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 contgj | austed slurry as well as
the total recovery of the suspendi?ggﬁaalll%%ﬁﬁwabrasive slurry, in order
5 to reuse both compo- 15 nents in the manufacturing process. As is known,
the product f opents. lications in the electronic and
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slicing 20 operation is carried out by means of a cuttet or Wire saw, In
wieHy g et foui rien pliesaessiitey dih o eoopthpdate Iyuitadaiearingtheicalisable compo-
resj C in.a rql n 0ols, is contacted, while .
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witilieahe quaitzobeenamicAnhensine exhaustatlagdanaatiad with undesired
abyas s oparticles (aprasi ursy) is fed to the 25 contact area
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mi{rﬁ:-ra oﬁ%%?%ﬁgﬁégsﬁo u egfr%%a%n%qli)éaigg So'f'ﬁ%h%% éjglﬁlfgor vrv%lfgﬁt%%th compo
15 pangsiiain fodyatanlgastyljegipREEISn which 30 abrasive particles of
suitable hagdnes rally of sili carbide (SiC), are suspended. ,. .
Dring the e B e eNS st b els oot ahbikatons in the
electronic and photovoltaic energy field makes use of thin silicon discs (“wa-

fers”) obtained from either polycrystalline or monocrystalline silicon ingots or
ingots by cutting the ingot perpendicularly to its length. Typically, this slicing
20  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
25 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
30 abrasive particles of suitable hardness, generally of silicon carbide (SiC), are
suspended.

During the slicing operation, part of the abrasive grains lose their



ability to assist in the cutting process, since they break down into smaller
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-{f2e-same time, the abrasive slurry

be 5 comes enriched with fine particulate coming from the silicon ingot

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



-3- perfectly reusable in the process because it keeps its own

characteristics 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. Both in the

case of oil-based abrasive slurries and in that of water-soluble organic
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filterl the liqu ses lting from abrasive grain separation;

ciSS Gaot IREARE SPLRn ST 21 KLIBTLROAPR Fgple organic

tratiepuig-hased lemiesablethbrpsiy» geainachib tRevaitirigd/koombine the follow-
ies, as will be made clearer below with reference to some

techn

exal cl?es Sﬂﬂ% %ﬁgpgrt present various inconveniences to a greater or
Ie%}srpeetenhm@ucbﬂ@@hgrﬁtﬁfmwMSWM)tﬁ lexsabigeab Elusiy ea@kiingmely by
in terms f size or,int rms of resence o f|n silicon andﬁor fine

metal par 58 Orlalve UL, 8 eXhyPEIEh ?)rBE%@@rSr fagAnsuReXt opera-
25 betiohsperations necessary, a considerable consumption of solvent
that,is_added for ation, or the le imes nec ssary for the

tré%l e ar ?]8[)#%}(&8'8 %fqﬁaér\faﬁgdg (foﬂ?p%ﬁé’ ré.lglm%%ggncentnfuga-
patentlapphcbquEE’iﬂ‘g“tBé%lﬁr(fBPtmneE@m h‘la@dﬁt&tyéloﬁéi(@@téﬁé 8eparator of

f th 30 based .
hercld AR K FECELUALIED Ohece RO b G0 R RS At Sgentrifugal

viscodyce)nd then the resulting mixture is fed to a hydrocyclone to
¢) filtering the liquid phases resulting from 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



separate the reusable abrasive grains. As is known, in a hydrocyclone the
-4- feed to be treated is fed from the top at high speed and tangentially
into the apparatus, so that the centrifugal force pushes the heavier
particles towards the sides of the containgr. 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 the top from a central
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20 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

25 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

30 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



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 -5- the lipophilic solvents (such as hexane or heptane), while in the
case of water soluble-based slurries ampgiphilic 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
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undergoes istiIEtion, from which water is recovered, as the lightest

fraction, wHiBR iEHEAREANPRIRNhIRA A(RORGST thehixizissiddandptpi Co. et al)

describes a method for the separation and reuse of exhausted abrasive slur-
ries similar to the 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



30 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 -6- water-soluble slurry. This cai be reused in the cutting
process after further treatments, among which the addition of a dispersion
agent to adjust the vis- cosity of the slurry. Both as regards the quality of
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The technological proposal 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,

20 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

25  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

30 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
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method (screening, sifting, pneumatic sorting via cyclone) offers a poor
yield 30 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 (MEM@ Electronic Materials and -7-
Garbo Servizi) describes a method aimed at regenerating an exhausted
abra- sive slurry of the water soluble-based type, wherein the exhausted

abaghR ISHEY A63PI &R reehEmEa YRReg! L FRddhenathRiesteddtdRied abra-
initial separation by filtering. This yields a clarified Tiquid largely composed
of éﬂ}fﬁrﬂhﬁmoom?sf\t?é%é%flﬁ%ﬁﬁﬁﬁ@@@%ﬁmﬁr@@gtbﬁw@Pﬁt@t@ﬁ%ﬁbraslve is

POYHESKS eREINIO Gealeny iy Uisasunin hAuanuy slejrbnlityih amassaparation

the solids suspended in the exhausted slurry. The wet powders are then =
dilRedNRENdaldis e s arslatliadifigdchirer e raprarth pheutiieg fuid with
fragtier HbgfHBSRMAEE! SRE BHagEI0RMEIASSERAY SOREINNEIMRIning, along

reusable abrasive grains, and an "overflow" 10 fraction composed of the ~
find'}i3 Acheah shratitant cingliauidc aimesidal thedsalidsl pesresdsd in the
SUSRARUSEE SHAST, THECRYVIBbA§EMS eeaman iRt d S ReVAHRE b separated

The fraction containing the abrasive grains is oven dried, while the

ovEHB FAMAAGYSIANRE WEHY ITethers I dIatinnnnbaine ol iaragr size (un-
thejerfluRg us oMttt senvamisditdadnemet BOES(R RFFR ted an “overflow”

hydrocyclone 15 separation process and obtaining a soli residue B
es éﬁffeﬂy%ﬁm%%t@ﬁi PaNiRdeatoRRIs 2hie dbEpMairglicon powder
liquistl witedl isowaereyeddisndes frshilleringirbthaitros Srhaneteshount of sus-

sIurrﬁ;h,é'_s freed from further traces of powders by means of a further

fil:RARG'BEIKb Mdrastinth soRtakHpe the aRKAsly pracaiss. isgoxgn dried, while
regaéotsvmmmmmdﬁpm@f@fd BPIRS MY Rl SHINSTiHaPe BT PEESSering the

described in patent EP 0968801 allows obtaining a virtually complete
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non-negligible drawback in the process under examination, besides the

neliGerHRAVERS 85 ppgtdlted slurry beforehand in order to reduce its
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powders obtained from the first filtering in order to carry out the
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further filtering operation, after 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



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. 30 Another proposed
process for treating exhausted abrasive slurries that have a water soluble
liquid base (and, specifically, polyethylenegglycol, PEG) is described in
international patent application No. WO 02/096611 -g- (MEMC Electronic
Materials and Garbo Servizi), wherein the exhausted slurry is first divided
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particulates normally remaining on the abrasive grains recovered from the
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the solid residue must be taken from the filter- ing equipment and fed to

theiRt fhadydseryaining, PRYIghHBARAHH RS HistioaiHY Wateker
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the liquid fraction initially separated by filtration from the exhausted slurry, _
theségﬁﬁﬁ:é’lfl&PW@'QQ@%@H%66@[%?'??5@'@?@@?@!? @inthe gireearted fine
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a smaller amount of liquid recovered by washing
exhausted slurry and fed back into the process.
It must be noted that after each of the said operations of chemical
20 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
25 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-
30 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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process described above, besides the com- 30 plexity of the series of
operations necessary for recovering an_dgo_urifying the solid fraction, is the

high consumption of chemical agents in solution neces- sary for the

leaching stage. -9- Embodiments of the present invention seek to provide
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abSik8reingdg a hydrocyclone, according to embodiments of the present
invention a system has been devised wherein this wet- sorting is carried
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of the finer solids - in a battery of hydrocyclones suitably connected in
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a clarified liquid suspension recgj%['ed from one of the subsequent phases
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connected in series, are fed in counter-current with a clarified liquid suspension
recycled from one of the subsequent phases 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



centrifuge may not need any preliminary treatment of dilution or heating,

and the amount of solvent fluid introduced into the process (typically
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amount lost downstream. According to embodiments of the invention, the

UF suspension recovered from the hydrocyclones battery is further
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subsequent operations of hot washing, leaching by chemical etching -
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grains, without ever removing the solid material from the apparatus. This
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apparatus may operate with a discontinuous cycle, it must be
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hydrocyclone battery, from which the suspension may be taken for its
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slurries including a suspending liquid, reusable abrasive grains, fine
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whih felleveingpsiensnansgpssating theoexafirtae stieatiag weahsire-sentifdnctional
_treatment into: i) a liquid suspension containing the reusable abrasive
filtsriR9-3RP2 A Ire of the suspending liquid with a liquid solvent and i) a

liquid suspensipEtthe same rebduteicostaiongibeifise abmsivesyrdms treating
ex sa\avgtllegs é@?;,is?\?e Sislig(r)r?e a?ﬂ%ﬁ%iﬁgd Q”gu”s’gé%'(ﬁﬁgiﬁlﬁﬁ%d, reusable abrasive
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



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 carrief 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
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apparatus “implementing the following consecutive steps without any
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_silicon and metal particles and, finally, drying the grains of purified _
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comprised between three and six. The liquid-solid centrifugal separator

thegra)ig JRUrliataaresReneiR e exhausted abrasive slurry can
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average of 10-30% of suspending liquid and solid particles over 2 pm in
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antngisuspending liquid and the smaller, finer solid particles. Unlike in the
known systems of the prior art, tre exhausted slurry may be directlgtfed

to the WeE JRISSRItG SUHBrIRViBTRA ARG 5 BAP QI e St igAtment on the
exfenayerthefaationgiantpiniag thepeusable aiitasive graisserdieramamd rich in
B-Te) %%3%@58%%&%%? ésv%?éjgeéj })?' %qu%eo éltrlls%g%m%ﬁ%cﬂgnaonfdtg%ﬁd 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



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 _ag_asive grains: A) filtering the

liquid suspension containing the reusablé abrasive grains obtained from

the underflow of the last hydrocyclone or last centrifuge _12_ of the

battery; B} \ﬁa hi[(‘{f% the solid fraction resulting from operation A), using a
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productior(l) I% sjtl,icate solutions and solutions of salts of metal impurities,
dissolved ' & Waste liquid; D) washing the solid fraction resulting from
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treating tf lid fraction resulting from operation B) with an alkaline

agent solution,, in particular, caustic soda or potassium hydroxide; C2)

alkalih® ®teririgomttice sodthlfiaelipartierdtingtisathPprrabnd fractiesing a liquid
resultinggg)q)vrgrgperation Cl) with an acid agent solution, in particular, nitric

acid, hydrochloric acid, oxalic acid, sulfuric acid, citric acid or tartaric acid

or thefndiRtineshia el gpise sEaibsoriRk ® ebbeisritsiatienpresating from
inventionogéqa“%i%;(qction feeding in cc_)unter-curren'F the battery of
hydrocyclones or centrifuges preferably includes, besides a portion of

clarified IiGiRtEEAInoErORStREQEDS B IsRsBIN &Y ShaTvisakasing is carried
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suspension obtained from the bottom of the last hydrocyclone or , ,
C1) caustic etching of the fine silicon particies by treating the solid fraction

resulting from operation B) with an alkaline agent solution, in particular,

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



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 firgisection 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
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with an additional vessel in which the chemical reactions are carried out.
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or sfiepls BFOtEEsVer) dhenSalsderidny iRy, T JHéFhyirReSEIoke 8r safety
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battery from the risk of saturatign. Specifically, said steps b) of recovery of

saifh AR NP VEI0E AT EHER HPHIIS MBI fYstgrecovery of
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clanfitied didy vid seniptiem i ibo oengpiedificthe suspending liquid, the liquid soivent and
the fine metal particles, which is then 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



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. Referably, 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
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two components). Hence, the suspending liquid may be further purified by
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smaller portion of clarified liquid may under%% microfiltration, in order to

eliglipabine hrosedihal mirmad ypatidies kaisatiertiarified liquid, and the
clarified ligyig ehtgjnes! EaMuthetaiprefibiaiced meyfoe fullrgraubiestedépending
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treatment on cationic resins and a second treatment on anionic resins.

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-



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 plases 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
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pol){)eth lene gl¥col (PEG) and the liquid solvent is water. According to a
glyee Wa%@pée, Re [weitaPMEBhifoWFRvides an apparatus for treating

exhaustegl @asive shrdesasseddingiedhetREosaesdheVietlfon provides an
described in the first aspect, including the following interconnected
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prbasRlig-crriaines fraetienisepaiaiediheieyithe et enmahirgbattert@inected
at least two hydrocyclones or centrifuges connected in series; the
SIEMRHRORN FEMEESER hydrocyclone or centrifuge feeding the next

hydrocyclong pjurestiiygeptnaethecwitiube tarfayddramthgeneiddbntaining
one hydroc&clone or centrifugeelzI the saiqua,rtter of h)éjroc(:%glones 0
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portion of clastieschatidsbtainedfifydbesaitkstedsmarfgecmeennabfow from
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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



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 $gspension iii 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

redBIlRTQYRE %m%?zwg HYIHAr6RIRIBAL DA RERIRFIRR PRROMERNS Sttery, and

the apparatus, the hydrocyclone or centrifuge battery may include a T
wheseavsafieny fﬁ@@l@@cwoss@%rs%tmﬂfa’@eth@dreaa@i@nig)fh@é%ﬁl&@%smn i) in
pidBE HrshBYSVORKSIPBEAE CERY ?H&%%H%%;ﬁﬁ% Baliet¥niidgwhose

overflow feeds the said section for the treatment of liquid suspension ii) in

place of thetravwast (A SRy firQtBgdr8gcrmE onedHiighenal apparatus of
filtFIGierabhy aakraady Betese thsrif e yiunctienal apparaliseriting apparatus

filtration and treatment of the abrasive grains is a batch-operatin

coppisingus’ corsptMyoVEpIes SHRiade) 2ditamfRyichiter d@v?ee dpe abrasive

grifRich b e alagivrIrgigine-afe Mekeed st Bliaioprad albsvhagargnieaching
phases of washing, leaching and drying. Between the said two sections I.
angh@#ryingf the apparatus according to embodiments of the present

inventionpthkesie MeVided aveusiesiank orerllectivutibephrasing ididbrding to
suspension obtained from the said battery of hydr09¢

ereRANBRLS AdRE) BRIUHRKERNG Ind &RilRRoaY %%gﬁ%ére&fﬁwéfcol'ec‘fing

th@ag?%@bérgmim%mmmfmﬁn&m b@tﬁr&thécg@iwinﬁtt@?e@taﬂwm&mnes or
embodiments of the proposed apparatus, .the section lll. of treatment o
CoRETE ATSSRREIGISUTIREH ety e BUBHRAS b1 SRE s ARG LB plant
frovh eRBtE8dgIONCs JEpRTitheisafetyhydrocyclone or centrifuge, may include a

smaRelsBager s femipsaatyhydrocyclone of centrifuge, may inclu
apparatu e KU AT IR G R L IG5 et Paratus.

thinseotigrealt Cuf iesdtine said thattieryiofSuspransiolonesaoneae Moifuges overflow of the
fir%%rfﬁﬁ\%% 3&2@%@&“ Jg%fpc?rr?rtgr%eﬁwfeogé gt{/eﬁf/) reorcy,y%{cgﬂg %‘#Sd%enr%ﬁ%ﬂae, may
include a filter device from which the exiting clarified liquid is sent in part to further
apparatuses in order to recover the suspending liguid and in part to 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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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 altergative 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

O ERABEGT B S BRPARAIRIBRIAR Qlithe present invention, as

well as its advantages and relative operational modalities, will be more .
evident withigefesrdnsbaw hen qaairitikieckiaornanelohe fit areaesscientreating

forrpmplifis alipadringsamRnt CRRR I eome S RIgiteRd

embodiments. The same are -17- illustrated in the attached drawings,
wherein: Flggksel ghshavwm aveprerlcklomgdirasemfielt precsssdoprocess for

treglagng ddRIShaBRIR & WRRRSQLGIBhE {HeHY %?89&1;{?Yﬁgg%n;

Figure 2 shows an overall block diagram of a second process for
treating exhislite B aBhayise &\ sifpilied Rapy BB casraBeamens mion; battery of

FigijigrscsopiMe & SHRRBISELRPEERILS f5RNS ﬁ{gmﬂfpﬂ%@ﬂﬁﬁfdasolid centrifu-

hydrocyclones connected in series that, together with the liquid-sol

ceﬁﬁifﬁeaa!%@ﬁa@wﬁ%@wré%@ﬁirméﬁ@ioge@ﬁdﬁ@f&ﬁ@adpwgaﬁsml vaglithe first
asdperbtn e GAIR] N HIFGTRRCARIIRR GOPRIIENS IS SBTIRR recovery

out the recovery 10 of the suspending liquid; Figure 4 shows a simplified
apphiaesusrandinigdisuida battery of centrifuges as an alternative to the

battery of Ipyglipeysl el EidksRies sppuraitihe Plpclcriagrast o battery of
Figure 1, the process according to the present invention, and the

speenifijuges greanpitaraativedeithadatenngl gdrosiclenamehijgure 3.
composed/f YKERIATAMISERIGEGHANS LIRS NaAESh¥ss according to

(represented by the left-hand column of the diagram) are devoted to the _
reé%%?gﬁaﬁatpnﬁﬁeaﬁaa anchthrgpasiallyrdipsionas appasaiesiatemplementing

Whﬂear@%é@gﬁt%@%rﬂﬂgﬁlp%ﬁméWé?@&%@é‘?@o‘%&'&ﬁd@tgf%i@ﬂd(he first

recovery of the suspen uid. 20 The exhausted slurry coming from

th&"QiEsPTRgBDtRAtRY tertlef-hasdacabumadpteieotisumssy) Brevisyated to the
aNSOVE GARE FERABSEOREES TRE $8884ble 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



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 25 pm, and for a suspension of finer grain

size (of the JS 1500 or JS 2000 type) hav@ 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 syppeaatPauUAlttgGIMisEeilRYARTERIYIaes Hbpirednaititlescatting condi-
silicon, ori inating{ as dusts from the silicon ingot slicing process, which .
~coountUBPSEB0N 6,13 G BR IS G dRE SR HAURPURRRIR of the sil-
above 44yn indieseaiatlestaiedye@ge values since the _18- size and

quantity of fine silicon particulates depend qgn the cutting condi- tions, on )
the stadB ORI RBR Glave S AR HIAR Ui RSP B KB M ¢ gl wire of

5 being cuhancLse pant)ffne giet partcles tie pesticelappbitstascenzinaccount for

10

from the metal wire of 5 .the cutter and from other parts of the same
pparat G S LN SLE SR e e D chacttr Agrount may
here, toaaifyeaasmdirigne)heasyraditiording thahslicpigdiiionss;the slicing
process; ” suspending liquid (cutting, fluid), which may be of water-solyb

s ® SHHARRUBRR . oo o il Mib e, fofaetpgsolible base,
abrasivesuldh s RBS oo iofbasbdsénl . thbecrtnigsiei deptaedtedigutheisabrasive
sent toasolid-lic?uid.c 'éugal separator (centrifuge) which feeds the
suspenﬁgﬁqﬁﬁaﬁ‘iﬁ ids Gbtathed from it, containing about 30% of

PEG togethierewitfogradid axizastel pshutay aishysdnocytolanesbididiyuidoventrifugal
as only a single block in Figure 1. The said bat 15 tery, in the example .
cnSRRATRIRD (R AP L IS ek dBE e RERREY. (LGS (B, ks pbtained
in $eyiedtpbehtaidielyabyditocdytioncP BS tbgethir Mithrgrainbef size > 2 um, to a
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As shown in Figure 3, the hydrocyclone battery receives the ex-
hausted slurry in the first hydrocyclone while the last hydrocyclone of the bat-
tery receives in counter-current a portion (about 40-90%, and preferably 70-
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).
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 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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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 thggsection 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

quaRHAbWL IS JHRRGIR HYeIcHS s g5 bR VB, pRIEALRS virtually

water lost as humidity in the final phase of drying of the recovered

abfRS Erafing sdiseiytrebide padiclaspRdtud gl qoptainsgs unwanted solids
hydragysleaet isdissliomnest e IMEremeansnsuRRIMeatasivdtha&shown in

overflow from the next but one htydrocy-_clone. The particle size _
diiﬂ%%ﬁopﬁfgrgbpﬁﬂﬂa srainfeui filiianprschrnysthenonasfirye@f the first
Papyi® Hiio A8 ad1EHEEYHOPEsH e nMdtHBH, dsreihavdfbeyrsiBowalch pro-

the last hydrocyclone, a suspension is obhtained that is virtually free from

finlSitUIecaYRiaR Aoainst satviatien ebibadlrskhvdiarielpasidhemyerfow of
a Y eyt BydtorptihecligecliconigatdnaiMipArtistes irdsSNAWRY) represents

Fi&bire 3, before being sent to the filtration section, the overflow of the first
5

BroE R dinmL QL st e clicnnlr the ierp asas By eIsies. tRHieRover the

PreES Wik sYstantagRinsisabrainaPiWiR the QridaesoBe tideirst hydrocy-
overflow of the safety hydrocyclone goes to filtration which, as already

no %‘,‘?epresents the first operation of the third section of the process, in
order to repvehdven REGigutle jtthendpriewds ginbited ih dttained from the

underflow of the first hydrocy- io clone. As shown in Figure 1, the abrasive

grAFIRARPS AR fofRdHe irIRIERIdAR baibighsdHsgapRRE S ifigr continu-

tajugvpreleskisceanasdsdie pPEie LhyRiHs SYEIeRRS BAKIAY rdr the discontinuous
hydrocyclone battery from the discontinuous one carried out in the

mARRI0Rd Qb ArRR Bryliifdnsticns aRRaRIMSoPT MHtAERRRd lrgatment of

abtissivecorairsd Abeasaiagtaing. alternative solution of the first section of
the process, the same series of treatments of wet size-sorting carried out

in the hydrof§OHIRNS P8R 9'terRAjINe SAtpBOtdrrurastiosiplidhe process,
maneeasdma katiew of tesiibragsorines bipe-BbairRieshinédos® th W Bydrocy-

Sirglloar{é: ggﬂg%i%? E%ghtfrg% may be carried 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



20 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 sgl@lfraction essentially containing
the reusable abrasive grains, that re 25 mains in the apparatus, and a
liquid fraction essentially containing water, PEG and fine silicon carbide

pagjgle R HBIBHAcRN isdaddirgkdarkediBErtopsamdienQdehe liquid obtained

suspending liquid obtained as overflow of the hydrocyclone battery. It
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and then candensing the steam obtained. Also the liquid obtained fro i
the"RANAh TR EXietBahiPeR G iﬁanﬁege@ﬁsntrﬁ@%&aoea&d%@'uﬂon of

lefiRaideatie (Euwwiepﬁ?]a%am@aka,tgalﬁrl@ctben?miecadm;:morder to obtain the
consec,utlve ases, with an uequs solution of caustic sqQda or ¢ tic

LI 7f 31 dBP ) FELIR Be SLRIAPEh QB SAARBATA e, washed
wagitedwetBrassaingpirre Bianerizgdelsaplodmhel hgoidhstycaiadrestetdned from
in an acid solution of oxalic acid (or nitric, hydrochloric, sulfuric,or tartaric

aciiFFoPReT BBt SRR aPmeeFE%m Al RS PRs iBeR dRd as sa-
thaigeninss@NIHIRNtMEaEHaR wtitbanatstitaiteth grennwasisikig afed tagiustic etching

e e e 08 204 o for
obtaineddremhivapBigindiey, ciestiquEittirgain obethedfrafreatashingoafter acid
O B e e o R S ST sur
frerb/Aotirieniotiexatia asid aupplfoneriedwliithgulfu- 15 ric/hydrochloric
B e et R A s A SR camie
theoptifieH eifte- Aspapstias, ieshdistcan digieayring puirifpdogrmadiot ait opera-
on%%%h?h%?dcg%ggaeingé;iré% out by forcing hot air onto the bed of grains. The
maximum 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.



maximum content of humidity of the recovered grains is not above 0.05%,
20 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 maggrial from one apparatus to
another to carry out the various treatments required, the proposed
multifunctional apparatus according to the 25 present invention also has

the advantagf whn'rerkiasede miRaeUre 1Rl BNRPIRSLHRA astopioncess, de-

even high working temperatures (up to 180C) with- out leading to
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have to be used if the same operations were carried out in several

vellistrated exarpis.repntaies feiglicon, srEidedratisisopmavell as 95-98%

prages® flfe AiaditanacanesnpHIaRHARYANG ligitel Ao Gt - water. The
includes - as al- ready noted and according to the alternative solution

iIlSHRAPIEER YRirs andeRirEA iR M IhtEABgE(dur Sdnng Mopiarably is equal to
hydsivcEne Aatreadye nsess, Hredospehhierséelystysaeer g 868 portions

battery). This suspension, in the illustrated example, contains fine silicon

cafidhisReneien. ted\harkdedhsssysizindane tetbrsihahagasnhof the section of

pagisiaisies ghainsbdat;eh’EG and water. The ratio between water and
PEG is in the range (1-5):1, and preferably is equal to about 3:1. As
”@li%

already nofed! iy .epahouh48-2Qa daiete i A8 Yemishthedigrid obtained
susenginrarm bagkdovhsksysigieliagaiing drst Aacespfiheerectian dhe hydro-

abrasive grains treatment. A quantity of about 40-90% (preferably

706 e LAt uRISHBRRIGPHES Mealins while sheremAiRnglimygd is sent to
anghBAKHEhARSof PGSV ASeEYSIRRRALterY, after appropriate

heating, while the remaining liquid is sent to 15 the next phases of PEG

and water T VBHITHAIRLIS, pined withidke HHichEaglianqaenkning 70-90%

copfaieBEG-PRISeAl IRaREEXRECEREY B16hS cXBRUPMRESIY the RAEREEhtrifugal

byggga{pét{gg,%gnﬁpg%%%ded with a solution 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



separator, is first added with a solution of sodium hydroxide in order to
alka- linize the filtrate to a pH between 9 and 10, and then undergoes
microfiltration. 20 This eliminates the fine particulate of precipitated iron
hydroxide. Then, the suspension is neutesjized with hydrochloric or
sulfuric acid and subjected to distillation. From this operation, the
evaporated water can be recovered by condensation in order to be

reugshIth el ‘(‘,’éﬁ{}iﬂﬂ%S 2¥pa % Ve HERIGRARRRETSBUNIGiIREIR Dubjected

section of the apparatu boiling component remaining as’a

restg@qutﬁélm’@tlmwhlqb @djm;ft%el tﬁTQaﬁh?dﬂﬁI@lFr@lQMﬂtm (esseméally iron).
filterRd 1 gHEYRAIR D& P SRAIHM- Sl %ﬁ%ﬁ%@%ﬂdﬁtfg? are eliminated

neutralization operation. An alternative process scheme for the third

sedibP@Psing ghsediskid @loramoad BRIpresdpnivrehecgs. eesinssgbprably, in-
507 BEGd Wﬁﬁé R0 IERIRIFI0WiR rﬁ%rﬁéﬁ@%&%@@(/&? a bed of

those shown in Figure 1 for the first two sections, and differs only for the

th|r@ai@ai@ﬁem@@a%@ﬁmﬂqa@eﬁ@aaﬁl@mﬁm@wﬁn the

microfiltratigp i WRIEHISREAPEIRGHAUIRL AGURA fiéey @8@%%&%‘&% of a binary

centrifugal separator, is not alkalinized, but is directly subjected to a

midroRiuieh %@Wéﬁ#ﬁi’@é@ésffﬁ@fwé'ﬁ'i‘etaﬁp\é(ﬁ"@lﬁlﬁﬁ,n(é%@ﬁfé{@fﬂ@rﬁ)y evapo-
TheusieruarRs fPfedlSE@VBGﬁﬂ@&a'érﬁﬁ?o@éleﬂﬁéwéﬁﬁ'\“%l% This can be di-

eliminated by passing the liquid stream on beds of ion-exchange resins.

10 prérGipipdic the slidnadireranted R frtahdaliLrf sowpetHftdristidomeant as
PasROYEiG bethvebrAHENMEESERAREINED £¥Ri PROGRCRIPIHE §##BSsection of

At the end of this treatment, the liquid flow solely consists of a binary

mifAfeRsPFEsS slasdited RO HAcANAeSRAEINGB WA r&&@x@awed abrasive
eVRG ra;pfp, Ra & ¥ oByjified and totally free from solids. This

can be dl 10 rectly fed to the slicing process. The total yield of suspending

liquid, meahbgsPrasartin rRMtee haskhieet dselrrefwithpaitisdansetgrence to
15 thegthiing SeRlioR-ot R aioests frsedred and hiRare @é‘tﬁﬁﬁgrg‘%@(ﬁhﬁ)at modifi-

exhausted abrasive slurry, is in the range of 85-95%. The present

inveaienshasbebRESaIREY Wietnpadr urthaapeneens sidlsdnie tiraficwithout
eMASUMRRY FriA"ER] Sub QKRGS SO RO SAHERRER laims.

changes may be made by the persons skilled in the art without



departing from the scope of the invention as defined in the appended
claims. -23- CLAIMS 1. A process fot freating exhausted abrasive slurries
including a sus- pending liquid, reusable abrasive 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: i) a lig- uid suspenst aining the reusable abrasive
grains in a mixture of the suspending liquid with a liquid solvent and ii) a
liquid suspension in the same mixture containing the fine abra.siv%{%ains

as well 28 tREPRRESIRbATGHINYISKBRUSIRE ARIABHSRYeTISs) jBElIRingg sus-
petagheurpendieadayid Berashe spidriysidsusrasrieeains inbgifeediparticles

rains and particles by means of solid-liquid separation treatments

an%éﬁ%iﬂﬁ%ﬁﬁrﬁﬁéﬁésmﬂfﬁiI‘Hﬁdﬁ!‘%%ﬁ%éaid wet size-sorting
traptsegdratiste phe) éxisardestosity boalias dhes-exhmustedsueNtimeo: /) a lig-

liquid-solid centrifugal separator that in turn feeds, with the resultin

g
solid%BrREARREHA TNt AIHRERFEASRES RRSaTI T cERIbhEL difre of the
centrifygRsnenng aier ivaRTiesider I8 I0URtesRUB Withie kueistiemion the

comprising a_portion of clarified qufuid obtained from the said steps b) of

recov@R SRR SRVRIRG % DRI B RIBEINGH o SN FIRTHER Bpe silicon

the Iasirtiidsasyelane prdastrensidege of the battery a liquid suspension
containing the reusable abrasi iIns and which suspension is

ve gra . _
S STRRAUR) A HorUFRE ARG VRS oo % RBIE I BT SeRgmgIon con-
suspeiaiag enstaining thiaseanable alasive orimoipksbemdhssparation

oot AORIE OO L ISP AU il o races of

whisreigraio s aiathvinstr tittdatesing araaiibmaivseiaapry 2usisenentivating the
e S B SR e frter ) et e
reshiting otibesvitaingighingtiany nsssiteprofad et thartigiescaydiones or two
oo e T e e et AR S i ractn
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.



cyclones or centrifuges is composed of 3-6 hydrocyclones or centrifuges
con- nected in series. -24- 3. A procegs according to claim 1, wherein the
following consecutive operations are 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 of the battery; B)

washjng the solid fraction resulting from gperation A), usi liquid sol- .

Vet &) R ARy EFEHICR StoRTe B d R aritisgoutive
oparttienselid tractsmn sasultithg frootitpectitnal Bl patatine fordilteiian afid treating
thea%g:ate solutions and solutions of salts of metal impurities, dissolved in a

§?es'}’|al.%"’,”5§:washing the solid fraction resulting from operation C),
ugindikditngcthedivent; stsgenspthecatishsing trainsussimgmashe splidns

fraction, resulting fr operation D(,P 4. A process according to claim 3
wher SR o DI B8 GHaTEAF bR ReL AR e ©f
in theHellmatiag/two consecutive stages: Cl) caustic etching of the fine
silicon particles by treating the solidi.acti n_resulting from, operation ,
o S SR G TR e el e uid s
particleatby treating the solid fraction resulting from operation CI) with an
aci ent solytion. 5. A process according to. claim 4, wherein the, said
50 TEREHIRG Aot o SR T R gD G A S 88 & tne
hydrachidriaetiah ceslitimgitiorautiveiatond Bjtvidthditbaprd dartticdn atsllimate
their miﬁtyres, and th t'said alkaline leac |r\q a en%.is cgosen fr8m the
solutions and sollifions af salts or meta mﬁug i€s isgolve In a waste
group consisting of caustic’soda or potassium hydroXide.”6.”A process
accoiijogito claim 3, wherein the said liquid fraction
D) washing the solid fraction resulting from operation C), using a liquid
solvent;
E) drying the abrasive grains making up the solid fraction resulting from
operation D).

4. A process according to claim 3, wherein in the 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.

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-



feeding in counter-current the battery of hydrocyclones or centrifuges in
_25_ eludes, besides a portion of C:I%if_ied 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

clueperasisidar of pubrssieertavmshinguld AHENEESTREAGHENSIPABRY ONR68bvery
the preceding claims, wherein the said liquid suspension ii) containin%the

of Hife USIRERANS MY BRI TR TR d WiE PP ERITpAREALRAS \betiegng the

susprndim omHiesd afdhe thes baydiecye ipre st gt reentidieenfdbatafide of the
battery, js further freated in atgsafet\k/1 h%dro%lg)}e or centrifuge, and the
[

batGonaRg dReIHIA PRI THEBV RGP FLFEGHRYLNSRSIBSe or
centrifiige preesgeesctiedinl Wensybo e recaveretirngusarngingherein the

liquid. 8. A process agcording to clajm 7, wherein the said steps b) of . .
SN, RREOSaEL 0, CHRAIANG ABm e e ER H LR A Werfne sificon
anwhiehayiplsisiculatedfiedtgned suhstang dheetniaivingdiessusproditgone or first

liguid, theji_ uid solvent and the fine metalgpiaeirtiﬁ%les, whict; is then |
ce &ﬁHﬂﬁdé’ iMEV SO e e RarJEINERERLERH Bbriona rixka¥degHelone or
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attery o rocyclanes or centrifuges and the, smaller ope undergoes
YR G0 o R OTIGE 10 PRI S R e RG] T TOELY o the
sussendimgiiguidaim 8, wherein the said larger portion of clarified liquid

titutes 40-90% of the clarified liquid obtained f thy id filtration.
10 A Breb AOSER ARG T C BT &, MIETEIR 106 SAIR BIGES i fhrEcovery

of ahelasiigsthding isidedtedipiose beimafaisp shesaid Hiatigiyrofwhich yields a
hydrocyclones or  centrifuges. 11. A process according to claim 8, wherein
claie, U RUP ST b SO ETE, SReR SRR alhg fatid Sovent
antetioy dfiribersstap padiiogeko wididh jnge watlibthieitradtiontwbtaio eib fronmtbdarger
id.liquid-soli trifugal separator carrying,. out the first.operatian qf th .
O e S PR B oo SA AT R He P P R b asing i
cotegaltiogrrénmubetssioh atfditioatie glkeafinzeldooytd 923 0dry celtiifigges and the

sm%lhglrlrc])%e 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



_26_ solution. 13. A process according to claim 12, wherein the said
alkalinized liquid fraction undergoe§2tg'|icrofiltration to eliminate iron
hydroxide that is formed upon alkalinization. 14. A process according to
claim 13, wherein the clarified liquid from the said microfiltration is
neutralized by adding an acid solution and undergoes distillation in order
soltgiggparate the said solvent from the said suspension liquid by
evaporation. 15. A process according to claim 14, wherein the said

suspehsidh RERRESR REBETIDGHIR G BIMiItandh sreRdbiasaittalinized liquid

frasBdirthatde fgsee digrom|tResirligasinnintie ArOrOEgESBGEEr R 19 faied upon
11, wherein the liquid fraction resulting from the said addition undergoes
alka|BiEAIPRYon to eliminate most of the fine metal particulate from the said

clarified liguistobds & REEEEFRHGABOEHING tBChaie Adn WhergirimaiSaidid from the
clarified iﬂijid obtained frb%P the saidﬁicrofiltration undg@oes further

saifle HGEHIEANGRA- SxIRTR FEdnSYo MRRGa R rA%Y STOMEIAN 2R othgergoes

distinatioities tarsrihe saidralerifirddigioidonemprisitotadiesiit eaispens®n liquid by
cationic resins and a second treatment on anionic resins. 18. A process

eV%%%EﬁH% to claim 17, wherein the clarified liquid obtained from the said

treatmemt Aviphoessexabenaingsinslairdergoameisiitatien daicsepapaiasioy liquid
o B S AR PR Rg t uor
negqadmﬁ@d,_and re_use_d in the _said washing phases B) and/or D) of the
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the foliqwing pntexsssmneetectignientsaim 16, wherein the said clarified liquid
obtained from the said microfiltration undergoes further treatment on ion-
exchange resins to eliminate traces of metals and other impurities from the said
clarified liquid, comprising a first treatment 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:



in sequence: _27- . a liquid-solid separator centrifuge that feeds, with a
solid-containing fraction separated thereby, the first one of a battery of at
least two hy- drocyclones or centrifuges connected in series; the
underflow from each hydrocyclone or centrifuge feeding the next
hydrocyclone or centrifuge, together with the overflow from the next but

one AydRayciong osependtdigectiaraasl hateryeidydigigiclangsifid-containing
centyifuges beiré%fed in counter-current with a liquid fraction comprising a

portiGANPR S RRRY Al BB BN e dFoHTTh @R8I 5B pRAIEY rebRlel§ast thuo hy-
suspeadingoimddotl.ce mftijacionakappamtusdesdilteiing fadieatifem each
the abrasive grains designed to carry out the following consecutive steps |

with DAL RRETeR" RIS, FREAITSh Hiin e SiRpUsIGRR o centrifuge.
ﬁogtﬁigiﬂiﬂéhe\mﬂﬁaﬁw_? %&Wlogbtaiﬁﬁﬂ fﬂfv@hﬁ@wngaﬁfﬂ%éﬁtﬂw}@&yclone or

rocyclone or,centrifuge, subseguent washings of the resulting grains ,

and SEAHHE oA 5 T R AHNG OB PSRt HE R R RRced in
particoilates-anddinallith aryingofiheipurdies gremdas dyapiMeomataifdd liquid

lll. a treatment section of the said liquid suspensiqgn ii) containing the fine
are S GO th 7R SRR S ASHEVA b AR e
olterflomgitithadirshhy digsxcians fur chinsritig eanfdhee%ﬁ%gpmrmlmawd@r grains
to recover the suspension ljguid. 22. An apparatus according to claim 21,
e SN ERELAD BRI s RUCHR BB HR SRR RSN transfer
furthef safeiydlyflestiolons tiedeniiifegs presivingdhapvefiitw abiaeifiesyrains
hydrogyclon centrifuge of the said pattery, apd whose overflow feeds .
tho PRGN TP B AP 1 B ek R Y REe OF g fuge,
overfabsebthensaich §rsh dy dsb tyeloasuttirae piriflige aRd. IBaENpgratis them, by
according.to clajm 22, wherein the said multifupctional apparatys for ,
e AP BT the o IS8 GPAnENE T Do Al atng. fnally
consistiirg off dhwr gasifiedvgsselizorbiniigearfiiesggyice on which the
afrasive grains are housed.during filtration and all subsequent phases ,
R Rt 2422 SRS BECSA o BT The fine
wherabndsdteegaitfsesaddthecfine 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.

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



_28_ elements 1. and 11. there is provided a buffer tank for the abrasive
grain sus- pension obtained from th g@id battery of hydrocyclones or
centrifuges. 25. An apparatus according to any one of claims 21-24,
wherein the said section Ill. of treatment of the liquid suspension obtained
from the overflow of the first hydrocyclone or centrifuge, or from the
elesadety Hydradydlotiecos denpriibuisedinel ilsten fitek devidedrabragiveh dhain sus-
exiting clarified liquid.is sent in part to, further apparatuses in arder to
P RN SRS LRRG S A A LS B c L e the
said [#iteiy efpatatogchonesdingeotafiygesc 26t Aniappaiadds atearlimghe said
tp claim 25, wherein, the, said further ap- paratuses for recovering the
e T R O IR SR . e L QUi el Tow o the
firssUitpdbledycteparateciset Siolyentdn fhenveaper safietirdmdiesysispenolingentrifuge,
. liquid. 27..An apparatys according to claim 26, wherein the .said further
o L e e e s s R T AR Vg part o
furfoe eippanatirsg thie satine e sidouss fribm susseisdendingithard|@ftpartito feed in
cofi B Al sletliarien, 28, An SApacals accardig fg,claim 26, wherein
the-Said farther ap- para{us s forreco erlngedgﬁe suspen(‘i'ﬁ]\g liquid also
includ2tonArorappaeateyices diatinge dtmelatrby 26n-exetranyehessad further ap-
ROCESS AND APPARATUS FOR TREATING EXHAUST : .
Pl RS R B GO L B R SO R e M T atianpice and
an COYRIRDNEN T8It/ BS TR AEPaRrt dbe favadoempletelyhrecoapandgdhe from the
onents of an abrasive slurry used in slicing crystalline
Sugr%fﬁ%@%%@ﬁbon, guartz or ceram- ics when it becomes exhausted and
enrich2d. with apdesiied veastmdirggtdn dlhapidGessheorsistbof saidnftiahher ap-
paFa‘%BE&g%P‘fB%%?ﬂté’fﬁﬁe Sﬁé‘g‘é‘%ﬁ’ S'ﬁ[)(d 5\\3}18}&%% AGRLA WShice for elimi-
size-sorting treatment’or the fraction contalning the abra- sive grains
natbgaitied falinaheesehieafuderoatiie dsospendibgttdinuisl hytiroveiclones the said
dis%ggg}.{ges connected in series. The section for the recovery and
purification of the abrasive grains comprises a multifunctional apparatus
that 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.
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performs all the required operations within a single pressure vessel. The
process enables the complete recovery of the reusable abrasive grains
contained in the exhausted slurry as well as of the suspending or cut- ting
liquid of the abrasive slurry, in order to regge both components in the
manufacturing process. The invention also concerns an apparatus for
carrying out the treat- ment of exhausted abrasive slurries according to
the process described.

PROCESS AND APPARATUS FOR TREATING EXHAUSTED ABRASIVE
SLURRIES FOR THE RECOVERY OF THEIR REUSABLE COMPONENTS

ABSTRACT

Process for completely recovering the reusable components of an
abrasive slurry used in slicing crystalline materials of silicon, quartz or ceram-
ics when it becomes exhausted and enriched with undesired waste matter.
The process consists of an initial centrifuge separation of the exhausted slurry
as such and of a wet size-sorting 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 a multifunctional apparatus that
performs all the required operations within a single pressure vessel.

The process enables the complete recovery of the reusable abrasive
grains contained in the exhausted slurry as well as of the suspending or cut-
ting liquid of the abrasive slurry, in order to reuse both components in the
manufacturing process.

The invention also concerns an apparatus for carrying out the treat-
ment of exhausted abrasive slurries according to the process described.



