PROCESS AND APPARATUS FOR TREATING EXHAUSTED

ABRASIVE SLURRIES FOR THE RECOVERY OF THEIR REUSABLE
COMPONENTS DESCRIPTION 5 The present invention concerns a

process and relative apparatus for treating exhausted abrasive slurries for

the recovery of their reusable compo- nents. More specifically, the

invention concerns a process, with the necessary equipment for
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undesired waste matter. The process enables the total recovery of the

still reusable abrasive grains contﬁ' %QS'I%IE;F Igﬂ]austed slurry as well as
the total recovery of the suspendingliquid o { e abrasive slurry, in order

5 to reuse both compo- 15 nents in the manufacturing process. As is known,
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slicing 20 operation’is carried out by means of a cuttet or wire saw, in
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to elesisomicrancunimiqrolteiss esiargy thieldbmesikesdouseintb thinaditicon discs (“wa-
fers”) obtained from either polycrystalline or monocrystalline silicon ingots or
ingots by cutting the ingot perpendicularly to its length. Typically, this slicing
operation is carried out by means of a cutter or wire saw, in which a metal wire
of considerable length and suitable mechanical resistance, wound in a system
of rollers and 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 abrasive 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 longer suitable for the cutting operation: this is

shown by the fact that the grain size distribution of the abrasive particles

de- creases to lower average values. At the same time, the abrasive slurry

be 5 comes enriched with fine particulate 2eming from the silicon ingot

being cut and also from the slicing wire (mostly iron), as well as from the

metal pipes of the apparatus itself. As the amount of fine particulate
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20 combustion of organic substances.

Alternatively to incineration, 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

25 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

30 latter (which may be based on mineral oil or on an organic liquid, such as
PEG), if efficiently purified from the suspended fine particles of metal residues

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



unaltered during the process itself. Since the need to separate and
recover the components of an ex- hausted abrasive slurry is a widely felt
problem in the field, several techniques 5 have been proposed in order to
implement this recovery, at least in part.-Bpth in the case of oil-based
abrasive slurries and in that of water-soluble organic liquid-based slurries,
all the proposed methods varyingly combine the follow- ing basic
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of e ;prr@lsamraarat}f fmil@ﬂw?déﬂoéltyemﬁ@h@ patimudatrl slueycesrivieamely by
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Iengtmomstes necessary for the treatment, and/or low yields of the various
panents. Thet Eurcg)ean atent application. EP-A-786317 (Shin-
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As is knoe)), in a hydrocyclone the -4- feed to be treated is fed from the
top)atfn rmsd)ﬁ\edl%ﬁth%%%esrétéarlgsm%éhﬁom abrasive grain separation;
d) distilling the liquid mixtures of solvent and cooling fluid making up the fil-
trate;
e) drying the reusable abrasive grains. _

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
low yields of the various components.

The European patent application EP-A-786317 (Shin-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



apparatus, so that the centrifugal force pushes the heavier particles
towards the sides of the container. Moving in a spiral manner, the heavier
particles are then collected in the container's conical bottom (underflow),
while the clarified 5 liquid comes out at thg top from a central duct
(overflow). In the solution pro- posed in the aforesaid document, the
hydrocyclone overflow, that contains the oily cutting fluid, water and alll
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(sure@heaxanesed heptangihgvivleHs t;h@cess Qfeslemfed in the aforesaid docu-
ment. The same applies for the oily slurry recovered from the centrifugation
operation, which inevitably contains traces of fine solid particles that return to
the cutting process and accumulate in the system.

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 that it 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



soluble-based slurries amphiphilic solvents are used (such as acetone).

This enables creating a stable suspension of fine particles to be

discarded and improving the separation of the abrasive grains, which are
recovered in the 5 first phase of treatmenghy wet sizing. The suspension
obtained after separating the reusable abrasive grains must be treated by
distillation, after the necessary filtering of the sus- pended fine solids,
givendiipbishiliis ssiserire ot a0Hadp b HIBWHE) tRen I $REAEIREse of water

fluid. 10 In this case too, the recovered abrasive grains are not completely

t
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abrasive material to be recovered and reused in the cutting process.
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The European patent EP 0791385 (Shin-Etsu Handotai Co. et al.) )
describes a ARHIIFRENFIR s QRIRIAEH aAtide3eRsralRdudbsy spigakie abrasive
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for use in the case of water soluble-based slurries. Here, too, the first. )

op@r%%ﬁdcﬂﬂezéoé%& SMGILERR IRdRS SRR IR e REAed dsdavigsible with the

recsiespispidiagaRiig. Then, the mixture is treated by wet size-sorting to

separate the reusable abra- sive grains; here, too, the preferred apparatus

is a hydrogbhfg\lr%??’ﬁ% 100 Bereosiess IR SR raR are maheompletely free
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ension 25 obtained from the overflow of the

f the liquid , _ . .
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ordectvéredrdng sepssation wesosnRrpeoselids, Morddven, therwhels I8kt of the

under%cies distillation, from which water is recovered, as the lightest
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Thendigisrguallyaigidsabible slurry, suspended solids and coagulant
undergoes separation treatment, preferably by centrifugation,

to obtain, fﬁ"l?lt? | wdﬁﬁﬂd‘,’%@ﬂﬁoﬁ%sﬁﬂ%@%@e @Q&&'@éﬂﬁaﬁéﬂgﬁtﬁﬂeco- et al.)

othirsthie6-avatetherlUblethl ¥ paRisicaahg RURRA P i SUEIBE abrasive slur-

pr,?icezsgiﬁ;%grf%tmer two methods described above, but mainly intended for use
in the case of water soluble-based slurries. Here, too, the first operation con-
sists of diluting the suspension with water in order to reduce its viscosity.
Then, the mixture is treated by wet size-sorting to separate the reusable abra-
sive grains; here, too, the preferred apparatus is a hydrocyclone.

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



treatments, among which the addition of a dispersion agent to adjust the
vis- cosity of the slurry. Both as regards the quality of recovered abrasive
grains and as re- 5 gards the purity of the slurry that is fed back into the
cutting process, the same considerationsghold as the ones made for the
two previous processes men- tioned above. The US patent No. 6,010,010
(Elektroschmelzwerk Kempten) pro- poses a completely different process

for readingbRibIausiiae,abraRjveas Usdefe dsethan the roathagsproBeisiersiier further
so far. In this case, in the firstﬁ%ase the whole solid cc%mgonent is dried,
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particles agg separated from hhe figg, waste material py  conyventional dry
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oY R S0 TR Ve, CXBRO e T aely consist-
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metal owdegﬁ. The European patent EP 0968801 (MEMC Electronic
Mg AR ¢ $%3% describes a method aimed at

regeneratirghantexhaoisigidsibproposal of totally drying the solids suspended in
the exhausted slurry, and then cyclically evaporating and recondensing the
suspending fluid, is evidently inconvenient as regards energy consumption,
and also exposes the suspending liquid to heat stresses that can favor its
degradation. If the suspending liquid is oil, the 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



sive slurry of the water soluble-based type, wherein the exhausted
abrasive is firstly heated to reduce its viscosity and then subjected to an
initial separation by filtering. This yields a clarified liquid largely composed
of cutting fluid with 5 traces of fine powdeys, and an agglomerate of wet
powders containing, along with a small quantity of cutting liquid, almost all
the solids suspended in the exhausted slurry. The wet powders are then

diltegpyithamaiey Wr@t%WB%WQ%rW@ﬂ QYERRRd abra-

fraction of grains of larger size (un- derflow) essentially containing the
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suspended in water, mixed with a smaller amount of sus- pending fluid.
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the aqueous flow that serves to dilute the wet powders before the
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re%ards the quality of the recovered abrasive grains, neither the process
de
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2% in the abrasive grains sent back to the cutting process. Another

noRENEYNgiBd b iactie meosisiaisg dhaaruRsive afsindiseansisied, while
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viscosity, is the need to add considerable amounts of water to the wet
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that a smaller amount of cutting fluid Is lost be- cause it is left in the solid
afilieRE ARVARS AN Aei@idther proposed process for treating exhausted
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polyethylene glycol, PEG) is described in international patent application

NS EXD2HsSEE SIugY (R E ikt MEtvandrageatl cansetseRyzeans of a
whargiethRePHPYB@RHH Nfter which it is sent to the cutting process.

As regards the quality of the recovered abrasive grains, neither the
process described in patent EP 0968801 allows obtaining a virtually complete
elimination of the fine particulates, which remain in an amount of about 2% in
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 solid 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



is first divided into a solid fraction and a liquid fraction largely devoid of
solids, by means of filtering. The separated solids, which include reusable
abrasive grains, non-reusable grains and fine silicon and metal powders,
as well as a 5 minor amount of suspending liquid, is washed in water and
then treated with a sodium hydroxide solution (alkaline leaching agent) in
order to effect the dis- solution of the silicon fine particulates and eliminate

thepE e Tiiate e nete A dhe afarssid RRSIPURRRRERL eieslisted slurry

with an acid leaching agent (such as a sulfuric acid solution) in order to
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hydrocyclone, obviously upon a suitable dilution with water. 15 Summing
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above, besides the com- 30 plexity of the series of operations necessary _
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chespigaLAREshBHSRINIGR RGPS (RERBILRNEING IRECreBovered from the
Embodiments of the present invention seek to provide a method for
treSifhgusted slurry and fed back into the process.

It must be noted that after each of the said operations of chemical
etching, washing and filtering, the solid residue must be taken from the filter-
ing equipment and fed to the next phase, something that also has the draw-
back of causing further wear of the abrasive grains to be recovered.

As regards the recovery 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.



exhausted abrasive slurries, of the type used for slicing silicon wafers by

means of wire saw machines, in order to recover reusable components,

which method may enable a virtually complete recovery of the still

reusable abrasive grains and suspendjr@_liquid, by means of an

economically convenient process of non- complex management. The

method can also guarantee the complete elimination - from the recovered
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operation in the separation of the exhausted slurry, the recovery
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of the finer solids - in a battery of hydrocyclones suitably connected in
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abPatietyndesitrifuges connected in series, are fed in counter-current with

a clarified liquid suspension recycled from one of the subsequent phases
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obtained as underflow (UF) from the bottom of one hydrocyclone feeds
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may be obtained. The exhausted slurry that is fed to the initial solid-liquid
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reg{/%iga’ﬁgw g‘rgeogft %”etgﬁbns%cqeusgr?‘t%hases of treatment of the suspending liquid
and suitably heated. In the proposed hydrocyclones battery, the suspension
enriched of abrasive grains obtained as underflow (UF) from the bottom of one
hydrocyclone feeds the next hydrocyclone in the series, and from the underflow of
the last one of these a suspension of abrasive particles of optimized granular size
may be obtained. The exhausted slurry that is fed to the initial solid-liquid separator
centrifuge may not need any preliminary treatment of dilution or heating, and the
amount of solvent fluid intfroduced into the process (typically water, in the case of a
water soluble-based suspension) solely corresponds to the solvent neéessary for
replacing the, albeit negligible, amount lost downstream.

According to embodiments of the invention, the UF suspension recovered

from the hydrocyclones battery is further treated in order to



operations within a single multifunctional filtering apparatus without having
to transfer the solid between one operation and the next. In this phase of
filtering and treatment of the recovered abrasive grains, the suspension
coming from the hydrocyclones battery is filtered and the filter cake is
subjected to the subsequent operations of hot washing, leaching by
chemical etching - both acid and alkaline - of the fine particles still
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or the UF of the hydrocyclone battery, from which the suspension may
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exhausted abrasive slurries including a suspending liquid, reusable
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wRHReSnEARRRGI the fllawvingrsieasy aisePaiating: teesxhausiafy the solid
slurry by wet size-sorting treatment into: 1) a liquid suspension containin
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the fine abrasive grains as well as the fine silicon particles and fine metal

thigastibs ob) EBGVBHSy THEYsURRRIIR VIR ratRGPRIGMAURRYCle. it must be

disssReasion sef g Ene afmns @nd sesiedesdningapss®lent. To this end,
solid-liquid separation treatments combined with liquid solvent distillation;

- the REpSRSthe LURAdRE SRSt AIBAL Y sRiphy iRinfygIgneRpattery, from

whigrtiRg s pxhauptesks weykaniqoidisofisheentiisphseparates Wattifunctional
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grains, fine abrasive grains, fine silicon particles and fine metal particles,
comprising the following steps:

a) separating the exhausted slurry by wet size-sorting treatment into: /) a
liquid suspension containing the reusable abrasive grains in a mixture of
the suspending liquid with a liquid solvent and i} a liquid suspension in
the same mixture containing the fine abrasive grains as well as the fine
silicon 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;

wherein the said wet size-sorting treatment of step a) is carried out by treating the
exhausted slurry 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



the last hydrocyclone or last centrifuge of the battery a liquid suspension
containing the reusable abrasive grains and which suspension is
substantially free from fine abrasive grains; and wherein the said liquid
suspension containing the reusable abyasive 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
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abegsinsigraingroiainsdfaeatelanio dmtsuspeHirolast divsl rrgy morelis centrifuge
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particles over 2 pm in size, and the other an essentially liquid suspension
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- filterpaitisdsaicoligrids Ueranaethenpstios st ®erainsaang leaching from

thHRIasVerdiaios: EhaigodRy ditiawicepivan thatis paARICS HiRISTsR, drying
in andther section of the apparatus, may only serve to replace the, albeit
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operations may be carried qut in the multitunctignal apparatus for filterin
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- solids that contains an average of 10-30% of suspending liquid and solid particles
over 2 um in size, and the other an essentially liquid suspension containing 70-
90% of the suspending liquid and the smaller, finer solid particles.

Unlike in the known systems of the prior art, the exhausted slurry may be
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 that is added to the system, in another section of the apparatus, may only
serve to replace the, albeit minor, quantity of solvent lost from the system. |

According to one specific embodiment of the present invention, the
following consecutive operations may be carried out in the multifunctional
apparatus 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



solid fraction resulting from operation B), with the production of silicate

solutions and solutions of salts of metal impurities, dissolved in a waste

liquid; D) washing the solid fraction resulting from operation C), using a

liquid solvent: E) drying the abrasive gy jns making up the solid fraction
resulting from operation D). Preferably, the operation C) of leaching by
chemical etching is carried out in the following two consecutive stages:

Cl) caustic¢ gtching of the fine silicon particles by treating the solid fraction
resulting(ﬁfﬁ? gsg?arﬁm B) with an alkaline agent solution, in particular,

causti) sedshimgdtes sofiu hfrdabididereE 2 )tialkalivene obéngtafrthd)metahfine liquid
particlessb@fvtere iting the solid fraction resulting from operation Cl) with an

acid agen <610 ion, in particular, nitric acid, hydrochloric acid, oxalic acid,
sulfuri) deiakuitde byidramtaaaatchiid dhthdirersiionss ainctmegbad pesticles of the
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feeding in counter-current't attery rocyclones or centrifuges
preferablgotutione snsesleticnpartiealist efarittal liguidrdismirsieskbiedie a waste
steps b) R%rigcovery of the suspending liquid, also the liquid obtained from
operation A) of filtering the suspension obtained from the bottom of the

last hjire@gtinge e ceplidfitrebothedsatiany dimmhenif@itiosbiainadsiigme liquid
operatiorégzé“tsubsequent washing. From the foregoing, it appears that

the process according to embodiments of the present invention can

ideallfEba Biingithge aigs iveearangionakimhafirsbeceabif faediats erslting from
solid-liqui(gb%%lgéw%l_ separator (centrifuge) and a battery of

hydrocyclones or of centrifuges, while the second completes the treatment
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outtMarissRdAngnewith Aadeiiosalg@ssel in which the chemical

reactions are carried out. or, better, In the specific multifunctional
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with the liquid fraction separated by the initial solid-liquid

caustic soda or potassium hydroxide;

C2) alkaline etching of the metal fine particles by treating the solid fraction
resulting from operation C1) with an acid agent solution, in particular,
nitric acid, hydrochloric acid, oxalic acid, sulfuric acid, citric acid or
tartaric acid or their mixtures.

In the process according to embodiments of the present invention, the
liquid fraction feeding in counter-current the battery of hydrocyclones or centrifuges
preferably 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 subsequent
washing.

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

of abrasive grains recovery with the various operations carried out with two filters



centrifugal separator, in order to eliminate the unwanted fine particulates
and to be able to reuse the suspending liquid in the cutting process.
According to some most preferred embodiments of the present inven- tion,
the said liquid suspension ii) containiqgéh_e fine abrasive grains and the
fine silicon and metal particulates, obtained from the overflow of the first
hydrocyclone or first centrifuge of the said battery, may be further treated
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which also receives the liquid obtained from operations A) and B) sent to
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embodiments of the present invention, the larger portion of clarified g(}uid
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thébfﬁfj%ﬁaﬁk@ liaystioaysdoBafefyCRptitgR IbAtety, ctrisugkeiesakly facpietbct the
. before being fed into the said battery. Preferably, the smaller portion of
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joined withpheificattiors altaitast fryrotihecenich/lianithe digspentdifugdbuid, carried

separator carrying out th i’rsto eration -14- of the process. Then, the
ouf i Ry 1RGP bR a BTG PBERSF GO ER B i 2 Trst step,
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liquid fractjon resulting from the said. addition may, be alkalinized to pH .
o RURNY SRR o A0 T L b LIS DAY may yield
cIamm@ﬁ]mﬁmnbmamrmﬁ&tedhmimnwﬂwcsddpethdtn'g ficymedtbpdiguid solvent and
thealI ir?émnlwze te':\?r;])'amc ecsl,?w%gr!l%lt%en subdivided in two portions: the larger one of
said portions makes up the said portion of clarified liquid feeding in counter-current
upstream the battery of hydrocyclones or centrifuges and the smaller one
undergoes further treatment in order to recover the suspending liquid. As will be
more evident below, with reference to the detailed description of some specific
embodiments of the present invention, the larger portion of clarified liquid may
normally make 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



from the microfiltration may be neutralized by adding an acid solution and
may be subjected to distillation to separate the said solvent from the
suspending liquid by evaporation (the solvent being purposely selected
so as to be the lighter one of the two cgpponents). Hence, the
suspending liquid may be further purified by filtration, eliminating the salt
that is formed upon neutralization. According to an alternative procedure
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ion-exchange resins may include a first treatment on cationic resins and a
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liquid. The suspending liquid remaining after, this operation may be
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The clarified liquid obtained from the treatment with ion-exchangé resins
may consist of a mixture of suspending liquid and liquid solvent, devoid of
suspended solids or metals in solution. Such mixture may, finally, be subjected to
distillation to separate - by evaporation - the said solvent from the purified
suspending liquid. The suspending liquid remaining after this operation may be
directly fed back into the cutting process and has the same characteristics as fresh
cutting fluid.

In both of these alternative procedures for recovering the suspending
liquid, after evaporation the solvent may be condensed and reused in the washing
phases B) and/or D) of the abrasive grains in the said multifunctional apparatus.
Thanks to the recovery and reuse of the solvent, the whole process may use 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-



glycol (PEG) and the liquid solvent is water. According to a second
aspect, the present invention provides an apparatus for treating
exhausted abrasive slurries according to the process previously
described in the first aspect, including thgsfollowing interconnected
elements in sequence: 1. a liquid-solid separator centrifuge that feeds with
the solid-containing fraction separated thereby the first one of a battery of

o< ARk MRS VY BPIGLORES AL RENUEAS O BRARGIed In series; the

underflow from “each hydrocyclone or centrifuge feeding the next

hydrocyclbséeridderiotpd ibgéths Rigrass ArGatiingodin grehrdimrats of the
pre88nPHIORNSIP ARG e eate tisosai PR iare 8y dirpyEleaebPsive slurries

centrifuges being fed in counter-current with a liquid fraction comprising a
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the abrasive grains designed to carry out the following consecutive steps
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hydrocyclone or centrifuge, subsequent washings of the resulting grains
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lll.a treatment section of the said liquid suspension iii containing the fine
elgRSERdYRSALEIHE the fine silicon and metal particles obtained from the

overflow of thadiirt-Byrtosysinapceaniriyeedthscoritvitatiens Hligrée®itaining
to recover the susRension qu%id Accordin%Jt a preferrﬁ]d embodiment o
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further safetyhirdegeyshenrcopicaaniiiyge cdfraeraivingdhienvaglanwdeiflow from
the first hydrocyclone or centrifuge of the said pattery, and whose )
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place of the esetrifoyenf tivgswidfiratthy ditey closdiowcanirifugae next but one
hydrocyclone or centrifuge, the said battery of hydrocyciones or
centrifuges being fed in counter-current with a liquid fraction
comprising a portion of clarified liquid obtained from the said steps b)
of recovery of the suspending liquid;

Il. a multifunctional apparatus for filtering and treating the abrasive
grains designed to carry out the following consecutive steps without
any transfer of material: filtration of the liquid suspension containing
the abrasive grains obtained from the underflow of the last
hydrocyclone or centrifuge, subsequent washings of the resulting
grains and leaching from them, by chemical etching, of the silicon
and metal fine particulates and, finally, drying of the purified granular
abrasive material;

Ill.a treatment section of the said liquid suspension ij) containing the
fine abrasive grains and the fine silicon and 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

hydrocyclone or centrifuge battery may include a further safety hydrocyclone or
centrifuge



Preferably, as already noted, the said multifunctional apparatus of
filtration and treatment of the abrasive grains is a batch-operating
apparatus consisting of a pressure vessel containing a filter device on
which the abrasive grains are housed_dgring filtration and all subsequent
phases of washing, leaching and drying. Between the said two sections I.
and Il. of the apparatus according to embodiments of the present
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it RN P e OkfrRIR the Siﬁf@tlébb’é’em@’fd%ﬁé”iﬁeﬁtrﬁ‘e\%ﬂﬁé/réﬂﬁgd@pﬁara’tus

filter device from which the exiting clarified liquid is sent in part to further _
CORBiSRAUIE S IR GRR YESSELICORIIMPR RINGAIGHRYSSA R PR fhsy abrasive

grin SAHBIBEGHEE AL SRipeAn TNy sliBexelaBRs S A8 TBHgRShing, leaching
Moreover, the said further apparatuses for the recovery of the suspending

angaRfiRthy include a microfiltration device and an evaporator suitable to

separateglagadvetidnsle Napetiohd omatie Buspendingbgrtlangecording to
possibly, a filtering device to eliminate the saline residues from th _
erapeinaitg rbihg RfeasRt \"’r‘é{ﬁi‘ﬁ%“séﬁmﬁéﬁl|%‘Efb‘ﬂ?’§\%&3m+ﬁ%rt63é$§ for collecting

thalinadive areandrveshabihebsten. thensaid fusidenatieppretusesdeyciones or
the recovery of the suspendin ”qéf?i]d maﬁlgalso include o

Co 88 %o RSN By DR o PEURO Y PR AEragBahipe piant

fraprEsRNEEvtRIMIOPe RRINEINASAtsIadvantages and relative operational

modalities, will he more evident witl.'\;_refer(???c to thg (ie{ﬁiled description ¢
below, p SERE W?ng?e%? %)&%B'I fre&fion UFb%% s g CcBRERMRifG arparatus,

theametiohily prefessademiddindnisd Bus sammarebibhatliustiaidiokintieefiow of the
f a{tsﬁlc ed dr Win%s., wherein: F:iguie 1 ows]an overall blolck dia ramto¥a

R SDSTOESORT REEHNY e Bt AbHARivE %Fé{rrfi‘éfga" CeSiding 6 grerTHge. may
inpiiekent fitee e igone Wisicbvsearotiegadbiveddiggrans ckasecpad to further

rocess for .5 treating exhausted abrasive slurries according to th .
a %%%HF%% e‘Htigr@er gto recover ﬁme suspending ﬁqurc{ argd in Sart o feed in

counter-current the said battery of hydrocyclones or centrifuges. Moreover, the
said further apparatuses for the recovery of the suspending liquid may include a
microfiltration device and an evaporator suitable to separate the solvent in the
vapor form from the suspending liquid and, possibly, a filtering 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 further
apparatuses for the recovery of the suspending liquid may also include one or
more devices for treatment by ion-exchange resins.

The specific features of the present invention, as well as its advantages
and relative operational modalities, will be more evident with reference to the
detailed description below, presented merely for exemplification purposes and

concerning some of its preferred embodiments. The same are
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Figure 3 shows a simplified apparatus arrangement of a battery of
hydrocyclones connected in series that, together with the liquid-solid
centrifu- gal separator, represent the first section of the apparatus, as well
as the first operation of the third section 9f the apparatus, which carries
out the recovery 10 of the suspending liquid; Figure 4 shows a simplified
apparatus arrangement of a battery of centrifuges as an alternative to the

Datish By HARIARS BRI LRI n the block diagram of

Figure 1, the process according to the present invention, and the

specially dE§igfed Hhsavstas fevaiadidinetititigaram, ofre ssleptragss for treating
cogppsest %%io&gm@%%e&%fgtﬁi ’tﬂé‘ém@bmq AVehbyn.

(represented by the left-hand column o diagram) are devoted to the
recovery ahl@piRifEMGE e R(alidpelnd siafamshsveasanstigrocess for

while atfiR blidbsREEAN Hig iR rrr MRSy At P hs UsAvaRtiBRd

recovery of the suspending liquid. 20 The exhausted slurry coming from
the silicon gt stinossstrsitaplitiesorpraradns AmaNssveRt wighbattery of

anflydidBpckses eontiediBar R8s Tha HGGLARP WRASER: FENIAISSIIA centrifu-

reusable silicon carbide abrasive grains which;, for an abrasive suspen-

sidiPbERPEEAtRRikaRresentiae-Bd Sasdivmaldke appatalten asaweglBss the first
250YBrRlh 16F thEUPRRNSINiOh Biehar apbsiza (@ WRidR LRR9T6IR #PRcovery

type) have sizes between 4 and 25 pm; In the case at hand, these ac-
cofhtiiersseredingligiget of the exhausted slurry; A non-reusable

abrasive grgiiFea4CeHBIRY éoéf?é’gmez]%a%_é{@ﬂ@ A HRgSHRARNSIR: battery of
p

with grain size lower than 4 pm; fine particles of silicon, originating as

duseiftne ascasimbAlisgortiveity thedatterwafilydreiaienesaidtionss 3.
by weight alsthie SWHPRNERNEIBEK RRNGraIESTOIIPEVE 4HRIbrdBESE according to

values are average values since the _18- size and quantity of fine silicon

patterEessidpvratininansLithsgsessilly slesioneReanpasatieipaispiamenting
of iha el BkcAnidllg SRnpISE QUG IR PRI RING SHiRIME ,SBf%i%P\ the first

fine metal particles, in particular of iron, coming from the metal wire o

théQtEarinsantes Andhpdettrand salenspatheudiaasmicigndayoted to the

recovery and purification of the reusable grains of the abrasive material while
the third section (right-hand column) is devoted to the treatment and recovery
of the suspending liquid.
The exhausted slurry coming from the silicon ingot cutting section has
a solid content of 50-55% by weight and, in the case reported here for exem-
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
pum, and for a suspension of finer grain size (of the JS 1500 or JS 2000
type) have sizes between 4 and 25 pm; 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 pym;
= fine particles of silicon, originating as dusts from the silicon ingot slicing
process, which account for about 7% by weight 6f the suspension and

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



about 2% by weight of the exhausted slurry - here, too, the amount may
vary according to the conditions of the slicing process; * suspending liquid
(cutting fluid), which may be of water-soluble base, such as PEG, or
oil-based; in the example reported here; fg-abrasive 10 suspension is
PEG-based. The aforesaid exhausted slurry is sent to a solid-liquid
centrifugal separator (centrifuge) which feeds the suspension (a) rich in

solids O@i@éﬂeﬁdfrqxjr@riltuwaiﬁ@@Iﬁi@ﬁﬂbé&%tﬂéfé‘é@é@@ﬂ@@nwﬁb glatisy condi-

of size > 2 m, to droc e battery s onl ingJe block in

Figure 1 led é{j ﬁ*@%‘i’(ﬁrﬂ?} Wﬁyméﬂéf@ lpaeter of the sili-

Figure %@ﬁﬁiu@@ﬁﬁ&ﬁ@nﬁtm glonas connected in series plus a safety

hydrocy Ione As shown in Figure rocyclone pattery receives

e I8 SR AN 1 Bas i R o R Bferaeup wire of
5 the bat- méyd@@ewsﬁdnfmmmew@m afothé osa@eoab paraly, ﬁ@d account for

preferab %) of t ified i ined fr m the first

P eraio Rl A RS, SEEE P BR SSHTY o RS Afbdhg rgount may

battery fealyEGamdwety the ctbtsdiﬂkw& wﬁdﬁaegglli@gqgltpa@@ésmere is also

added the fractl n of |i Ilﬁ%’é ‘(f V- ere g om th flltratlo oft e ageéaswe

el

grains aﬁﬁsﬁgﬁﬁ Red h\ﬁB' rrrgayo iPhY R ble base,

abrasnveslmlratrdaﬂmzrtbr(sﬂeuagem;a ih) 126 erdheplecysedtethtiked lithaédabrasive
some make-up water i g;desd which, in the case illustrated, is about 5%

10 of the eW&G&HW%?’\% € lating in the system, and quantitatively
equal to thelvatefdesiaid raxmilibted tbirifiyalspease of dayisglidtitheid centrifugal

N BN RS L P e A il ovtanec

wutfrrdhem\c&rﬁmmfr@mﬂwne@?/buifmmydgedyeclwm g'r’ampartleleeslze pm, to a

o S B A e B MBS tR g v

15 thaéayst lwd’fecethele&manﬁonose)bmmemtrﬂgwmauaﬂglddee fiioen hydrocy-
flne silicon carbide particles and which as unwanted solids only

R B DSIBf O e Tl Al T SEVAEE: As shown i

Flgure 3, batorehoring iseMitmitbed|lttatom peaiiopsltre obatttany obtubvistthe ex-

ydr"fgé'é’lﬂ?r'f;%?e% SarocyS0RE WhiE TR R Ry o erons o the bat-

tery receives in counter-current a portion (about 40-90%, and preferably 70-

20 80%) of the clarified liquid 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 filtration of the abrasive grains and from the subsequent hot

washing carried out in the section for abrasive grain treatment (see Figure 1).

25 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-

30 drocyclone, supplemented with the overflow from the next but one hydrocy-

clone. The particle size distribution of the abrasive grain suspension is pro-

gressively restricted passing from one hydrocyclone to the next until, from the
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tects the system against saturation of the first hydrocyclone. The overflow
of the safety hydrocyclone goes to filtration which, as already noted,
represents the first operation of the third section of the process, in order
to recover the PEG, while its underflow.iggombined with the underflow of
the first hydrocy- io clone. As shown in Figure 1, the abrasive grain-rich
flow obtained from the hydrocyclone battery is fed to the buffer tank,

Wmﬁ’mdi‘ﬂ@fW‘WWhgﬁqwmﬁ%?H%%?%%%ﬁ%@deérb%jned that is virtually

hydrocyclone battery from the discontinuous one carried out in the

mdfReARBhir e iFatLsBPiieRRMIcRE RRAMBIRTLEOYAINS AT d@ated solids
abeafiye PainsabeeoEing JoparRitamatinesaluian Aidhe ftisradiondkhown in

the_process, the same series of treatments of wet size-sorting carried out

in (RO CHEIERLBINERREE tyihe dilthalione sartien.otiharcyaifiqurof the first
MatyeRb iy adstesyrRhdee iirifiaesinfdhmbtpe il ustfated i drissyadnavitiach pro-

similar ct?}nnection scheme 20 of the various apparatuses. Turnin

to
FidBRST A KGR RSS! RAILBHOR T e Ry roRksoBRe R gverfiow of
therwigafdankyaroeyirmeybdd edTHFiHORIARAERP RS Bl AL FRAGAIEbresents

thei!{)resent invention, where it is first pressure filtered, producing a solid

fraltfo kst QRRFANP Bortdinirtick $ecuaR O ia R cRamdNHRAHRS 365 recover the

MEMEEGN Witlanramiderivd B lspisbifraliontasaeatiniticraoiaisigmavatet. hydrocy-
PEG and fine silicon carbide particles. This fraction is fed back to the

filtfa@Bf-sec- tion of the suspending liquid obtained as overflow of the

hydrocyclone brE@iy.ift Figstdel neteddbridivE igismlridh thevbleesined from the
era- tions carried out without transferring the solid inside

D RLRFAHERSH B BB oA 6= BP R FE L8R VB R aFORRFAIg AR continu-

in gIRYy phdiesddteringethounas et abjarbeyAEriBs iaM@sNREdn IS Waighntinuous
coming from the third section of the system, recovered b% distilling the

miRRFeCHHERifHP FCm MUETHOGHABARSIARRAEAL AT diiatiRY. 0dotipatment of
ligthe: ebtaed draprdsioangsiiirg is fed back to the PEG filtration section.

The abrasi%@ grains left inside the multifunctional apparatus are then

treated, in ARG Lo/ alesRatlve sriNtion REdle Bsimsicipraldie process,
soffReOsdindste s assireatmSndsdsr et gL fentaighieridhsusiitane hydrocy-

pa&iocrhzsbgtqgrg] SP %';V.Sﬁpeeg Vr}lmiégvt\)/gtggrried out in a similar manner in a battery of
centrifuges of the type illustrated in Figure 4, with a similar connection scheme
of the various apparatuses.

Turning to Figure 1, the suspension of reusable abrasive grains is
then taken from the buffer tank to be treated in the multifunctional apparatus
according to the present 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



coming from an external loop. Then, they are treated in an acid solution of

oxalic acid (or nitric, hydrochloric, sulfuric or tartaric acid) in order to

obtain the etching of the metal particles still adsorbed on the grains, and

then washed with water coming from anZ&xternal loop. The liquid streams
obtained from 10 these operations of caustic and acid etching are mixed

and discarded as sa- line waste, while the liquid stream obtained from

Wagltin PRI /1 Shere koHae NS Mg ed Wit iestarfidlioNsy sediiqurr obtained
potassium hydroxide and used for caustic etching. Similarly, the liquid

str&am dRevkaRhiRshisfadthagiai e lREG AR RRSHAR heragrpsive grains

solffoTheidexatie asittisumaiemanieparitusudie thgiciydishivriemsidonsecutive
and used for acid etching. The last phase of recovery of the reusable

abPIGREHrafis) @l BAHR O SAIERE LhRAYBHS SRR RN GRHSHE Rgiggsium in

5 thaam@flﬁd@fenstha@mg -dfoméhsitican erﬂ@[éiQdami Meforeinghbatwith water

10

reRHRE HAMAR FXISIBBLeBSINTY Wik € BERtidifupmacid solution of

re@@r@la@icawaﬁnﬁcgnayamarﬂmﬁex@r@gﬁaactsdntfénear@‘@ﬁcﬁ)ﬁriaﬁ%er to obtain the

Besides the alread ted adya f t fer qf  th
or SIGTPh BT SRR LR AL ESr 2 chihear e den washed

treaﬁltﬁemiétéﬁe%tbrmdwghﬁd@mﬁnsesdtmu&ﬁuo@ponahenwﬂttm@masdusmémed from

the 25 present |nvent n alsg ha va ta e - workl under
or SR ORTURIR, AL S B SH a Hi 1E BIRFL A raLded as sa-

(U%nffé 108sEe, Wﬁi@ﬁéﬂ&jﬂl@éﬁéﬁﬁb&ﬂﬁ@rﬁé@ﬂﬂﬂﬁ@ whttdriglaitier caustic etching
undergoing treatment. Moreq- ver, it has a water consumption that is
ADBUTEIEE 1R B G HOEMNP L Tk AREASH L MG Phi feged used for

f?fc@mwﬁtﬁﬁ?ﬂ?p&m@ﬂ@f Y dRjuRkinsaieadd bﬁwvﬂbdwrd)lﬁklwgshmg after acid
co f the |te d, finally,. requjres filter clean- in
RO EHEBR WOl AE o PO AU A Ve PR G Wi sulfu-

onto the bed of grains. The maxi E}J}F content of humldx%/gof the

15 th&n&ﬁmr@@ar@ﬂ@r@we"@dcaé@eﬂ@uamewﬂalg/essels -21 Still with
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reference ure thet ird sectlon %rocqleﬁ&s de- voted to

recoverin dﬁfa%{ﬁa’ t gas%@ grqjggd)etm carried

notaet amdr@ceerﬁ@@;&pﬂagtaﬂemﬁmwwd@snatpdnméhlsgf@m:e an opera-

e o S e o S e B SR e e, e

in fAgximum content of humidity of the recovered grains is not above 0.05%,
while the total yield of the recoverable abrasive grains in the process is in the
range 85-95%.

Besides the already noted advantage of not requiring any transfer of
the granular material from one apparatus to another to carry out the various
treatments required, the proposed multifunctional apparatus according fo 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. Moreo-
ver, it has a water consumption that is about 1/10 that of a conventional con-
tinuous filter, it can also be used for even very fine particles of abrasive mate-
rial without risking clogging of the filter cake, and, finally, requires filter clean-
ing operations that are very simple compared to those which would have to be

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



illustrated example, contains fine silicon carbide particles, as well as
95-98% of the fine metal and silicon particulates, in a mixture of PEG and
water. The ratio between water and PEG is in the range (1-5):1, and
preferably is equal to about 3:1. As alreggly noted, this suspension is also
added with some portions 10 of suspension fed back to the system from
the first phases of the section of abrasive grains treatment. A quantity of

about 40-98% (RrafererRierBeB a5 ghie fiatHd QHE?&”@chWJ"fl“{ﬁé%}&ess, de-

fed back - while adding any make-up water - into the hydro- cyclone

balf@i§daiReregyRinath AcsutReNANE itidARAitiseNeskdnetddes — as al-

the-agxy PloRse 1Al Riecorif yVRIthees YRV S BN Wish-Atdainethis figure —
with the liquid fraction, containing 70-90% of the PEG present in the

exiRRJIEERNDT BpapaRI®Y SRRty vdesaicdaneidatiary (i.e. from

5 adgesl with f spkitiralsAgRaChydixide meraeiorpkartinizgtnsion, in the
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filtrate to a pH between 9 and 10, and then undergoes microfiltration. 20 .
Thilusiraiesexamrife RIDRANGT plen iprEi G mATinSRidas THeh as 95-98%

theo fSRPRASIAREIR NGHE AiRBEHArIYGEAERIORCH MR FOIERYhind water. The
subjected to distillation. From this operation, the evaporated water can be

red8V8rBE WP RLRALRE ARERR Grifei B 28a8e P tHe ABERERIAFRRPH ihequal to

abeasive 3rains Eeadyatbtedhenrecosgapabianiohbiae aBpathiNen 2o eportions
high-boiling component remaining as a residue of the distillation is

coRfpRieRearighiRfobagsee thpiskstem rnmiibie dits! diiasrseahtheaiection of

(soshvericoblgrisinstiéaigndéptmed in the neutralization operation. An
alternatiV(-:-Sé)rocess scheme for the third section of the égrocess accordin

(0 the pre<b ARG AR0YhAQAIs BrSErabE0B) R ohdhimiggishobtained

Figksmiltrai FeRORR imses. sURlardadinesarih ek BLipowWEtdr fONARS the hydro-
first two sections, and differs only for the third section. In this case, the

ligGFIeRe haticnniRd HoRPBTBRARIR MRS, Whlpithrisemaiknadiayisds sent to

fragip Rexpipsadhs pria! gﬁa%mlrégga@@r, is not alkalinized, but is
directly subjected to a microfiltration which eliminates the fine metal

particulate (BEsESHidmWRIEH. i iRineanwith deedisicsincianmeraining 7 0-90%

othgrtHBIRIETR Rk AlIT IRECEXRYIRASEIRLIIAE HBAA =If84'ByCthEe8HRi AN centrifugal
ion-exchange resins. Preferat;(lg, in 5 stead of using mixed beds, the liquid

floRPRAFAC RIS gddedwith Betpbttion of sodium hydroxide in order to alka-

linize the filtrate to a pH between 9 and 10, and then undergoes microfiltration.
This eliminates the fine particulate of precipitated iron hydroxide. Then, the
suspension is neutralized with hydrochloric or sulfuric acid and subjected to
distillation. From this operation, the evaporated water can be recovered by
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



cationic resins and then over a bed of anionic resins. At the end of this
treatment, the liquid flow solely consists of a binary mixture of PEG and
water, from which the water can be recovered by evapo- ration, leaving
the PEG purified and totally free from sqligls. This can be di 10 rectly fed to
the slicing process. The total yield of suspending liquid, meant as the
ratio between the PEG obtained as a final product of the third section of

therypegRs ﬂﬁféirgé‘?ﬂrﬁﬂééf‘&ﬁ%? ?&efé%wgﬂglﬁ)%ﬁaa‘gihe% YrEciNPsubjected

slurry, is'in the range of 8 fe present inventio

disttoaationfilsatiumbieicbmiraiesihedne Bpdeifieastitsdrtiena@asentially iron).

theqend, fiHhiL S BRSPS U dessiaqd-aat i afil- &PE%%%BHBBQ%&‘@Kmmated

be made by the persons skilled in the art without departing from the

scdpe RASRBGh e tlsisk Hegm@dan rdsppleitdeextainnge 2esosARigfarably, in-
5 A REREEFHFUIRFTRS X huRiethaiasygisvr e sriaciding t%?lsr?ess over a bed of

pending liquid, réusable abrasive grains, fine abrasive grains, silicon
pargielionieaesing anetiheaersss bethpfisinigie feHB\Wing steps: a)

separating lieexRaIacsii i Rt SRE-RQUIATBRALDRTY %ﬂsl?st% 'B?‘a binary

uid suspension containing the reusable abrasive grains in a mixture of the

sudpesidnaPfidtiEnamdaviade Faremhich ineawaiar saspendrepivelied by evapo-
samgH iR Y e IrgEBeJingiad asly SR SRR RIS HIREN1SUCYh be di-

particles and fine metal particles; b) recovering the suspending liquid from
10 theragtly faditpsihspslicig Riressnibatiatahyigldint sirppadiogdeyid, meant as

meesatisoiEiar $RFBRUSHIISRISACHL £IRAINSOAIEL U)qbtlﬁ’esﬁ{}f%néectlon of

distillation; wherein the said wet size-sorting treatment of step a) is carried

outthsy PsasesstiessiRabiaadIihg PNe igDlerngdwihihe diiiadr abrasive
thaélm r&fﬁp@% Witly Eher sesyking solid-containing fraction, a battery of

at Ieast two hydrocyclones or two centrifuges connected in series, fed in

counter-cukBAtRIRBDTidIVE MR BiascBaRstidissIassstiNopartiemar igisgence to
15 OPGiRgd HomRithe SRS FEFSO Vit Gf @}%ﬂ?&&%‘@m&é%@dﬂﬂ%t modifi-

obtaining from the underflow of the last” hydrocyclone or last centrifuge of

theCBHRBR 3R GRRSGGSe YR MaRBXHESr RisBRSapkilgdeig iiasart without
and R AhaUPRRTRIR S PPSTRREHV IR T 2 dBfined in the appended claims.



abrasive grains; and wherein the said liquid suspension containing the
reusable abrasive grains obtained _fg%m 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 tra k&t MInaterial: filtering the said liquid
suspension, washing the resulting grains and leaching from them, by
chemical etching, any fine silicon and metal particles and, finally, drying

the grhind A RFfedoIniealiBaxbiR siEdn FhEReNE RIEFgHdNe g £ Sus-
peMAIBEEiI e paitkhBitesy isNERafys|orRSMraenEfyaaads MANNRSSH Phrticles

3-6 hydrocyclones or centrifuges con- nected in series. -24- 3. A process

and fins msiaoradinles, wherRiisine s doliny 'esrisistive operations are
cafried sufaihienadiiftinatenaliappasgtuetosiiieshiamne dantioe the: i) a lig-

abrasive grains: A) filtering the liquid suspension containing the reusable

abra&ifeSHZRRESIAREEPIING (s JRYSARIG P RRIYEO1RIaRE  BIcARYFe of the
last erprypéaRef 16 datierya BlwrsBisgdhe satid frastivukeUtperfsmh in the

operation A), using a liquid sol- vent; C) leaching, by chemical etchin(%, the
[

fine SAEH DHFREPHARUISSBE diae SRIAHURRIRISARiINGHHEH the Tine silicon

operateficizs wib ihe predsicignieksilicate solutions and solutions of

salts of metal impurities, dissglved in a waste liquid; D) washing the solid
frReF PR BN BRFAHEII IUGnT AiglIE SBIdefitul dRRGRsen con-
abrasiigiggathe Makinganghensolicffiresoniesndmesfrems cigengtian Edparation

4. A process according to claim 3, wherein in the operation C) of leaching
by ¢ @ﬁf&%?@iﬁrﬁﬂ@%%%qrwgﬂlﬂqIﬁjtﬁ%lYSﬂE\fJfﬁBIﬁQEbnsecutive stages:

whelstiausticsighiey siktheditiagiicampsaiticiestby wpatingrigiseliddyagdating the
exhausted slurry 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 with a liquid fraction
comprising a portion of clarified liquid obtained from the said steps b) of recovery
of the suspending liquid, thus obtaining from the underflow of the last
hydrocyclone or last centrifuge of the battery a liquid suspension containing the
reusable abrasive grains and which suspension is substantially free from fine
abrasive grains; and
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 silicon and metal particles and, finally, drying the grains of
purified abrasive material.

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

nected in series.



resulting from operation B) with an alkaline agent solution; C2) alkaline

etching of the metal fine particles byztﬁeatlng the solid fraction resulting

from operation Cl) with an acid agent solution. 5. A process according to

claim 4, 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

agen hosen from the group, consistin au d otassium
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wherein the sal arger porti
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.

5. A process according to claim 4, 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.

6. A process according to claim 3, wherein the said liquid fraction

feeding in counter-current the battery of hydrocyclones or centrifuges in-



of clarified liquid is heated before being fed to the said battery of
hydrocyclones or centrifuges. 11. A process according to claim 8, 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
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resulting from the said addition is alkalinized to pH 9-10 by adding a
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one of said portions makes up the said portion of clarified liquid feeding in
counter-current upstream the battery of hydrocyclones or centrifuges and the

smaller one undergoes further treatment in order to recover the suspending liquid.

9. A process according to claim 8, wherein the said larger portion of
clarified liquid constitutes 40-90% of the clarified liquid obtained from the said
filtration.

10. A process according to claims 8 or 9, wherein the said larger portion
of clarified liquid is heated before being fed {o the said battery of hydrocyclones or
centrifuges.

11. A process according to claim 8, 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.

12. A process according to claim 11, wherein the liquid fraction resulting

from the said addition is alkalinized to pH 9-10 by adding an alkaline



then condensed and reused in the said washing phases B) and/or D) of
the said abrasive grains in the said multifunctional apparatus. 20. 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. 21. An apparatus for treating exhausted
solalsasive slurries according to the process as defined in claim 1, including
the following interconnected elements in sequence; 27- 1. a liquid-salid
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fratierehindbr bes anerefilrhaganootinhlaass trsnhiyafeeeloanes & formed upon
n_trifu_ges connected in series; the underflow from each hydrocyclone or

ce
a'kéﬁﬂf?ﬁﬁ' 8 feeding the next hydrocyclone or centrifuge, together with the

overflaw froprdaediercbutding Ry diamicia)evdie esinttieasiatifR:8aiguid from the
_batte,g of hydrocyclones or centrifuges Eeing fedin. oun|te[-current with a
|

saify AU Briprigfy 255 Ho R rRILIR ARUAF OLtRIHLE I FRGhEndergoes

dissidigtisteps drief treceyesyaibtitessispasslingiitian; the sadtiBurglinmidn liquid by
%ggaratus for filtering and treating the abrasive grains designed to carry

ev Cf'f\té%llowing consecutive steps without any transfer of material:

filtratiors oAtiedisidd adspedisigncerimning thaakiiasive g@hsusbianaesh liquid
. from the underflow of the last hydrocyclonge ar centrifuge, subsequent
s G BHHe ARyl ReCAH R B L R0 W el TR denfedmed upon
neetediingtioh the silicon and metal fine particulates and, finally, drying of the
purified granular abrasive material; Ill, a tr
4 i

atrF‘ent se tiorf. of .thg sajd "
liquic $8speRERSFTF ASRARIRG RHRIE dbrRRTGHAIRS R dTRGEON resulting
frostliten snd srtriopadiciesgaained dfiitratie @veitamakthecktsd the fine metal
}/dro%?lone %r cent ifo%e of the sgid battery in order to recover the
pa 8 B?I'TI'i& ftiS2% A rgﬁ?épgfﬂ -according to claim 21, wherein the
said banerk @frduesrocyctandingr kenlufngesngidesia theheaigalsabrified liquid
drocyclone gr centrifuge. receiving the oyerflow of the first hydrocyclone |
LR e Bl TR U RO R0 HEBE (TRt on fon-
exshatigs fessihe teeaimenatd iuidsospeaibnaiidiotiecdrpthtioyvdriowtoé said
clatrri]ﬁeséalﬁqur%t, hé’grﬁf?&.’gfr?&eaorfﬁ%{‘ t{Irfeu ﬁient on cationic resins and a second
treatment on anionic resins.

18. A process according to claim 17, wherein the clarified liquid obtained
from the said treatment with ion-exchange resins undergoes distillation to
separate, by evaporation, the said solvent from the said purified suspending
liquid.

19. A process according to claims 14 or 18, 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.

20. 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.

21. An apparatus for treating exhausted abrasive slurries according to
the process as defined in claim 1, including the following interconnected elements

in sequence:



23. An apparatus according to claim 22, wherein the said multifunctional
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. 24. An apparatus according to

clain 2fquirersia bedparitdhecsitiiuge_2Bat elemisvitang kbiineshigining
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wastabreeghes. grains and the fine silicon and metal particies obtained from the
overflow of the first hydrocyclone or centrifuge of the said battery in order
to recover the suspension liquid.

22. An apparatus according to claim 21, wherein the said battery of

hydrocyclones or centrifuges includes a further safety hydrocyclone or centrifuge

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

ii) in place of the overflow of the said first hydrocyclone or centrifuge.

23. An apparatus according to claim 22, wherein the said multifunctional

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.

24. An apparatus according to claim 23, wherein between the said two



The process consists of an initial centrifuge separation of the exhausted

slurry as such and of a wet size-sortjpg treatment of the fraction

containing the abra- sive grains obtained from the centrifuge, carried out

in a battery of hydrocy clones or centrifuges connected in series. The

section for the recovery and purification of the abrasive grains comprises
elemmﬁ&ifunatiﬂnal appesaisispiftaidperfarmstit tteniedoiredeop@raisines grain sus-
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includes a filter device from which the exiting clarified liquid is sent in part to
further apparatuses in order to recover the suspending liquid and in part to feed in
counter-current the said battery of hydrocyclones or centrifuges.

26. An apparatus according to claim 25, wherein the said further ap-
paratuses for recovering the suspending liquid include a microfiltration device and
an evaporator suitable to separate the solvent in the vapor form from the
suspending liquid.

27. An apparatus according to claim 26, wherein the said further ap-
paratuses for recovering the suspending liquid include a filter device for elimi-
nating the saline residues from the suspending liquid left over from the said
distillation.

28. An apparatus according to claim 26, wherein the said further ap-
paratuses for recovering the suspending liquid also include one or more devices

for treatment by ion-exchange resins.



