WO 2009/034392PCT/G82008/050821 1 FINISHING MEDIUM AND PROCESS Field of the invention
5The present invention relates to finishing media, and to a process of finishing an article. In particular
but not exclusively the invention relates to a finishing medium for use with vibratory finishing
apparatus. BREIQJFSWAEH0 1t is known to use vibratory finishing processe$ $3t¢8R18 4858 Urrs and
smoothening the surfaces of mass-produced articles.1Burrs may be present on an article for a variety
of reasons. in particular, the surfaces of farts %produced by metal casting, machining and general

processing frequently have burrs and"H¥StiNAd4E M ANt BREKHE8BIe in the 15final product.

Finishing of an article may involve removal of burrs and reduction of the roughness of a surface of the
article. 20Artic§giaoopﬁ:]£im%gﬁ%ﬁre 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. 25In the case of
deburring bf artastistesdhefinisivnganediuoritysicallynbas, aareladivelydsig b sutiatey whitstidr the case

of polishing of ﬁrnp%ﬁl%ﬁiart & HuPRng.medium tpically Qgi%t%?r%ar&'\f%lrgh%%ﬁ%jis%rf%(r:e's[e)l\JNrikhg the
finishing process, the finishing medium is ‘agitated, causing the elements the mediim to impinge
against the artitRE1e6/EB HRIdHEBPBHr 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 OQne such type is the 35tumbling mill. A tumbling mill is configured to finish
articles b¥omeans of a 'tumbling’

it is known to use vibratory finishing processes for remaoving burrs and smoothening the

surfaces of mass-produced articles. Burrs may be present on an article for a variety of

reasons. in particular, the surfaces of parts produced by metal casiing, machining and

general processing frequently have burrs and a roughness that is not acceptabie in the
15 final product.

Finishing of an article may invoive removal of burrs and reduction of the roughness of a
surface of the article.

20  Articles 1o 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.

25 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
nas a retatively smooth surface.

During the finishing process, the finishing medium is agitated, causing the elements of

30 the medium to impinge against the articles o be finished. One or more compounds
such as liguid soaps, degreasant, polish etc may be provided together with the finishing
medium,

A number of different types of finishing apparatus are known. One such iype is the
85  tumbiing mill. A tumbling mill is configured to finish articies by means of a “tumbling’
action of elements of the finishing medium on the articles.



action of elements of the finishing medium on the articles. WO 2009/034392PCT/GB2008/050821 2
The finishing medium itself typically comprises articles having sharp points or corners. The medium
may alternatively or in addition have embedded particles of an abrasive material. Some finishing
materials are¥® 89896H#°df fired china clay with aluminium 5Soxide particleB&itiiedokesttsrein. In the
case of finishing materials in the form of a plastics ma&erial, quartz particles may be added. During the
finishing process, the sharp points or corners and/or embedded particles exposed at a surface of the
medium find their way into grooves and crevices of the 10article, thereby smoothening the article,In

some cases, thefimiskinggmestium h@&f&ﬁ%%ﬂ“@)ﬁfﬁﬁ@%@%ﬁi@e@rﬂﬁlﬂ?n@%?ﬁ?ﬁ &éig{si?@éﬁﬁ@& toa
smoothening effect. The problem exists that during the finishing process sharp pojnts, es or
corners of the jtl@?nrgﬁ?éuo HEHAS {ﬁ‘ﬁé"ﬁ&é’.hm g‘?gt' E?ﬁc %/V%beﬁggadgaaowgﬂ%&ﬁrﬁéa%éﬁﬁ the
15elements aré"aéelighgercap abishoirazahlirdrinte grobvdsrandicliesdcene finistviheaartivtmfficiently.
US3375615 dissdesessaibnishingdsmlingranedivmin thedosnrekiianguaialsidtine form of a

plastics material, quartz particles may be added.

During the finishing process, the sharp points or corners and/or embedded particles
exposed at a surface of the medium find their way into grooves and crevices of the

10 article, thereby smoothening the article.  In some cases, the finishing medium has a
cleaning effect on the article instead of or in addifion to a smoothening effect.

The problem exists that during the finishing process sharp points, edges or corners of
the elements of the finishing medium are quickly abraded and worm. Consequently, the

15 elements are no longer capable of reaching into grooves and crevices to finish the article
efficiently.

US3375615 discloses a finishing tumbling medium in the form of triangular or star-
shaped plates having apertures formed therethrough. The apertures are formed close fo

20 apices of the plates. Sharp edges of the media are provided, at the apices, in order to
promote finishing. In order to prolong the useful life of the finishing medium, the medium
is arranged to fracture in use when it has worn to a predetermined degree. The medium
is arranged to fracture in the region of the apertures, thereby providing fresh sharp
edges for finishing.

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

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

GiB1130923 discloses finishing media in the form of articles having a star-shaped cross-
section, and a iength greater than the maximum dimension of the star-shaped cross-

35  section. The medium is disclosed 1o be formed either from a zinc based die casting
material, sieel, aluminium, brass or a ceramic material,



shaped plates having apertures formed therethrough. The apertures are formed close to 20 apices of
the plates. Sharp edges of the media are provided, at the apices, in order to promote finishing. In order
to prolong the useful life of the finishing medium, the medium is arranged to fracture in use when it has
worn to a prete®@itidéddegree. The medium is arranged to fracture in tHRCTSGIGABATE Bpertures,
thereby providing fresh sharp edges for finishing. 25 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. 30Ceramic media have the disadvantage that

they are costlyteraraguagremngeneedtonavran atsgsie-added itheydests aifect mauting agtion.
381130923 disgloseanishing foadian.ing iotmot atlies haying A st shaped oss: seetion, and a
length greater than the maximum dimension of the star-shaped cross- 35section, € medium IS

disclosed to b FS¥ 7R ERIEIEf O M FReBhskRedie wiatmrphniarEnosesel redeshingium, brass or a
ceramic material. WO 2009/034392PCT/G82008/050821 3 Ceramic materials have the disadvantage
that once they Iye. 8O ey Rt B diseardedisoe 1L 3nol sasgloicuse syehmaleripls. Metallc
materials on the other hand are capable in nmany cases of eing reformed by meﬂln% ana’recasting. 5
However, wheMR#HE)I1€FHHRIRGTEREPecsRY RFIRIN Avtidnieaimikisieods, freanstatiaends to

lose its sharp edges:setativelysquinidyepmngredayith hardesnmienals sueheag«e@miCsarbide
Consequently, metallic. '}B@%ré/ B’Biﬁm é@%@t d 1 id d. Carbide based materials
have the disadvantage %111at theysare relatively cgs.%'}[rlgl;e %gf%%%‘%gée%%ﬁtﬁ%\é? C |§§ c\%/%%f’a%c}ess‘% “metallic
finishing fediaPiREHide the fact that such media are relatively difficult to machine and mass produce.
The materials also tend to corrode rapidly in wet processing environments, especially where acidic

compounds argWsed- gisadvantages of metaiic finishing media include the fact that such media are

relatively difficult to machine and mass produce. The materials also tend to corrode
rapidly in wet processing environments, especially where acidic compounds are used.

15
Consequently, in some cases, finishing media are not utilised at all.  Rather,
componenis are subjected to ‘self processing' conditions. In other words, the
components are teft 1o move against themselves in the vibratory finishing environment,
with no finishing medium added. Such conditions are typically utilised only in the case of

20 high volume, low quality parts needing very fittle deflashing or deburring. Sel-finishing
processes can result in damage to components during the finishing process.

US5373047 discloses a biasting medium of a thermoplastically processable poiymer
granulate filled with firely divided metal, the metal particies being coated with an
25  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 discioses methods of making glasses and glass-ceramics comprising

30  AI203 and SiO2 and discloses that glass-ceramic particies can be useful as abrasive
particies. The document discioses embedding glass-ceramic particles in a host mairix to
form an abrasive article such as a grinding wheel. in one embodiment particles are
bonded by means of a binder 1o a fibrous mat provided on a substrate.

35  Furthermaore, finishing medium eiements may be formed as discrete components not
requiring support by a matrix such as the fibrous mat of US2004/0148966 (see above).



15 Consequently, in some cases, finishing media are not utilised at all.Rather, components are
subjected to 'self processing conditions.In other wgrds, the components are left to move against
themselves in the vibratory finishing environment, with no finishing medium added, Such conditions
are typicalbiiised only in the case of 20high volume, low quality parts needing very little deflashing
or deburring. Self-finishing processes can result in damage to components during the finishing
process. US5373047 discloses a blasting medium of a thermoplastically processable polymer
granulaténfil swithbiidahedivitkad pratal thelmetallipacticles bgingacobtadryviiisin2Snadhesidmment

promotegaf,’gglgp% yi E%RQ r&%%gﬂ?lsr@yg Jhe disadvantage that they present a not insignificant carbon
footprint, they are relativel y difficult to produce, and they are not easy to recycle. US2004/0148966

discloses methods of making glasses and glass-ceramics comprising 30 Al203 and Si02 and discloses
that glass- ee‘rzafru@aaruﬁdﬁslﬁgﬂ‘a}\b@ea%ﬁ@rﬂ@rﬁ@ﬁﬂﬁh\lﬁﬁéﬂﬁl%e-Eﬁ%xﬁi Q%B}%H{gdé%%@éééﬁ%%@g'”g

glass- ceramlc partl%les in a host m?'[ to f rm ano?] rasive article such as a grindi ? wheel. In one

embodirasnt Cpanicles arabanded %ﬁr?nnansp SFE Bih GBIt B de e Srastabaass i domsaandy a
Summasf b lgafirseeidbodivieficdtitse. present disclosure there is provided a vibratory finisl g medium
element having at least a portion comprising a devitrified material. In a first aspect, there is provided a
vibrat_oryrfi@dﬁiwwgmmedimahglememmﬁ@pm@Mrﬁ selitlcastinembesdhe agstmemaengomprising a
plurality e glas llet h at tre teg to fonn a.body of at least artlally

devitrifie aggjl)iastsgs?F)T;gg gr%@%ﬁ%gﬁ ﬁ”lhe%ﬁsﬁ( %%ﬁls%lna ?r']rg Tum%eﬁe%;qgﬁgtrégc%}%]5|sr{le§sen[§) aﬁly of a Material

that is afREGSt BEPRANG UViftifEEs IR A8HT tBA bediRrataieafinidpvigizredinmileements consist
essentiallysafr @assmadatialibahkamdeanipartisdy dewtibied: atbesvendssinsemp embodiments

the flnlshln\g[ I;pgéilr%g} eglgrgggltgiecéo nngli_‘%gm’pg se Saljtcligast gartlalrry deV|tr|f|%tljxmré;\ljtte?ne;l?partlcles in a host

matrix SUCh as a ceramic matrix, polymer matrix or any other d O? ea% are formed

substantiaiyPBiireREGT éﬁQé'avst%ﬁﬂwf?jéﬁt?ﬁf@@%ﬁ!@ﬁ@”?ﬁ@feﬁ@%@@é@é lnssteriatially

devitrified material, prefarably giass maierial,

In some embaodiments the finishing medium elements consist of a glass material that
has been af ieast partially devitrified.

In some embodimants the finishing medium elements are {formed essentially and aimost
exclusively from glass material that has been subsequently subjected to & hea
treatment to form a partially devitrified matertal. in some embodiments the finishing
medium elements are farmed exclusively from glass material that has been

subseguently subiected fo a heat treatment o form a pariially devitrified material

Embadiments in which the elements are formed essentially or exclusively from glass
malerial are especially advantageous over prior arf media comprising matrix eiementis
with embedded abrasive particles such as aluminium oxide or the like. This is because
the prior art slements tend ic shed their abrasive particies during use, farming a siurry of
abrasive particles, matrix components and cuttings from the arficie that is being finished.
This sturry can be environmentally problematic for certain abrasive particles, and may
need further, expensive processing before it can be dispesed of. in contrast,

embodiments of the present disclosure shed only glass particles, which can easily be
disposed of or recycied.

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

meant an amorphous material exhibiting a glass transiiion temperature.



In some embodiments the finishing medium elements consist of a glass material that has been at least
partially devitrified. In some embodiments the finishing medium elements are formed essentially and
almost exclusively from glass material that has been subsequently subjected to a heat treatment to
form a partial}?/%g({ﬂ%ﬁ%%%naterial. In some embodiments the finishing me8fulFERHEREAre formed
exclusively from glass material that has been subsequently subjected to a heat treatment to form a
partially devitrified material Embodiments in which the elements are formed essentially or exclusively
from glass matetidPiydtedpeitiangserinapSsuasredbnineug metredsmmgsingtit seksiements with
embedded abrdsivegeartictes siivay lalvuminisadxige srtheslikel Fhis-isdiecause thetprigmart
elements tend tﬁxéﬁé‘rﬂs@c%'&aiﬁ%%%%ﬁe% ! %%%I%Héﬁi%élnﬁs%ff%{é”p'%e%‘t%r*é!:{é{sﬁieaabé Shve partigles, matrix
components and cuttings from the article that is being finished. This slurry can be environmentally
problematic for EEVRRT Qﬁ%?sﬁweﬁﬁhicles, and may need further, expensive processing before it can be
disposed of.in contrast, embodiments of the present disclosure shed only glass particles, which can

casily be disposgd el prigeyaled- &y druiiieddsneantamastialhaying pensialine sugiyre that

formerly had an amorphous (glassy) structure. By amorphous structure is’ mean mateyi%{f? at lacks

any long range SRATARSIMUIBILRS 28 TRYRRM ASHOET SR T4 HIHF AHRHD By2) RS BgI888Y ITs AiRamt an

amorphous materiateshkibiting aglass. ransition demperatutenaR 0094 302PET KaR2008/050821

> A finishing marm:arEarING to dhesntseniisd i s e Advaiage at it may be fabricated
ly low cost manner.

from relatively low cost starting materials and in a relative ements according to
one or mofe embodiments of the present disclosure are fabricated from recycled glass material. The
raw materials fromaniicihrcgramics arevobigiiradysuthas:ahinamtay) aredypicallyraliaines:by; mining

operations and GoNSEQUENIEIMIANTIENIZLEORREINS SLINIESRSEL pLINe yse of s material. The

use of a recycled material, however, has the advanta at disturbance ot'a anrgé%:eape due to a
mining operatiof 84758 ¥l s er e qther gradR (%?pﬁﬁﬁ}\;ﬁ):@ﬁ%%s is not normally recycled.

Therefore embodiments of the present disclosure provide an excellent use for this material which is

otherwise djsposegeliat Inodflsiigs,aueferuasie dispasal tagllties. 15Preferably the finishing

medium element comprises silica. Preferably the volume of the element in the form of devitrified
material is in the range from around 1% to around 100%. 20More preferably, the volume of the
element in the fBrefecdude vitsifiedimeateriad raaynbetim the form of devitrified material is in the range

from around 1% o arcund 100%.

20 More preferably, the volume of the element in the form of devitrified material may be in
t_he range from around 20% to around 80%.

It is found ihat the higher the proportion of devitrified material, the harder the finishing
glement.  In some embodiments the finishing element has a hardress of around
25 B.5mohs.

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

effectiveness due to rounding of edges of the element.

30 .
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.

35

An glement may have a longest dimension in the range from about 10 fo about 40mm.



the range from around 20% to around 80%. It is found that the higher the proportion of devitrified
material, the harder the finishing element. In some @mbodiments the finishing element has a hardness

of around 25.558mehsl[theNALdnrss is excassingshiahs finishing slements airattiskuatsuifering
fracture during ;\ If an element is excesgiv% soft, the eﬁmﬁnt is at risk of lgsing.its effectiveness
r

use, ) ]
due to roundinBn g@g%@'%ﬁﬁé%l%ﬁ?@ﬁ? g%e?‘é%qi[/ %ﬁeéle HASE ’ISnSé%esP’dﬁ%é}weg?oeH il the range
from about 5Smbe tesistert SOah AN @tenseht aniiehate el st dimeddiolr ifmthiegangefraim about 5

to about 50mme 3 Elemenate Winsimensionspinese rrAgashave-Peeataund tohedartigwarly suited
to finishing articles over a rar_gge of different sizes. Furthermore, a size of an element may be selected

so that the ele éﬁf(?s%?éﬁ?rf fie able to be able to impinge upon all required surfaces of the article
without becoming lodged in a recess or crevice or other feature of an article. Preferably an element is

provided in thessbape of at leastane selgsienfrem amgpasta pakoith-AnRlliRs0Id A prispsa cone, a
tetrahedron, a pyramid, a olﬁhedral(solld and a sphegg The elementB%%y c%‘ln%grlse of inco %orate a
‘ e

d . .
plurality of voi FSithéd f3iPa gnﬁ)%fa@y ﬁé:so B%’b%f?é, F&Wabﬁfﬁf?@ a0t q‘ﬁﬁy
substantially usifoemly dispersed within the element, or may be located in at least a surface layer
thereof. The voids have a nominal diameter in the range of from around 1 micron to around Imm,
preferably around 1(?§microns to around 500 microns, more %ireferabléjgaround 100 microns ﬁ;cl)yaround

500 microns. In SorEBFbSEMEITEHE VoisUre 6% Sigt i theraRe GG RoGrI o

around 5mm. Tes boitks; whefesxposeddrrisarface 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 vibratorég'ﬁini hing process. Preferably the element has a
plurality of region& ng%r%%lﬂﬁesH?ﬁ@ﬁ%% 48 \éré\%‘%“gﬁ%ﬁe""g@%é . BrETEPhLR) thévement
consists essentiahyedfiatlesst patidtyedeydtrifiedmaterial, preferably at least partially devitrified glass
material. In a second embodiment of the present disclosure 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 gIXSs FFEolE SubjEehH P%aé?%%{s’t”oﬂ? DRt AR AT T FERe By A8 #67m a solid
cast member hawimg ratieastyaaparadn Comprising ardevitafiédmatesiahdre predéepant aspect; here is

proyided a metp{p(g&fsf%(g}ggne %@@Wdﬁ@qi%é‘f‘ﬁ@@rﬂb%@ﬂ%@ﬂ@%é%iéé‘?&% Q¢ providing.g plurality
of pieces of a crushed Ehc?ﬂ%asi gullet'i supc!ect ng the pieces of cutlet to a heat treatment thereby to
fowl a solid casBREMbEPFGRHAR MG IREHBACHE tment resulting in at least partial devitrification of

the crushed silica glass cullet.
The voids, when exposed on surface regions of ihe element, present sharp edges that
are weli-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 slement has a plurality of regions of a crystaliine material at a free surface

of the elerment.

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

In a second embodiment of the present disclosure 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 {o a heat treatment thereby

to form a solid cast member having at least a portion comprising a devitrified material.

In a second aspect, there is provided a method of forming a finishing medium element comprising {he steps
of: providing a plurality of pieces of a crushed silica glass cullet; subjecting the pieces of cullet to a heat
treatment thereby to form a solid cast member from the cullet, the beat treatment resulting in at least partial

devitrification of the crushed silica glass cullet,



WO 2009/034392PCT/GB2008/050821 7 By glass portion is meant a portion formed from an
amorphous or glassy material. Preferably the step of providing at least one piece of material
comprises the step of 5providing a plurality of pieces of material, for example pieces of broken glass in
the form of gfe<HEl{fEt{Peclaimed glass). Preferably the plurality of piece$6f fmbietflHsiie an average
size in the range of up to around 4mm. 10 The plurality of pieces of material may have an average size
in the range from around 4mm to around 2mm.  The plurality of pieces of material may have an
average size in the range from around 15 3mm to around 1mm. The plurality of pieces of material may

have an averagg gizesipdtier angediompartomthinbanfrote & eung hd oy 28 he-pdurality 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. 25 It is
generally found iPigf 3R dpfatiertRt RivukigR 37835t theepRiv®s FoRpiRFRtIFTRiasRnt < IRAReAt is made,
the smootBer thersidifiacemi-tiie, finisikecsaticlacbigmenisampraesfsoes piecerdhaying anaverage size at

the lower end qf the.Lange; SRRk .8 ?a@}é well suited to finishing articles such that the finished article
has a relatively Icg\?v Ssurfgce?g(froug%m SS. }Preferably the cast member further comprises amorphous

glass material.
Preferably the plurality of pieces of material have an average size in the range of up to

around 4mm.

10 |
The plurality of pieces of material may have an average size in the range from around
Amm to around 2mm,

The plurality of pieces of material may have an average size in the range from around
15 3mm to around 1mm.

The plurality of pieces of material may have an average size in the range from around

1.5mm to around 0.75mm.

20  The plurality of pieces of material may have an average size in the range of from around
1.5mm {o around 500 microns.

The pluraiity of pieces of material may have an average size in the range of up ¢ 100
microns.
25
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 articie. Eiements
made from pieces having an average size at the lower end of the range are pariicuiarly
well suited to finishing articles such that the finished articie has a relatively low surface
30  roughness.

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

35 toughness of the element. In other words, the presence of amorphous glass material
may reduce a propensity of the material {o fracture.



The presence of amorphous glass material may have the effect of increasing a 35toughness of the
element. In other words, the presence of amorphous glass material may reduce a propensity of the
material to fracture. WO 2009/034392PCT/GB2008/050821 Preferably the method further comprises
the step of cHirgHEEH3t member thereby to form a plurality of finishing PegduRIvEements. 5 Cutting
of the cast member may be performed by means of aéstandard saw such as a diamond tipped circular
saw. Alternatively or in addition cutting may be performed by means of laser cutting apparatus and/or
water jet cutting apparatus. Preferably the step of heat treating the at least one piece is preceded by

the step of 10 plasingsthenatieast@netpieepibasaioms sibe meulghhaninga:shanesarssppRding to a
shape of a fII’]I%?H:}]g rgﬁls\%{n &Iﬁg@% The,mould may comprise a plurality of moulds formed in a tray,

O ) ' .
similar to a muffin tra re cones are %'}eree ?@I%nmsents with a cone angle of 30C, 60C, 90C and up

to 120C have been found to be useful. 15Preferably the finishing medium element is formed in the
shape of af leaStuning selectedsframrareonRgst RMRARSHBLCUDGitaBR @i@%&iﬁ@aﬂr@@’%}%é‘cﬁ%eaa
tetrahedron, a id,. lyhedral sglid a ere.. _Preferably the step of heat treating
comprises the g@‘%@% h’tl tlr(%g%%e@a?e%%%ra%g?én%%?#g fbr;gn%% rtgrfncggtlggt Wab%etc?%%%rmeﬁ%bc. More
preferably, the BE&h0PHRsR tFeStoEERBIIssd wipr it ediitmaerarasvaperature in the range from
about 800C to about 1000C. 25Still more preferably, the step of heat treating comprises the step of
%about 950C, pre m about 900C to

abo : 5 ferably f
ot 5200, T B oA D OC AP R oF R FORERG 0) ComRarl REt © o

about 920C, more prefera r J00C e step of he ‘
temperatdfe intREMEALR FPRUHEIEEET 0DE TPuBolite1100lE faviagarsbenst trsiesareding okour to

around 3 hourshaperefpaefersiy frostiarouiach @00 WharesutIReEcsibmere prefamblyheadng to a
temperature ofgsaue: 300 MRS ALIR B ML L ARU! 10:30HAd A0S, TRTRGHErably
angie of 30°C, 60°C, 90°C and up to 120°C have been found to be useful.

15 Preferably the finishing medium etement iz formed in the shape of at least one selected
from amangst amongst a cuboid, an aliipsaid, a prism, a cone, a tetrahedron, a pyramid,
a polyhedral solid and a sphers.

Preferably the step of heat treafing comprises the step of heating to a temperature in the
20 range from about 700°C to about 1100°C.

More preferably, the step of heat treating comprises the step of heating to a tempearature
" in the range from about 800 °C to about 1000 °C.

25 St more preferably, the step of heat treating comprises the step of heating o a
temperature in the range from about 850 °C to about 950°C, preferably from about 900°C
to about $26°C, more preferably around 900°C.

The step of heat treating may comprise heating to a temperaiure in the range from about

30 700°C to about 1100°C for a period of from around 1 hour to arcund 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.

35  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.



A material formed following processing of a glass material to form vibratory finishing media may have
a hardness value of around 5.5 mobs. The step of heat treating may comprise the step of heat treating
the at leasf one piece ther o melt at least a portion of said at least one piece. spt ently cooling
1 fort & ST RAGE MRBRr KAt A Ko B Beut e it o i
embodimentoiathea prasert disensstre et 3 previdedathethod of foiming a finishing medium
element comprising the steps of: providing at least one piece of a material comprising a glass portion;
heat treating the at least one piece thereby to melt gt least a portion of said. at least o jece;
subsequen cootn ?@?})Fﬁ? "QfifEast ‘résr?@é? ﬁa%ﬁn%%a %gtgtsr %Eﬁ%r%ignaé%h%%ﬁ%ﬁg%%evitrified
material. Inrafeyrtt erabetlisseht optienpresaihatisarisure e B PrETIRSHYCATSINOR Bffefo,ming at
least one finishingmedium slement Lomprisingtihe siensiok providingiad leastiane finishing medium
element according to the first aspect; performing a heat treatment; subsequently, cooing to form a
solid cast member comprising a devitrified material. In an aspect, there is provided a method of
reforming afdeastrdrefimishingafibdivmmteindnticomprsing thidstepsetiodrdVidimgeat fagtienwmedivm

finishing meglipm, element aceording ta.1he first.aspechfraciurngthe-af least one finishing medium
element thereby to form a pIuraIlity_c?“lc pieces of material; subjectin tl%a pIHre%Ii%gjft Bii?e(a:e% gf material to
a heat treafRTBAT=RiSPIIBSRHaeHy E5bIHG 1% Sra S5 %'é&pfﬁ%?n &rredmprising a devitrified

material. Thisthasthesdwantage thatientsihistingrélerrmiionayde refebiiethid PRSERRSe fresh
finishing elements, There isherefore Ao fequisement e dispase of spent finishing elements in a landfil

or other waste disposal facility. 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 plurdlity éfyikcesbofimetentthd meswplot frartuiing tieraridasronelfisisHirjomeaium Brehfat

may be follgyggi Ry thesten-plRiacihng:ahleastione ehaaitipiualii: ohpigcasef material in a mould. In
a fifth embodiment of the present disclosure the{e is provided a énethod of r%formipg ?t least one

finishing mEWAHT BIHFEH CoRBRSHE thie stBps UF! proviting dtTERETBie finiSRfhg MHadiint element
according te.thedirshagpedtmerfdomingsalleastreatnientiterebsintoameltitdidcaseieportion of said
element; subsequently, cooling to form a solid cast member comprising a devitrified material. WO

200910343924 TGRZ008I05002) 10, assiibrembadiment ofdhe presenolselasuen hatgisne i

provided a a finishing medium element according to the first aspect in coEnbination g\a/j;[h a dqgreqsant
and/or a péi?gﬁﬁgg_{awm?{deast one finishing medmm element according to the first aspect; fractunng the at least

one fimshing medium element thereby to form a plurality of pieces of material; subjecting the plurality of
pieces of material to 2 heat treatment; and subsequently cooling to form a solid cast member comprising a

devitrified material.

This has the advaniage that spent finishing elements may be reformed io produce fresh
finishing elements. There is fherefore no reguirement to dispose of spent finishing

elements in a landfill or other waste dispasal facility.

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 1o

form a plurality of pieces of material.

The step of fraciuring the at least one finishing medium siement may be foliowed by the

step of placing at least one of sald plurality of pieces of material in 2 mouid.

In a fifth embodiment of the present disclosure 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; performing a heat

treatment thersby to melt at least a portion of said element; subsequently, cooling o

form 2 solid cast member comprising a davitrifisd material.



5In another aspect, there is provided a method of finishing an article comprising the steps of: providing
a plurality of finishing medium elements according to the first aspect; and causing a plurality of the

finishing mqufwg g}ﬁ epys to impinge against an article thereby to reduc ace roughness of the
article. 10Pre era‘l) y !t%e method further comprises the steps of: providing%%%%%t"%%éashje acted from

amongst a degreasing or cleaning or polishing compaynd thereby to enhance a reduction in surface

roughness of the artigle during t e[f: ishing process. Detailed Description, . . Embadiments of the ,.
nvention wil N B e P g L e S FIEURE FRed
plot of temperdhgréragsactifctionbaftimeisr adhgasrelamiiont actdiding to first and second
embodiments ehthssimeention; 20FIGURE 2 shows a prism-shaped finishing medium element
according to a first embodiment of the invention; FIGURE 3 shows a substantially conical-shaped
finishing medium element according to a second embodiment of the invention; 25 FIGURE 4 shows a
mould suitable forfohmirgatphasliypoifitishinghunbdiGmsbiegrentsdecording to the second

embodiment of:thesinventionsiepd 6 YREMmshows-aiplwaliaiinishinemedia at cepical.shape
having cone a"}ﬁ!ﬁﬁris@ ggtggf,raar;] ecfré)r]r% at&o&tu rla " to ??Oé*t 90 FIGURE 6 is zﬂcross-sectional view of a
finishing element having an Aetated Stiuctare. and 36FIGURE 718 §ERS4R-SRMeMR1 VidlR¥E2 finishing
element showirdgake! preséincelor ebystalrdeciievitrifece Y enatedas af &fredigarface of the element. WO
2009/034392PCT/GB2008/050821

10 Preferably the method further comprises the sieps of: providing at lsast one selected
from amongst a degreasing or cleaning or polishing compound thereby to enhance a
reduction in surface roughness of the articie during the finishing process.

Detailed Description
Embodiments .of the invention will now be described with reference to the accompanying
15 figures in which:

=GURE 1 is a plot of temperature as a function of time for a heat treatment according to

first and second embodiments of the invention;

20 FIGURE 2 shows a prism-shaped finishing medium element according to a first
embodimant of the invention;

FIGURE 3 shows a substantially canical-shaped finishing medium slement according io
a second embodiment of the invention;

FIGURE 4 shows a mould suitable for forming a plurality of finishing medium elements

accerding o the second embodiment of the invention;

FIGURE 5 shows a piurality of finishing media of conical shape having cong angies in
30  the range from aboui 15°10 about 3C*;

FIGURE 6 i3 a cross-sectional view of a finishing element having an aerated struciure;
and

35  FIGURE 7 is a cross-seciional view of a finishing element showing the presence of

crystaliine {devitrifed) material at a free surface of the slement.



recrystallised silica glass material. Other glass materials are also useful. 5Amorphous silica glass is
widely available as a commodity material at relatively low prices in comparison to metallic materials.

For examplé" 6P A6US silica glass is available in the form of recycled BEVEFRGEBBHEE and other

recycled articles. According to a method of making a;fjnishing medium according to embodiments of
the 10 present invention, a starting material in the form of amorphous silica glass is crushed into small
pieces. In some embodiments of the invention the pieces are around 4mm in diameter. By 'diameter is
meant a maxirAceordirgeiosiofiref amiederehinaitenalinveniosoméréshivgdimeents, gracewdniseed cullet is

used, having piggefi,NaxIDg AiRaXiRAgIddimensioneh & giad AmSHal0 seme srbediments pieces

having a larger diameter are used. For example, pieces having a diameter of up to around 5mm may
be used. 20In some embodiments, pieces having a diameter of from a few microns to around 5mm are
used. Accordidgrmhecfirstiembdimienvidweycavstwrepiscescarenpldtednatariaicildegivstantially in the

shape of a cubgickand suhissies-ia.p heglilkeatnenls Thecheabeamentisrsehsdrdhahibgcrushed
pieces are at Iea\?‘s‘Iﬁ%?rtlal zelte , before eing co%lect\?to f%(?ﬂ maten@iawng at least a portion
comprising a F¥HARES TR AL N DU RAYEAS RE s & eog%'ﬂgﬁv 2 Pelatively hard and
resistant to wear by abrasion. The cooled material has both regions of amorphous material and
regions of devittfiedin3Oerysiadissd silirangierialsHing ermhachalasswiariBabatiatak enithe other
hand, is t1y icaé%y almast er%.tireléﬁémr}ﬁps?nd 01;_ mo$h9u§ silica material. _.glot of temger%tug[e as a
function of me"or the REaT tréa S?ﬂp’ oc@é% R dhdwn éﬂe%S??coéfﬂ Rl u?egfs% Fusne
2009/034392PCT 2B E20esres5082gme embodiments of the invention the pieces are around 4mm in

diameter. By ‘diameter’ is meant a maximum dimension of a piece of material.

In some embodiments, graded mixed cullet is used, having pieces having a maximum
15 dimension of around 4mm.

in some embodiments pieces having a larger diameter are used. For example, pieces
having a diameter of up to around Smm may be used.

20  In some embodiments, pieces having a diameter of from a few microns {o around 5mm

are used.

According 1o the first embodiment the crushed pieces are placed in a mould substantially
in the shape of a cuboid and subjected 1o a heat treatment. The heat treatment is such

25  that the crushed pieces are at least partially melted, before being cooled to form a
maiterial having at least a portion comprising a devitrified silica material. Devitrified siiica
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,
30 crystallised sifica material. The crushed glass starting materiai, on the other hand, is
typically almost entirely composed of amorphous silica material.

A piot of temperature as a function of time for the heat treatment process is shown
schematically in Figure 1.
35



12 The crushed pieces are heated to a temperature Ti of from around 700C to-around 1400C. The
pieces are held at this temperature for a period of time t1 of from around 1 to around 6 hours. 5In a
preferred embodiment of the invention the crushed pieces are heated to a temperature Ti of around
900C for a pERod®Y’8t34Found 2 hours. In some embodiments the crusheB(PiécBEs4E $ahted to a
temperature Ti of around 925C. The degree of recrystallisation experienced by the glass material
during cooling from 10 elevated temperature Ti determines to a substantial extent the hardness of the
resulting finishit rHEaNEH PEGEiATR ??%ﬁﬁ {erRpemRRERYFUSEAWIRThRiEE THE Brépharaeifof
crystalline mate4ta Conpeigeekas the finishiryimedigerAtdnig hergsepattioniat erystaltineroaterial is
typically found,tp_resHlt én.g finishing medium of increased hardness. 15Finishing media containing a
higher proportion of crystalline material also have increased brittleness, which may result in fracture
during the finishing process. An acceptable balance between the relative proportions of amorphous
and crystdilineimatepiafanedst ¢heredorerbecdcthievedenticorder tarobtaih aifitashing meslaemisudficiently

hard not to wegyaldoq high 2 fate whilstdaging gyfficisatlyfopalynaf g dracture fao 2Qeasily.during a

finishing process. Once the partially recrystallized glass material has been cooled to room
temperature, iﬁ@t&?ﬁ‘%e%?ﬁﬁp%%ﬁgé?s%&?cﬁ%ﬁ%%eﬁ%ﬁ BACUREHE e | 80W Rty medium.

Cutting is typically performed using a conventional diamond tipped circular saw blade. 25 In some

embodiments ef,thadaventorendingssBR IABRhBYMEaRS fAVAISEIES FAIRI8LINGGAIAING to the

first embodiment of the invention the material is cut to form prism- 30 shaped finishing media as shown

, p )
generally' 3t 11D IERIFERE AR /ity B TSRS 2 B BIMIERE <5 Te R PRSI dre BIYE S each
pyramid is in tiigisghingerfedivrabd e Simmtiocabdamderanrsl T Some edibotiemeatththe saogeriofrom

about 10mm tQ.gheuk4 R i AR08 4392REHAQ BREIAB/0bGRAL 1S oportion of crystaliine

material is typically found to result in a finishing medium of increased hardness.

15  Finishing media coniaining a higher proportion of crystaliine material alsc have
increased britfleness, which may result in fracture during the finishing process. An
acceptable balance between the reiative proportions of amorphous and crystalline
material must therefore be achieved, in order to obiain a finishing medium sufficiently
hard not to wear at toc high a rate, whilst being sufficiently tough not to fracture too

20 easily during a finishing process.

Once the partially recrystallized glass material has been cooled to room temperature, it
is cut to form elements of a shape and size suitable for use as a finishing medium.
Cutting is typically performed using a conventionat diamond tipped circular saw biade.

25
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-
30  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.



The size of the media is selected according to a size-and shape of articles to be finished. The size is
selected to avoid a problem of jamming of finishing media elements in a recess or other formation of
an article to be finished. 5According to the first embodiment of the invention the finishing media are in
the form of SBRLEHHEREAE pieces formed by cutting from a block of partiaff B&H#INEe HEterial. In
alternative embodiments, the material is cut to form aiglifferent shape, such as a cube, a cuboid, an
ellipsoid, a body having a cross-section or other portion in the form of a 10star, or any other suitable

shape. Accordily &28 SEbSasEAtbEfREREFIRIRGERFoHZSiARshTRgRP ebAltitesisr RS edelting
particles of crushed:sdita giasswithiavisidivquabmoudgasomastefemsHinshisganaeiseafthe sequired

final shape dir@g&lé/sslHs&ﬂgg%g;ﬁ%gt&ea%eﬁ@gtpb%uﬁr;{;g?]icr?solidiﬁed melt in order to form finishing

medium elements. Figure 3 is a schematic illustration o ishing medium element 210 having a
substantially conical shape that was formed directly from a mould. A suitable mould for forming such
elements 210 iScshaliviy ito Frigdiret £nthueiment dfishprovigeidwite anpbiralityRobmwel elempentsi310 of a

snape correspoRi IR e LRLEAAANER) IRMO G nedbiBely Eph v iSRG edia 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 25manufactured rapidly and conveniently. By means
of a casting protebs aaiterdmigottirtizetscibemdagaribladicaetut fofrthe differatiosh dozishinl amediabef a variety

of complex shapgg6RN be &piasd in 8Jgpidiand sffirisntmanne. a;m,? igo@ﬂidﬁaﬁtt% RaFkbgcause itis

not necessary é?aperform a cutting 30operation once the melt has cooled.

or any other suitable shape.
According to a second embodiment of the invention, finishing media are formed by
melting particies of crushed siiica glass within individual moulds so as to form finishing
media of the required final shape directly. It is therefore not necessary to cut the
15 solidified melt in order to form finishing medium elements.

Figure 3 is a schematic illustration of a finishing medium element 210 having a
substantially canical shape that was formed directly from a mould. A suitable mauld for
forming such eiements 210 is shown in Figure 4. The mould is provided with a plurality

20 of well elements 310 of a shape corresponding to that of the conical finishing medium
element 210.

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
25  manufactured rapidly and conveniently.

By means of a casting process according 1o 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 cutling
30  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.

35



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. WO 2009/034392PCT/GB2008/050821 14
Thus, spent BRAEHIS Ay be heated and cooled to form fresh finishing MEJIFREEATERS. In some

embodiments, spent elements are crushed to form pajticles that are then subjected to a heat
treatment. In some embodiments the particles are placed in a mould such as that shown in FIG. 4 and

subjected to a H&&: tR&h SR SiMAL BmFHe? (B3 AWEE Bl ab IR THETUEG MRF B pent
elements has #ienazhiantagent reduciilgaves Ege of enateriady ¢herebyd edicmgar e embdéthe

finishing procegs 08 WRsie iSRS faekilies The dasithatdheranmatesialifiomuhich e figishing

elements are formed iS obtained from 1Qrecycled silica glass material in the first place is also a
considerable d49HRtEY&rere AT @n@hnfh@ﬂ?af’ BaIEFo1 e T E_IMeE AN & IR a set of
finishing ndediunareienietitst desorititttatnesn embodiment of the invention having cone angles in the
range of from around 15 to around 90. A cone 15angle of up to around 1200 is also useful. An element
as claimed in preceding claim copsisting essentially of a glass material and a crystallised glass
material, 20F1 S SONE G ETHAr SIS D ArRSHI e dl i SR S Rd Hhave a
porous or aerditefastruetinend hduisiethe! findstireg ingediorasslemeasieatisprsadacipliesalityrefigvres or
voids 450. SUGhA SiEUEiW erBasithe-gdvaniaoethahar:lemaenihaving Riree sirfaeadllmresenting a

plurality qf sharp edges 415 may be pravided, in a.convenient manner not requiring bonding. of particles
o o ot PR oS Ebe A e otiB O R T TG e RGBS i wse.
fresh voids areeysseiiaemedmaesaHanacTeiissipssiesharp surfaces are exposed as the element
wears.
FIG. & shows a set of finishing medium elements according to an embodiment of the
invention having cone angies in the range of from around 15° to around 90°. A cone
15 angle of up to around 120°is also useful,

An element as claimed in any preceding claim consisting essentially of a glass material
and a crystaliised glass material.

20  FIG. 6 shows an internal structure of a finishing medium eslement 410 formed to have a
porous or aerated structure. That is, the finishing medium element comprises a plurality
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 i a convenient
manner not reguiring bonding of particles to a mairix. Furthermere, it is o be

25  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,
30  the nisk of shards biocking filters and associated fiuid handling apparatus of a vibratory
finishing tool is reduced reiative tc some known finishing medium elements and abrasive

materials.

In some embodiments of the invention a finishing medium element comprises crystalline
35 material exposed at a surface of the element that presents an abrasive surface i an
arficle 1o be finished. In some embodiments crystalline material of the element is in the



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, 30 the risk of shards blocking
filters and associated fluid handling apparatus of a vibratory finishing tool is reduced relative to some
known finishYhg #EdiR?elements and abrasive materials. In some emB8diEHEEFRE invention a
finishing medium element comprises crystalline 35material 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 FThe’ YRACSEOTNTIHR YD & PIeSBBBTSIISOET 1A 546rAT & 6 RjameEy<tits Tt project
from an externaksurfeceafthaielenienboliGh of s incidss-secton sl viewobaparticonrtfca fimishing

element 510 hayjag o6 TAGH HdeGiyadliasddevilid dnaleripl 520,925 1 praseprat the free

surface 511, in some embodiments some of the crystalline material being in the form of elongate

crystals 520 55BHTR FARMRS HEE SHFADS MEIYEIRADY Sl | BBPhAS RIS FYTRESEH in the
elements 510. prdtrisito beonidterstaosbthrateabdize vbitie( orystals) figs erdyirithetinisbiegtaeteiments may
depend upon the heat teegtment applied to the glass starting material. Longer annealing 10times at
elevated temperature typically result in the formation of larger crystals. It is to be further understood
that in some embodiments the devitrified material is present in combination with a matrix of glassy
material 530 slich thatsthedrstatlinecmatermlod2(; 585teseftectvely mbeiddied' aethenglassy material

530. Thus, theqRiagnssah heahekb dcafiion: ki alass tesyisinuihn amaton o snpanicislalx

structure without a requirement to mix Lfartlcles. and matrix material from separate sources. The cost

and compfexity ST AaRRE PRI Co RSP JREdRy b fidaroer crystals.

It is to be further understood that in some embodiments the devitrified material is présent
in combination with a matrix of glassy material 530 such that the crysialiine material 520,
525 is effectively ‘embedded’ in the glassy material 530. Thus, the process of heat

15 treating the glass results in the formation of a p'articie/matrix structure without a
requirement to mix particles and matrix material from separate sources. The cost and
compiexily of the manufacturing process is thereby greatly simpiified.

Thus, in some embodiments of the invention up o at least three features of a finishing
20 element contribuie 1o finishing of articles that contact the element. These are (i) the size
of cullet used to form the finishing medium element, {il) a size of crystals of material
present in the element as deiermined by the time/temperature profile of the heat
treatment the cullet is subjected to, and (i) an extent fo which the element has pores
formed therein.
25
It has been found that larger pieces of cullet poured into a mould and subseguently
subjected to a heat treatment whereby the cullet is sintered to form a finishing element
and at least partially deviirified resulis in elements having a coarser surface morphology
than in the case of the use of smaller pieces of culiet. Thus, larger pieces of cullet
30 generally result in elements having a coarser surface finish that smalier pieces of culiet.

Thus, a more granuiar 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.

35



Thus, in some embodiments of the invention up to at least three features of a finishing 20 element
contribute to finishing of articles that contact the element. These are (i) the size of cullet used to form
the finishing medium element, (ii) a size of crystals of material present in the element as determined by
the time/temB€Er&RHE3#3tile of the heat treatment the cullet is subjected t8CAREBENESREXtent to which
the element has pores formed therein. 25 It has bee %ound 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 af (¥astisar®lalfitiasd sesuRieTitieigronts halieg i ebiaeserieneaise tndaptaiiogy than
in the case of tasusmed snalieipipeesot plist ShugilaroespigsasehculletROasnasalieesult in
elements havig.a GasEr SRRSO MR AMRITPIReRT SLalet Tk, BRI diapyipr structure
is provided using larger pieces of cullet, the 'surface of the element Having undulationis on a length
scale larger thEIPisRisHelsprEeassst euRetrafestsese Yo Soebius 4591y C MBBPOOBYOE082T 16 The
size of thescrystalsenf matiegal presentsinithe finshiog@lenens sdagely: deleringk by iegls

temperature pgiqglgx?[)@egiggg Jgg@%‘ﬁﬁa&ténent (i.e. the temperature of the elements as a function of time
during the heat treatment). It'is to be understood that larger crystals exposed at a free surface of a

finishing element typically result in an 5element having a coarser surface morphology than an element
in which small@harystals aire exposedatadreeisuricaisTiretigbaidhthe desetptiompadclaias of this

spectfication, the s TIRLRRS 2R he-ABIAN I ANA YANRIABRBFNE KIS IR RIAMRIRAcOMPriSing
and "comprises"”, means 10"including but not irh?te%to"jrﬂ%nd%s n‘%ﬁn?ended t% én%f%des Aoty exclude
other moities, BEtftiNe L EoRTh SHEIS, Mt s'ordle feendad g HEaE tHe b 86H pagIUERdOEE S of this
specification, theisiizgutaidénesmpassestheipleyatuniegspthe context otherwise requires. In particular,
where the indefinite article

Throughout the description and claims of this specification, the singular encompasses

the plural uniess the context otherwise requires. In particular, where the indefinite article

15 is used, the specification is to be understood as contempiating piurality as well as

singularity, unless the context requires otherwise.

Features, integers, characteristics, compounds, chemical moleties or groups described
in conjunction with a particular aspect, embodiment or example of the invention are to be

20 undersiood to be applicabie to any other aspect, embodiment or example described
herein unless incompatible therewith.



15is used, the specification is to be understood as contemplating plurality as well as singularity, unless
the context requires otherwise. Features, integers, characteristics, compounds, chemical moieties or
groups described in conjunction with a particular aspegt, embodiment or example of the invention are
to be 20understood to be applicable to any other aspect, embodiment or example described herein
unless incompgtilieaherewith. 17 CLAIMS: 1. A vibratory finishing medium element comprising a
solid cast member, the cast member comprising a plurality of pieces of crushed silica glass cullet heat
treated to form 5a body of at least partially devitrified glass. 2. An element as claimed in any
preceding claith whéreiivthierydinisng thedilementiathedownsiglevitdiie dcashteaalbisrintheceange
from 1% to 109/%6%@@&@@@@%6@&@%%&&@%&M\Qﬁ@@ms.@aegv%yraﬂ;&f iRe;slementdnghe form

of devitrified material is in the r %r;ge from 2 % to 80%. 4. An element as claimed in any preceding
claim having a38RgES! @irrassRATIANESM4REEHATSmm to 80mm. 15 5. An element as claimed in

claim 4 having a Iongest dimension in the range from 5 to 50mm. 6. An element as claimed in

claim 5 having-a lon t 4 7. An element as claimed in any
preceding clalr%aln tﬁﬁ%h%ﬁ%ggfég %ggggr@%%?eﬁ%%&gégrﬁgn%@ fa gut 8.21"%5'8‘8|Pés§(‘m‘3@ prlgm a
cone, a tetrahewtoniospyfidavid fiadoolydnatirainsblichsgrdians pliexel (%

10 3. An element as claimed in claim 2 wherein the volume of the element in the form of

devitrified material is in the range from 20% to 80%.

4. An element as claimed in any preceding claim having a longest dimension in the

range from Smm fo 80mm.

15 _
5. An element as claimed in claim 4 having a longest dimension in the range from 5
to 50mm.
8. An element as claimed in claim 5 having a longest dimension in the range from 10
20  io 40mm.
7. An element as claimed in any preceding claim in the shape of at ieast one selected
from amongst a cuboid, an eliipsoid, a prism, a cone, a tetrahedron, a pyramid, a
polyhedral solid and a sphere.
25

8. An element as claimed in any preceding claim comprising or incorporating a

plurality of voids formed for example by gas bubbles, preferably air bubbles,

8. An element as claimed in claim 8 wherein the voids are uniformly dispersed within

30 the eiement.

10.  An elemeni as claimed in claim § or claim @ wherein voids are provided in at least a

surface layer of the element.

35 11, Anelement as claimed in claims 10 wherein voids are exposed in the surface layer

thereby {o present sharp edges at the surface.



8. An element as claimed in any preceding claim comprising or incorporating a plurality of voids
formed for example by gas bubbles, preferably air bubbles. 9. An element as claimed in claim 8
wherein the voids are uniformly dispersed within 30th? lement. 10. An element as claimed in claim 8
or claim 9 wherein voids are provided in at least a surface layer of the element. 18 12. An element as
claimed in claim 10 or claim 11 wherein the voids are exposed at the surface thereby to provide
reservoirs for fluid finishing media that may be used in a vibratory finishing process. 5 13. An element
as claimed in fy ofi8 BESISThaBYE WA (eVsaEhalevasieimiha didmate ripesedahtie of

from 50nm to Snfetephefegtity frovid m¥erasrdct g, fmeranpreehalfmissanssabQipigsans, still
more preferaq?(i&fgg |]%r to 500 microns. 1014. An element as claimed in any preceding claim
comprising a p uraflty fregions of a crystalline material at a free surface of the element. 15. An
element & claimed in any preceding claim consisting of an amorphous glass material and a

crystallised glass magesiahdi sEGIAMGIeMant a4k Jeimpkie /nyieeeding <Rk srRsistingralan

amorphous glass mtateri?;\and a crgﬂalliseﬁg&la S r%aterial. ‘ qu n element as claimed in claim 15
or 16 wherein the crystaiige FHRES materi nﬁ?pr L PTRHERYY P Br paftiees BspPediAfthin the
amorphous glarsfatsierid). migoAs teldd@micers astilleddre gleiferdi3yori 06 wihereindhEamarpheus glass

material is provided in the form of particles dispersed within the crystallised glass material. 2519. An

element as claimed in any preceding claim consisting of at least partially devitrified material, preferably
glass mé&:rial?‘l" An element as claimed in any preceding claim comprising a plurality of regions of a

crystalline material at a free surface of the element.

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

15
16.  An element as claimed in any preceding claim consisting of an amorphous glass

material and a crystaliised glass material.

17.  An element as claimed in claim 15 or 16 wherein the crystallised glass material is

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

18.  An element as claimed in claim 156 or 16 wherein the amorphous glass material is

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

25 19.  An element as claimed in any preceding claim consisting of at least partially

devitrified material, preferably glass material.

20.  Anelement as claimed in any preceding claim having a hardness value of 5.5 on the

Moh scale.
30
21.  Afinishing medium element as claimed in any one of claims 1 to 20 in combination
with a degreasant and/or a polishing compound.
22. A method of forming a finishing medium element comprising the steps of:
35 providing a plurality of pieces of a crushed silica glass cullet;

subjecting the pieces of cullet fo a heat treatment thereby to form a solid cast member from
the cullet, the heat treatment resulting in at least partial devifrification of the crushed silica

glass cullet.



20. An element as claimed in any preceding claim having a hardness value of 5.5 on the Moh scale.
30 21. A finishing medium element as claimed in any one of claims 1 to 20 in comb nation with a
degreasant and/or a polishing compound. 22. A hod of forming a finishing medium element
comprising the steps of: 35providing a plurality of pieces of a crushed silica glass cullet; subjecting the

pieces of culletdo atgapitrpinenttherebydeformaselid rasimamasrdmstbesuiiehithabeat

treatment resultin[%gin at Ieasi\gartial deuvitrification of the crushed silica glass cullet. 19 23. A method
as claimed in V&5 FREHE fﬁggﬁt?tfaﬁ'i%}%f es of material have an average size in the range of
upto4mm.  24. A method as claimed in claim 23 wherein the plurality of pieces of material have an

5 average sizgjn the range fm.4mmy e, 2. o231 ME HRCA5 S esldR5 3 2R M RESIN 4he

plurality of pieces of material have an average size in the range from 3mm to 1mm. 1026. A method as
claimed iR clafeRER ABRIN iR BREGIYT HRRES dMRaterial have an average size in the range from
1.5mm to 0.75mm. 27. A method as claimed in claim 23 wherein the plurality of pieces of material

have an aver size in the, range.of from 1.5 tg 500 myicrons. 15 28. A method, as claimed in
claim 23 aheoriin s B Asated HremEs e g N Bl Eay o B R ST R R o
microns.  Zyeregeetifedratelenusdipnasminécof elaims 22 to 28 wherein the cast member

20comprises amorphous glass material. 30. A method as claimed in any one of claims 22 to 29 further

ising the steps of culling the. ber thereby to f lurality of finishing medium
clementd 257 A (VRGP SIARRECE I 415 i o EERmL S 2 Sk et el e =

average size in the range from 1.5mmto 0.75mm.

27. A method as claimed in claim 23 wherein the plurality of pieces of material have an
average size in the range of from 1.5mm to 500 microns.

15
28. A method as claimed in claim 23 wherein the plurality of pieces of material have an

average size in the range of up to 100 microns.

29. A method as claimed in any one of claims 22 to 28 wherein the cast member

20  comprises amorphous glass material.

30. A method as claimed in any one of claims 22 to 29 further comprising the steps of

cutting the cast member thereby to form a plurality of finishin'g medium elements.

25 31. A method as claimed in any one of claims 22 to 30 wherein the step of heat
treating the at least one piece is preceded by the step of placing the at least one piece in a
mouid, the mould having a shape corresponding to a shape of a finishing medium

element.

30 32. A method as claimed in claim 31 wherein the step of heat treating is preceded by the

step of placing the at least one piece m one of a plurality of moulds formed in a tray.

33. A method as claimed in any one of claims 22 fo 32 whereby the finishing medium
element is formed in the shape of at least one selected from amongst a cuboid, an ellipsoid,

35  aprism, a cone, a tetrahedron, a pyramid, a polyhedral solid and a sphere.



treating the at least one piece is preceded by the step of placing the at least one piece in a mould, the
mould having a shape corresponding to a shape of a finishing medium element. 3032. A method as
claimed in claim 31 wherein the step of heat treating iggpreceded by the step of placing the at least one
piece m one of a plurality of moulds formed in a tray. 33. A method as claimed in any one of claims
22 to 32 whereby the finishing medium element is formed in the shape of at least one selected from

amongst a cuhoid, gn ellipspid, 35a prism,.a cone, a tetrahedron, a pyramid, a polyhedral solid and a
sphere. 203 .2A m?ét"h‘S%P%“g% a?r%@cg RS w“(?é%fgiﬂf %éﬂ%ﬁ?é}?ﬁ DR TSR in
the shape of dheosteahavitg @wrohedmyedonhearglege biefrang80fitbdR03G35. A26fethod as claimed in

claim 34 wherein the finishing medium element is formed having a cone angle of one selected from
amongst 30, 60, 90 and 120. 36. A method as claimed in any one of claims 22 to 35 whereby the heat
treatmen? coniprised RERRSHASH HRlEY fo dRidmie vitereina dirishing rrosdivoeiemert dodormed 37. A
method as claiadthin claaldfadierebsetbediehbiteatset composen thestewof heating to a
temperature in the range from 800C to 1000C. 38. A method as claimed in claim 37 whereby the

heat treatment comprises the step of 15heating to a temperature in the range from 850C to 950C
preferably froff900E feted, foreipiederaBRyoore Fociaimsediots abcidinretirihenpastdrettolairhs 36 to

38 whereby thehpaédiapierRptaoRMANSES thesirn-alikeltina s teepegiuradnthsorange from 700C
to 1100C for a 20period of from 1 hour to 3 hours, preferably from 700 to 950C more preferably from

900C to 820, still more preferably 900. 40. A method as claimed in claim 39 whereby the heat
treatment conddriseé thetkrdrefdrimtdgriclaite p e aeyiththbasrigaimemt 7000 teet 100 @dprah period

of 2hours,  heating to a temperature in the range from 800°C to 1000°C.

38. A method as claimed in claim 37 whereby the heat treatment comprises the step of
15 heating to a temperature in the range from 850°C to 950°C preferably from 900°C to
920°, more preferably 900°.

39. A method as claimed in any one of claims 36 to 38 whereby the heat treatment
comprises the step of heating to a temperature in the range from 700°C to 1100°C for a

20 pericd of from 1 hour to 3 hours, preferably from 700° to 950°C more preferably from
900°C to 920°, still more preferably 900°.

40. A method as claimed in claim 39 whereby the heat freatment comprises the step of
heating to a temperature in the range from 700°C fo 1100°C for a period of 2 hours,

25  preferably from 700° o 950°C, more preferably from 900°C to 920°, still more preferabiy
900°.

41, A method as claimed in any one of claims 22 to 40 wherein the heat treatment
comprises the siep of heat freating the at least one piece thereby to melt at least a
30 portion of said at least one piece; subsequently
cooling to form a solid cast member having at least a portion comprising a
devitrified material.

42. A method as claimed in any one of claims 22 to 41 whereby the method is

35  arranged to provide a finishing medium element having a hardness value of 5.5 Mohs.



25preferably from 700 to 950C, more preferably from 900C to 920, still more preferably 900. 41. A
method as claimed in any one of claims 22 to 40 wherein the heat treatment comprises the step of
heat treating the at least one piece thereby to melt atJgast a 30portion of said at least one piece;
subsequently cooling to form a solid cast member having at least a portion comprising a devitrified
material. 43, A meibeddRst clainahdsamasneneftirimsgdidaidh vbeiehycthermaiiotdsieps
35arranged to \provide a finishing medium element having a hardness value of 5.5 Mohs. 21 43. A
method of ref8r‘ming at least one finishing medium element comprising the steps of: providing at least
one finishing medjdphiple MestsacramhRaif anupReriaimedbiaidmsuipgtbripkleasbane
finishing mediym@ipment ihrehioie iihag alitrofipigsasiiapiaie i Upigsinttspldrslity of
pieces of material to a heat treatment; and subsequently cooling to form a solid cast member
comprisifg a G&fifled material.  44. A method as claimed in claim 43 wherein the step of fracturing
the at least one Hdiuestimghaedioaite eimenes édHotedchiby thasttpsatpladingnthe plurality of pieces of

the fractured eleqgntin 8 moud AR Adnethedaf ishingan ALice AaRPLDG e FIERS A5

44. A method as claimed in claim 43 wherein the step of fraciuring the at least ong
10 finishing medium element is followed by the siep of placing the plurality of pieces of the

fractured element in a mouid.

45. A method of finishing an article comprising the steps of.



22 providing a plurality of finishing medium element as claimed in any one of claims 1 to 20; and
causing a plurality of the finishing medium elements to impinge against the article thereby to reduce a
surface roughness of the article. 46. A method as claigzed in claim 45 further comprising the steps of
providing at least one selected from amongst a degreasing or cleaning or polishing compound thereby
to enhance a reduchiewiikguifpeeaioughressnef theliarmieRment as claimed in any one of claims 1 to

20; and
causing a plurality of the finishing medium elements to impinge against the article

thereby to reduce a surface roughness of the article.

46. A method as claimed in claim 45 further comprising the steps of
providing at least one selected from amongst a degreasing or cleaning or polishing

compound thereby o enhance a reduction in surface roughness of the article.



