PROCESS AND APPARATUS FOR TREATI NG EXHAUSTED ABRASI VE
SLURRI ES FOR THE RECOVERY OF THEI R REUSABLE COMPONENTS

WORBERBADE ON The present invention concerns a PCOAEDS6/000461
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and rel ative apparatus for treating exhausted abrasive
slurries for the recovery of their reusable conpo
nents. Mrre specifically, the invention concerns a
process, with the necessary equi pnent for inplenmenting

it, for conpletely recovering the reusabl e conponents
coRARQIGESSIANBARBARAN TS EQ_ ﬂ_ TREAHNG EXHAWS EBD ABRASIVE
CHPRRIES IR THE RECQUERY OFf4E RFSONENTS

CATTAUO L UU al CIIT T OTTCuU Y

matter. The process enabl es the total recovery of the

still reusabl e abrasive Brai ns contained in the

exhausted slurry as wel |IDESGRIETIGNal recovery of the
suspending liquid of the abrasive slurry, in order to

reuse both conponents in the manufacturing process. As

i s knowifhe presept deltenttionrcaricepmmqirenéss tnd relative apparatus for
applications in the_ electronjc and phot o&l taic en

fireatinghexeavsied abrasivg slugjes f@éﬁhw%fé%vecv thedy ge-lasa% € compo-
oL ALNRRdrL & P&lﬁbélﬁﬁfheof?llv?éﬁﬁyﬂzahéérﬂ@ aOEJrocgi,/s,Cvmltﬂ'tl i’chnegnecessary

nonocrystal [T he sPficon I ngots or in

tdzmupnmlt fqreinpéerdentingit) fprtoomnlstelyemgloheriﬁg' thes edusable compo-
tﬁérﬁ’tgfc':q;ﬁ A dh e aLh {’q%n{;%@ﬁry;d% ﬁ]“tcw?i}’\g”cgﬁ&%m%fe Qaterials of
CQﬁédrﬁjgﬂf‘é?{zeoﬂ Sé@hﬂcsa%eﬁqt 2B REH AMdCA riched with undesired

resi st wound 1n a systemof rollers and spool s,
mastmmaitaedTWm procasy ianablgg the letal rrgmvery of the still reusable

PSRN A o RobE RSl A e e A A et recoven
SbiitHey s GSPEndiiny NELIQ DT aseé \wBragive BRIrgY, iPafddrabasuse both compo-
(abrasive slurry) is fed to the contact area between

t hentsdn tee manuéacivdng RECGESSGot . The conventional
abr asi VRSSEURIdS #BCHrddRIcriG dr BmbBRGHS. R AlpiicEfbns in the

quartz of Other Ceram c nateri al
celkgtrahicohnd photgweitdicnenergy ield arekesr usm of thng sﬁllconddlscs (“wa-

0 S S o e Vs B X 2GSRI icon ingots o

DL B 2214 oo Beh Ao 38 ke Tty e hing

( Sp@)atmne cammatemy mBans m@atduétes lor wiinegsaypdn athighha metal wire

b Sk beRtinpriniS Rl A RoR uSSGrig eRBlAsR ulogd @ system

| B Polfd?8lahB spools, is contacted while moving with the ingot, perpendicularly
to the ingot length, at the points where the cut it to be made. At the same time,
a slurry containing abrasvive grains or particles (abrasive slurry) is fed to the
contact area between the cutter wire and the ingot.

The conventional abrasive slurries used for cutting ingots of silicon,
quartz or other ceramic material with a wire saw consist of a suspending,
lubricant or cooling fluid, such as a mineral oil, or water-soluble organic liquids
of high molecular weight (in particular, polyethylene glycol, PEG) in which
abrasive particles of suitable hardness, generally of silicon carbide (SiC), are

" suspended.
During the slicing operation, part of the abrasive grains lose their



particles and are thus no | onger suitable for the
cutting operation: this is shown by the fact that the

wanreien3zivge di stribution of the abrasive parti eCeaT®6/000461
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creases to | ower average values. At the sanme tine, the
abrasive slurry becones enriched with fine particul ate
conming fromthe silicon ingot “being cut and al so from

the slicing wire (nostly iron), as well as fromthe

met al pes of the apparatus itself. As the anount of

f Eh@WpE? 1@is8ist an dhe neuttiag esocdsise sameaﬁnewe bsdak Idy)vdnorrﬁ@ smaller

¢ RartEs AR i P R BhuRt sieBR! o e eutom: opsration: this s
t BRowh Wy thebfaep s thé‘@;qéﬁcélié’ Glsmtf&hséf f?}%h%r%sﬁ/% Lf%‘?ﬂales de-

and replaced with fresh abrasive slurry. e ex
aBieRsPY doslowier yavieriage valughsAdtie sao tibee, dhspatwedivefslurry be-

Lok AR HED 3% oMb SN HEAF 2 0B i cu

canmalﬂimfrsm thet sliirgpwis (megay dony, e ﬁ/@“'afsofft&mﬁh@metal pipes of
act . Atuall thernodestruction is a wast

d ARparafusciialique that is not devoid of negatlve
ef f ect SAsQH%ﬂ tlﬁﬁte&qf %ﬁl%ﬁblra?@%%% saﬁg?%w%?’ee ey 1oses

pol | uti on, resence
sljbsnm’rcaescalrchdnactéhstmsgajs@sth@le\fﬁxﬂe@éyf ofrthé 1BlitingG operation de-

C RS pacln K SfBRt le s, becmSueefasiver anumist be dis-
degrdedearRy i@lé@@wutmretsn%bmm@n of organic

substances. Alternatively to 1 ncinération, the
abr asi thg|axhayst¢dwuyasmesturxydhat is disgarda osmsbe disposed of by

nt nuni Ci i.ndustrial was
olFERREEH L. ol e B8 BicBne NG hoeioh il because
| of kY fodshef pd\=RiRicBnpanehts, MATIsd RMddds the environmental
envi ronnent al E)hﬁrbl em due to the need to "di spose of

t HePags fetysilydifarmodenbuetiansist aavasie diskosab techrique that is not

I
BSOS SRR ool o S8 SLARE R, Bbechitdspnene
sbulluno,n ifoethd bos&bw piesendiof thamrfuissubdtanded ethd 8¢ gases
an abr asive slurry. Mreover, there

size to_be us

GRS Gl Gesae1o% 1R g UPaaIo M INeiRblIRCORIbREON to the
SRR dteckii S R of el U ol by e

PE@Npubtiorbf orgamit sybstamdéds. ed from t he suspended fine

par ti cl ﬁﬁelonfati%fya’(lo lrn%:lsniegéjt?osn, the abrasive slurry may be sent to bio-
logical waste treatment plants for municipal or industrial waste, but the result-
ing sludge must then go to a landfill.

In both the aforesaid cases, apart from the environmental problem
due to the need to dispose of the waste products, there is the considerable
economic inconvenience of losing a considerable amount of still reusable
abrasive grains contained in the exhausted slurry, i.e. those grains which are
still of the right size to be used in an abrasive slurry. Moreover, there is also
the loss of the liquid product making up the suspending or cutting fluid. The
latter (which may be based on mineral oil or on an organic liquid, such as
PEG), if efficiently purified from the suspended fine particies of metal residues

and of silicon, as well as from the non-reusable abrasive grains, would be



and of silicon, as well as fromthe non-reusabl e
abrasive grains, would beperfectly reusable in the

woropasIkecause it keeps its own charact eri st PCE/1T2006/000461
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unal tered during the process itself. Since the need to
separate and recover the conponents of an ex hausted
abrasive slurry is a widely Tert problemin the field,
several techniques have been proposed in order to

i npl enent this recovery, at least in part. Both in the

qesifecl reubatblasindtrebhasiess bécausecit leabs itstdah dafaracteristics
wat er - soluble organi c |iquid-based slurries, all the
pinserrdidwinch BiesPregess 88N conbine the fol l ow i ng

basi ¢ ﬁé@#ﬁ?rh%ed aus?é'lda%s BRI f6olBF W% %rﬁ ents of an ex-

VISCOS he “ex ["'urry, and nanely by _
iekslister abmimﬁwrpns bymtiebytfeih@roblermlnctbﬁ fietd, meypaldechniques

aHensasy PlRnosBIa LU Prig Pl To, U IRFovERt A feAsti §art. Both
Ofh tR¥ JAREBYIL- E%féHfdsWé Qhﬁl&haﬁ’d Wﬂ{élfdf%é’t@?—s()mble organic

stati c separator solid particles entrained %
| liopid-basedhiskiries,palbittes praposadtmeinods \asyinglyf eepabine the follow-

for Iterlngthellqwd phases resulting from
a@ggg%oéﬁrﬁ A"Separation; d) distilling the Iiquid

rtp%mﬁmgﬁly%bmemb tﬁadnmityrw thé ekHaostetingurny, Eil’ﬂ:Enamer by
trate; rying the reusabl e abrasive grains.

h.tra@ldmg arﬁwwertt@frbwh@gt% Ny dgr ¢ PFePaRedE fer B?Xf opera-

belq yth reference to some exanples of the prior

art ’esent various inconveniences to a greater or
%@Eaﬁéﬁn@ﬂhe arabivei grglrsnby net bizecs@ting gsiach ey mf centrlfuga-

reus

S e St b eb B P40 e St o
par téoﬁH .P%ﬁ%‘?ég FARRISHY 8 1IGORP WhitH ¥xPibits ee BEASHSF cBhtrifugal

operatlons necessary, a considerable
congunxﬂlon of solvent that is added for separation,

a%hffﬁheen'ng&r?% i ToReBReSIRRY b Rlasfinsalt Sfiration
E‘dzgig Sl @{fﬁgwéﬂﬂb&t@@é'&%oﬁ%n‘h AP 8adlir(gShiia- fraking up the fil-

escribes a systemfor reusing an
exhdmaed abrasive slurry of the oil based type wherein

tgt) drying e &l 4D hdve Yfaifighausted slurry in order

The hitherto known technologies, as will be made clearer below with
reference to some examples of the prior art, present various inconveniences
to a greater or lesser extent, including an insufficient quality of reusable abra-
sive grains in terms of size or in terms of the presence of fine silicon and/or
fine metal particulate, an excessive complexity of the process or a high num-
ber of operations necessary, a considerable consumption of solvent that is
added for separation, or the lengthy times necessary for the treatment, and/or
jow yields of the various components.

The European patent application EP-A-786317 (Shln -Etsu Handotai
Co.) describes a system for reusing an exhausted abrasive slurry of the oil-
based type wherein water is first added to the exhausted slurry in order to
reduce its viscosity, and then the resulting mixture is fed to a hydrocyclone to

separate the reusable abrasive grains. As is known, in a hydrocyclone the



reduce its viscosity, and then the resulting mXxture
is fed to a hydrocycl one to separate the reusable

waho@sBwesgrai ns. As i s known, in a hydrocycl oreTaTm®o6/000461

10

15

20

25

30

Afeed to be treated is fed fromthe top at high speed
and tangentially into the apparatus, so that the
centrifugal force pushes t he-heavi er particles towards
the sides of the container. Mwving in a spiral manner,
the heavier particles are then collected in the

Feal abngy tréat‘“e@nits Gadl frmh teetop Rd endh Qpéed \ainidl tengbﬂtlally into the
clarified liquid cones out at the top froma cent

RRpAralsize sp|tha the| Gﬁﬂtﬂfélg%lerPﬁdWSAS\ﬁé tb@sf@ﬁwef Wecles towards

SR8, AR o, AR SRASSERBREETE B v
sthkehdoflecteddh glse tbatairea'\secaoritalldestions (lllmdﬁﬁlow) valyile the clarified

passmgthroughtheh rocyclone,, is, th ti
i iotid cames QR 2¢dke fJp %@Fﬁ P‘?/Q%Eﬁ?idb‘ﬁt (GM‘ﬁe icélﬂé)éﬁﬂ'“o” pro-

%ﬂ)@ééﬁsln&lﬂe%&ﬁésgﬂﬁgﬁﬁ@ﬁ i lﬁ}gﬂggéﬁbﬁb bb@rﬂ%\# th&tcontains the

the wat I1§re preli'm nary
eoihyaostting flsid)watedahdtalichopbiastd paniitles thaitdve not been sorted
ensi on cont ai e so]ids, t{?\ea ds C
|5

r.d
Y BaSang HigtoR haubd Ploeis e ifiiorEf' i three phases
otEY'c%H%ﬁh&é‘ﬁorf hﬂwné”d%fe‘?%ﬁj??éwé. kedofpehaketthat li®weused in the

ai ni ng hi gh qual it he fraction of abrasive
geuiting processertbe Watefnth&ﬁeis Heused yi [t drelimingry gxhausted slurry

b his fract

(RIS phAte pad 4 r80a68 RtrEReDriBhhBlTIng TRErbas to be dis-
p@?\@%aftram% Q@ﬁ&bﬂ@ﬁmﬁesgé@nmnplamon) tgat are

collected In e exhausted siurr e

cut t i ngltopeatiousnthatibe Lm@ﬁﬁ%%&’e%ﬁ%éﬁi;&%éﬁggt g‘ﬁﬂi"’ tog’ta'”'”g a
Hi il B B3y Reach ke bl rddpueied oM/ Hrocycione

affagrehg @edaaismtmse factidin eontains appriais afoourt lof fipier yaolld partucles

Ak &, ALY of S ROY aisc et fogieh BoBEI (hhy iron) that

pgpé '081 &?e& ﬁ?fhi@iﬂﬁd&té@sﬁfr‘@ &4/ Hddid e PEOERSSUtARNG operation. The

ccunu e system very simlar process to
t mmmeMneummmrabwétm duildar inothe phrasie slurry as it is recov-

i nternatjonal pate cat i on_Na. /4

(et h Goed HPERRD. hEerab ARy e "l alorgealy doou
FoRemhame Sar¥e)ap fo\ﬂﬁs Gbr fRselly BREnAraovBAM freanthd Oebtﬂfugatlon
an | nprovenent the previously described one.

owemtumn avhich ingy§ablyecontaing étacyStqfélr@a%ﬁi'da%afiﬂﬁ'@S&H@% return to
58 BLBRE APeci AT Bhodile PRt e ) 20
A very similar process to the one mentioned above is described in the
international patent application No. WO 01/43933 (Fraunhofer-Gesellschaft
zur Forderung der angewandten Forschung e.V.), which describes a method
meant to be an improvement of the previously described one. The operational
stages are virtually the same as the ones described in document EP-A-
786317, but the auxiliary process fluid that is added in the preliminary phase
in order to reduce the viscosity of the exhausted slurry (which was water in the
previous case of oil-based abrasive slurry) is selected in this case so thatit is
miscible with the suspending liquid of the abrasive slurry. Therefore, in the

case of oil-based abrasive slurries, the diluting fluid is selected from among



in order to reduce the viscosity of the exhausted
slurry (which was water in the previous case of

woi2boshiazmsl abrasive slurry) is selected in thi BCTAE®IG@0461
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that it is mscible with the suspending liquid of the
abrasive slurry. Therefore, iﬁ t he case of oil-based
abrasive slurries, the diluting fluid is selected from
anongt he lipophilic solvents (such as hexane or

heptane), while in the case of water sol ubl e-based
stherlipiopbilierguiveptis suchsad hexare air beptaad),(whikthindbe case of water

SESLSRGhese e B BhSRBUE IR 7 RS, RLER RSAoRD. i

SERaIas IPBatffg bhstaBll 384pensirhon Finepheitledr & bec¥ssirdd and
in the first phase of treatnent by wet sizing. The

siypevisgotheoseraration of the abeasivewdraigs: whicheagnpecovered in the
abrasjve in t treated by distillation, after

t af‘ﬂé%%%ﬁéﬁﬁaﬁ%ﬁ@rwﬁ%Sa%'ﬁﬁ‘-he sus pended fine solids,
given tTiaé éuspgemisiorc abtaihde Aitsiuisepaskip@ itve Nictgbblee abrasive
with the suspending fluid. In this case too, t

h
r giedge Putst 1er laaied kyr diskiatione afier themsceseary fﬁﬁegiegqudh? sus-
- |e.qr ai: - Of. - £ al_an :
RBAE A0S 20 0 lyd 62 Pl Bl wih the
r sakpEndimy fHGidt he qual ity of the abrasive material to

be recovered and, reysed in the cuttin I OCess.

Vor eoveln 1NRF458 156; i acoyprat abisiva Gralsralp 1t pompletely free
S i i .

>ttt hGf-rbdedtle HRRENG Girdced 6f hRGmerdl BRYSARoh hartides (up
Eo D79 1848 grobbvioEs seduddind aif dhe Quialityt ofathe) alasiveiraterial to be

nmet hod for the separation.and reuse .f exhaust

ety Bng reSed Mg PG Hrofees WOENHE R 8 oo, part of the
dafetalserh=aP Y Selubith iMBienduspeRtiRROMAd fteat iv6uset iniie process,
case of water sol ubl e-based slurries. Here, too, the

f andigraghealythwld Wonsi sts of diluting the suspension

wth wa j r i Vi COSi L V| . the
m xt ur etrﬁ% Fpreog{egg Bétg&/{e;ﬁgi%?gf'ég?t‘{Sﬁ‘gﬁ?@g&geﬁﬁ{f@ Fﬁé et al)
r desafides abmethodvier theaseysaratien andt wusetdfeexheettd aorasive slur-

© RS iaeiosthauBio MeghRds, dosaribrdsanane, it sganboREnded for use
CHGR Basd B?mfa?&%’cﬂ%ﬁ/le%gﬁ%%’ri@%' Pféré,rt%?t Fﬂ%"ﬁrs@{og&%ion con-

| i'qui d suspensi on obtained fromthe overflow of | _ )
hgittoof cdibtiag thec saspdrastdimyithgenateri in adibedot edugesits viscosity.

B et e B Bhe bR Be b ot avre
dighld §iafid; Pere ftb8MheHireferieait &5pdratUssis @viefdtdcyclone.

The part of the process that differs most from the aforesaid two sys-
tems concerns the recovery and separation treatment of the liquid suspension
obtained from the overflow of the hydrocyclone. A coagulating agent is added
to this liquid suspension in order to favor the separation of suspended solids,
and then the whole lot undergoes distillation, from which water is recovered,
as the lightest fraction, which is reused for the initial dilution of the exhausted
slurry. _

The mixture of water-soluble slurry, suspended solids and coagulant
undergoes solid-liquid separation treatment, preferably by centrifugation, to

obtain, on the one hand, a solid residue to be discarded and, on the other, the



as the lightest fraction, which is reused for the
initial dilution of the exhausted slurry. The m xture

wohoosasads sol ubl e sl urry, suspended sol i ds andPCT/IT2006/000461
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coagul ant undergoes solid-liquid separation treatnent,
preferably by centrifugation, fo obtain, on the one

hand, a solid residue to be distarded and, on the

ot her, thewater-soluble slurry. This can be reused in

the cutting process after further treatnents, anong
vwwaiﬁr-ﬁﬁﬂb%ddeWoﬁ hisf can dies pearseidoin thgeatitting @dicess aftee further

Vi ' the slurry. Both as regards the quality )
orterE80ls effore Bt aqiforanfis AiSHSS RN oMot the vis-
ofcositgofthergiyrry.hat is fed back into the cutting

process, the same considerations hold as the ones nmade
for theBollp asriegaslss the qualityef neenveiednabraahevgraifand as re-

U t . | ekt roschnel zwer k. Kenpt en)

e Bty ob PG Yyrite S RBSE IR LB Citiporbasangpe same

exchasisierationsriast & Helbhéenddiarihe AR P%us rocesses men-
nsi erbed so far. In this case, in the first phase

co
tﬁ'@n &P8V8ol i d conponent is dried, such as via

evapor a%@”uﬁnggfe YU #fo Qﬁo z(ﬁﬁé}%gors%éhﬂ%mm@rgkgmmen) pro-

i nvol ves heati t he exhaust urr
Tipeses teheompleselp | differienb procesp ot trebiag BxBaaska ab@dive slurries

f he fi t. terjal by c It i | d
L o e Lt 2oty e il
COSR Srpnei 008 SRS Ml sl RS gy o

pdfiiedswhithdnvavesm beating tie exrepséed shiyt totsorhg estteritn@hen, the
t |, 1 y nd in the exhausted slurry, and then .

oo Bl EprayIB Rt b ForaaRieem e Bt & anatprial by
f lcondentiohatdhdsiaelsoring ARMIeSHS Mthe8y 4 RIafHFiRNET BYgely consist-
consunption, and al so exposes the suspendi ng |qU|%e¥o

hég ot the suskending fligh of de abrasivelsiiratids icondensed lmad can be

S lﬁbd' Laid d i (|, the structure of the

cgﬁ ens'gtqger?ggﬂ?gﬂ&??géérent fromthe one of new oil,

whi | e i Thehtechhologital @rcﬂ;dsﬁEth{d)t@ﬂﬁ dilingothe( §6ids, sidpnded in
procesFlavvoul d .not work since PEG having a high

i ENaHSIR Yy, 8adrben syclisalijorvaraialing megk recondensing the

BB 4 4ERPREBNEEED, 52 SRR A mon,

t enfgealao uposes dbe astispengingclpsd doeladatsstreswessitat @ahefavor its

a%%lgpa'{]%rti%%?ff ﬁ\lqeagu,gr)reend?% lié&i a‘lrsagi‘,ethe structure of the condensate
may be different from the one of new oil, while if the liquid is polyethylene
glycol (PEG), the process would not work since PEG, having a high molecular
weight, cannot be evaporated without damaging its structure because of the
high temperature necessary for evaporation. Moreover, the high temperature
evaporation process creates iron-silicate agglomerates that are not separable
and remain with the abrasive.

In addition, the separation of the dried solid with any dry-sorting
method (screening, sifting, pneumatic sorting via cyclone) offers a poor yield
in terms of recovered reusable abrasive particles and, in this case too, does
not avoid contamination by fine silicon and metal powders.

The European patent EP 0968801 (MEMC Electronic Materials and



and remain with the abrasive. In addition, the
separation of the dried solid with any dry-sorting
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cyclone) offers a poor yield in ternms of recovered
reusabl e abrasive particles gzq, in this case too,
does not avoid contam nation by fine silicon and netal
powders. The European patent EP 0968801 ( MEMC

El ectronic Materials andGarbo Servizi) describes

rigathsdSeanvimddeacribeg enmethachgimed akiraenestingo?a eéshg@sted abra-
A8 Sbelprahe Lo DS A BREC b Si Rt bl orasive i

Virsthp Bichiedatodretines its wigoositp dntichan sublectel tosap amitisli separation

by filteriing. This yields a clarified |iquid |Largel .
danfibering. ofhis yieldsg qlatified lauid l@r@&&égorafw?ﬁ@f ;%'g&!@/ fuid with

e L ni .
oPYeori PORIERE oy AT SalIfR® SORBHONR i, aong
t\h%%&)bh\@ﬂ mlaﬁﬁmgﬁfuﬁingtlmicﬁmmmst all thé wotigls sﬁbgemﬂed in the
PO ers re the Iluted wt ter . .a separ at e
oy s e GHR! PSR e Saer SUCEd L iy ghd separated
24803 Pyt g ogeed sOMasRansia vt frr size un-
" derfiofM) @ssentialy tdootaiviogibe edussdbie labrasive graing.i anden “overflow”

cBaRieoRRufRaL A% % aRuides heBEreTRpRR R} B, iicon povwder
agRy Mhetaf pSWdeBP 8déprhdddiindvatEhembdcaokitoa sraalieridthognt of sus-
the abrasive grains is oven dried, while the overfl ow

f panding fiuid. orhe fractiaspcentainied el by BERING i pyer degd, while
recover.i | o ’ t:0 «di \

W SBER e pBRIRT I (epRtabg MRS il Soodlering the
apguebiaflowrtbansemes dor dikitel tike astqrdviders oeforeptiee ydiocyclone

silicon powder and netals. The syspending |iquid,
"RERAAlSN  RIO69ES GC PBIAITAG 3 Sobd e L@r%ﬁﬁe%fanﬁ'h%o'm??sed of

eé@g&ﬁ?ﬁ%&%ﬂﬁ&)‘net' r%_freed fromfurther traces of
powder s by

means of a further filtering operation,
af t er withelsuspending diguid, evhitie isciecovarpdoiremebs firgisfiltering of the

S8 Rl i Bt R by GeB) Woans of o
aleh @Y LAY BpBeatRNY bftbHMhlch i€ RNURLS ted EifiRgrecesy.

the fine particul ates, which remain in an anount of
about 2%si regehds e qupliy ofr tienteoowatedhablasive grains, neither the

cuttin rocess.  Anpth z Liqi Rl ‘ '

 Rebut BEORE 1y SO BEBROSD A BRI f compiet

hedmit R resaesiedpstivnlayed eiticte handin in i detount of about 2% in

reduce 1ts viscosity, is the need to add -
the abrasive grains sent back to the cutting process. Another non-negligible
drawback in the process under examination, besides the need to heat the
exhausted slurry beforehand in order to reduce its viscosity, is the need to add
considerable amounts of water to the wet powders obtained from the first
filtering in order to carry out the separation process in the hydrocyclone. Fi-
nally, it must also be noted that a smaller amount of cutting fluid is lost be-
cause it is left in the S.E)Iid after the first filtering.

Another proposed process for treating exhausted abrasive slurries

that have a water soluble liquid base (and, specifically, polyethylene glycol,

PEG) is described in international patent application No. WO 02/096611



consi derabl e anpbunts of water to the wet powders
obtained fromthe first filtering in order to carry
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nally, it must al so be noted that a smal | er anount of
cutting fluid is |lost be caus%i is left inthe solid
after the first filtering. Anot her proposed process
for treating exhausted abrasive slurries that have a
wat er soluble |iquid base (and, specifically,

péwﬁﬁlgﬁ@o@pﬂamlalsmﬂ G@rlma§er\nb|¢therem the exhausted slurry

) (R ERERR AT byl B b BB ST TP sA e Jpeely devoia of solias,

V\Kwrmeank ot fitehagsTRE s@buferwd isolifis Whm%' Y\bféﬁ@ l‘erlh"sggl% abrasive

solid fraction and a liquid fraction |argely devol
s&raigs, NeN-reusaile grains laner fingy silivee a@bmeialmvsdﬂrsdas well as a

r non- r usabl e
o AP LS SRR, RIS R Bt RSP i
asnﬂmmm hadvaxide ebluﬂuxs alkdiimg |ddomindgl ageft) W@P@& foeffect the dis-
ated with a sodiumh drOXI

s<§|° t'PB q‘(té\‘P QQF pang @é&fmtﬂﬁjeﬁgeﬁtqhmlna them. tTcheéfoé@t obtained
t hyndlitife §F8r€§é18rb‘f_)%frat d?‘flssth% tdd W?t E\hﬁqég&ﬁﬁg $@nt (such

elimnate them tra talne omt
aﬁ@résalfuncopeldasolmhvn $n onder mrefﬁec&cthwdléscﬂmlcﬁﬂbﬂthe metal pow-

| i d | ut
oFREY = fSbte' R JAbs HRAIIY Bfmpawe e el \soaierd reusable
ap@deldrrtdiasid Qlﬁ'&blvbhﬁéte?m aftai E/ésﬁla | B WoRd QFE{C%Bl‘IyThIS solid

grains of reusabl e and non-reusa rasi ve
affiastionakaesh rom éne sonthnminaots by1 ch@hiisal sithidg f carc bewseparated

SRR LA SRR B BT 2V oot

gnaéntsdn ansydeet\oleies d)bgro@sﬂﬁupod/é uitaBRIdiNEBA with Water.
hydr ocyc| one, obviously upon a suitable dilution with

vat er.  SWRIRG W uniike ithe thﬁé Tﬁ@‘lﬁl@dsrﬂﬁsﬁﬂb@d above, thisdcomplex
a'%@)’ﬁs Jf"kbe;?%rﬁ%ﬁg Eﬁaﬁl%,% tfrée umﬂ&%ﬁe% }tghﬁﬁi‘tlo‘?ﬁgp ltl‘?% &ngaéged fine

conple mnation o ine parti
npantidulates emarimElipgrearaining abribsi ateragivel gminsecos@icedd from the

fro tt}eehaustggeéish and fed back into the
p%ﬁn@g% UIEY,&p ke%‘? PEICEER- each of the said
oper at i gngaf b%hﬁ&beatha?taﬁgf RYchVGStH aﬁ%ér’a{léﬁé 'of%hemical

the solid residue nmust be taken fromt
e@lﬁfwmnwa@mdgfa@d ﬁl’@rmbethﬁeaohqor&&t@ue surst el tagien Ha:tm the filter-

A eAORrbeH At Bethe sl BBt ae el BT Hs8 d e araue

r b@@k@f)&a@émg hgrthéroMést A6 bbeasivd@giaias ky b ahed. by
filtration fromthe exhausted slurry, the application

WO 02/ 0986legrrd® fiae trecevriy of the liquid fraction initially separated by
filtration from the exhausted slurry, the application WO 02/096611 reports that

said fraction can be directly reused in the cutting process as a cutting fluid.
This fraction is mixed with a smaller amount of liquid recovered by washing
the cake of the first filtering, so it may be considered that the recovery of the
water-soluble slurry is practically 100%.

A big drawback with the process described above, besides the com-
plexity of the series of operations necessary for recovering and purifying the
solid fraction, is the high consumption of chemical agents in solution neces-
sary for the leaching stage.
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the cake of the first filtering, so it may be

consi dered that the recovery gf the wat er-sol ubl e

slurry is practically 100% A°big drawback with the
process described above, besides the conplexity of the
series of operations necessary for recovering and
purifyiQg thé]basieldfthSrmror iadnaniabjedtteofheg preserd imgsrition is thus

oAV & MesBonioT HAIR PP B ST S IuE s, odfhe type used
OB &f An§“sﬂf-c@ﬁ \K)éfé?@ B rhé‘é(r?éﬂbf el Savk *ﬂh‘écﬂnﬁ’e&ﬁﬁ‘ﬁré@r ® recover

nmet ho or treating aust ed abrasive slurries, of
tleeisalyipecarspendrs, whlcbumgth@dlermhﬁs\/af\ertgaibycmabée ogcovery of

et ER s At R e B s R AT G, BY rlsgnsaptean eco-
I eSRalY c@ﬁvéménﬁ l‘obés§ susaPLempn@siaviagemanb STHNthethod must
suspendi ng l3|étrr\9ans of an eco nomcally

c@aomaéamteprm@e@@nb S eAminationex frﬁmatbérf@ﬁ@ver@ﬁeand reusable

?ﬁégqc}?arllw?f gﬁ\gngérdgﬂ'f usa%ﬁ%%?fa erﬁgg\f"8 %ﬁw g the cut-

UWER Pice@ss @lﬂiﬂCff‘cﬂﬁttb‘e bfokenrdovrowurd rspeotrabgasi\reomwtdrfal cut
ting process and fromthe bro

abr asi vetarie frn . the; bm@wrhgaﬁ%ﬂamw @Hﬁr%ﬁa processes, and
ﬁé? hog};ﬁb% {He Hﬁﬁﬁsegmﬁiétﬁﬁsé‘é the REst RAtord [nofﬁet $&paration

envi sagl ng rst operatlon In the
septheaaustdd slheryemeanesowysjfmeugableiaé)rasav,@\gealys @fom the rest

reusabl e abrasive grains . fromthe rest o

LB s B ade e SneEPizE o in, & hYliSoyclone, according
hi@fh‘é%r%b@ﬁ@nvéﬁﬁ@’f dishstehPhhd BeBh @RGMed WNERIN Bl a/et—sortmg is
system has been deviséd wherein this wet-sorting i

c aanrieddoutun amoa’ﬂmabmaumaer hehineene dydracysieae but - after an initial

droc
CRE Rt 30 eBpoaaeh A0S by e Bl pert o
W’cHé‘ fiRef solds t he d barsryssfl htiocydlones lsattalelywdlrfnected in series.
i/rbrocycl ones suitably connected jin s

pdwigeperrdanes viieh san algcsbe perlasgs iwe@ SHV'T%{GE#’[F‘%W;S’H‘ centri-
bﬂ.ﬁie rg le\ecﬁgatlﬁ' ?ér@ef]argqu%t ?&bﬁ&@ -Eﬁfré with' & di&fied liquid

oun er-curren arl IQUI suspenS|on

r eQypresion recyaked fro bhe of Lthe embeetjughlaplases of treatment of the
treat rrent d and sui

hedapancing o SO HRLE hoaiede LI, BLbgRet tdrdqygiones battery,
Stﬂlzé’ Pﬁbé’ﬁ’slﬁg én?l%ﬁgd Qff APaRPS ‘g?alﬁé uiginelta neder®sw (UF) from

romthe bottom of one hydrocycl one
f dieglbottbm mfeone hydrooysichefeedsrthe inexé bydesyclang in the series, and
from the underflow of the last one of these a suspension of abrasive particles
of optimized granular size is obtained. The exhausted slurry that is fed to the
initial solid-liquid separator centrifuge does not need any preliminary treatment
of dilution or heating, and the amount of solvent fluid introduced into the proc-
ess (typically water, |n the case of a water soluble-based suspension) solely
corresponds to the solvent necessary for replacing the, albeit negligible,
amount lost downstream.
According to another innovative aspect of the invention, the UF sus-

pension recovered from the hydrocyclones battery is further treated in order to
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the initial solid-liquid separator centrifuge does not
need any prelimnary treatnen% of dilution or heating,
and the amount of solvent fluilf-introduced into the
proc ess (typically water, in the case of a water

sol ubl e- based suspension) solely corresponds to the

s oeaayer fmetiéﬁmr@sidmai ameplimof sgspdrelinglifeidtand solvent contained
wnst ream Accor di ng

W d
iy @'r ﬁ i3 u&‘xr}é%ﬁ ping SBRstiecdRInse RAMHAD @ QLI’{@”UPSMGSSGW
D@ﬁéfs@@n& %Q\Yﬁ%eéinélé RghCOARP RN, %@;ﬁ??%’r%&t%seWthoﬁt having to

further treated 1 n order torecover
r éfgnaﬁ@a[th%a@]mqbemeeﬂmomnagohlmndl ttiea‘rw(t dalthisnshase of filtering

h h b
oAb HAR T 5T e tnRVErec phtdiisc i ihg soPReRBRS Soming from
Wihdihpdrocytioaks Batery flé*ﬁﬁtbkélf‘%'ndf vfet ﬁﬁél“Sal?é’ﬁ’é”sﬁo}gcted to the

W t hout having to transfer the so bet ween
ofHbsaqusAt sparatisasneibot WﬁShiﬁlls |€gﬂtﬂimg of cfhelnmeal eghingd— both

t t h

| SSRSRThind 2515 B SR B0 9184 apd B pgolomerate
fahdetheni famicert Washing teard d8jiey bﬁtlﬁélﬂiL%CF@ﬁiﬁéchFélﬁs without ever
subse rati ons of hot washin eachin

c AP 59 qé? éﬁf%g"ateﬂat fioacthe amaratu@aﬁm% leact&f ta g@onSIderable
fbﬁﬁnﬁgﬁttln?é ShaSh Ho'clas&ﬁg chq‘ﬂoe‘ja\ﬂciq I AHJagltX,iolf] ghygsive grains

aggl orrer at e, "and er wash ing an

t bbtaimeds Qoviotshedag this idnd of tbpatatey eperateswitty at discontinuous
tus This leads to a

lid | f
ig}ﬁ@?d@aﬁéﬁt'ebaessl@?ﬁan?ﬁeﬂ ?}EFQ% 4ha HrpyieEs Songneeus yet size-sorting

atregirhét. %thstéfn&fthétlfraééé@eﬁ\%@é s FHrqenk for the UF of the
Qoviously, as th of apparatus operates

dhydioeyelane @@ttew; If@m |whmlm $he buspirsiom ik tikeo fbr dts furtber treat-
T
P et e PRl R e RBREI 0 f or t ank for the

UF of teefysteoales ! prasemalnivention fspeaifieing hréhides a process for
suspension is taken for its further treat nment in

nirealing exhpesigrd abresivei slyrrigspinciudirg aThesransting quuei reusable

F PRV VBIRL hBRAEH argBs nf B PR G Re Métal parts

scasepdmpgsuhgqm tollondng atBps: abr asi ve grains, fine

b R AR NG AN

O USRI N SR SR Phurs of s

r eus abpendibg disjuic withaa nigiuiich salveink tamdeiioé Imusd suspension in the
same mixture containing the fine abrasive grains as well as the fine sili-
con particles and fine metal particles;

b) recovering the suspending liquid from the said liquid suspension con-
taining the fine grains and particles by means of solid-liquid separation
treatments combined with liquid solvent distillation;

characterized in fact that the said wet size-sorting treatment of step a) is car-
ried out by treating the mixture in a liquid-solid centrifugal separator that in
turn feeds, with the resulting solid-containing fraction, a battery of at least two

hydrocyclones or two centrifuges connected in series, fed in counter-current
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and fine netal particles; b) recovering the suspending
liquid fromthe said |iquid syspension con taining the

fine grains and particles by neans of solid-liquid
separation treatnments conmbined with |iquid sol vent
diﬁgilLatjo , Characterized in fact that the said wet

sig %Hﬁf'idnga‘itﬁoé‘a?%h&'s'% aspaition) of gaified iiguidmhtaiped from the

SR SR eV, U e AR, AT 4ng rom o

separator that 1nt

suhgerfiopnohiting astf matrocymionea dbaastecynteifugd of eas thatepy a liquid
hégééjc ¢l ones, or. t\r/t\&]centrifu es .connected in series,
f

T PRIAINDY i Folgable, abragivel ofais @ngnwhich suspension is
coupSthRiiagy ﬂeé"?lfo;nh Fe Horabige I drbfifd. ot ehiohal gﬁrﬂbfelﬁ WP hydro-

the said steps b recover suspendi’n
| PYlPRes o rendiifugesiofighe reatierp eaacodding | towhef pidsent asiention is

h i f f the b
B SRl RS AR Ve 01 LN Patery e
grains mhé_Iih}bidcébliﬁlt%hﬂﬁﬁgQl%épsﬁr§%¢§:%gr?w§ﬁ%lﬁe;?{h% ?‘i?& tdfMent on

fine abrasive grains. Preferably,
hifter 8¥hutne absasive sturnf separatds ithstdtwe sugpeasions)i owe rich in

L ny ' ' ised b . .
B B SR 2 9 S 55 sl
cticleyiongr Ayim trhsizé| 4ret tHer @AEFBAtes8BNHidIR I%ﬂﬁé‘ééo@sioonngontain-

abr as] |l urry separates it into two sSuspensi
r I"&ﬁ%'éaé’éng susRendipg tiguigsang the smaljer, &inen solgbpamicles.

suspendi h Ol j i mm.in .
i 2o, e ERestlro B eIk Entlehl) HRe MY El & sliRislyn contain-
ctmglt ﬁimr&%bl&a@r@;mvgfgmh? e?’aﬂmtgitfmlm kh@uhdgﬁm Fhﬁgeh last hy-
S e iner soli i.cles. [ accordin 0 e

- FReFbner b RerERiod REHe qtatieric S uithet froatsst i @raeigto obtain
t BerasResgRin iakirpstae ;ﬂfriﬂéa%f‘?lbéc%%'?ﬁ‘?intereqq? rs$hd paticulates, in
underfl ow of the’last hydrocycione or c rirfuge o !

t Aemyitifunetiona dnparaivs implenenting treddollavingbtensecutive steps

Y, [ [ ry . state purified of traces of .
F RS En R o TeibRLuErRe g’ v fel isidnrigion, wasting
athearesulting grdiesrendi Raching frel %rﬁ,gbg%,%ﬁ%&l' YRhHE Ry fine
wi thout any transfer of material: filtering the sard
|$'i1@ﬁ"a apdspetdinanticlomandngnally dwing thengrainsiohpusified abrasive
| ga¢dsidl9 fromthem by chenical etching, any fine
siltcon and netal particles and, finally, drying the

grai ns Uhliluin theeknaon aysteensraf @hé Prior art, the exhausted slurry is
directly fed to the wet size-sorting section, without adding any liquid, in order
to recover the fraction containing the reusable abrasive grains. The amount of
liquid solvent thét is added to the system, in another section of the apparatus,
only serves to replace the, albeit minor, quantity of solvent lost from the sys-
tem. '

According to one specific embodiment of the present invention, the
following consecutive operations are carried out in the multifunctional appara-
tus for filtering and treating the abrasive grains:

A) filtering the liquid suspension containing the reusable abrasive grains
obtained from the underflow of the last hydrocyclone or last centrifuge
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order to recover the fraction containing the reusable
abrasive grains. The anount 93 | iquid solvent that is
added to the system in anoth ? section of the
apparatus, only serves to replace the, albeit mnor,
quantity of solvent |lost fromthe sys tem According
to one® balierYenbodi ment of the present invention,

t he ' ks catkons are..carried out, |
e e R eRE ot R BB oR B g g a fiauid so
treati Ngnthe abrasive grains: A) filtering the liquid

susp i on. containing the reusabl e abrasive grains

obt aﬁﬂzﬁ?cﬁf%bb’r@e@ﬂ stehing dhetfine silikan apdmeiglpartieles of the

O B SoRERAEAH AR BRI orPh) WAL ABRCAS) b siicate

fraction resulting frdm operation

sol veRelutighs keddolutipnsiof sahe of nwtaldmphirities, disolfédh a waste
sili COF%@.HQ netal particles of the solid fraction

resul t fromoperation B), with the production of

si | i ppivasARgUhE ¥id %@tiéﬁ)ké&dltﬂﬁfrﬁﬁ«qaﬁrﬁécﬁaﬁgﬁf%”gﬁﬁhga liquid sol-

inmpurities, dissolved in a wast®e
the soVe®tifraction resulting fromoperation C), using

ok O e Elebiyele At rBba i e Rt igparsing from
D). Preperatibh)D).t he operation C) of |eaching by

chem cal:’ etching is carried out in the follow ng two
consecut Fefgrallaghs opetatioral of teashing Iny coemidad efdhimg is carried

on: X _  bycbemic
T ol TR e e Y08 el kil i ne agent

sol Ut 1)orausiio gieing ofi theafine eligohiparticlés byriraRingIRe Wid fraction
hydr oxi al kal i ne ebchi ng of the nmetal fine

parti clrggugiﬁ%%ffc@ﬁtqp@éa@% %Miﬂbla'ﬁ reél@qlin@nag%gaodult@, in particu-
par t1 ou g ot poda th pURRLATKIIRARE 2016, oxali o

aci dz2)salkaling etchingof the metal fine paniclesay eatingttiedsalid fraction
their 'pe)éwihssfrom operation C1) with an acid agent solution, in particular,
nitric acid, hydrochloric acid, oxalic acid, sulfuric acid, citric acid or tar-
taric acid or their mixtures.

In the process according to the present invention, the liquid fraction
feeding in counter-current the battery of hydrocyclones or centrifuges prefera-
bly includes, besides a portion of clarified liquid obtained from the steps b) of
recovery of the suspending liquid, also the liquid obtained from operation A) of
filtering‘ the suspension obtained from the bottom of the last hydrocyclone or
centrifuge of the battery and the liquid obtained from operation B) of subse-
quent washing.

From the foregoing, it appears that the process according to the pre-
sent invention can ideally be subdivided into three sections. The first section
consists of a solid-liquid centrifugal separator (centrifuge) and a battery of
hydrocyclones or of centrifuges, while the second completes the treatment of

abrasive grains recovery with the various operations carried out with two filters
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besi des a portion of clarified |iquid obtained from

the steps b) of recovery of tqg suspendi ng |iquid,

also the liquid obtained from'dperati on A) of

filtering the suspension obtained fromthe bottom of

the | ast hydrocyclone or centrifuge of the battery and

t Rd Wiuel asistitionsd wesselrin opdcatheoch@nicsl reatttmsoarentarried out,

hij for in it appears at the . )
nanboflr, 1 88 AACHORTARAShorkd 4BRRER05, T2 uld Section consists
| dfdhé gehes oflogdertite’ ddHid o 8 HeVPNSy frU?ﬁ thé birocyclone
section, consists of a solid-liquid centrifuga

sép£ertrifvoe bakier ntegrptethwith thatioeidyfratticny sepanatedbgdhe initial

et SR SR . REGP RSO R e por

ofienkatesasd tabe iablk wuteusetthe suspdndihg ligaadnwhé Ruthg process.
addi ti onal vess?l in which the chem cal reactions are
Aggerding o 5

carri ed @nednost prefaeed; pabiodirgents of the present inven-
i y 1S o 2 i i

o, RSl SORSE ). E00 AL PR8I an e

oviBefsiliaont andrmetal padiculzyed, mbtaineddesrhrthe ugerbeltdife first hy-

| BTG e iy The 56 b & baiher et a safety
t ;yatdoytibAbortdepitiiyenisg thd @lﬁsﬁ\{séér? gﬂﬁﬁé‘é E@ﬁf%e%\*?&ﬂow of

ablle to reuse the suspending Il qui C
pitr sail sataby hyidrecyctonsoee cendifuge eirstargdes ithe diaignitsps b) of

of r t., i tion.  t sai.d |jqui d suspension. X
e sRrEioh g s Be iy Bl T Gy b ey SRES e ntuge s
sidesigmedatodprtéct| thpafirst GibRIcHBIonebloRi e c&Rifidd)eof the battery
overflow of the first hydrocyclone or first centrifuge

offonh thesigkolsatuation. i s further treated in a safety
hydr ocy i , nsiong. . . .
DL LSRR S LA o BOCalhE o ROES ing i, cared
hyodit drehe thieel sectivenof tHeugroposdd roesss, onamish, HLasird) step, a
of.. ‘_ragcover of the sus%Jendl {J(gu_ﬂ uid. The safety \
hylraiPc Wl gisoc Ereiyesuthe iduidedhigined remppReiadiens Y and B)
Fiseht tMEMRGHTINRASNAIIpd | i iltrati
battery fromthe r?slk p(?;drétgl%;J?ﬁ?l?l%\ﬁfﬁé%égfﬁe%@%n}; The filtration
s ¥ieldsa efasifisyl liguid sehstentjallyfconteinmgstberstispgndinguiquid, the liquid
carfj out, in the third.sectian of the proposed .
o SBlVEBE aft b Fnkdfelel matcie il s tieh siodtiEiegin two portions:
Wihe hargbf @neesRsNiESpéMiens ikt OptRaNesld sifibn of clarified liquid
operations A) and sent to the multifunctional
appRding U’ qosinteruiEIn cupatigiam tthe datteny .of hyarécydlores on centri-
fuges and the smaller one undergoes further treatment in order to recover the
-suspending liquid. As will be more evident below, with reference to the de-
tailed description of some specific embodiments of the present invention, the
larger portion of clarified liquid normally makes up 40-90% of the clarified
liquid obtained by filtering the OF of the hydrocyclone or centrifuge battery,
and is preferably heated before being fed into the said battery.
Preferably, the smaller portion of clarified liquid, which is further
treated to recover the suspending liquid, is joined with the fraction obtained

from the said liquid-solid centrifugal separator carrying out the first operation
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portions: the |arger one of said portions nakes up the
said portion of clarified Ilq%!d feeding in

counter-current upstreamthe battery of hydrocycl ones

or centri fuges and the snaller one undergoes further
treatment in order to recover the suspending |iquid.

Asf theldrotessnibhen ehiediginid talydye; fukthten pugfied an@@rdnrtg tthene or the

d t of f
cinepp Bl efisinotii pitkeahre® K 35 BausiarSHC ot FEhTatl proce-
| dugrai ﬂﬁé“ﬁcﬁmmfﬂa\étl@i@lf%ulmﬁ’g 4RnP 896 ahidt aﬁmﬁérars élkewhuzed to pH 9-
|1 quid obtal nedlkaém Ispt ering the OF o

hWJ Mg@%dlb@ @noa Ritiga, Badt igrthen aﬁ#@]ﬁ‘c‘ée% rt@fr@pmfllgvatlon to
SR B Sy R ST B Bl e e

WﬁHLﬁ@ fiogin f’ch’é enfiftratiohad ricutraticed &y adding lmp@undlsmglutlon and is
u oined with the fraction obt?lne fromnB
Cluecﬁeqapaﬂsgwatw t%mnarﬁtﬁ;me saig sphvest fre $HpP&RAINg liquid

t t

ngyi eft\)lbﬁfﬁ ltBﬂe(ﬁ?é bBIQ te ggi‘g\gg%&@%%ty &8ed ébea%'tg%eﬂélwre lighter

ur i to one or
obné w9 tht two rmmpcmelmlts)c etbunces thef)susﬂ)mdm@ iliguidf istfogther purified

first alterpat d_fract
r'eéiltsa?wge%l?r%w%ﬁ@ gt s ek b Bev bRz, o

9- 10 b)& td"‘% lﬁﬁé\*ﬂ'aﬂ%%ééd% fcﬁnﬁuﬁlemfghﬂfé suspending

subjecte cr0| tration to elimnate the'iro
hyqimdxthmsaltiasmalierfmrhed afpdarified diniidi urdergaes Tpierofiltration, in

ﬁ{ga erglple %n%élrgggq%ghgﬁ%g? &t f' lr{i#l%%'frgﬂb{hse clarified liquid, and

SHRi Qedrfiddt RHlé Sébthinati #Bnt ehe erh&fr@ﬁlﬁaﬂdne is afudheolswbmcted to
fromthe suspending |iquid by evaporatjon

I

beatment padenyexcbarge sasiss BsORAST He ?'H@nﬁf%ﬂ?ee%)%t\é ions and

th t ) di I d

ot P PR BR' S e e iabRE 2R et (g the

Sa' t thgoria dpmmmttepam“tldnﬁultﬂml lazhtraces oftheoundesjredofine par-
an alternative procedure for rifyi t he suys gr i t
" igiote e S9s GeamaTtan (96rplaiengl erigs: Feites paiieh featmen
UNGELHRES. IOl d 4 LBLBARrebin@hels ahiondd feBiriat e oS!

parti omthe clarified |iquid,
and t he Theaclafified llquqiuodbtalbedl fnenh theoiieatreent with ion-exchange

T spoBrmaRpls phe it ol usPeRy e Ekd Ank Rl Fabgft devoid of
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' %rﬂl%f)gﬁglezotstif?&s bFrPNét!afs' iBSsAILGEN.t HEC!S Ahiguee &, lffria(ﬂyl subjected to

r an optimal separation of the last tra
ofd|$ﬂ1|at|unde§apeoate|ﬂ@yp@\ranqramrat—e@e sajd splyent from the purified

: :sg%bﬁﬂﬁwgopqwg NTRXCOMISTS 1183id PEMURSRy Bfer"thls operation is
directly fed back into the cutting process and has the same characteristics as
fresh cutting fluid.

in both of these alternative procedures for recqvering the suspending
liquid, after evaporation the solvent is condensed and reused in the washing
phases B) and/or D) 6f the abrasive grains in the said multifunctional appara-
tus. Thanks to the recovery and reuse of the solvent, the whole process uses
up minor quantities of the solvent itself, essentially equivalent to the quantity

of residual water left in the abrasive material cake at the end of the first proc-



on cationic resins and a second treatnment on anionic
resins. The clarified liquid obtained fromthe
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m xture of suspending liquid and |iquid sol vent,

devoi d of suspended solids or get als in solution. Such
mxture is, finally, subj ectéa to distillation to
separate - by evaporation - the said solvent fromthe
purified suspending liquid. The suspending |iquid

r &88iahineg washing Qfﬁgs regovesed ehrasivedgraing.l y fed back

into th ' ss,.and has the sane ) i
char act Ztr &EIH c@g gfécgs%ég&@gﬁqthgﬁrppﬁgsﬁcapaﬁnq f° s Rresent invention
t memebalimplenadntee bRt ff dteting(ALbIRPHSNE dilifies and for treat
smglg ng | i CfUI d, after evaporation the solvent is

c g0 SiHble-based abrasive sleEiesigvbishsare Byrrently onore wide-

D h i ing i id myl tifunctional
oopfoad. ' B ot et 08 ARiG BikeMnbuidiid in Pelvethyiene
s glyoeh{PEGh andhioe tgpidsokemt iss@atarp M nor quantities of

the sol vent c{'jts?l f, essential I% equi valent to the
quant i t Y\GPraiRg;ite@afurtiar @speet thereot; e grpsent vvention provides

aheddptrakaer Bkafi S?’g%’sg%d bRfadivd §lhrr?ésogcﬁi%?ﬂiﬁfgttg Eltge process

washi ng of the reco rasive grains.

noredoysivtdeshebed oinekslimgc ther Gllogvitg itfeecannesssit elements in se-
[ B}/jgﬂéé,on may be inplenmented both for treating

oi'l- ‘ed abrasive slurries and for treat ing water

sol ubl a- RAsGEoRd'sephMRos bekfifRse tHAY f“e'édéf\ﬁitr??ﬁé %Bg&b(:ontaining
nore wi despread. In the latter case, the preferre
suspendiestion isgppeated therehy the fliesteong pE al batREGDT @i dedstawo hy-

li quid r - According { furt t
thor eof O see 8t AENFadt CBRAEPR: fh 2eteo i ehefow from
for treathmhydesdyelssicast entaigueestivg’ thesnaé %?Egﬁd%ldn% or cen-

the process previous]ly described, including
fol | ovm?rl’fl;]g?n&)&e&ﬁfﬁ’é'& the everfiewt fomtheepexneut: one hydrocyclone

i quids s i f ' he .

1o e aga e s S04 MBS Rl g o

one of iracbhanteecyrreft with lacaptid tfrmtibndfoﬂq(}jﬂsh}@lﬁ%?ﬁon of clarified
e underflow from

centrifuges nnected i n serjes; t

each hli) 8@09@0 -,yérfo”&g?ﬂ ﬁaffijgsze@%ghpﬁgeﬁml@ry}@fdhe suspending
hydr ocygligne or centrifuge, together with the overflow
from the next but one hydrocyclone or centrifuge, the

sai dl-batmultifunstiongliaprayatusroes filiering anditfesiieg theiatyasied grains

. COMBREEEH0 Bl B L RS tans.

steps Bor sffmatesial gltvatioh dfftBe SYaRPAMPRGson containing the abrasive
grains obtained from the underflow of the last hydrocyclone or centri-
fuge, subsequent washings of the resulting grains and leaching from
them, by chemical efching, of the silicon and metal fine particulates
and, finally, drying of the purified granular abrasive material;

lll. a treatment section of the said liquid suspension i) containing the fine
abrasive grains and the fine silicon énd metal particles obtained from
the overflow of the first hydrocyclone or centrifuge of the said battery in
order to recover the suspension liquid

According to a preferred embodiment of the apparatus, the hydrocye-
lone or centrifuge battery includes a further safety hydrocyclone or centrifuge



liquid; Il. a nmultifunctional apparatus for filtering
and treating the abrasive grains designed to carry out

woheosf10td9®wi ng consecuti ve steps w thout any tpramaTioes/000461
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of material: filtration of the |liquid suspension

cont ai ni ng the abrasive grai ng obtai ned fromthe

underfl ow of the |ast hydrocy Psne or centri fuge,
subsequent washings of the resulting grains and

| eaching fromthem by chemi cal etching, of the

sir¢¢aiving dhel avetfidw fof rilkee fisstt hycirbeydsnand cehtrifiadd Yof the said bat-

drvi f th ifi | ar . abr asi i al ;
1" Bnf hoSh BYetiof fesbo i Reid 3paan for thes fspisentont liquid
VEugestigibm Z?m plaee fdfBe RNEARIVY BF ﬂ{@éé‘iﬁ fﬁ‘é‘ldh*e 8%'??? Qr centri-

silicon and netal particles obtained tromt
ofUd&e fir st hydr ocycl one or centrifuge of the said

batterypi r_to,recover, the suspension |iqui

Accor di ﬁgt;&?ge{bigp?%f%fera@& gﬁl}ggdﬁh@ﬁéf@fmpﬁl@%@g@g@g)g?ratus of
t fiktratipararey febnentost henilirabiveeyBHs By baltH-988%itiAg apparatus
further safety hydrocycl one or centrifugerecelving trPé)

o¢RP$IFHNY Bt 2 pPFrsSUre ¥eS$El woptgiring resfiltar dayine om wductothe abrasive

t isali Wy ypi - eLf | h ai .
5 SFaine e bl PurBF b RIE HCHY SREEFEAT, BEseoh washing,
plesobirgf anddryirvger f | ow of the said first hydrocycl one

i f ef bl | read d, th id
S e b R e S T
Othd PresBRf R%EMBod tRdrBSs E?ov?dé@% HurP 4K f? %oﬂ?@tﬁgzﬁﬂlésabrasive
consisting of a pressure vessel containing a fli ¢

d gvain ssuspension hohthimedbfrasi the gaidi lbatiery eofiopdredydonésor centri-
fi.ltration,_,and all subseguent .phases of washi ng,

| Sidds theeg s s RS T S RUORSY ergibsbrian of the plant
afrdnt the S¥ctibhopRPAMGInUsatagcording to the present

invention there is provided a buffer tank for

col | ect Aagording teneeitain spgeific enhedimestsoof thetrronesed apparatus,

e 8L o P G0 2§ Rl 45 e overton

sef theofirsohydiveyploastorfderiftife, GreRbinane QresttHydgodyione or cen-
bat ch. Accor di ng to certain specific enbodi nents “of

t HEUBe olpskiles B plieratierdce fieen vaich Bie exifing sfartfiedaliowithis sent in

CReHE, L Sppansed o RIS RAAEPRY REREURRL RS ana in

s gidtty fégdlmooyuritereumentdbe said battery of hydrocyclones or centrifuges.
Moreover, the said further apparatuses for the recovery of the suspending
liquid include a microfiltration device and an evaporator suitable to separate
the solvent in the vapor form from the suspending liquid and, possibly, a fiiter-
ing device to eliminate the saline residues from the suspending liquid left over
from the said distillation.

According to an alternative arrangement of the system, the said fur-
ther apparatuses for the recovery of the suspending quuid also include one or
more devices for treatment by ion-exchange resins.

The specific features of the present invention, as well as its advan-
tages and relative operational modalities, will be more evident with reference
to the detailed description below, presented merely for exemplification pur-
poses and concerning some of its preferred embodiments. The same are



trifuge, includes a filter device fromwhich the
exiting clarified liquid is sent in part to further

wappwriateses in order to recover the suspendi ngCrirRoDEl000461

10

15

20

25

30

and in part to feed in counter-current the said
battery of hydrocyclones or C@ntrlfuges Mor eover, the
sai d further apparatuses for the recovery of the
suspending liquid include a mcrofiltration device and
an evaporator suitable to separate the solvent in the

villpsirated imiherattachied drawigsdmwhgreingui d and, possibly, a

o RGeS B G0 o A SEEF48] for eatn

dexfdustetf alorasivaehatids rgcbriing tatHeepeathvigveanticamgement
of the system the said fur ther apparatuses for the

recoverfyigere 2nehaws ganavell blgak diagem iaicd f@soBHeP®iIcess for

L B PR e ok T XS R e BB e

speci ures o resen as we

i ts adVvRiglirg 8ssiawk eebumplmedoammtmafran@dabnt iofs battery of
be nore evident with reference to ¢t

d@gﬁppﬁlpw %]r@ﬁtecbfrég«@m%@q}eme@hqrdmthhﬁ\e qud SO(itId centrifu-
t t
dar R aeRlEBRRE 1RO QMo NIRE HRARATEO el Ss the first

ed enb ment s e sane areillustrated in
acbpemahed aﬂrtlwwmlgbsec.ﬂmreﬁ the apppuatis] whithwsardias outithé Irecovery
first process for treating

kK di
ﬁé‘&ﬁd@ggé@%i‘ﬂ%’ rslurries according to the present

I nvent i pigurd-4oshve =5 BpMsifiea Qm%r@ltdus BHaflericAd I Hattery of
a second process for treating exhausted abrasive

stentrifugesascr aitergative tmﬂwqob@téejutofufwdwr:mes maf Jigeress.

ho a f. t
of nyar 35y EPehet s HEH BlediaR orgaRy R, i poslkid¥cbraing to
WHehpidzent ingehtiors driddtheespediaily g@d;ngseqbappamtus for lmplementlng
r epr esent the first section of the a r at V\ﬁL
ak, @Weesseﬂaa"yofﬁma%%otﬂmr%@t@WOPaeg@gﬁe& Si, Qfgghion the first
apps éfé&‘l‘ése p Jﬁé‘&éft %%nﬂ“&ol%ﬁﬁ 6@[‘!’1@’&5?@%) SfRdevoted to the
susp |ng rgure 4 shows a sinpfified

amwvetwandupuah@amof thie mulsableegr;airm‘ ofctbwetatirbsiyegnaterial while
an alternative.to the battery of h t%ﬁi%c' on

2 Thst i aStin SRR SRLED Je Reuplest GG iRt apd recovery
t ey l{g&gsﬂp%ﬁpm@gwu% ng to the present invention, and

t he speci al esi gned apparatus for inplenenting it,
are essé’heleathaystedrqhdmeaoofﬁng frosrethengiligaroinget ewlting section has

SO S0 T B e B S B PAAY phfPror o
plification purposes, contains:
» reusable silicon carbide abrasive grains which, for an abrasive suspen-
sion of large grain size (of the F500 type), have sizes between 4 and 35
um, and for a suspension of finer grain size (of the JS 1500 or JS 2000
type) have sizes between 4 and 25 um; in the case at hand, these ac-
count for 34;39% in weight of the exhausted slurry;
» non-reusable abrasive grains, accounting for about 7% by weight of the
suspension, with grain size lower than 4 pm;
» fine particles of silicon, originating as dusts from the silicon ingot slicing
process, which account for about 7% by weight of the suspension and

have sizes not above 4 um — these values are average values since the



recovery and purification of the reusable grains of
the abrasive material while the third section

worb@ht7deand col um) is devoted to the treat meRCTATIING/000461
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recovery of the suspending |liquid. The exhausted

slurry comng fromthe S|I|c?ﬂ%jngot cutting secti-on

has a solid content of 50-55% by weight and, in the

case reported here for exemplification purposes,

contai ns: reusable silicon carbide abrasive grains

whi. ctgizeé end snicabityeli fine siliepepadiculates dleaegfé ogrthereugtingcondi-

nd 1115, S8 b SREP s HEHPHETOp HEt FRED, o 5 oia of the si-
1500 &in ih§oRB&Mgtarpahd Ravsh;si zes between 4 and 25 nm

in the case at ﬁand t hese ac count for 34-39%in
wei 'grftn%mqtﬁlep@a‘dﬁlaastneaa%ncularwf iIFRIh-Gaisg HT@M dhedveta wire of

9" 21 e, ARRFU R She? BIHS of 1B dibafliud it account for

suspensi on, ze | o

part i abhast 2% byiweightof thei @(hmtewslasrydubér@ tom rthe la@nount may
silicon ingot slicing process, Wwhich account for about

7% byVaRiageerding inibesendiionsf tha ¢laBgPresssss not

aboy S a v
hesi S ovRRing HEHA, (AL NSGT FRECARY Bt Ty alES0luble base
depensliginas IREGubL bidpaseddin theoazampie tdporiedaherepfthe abrasive

exhaustl on of t%lburr& on the dianeter of the sili
con i GREBENS P288%so on; fine netal particles,

in par tTRe| Fbredhid RAaused §1Grrfyr RMsERE tdTRY §blld34|di@idof:entnfugal
the cutter and fromother partS of the sanme apparatus,

t separataroeantrifiuge)apbiob feeds jhaustighensien t(akriek aselidel obtained

tﬁg %n‘%ﬁr}q?@ﬁ@ %’?"q{t ﬁ?%f’f‘f%@ Eﬁéﬁ%gé’%ﬁ% gi%ﬂlspeng% 19um toa

| hgdviody€lent thatiery Skhowin aswbnigha singldbloek mm’@nresblm @aid bat-
base n such as P %@ or oil-based; .in_ the exa

dierragple showhriggnoEe Qa*ﬁﬂéﬂsﬁ@wei 3 lpéedsai'é& hydrocyc-
f 0 a
hﬁleg ﬁngﬁ?{&%c@)r%{é??? uga éléc’é%gy h%/ grgrq%rl fuge) which
feeds the shoperini Engu(ea)B r theh hydranylclcmse bbtterynezteivesmthe ex-
[ % of  PEG t.

ohausied gy ey Goh migacucipbp oG art MlBafIghs 3t the bat-
JILY BeBARAR Lo oy BheyeaDdog!sadfrefiey 7o
fBO%)hyfdﬂmcgiahﬁmbhqmd obtained from the first operation (filtration) of the
treatment of the overflow of the hydrocyclone battery for PEG recovery. To
this liquid undergoing filtration there is also added the fraction of liquid recov-
ered from the filiration of the abrasive grains and from the subsequent hot
washing carried out in the section for abrasive grain treatment (see Figure 1).
To the recycled clarified liquid some make-up water is added which, in the
case illustrated, is about 5% of the entire quantity of water circulating in the
system, and quantitatively equal to the water lost as humidity in the final
phase of drying of the recovered abrasive grains (see Figure 1).
As already noted, the UF of each hydrocyclone is fed to the next hy-
drocyclone, supplemented with the overflow from the next but one hydrocyc-
lone. The particle size distribution of the abrasive grain suspension is progres-

sively restricted passing from one hydrocyclone to the next until, from the



connected in series plus a safety hydrocycl one. As
shown in Figure 3, the hydrocycl one battery receives

woheoeag7degust ed slurry in the first hydrocycl oreTiob&000461
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the | ast hydrocycl one of the bat tery receives in
counter-current a portion (abgut 40-90% and
preferably 70- 80% of the clarified |liquid obtained
fromthe first operation (filtration) of the treatnent
of the overflow of the hydrocycl one battery for PEG

rysisriow of the tiastshydrgoyaonede isyepersien |ig obtained tthal is virtually

Tty A SfiebBRaPHBE naPluss, ahy e SBREH R riieea solas
serlg eqp@mtabett 2B obtheafifié eficontaridnididl s&titleen Alkoghown in
abrasive grain treatnment (see Figure 1). To the ,

rieigyra 8dbefoieiheivg sengde dhe difeatipik seelipradherovesilaw fdthe first

' ' e [ (S t .
Sl Beyciche, R ftc BrdSiic singr? AR nRo Qoo which pro-
aledtsathendysterhi agdiystesatadation dfithe ilmsteiydrosyclase hiing diveyflow of
in the fina hase of dryipg.of the recoyered abrasive
s %?gewa@r@g@w gpes & ili4ienyNiRb: 88 ATEREY meted. represents
em%hflirg’b’ QRQ&gﬁh%ﬁhbsthfrs%éc?Pﬁtb? tHS:ﬁro X QHENR recover the
suppl enented with the overflow frorn the fext but one
hiyd o syhilel itsnenderflewgdacombdimeds with te stndebflnow o thed fitstdrydrocyc-
albrasi ve grain suspension is progres sively restricted
pA8€i ng from one hydrocyclone to the next until, from

t heundesd lsRYVAS intiguleadt tHY BhREIE §Rfn-ridh TP OBEIRAEd Hiom the
obtained that is virtually free fromfine silicon

chaydipexcleng batieesisdad tarhe thuifentania vhish gigeonnegts the continu-

SR koo B! b PR oGl L ot Somtinuous
ben@ gastsdt oliirt e Fidltifuactional $ppaiatos dfffittratier Bhawrezitment of

the first hydrocyclone is nade to pass into another,
sthedegovergdaigeive 9ainghi ch pro tects the system

‘agai ”StAéﬁrH{rﬁ;ﬂogé;? git?/rtn%givé IsbRkioRYEH RS KA O8S:; iioﬁrtﬁ the process,

overfl ow drocycl one goes to tration
wthecéama sesies e dyeatmeats of wpt sizergastindheafrieadsout in the hydrocyc-
operati,on of the third section of .the .process, in

ofRierbatfEly 8 EieirehEraveis SaeRe U A REURF FoAUnes Tn a battery of
CeghinRdsWithe st MOSR4tEH M FIurk e with' & i ceanet®iiescheme
As shown in Figure 1, the abrasive grain-rich flow

obf thienedious @ppaaiulgsir ocycl one battery is fed to the

buf fer tank i&h di sconnect C ' u S
car i ed guung 15, Fduf 3 38 SEReh o i@ P AR BREASE Hains is
dirferorikeAURHE thE HuFfRF tatidiobé tieatéd e the Mdltifdatiiens apparatus
apparatus of filtration and treatnment of the recovered
abeexding tgrtheryesent invention, where it is first pressure filtered, producing
a solid fraction essentially containing the reusable abrasive grains, that re-
mains in the apparatus, and a liquid fraction essentially containing water, PEG
and fine silicon carbide particles. This fraction is fed back to the filtration sec-
tion of the suspending liquid obtained as overflow of the hydrocyclone battery.
It must be noted that in Figure 1 all the blocks concerning the opera-
tions carried out without transferring the solid inside the multifunctional appa-
ratus of the present invention are highlighted in grey.
After filtering, the mass of abrasive grains is washed in hot water

coming from the third section of the system, recovered by distilling the mixture



According to an alternative solution of the first
section of the process, the sane series of treatnents

wohooaB7m8 ze- sorting carried out in the hydrocyCThDIe6/000461
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battery of Figure 3 nay be carried out in a simlar

manner in a battery of centri&gges of the type

illustrated in Figure 4, w th“a"simlar connection

schene of the various apparatuses. Turning to Figure

1, the suspension of reusable abrasive grains is then

t witbrPEGoand therbaddensinmkhe stdzen tabtained. Afsot the liquid obtained

Hobh oS iR i BRI t8p 0 s setoer S8 Fbrasive grains
Dte?ﬁm%idwtr@ ﬁ\ﬁltiﬂ%é’tfoﬁ‘ét 'a%BaPa"cﬁ@%tré ahy tr‘é%‘?é(ﬁ' iR 8 EBfsecutive

reusabl e abrasive grains, that remains in
aBbaﬁi%ﬁt, with Mdaquem@pusaltmoacof causiiss enda aorl 9aust|c potassium in

C OB LT L0 Sl ReT B Feshag v water

seomingafronf ah lextémap foush. rrphén Oy eﬁéttf’éeﬂéé |ﬁ5arP¥§§fdf é@NYtuon of
of the hXZqqunc%Cl one battery. It nust be noted ~

FPyalicad ﬁehb@r@@h@”@oﬁ@@ﬂfm Pigtartage apish) an Dfdﬂrﬁo obtaln the
SR e B T 8l 5, B L oo

hwhlwgﬂer e:d)mlmlg gr(my arNeb(fETnéi loogr IMhg, liguie stesendlobtained from
rasive alns i s wash in hot water coming fromthe

155G QREFETIQNS of Calysiics @Fdd ?‘@BWe@f@degﬁdda%@ Mlsqam@ed as sa-
t fiGe Wastd!Mtetthe 'f’gﬁdf’%’tﬁ?ééﬂ ‘?&té&ﬂ@g ?I’bﬁ g%sz\ﬁ@ ety ustlc Stehing

obtai ned. Also th I ned
f isdmbedkwitlo atfrﬂsfPEEbewm tof @bdium ©e potassiur iy dadxids Ianel used for

ar | t ncti onal apparatus, are
CRBeHR: eEhba. SThiGing e Tui slfeam naenst P waanig afer aci
ag isSilxeti with af frés 8biutioh Afabx@lic %Hﬁ&uﬁpl@ﬁféi‘ﬁéd With sulfu-
in order to obtain the etching of the silicon

pHethydrashlorigrasid aad mdﬁeﬂawita’hcmager coning from an

?&t ‘3{ Poth%%%g)?hggg%g %cgﬁ}ég?oﬁ r%@gaﬁ%q'})&ﬂy&qrgms still carried

solf i fhe samé aippardtas acmlfi@lstsrbfcd@ﬁ?ig th@ rfah@s - an opera-
et.chi Bg of the netal part| cles stil sor be
gHaR f8at gay beneAriRgds Al b foreing that %'bﬁﬂ?ﬂ;th@ &mdaﬁf grams The

XiBdain b&ﬂ nt Bh%uM|9g¥1g>fstﬁégr%€§v%@Haé%ﬁ% id BB ta%ﬁgs 0.05%,

oper at1 ons o causti c are m xed

dinndethie totakyislal 6f the maev/@r,abw‘labmshﬁeegr‘elmndhetpreaess is in the
obt ai n&?d tég om washing after caustic etching is m xed
WEUCENERS é‘h sol ution of sodi um or potassium hydroxi de

~and usegeéigbs Qﬁé’%‘h‘e@d?trﬁﬁ‘é@%dv%gé‘rgb%fl ot l{eﬂﬁlridgqé'hﬁ transfer of

stream obt ai ned from washi ng aft acid etc
mihegranuiar materias frosvlonei a.wpajatusxta)l another tb carry out the various

SHej rﬁgﬁtgt Sluﬂ%cf r}hglﬂrgg{alsé:é multifunctional apparatus according to the
present invention also has the advantage — by working under pressure ~ of
enabling the adoption of even high working temperatures (up to 180°C) with-
out leading to problems of boiling of the liquid undergoing treatment. More-
over, it has a water consumption that is about 1/10 that of a conventional
continuous filter, it can also be used for even very fine particles of abrasive
material without risking clogging of the filter cake, and, finally, requires filter
cleaning operations that are very simple compared to those which would have

to be used if the same operations were carried out in several vessels.



hydrochlor ¢ acid and used for acid etching. The | ast
phase of recovery of the reusabl e abrasive grains,

weoerdel13omsri ed out in the sanme apparatus, consPeTAT™N6E/000461

10

15

20

25

30

drying the purified grains - an opera tion that can be
carried out by forcing hot at{ onto the bed of grains.
The maxi num content of humdity of the recovered
grains is not above 0.05% while the total yield of
the recoverabl e abrasive grains in the process is in

t he rargjil 8ith gefmemes tai&idurael athectiiiyg sratien efuthenpergess, de-
|
i AR ATRRIEI 0 A S B, LS oo -

tregdy Mé® ah€ @dtoeithg tohepaltarnative ﬁbllbtmlﬁ iletratethin this flgure -
atg par at us accordi n% to the present invention als
e

filration #féhe awerTinyr RPAYNA, f@er the dydipayclonsy bat?ery (l.e. from
%porpa f, trtlibg ?E@gﬂr{gﬁﬁ%%@\é\%ﬁ I?ll@rbté’t‘q%@? erus suspension, in the

pm@d;tkaafd eXanipie,| corgaiot ﬁﬁmsilid:mwlcdrbjd@eagmlesg as well as 95-98%
treatment. More over, it has a water .consu j on that

& Gedie meld) aneasiein RARBUIASE! B MITUR PhEESS ant Wter. The
fl‘étlbeﬁeltwbén W%%WPE% 4SRdné ‘Pén§‘é’ §1;15 Wé(ncf pRfferably is equal to

articles of abrasive material wt r|3|n
cab@gumg A$ atrbady hbteel; thislsespemnsion fis abblqddeldeth seme portions

coh s teRCaabile e Ristb AT e fhed st phde B thg, goction of
Séﬂi“asﬁl@%@id@tf@at%@ carried out in several

vesse with reference to Fi

secti on_Ad:fue}n_my ‘Pffmg§o -9R%vier @f@rat%y 7 chéﬂ/é} pﬁg\q myld obtained
5y R0 0080y A E po

| bydlohe dhedry, @ﬁbhasprfdpglate?heatlm‘ge, WMIIdMnemalnmgtllmud is sent to
overfl ow com@% fromthe h drocycl one battery (i.

f thehexiohasgs PtElﬁeaB 1‘"@9 IRAPVBBYcl one of the
bat teryrme ok, RO diffed Wit e |fdt+dl$ﬂa6%ﬁdc&%amh§vo -90%
|ne Si con ar e

cont ai ns parti wel
90f 4RPEIG pleseht meth&&!ﬂaua’r&di slurrycmpqiatetd kythe imitial icgntrifugal

a mxture o ter. .The_ratio wee

2 sapmiet, i st agied Wit alutigh Br S8l BRUPERRNP fkr to alkalin-
e%@*hé ﬂt%?gi I-%be’(\ﬁeéﬂ beRdy 100664 thérhi Uﬁdéﬂg@@%ﬂﬂl@@ﬁltratlon
is a i'th some portions of suspension fed

batiis etimiraes e dimef pajtictlaée fof miecipialedsired hvﬁ@x'de Then, the

section .of .abra n
2 BusPeRYo8 5 e e aty BB e Lr,surufle AT e sBjected to
Okéﬁé?clllﬁﬁgnf F it fthist 6@éradon] thd edabandted wdteﬂ eaach:b mgcovered by
any make-up water - into the hydro
condensation in order to be reused in the hot washing of the abrasive grains
recovered in the second section of the apparatus.

The high-boiling component remaining as a residue of the distillation
is composed of anhydrous PEG, which must be filtered to eliminate the salt
(sodium chloride/sulfate) formed in the neutralization operation.

An alternative process scheme for the third section of the process
according to the present invention, i.e. the section of PEG recovery, is shown
in Figure 2. This reports phases similar to those shown in Figure 1 for the first
two sections, and differs only for the third section. In this case, the liquid

stream coming from the microfiltration, to which is added the liquid fraction



cyclone battery, after appropriate heating, while the
remaining liquid is sent to the next phases of PEG and

woabwri3rtmgovery. The |iquid, which is joined weCI/IT1086/000461
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liquid fraction, containing 70-90% of the PEG present
in the exhausted slurry, sepghated by the initia
centrifugal separator, is first added with a solution
of sodi um hydroxide in order to al kalinize the

filtrate to a pH between 9 and 10 nd then .undergoes, .
ftaen 816 itialicooHTUGHISParatar, innes AkALNER b s ATBETLsabjected

f i Qi i . h i de:. Th i .
1o Sl Rrb00E KPR S ine et deffeifate@astAbly iron)
SIHY Rethed tigpedi oft disselvéd metaisoand lof otlgreingiurities areeeliminated
evaporated water can be r cavered %%ﬁ ondensati og i

C n .
drpassieg fee NBULEFam ok DRAY QIAQRPRGIIIR Feoihy AEREbl. in-
STy TR 0y M sl M e o of
r estioliceresinstaral thiesit over at bexhof aniovigpes®s. of  anhydr ous

PEG, whj.ch nus filtere o el i.ninat : :

( sodi uré‘tc‘gpcﬁr?"‘{i@?&ﬁ #rﬁf’ e'%o&'?%gqli"aqf%gﬂfgﬁf?iﬁlétgtqfoanbmaw
ORBAGE PEGNaRd Werdtone whidf gswatdiezd bereddverédbydevapo-
section of the process according to the present

i ratient lemving the PR pustied endoiot@lydree dearsplids s Thisosn be di-

' ' . Thi t . sim :
sl 8 o T pEFRRE o DB B4 o i, meant s
difef @ftie KetvkehahetPEGt dlitaitediens adinal Iprodinitsofahehird tsection of
[1Tquid streamcom ng fromthe nicnofil%éaéion

to .
wiiec procssaddesrribed Andhe PRACRTEHAY ot HHBS| Hqupted abrasive

centrif bs not al kalinized, but is
dﬁ&gytFﬂgib%ﬁgﬁﬁégfg%ggﬁﬁicrofiItration whi ch

el i ni naTRs préseritiineentisndhagpheen didcinsed with garticulayreference to
iron). The further traces of  dissolv net i
oSABe SPApiici BT EIaste 1ote i Lt SO EERT Hodr RSt it rodifica-
st; | BB- HYAPe’ Rsrs08s skiled an aed wrt without de-
ihéﬁ§§383¥eﬁ®?ﬁgﬁﬁ¥ggdﬁ%ggst tﬁéﬁﬁfquid flowis first
mpaetingfrprathe Geepe af thedingeniien pesieineddn Hie aprERdrRchclaims.
over a bed of anionic resins. At the end of this

treatment, the lidquid flow solely consists of a binary

m xture of PEG and water, fromwhich the water can be
recovered by evapo ration, |eaving the PEG purified

and totally free fromsolids. This can be directly fed

to the slicing process. The total -yield of suspending
liquid, nmeant as the ratio between the PEG obtai ned as

a final product of the third section of the process

descri bed and the one entering with the exhausted

abr asi ve
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slurry, is in the range of 85-95% The present
i nvention has been disclosed with particular reference

woaomaseIspeci fi ¢ enbodi ments thereof, but it sooarmobenc4ct

understood that nodifica tions and changes may be nade

by the persons skilled in thesart without de parting
fromthe scope of the invention as defined in the

appended cl ai ms. CLAIMS 1. A process for treating

exhausted abrasive slurries including a sus pending

liquid, reusable abrasive G&IMS, fine abrasive

grains, fine silicon partides and fine netal

particles, conprising the follow ng steps: a)

separ atli. Ag pmneesxlﬁautrbawwgsbmmaqetw abedsiwe skrses inchgding a sus-

RO it b Ao GRS NG APB® iRt siicon par-
'tic%é‘ é%d"ﬁﬁé“m@tél' |8|e§°édfﬁ;5‘rﬁss thefolidwiridf é’t’eﬁ

suspensi on 1 n sane m xt ure contal nin fine
abr a)slsepamtlagr&n exhamted akurrtyrw Wehelzs+SIO|r|di‘¢g1trpa’im$ldl insi) a lig-

d f t al t th
1 qui A PO RO SR EIT iR o B AN EP bR B B PR AL sus-
fine gepling iRdd RAH aCliqsd Rvivaparmdof) aolduid |s'u§péﬁ’snon in the
separation treatnents combined with I'iquid sol vent

di st i Ispae wixturereoiaining thedinenalmaivetgiainsasgweab @s the fine sili-

U et oo PRieS GH RGO BRARR) ol o cent 1 fugal

sepiy @é&rvehhgtthe rsdspéndfngeldmd Wiotrh theh earoEBqlJubllsn@pensmn con-
sol i d-contaj ning fraction, battery of at |east

hydr od3ieingries 6 STRSCEn P?ftl?b%sb%mﬂ?é@t%fosqlﬁ qul §§parat|on
fed i BeGRHINES o%nﬁ@&”imtw 'fqg'}‘??é,’“é%“ dlsfillzAih! on.

conprising a portion of c '1'qui d obtained from
tdtnarax:@entesltlarihablhmfsaldewet/erzge-snﬁtirlgﬂa’eatmpahdf stgp a) is carried

liquid, thus obtaining from, ndeyfl ow of the | ast.
B CYRA DG, Toddts T RgaId Pl gRL Senpator et in tum
lrbspd C{NIW%@'Féétﬂﬂn%%héldﬁn%nﬁw@efré@ﬁb?ﬁbé HAMIAF VA least two

grai ns and wh spension 1S substantially free from
mydmcablpaeas we tyoatendrifges Aconnectesksinagserieslifad incatinigreurrent

i Ty aten: Srpeuant o Paflen A BATE Baineo from the
@aRf §1e§)§%5010%tﬁﬁ/@hﬁ@f ithe SRisbeAdIng - hqﬁldpfmx%%btammg from the
accor di to claim™, wherein the sald

wgpéi@w @ﬁ the fasti digeydlene o dash @ergﬂm oé ﬂ@@ daitery a liquid
%Bgﬁér&?&h Eé%&lﬁ& tH@qguééb%v aﬂaél\;be gLaﬁﬂ and which suspension is

substantially free from fine abrasive grains.

2. A process according to claim 1, wherein the said battery of hydro-
cyclones or centrifuges is composed of 3-6 hydrocyclones or centrifuges con-
nected in series.

3. A process according to claim 1, wherein the said liquid suspension
containing the reusable abrasive grains obtained from the underflow of the last
hydrocyclone or centrifuge of the battery is further treated in order to obtain
abrasive grains in dry state purified of traces of fine grains and particulates, in
a multifunctional apparatus implementing the following consecutive steps
without any transfer of material: filtering the said liquid suspension, washing

the resulting grains and leaching from them, by chemical etching, any fine
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hydrocycl one or centrifuge of the battery is further
treated in order to obtain abrasive grains in dry

webtetsa3pegi fi ed of traces of fine grains and PCT/AT2006/000461

particulates, in a multifunctional apparatus

i mpl ementing the foll ow ng coasecutive steps w thout
any transfer of material: filtering the said liquid
suspensi on, washing the resulting grains and | eaching

f& ' tehing,,.any. finesiligcaon an .
A T e TR e Y020 s RSy i brRY abrasive
puatdriabd abrasive material. 4 . A process according to
claim3, wherein the foll ow ng consecutive operations

are carkifeBIOSEES AFCOMENGNP Claiiindt Whergin Hispiallairg £ensecutive
by > Ny e C i pe- D
00 Rl WG BOEYEDY Bb8ar o sering ang
rteaatingl the abrasdievgrainsai ns obt ai ned from t he underfl ow

of .| ast, hydrocycl one.or | ast .centrifuge of the .
ot Pofitei N S maaidt poBinied Mt foLegble 4brgsRpaains

oper atd5; { i £l I ; oG, ;
chorn coy 00 froHFiHRERIgr B of P kE Ry ok o RB U85 cqiifuge
of t heofdle battényacti on resulting from operation B),

Wi t raduct j. of silicate_solutiops d . -

ol Bt MRoPGRAE Splid Tapliod res b 13 orerahdh Acina & ipuid so-
wast e vgngui d; D) washing the solid fraction resulting
fromoperation C), using a liquid sol vent; E) drying

t heChlnaghinge by chemicatgtehiao.upetfine silisondartd metalgarlicles of the

Ci o mopne gk fAstitld fdm Snerdip Bl iih e ARRORIGERT hoate
by chewmiutishs ehdtsiohgions afasalts & ntatal impuiifies f @bssvedth a waste

two consecutive stages: Cl) caustic etching of the
fine dOMidzon particles by treating the solid fraction

f s ey N . , o
Goi o} 11oRAinINE S PRE LG o Bobertfon 7 i8S tiauid sor
parti okes by treating the solid fraction resulting

fr eration Cl) with an acid ent solution. 6. A

or dok QBT b e rains a0 WrdnesAId Hatkar tsading from

| eachiop@ratiggMs). i s chosen from the group consisting of

nitric acid, hydrochloric acid,
5. A process according to claim 4, wherein in the said operation C) of

leaching by chemical etching is carried out in the following two consecutive
stages:
C1) caustic etching of the fine silicon particles by treating the solid fraction
resulting from operation B) with an alkaline agent solution;
C2) alkaline etching of the metal fine particles by treating the solid fraction
resulting from operation C1) with an acid agent solution.

6. A process according to claim 5, wherein the said acid leaching
agent is chosen from the group consisting of nitric acid, hydrochloric acid,
oxalic acid, sulfuric acid, citric acid and tartaric acid or their mixtures, and the
said alkaline leaching agent is chosen from the group consisting of caustic
soda or potassium hydroxide.

7. A process according to claim 4, wherein the said liquid fraction
feeding in counter-current the battery of hydrocyclones or centrifuges in-
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oxalic acid, sulfuric acid, citric acid and tartaric
acid or their mxtures, and the said al kaline | eaching

wagenst13i®s chosen from the group consi sting of ®awaT1006/000461

soda or potassium hydroxide. 7. A process according to
claim4 , wherein the said liguid fraction feeding in
counter-current the battery of hydrocycl ones or
centrifuges includes, besides a portlon of clarified

'%1 Eé%ﬁ%aés”éﬁnéﬁw?ﬁ}o&?efqrﬁ@ﬁﬂw Deaingd T the Steps B) of re-
ey o ‘Prt‘heA)s%lé’ﬁ%erﬂ%ﬁ&ulﬁgafsBQhéqﬁ%ﬁ“ébfé\%ébb?réhﬂgﬁefa&l@ﬁ‘A) of

bottom o rocycl one or centrif
tﬂﬂ’eerimgt ﬂhereyusaadsrbheabtalqad drasbtthé reedtoin ofrthep &ashthydrodagione or

N e

rwéép]rh _/) contai ning the fine abrasive grains and
the fine silicon and netal particul ates, obtained from
the oved.f A qroegsst aecarding ttorgryr @agcpfltbﬁeor@cedmgs?ﬂalms wherein

gg s][ i {] %HV@%‘{%&@F’@%&?} #’0%3% nﬁ ﬁh féﬁéj gb%%{\ﬁet EEMEAnt e fine

Ssuﬁcnﬁném@ m@ﬁt;ﬁm@ﬂaﬂ‘eeoabﬁah%dow@mfthe\meﬁldvh ef #w first hyd rocyc-
safety hydrocycl one or centrifuge under%oes t he sai d

slpags:rtfprsfoqaen’t@f@@mfyh@fsatdqbafé%péﬁqmrﬂi@r iegded In g safety hydro-
<§ oﬁ%gr‘?trnﬂﬁ ér}%hmeaédg&%mm%ﬁaﬁhé&ﬁoﬁ@{% é\tl&%\év of the

r ecov € sus I'ng urd conprise

asa‘|d safetp hﬁ@rocﬁclbnétor athpifygerbnddrgpesitios saidcdteps b) efirecovery
UI d subs %antl al ly containing the suspending |iquid,
h?lséfﬁpﬁn BOVEWH. and the fine netal particles, whi ch

' s thery Wg%c@sg%cbfﬁtﬁq‘ﬁ:eé’@ﬁﬁ '@%er&fﬁethb%ral&gfeﬁé% & recov-

sai d portions nmakes up sald portion of clarif
| érywif dhé evshemglingliquid comprisar ag atflrawep;e%lﬁitrtaﬁenbwhtc@rwelds a

o B8 e LTS AR ShedRfi sovem

AP HROFING mdtaupaticik; whidhrieaRss s@@@ﬂﬁdémm o pbmoms9the lar-
wherein the said | arger portion of cl arl fied l1g

gsTanie oft said portgo wakehep dhesaid pertipn gficardis diqlhléhfeedmg in
Ccfo%mﬁélh @Jrge?ht%@ 'trﬁhé}a@*\eo@#ﬁéw oé%g@?@&%ﬁo?we%&?r?&e%%}g%g and the
dradlidri @tk UhasigdesSuhBat dateditria dreiendo frecover thbesuspending
said battery of hy drocyclones or centrifuges.

liquid.

10. A process according to claim 9, wherein the said larger portion of
clarified liquid constitutes 40-90% of the clarified liquid obtained from the said
filtration.

11. A process according to claims 9 or 10, wherein the said larger
portion of clarified liquid is heated before being fed to the said battery of hy-
drocyclones or centrifuges.

12. A process according to claim 9, wherein the said smaller portion of
clarified liquid, which is further treated to recover the suspending liquid, is
joined with the fraction obtained from the said liquid-solid centrifugal separator
carrying out the first operation of the process.

13. A process according to claim 12, wherein the liquid fraction result-

ing from the said addition is alkalinized to pH 9-10 by adding an alkaline solu-
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with the fraction obtained fromthe said liquid-solid
centrifugal separator carryinggout the first operation
of the process. 13. A process according to claim 12,
wherein the liquid fraction result ing fromthe said
addition is alkalinized to pH 9-10 by addi ng an

afiRBy i ne solution. 14. A process according to claim

13, wheqgin @ﬂ?cfe%?i SR @ &8n! 18Ul eldiac bogbid.%,kannized
undergoes mcrofiltration™to elimnate iron hydroxide
t hiquidi factiormeddepmesahiiebfiliragian i ton elimiata iprodyslsoxide that is

according to claim14, wherein the clarified liquid
f %m%ﬁ%ﬂ&#&%ﬁmw tration is neutralized by adding
an aci d1§0hWrbedsReLIINE 18t 4t Whle?éih gne icariedarquid from

to separate the said solvent fromthe said suspension
| theusald icenfipationt is aeutrazedboypadding anaadd salutign ed undergoes

¢ TRt AR El s e e B PR eyt 1 pprgpion fiauic

t bg evapératibat i s formed upon neutralization. 17. A
process according to claim12, wherein the |liquid )
fracti ohSr Aspracepngaceehng e dainy 13davhereih thedepigosdspension

ot , . Ui £ ot p . ‘
N e P G
pupseasutralizationng to claim 17, wherein the said

clarified |iquid obtaipned fromthe said. . .

i or of | TCrAPHEES RISPIDAS 6 GRS, tiHeeidhe ighid raction resut-
[ aMIE £:8S1 NGt LidoRat gi

YRR BB ety B Aot of e
c imgp mietainparticdlatesfromrtbasawintladfiied iguidni ¢ resins and a

d ' [ esi ., 19.. . .
Sccor di My RTEveNSPa T AP AT e, EPii DR S, ety liauid
t sbagtbd MenFahd ddi@ahiERstitraid uneergoeshantifer g#8atsent on ion-

undergoes distillation to separate, by evaporation,
t exchamige wsinseint eliminate aceaiad rpetals iead ethspénaumiips from the

R R RGTRORY S RabOef Bl Bt st ang o sec
| ond freafraést oveahion rebimses B) and/or D) of the -

19. A process according to claim 18, wherein the clarified liquid ob-
tained the said treatment with ion-exchange resins undergoes distillation to
separate, by evaporation, the said solvent from the said purified suspending
liquid. |

20. A process according to claims 15 or 19, wherein the said solvent
is then condensed and reused in the said washing phases B) and/or D) of the
said abrasive grains in the said multifunctional apparatus.

21. A process according to any one of the preceding claims, wherein
the said suspending liquid of the abrasive slurry is polyethylene glycol (PEG)
and the said liquid solvent is water.

22. An apparatus for treating exhausted abrasive slurries according to
the process as defined in claim 3, including the following interconnected ele-

ments in sequence:
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said abrasive grains in the said nmultifunctional
apparatus. 2 1. A process according to any one of the

wonewadiaeg cl ai ns, wherein the said suspendi ngPCTADI006/000461

of the abrasive slurry is polyethylene glycol (PEG
and the said liquid solvent _igg water. 22. An apparatus
for treating exhausted abrasive slurries according to
the process as defined in claim3, including the

f ol I oW n

| b o O TR T GeRtTYItGet 1eaSt Siaae, Fa-Gangaining
sol | d-w RGN dMalARbicd), BRPASRGAE ShEbBRKY SN EhtSiuo hy-
ttery of at léast t 0

one of wo hydrocyc es or
centri dlr@ggdonem reeceardrifuges &OWCtQCh én usetiesf |tbey dimdarflow from

h hyd t d t t
Py dr ocHAr DR SRt Pl PRYEr Ao ESHIEs i PR N SOEaTRAT con-
from tthmgaﬂégémér wnﬁ th¥ dfv@erm Hidoen e ¢R%E buf HBE. hyt:ll’& clone
sai d battery rocgclones or centrifuges being f

in como;eni@fugtaeme s&id aﬁewQfmyairwmneﬁpr&ﬂmmfugewewg fed

Bt s Tyttt Sty iy St Grorb e AR of clarified
mul ti filgaed iohidhedpipanahe ssdidrsteps b of ngcevshytofelaé i iGpending

the abrasive grains designed to carry out the
foll ovﬂ%‘@j;consecutive steps without any trans fer of

mat .r!aal*riulﬁfph&ftﬁ{?'l 9 QFatGJ‘f’or'filt@HEgal o8 d@?ﬁoc% 6 abrasive grains

cont ai ni ng PTé grains o
under fdesigrogd torxmrnfamlt thy dollowindg coasecutiverdteps wugeut any trans-

" eachifiGol MeRkET26n ehiBe Gad SuSHbrih BentaRing the abrasive
Sili C?Ta?ﬁ‘d%ﬁﬁh%ﬁ ¢| Eﬁﬁd&%ﬁtﬁsth@nlgst ﬁ%d]@bi/Mone or centri-

dryin e puri granu ar abrasive terial
[, afuge,eambmquesbmasbmg@foftﬂr@ gaudting geains @undpleashmg from

he. f b d th
o) | T odhBih P ehdfical Boriid 8t e ShiBaRt B meial sbe Hartigyiates
of theydd, mabuwwuﬁgwtr@pumredcg@mnértmﬁagf/e hitgeralt d
battery i'n order’to recover the suspension |iquid. 23.

An Hp @atraannser&@@@thn 94 the saidaliqhic suspaesien ) pﬁ@t%lana the fine
bat ter r%%}'g éﬁgﬁg flr‘?é Sﬁl%ghrél‘[d’lgf%iall GhHAes otﬂalned from

furthe ocyc one or cen recei

t he owvkefoverflonf of the flrstr I?tdrbwhi@mey of QBﬂtrl@Jlgeleﬁ’TM’]EI éau@ aattery in
of the sal d batter whose overfl ow feeds the said

sect | SHIPHIO BREVETBASHERENSIPN Idig; o
23. An apparatus according to claim 22, wherein the said battery of

hydrocyclones or centrifuges includes a further safety hydrocyclone or centri-
fuge receiving the overflow of the first hydrocyclone or centrifuge of the said
battery, and whose overflow feeds the said section for the treatment of liquid
suspension fj) in place of the overflow of the said first hydrocyclone or centri-
fuge.

24. An apparatus according to claim 23, wherein the said multifunc-
tional apparatus for filtering and treating the abrasive grains is a batch-
operating apparatus consisting of a pressure vessel containing a filter device
on which the abrasive grains are housed during filtration and all subsequent
phases of washing, leaching and drying.

25. An apparatus according to claim 24, wherein between the said two
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suspension H) in place of the overflow of the said

first hydrocyclone or centri fuge. 24. An apparatus
weacewridiaeg to claim 23, wherein the said nulti PAnar2006/000461

tional apparatus for filtering and treating the

abrasive grains is a batchopgégting appar at us

consisting of a pressure vessel containing a filter

devi ce on which the abrasive grains are housed during

filtration and all subsequent phases of washing,,

|ederoRnisgl. and [Hrtheisgis povided ahvieatark &y dbe @brgsive grain sus-

| aim?2 ' ' . d
et Bpcotaa e s A L of b Bh B RS
%r gﬂ n 15’_'6|.S Ameé@alét&b%@%ﬂ@idgftbcang b/ﬂxﬁ aﬁicdbibrs: 220, wherein the

rocycl ones or centri es. . 26. ar at.us
eishpaning o osdpatmentst tesiaud suspanSahdpBINEd from fheyover-
; I _ el ;
SEOL R ATT b FS ort h VBRY BlRcycone o
wentdoye, ihvigdes arfilfer devicedramfvehigh tiyel exiting ctariiedrliquid is sent
S et FoAATReR TSRS, S o ana
gﬁa‘?latro%éé ‘ﬁ*?C?Lg})t?éggrrreﬁt‘}hé%‘éﬂi’@étté@%fwaﬂfd?dioﬂ_@s lor ¢ghifuges.

d in part I'n counter-current the said |
bat t er R7ofAnhgpbaretus| asvesdiog toestaim RGguderein theygaid further ap-

a ratus according,to_ clai By ' . Sadd, .

TRaarS T Erar SR s R B T O il ds 2 BichM fation device
ldriduan elvasbrats suitBblertef ddgarald e staversten ainslvapor form from the
evaporator suitable to separate the solvent in the

waspendipgigilidom t he suspending |iquid. 28. An

appar at,ys xac ; . r : )
ot hor s A antth Aoty Toidaint 27 fitRroh e 3ol further ap
|jmaivdes Her redeverirg theesuspeniding fiouid édlndenatiilteg detiee for elimi-
sal i ne resi dues fromthe suspend%ﬁ% qu%gﬁﬁéeft %ver id
edingtthe saling rasidues from dhe spspenaingJistid, ik oui Bei Hig sai
tdﬁﬁmgﬂbﬂ127’ wherein the said further ap paratuses for

recovering the suspending liquid also include one or
nmor e de9viAmespgaratusr actomding thyclaion 28x wiergje the siaid further ap-

paratuses for recovering the suspending liquid also include one or more de-~

vices for treatment by ion-exchange resins.



