen presents an abrasiv
S26 ﬁsaeﬁecrtmelarierabeddﬂdé irt mdogla{ssmrrsaltmrw 5B80. sbms, the process of heat

Fﬁaﬁgr i m&;?as% r)égul l lﬂ e We{t oﬂa?f()f égr?cl stljuétuiré] without a

ongate crystals ] ec rom an
@qUEeemalht munixgetiads amdamaltre«matenalFﬂr@m sepamtasources. The cost and

SRR ARy ML IS iR RO O P LRl

erren avi n ee’surface ta i ne
(deV|tr|f|ed) materlal 520, 525 is present at the free

B, B o e P oS SRR ABI R BT S gt o« msning
eley@had:mtrﬂﬂme [ firtishirey ufgarfm:lmlasnhlaheorﬂacﬂehesellefmo’eh'qu]sﬂz .are (i) the size
\V/eJ 5 e

fo %L}EE%J%G%E% orﬁ? th% to r‘{l%a %‘e%ﬁﬁ c%nr % (ﬂi\? SézesPF Céry%t‘als of material
prleeemir mstrw slememeerst deilermirnedfbwt@m_n@/temenmum pmyle of the heat
E?%ﬁ{éﬁ BP Iltgnsasf ?qt%t o aﬁﬁ%é%ﬁ%lé{e%gt hltcﬂethgle tent has pores

formed therein.

It has been found that larger pieces of cullet poured into a mould and subsequently
subjected to a heat treatment whereby the cullet is sintered to form a finishing element
and at least partially devitrified results in elements having a coarser surface morphology
than in the case of the use of smaller pieces of cullet. Thus, larger pieces of cullet
generally result in elements having a coarser surface finish that smaller pieces of cullet.

Thus, a more granular structure is provided using larger pieces of cullet, the surface of
the element having undulations on a length scale larger than if smaller pieces of cullet

are used.
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times at elevated tenperature typically result in the
formation of larger crystals. It is to be further

wop@en33ond that in some enbodi nents the devi t PCT/GBA08/050821

material is present in conbination with a matrix of

gl assy material 530 such that 16he crystalline materi al
e i&.e i vely. . o - -

et R L

getagsined by lthestemperateref profiatdf @roivdn begsdiertnagrd/(iratthé semperature of

el diGhais a%"'atfnﬁé’ttonaof rtiﬁ%“ﬂJriﬁgﬁﬁg héf tf@aﬁn%ﬂft it & t5De@Rderstood that

matri X naterial from separate sources. e cost and

lecony| asydtaly exposaseanaritdeastriadenef prioisbing ¢lemenketyploplly result in an

Y oLifi . . N ?

PRRH] Moy cpars Bty o oS B B LA et gifaler arystals

alecaxpnsectairst irgdsurtaceo fi ni shing of articles that

contact the elenment. These are (i) the size of cullet

used to formthe finishing mediumelenent, (ii) a size

oirooglyatt dhe descriptive raind| clggme sarihisi spetifieatmine thentvords “comprise” and

ey : i r ‘ Ll.e of . ”

CP T R )Rl ERHER, BERblefyine BB, means

Gnxtleding toat wioi dimitetietlog| ante it nbiaimipuwledstof @naledogsheoeigiaxclude other
- : - r.pieces of cullet poured

Hﬂe@@%’, eﬁ@ﬁlpgé,%ﬁ@%gh%@édh%h?rﬁyorgte&%éCt ed to a heat

treatment whereby the cullet is sintered to forma

ﬁ'hﬂahémﬂghgldﬁg@rn@ﬁig?%ﬂd acﬁai#ngao‘cftthiQ%@)'é&iﬁ!:elt%Pfjﬁ]\é' éirﬁéJléregncompasses

resurts in ellenents having a coarser surtrace

therpidrel wigssttharontaxttdieeroaseeqdirashdn pasicalar, svherd #e indefinite article

R & tﬁé sj&%ihf ion T84S pd %bgglfﬁto%e&se%o&fem &Qtih&tsolu

generally resu In"eleffent S having a coarser>sur

Singulatity t Urd¢ssshakordextpeques adfereisel et . Thus, a nore

granul ar structure is provided using | arger pieces of

cullet, the surface of the el enment having undul ati ons

Beatardse imgders chlaeactaisties, compounds, hainical mpiatieg ©r gfoups described

BB 90 R 5-E R O3 Bl Pl v o

dedezstoocheal beyappiieattle npeangt ather pspn‘fct,l eﬁnbdc:iraegﬁ vreaxdmele described
reatnent. .(i.e. . rature of the elements as a
&%&%tqn@%ssdécotmq%ggﬁpérﬁg'ﬁﬁhe heat treatnent). It is to

be understood that |arger crystals exposed at a free
surface of a finishing elenment typically result in an
el ement having a coarser surface norphol ogy than an
el ement in which smaller crystals

r]alétg eas well as



10

15

20

25

30

35

are exposed at a free surface. Throughout the
description and clains of this specification, the

wowrds343gnnpri se” and "contain' and vari ati onsPOf/GBh@8/050821

wor ds, for exanple "conprising"” and "conprises", means
"including but not limted to/ and is not intended to
cfRfgoes not) exclude other noieties, additives,
conponents, integers or steps. Throughout the
description and clains of this specification, the

I ngul,ar. S L St c o
3t hor oy 1o SRE0 TRRRE RS rbBE e ey MRVER S RERER Bt comprsing
dendteifiechmiakeriak.ti cl e is used, the specification is to be
understood as contenplating plurality as well as
singularity, unless the context requires otherw se.
Eeat uAeselemeteger slainndthrimctl@am dt ifuther clavpgurdpertion comprising a

1, G Leti oups described in conjunction
§ﬁ§ﬂhﬁgbégﬁb@%b§$mggﬁggt, enbodi nent or exanple of the
invention are to be understood to be applicable to any

t her ect od] ol le described _herein

it oo R ARG 28 PRI R Rl AR ArS R Gl ot o y
finishing nmedium el ement having at |east a portion

onpri,Si a.devjtritied material , .2 el.erent as

7ot e ol 58 Haed e P R T e SRS RmR R s ctement
i thel s treoftdesitrifiedanateridl duis thetage diom 3roudd 18 tereeodndat0%.
claimed in claim1 or claim2 conprising silica. 4. An

element as clainmed in any preceding claimwherein the
gol uman efentdre aglotaimadl in dairhé Wheren dfe aeumne rof theeelement in the form

ot o elihah e 28R LR D bAb A e

volume of the elenent in the formof devitrified

teripal is in the range from around 20%t o around. o
0u " 87 et drimas Toroy tEare A Srdhe iRl Bmension in the
henge i@naathangesi todabvensdram.i n t he range from about 5mm
to about 80mm 7. An elenent as clained in claim®6
havi ng a | ongest dinension in the range from
7. An element as claimed in claim 6 having a longest dimension in the range from

about 5 to about 50mm.

8. An element as claimed in claim 7 having a longest dimension in the range from

about 10 to about 40mm.

9. An element as claimed in any preceding claim in the shape of at least one
selected from amongst a cuboid, an ellipsoid, a prism, a cone, a tetrahedron, a pyramid,

a polyhedral solid and a sphere.

10. An element as claimed in any preceding claim comprising or incorporating a
plurality of voids formed for example by gas bubbles, preferably air bubbles.

11. An element as claimed in claim 10 wherein the voids are substantially uniformly
dispersed within the element.
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about 5 to about 50mm 8. An elenent as clained in
claim7 having a | ongest dinension in the range from

W@beoan34so t o about 40mm 9. An el enent as cl ai PETIGBR008/050821

any preceding claimin the shape of at |east one

sel ected from anongst a cuboi d8 an ellipsoid, a prism

#2 CONKp e"l’erﬁéﬁra%rﬁéiﬁga in @Iamfﬁ@rﬂrqzl i, ﬂngH%W@did§Qﬂe' Stovided in at
and a sphere el enent alne any
lepsicrelirtagedayver of bergiamenitng or |ncor porating a

plurality of voids fornmed for exanple by gas bubbles,
preferably air bubbles. 11. An elenment as clained in

t3.ai min Glethenteisnclaimedvioi daimsr € whersinameidalare expristdrindtiye surface
[ el emrent as cl ai ned
%kéﬂﬁér%ﬁ’?i#ﬁegéﬁlsm \g%grheelj%rf\%wids are provided in

at | east a surface | ayer of the elenent. 13. An

ﬂ_erre %% b&‘mc{:lﬁl'rdﬂr'ﬁ‘? %ﬁcl\é(nr?ﬁg'v@he\’é?ﬁ% i@ﬁqare exposed at
expose |n e surftace thereby to present Sharp

hegrsfage thegbysiorgravde ras«ervqm fer fén@ﬁnlsusg ehedianthet may be used in a

[ : i 13 wherein the voids are exposed at

h%t%%ﬁg@@g%hgdﬁg%y to provide reservoirs for fluid
finishing nmedia that may be used in a vibratory

nis SSa; o I i i D .
o%e oghc arp‘%{ﬁ%%oa?lfg%iin %g?@?'ﬁ Laér‘ﬁ%gﬁ 8 1@@&%&% voids have a
naminakbiadietaret éne irangehef framgarowfd ﬁﬁmmtarammﬂ S@nm preferably from

%IOBH@dI Mn 935 ];rcgl{)r‘%bll%mf rn?@ei}%gfépégl} aFHu%Boﬂ) H?crgﬁggggground 500

mm nore prefe ar oun m crons 1o aroun
miacorom still mbrd mrefunakéy proghdr 86 imicran® torato D508 micooTss. t 0
around 500 microns. 16. An elenent as clained in any
preceding claimconprising a plurality of regions of a
t8.yst Ahlelemeentrat elira¢d bt ary dreassirgueléieceonadrisintgea plusiigmif.regions of

ﬂ gﬁg g n?&ESP&l as fléé:el%;lfﬁgge btn@RenRlgcedi ng clai m

essen an arnor phous gl ass materi al
and a cryst allised glass material. 18. An el enent as

J]a| nﬁ Igra?@ttgge rcﬁ&%%'dn% gtln?ip%cce%ﬂ%i él%lirp%oﬂgisﬁ‘r% essentially of an

armr pho
amorphous glass material and a crystallised glass material.

18. An element as claimed in any preceding claim consisting of an amorphous glass
material and a crystallised glass material.

19. An element as claimed in claim 17 or 18 wherein the crystallised glass material is

provided in the form of particles dispersed within the amorphous glass material.

20. An element as claimed in claim 17 or 18 wherein the amorphous glass material is
provided in the form of particles dispersed within the crystallised glass material.

21. An element as claimed in any preceding claim consisting essentially of at least

partially devitrified material, preferably glass material.

22. An element as claimed in any preceding claim having a harness value of around
5.5 on the Moh scale.
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material and a crystallised glass material. 19. An
element as clained in claim17 or 18 wherein the

w@eap93d3bi sed gl ass nmaterial is provided i n t heCF/GBR08M050821

particles dispersed within the anorphous gl ass
material. 20. An elenent as clldimed in claim17 or 18
ere : r - :
Phe. T orne or SDITLp d3 i ERan Il o SoERnG # iBos of
cr yst piovidingcht dgast enevpiced phd magerial comprisingerelass pgrtion;
cl ai :
of "t foidp Mo B ERRD Bt ATl RaSTld Blrhi soid cas
gleabsr haieg atdeastaaoortm eineprising aade\iitiiechmdteirial. any
precedi ng cl aimhaving a harness val ue of around 5.5
on the Moh scale.23. A nethod of formng a finishing
a«bdi ufnnedtbotas clangst ingilaig 3hehereispghe sfep qupmrridjmmgt laaist one piece

?tterlglrt:% |§&e h%fstéari @ra\{ralﬁé agrﬂ’tﬁg g%t ?rg%% eat

treat ment thereby to forma solid cast rrenber havr ng

t d i :
254._ ﬂ%etﬂo@gg Sc'l %g;&ﬂt‘gstn? bgﬁvah%r@r%ﬁ%.eéésegf Hiﬁfeeﬁétt égdpmpnse glass
ofllepr ovi ding at | east one piece of material conprises

the step of providing a plurality of pieces of

material. 25. A nethod as clained in claim24 wherein

2he pAavetbodhs okireed &l claiond¥ 0526 ghaen theldlwelity 26piepes of material

H%‘\, a@e?a (Jféf’}ﬁéﬁqhepa le%f%%o at%rqui mifierein the

pi eces ave dn average size
in the range of up to around 4mm 27. A nethod as

J/ ai nﬁgpetﬂ avegicmrr%gd Wc,qgl ﬁt % WHSréﬂ{ ﬂtreaglurtamg%? I%‘c&C &P m%gerial have

teri an averagé size I'n om aroun
4mraveragetsleendthﬁmamgezaomArcrmdmrmrnaxsamluadrimdn| n claim26
wherein the plurality of pieces of material have an
average size in the range fromaround 3mmto around
28m A9vnethodres leaimed incdlairm26l whareir thieml @élitytoé piecas bhmaterial have

it drble PP OHE Bm ARl R S URs I R 76 “36° A
method as claimed in claim26 wherein the plurality of
by ECER rﬁethgggg a‘%ecﬁ] V&aim 26 wherein the plurality of pieces of material have

an average size in the range from around 1.5mm to around 0.75mm.

30. A method as claimed in claim 26 wherein the plurality of pieces of material have

an average size in the range of from around 1.5mm to around 500 microns.

31. A method as claimed in claim 26 wherein the plurality of pieces of material have

an average size in the range of up to around 100 microns.

32. A method as claimed in any one of claims 23 to 31 wherein the cast member

comprises amorphous glass material.

33. A method as claimed in any one of claims 23 to 32 further comprising the steps
of cutting the cast member thereby to form a plurality of finishing medium elements.
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an average size in the range of fromaround 1.5mto
around 500 mcrons. 3 1. A nmethod as clained in claim

wQeoonaaesei n the plurality of pieces of materi abChaB0081050821

average size in the range of up to around 100 mi crons.
32. A nethod as clained in angOone of clains 23 to 3 1

Wher ehgp-&ﬂﬂgg%sélal%@qgr%@oﬁ Fﬁ@%mﬁ’s’@ﬁ R 45,8 %Sﬁhe step of heat

mat er | A netho I'n any one o0
Peating tBe af lgastnne piengps pricaded hy thet g olodlacing theray Ietasteone piece in

y .
SRS IR ShOb TR el Bl e Ol O 81 e
eleients 23 to 33 wherein the step of heat treating the
at | east one piece is preceded by the step of placing
the at | east one piece in a nmould, the nould having a
8hapeAdoethed ponldinmey inclaimsHapkerein the tiepiaf heaigraatidy ispreceded by

P18 B RIS T ARSI .

pl acing the at | east one piece in one of a pl urallty

gé. m)lﬂ qrﬁitlgéc%{ g??%é@ﬁat ihr%é/ \(Rﬁgroé'%}gﬁw% ?\f t@ssSClNﬁét%BQ th@ finishing

any one o
mediummelementistfoined iortihe dhape afret ledshpee eéleaed Ifr@asamon@t amongst

3866 LTI 3ROGSE GO L B kBRI sol ana a

fsmeyehedral solid and a sphere. 37. A nmet hod as cl ai ned

in claim36 wherein the finishing nmediumelenent is

formed in the shape of a cone having a cone angle in

8he r Amgethod a$ cla'mmeﬂimdaitn% wrmrain(blumﬂnidjﬂ@g m@giunAelement is formed

f?ﬁh@%ﬂa 8%%{0%%4’@9 %d aV| e‘“’l?n%S'rQeéé“Sf Frérﬂ' (I.SUH?igSO%o around

a con one
$20%ct ed from anongst 30, 60, 90 and 120. 39 A met hod
as clainmed in any one of clains 23 to 38 whereby the
heat treatnment conprises the step of heating to a
8&npeAanethed as clmeed iarctpmf37omabiouite MUShiOCmedivabelement is formed

9% 5B L e B o) B TudPasy

39. A method as claimed in any one of claims 23 to 38 whereby the heat treatment
comprises the step of heating to a temperature in the range from about 700°C to about
1100°C.

40. A method as claimed in claim 39 whereby the heat treatment comprises the step

of heating to a temperature in the range from about 800°C to about 1000 °C.

41, A method as claimed in claim 40 whereby the heat treatment comprises the step
of heating to a temperature in the range from about 850°C to about 950°C, preferably
from about 900°C to about 920°, more preferably about 900°.

42. A method as claimed in any one of claims 39 to 41 whereby the heat treatment
comprises the step of heating to a temperature in the range from about 700°C to about
1100°C for a period of from around 1 hour to around 3 hours, preferably from about 700°
to about 950°C, more preferably from around 900 °C to around 920°, still more preferably
around 900°.
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of heating to a tenperature in the range from about
800 OC to about 1000 OC. 4 1. A nethod as clained in

W@ k@o03402 wher eby the heat treatnment conpri sesPCHEB208{050821

of heating to a tenperature in the range from about
850 OC to about 950 OC, prefelRdbly from about 900 0C
to about 920, nore preferably about 900. 42. A nethod

as clainmed in any one of clains 39 to 4 1 whereby the
#dat Ameethotkas cloangs instiaimt4ewherepy dfe hreatreaignand camprises the step

&@g%%g@tt?‘%ﬁeﬁﬁertaﬂﬁe i og%ﬁ%&ﬂbﬂ%‘&gt '{&ﬁ’ng aﬁogula%gﬁ% foy a period

a perio m ar oun our to aro
bloarosnd (& bdwre apieferalply oababout 7019 °tto abloolP5@B0 e prefeeably from

BISBR 00 o R e B RO 8% 21 et 11
claim42 whereby the heat treatnent conprises the step

%JS@%%% %sacléir‘fg@%ggh#“bﬁe o cfalMs g§g§4%3fv5r%?%iﬁgl‘?éjheat treatment

about or a Berl (0] aroun
bouoprisesphefséerabf hedlr veatiabohe atdeast wnabwete JEOeyCo melt et least a

; und. around 920, still
ﬁ%@é’%?’?ﬁ%?%?%g’%g’%g’ g%’%ea%ﬁt@A nmet hod as clainmed in
any oomlio§ tol farmsa 28lid cag3meinbeeihavingeathieast & rpetiorenomprising a

gm-' he step of heat treating the at |east one
?n ecéé@ﬁaeten%s to nelt at least a portion of said at

| east one piece; subsequently cooling to forma solid
st [ Vi . oL t:.Qn [(ARY .
585t FHRBROLA LA 597 o AOUAHETE UL GhOMR o metro i
amanged tolpgdovide 23intsbing4mediemetigmertiehanieghmbardsessr vaueyeidaround 5.5
h{a pr ovide a finishing nedium el ement having a
ardness val ue of around 5.5 nmohs. 46. A nethod of

reform ng at |east one finishing nedium el ement
gé’ﬂpfh%ggoagﬁ r%%?'%ﬁ’ﬁg&i Ieggtogﬁed!ﬁﬂighiﬁé rjngcﬂﬁrtn &Qr%{,ent comprising the
i'ni shing nedi umel erent "accor di ng any oné~ o
skepspb 1 to 22; perform ng a heat treatnent;
Subse&%(\a/l ?nlgyat least one finishing medium element according to any one of claims 1
to 22;
performing a heat treatment; subsequently,

cooling to form a solid cast member comprising a devitrified material.

47. A method as claimed in claim 46 wherein the step of providing the at least one
finishing medium element further comprises the step of fracturing the at least one

finishing medium element thereby to form a plurality of pieces of material.
48. A method as claimed in claim 47 wherein the step of fracturing the at least one
finishing medium element is followed by the step placing plurality of pieces of the

fractured element in a mould.

49. A finishing medium element as claimed in any one of claims 1 to 22 in
combination with a degreasant and/or a polishing compound.

50. A method of finishing an article comprising the steps of:
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cooling to forma solid cast nenber conprising a
devitrified material. 47. A nethod as clainmed in claim

walsonaaeet n t he step of providing the at | eastPORNEB2008/050821

finishing mediumelenment further conprises the step of
fracturing the at |east one fi2ﬁi shi ng nmedi um el enent

there of I ;

A ot E%vfd eP;FIUEa"ﬁt ngLﬁﬁ@h g erelté;S% ﬁgﬁ’rgét’déﬁan}/éﬁe of claims
1 tmd2;andng the at | east one f| ni Shl ng medi um el enent

is fo ol f

‘he flr\'éal%t ‘rjaeEMrafh of%ﬁ@ﬁwg’l}é Waﬂ glgﬁle'n‘isyto%gﬂpgﬁﬁémﬁ the article
hedihyrio edduce @t sudiace ravighness of tamgrtiolke of clains 1 to 22

in conbination with a degreasant and/or a polishing

conpound. 50. A nethod of finishing an article

gbnpr Asneibod aeclsimgskin sfaim Sovurdhargomppsiog e stgpodf

finis [ ' -af :
ol o n@r‘oY% nge%‘l‘éﬁs? ggg@lé%téé 4 u%Fﬁ?nqsy ag;a%{g%sma or cleaning or
polishiwbicog poeik Unweﬁyénrenh@qeca neldpq:tm@en agddcesoughmess of the article.
article thereby to reduce a surface roughness of the
article. 51 . Anmethod as clainmed in claim50 further
82npr Asifinghinbemsteps eémpniosudstagiially bealstreinbefore described with
easing or cleaning or
%%%?ﬁ%l%&F%g&&%ﬂ%ﬂ@&ﬁéfggs ‘0 enhance a reduction in
surface roughness of the article. 52. A finishing
di u 5 f ri .
SFen RefefR AL T S0 aRSAf SRNIERS R0ESallER R Hifeinbetore
degchibed ofth fejerenog taathE iancahpanyingedtawimgel enent
substantially as herei nbefore described with reference
to the acconpanyi ng drawi ngs. 54. A method of
54f or Aimgthatl df eaformingeatfleast sdnienfinishény omedeine miembent substantially as
' . L reference
DT Eke BeartfS G b BiEr B ReEBES P o bfre®
finishing an article substantlally as herelnbefore

88SCT hbREALt & FflIRE e alidie! AbsBHTaNP AP PEnSLEY B8 iribed with

reference to the accompanying drawings.



