WO 2012/ 125119PCT/ SG2011/ 000101 A POROUS WASTE GLASS MEMBRANE Fi el d of the
I nvention This invention relates to a nethod for producing gl ass
menbr aneswolgbr2ei2papt i cul arly, this invention rel ates toPaTrss2tia®dodior
produci ng gl ass nenbranes for filtration purposes. Still nore particul arly,

this invention rel ates . gn r I ffective glass -
menbranes utilizing re&QPW%M%ﬁéﬁﬁgﬁg‘hEWfﬁn ng periods and

| ower sintering tenperatures. Prior Art Menbrane filters are widely
used in water purification processes for filtering undesirable materials,
particles and biol ogi cal cont ahieldhof $he lnyention am nat ed wat er such as

rai nwater and sewage. In a water purification process, nenbrane filters
greatly reduce the concentration of particulate matter such as suspended
particles, pHiigsihvestiamdelatesatoe afetivsddor Prodiding Yladsainambrdmese fisrgol ved
into the contam nated wat er 9%/ capturi n%pt he particulate matter in the
menbr arR2rtigyasy this dryentigncrelates tasamethed: for rodveing lass shermbranas fedt ed
wat er idd dutodssy. T estilt thdrEUssri i Lters ter [ j :
par posalaton puipeses, |l hdrg: barklRr thS" Vel irelafls 16U ThémBH, ©or
and/ or predaaing ocestbeffectiveaglass omemiirgnes edilizingnmestyciedduaiste gtassPrshaptepbl em
with these two types of menbr?nes | S the cost of producing the nenbranes.
The cosﬁ'nt&f'ngr%ﬂ%@?r?@dde\”?ﬁﬁm RINELIATPRETELITES- ruch | ower conpared to the
cost of producing ceram c nmenbranes. However, the poor nechanical strength,
poor chem cal durability and | ow tenperature resistance of polyneric
menbranes limit their use in industPgionddt| ong-term performance/reliability
of these nmenbranes. As opposed to pol yneric nmenbranes, ceram ¢ nenbranes
have hi gher nechani cal strength, excellent chem cal durability, and high
tenper at ur e NefibvaRé fite Rl Wid&ly alSed FEWAleRRFiftatioRPrécds¥esURR filtBriAgSt
harsh conditions, such as:-water and wastewater filtration. Ceramec

menbr ariélegirabley phatgriplp, nearéiciesoanembiological sostaminads| ifrom guniamingted
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materials in a furpace up to a Ver¥h hi gh tenperature, typically in the
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3to5¢tine re expensive per .unit area than the cost of producing
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is the formation of the proper pore size in the body of the nenbranes for
the desired function. For the menbrane to function as a filtration s
appar at us, tGuwrenthe polymetie apdfarscaramic merebtangseareasamimonbeused @i aidst -~

formed.in accordance to the.function served by the nenjrane. FEor exanple,
[t he udtehe RRSEb ah M 5 SH5. 5% B EerERES g ae Coat o Abagucng o
cont amitnat geénibAés. t Thebebbl of P@r‘o@hc@u%) F)bﬂ/nﬁ@iﬂ)rrﬁ&ﬁbmst s RAusBblwer t han
the size of the microorgani smsize. Bubble point neasurenments are conmmonly
known cempesedr to dbe acostaolirrreducinge catamicomersbranesng However, gthet poore -
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have t ipelyhierd hierhibrinesdimittheicasarircinaestry amgsliongagin pebfofanesPeliduiitand
good filtration qualities. is known in the art that crushed gl ass
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st ar t i mesisteneei making\eétantis membraneprsoitable forovse ¢ assstrivarbhasmwiiions)! ve
t he heati€%§of the raw te{'i gj S to tenperatures in excess of 1200C for

| ong p&HF wistef apd WARIPWRIL JRYAMg the gl ass particles with acidic
solutions. A nmethod involving the step of heating raw materials to high
tenperatures for producing a foaned glass article for filtration purposes
i s describedaramils Pambrangppaiec dypicalliNumbde #008/roatzeialks, sychblaiss IBditagn 4
Decenbeg, 2003.'1'.n th?.name of Jtégbn- F{aul Af] hul et a, II’II tEI.i s docunent, -the
f oamed AWHNE. @4, L1ONR OF SOMPIRFIGHS P B‘%Sécfyét%@%a!‘@ RIPSESS JR AR nel y
ground foam ng agents and then the m'1xture is maintained at a tenperature
range in between 1274C and 1700C for 'a period of WD ' ' :
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time. After the glass nenbrane has foamed to the desired density and pore
structure, the tenperature of the glass nenbrane is rapidly reduced to halt
t he f oamwg@ 20f2/2ba9gl ass and to produce the final foane@cgisazsiiantioc! e.

US Patent Nunmber 5,009,688 issued on 23 April 1991 in the nane of Kazuki

Nakani shi descri bes a, process for prodyci ng porous g ass conprising the
steps JMepIEaRFs dpm” Hese; inptoanicuMalanalsy MvBIVes: Aq Sinkering | RRERSS, Whjch
speci fi; i r Hes tHa k1N i g . i ni ng
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f ~oduci . ) d i i, ¥ h f 200
to 10008PRANLITIRIANHE e 4 Reis . TRRsAW Mebodiif Mhatefals s od Auire nod
descri besktiyn - (ANl thedaCiatists s@dMbheder ttBeindiize tHe ©VBRAINCHSt BF FroduGiagc! um

carbonate, "boric acid, soda ash and magnesia to forma m xture, whereby the
m xt ur eceramiqgenlranes. Joysnthe erstief prodiring ppearaicunembrangsisalngst 3 to

appr oxi y C...then alum na.pouder, is add Ot fter i xture.
Subsequg‘ral\‘ﬁrﬁﬂlc‘;;g &ﬁigrﬁeﬁ%&@/ﬁ ; _hgﬁ'th }(g% tﬂr],ée t@% ggsgp% g%dﬁ?&frg;}%jﬁ@&ﬁ%or 20
hours. fReafeanés.e conbinations of acid baths were then applied to the

m xture to produce the final porous glass product. _ The above-cited
art describes nethods to produce porous glass articles that nay be suitable
for use as ¢ . , ‘ l 3 [ osed
P or art i T oo B R Wil REES typol” o FhpRitfat Lyt thimatt &
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neutral foaned glass articles.” The nethod disclosed in this docuneht .
conpr i Seembiianat epsonfexampleg ibutheerglassl glembrapear tis ctoeshe f used ntp Hijtent |

bi nder and water together., The mxture is t heat.e 0 a first eleyated
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time to renove substantially all the noisture and excess organic materi al
from t engMasly kpews|ia. thehart gsaasmeasutgnaentsmeitod fiermmaasusng theclargest

el evat epperat yre in t r tweep 77 a 6 d. h  he
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foam ng _agent to emt the foam ng gases. The gl ass article is then cool ed
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di scl Oscﬂjali.i gthis docunent is directed towards the production of foamed
glass atticles which are to be used as artificial punice stones in the .
stone-washed garnment industry. Thus, an objective of the nethod disclosed
in this docyment is to. produc f oane | ass article that is substantially
pH neut ral ,.UIF g knawn ain, dke; W?t trgﬁgegesﬁéénpgﬂﬁle&n@r@. 3. casfreflesd¥ement
does nc IS0l 0s ( SN ighic -
ol ass HEpBIEEGHE fobheBthioR ot WBeHERe ol mBRIPIS BRfQHP LB oy
t hi s daqurodece cdoamicewembtames. mMémobrdnes priducgd afrginagkasarpartitiest greatigas
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i s a nefgmbladdinVolve Be ReBIifg T thkYavp FiklifaIB GodlehSerBRIFES 30 &b tof MYy
be used in water filtration syStens that are cheaper to produce than the
cur r ent1300iCetorclongnperiodsriof dinee antdomsembininatthe glaas particles| witkeracidic

art ar SO A he iEHba e stapotpreting R iR o Rl o EireR o
i nvent ifonproidinigsh fedimeat gigss afticle ghrafigati@ipufitsdsis Aeseribed ae UG Patdrii s
invention is that the 8| ass nenbrane is able to achieve a porosity of at .

| east 7wRlisaten NMunber 2A@3/9828825 npublishedagn ¢ Deremgen 290deRharmane of
arrangegl,l.n esenmili.n S e a
gl ass rr‘% y rgggmﬁgﬁ%%r‘dgﬁgh'swg?ﬁ"b%bé%%v@%ﬁ%n g|f§'58§"t %g{&%{ ﬁ$@%§ Bgore
si ze wirhixiny tdvyclgdawasteegibssungthclinelp grownd fdamiabyadentsranidi thehltke mairtiee.
between. 0.01 pmand 10.0 pm A third advantage Qf a gl Jenbrane in .-
accor dah&RIRfaNeY At @ eRPEEHrangq 'I‘n‘a‘?ett"'l?@”g_géscp%’?‘? ﬂ?ﬁéé’i@fea ReAed & -
together and the size of the glass particles are in a range between 1 pm
and 1000 pm A fourth advantage of a“glass nmenbrane in accordance with this
invention is the honogeneous distribution of pores within the body of the
gl ass nmenbrane. A fifth advantage of a glass nenbrane in accordance with
this invention is the high throughput or flux that can be achieved through
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WO 2012/ 125119PCT/ SG2011/ 000101 range of 50C to 90C. The first el evated
tenperature is preferably 60C. When the tenperature of the glass nenbrane
reaches twetonfi2étie first el evated tenperature, the gl apsTisentnan&ols then
mai ntai ned at that first elevated tenperature for 2 hours. The heating of

t he gl ags, e r t hé ient roomtenmperature to the first elevated
terrperaﬁlﬁfre e irgﬁ%g%eé iggcrseﬁg?{ﬁg%r\% h%r 05"?‘?47]3? e JEfireY ityqa8¢ R9'Re.
The heasfroguret theoferhperatiirassf tRiiglasRe nigmbrane sSArgfidiyeiadRRBd2fe Ralt tnut e
and 5C per mnute. The heating rate of the glass nenbrane is preferably 3C
per ni nE}é@UIng of the glags anddp sadecethenfingl fearaptd elasseartisleof the i nvention, in
the step of sintering the glass nenbrane to a second higher el evated :

tenperature, the range of the second higher elevated tenperature is in a
t errpﬁr ature U&w@atmmmrzﬂ,oogm iis@@éu:olnmA@HasS%Wﬁﬂﬂﬁ@narﬁesombﬂmi ned
at this,t erature. range for approxinmate 1 - 25 hours: .~ . In -
accor dawég%ﬁhdgweén%@@??ﬁﬁt g’r(ﬁmgﬂgngt%}p% Giash ePMRgsingethgl steps of
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done increnental |y over a second specified pefiod o _ e sinteri
rate ofPeResgrasi therbargre af s20G ta 1R0NKE noe tansk Ma@ingCppees 0f rsutbstantdhlgsC -

per m nUe e IeS] U ekl r a nmbrane is preferably in_a
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menbr aneorbinfrigefriss b balcRim parbenats] Borit acid)i sodst 88h dndemayRksial tdfdrdt § Of
t he gl ass nenbrane determ nes the bubble point size of the pores fornmed in

t he bodPidire; Mbegelystheahiures then heatedbeyanst thermeltinoitampensturerbbgiasent s

of the gt S i I : Lt i i te of .the
o ase ri2) EPoiBkirid@l P p86C. el ARTIREIRAGHET il IFacd % fhe"Selelel] Bl e
t enper dSubsequentgOiBie mixturecsther hethtregteasat approximatelys 74000 e 2@ Hoaks.t hi s
second el evated te iieyragture for, 10 hours .
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the i nvaBinaNpo ugo%é@p,q;dub{]e crushed glass particles are in a range
between 1 pm and 1000 pm The size of the crushed glass particles are

preferably between 50 pm 25 pmand 100 pm 25 pm Furthernmore, the bubble
poi nt si ze th ores,in the glass rane can be determ ned by choosing
the size of '??eaEPﬁ%ﬁ gd gridesqy i@@gl%r&)sot%o@r § porous glags,adiclesy thatce
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agent 4he discloged psor art inwolvarife stepsdrmainta@ioingnthelratv naterialst atba diighvat er

to the JwiXture. i raply 1: in thj,s stepn. | n_accqrdangce with
some er?ﬁ)%éf'ﬁéﬁteﬁpoﬁ%ﬁ‘k?s??h\y}@?%&nmqrﬁe{r@@dbaﬁp Chierglongs pﬁﬁ'ﬂﬁ?aﬁggﬂ?; :

for med cheeiital treatmertt éftHe FANTMARRRI MR PBYNENOMIdPAFEAIMeAT R Ithehjialsi S 4%
by weight, an anmount of binder which is in the range between 0.1%and 50%
by wei gReMBmRNes HeoBatensNynbes5928:7%3 issuadiam 24rbuly 1998 dn the ganeofieen:

46% and i : ef el i e 6% by viej ght foami ng
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conprises bj nger which js }Z%by ‘wei ght,, foam ng agent which is in the
range PEVREEROGIASH B%'CIP?’/ QAMIRE; agantbindgr aad Watet ogethernniThe raixtureds t he
range i7+-9%0 o7 n \VARVY Y| f I LRAS 4 e
N 1o el et ture T B o T 28D U P00 406
by wei ghe rgteagEaproxincately. 50°C per ininute anddeeid at thatHfirstetevatetadmpenstaref  t he

step of forming a.slurry, 10 m of water is added.to each 100gm of the

conbi ndn BrPeBith Bf e iRtk s EuAl llnen aiethrd, A, REeaegiganis

parti Ch?@eria_l from the glass article. The glass article is then heated to a second elevated ,
temperature in the range between 720°C and 860°ch and held at the seconﬁdiélevat_e’d_ _
temperature for a period of time to allow the glass particles to fuse together and for |
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WO 2012/ 125119PCT/ SG2011/ 000101 Brief Description of the Draw ngs The
above advantages and features of a nethod and apparatus in accordance with
t hi s i nvewoi2ore/asBa9described in the foll ow ng detail ed a@esSGzptiioosnnoand are
shown in the draw ngs: Figure 1. illustrating a top view of a glass

oo o e e a6 G A6 ol 3 BTo T Wl bk 5 WNF 808 e
i n accothfeaa@oling Isteps torhesidneratking drd thermaeBiress; The metiddldisRiosed in

il lustrati a tortuqus path forned within the body of a glass nenbrane
pr oduceﬁ"'$ Egse%f"&sfn gected Howards¥hsdpiegHetion of framed alass aricles whichrargur e 4

11 Tustrggi f i : t ' I : i ‘
accor daﬁ%:le)a\%nst%ﬁ %ﬁgﬁ%%i‘)ﬁé}ﬁe (%‘F; r{t%%dig tﬁﬁ\%%fgﬁ%Sﬂeg éﬁiiilf‘l”gi Eﬁﬁ;ﬁ' Fhus, :
i Il ustraniabjeative afdhatmethstidisdlesed imthis dopomest ts/toobroaiugéasfi)améﬂ)glﬁr‘?e :
roduced i ccaordapc i 1 h enbadi meng,-of, thi.s invention and the heating
Pate of SHHRE 8133& SH@ﬁ%"gﬂﬁ@V PEP“?W t yfir BHeValeRid e irande E?@“?’%‘P'&Fi-%ﬁé‘ﬁi-p
bet weeng 4heThisZ@scudhentfodiOnBSdisBlode Bras ﬁleﬁ’ﬁ‘&ﬁﬁé‘[b?odﬁéédé Qﬁ@?w hAR6aL Lfance
he heatlin the g

with an enbodiment of this. invention and t g rate ass
menbr.ankydraphilic glass membrang suitabletfornuse in waten fitration sgstepso elnvearticalag

i ty.of ; . d i of. th ' | ass .

enor antirdtrah HoeEC SRR ke SRE Jubkion, SR drfingefidlohas

Det ai | eorRegendwly @istributed potes withiretid Body of ieglalss sticeithataldre 'ireguci ng
(0}

gl ass nenbranes. Mre particularly, this invention relates to a nethod for
pr oduci 9§ agdlass mambreasds & water ifiltration systemr pdutss theeiis la negdinpthetart fdrar | vy,

this i ' I . I ' 0 ffective.gl ass
rermbr anb PeTS S0h $r6duciflo BiEES HbmbPaned B Al vEr Bbef | ing Wals oletay

| over ssystemsithat anpehabpercto produce thagl thescuresityaDedd roedams mamBiggesdance
wi th enbodi nents of this invention is able to achieve a porosity of at .

| east 7% BER dURRRIGAham g Rel¥Eris membganes.

Summary of Invention

The above and other problems in the art afeESOIved and an advance in the art |
is made in accordance with this invention. A first advantage of a glass membrane in -
accordance with this invéntion is that the glass membrane is able to achieve a
porosity of at Ileast 75% even though the pores invthe body of the glass membrane

~are arranged in a manner resembling a tortuoﬁ‘s péth. A second advan:tage of a
| glass'm.emkbrane in accordance with this invention is that the Iargést porefs:i'ze witﬁi_n L
. the glas_s__rynembr':ane can be selectively formed in the range between 001pm érjd::.
| ﬂ0.0 pum. A third advantage:of a glass membrane3iri faccordance':with this i-nVentioh is
| _vfhat the gla_ss particles are adhered together and thé size of the‘ glass partiCIés arein
a range between 1 um and 1000 pm. A fourth advantage of a glass m_ém:brané:lin :
accordance with this invention is the homogeneous distribution of pores within the
body of the gIassmembrane. A fifth advantage of a glass membrane in accordance
~ with this invention is the high throughput or flux that can be achieved thfough fhe ;
membrane. Specifically, pure water permeation (PWP) flux of more than 30 000
LMH/bar may be achieved for a membrane with a pore size of 1.5 pm in accordance ‘
with this invention. | ' -



WO 2012/ 125119PCT/ SG2011/ 000101 body of the gl ass nenbrane are arranged in
a manner resenbling a tortuous path. Furthernore, the | argest pore size
w t hi n t woghesesmmenbr ane can be sel ectively formed in Ph@/SGamg®omet ween
0.01 pmand 10.0 pm A magnified top view of a glass nmenbrane forned
in accordanc/e nt of thr%rnventron i.s shown in Figure 1.
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subjected to heating levels beyond the melting point of glass and as gl ass

par ti cllde nethed begins bmgooahleogt @usbed glasspadidles withca fgaming egegt s i n

gl ass ee ass

parti cﬁ@;&] 1%5903>rnit9 ﬁ%tfcg'g 110°© I%br'tgmﬂghl FS J‘PSR@'%%"?’@%@ \%% 5‘%%% agl ass
nmenbr aremdgERD USRIt ctnherrommgenewst mbalird 18 thehecorabipedi With iabbinger
subst anti al Iérhorm geneously thr oughout body 100 of the glass nmenbrane. The

honogefdSuwatarderRreduce @ germynel %P%Weﬁs@ﬁ@sfofrﬁﬁﬂ 'E“Iﬁ’eth§t$hﬁﬁ%9faacﬂla$$te
|
gl ass e?fﬂ Palie he Iﬁ@%s%@ﬁ’rﬁ e &' erfEhfdd Etgm vvr ngf]{r"w? Lﬁ%body

subj ect g or srn ering process.

100 wi ISub‘squuentlry ctbglglérmjmemb}ahelﬁ tmatugi tnhm tpetdrabieot m&dnhgnmr&tﬂréw
Thus, ¥§a I or sedi nent s whi h are t han t he si of pores
110 wi & % f)%fi RSERRMre (Ryver a rst zoqrrqdugtrtat'es al g gilass

sect | ORgbmBlaHE A tmméutf&téa td 'd‘%lr&er‘rhg dﬁftm’reb? tﬁﬁggégs n&hprarst gos

menbrane fornmed 1 n accordance with an enbodi nent o ‘1nventi on.

Cross meredr@laseewd hrghegtemperaétm@/@vetrcasemm spadified\petiochobtiohe. e of
t he gl ass IEE [ﬂﬁs or ned %& Sgardlt ss qf .the arrangenent of
por es 15314 8 rﬂﬁ 671 BN Hgﬁ PHSP g 8'1’%1% ane, the gl ass
menbr ane produced in accordance vvrth this invention is able to achieve a
porosity of at |east 75% and a naxi rrumrfgorosr ty of approximtely 90%

Cavities 2100 araﬁozdanseemm embogimentsifibiganveniany tbercme@o@lgswanmbemot

or ovi a£0meyiER SlrerREhgR Ma? Blesch AR, (RARGRENGE Mifb el RaiiBB ol ous

f or mat loonhuofunvemrdn ,Ethie2fbanting cigent Rotyprisee @atsrurres:attkmtaté heinsadderdamice of
t he gl ass menbrane does not crack or curl after the glass menbrane has been

subj ectdi® $@mg erehedimenss of thisdryenfioss do@ binder comprises ar inpropnigskindees  an
|
enl ar geflcyi s Qdiufh émcétéo‘m}} LRch gﬁgﬁs with 58 Oéﬂt\hc]id?‘rﬁégtsl bt Hﬁ§ .ﬁJé

exanpl e of a tortuous orne ores 1

2012/ 1ﬂ'idl:eﬁtb'l'niéi@0d>flbﬂmmlglaes fpladwlés anddfoainting agedt ate tfrtargngér&&ednmﬂbr ane
througrg io. second end of ! ther_%l ass nenbrane, Path 305 is surrounded on

ei t her Pafl qaill tBI%@Q“‘E?a?’t‘r%PB@ dprmﬂg%'l‘\e%”r%m&ﬁw@red together using a

bi nder (not shown) ‘The size of the pores can be controlled in accordance
with this invention. Hence, .the porosity of the glass nenbrane can be
control I ed iimaceomdanceavitksdme @mbodiments of thie step et domniing tlndnsharae of thieh 305

becones, nore t rtuo oro of .t he menbrane wil | rade .
acoor aplaeymeribrane pm iicsiyofie didY 1t ReuidEl AMBHENE Afagued AR of a
bi nder nfatabrate \Wﬁ“auﬁéﬁlbhla@%hﬁpeaa bl fHicHHes8 U Q%)a?@&tﬂéﬂg’kéawat e
and glass particles such as crushed waste glass. One skilled in the art

will. rew@nnztbetrmmld@ﬂanagltﬁéedcﬂtroughdéhresounmri vigratigent s and ‘gl ass -
parti.cl-es may -be used w thout departing fromthis invention. Table 1- beI ow
shows the retlationship between the pore expansi on within the body of the

gl ass menbr ameacdohgart@nsiitty $9imé hembedipsents t 6 fhé Netepody cRkinghthel iass
menbr ane, the vol ume of the pores within the body of the glass nenbrane and

the acmesvaiRNe gb@osamle«merﬁoméemﬁ&tﬁfe,ameoala@ﬁ MREETaRe if CLEge Hfor s

held ¢ t 5 b h | .ass
is 2528%6?% 8 %@ndcegw ¥2t? gﬁ){?ofé{?eﬁng' éér 2%@531?%%% "E%’P IC eeésgar e
vari ed prete&wy tuBaiipl the Anibionerodth Grapera‘tﬁr‘éxfpaﬂéltmmrﬁensl ty ( g/ cng)

In accordance with: some embodiments of the step of heating.t:he glass
membrane from the ambient room temperature to a first elevated temperature, the -
“range of the first elevated temperature is substantially between the temperature

5
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range of 50°C to 90°C. The first elevated temperature is preferably 60°C. When tne
temperature of the glass membrane reaches that of the first elevated temperature,
the glass membrane is then maintained at that first elevated temperature for 2 hours.
The heating of the glass membrane from the ambient room temperature to the first -
elevated temperature is done incrementally over a first specified period of time. The
heating rate of the glass membrane is in a range between 2°C per minute and 5°C -

per minute. The heating rate of the glass membvrane is preferably 3°C per minute.

v In "accordance with some  embodiments of the invention, in the step of -
| sintering the g.Iass membrane to a second higher elevated temperature, the range of
the second higher elevated temperature is in a temperature range between 700°C
and 1200°C. The glass membrane is maintained at this temperature range for

approximately 1 - 25 hours.

In accordance with some embodiments of the step of sintering the glass
membrane to a second higher elevated temperature, the range of the second higher
elevated temperature is in a range between 800°C and 1000°C. The glass
membrane is maintained at this temperature range,for a period between 5 and 20

hours.

In accordance with some embodiments of the step of sintering the glass _
membrane from the’ flrst elevated temperature to a second hlgher elevated
temperature the smterlng of the glass membrane is done mcrementally over a
'second specrfled period of time. The sintering rate of the glass membrane is in a}ff
N range between 0 1°C per minute and 25°C per mlnute The smterlng rate of the::‘:
'glass membrane is preferably in a range between 0 1°C to 5°C per mlnute The :
| sintering rate of the glass membrane is preferably 3°C per minute. In thlS step, the';?
sintering rate of the glass membrane determines the bubble pomt size of the pores :

formed in the body of the glass membrane

In accordance with some embodiments ;of the step of sintering the glass E
membrane, the sintering rate of the glass membrane is preferably 2°C per minute. -
_Further, the second elevated temperature is 900°C. Furthermore, _the glass

'membrane is maintained at thls second elevated temperature for 10 hours;

6
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In accordance with some embodiments of the invention, the srze of the

crushed glass particles are in a range between 1 um and 1000 ym. The size of the

- crushed glass particles are preferably between 50 um + 25 pm and 100 pm * 25 pm. -

Furthermore, the bubble point size of the pores in the glass membrane can be
- determined by choosing the size of the crushed glass particles to be used.

In accordance wrth some embodlments of the step of combining water to the '
mrxture the ratio. of water to the mlxture compnsmg ‘the glass particles, the foaming g
| agent and binder is in the range between 1:100 and 1:2. The ratio of water to the :

mixture is preferably 1:10 m_thls step.

In accordance with some embodiments of this invention, the body of the glass
membrane is formed from a mixture that comprises an amount of foaming agent
which is 4% by weight, an amount of binder which is in the range between 0.1% and
50% by weight and an amount of glass particles which are in the range between _
46% and 95.9% by weight.: A preferable mixture -includes 6% by weight foamingi.'
agent, 8% by weight binder and 86% by weight glass particles. -

In accordance with some embodiments, the mixture to form the glas_s |
membrane comprises binder which is 12% by weight, foaming agent which is in the f
range between 0.1% and 15% by weight and glass' 'particles which are in'the range ;5
between 87. 9% and 73% by weight. A preferable combination for the mlxture"g |
comprises 4% by weight foammg agent, 12% by welght binder and 84% by welght

: V-glass partrcles

n accordance with some embodlments of the step of formlng a sIurry, 10 mI
- of water is added to each 100gm of the combmatlon comprising the foammg agent “:

the binder and the glass particles.
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Brief Description of the Drawings

The above advantages and features of a method and apparatus in‘,
accordance with this invention are described in the following detailed description and

| are shown in the drawings:

’ Flgure 1 |Ilustrat|ng a top view of a glass membrane produced in accordance
~with an embodiment of this invention; o ‘
_ Flgure 2 illustrating a cross sectional view of a glass membrane produced in
"accordance with an embod|ment of this invention; -
‘ Figure 3 lllustratlng a tortuous path formed within the body of a glass
membrane produced in accordance with an embodiment of this invention;
Figure 4 illustrating a flowchart of a method to produce a glass membrane in
- accordance with an embodiment of this invention;

Figure 5 i|lustrating the relationship between the porosity of a glass
membrane produced in accordance with an embodlment of this invention and the
vheatung rate of the glass membrane; - »

Flgure 6 illustrating the relationship between‘the sizes of the pores in a- glaes b
membrane produced in accordance with an embodlment of this invention and the
heating rate of the glass membrane and

Figure 7 illustrating the relationship between the porosﬂy of the glass B
membrane and the sizes of the pores in a glass membrane produced in accordance. :

with an embodiment of this invention.
Detailed Description:

This invention relates to a method for producing glass '.m.embran'es‘ 'Mo:r'e."
particularly, this |nvent|on relates to a method for producmg glass membranes for _'
filtration purposes. Still more particularly, this invention relates to a method for

. producing cost effective glass membranes utlllzmg recycled waste glass shorter .

sintering periods and lower sintering temperatures.

A glass membrane ' produced in accordance with embodiments of this
invention is able to achieve a porosity of at least 75% even though the pores in the
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87.9 Table 2 bel ow shows the rel ationship between the pore expansion
within the body of the gl ass nenbrane, the density of the pores within the
body of twe 2gi2aesiipenbr ane, the vol unme of the pores w tirCh/SGael1voap1 of t he
gl ass nenbrane and the achi evabl e porosity when the concentration of the

bi nd L d tant, at. -subst ly 11, 76% densjty of
ot e HER.IrE G958 bitha e AR R0aL i p fndRet e R BIfg A iR
gl ass mRIrtHerhRye 2t ia%gegdggre\/\aza%&i‘uiﬁﬁﬂel@%@y m&h@%@be@@b&u\%lganpl e

% Foam ng Agent % Q ass % ansion Density (g/an) Porosity (%
formed in the range between 0 01 ym and 10.0 um

, A magnified top view of a glass membrane formed in accordance with an
embodiment of this invention is shown in Figure 1. Figure 1 illustrates glass particles
105 which are adhered to one another, forming body 100 of the glass membrane.
As glass particles 105 are not subjected to heating levels beyond the melting point o'f '

v glass and as.giass particles 105 ar_e not subjected to acid treatments, each grain of

_ _glass in giass particles 105 can:b.e seen in Figwe 1. Dispersed between glass

~ particles 105 are pores 110. Pores 110 are formed in body 100 of the glass |
membrane. Pores 110, which are not identical in size, are distributed substantially
homogeneously throughout body 100 of the glass membrane. The homogeneous
distribution of the pores ensures that the structure of the glass membrane does not
crack or curl after the glass‘ membrane has been subjected to a heating or sintering
process. Liquids flowing through body 100 will flow through body 100 following the
paths formed by pores 110. Thus, any particles or sediments which are larger than

the size of pores 110 will be trapped by body 100.

Figure 2 illustrates a cross sectional view of body 100 at line A-A’ as shown in
Figure 1 of a glass membrane formed in accordance with an embodiment of this -
in.vention The cross sectional view in Figure 2 shows tortuous paths within body‘
100 of the glass membrane formed by pores 110. Regardless of the arrangement of -
‘pores 110 resembling tortuous paths in the glass membrane the glass membrane .
produced in accordance W|th this invention is able to achieve a porosrty of at Ieast' |
75% . and a maximum porosnty of approxrmately 90% Cavrties 210, Wthh are_si o
distributed homogeneously across body 100 do not contribute to the porosrty of the .
' glass membrane as cavrties 210 do not provide a: “path whereby quwds may flow
: through. However, the hom‘ogeneous formation of cavities 210 through body 1 _OO
ensures that the structure of the glass membrane does not crack or curl after the i

glass membrane has been SUbjected to a heating ,QT sintering process.

Figure 3 illustrates a_n: enlarged view of B as :shown in Figure 2. Path 305 is

an illustrative example of a tortuous path formed by: pores 110, which allows liquids

9
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to flow from a first end of the glass membrane thfoUgh to a second end ‘of the glass
membrane. Path 305 is syfround'ed on either sid}ezb.y glass particles 105 which are
adhered together using a bindér (not shown). . ;The size of the pores can be
controlled in accordance!-with this invention. Hence, the porosity of the glass
membrane can be controlled in turn. One skilled .ih the art will recognize that as path
305 becomesmbre tortu;ous,.the porosity of the glass membrane will degrade

accordingly.

_ In one embodiment, ihe glass membrane may comprise of a binder such as -
sodium silicate, a:foaming ag,ent such as calcium cafbonate and glass patrticles such
as crushed waste glass. One skilled in the artiw-iII recognize that other types of
binders, foaming agents and glass particles may be used without departing from this
invention. Table 1 below shows the relationship between the pore expansion within
the body of the gléss membrane, the density of the pores within the body of the glass
membrane, the volume of the pores within the body of the glass membrane and the
achievable porosity when the concentration of the foaming agent was held constant
at substantially 5.88% by weight, the density of wa'ste glass is 2520 kg/m® and the

con_centkation of the binder and glass particles are varied.

.‘ TABLE 1
Sample | % Binder | % Glass |% Expansion| Density (g/cm®) | Porosity (%)
A 4 ~ 90.12 1771 : 0.615 75.6 '
B 8 86.12 265.0 0.563 77.7
C 12 82.12 512.7 - . 0.276 ' 89.0
D - 16 78.12 631.9 . 0.246 90.2
E 20 74.12 555.6 . 0.268 89.4
F - 24 70.12 - 385.0 . 0.279 ' 88.9
G 28 66.12 381.0 . 0317 87.4
H - 32 62.12 | 384.3 . 0306 - 87.9

Table 2 below shows the relationship between the pdre expansion within thé.bddy of
the glass membrané, the density of the pores within the body of the glass -
' membrané, the volume of the pores within the body of the glass membrane and the -
achievable porosi.ty when the concentration of the binder was held constant at
substantially 11.76% by wéight, the density of Was_te glass is 2520 kg/m3 and the -
concentration of the foaming agent and glass partiéles are varied. .
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7 81.24 239.6 0.704 72.1 5 9 79.24 156.0 0.953 62.2 Tables 1 and 2
show that the porosity of the glass nenbrane depends on the density of the
pores, thwowolaumreiiof the pores and the anount of pore ePpasmssion/owmhi n the
body the glass menbrane. Tables 1 and.2 also show that glass nmenbranes
produced in accordance with this invention are able to achieve porosities
as high as 90% A gl ass nenbrane in accordance with the invention nmay
be produced by the steps as shovvn | PaBLBW € 4. Specifically, Fi gure 4

illustr To ()Io I He ot d in

accordagn%:'g'i\lmét 2 f?&) /‘t?lé'éF t i | oif"SYo e, Boﬁgﬁ'it}‘ny"gy

conbi ni ng gl ags g&? icles with a foam ng agent in step 405 In. accordctnce ,

wi th siomeqenbodi remts, the &3_24_5 pariigd @s CONpri g4y usheg waghss gr ags.

Furt hgrnmope, {he Toam Ng | aggpqi N St Jb(ft;? mpTi %g,dl cirpnre - One

?Iéi : 1'3_ (]Ai B LT., art \I,LA,.EL@Z}.‘ZLeAE :I’ ,8 e b-u:i;lforlw‘ﬁiscﬁ -t B5Z||:h2>dbe
cu UTT ULIICI L T I~ VICI | maoP Co—oto

fogm | asgl wi-t hout 7r~|n¥\|;r1 i '?1 24 hﬁg a\lﬂh i :I"I DT/JQ' size Of 17291 Cll ass

part i lesDarelin t range jln 1 186.8nd 1000 BM53The size 62.2 he gl ass

particles in this enbodi nent are preferably bet ween 50 pm and 100 pm 25

DO ver o AES T30 2 HEV B, e 5o 20 BB oottt bR dSBh el 1o

puIver|2|ng

the ar tdemsity c&fl the p@r@@glﬁhéﬁ@/oldiﬁé oftther psrespasd lth@ra'in&jntf&a Pbred e SRS may
be used wi t hout departin fromth| S invention. The conbl nation of .
gl ass. MFH'PC&@S body theasians Mprmbrafies th@h’%rég&%t? zalgot shew hthattglassr m a
honogenganprafed

th
fragment oo of “t%‘ﬁ‘e’“%%%'ﬁﬁsi&ﬁﬁ’%@eﬁgﬁ@r RSB Ahg SERCY R iy g

of t he dovasities)aadugt aa®0%)! ass particles causes the conbination to be

A glass membrane in accordance with the invention may be produced by the
steps as shown in Figure 4. Specifically, Figure 4 illustrates a flowchart of a method
to produce a glass membrane formed in accordance with an embodiment of this
invention. Process 400 beglns by combining glass particles with a foaming agent m
step 405.
crushed waste glass.

In accordance W|th some embodlments the glass partlcles comprise

Furthermore the foamlng agent in step 405 compnses

calcium -carbonate. One skilled in the art will recognlze that the crushed glass

particles may be replaced . with other types of pulverlzed glass particles such as

crushed foam glazss without departing from thislinyention. The size of the glass _

~ particles are in the range between 1 um and 1000 pym. The size of the glass
particles in this embodiment are preferably between 50 Nm and 100 uym .+ 25 pm. -
Glass particles of these S|zes may be obtained by crushmg waste glass, pulvenzmg .

' glass artlcles or other various glass objects. One skllled in the art will also 1 recognlze o

that other composutlons of foamlng agents may be used without: departlng from th|s - B

; invention.

The combination of glass particles and foaming agent are then fragmentized
together to form a homogeneous mixture in step 410. In accordance with this
embodiment, the fragmentiiing of the combination is done by ball milling. The ball

milling of the foaming agent and glass particles 'causes the combination to be
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WO 2012/ 125119PCT/ SG2011/ 000101 uniformy distributed. Step 410 results in
a gl ass nenbrane with a honogenously distributed foam ng agent which

resul ts iwoaomgasgdnenbrane with uniformed porosity. FuPChsSGronspomhe
friction between the foam ng agent and the glass particles during the ball
mlli nﬂlér?' ocess, contri bges to the &hysi cal adhesion of the foam ng agent
onto t 'fﬂr disiribytef e Stepofitl sesulist iRca drssnmemdhraneayite & homageneysige
used W j; i by i:0N_ agi.Qn . AgnNEM | ZI g
Subst and ToP L ERERHITE ST Which (UG R 0a 2GR T ThE WD TRbkfdd
honogenparekity.t Rudhetmoare, theefrictiah bieéween the fodnmingtagient ahd thé gldserpgticieys

m xt ur e, of d‘/\ﬁ}an'})nﬁ; agent and crusP d gl» SS ‘_gar'ti_cl s are conbined with a

bi nder dyningaHies a @lﬁlpgd%r@geés & r&;{t $ fo dke Ahysice agnesionefsthentogaingnt ,
Lhe DI Nsntaifethesgials | SMiEa8! CHBWRYE!, SHER MiSaridfor Mhgidnfihg: mdehe
skilled in the art will recognize that other types of 1nhorgani B’. ders. may
be addedsest witbawt drparting frgm thisiinvendionraselongaas tHenfragmentizingesubistantially
enbodi f is,lnventign, the .ratio of water added to .the m xture of
ol oos portbufs, thE Siatt SAtiats df it HosF B derishe thidkighoth b and
1:2. Prfxirebl y, the ratio of water to the mxture of glass particles,
foam ng agent and binder is 1:10. The slurry is poured into a nould
in step 420 to formthe desired shape, size and thickness of the glass
menbrane. T rj FY o t t done careful ly
to prevent _Qﬁr&gﬂb%@sm%r%&nﬁP g%%%%rﬁl%@eé}ﬁfpgﬁ%& %rb%i’tr?glﬁj §rlh$£1§%bglass -
agi t at quhrticles enownabifediwitrha hihder afdivargytdprriucerarefliriy? rhacedrdbfce The
agitati o_r}hogf t he sl urr%/ nﬁé be done by vibrating the slurry in the nould or
by applWitthdhig embegdiment dhenindey adgedriseag| inprganiabindei sbeh samjsediusa t o
ot her IRWhe ; r edu ] . [ . jon,

t ape cl;és“tl ng'@ﬁ?t%z({lfegnmn@%l gﬁnwg{"qgtg égﬁ%]egﬁ S io%d&ﬁ%s?ﬁgﬂg@nﬁ ﬁ'{&é%
recognimayt hat addedr withaut degariagudmdn t this emveationr blbldarddmgs tWith
slurry in the ul Lt hout .departing fromthis inyentjon. . In step
226, | o elSTiR i i TRENHER! T, ratlp oo Welee SHOEH dOathenimiies @it cldssom

t enper gddiided FoatiRgagAt Md bider id th 4 b Hﬁﬂﬂé 4 oQtdMy f&aBane is
| ef t t?curg_for aﬁ%epi od of ti mglbet vvee'?lge:? ouré@ﬂaogﬁé}ﬁ’og'lrzg.s‘sre [The
sol i di fthedatip abwatasioithemiktsre bEglass padiclesitfoamingagentfand bindehés 1:d0ri ng in
step 430. The gl ass ‘nenbrane is gradually heated from an anbi ent room 12
WO 2012/ 125119PCT/ SG2011/ 000101 tenperature to a first el evated tenperature

wher eby t he THe Slung!is\vdUPSH IRBREARIUM fh bfep 120 kS AN B BESIrEEEh 90C.
The gl ass. nenbr ane@shoul d not be placed diplr ect | gti nto an volven. h%%% %ﬂtgo t he

first andvthickaessabdheolass mertrane., Theepewing:phthe sluoty inteethevmouttabas o be

i ncreasg J F 0O e ature to, the. first elevated
t erper 30 (e 0804 Pl 8:4raGe AR Bloje FobP RIS S ofhd S e ppeid™ ™ €
enbodi meay betdyttateito rgnsvs anphirt hubtid s tfat MaPhave forédintheangaldetmeen 2C
per mnute and 5C per mnute. In response to the tenperature of the glass

menbr aRSItBEeR §f RenlaYUpayY Serdans by ¥ibrating, tesslurry ip hexmaudd of b apphieg at ur e

of the ek i ] i t . e ] for 2
our o, RETrERBheyr, TR BithnEeh Blsol 0 subleBlod oAb FRAORTRIGAPHR o
per i odprodyceoethes gihss trhembratepafori egafpten elktrasiony elpeocashgf enjeblion the
gl ass rrerr&llaane kélggﬂl n%ﬂi ed at the first elevated tenperature for at |east
2 hour £7OHRING. &ffs [P Skiiad 17 fee grtawll reeRgnizadhalsother meanshnay ke ysedto-
I'n stepeh fif L - A ' ' ioaesdlass
rombr angoee A IR 18 ROPIe S0 MUK SRR AiROM Abadingfnr B inleRtBhass
sintering process. In accordance with sonme enbodi nents, non-bindi ng powder
wi th high heat . ca i such as al um ni xide i.s preferably placed as a-
| ayer bet vveZ’Pl s}%%ﬁaw%g%ses qen rﬁBedﬁﬂgﬁqBI %@_'ﬁéﬁﬁ‘r@ﬂ@%bﬁ‘%@‘ﬁrﬁmbﬁnﬁdi'ng
powder reggavieRigerhfife o 8 hedlodss RBDT IANGIS EBoaIrhé&Ht M YhaidsheehRhn8ligt e
The flat plate together with the glass nmenbrane is then™pl aceg In a Tj'urnace
for sifafela eiye fona perigdsifdime betwremddoad agd Zdshowsbr ane to the furnace is
done rapidly to ensure that the glass nmenbrane does not cool down too much
fromthe first elevated tenperature as the glass nenbrane is being placed

in the furnate.solidifiedegiass aiambrane ik hBerh pldteeaniosan @EH3bt furthde CAARE th over
a specified period of time until the tenperature in the furnace increases

from t REER 43 elTBadlagst BigrBPERNG: ds t @ragunllyhhgatedcfam érevameignt room
tenperature. In response to the tenperature of. the glass nenbrane being-
sintered up to the second el evated té%perature, the tenperature of the -
gl ass menbrane is nmaintained at the second el evated tenperature for a
period of tine. I n one enbodi nent, when the second el evat ed
tenperature is in the range between 700C and 1200C, the glass nmenbrane is
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In steps 430 and 435, the tenperature of the oven and the tenperature of
the furnace were gradually increased over a specified period of tinme. The
rate at wiochizhelwenperature of the gl ass nmenbrane i NCPEASE0UBI@OII nes
the porosity of the produced gl ass nenbrane as shown in Figure 5. The

rel ati onshi 'bEtmegﬁrgoer:OSIt and the rate of the ten*‘)erature increnment i s

shown i§MReratuse 0 afirplelgyatgdlempegatyre wheseby, thenfirst elevatedtamperatyregar e 5,
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{1 gur o. 0 Rerogist. PEWETEE She sk H e B Refichfze BaCOREP skt Reides

cont r olthapdet Lhﬂemw&homlgdepmrﬁn@frowﬂmlgIlmtmanmmabﬁu thé glave’ ®entbigngi ze:
of the gl ass, par Icé\e has a big effect on the pore size of the nmenbrane.
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of rane are smnaller . Hence, in accordance with sone

errbodl ments of the invention, it is possible to achieve a nenbrane with a

pore size ofl 0. 014[%%1 th smaller al ass particles., One skilled_in the art
wi Il recogniDStER A1 NG SaRS MRYRrARe 4ndergpes ASIRteogRogPsS s Ther 9lass es,
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modul eokgPOhdowadeo ek framethexfitst elpvated tempstature ag dhe plass embsane

t ai nl

the. apry peariaced ir (RetuHiBod” St dmBErafde BHE TRBE s B RAdLaREIo",
t hen abwvec kespecifiedperiod ok thrae kintij thmttemparatem:m e mmaoegmrepeégemr

f ot her, -t f shock ab t | be pl d bet _
tro ot Bt St ABRER AT b P R TP e P BoJPr s b FeesoAnepe

gl ass 1@ &HRp W&é%h@%‘&é@rﬁeﬁnb%d@@em@sﬁ%?@d‘%a%%e%%c hd g té‘@y
t hen be ‘used to hold the ass nenbrane and the leto

menbr aﬁ@!ﬁpﬁraidm;ébeltarrmac@l}udarﬁdhw glass mambrarenis manmlammi at)trhre senomdlbul ar
formt% u(f d in arlrﬁ%us filtration appllcatlons such as the filtration
of wasFEVRIST GPPLANIE PR ARSTOMENe e wat er. - The tubul ar gl ass menbranes
may be nounted in nodul es that could be nade from materials such as

pl astics, acrylic, Perspex, stainless steel, alumnium ceramc or any .

ot her mat er iRiofne eebodiment. dvhqméwaﬁpcon@talwated temipehature isvinidhe rasge o be

arass DETE O0Sa g AT 6B, RS auunfs I ErtdebrfulR s embia oces
i.e. trandailior ar tol asshmsbranean@mbd drabediant, &7isn ARENsécortReRsvate@W O

only one end open to water flow. The WD 2012/ 125119PCT/ SG2011/ 000101
t ubul afemeRRUce Seuine saNGF etWeeR 2PA°G end TG thy alsshgnsewIrane ds such

as silicon, polyurethane resin or ep?xy resin. The foll ow ng exanpl es
illustrate various enbodi nents of thitd i nventi on. One skilled in the art
will recognize that the exanples set out below are not an exhaustive |ist
of the enbodi nents of this invention. Exanple 1 G ass particles and

a foam ng agent are conbl ned toget her to forma conbl nat| on. In this



Exanpl e 2 The nethod for producing a glass nenbrane in accordance
wth this invention is simlar as exanple 1. However, the amount of foam ng
agent addweo 208/1%1by wei ght, the anount of binder addedPChn/SGhe1range

bet ween 0. 1% and 50% by wei ght and the anpunt of glass particles added-is
in the range between 46% and 95. 9% by wei ght. Exanple 3 The net hod
for prosiotarad withjn dbis tamperatirei rangecior dntioe wetindt betweenveridurs dard 20mi | ar
as exar’rm) sl ‘However, the anmount of foami ng agent added is 6% by wei ght,

t he anount “of bi nder added is 8% by wei ght and the anount of glass
particles added is 86% by wei ght. Exanple 4. - The met hod for producing
a glass nenbrane in_accordance with this invention is simlar as exanple 1.
However, thelnagtah?38 the nzisterinadiamperaiure, apphgs detthet alasanmembranefisani ng

agent i i . 1.0,.1% 2% hy~weight. and t he unt - of
al'ass pPRne|fideatadi J SRR S Mee ©.7CoRb Hingl by a8 o
Exanpl eminute. TheTsiateririghaie fof the glabiscinembragé @preferdﬂyarﬁ]mai r@ngé%t?@f@ﬁe'_
with this,jinv ion is sinilar as exanple 1. However, the amount of foam ng
agent aé‘aeéq?g’qhﬂ,@q{y“iﬁé&%ht hesideqng i fotﬁﬁigr'%@ memRraneds prefempIvdrgnt
and t hepgihm i hesbesh ' - | |
D012/ 1 2 Tl lhe ?85'85’?%‘8%?0@%" @%%Fgégqﬁ%%f;gﬁg%? edftmperature.
accor dahbe farimed glrasptembrane istien takennowt ofdlde losenrinl stdpe74@ ahdrattaned tof t he
gl-ass nmenhrane as a liquid filtration apparatus was tested. Water froma
wat er tf®¥4t nent pl ant was used in the follow ng tests. In the first
test, the pure water flux obtained through the nenbrane is neasured and the

data is shown in Table 3 bel ow. TABLE 3 Suction Pressure (kPa) Pure Water
Fl ux (L/ m2hrin $eps 430 and 435, the temperature of the oven and the temperature of the

furnace were graidually increased over a specified period of time. The rate at which

| the temperature of the glass membrane increases determines the porosity of the
produced glass membrane as shown in Figure 5. The relationship between porosity
and the rate of the temperature increment is shown in line 505 to be of a second
order polynbmial. As shown in Figure 5, to produce glass membranes with a -
porosity of more than 75%, the rate of temperature increase should be in the range
between 0.1°C per minute to 25°C per minute. Frdm Figure 5, for optimum porosity,
the rate of temperature increase: should preferablyi‘be in the range between .0.1°:Cr.»
per minute to 15°C per minute. Thus, by carefully Es:electing the rate of temperature
increment, the po_rosity of the glaés membrane can b:e defined. - .

Figure 6 shows the relationship between fthé largest poré size in :the glass
membrane and the rate -at which the tempefrature of the glass membrane -is
increased. From line 605, it can be seen that there is a linear rel-ationship between
the size of the _pbres and the rate of temperature increase. The size of the pores

-~ were calculated based on bubble point measurement methods which are well known:

~in the ér_t. ' The_ range of bubblé point pore 'si:z:es achievable for térh'perathe"‘w_
increment rates b_etweén the 0.5°C per minute and 15°C per minute are shown to be
approximately between 0.7 pm and 5.0 ym in size. As shown in this figure, fhe sizes
of the pbres in the glass membrane can be defined by controlling the heating rate of
the glass membrane. Furthermore, the size of thé glass particles has a big effect on
the pore size of the membrane. It is understood that if the size of the glass particles
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1725 8.44 3225 11.8 4675 A suction force of 5.06 to 11.8 kPa was used in
this neasurenent. From Table 3, it is shown that the water flux per bar of
t he nmenbraoeoizizappr oxi mat el y between 34,090 to 39, 620 kCwBieedhancioThe
water flux per bar is obta| ned by taking the pure water flux divided by the
suction pressure. In the second test, water contam nated with white
clay paa'eignakermtfis aigerfibetpases én dre podymghemntamreeage smauaeaa veslize of

200
on cotgRas b ayBindy AP RoNY Ehiildlinkhfs 8f sB Il s Bossila b
wei ght aﬂmievma mairbirahe Withba giory sife bhe.0MaLRT with shaller (188s Nakicldheopgdul e
Wi th th assagenbranﬁ is imrersed into the contam nated water ‘and a -
r

constarﬁ e RAb Wi} recggnizeothat Ry jadjugting; te siage of 1the enushpd glass
cont am niaiadsvetes g‘ﬁ g&ge é@%k&ﬁ%@%ﬁ&h%g&%ﬂ DEERUNGEe] B b.ﬂrflgﬁ% of

L/ n2hr and e sl Inth uxX was poss due to

t he pordspom the surface of t he gl ass nenbrane. The wat er obt ai ned from.
this filtration process was found to be substantially free of clay
particles and the turbi dity of the water was found to be less than 0.2 NTU

This is the gigoRl ¢i dhovd tﬁ@@el‘éﬁéﬁéhl NeteRh thla%]&é%f tH@rﬂd% elﬁ ﬂo@r@ag?und

in the water as neasured by particl e count er refore 10 of th
parti clraemirane gnddhe porasityf the glasgl membrandr hme Wodbows that ax:’d'tersia@ce to

an errbo n % o) rf an effective apparatus f t he
F Er ot pots, htashy Te ' SGteREY 'S o Blasirienbiire) Gra8ases a8 well ' {he
third tloweverDBRBE ithe Wisd 6f Wil Boresobk@rideth afibular@reshdid embnwrbsﬁ%rﬂt was
used. The gl ass nenbrane module was i nrersed into the donestic waste water

and a dewlass pesyane dagrades appnalenges intcreases incgetardance withathersine s

Total .32%3’6%%5 <O TS gl "¢ SR Fidire' P el el b8 Tt o
wat er tdxpangds belyend4ass, thenporesity wme@asyh@nbmd@a)égﬁﬂgtdﬂ e. Water
e

filtered through the glass nmenbrane was then collected and t
concentration of the contamnants in the filtered water was neasured and i s

shown in Tatt'él%sé Ré Y’én@ﬁ L@eﬁhﬂ"‘écéd?aén&e"%m ﬂﬁ% ﬁ(@ﬂi‘bﬂ”ﬁ\a&}f{h% thyely

rejects a substantial anou contamnants fro sticC evvate
TABLE smaumtedintafiat Ebeet i@odalesttodia nsedPar vaddes fiitrationtappticatiorid Kejheas i on
94.9 the filtration of wastewater or contaminated domestic water. The flat sheet modules
may be made from materials such as plastics, acrylic, Perspex, stainless steel,
aluminium, ceramic or any other materials, dependlng on the apphcatlon in WhICh the
module is to be used in. The glass membrane is then attached to module A |
~ backing material such as a sponge, polyester, foam or any other type of shock'ffg
absorbing material may be placed between the membrane and the module. to reduce :
the tensile stress applied on the glass membrane when the module is in use. A
sealant such as silicon may then be used to hold the glass membrane and the ;i
module together. Glass membranes produced in accordance with this mve,ntlon may
also be in_tUb‘ula;r form to be used in various filtration applici:atiYOns such as the
: . filtration of 'west:ewater or contaminated domeetic water. The tubular glass
' membranee méy be mounted in modules that could be made from materia.l's euch :a's‘. |
plastics, acryhc Perspex, stalnless steel, alumlnlum ceramlc or any other: matenals o
depending on the appllcatlon in which the module is to be used in. The tubular glass 1
membrane is attached to the module. The tubular glass membrane module can be
operated both in cross-flow or dead end modes i.e. the tubular glass membrane

co}uld have both ends open to water flow or onlyi one end open to water flow. The
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Total Organic Carbon (ng/L) 150 7.59 Total Dissolved Solids (ng/L) 480

171.3 64.4 Turbidity (NTU) 130 3 97.8
WO 2012/125119 _ PCT/SG2011/000101

tubular membrane ends could be potted to the module by using sealants such as

silicon, polyurethane resin or epoxy resin.

The following examples illustrate various embodiments of this invenftion.:_ One -
skilled in the art will recognize that the examples set out below are not an exhaustive
list of the embodiments of this invention.

Example 1 ,
Glass particles and a foaming agent are ‘combined together to form a
combination.' In this example, the glass particles comprises crushed waste glass
Obtained from used glass bottles The waste glass is initially crushed and then
'mrlled usmg a ball mill to prepare a fine powder of glass particles. The glass
particles are then sieved to obtarn an average glass particle size of 75 pm + 25 pm.
The combination of the glass partlcles and the foaming agent are then ball milled to
produce a homogeneous mixture. A binder is then dissolved in water and added to
the homogenous mixture of glass particles 'and foaming agent to form a slurry. In
this example, the foaming agent used comprises of calcium carbonate and the
binder used is an inorganic binder comprising of sodium silicate. The ratio of water
added to the mixture comprlsing of glass particles, binder and foaming agent is 1:10. _
_ Specifically, 10 ml of water is added for every 100 'gm of the mixture. The slurry is
then poured into a mould to form a glass membrane of a partlcular thlckness S|ze’
and shape. The pouring of the slurry into the mould has to be- carefully done to_
ensure that air bubbles do not form in the glass membrane in the mould. The slurvryv '
is then agitated using ultrasound or vibration to .re}move any air bubbles that mja'y"_"fl
have formed in the glass membrane. The glass membrane is then left to cure at an’
ambient room temperature for 10 hours. The cured glass membrane is then placed
into an oven. ' The glass membrane is gradually heated from the ambient room

: .temperature to 60°C at a heating rate of 3°C per minute. Once the glass membrane ‘i;f

i ',|s heated to 60°C the glass membrane is marntalned at this temperature for 1 hour; -

~ The solidified glass membrane is then removed from the ‘oven and placed onto a flat
| plate for the sintering step.‘ A layer of non-binding powder with high heat capacrty
such as aluminium oxide rnay be placed as a layer between the plate and the
solidified glass membrane to prevent the glass membrane from sticking to the plate.
The flat plate and the glass membrane are then inserted into the furnace for the

16



In the fourth test, the rejection capability of the glass nenbrane over an
ext ended period of use was exam ned. The gl ass nenbrane nodul e was i nmersed
i n a tankwoeant2zi2nilng donmestic waste water. Suction pres®OorsGa611/000101
approxi mately 0.04 bar or 4 kPa of suction pressure was applied to the -

gl ass nmenbrane nodul e._ The collected water that has been filtered by the
gl'ass rRSFiRdPPsesRadblieston issgere frapidivieenaure theidhadampesature of ther ough

6 el ow) Sred-Bitsy feMitahe etaid 5t ppO B¢ Tt hecBrS ombe s o™
480 1 paced mtovﬂﬁmrnacé.OTBe Hass membrane is the_n sintered from 60°C to 900°C at
a sintering rate of 3°C per minute. Once the glass membrane reaches thei_i?
temperature of 900°C, theﬁ(glass membrane is sintered for 10 hours. Finally, the
glass membrane is cooled down to an ambient room temperaturé. The glass

membranes produced were found to be crack free and defect free.

| Example 2
The method for producing a glass " membrane in accordance with this -
inventioh is similar as example 1. However, the amount of f_oaming agent added is
4% by Weight, the amount of binder added in thé'range betweeh 0.1% and 50% by
"\'N_eight and the amount of glass particles added ‘is:in the range between 46% and
© 95.9% by weight. - |

Example 3
The method for producing a glass membrane in accordance with this
invention is similar as example 1. However, the amount of foaming agent added is
6% by weight, the amount bf binder added is 8% by weight and the amount of glass
particles added is 86% by weight. |

' Example'4 _ .} v L ‘

The method for producing a glass memb_rane in ac’co:rdancez; With this

invention is similar as example 1. However, the amount of binder added IS 12% by '

weight, the amount of foaming agent added in the range between 0.1% and 15% by

weight and the amount of glass particles added is'in the range between 87.9% a_hd’
73% by weight. o | g |

R Example 5 _ ‘ o
| The method for pro;ducih'gf a glass membfane in acco'rdancefv with this :
v invention is similar as example 1. However, the amount of foaming agen‘t 'édded_ is
4% by weight, the amount of binder added is 12% .by'weight and the amount of glass
particles added is 84% by weight. | |

17



15722 4.7 26 4.0 W 2012/125119PCT/ SG011/000101 As shown in Tabl e 5,
as the gl ass nenbrane was | eft undi sturbed through the entire testing
period, tweaeaesried flux through the glass nmenbrane deecEsseciiov@nlti me.
This occurs as fouling of the surface of the glass.- nmenbrane inereased over
time. Over the perlod of 24 hours, 450 liters of water per unit area of
menbr ane wer Ehealass memirape droducad ireaesardangmhwithexansplett nmeusted on
appl i edg [ F
app! | e tiduig BITRE BAFOMAAHEE off% didsETnerbRire Bs & iRid Aft4tiSh dppafatus

was tested. Water from a water treatment plant was used in the followmg tests

In the first test, the pure water flux obtalned through the membrane is |
measured and the data is shown in Table 3 below. .

| TABLE 3
Suction Pressure (kPa) | Pure Water Flux (LUm?hr)

5.06 1725

8.44 3225

11.8 | 4675

A suction force of 5.06 to 11.8 kPa was used in this jmeasuremen’t. From Table 3, it |
is shown that the water flux per bar of the membrane is approximately between
34,090 to 39,620 L/m?hr/bar. The water flux per bar is obtained by taking the pure
water flux divided by the suction pressure.

In the second test, water contaminated with white clay particles having a
mesh size of 200 was used whereby the mesh size of 200 corresponds to an |
average particle size of about 74 ym. The concentration of the white clay particles in
the water Was ab_out 5% by’iweight and the initial turbidity of the water is ia;bout‘40_0'
NTU. The module with the glass membrane is immersed into the contaminated
water and a constant suction pressure of 5.06 . kPa is applied.. The qux of the-:':f
contamrnated water through the glass membrane was measured to be 1700 L/m2hr' g
and the slight drop in the ﬂux was possibly due to the fouling of the pores on the g
surface of the glass membrane. The water obtalned from this filtration process was :
found to be substantially free of clay particles and the turbidity of the water ‘wasf |
found to be IeSs than 0.2 NTU. This is the turbid’ity'of tap water. . None of the clay
particles were found in the water as measured by particle counter Therefore 100% -

: of the clay partlcles are rejected Hence, the. glass membrane produced |n_-.- '
l .accordance to an embodiment of th|s invention performs as an effectrve apparatus, N

for the flltratlon of clay particles.
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TOC (ng/L) TDS (ng/L) Turbidity (NTU TOC (ng/L) TDS (mg/L) Turbidity (NTU)
0

WO 2012/125119 PCT/SG2011/000101

In the third test, domestic waste water collected from a water treatment plant
was used. The glass membrane module was immersed into the domestic waste
water anda suction 'pressure of 5.06 kPa was used. The levels of contaminants
monitored in the domestic waste water were the total organic carbon (TOC) total )
dissolved solids (TDS) and turbidity. The flux of the domestic waste water through
the glass membrane was measured to be 1500 L/m2hr Water fi Itered through the -
glass membrane was then coIIected and the concentratlon of the contaminants in the |
filtered water was measured and is shown in Table 4 below. Table 4 shows that the -
glass memb‘rane effectively rejects a substantia_l amount of contaminants from the

domestic waste water.

o TABLE 4
_ Contaminant - |Feed Concentration |Permeate Concentration| % Rejection
Total Organic 150 - - 7.59 949
Carbon (mg/L)
Total Dissolved 480 171.3 64.4
Solids (mg/L) o '
Turbidity 130 3 97.8
(NTU)

In the fourth test, the rejection capability of the glass membrane over an
extended period of use was examined. The glass membrane module was immersed
ina tank containing domestic waste water. Suction pressure of approximately 0. 04' -
bar or 4 kPa of suction pressure was applied to the ‘glass membrane module The'
collected water that has been filtered by the glass membrane is measured at specmc
intervals. The measured flux through the membrane and the quallty of the flltered_}gg

water is shown in Tables 5 and 6 below respectlvely

TABLE 5
Time (hr) Flux through membrane (lezhr)
0 480
1 51.4
2 - ' 25.7
4 , 10.3
18 | ' 5.7
22 ‘ 47

26 4.0
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1 157.5 478 128 16.12 180.4 4.19 157.5 478 128 16.21 218.3 4.08

WO 2012/125119 PCT/SG2011/000101

As shown in Table 5, as the glass membrane was left undisturbed through the entire
testing period, the measured flux through the glass membrane decreased over time.
This occurs as fouling of the surface of the glass membrane increased over time. |
Over the be'riod of 24 hours, 450 liters of water per unit area of membra;nei were_;: |
filtered by the glass membrane when the suction .'pressure applied to the }memibrane :
module was 4 kPa. g | B

TABLE 6 .
Time Feed — Domestic Filtered Water
(hours) | Wastewater IR _
TOC TDS | Turbidity (NTU) | TOC TDS Turbidity (NTU)
0 (mg_IL) (mg/L) . {(mg/L) (mg/L) -
1 - 157.5 478 128 16.12 180.4 4.19
2 1575 | 478 | 128 16.21 218.3 4.08
4 1575 | 478 128 176 | 2416 449
18 157.5 478 128 17.81 168.5 3.86
22 157.5 478 128 18.89 171.9 4.77

Table 6 shows the quality of the water after the domestic waste water has been
filtered by the glass membrane module. As shown in this table, the rejection of the
TOC is between 88% and 90%, TDS removal ranges between 49% and 67% and
turbidity removal ranges between 96% and 97%. These results show that the |

rejection capability of the glass membrane is consistent over a period of time.

In a fifth test, the glass membrane module produced usmg methods descnbed

above of pore size 1.5 pm was |mmersed in a solutlon containing E-CO/I bactena |

The initial bacterial count in the solution was 8.25 + 0.26 x 10° CFU/mL The
solution was filtered through the glass membrane module and the filtered water was ‘

collected. The bacteria count in the filtered solutlon was found to be 2. 06 +0.18 x - |

10° CFU/mL. This works out to more than 3-|og removal of bacteria. Therefore the
removal of bacteria is greater than 99.9%. Higher removal rate of bacteria can be
easrly achleved by reducing the pore size of the ‘membrane by methods descnbed

, above

These tests show that a glass membrane produced‘ in.accordance with a.n '

embodiment of this invention acts as an effective filtration device for particles as
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157.5 478 128 17.6 241.6 4.49 18 157.5 478 128 17.81 168.5 3.86 22 157.5

WO 2012/125119 PCT/SG2011/000101

small as micro-organisms. - Such a glass membrane also possesses the durable
characteristics of ceramic membranes at a fraction of the cost of ceramic

membranes. .

The above is a description of a glass membrane for use in a ‘watér filtration .
system and a method for making} the membrane. j:It: is foreseen3thjat those skilled in
the art can and will design alternative embodiments of this invention as set forth in

the following claims.
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478 128 18.89 171.9 4.77 Table 6 shows the quality of the water after the
donestic waste water has been filtered by the gl ass nenbrane nodul e. As
shown i n wbisiiabiie, the rejection of the TOC i s bet weerC88@endo@0% TDS
renmoval ranges between 49% and 67% and turbidity renpoval ranges between 96%
and 97%_ These results show that the rejection capability of the glass
nenbranéai'@sconmstent over a period of tine. In a fifth test, the

gl ass nmenbrane nodul e produced usi ng nmet hods descri bed above of pore size
1.5 tmwas inmersed in a solution containing E-Coli bacteria. The initial

bacterial coln®A imethbe feolfotmiog adsighly 25orods2flas FA8@mBrahericonprisingthéi on
was filtered th ough the glass nenbrane nodul e and the filtered water was
col l ected. TheS ria count in the filtered solution was found to be 2.06

0.18 x 106 CFU' rrtcor;m.h fg@éﬁﬁﬂkné%ffﬁ%@r&ﬁﬁﬁg%@@ Vﬁ% AbindEGhe | a-

Therefore the renoval o acteria 1s greate remnoval .
rate of bacteri a fcagmentiziag shid carhbivation lbnypraﬁumela\gonmgepeoas amxte:r@f t he
menbrane by mnet hods l()iescrl be ow that a gI ass

t
menbr ane pr oduceddMPEE 54 JPWQ%GQH%HMMM@GS SQ'HQ%r iafde Maten t Bct s

as an effective grbdﬁéé'a%ﬁy»‘v' ce for particl es as -
2012/ 125119PCT/ SG2011/ 000101 smal |l as m cro-organi sm; Such a gl ass

menbr ane al so poszEf@E‘QsS&l%é'Lt!{Urlatﬂém@eﬂmfaee,l cs of ceram c menbranes at

a fraction of the abov :
description of a gl‘frﬁg’ sl 9%3%3 %‘gggﬁ%éfﬂ?ﬁ%g"%?terpom et"?%?riagq{esystem and a
met hod for meki nchédtingrezid rize. méinbrand foAFESIE drilgibnt RSUTR teinpblRdrd 1 4 he
art can and will design alternative enbodinments of this invention as set

forth in the fol |fsoh ﬂevetpgutﬁmpermezew/%waoﬁﬁemm/mmol d ai ns:
vsrntenng said.glass membrane from said first elevated temperature to a -

second elevated temperature over a second specified period of time;
and '

cooling said glass membrane article.

2. The method according to claim 1 wherein said .glass particles .comprises
crushed waste glass.

3. The method according to claim 1 further compnsnng s
crushlng glass: to obtain said glass parhcles havrng a srze m a range-'
substantially between 1 Mm and 1000 pm :

4. The method according to claim 1 further comprising _
crushing glass to obtain said glass particles having a S|ze that |s~' o
substantially between 50 pm t 25pm and 100 + 25um

'5._ The method according to claim 4 further cdmprising the step of: |
' | adjustmg a bubble point size of pores formed in said glass membrane
- by adjusting a:size of said crushed glass particles. '

6. The method accordlng to claim 1 wherern said foaming agent compnses

calcium carbonate
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1. Anethod for formng a highly porous glass nenbrane conprising the steps
of : conbining glass particles with a foam ng agent to forma conbi nati on;

f ragnment iwongi2sasdoconbi nati on to produce a honpgeneous PRIIAGAKE00EONDI Ni nNg
sai d honogeneous m xture with a binder and water to produce a slurry;
formng said slurry into a glass nenbrane; curing said glass nenbrane at an
anbi ent roomtenperature; heating said glass nenbrane from said anbi ent

room t enper at UTet anéthod" SdccordiMgt &6 ERMCT At WherdiNe !fragpiér{t&tneqs PSCi geéégd'

period of time sintering said glass nenbrane fromsaid'Tirst evat

t enper at ur e t oCaMhiRAIN GArBREILS] t enper at ure over a second specifi ed peri od
of tinme; and 'Coo!ﬁélpmﬁ@.\%?ﬁ’ihac%?nﬂﬁ?@rﬁne article. 2. The method according

to claim1 wherein sal ass’ par s conpri-ses crushed waste gl ass. 3.
The met hod according to claim1 further conprising: crushing glass to

obt ai n sai do%l E‘fsé l%arti cles having a size in a rang& substantially between
1 pm and 10 3‘ ethackare At tceldimi hyvheseinl saich binder comprisesnsodising:
crushing gl assgjjjggbtai n said glass particles having a size that is -~
substantial ly get ween 50 pm 25pm and 100 25pm. 5. The nethod according
to claim4 further conprising the step of: adjusting a bubble point size of
pores formed,ig said, glass nbrane by adjusting a size of said crushed:

gl ass parti '-e[s}.he@et'r%@ ﬂ@{ﬁg'@gé@cﬁ?'ﬂ{ﬂg‘” Bredn & fatie Qfwatar {o Saidi mistawe ng

agent conpri segngahinHeMisanbonahge substdMBINELENESRCITEH 2dt ¢-Llidi dBid
wherein fragnmentizing of said coirbi nati on conpri ses: _
combining step. ' '

10.The method according to claim 1 wherein the ratio of water to said mixture
~ and binder is substantially 1:10 in said combining step.

11.The method according to claim 1 wherein the step of forming said glass
- membrane comprises:
pouring said slurry into a mould to form said glass membrane having a

particular shape and a particular size.

12.The method according to claim 1 further comprising:
agitating said slurry in said mould.

13.The method according to claim 12 wh'er;éin said step of v"agit'étingfs‘éid‘12'5;
" slurry comprises: ’ - L o

applying ultrasound to said slurry in said mould.
14.The method according to claim 12 wherein said step of:égitating
comprises: ' |

vibrating said slurry in said mould .

15.The method according to claim 1 wherein said step of curing said glass

membrane further comprises:
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ball mlling said conbination. 8. The nethod according to claim1 wherein
sai d bi nder conprises sodiumsilicate. 9. The nethod according to claim1l
wher ei n awoapiaz2efiowat er to said m xture and bi nder is PATSGReNHe0101
substantially between 1:100 and 1:2 in said conbining step. 10. The net hod
according to claim]l wherein the ratio of water to said m xture and bi nder
i s substantial ly Ta¥ainNg said glassi memprane @t seid ambieptreoem temereraturg t o
claim1 whereint 1 | I i ses: pouring
said slurry into @?%ﬁg)o?%f tl’ﬁ% gg?ﬁ%ﬁ%@é@ér@%b%g‘géﬂﬁ?ﬁ%% particul ar
shape and a particular size. 12. The nethod according to claim1 further

conpri sing: Ltating said slurry in said nould. 13.The nethod according to
cl g}o m 12 vvhef%i es%eg]%‘f@ﬁcwp'%}lq &[]Q"ﬁ'g1 wheren) saidystepngl fwing saisholasag

ul trasound to $qdfbfdrd fu¥theP co/ipfisg®ul d. 14. The nmet hod according to claim
12 wherein said step of agitating conprises: vibrating said slurry in said
noul d. 15. The netMmaihtaiving daidgglass ohembranevat rssiich ssabient regmotentperatigesai d
gl ass nenbrane fufrtggr conprises: nmaintaining said glass nenbrane at said
anbi ent room terrpé’}r M¥or a period of tinme in a range between 1 hour and
24 hours. 16. The nethod according to claim 1l wherein said step of curing
sai d gl ass nenbrane further conprises: maintaining said glass nenbrane at
sai d anbi ent1¢.db&methesragogrdingde cleimhbwherein said first elevated temperature is -

substaritially between the range of 50°C to 90°C. - :

18. The method according to claim 1 wherei'n said first elevated terhperature.is
substantially 60°C.

19.The method according" to claim 1 fljrther comprising the step of
maintaining said glass membrane at said first elevated temperature for
~ substantially 2 hours in response to said glass membrane being heated to .

said first elevated temperature.

20.The method according to claim 1 wherein said step of heating said glass
membrane from‘eaid ambient room temperature to: said first elevated
- temperature over e_aid first specified period of time comprises: R
o inerementing said heat applied to said glass membrane at a rate ma
range between,2°Ci bef minute a'nd Z5°C'per minU_te over sa!d flrst
 specified period of time. 3 ST R

21.The method according to claim 1 wherein said step of heating eaid glass: .
membrane from said ambient room temperature to said first elevated -
~ temperature over said first specified period of time comprises: ‘
| in:cre:ment'ing said heat applied to said glass membra:ne at a rate of
o substantially 3°C per minute over said first specified period of:'time.} :

22.The -method acberding to claim 1 v}»Wherein said second elevat:ed"
temperature is in a range substantially between 700°C and 1200°C.
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17. The method according to claim1l wherein said first elevated tenperature
is substantially between the range of 50C to 90C. 18. The nethod according
to clai mwowhresngsaid first elevated tenperature is smbiﬁmmonﬂMtw160C

19. The nethod according to claim1l further conprising the step of

mai nt ai ni ng said gl ass nenbrane at said first elevated tenperature for
substantially 2 hours i'n response to said glass nenbrane being heated to

S0 T1TSt ohgumeetnt B bbing 2 WSnT2 R BREObdBASHS $ha! b viier ol 1

said step of heating said glass nmbrane fromsalid anbrent room erature
to said first emanwlmdgtsarq)glaaswnembme absaidfsecenhd gieveEtéd ¢emperatork fofr ti ne

conprises: increnen sa heat applied to .gaid gl as ane at a.rate
in a range bet \ﬁe%‘t?ofl@og@?”c?ﬂdﬂmfaénaﬁgg)%ep@r qﬁ? ARSS r@pg}sbrggggemgglptered

speci fied peri ¢slsafd géd’(\%d eldvatédfempeRfdréaccording to claim1 wherein said
step of heating said glass nenbrane from said anbi ent room.tenperature to

said first elevated tenperature over said first specified perlod of time

conpri ses: i' i i d.heat lied,to .said, gl as rate
of "ubst ant | 1S IRClER ARefHIIG30 RLPEYierein et Sp ool BERP Bt e e
22. The net hod mnra@hmg $41d Clemhparatumb efse sObstantlalhe GeMdeeh €Y et bﬁapzsature
is in a range substantially between 700C and 1200C. 24 23. The net hod

according to chaufs-22 further conprising the step of nmintaining said glass
menbrane at said second el evated tenperature for a specified period tine in
response to said glass menbrane being sintered to said second el evated

t enper at ur e.282FheThaethethatcanting dtmgclimc1ai whaRimheaidi regbond sewtbied -
period of time for maintaining saidte a%ure is_substantially between 1
hour and 25 holfTBPERIUrES inairRBge SHbstaM 'ﬁ@y gtwgen 899" Gaed d0R0SGI d second
el evated tenperature is in a range substantially between 800C and 1000C.

26. The met hod according to claim25 further conprising the step of

mai nt ai ni ng 2&iTbeginethode abcandingt tos alains 2 rfdrtbkeevedragrisiagp et step fodr a

Fesponse o saMPEIES RafboBRE TE R mh Sietpecand ey led Bimperaliin u
tenperature. g specified time period in a range substantially between 5 and 20 hours in
- response to said glass membrane being sintered to said second elevated
~ temperature. |

27.The method according to claim 1 wherein the step of sintering said glass
- membrane from said first elevated temperature to sald second elevated
| temperature over said second period of t|me comprises:
mcrementrng said srnterlng heat applled to said glass membrane at a
rate substantlally between 0.1°C per mlnute and 25°C per mlnute over‘viﬁ

said second specified period of time.:

28.The method according to claim 29 further comprising the step of »
determining bubble point size of pores formed in said glass’ membrane -

by selectively choosing said rate of increment of said smterlng ,heat.
29.The method according to claim 1 wherein the step of sintering rv‘said glass |

) membrane from said first elevated temperature to said second elevated g

temperature over sald second period of trme comprises:
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27. The nmethod according to claim1l wherein the step of sintering said gl ass
menbrane fromsaid first elevated tenperature to said second el evat ed

t enper at Wwe 2012¢nsHai d second period of tine conprises: PoTSezertonngl said
sintering heat applied to said glass nenbrane at a rate substantially
between 0.1C per mnute and 25C per m nhute over said second specified
period of tine. 2@.”%@”&%‘3 raid %‘B&ﬂr@i heat aprlied; 1o 93drqlass arerabrans at ag t he

step of : determ nidi8 sbHBRInGaiRPD ' pores fornmed in said gl ass
menbrane by sel ectivel y%oggon?ggrﬁﬁ?gqee of increnent of said sintering

heat. 29. The method according to claim1 wherein the step of sintering

sai d gl ass ane fromsaid f.irst elevat t erature to sajd second
el evat ed te%@?@l r@e&\?gr acep 'Q%cifhddﬁ@?i gg &E‘Q?'He sébcﬁpﬁ :_elevateg -
increnenting sabmpetatlify isndibdGditiafpoboed. to said gl ass menbrane at a rate

substantially 2C per- mi nute 30. The” nmet hod according to clai-m 29 wherein
sai d second el evated tenperature is substantially 900C. 31. The nethod

accordi ng toqglaim furt pLi siing. the st of nmi.ntainjng saidglass
menbr ane at %ﬁi‘?ﬁese’ﬁgﬂ‘&%e@g@éf"i@é? rrpéé%}& u%ﬁ"ﬁ% uB8YRARIS Rbe létserPOLﬂfS in
response to saimaiptainingsaidbyrise rheémbgarsd at ssidbdcondallgvated eshperfved /Y
tenperature. 32. The met hod :according to claim 1 wherein said conbining step
conpri ses: addisHEstambatwiPihaurg imesspengeitgrraid glassirpambianeeing siatrredg an
anount of said;bi i jally between 0.1% and 50% by

wei ght; and aé@%ﬁgie%endog)gged%?ﬂgﬁ tg’?"??@gééft icles in a range substantially
bet ween 46% and 95. 9% by wei ght glass particles. 33. The nethod according-

by i ot oSG TAGEINE SCRARING 1S GRITLHARETHD 56 S ghpic sorDprisesiy
addi ng subst ant i abdying &b SMantEigaY, %i Hagkd Fda‘?ﬁinﬂp%?eni-;he met hod

according to claim1l Wherein sald co ning step co I ses: adding
substantially 10 adding awmtamowatr ofi Gaidyminder waiad rangen debstantintly fetwiesg

agent. and sai d glagg, partig) es. 35 . The nethod according to claim1l wherein
sai d combi ni ng :st;@g /%gﬂ‘at‘rs:os)%gy V‘é’ﬂgm\&"gubst antially 12% by wei ght bi nder,

addi ng an anount gddih@aH BEhoUAEdF grads baniciey Wair{angersuwﬁarh%mwweeﬁ% and
15% by wei ght; and addi ng an amount of glass particles in a rahge :
substantial |y bet4@4rargi99s by regitolass garticles.

33. The method according to claim 1 wherein said combining step comprises:
adding substantially 6% by weight foaming agent;
‘adding substantially 8% by weight b'ind'er; and
| - adding substantially 86% by Weight gla_ss particles.

34.The method according t_'oiclaim 1 wherein éaid Com:bini:ng stéb COmprlses
| adding substantially :10 ml of water péri 100‘gm of, - -
said, binder, said foaming agent and said glass particles.

35.The method according to claim 1 wherein said combining step cdmprises:
adding substantially 12% by weight binder, : ) :
- addiv:ng an amount of foarhingvage‘n substantially in a rang'ejbetWeén
| 0.1%and 15% by weight; and el
- adding an amdunt of glass particles in a range substantiallybetwéeh
 87.9% to 73% by weight. o | -
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36. The nethod acaording to claim1l wherein said conbining step conprises:
addi ng substantially 4% by wei ght foam ng agent; adding substantially 12%
by wei ghtwbi2nttesiiand addi ng substantially 84% by wei ghttcglsageiipasioi cl es.
37. A gl ass menbr ane corrpri si-ng: a body wherein said body conprises gl ass

particles are red toge plurality of pores within said body
wher ei n ea%%f ?]chﬁagq,qrdyt P mas viheseln %arééomb'dngmcgmbgsam ially

between 0.7 pm a%&“é)smtaﬁﬁg'ﬂ%?éd"ﬂ%@“?@’ﬂﬁ\?gé by said plurality of

pores through said body causin p’orosity of at |east
75% 38. The gl assaddam@sabsiaatta!br&%d)ywetghabtndb? akrei n sizes of said-

gl ass particles ar ran en 1 10 m 39.The glass -
nenbr ane accor di %géP g%%ﬁ‘i; ynwsr Psaét)% gl ass particles are
substantiall'y 50 pm 25pm and 100 25pm 40. The gl ass nmenbrane accordi ng to

claim 37 wherein |argest pore size in said pl urality of pores is 1.6 pmand
sai d body ha¥-& gas®Blanbrenenompiging:85% 41. The gl ass nmenbrane accordi ng

randont y. ¢ hr ougnouboRd Vhelighosfictnfrited dis PR inRhiar abiered 1y o7

wherei n said pl urtagetherof pores are forned horrogenousl y throughout sai d
body. 43. The gl ass menbrane according to claim 37 wherein said-glass -
part i cl es conpri < PpHAlitygfcrores withisnsaid pstyewheeaia each of said plurality of -

pores has a size in a range substantrally between 0.7 pm and 5.0 ym;
and . '

‘a tortuous path formed by said plurality of pores through sald body 3
causing said body to have a porosity of at least 75%

38.The glass membrane according to claim 37 wherein sizes of said glass
particles are in a'range between 1 pm and 1000 pm.

39.The glass membrane according to claim 37 wherein sizes of said glass
~ particles are substantially 50 um + 25um and 100 + 25um.

40.The glass membrane according to claim 37 wherein largest pore size in .
 said pluralrty of pores is 1.6 ym and said body has a porosrty of at least

85%

41.The glass membrane accordrng to clarm 37 wherern sard srzes of sard:'f'i ;
plurality of pores are distributed randomly throughout sard body. -

42.The glass membrane accordrng to claim 37 wherein sard pIuraIrty of pores i

are formed homogenously throughout sard body

43.The glass membrane according to claim 37 wherein sard glass partrcles
_ compnse particles of crushed waste glass
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