SURFACE TREATED CALCI UM CARBONATE AND I TS USE | N WASTE
WATER TREATMENT The present invention relates to a
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surface-reacted natural calciumcarbonate, and to a
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Fiocculants, or flocculating agents, are chemicals that are used to promote
flocculation. Flocculants are used in water treatment processes 1o improve the
sedimentation or filterability of small particles. Many flocculants are muttivalent
cations such as aluminium, iron, calcium or magnesium. These positively charged
motecules interact with negatively charged particles and molecules (o reduce the
barners to aggregation. In addition, many of these chemicals, under appropriate pH
and other conditions, react with water to form insoluble hydroxides which, upon
precipitating, link together to form long chains or meshes, physically trapping small

particles into the larger floc.

A common {locculant or coagulant used is aluminium sulfate which reacts with water
to form flocs of aluminium hydroxide. Coagulation with aluminum compounds may
leave a residue of aluminium in the finished water. Aluminium can be toxic to

humans at high concentrations.

Another aluminium-based coagulant is polyaluminium chioride (PAC). In solutions

of poly-aluminium chloride (PAC), aluminium ions have formed into polymers
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1N conj {lnCiiOrl]] with other inorganic coagulants. However, when used in combination
with one of the above-mentioned inorganic coagulants such as iron(111) chioride, the
polymer needs fo be cationic, 1.¢. needs {o have a positive overall charge, for
effectively acting as a flocculation aid. The long chains of positively charged
polymers can help to strengthen the floc making it larger, faster settling and easier to
fifter out. Due to the restriction to cationic polymers, the process flexibility is

reduced.

A known polymeric flocculant is polyacrylamide. By use of specific comonomers,
anionic as well as cationic polyacrylamide can be provided. However, as already
indicated above, when used in combination with inorganic coagulants such as

iron(111) chloride, only cationic polyacrylanmide is effective.

Subsequent to the water purification process, the flocculated material needs to be
removed from the walter, e.g. by filtration, and to be disposed. However, the higher
the volume of the precipitated material, e.g. in the form of a filter cake, the higher the

disposal costs.
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charge, for effectively acting as a floccuialion aid.

The | ong chains of positively charged polyners can
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The skilled man also knows EP0410877, which relates to a composition of matter for
the chemical and biological purification of contaminated waters, said composition
being destined to be spread in the water to be purified and characterised in that it
comprises at least two of the following materials in granular form: - a porous calcium
carbonate rich in oligoelements, - an alumina silicate hydrate containing alkaline
carth metals. These two materials contain in the adsorbed state specific bacteria for

the biological degradation of organic materials containing a carbon chain,

Also in this domain, the abstract of JP6322911 1discloses a microparticle powder of
calcium carbonate or crushed charcoal with a grain size of 0.05-0.001 mm used as a

floccutant for water purification.

FR2666080 discloses an inorganic composition based on aluminium salt for water
purification treatment, characterised in that it is in the form of a powder consisting of

a mixture of aluminium salt and of calcium carbonate.

The abstract of 14131198 discloses a waste water purification process wherein

waste water is exposed to an air dispersed as particles in a size 0of 0.5-10
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above 9, thereafter saturating the water with carbon

di oxi de, coagul ating the resulting precipitate by

m xing the treated water with a coagul ati ng agent and
separating the coagul ated precipitate fromthe water.

The skilled man al so knows EP041 0877, which rel ates

to a conposition of matter for the chem cal and

bi ol ogi cal purification of contam nated waters, said
conposi tion being destined to be spread in the water
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f reogpsiweatdBn et the water a soluble metal salt flocculent in a quantity of between
5-100 milligrams per liter of the water; (b) adding to the water 50-2000 milligrams of
coccolithic calcium carbonate per liter of water; and (¢} forming a floc including said

algae, suspended solids, or toxic heavy metal compounds in said water at a pH of at

least about 7.0,

GB410739 discloses a process for the purification and decolourisation of waster
wherein the water 1s successively or simultaneously passed in contact with a
substantially insoluble mild acid-neutralising agent such as, among others, calcium

carbonate, and a defined adsorptive agent.

The skilied man is also aware of documents relating to the specific removal of
fluonides from waste water.

In this context, he knows GB7806647, which relates to a method for the removal of
fluorides dissolved in water which method comprises subjecting the water (o
treatment at a temperature of 50°C or more with tri-calcium ortho-phosphate, and

calcium carbonate and/or magnesium carbonate.
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caused to float under pressure and stirred to renove a
sludge and a tertiary treatnment water is filtered by
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water in vivo; and (e) scparating the flocs from the waste water.

Finally, the skilled man knows US 2002/100718, which relates to a wasle water
treatment method for treating a fluorine wasfe water containing organic matler,
nitrogen, phosphor and hydrogen peroxide by infroducing the waste walter into an
anacrobic tank and an aerobic tank, comprising: a calcium carbonate mineral placed
in the anaerobic tank; a biologically treated water of another system introduced into

the acrobic tank; and a calcium carbonate mineral placed in the aerobic tank.

Considering the drawbacks of known flocculants mentioned above, 1t is an object of
the present invention to provide a water purification process of improved economical
efficiency in combination with improved operation {lexibility while still resulting in
an efficient removal of water impurities. In particular, the present invention aims at
reducing the volume of the flocculated material and expanding the scope of polymer
flocculants to anionic polymers while stil]l keeping the degree of water purification
on a high level.

The object outlined above has been solved by a process for the purification of water,
wherein a surface-reacted natural calcium carbonate is brought into contact with the

water (o be purified, the surface-reacted natural calcium carbonate being the reaction
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subjecting the water to treatnment at a tenperature of
500C or nore with tri-calcium ortho-phosphate, and

cal ci um carbonate and/ or magnesi um carbonate.In this
context, he al so knows US5580458, which relates to a
met hod for waste water treatnment, conprising the steps
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an aerobic conprisin a cal cium carbonate
m aagénah cplbac@d enables the use of cationic as well as anionic polymeric

(loccuiants. Surprisingly, the use of the surface-reacted naturai calcium carbonate of

the present invention results in a flocculated material of improved compaciness.

The surface-reacted natural calcium carbonate to be used in the process of the present
imvention 1s obtained by reacting a natural calcium carbonate with an acid and with
carbon dioxide, wherein the carbon dioxide s formed in situ by the acid treatment

and/or is supplied from an external source.

Preferably, the natural calcium carbonate is selected from a marble, a chalk, a calcite,
a dolomite, a limestone, or mixtures thereol, In a preferred cmbodiment, the natural
calcium carbonate is ground prior to the treatment with an acid and carbon dioxide.
The grinding step can be carried out with any conventional grinding device such as a

grinding mi{l known to the skilled person.

The surface-reacted natural calcium carbonate to be used in the water purification
process of the present invention is prepared as an aqueous suspension having a pH,
measured at 20°C, of greater than 0.0, preferably greater than 6.5, more preferably

greater than 7.0, even more preferably greater than 7.5. As will be discussed below
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Consi dering the drawbacks of known floccul a pts
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In a next step, an acid is added to the aqueous suspension containing the natural
calcium carbonate. Preferably, the acid has a pI, at 25°C of 2.5 or less. I the pK, at
25°C is O or less, the acid is preferably selected from sulphuric acid, hydrochioric
acid, or mixtures thereof. I the pK, at 25°C 1s from 0 1o 2.5, the acid 1s preferably
selected from HoSO4, HSO,™, HiPO,, oxalic acid or mixiures thereof. The one or
more acids can be added to the suspension as a concentrated solution or a more
dituted solution. Preferably, the molar ratio of the acid {o the natural caleium

carbonate 1s from 0.05 to 4, more preferably from 0.1 to 2.
As an alternative, it is also possible to add the acid to the water before the natural
calcium carbonate is suspended.

In a next step, the natural calcium carbonate is treated with carbon dioxide. If a
strong acid such as sulphuric acid or hydrochloric acid s used for the acid treatment

of the natural calcium carbonate, the carbon dioxide is automaticalty formed.
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natural cal ci um carbonate enabl es the use of cationic
as well as anionic polyneric floccul ants.
Surprisingly, the use of the sgrface-reacted natura
cal cium carbonate of the present invention results in
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cal ci um carbonate can be brou ontact with the

|
wat &Y S uriPriie ‘“blfl“%aﬂ?%amé%i”&%% ﬁeé‘f}@” (i8}5énsi on

to the water. It is also possible to nodify the pH of

t hﬁﬂ%&k{{%ﬂg& tﬁé’%&?ﬂ%‘&ﬂ{%npédd"c{;l B di (1 5>§1d@ﬁ9&1heﬁt”ﬂf§g 1§ Bfine

wat er utron wt I t1onal
Vvaztcﬁlbousﬁslut]ezmnmu medsyredtdn é()%(t;ummmesl y reaches a value of greater than 6.0,

preferably greater than 6.5, more preferably greater than 7.0, even more preferably
greater than 7.5, thereby preparing the surface-reacted natural calcium carbonate as
an aqueous suspension having a pH of greater than 6.0, preferably greater than 0.5,
more preferably greater than 7.0, even more preferably greater than 7.5, If the
aqueous suspension is allowed to reach equilibrium, the pH is greater than 7. A pH of
grcater than 6.0 can be adjusted without the addition of a base when stirring of the
aqueous suspension is continued for a sufficient time period, preferably 1 hour to 10

hours, more preferabiy 1 to 5 hours.

Alternatively, prior to reaching equilibrium, which occurs at a pH of grealer than 7,
the pH of the aqueous suspension may be mecreased to a value greater that 6 by
adding a base subsequent to carbon dioxide treatment. Any conventional base such as

sodium hydroxide or potassium hydroxide can be used.

With the process steps described above, i.e. acid {reatment, (reatment with carbon

dioxide and pH adjustment, a surface-reacted natural calcium carbonate is obtained



suspensi on can be dried and the surface-reacted
nat ural cal ci um carbonate brought into contact with

WO b@smadses i s in powder formor in the form of PCT/EP2008/053337
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granules. In other words, the increase of pHto a

val ue of greater than 6.0 subsequent to treatnent with

an acid and carbon di oxide is mneeded to provide the

surface-reacted cal ci um carbonate having the

beneficial adsorption properties described herein. In

a preferred process for the preparation of the aqueous

suspensi on, the natural cal cium carbonate, either

finely divided (such as by grinding) or not, is N .

s uspandedd adsanpit @y properégeloablganictds evadl agrngygdyae inapuritics which
n f n r al ium car ithin the range.
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andrigner i ek asdriafcerdilayio® with%utioni4 Qs wellas Rased Mebeulants as

the weight of the slurr In a next step, an acid is

adM@HN1'S@ﬂ@démﬂ€8@§d§aihéﬁ§ion contai ni ng the natural
cal cium carbonate. Preferably, the acid has a pKa at
250rofer @etslsotbohielys praphratihe op e satfa@eR& e nQus cdlgsry, carbonate

the gcid is fer S f S ur | cid,

v BEh e 8! 67 0¥ iigh Sk ket MR e BRE e
2567dr&icbd BIERith Beidg Mclddeg iRGeGréssnipipfieniail XcarliBgt®these
fromH2SO , HSO, ﬁBPCﬂ, oxalic acid or mxtures

t HEcewrnisThe sgfscopachs gl aicivaabenae deecd s ¢ der for paper
sy sion as a concentrated solution or a nore
dfﬁ%ﬁg%nﬁglution. Preferably, the nolar ratio of the

acid to.the natural calciumcarbopate is from0.05 to, .
i G EP BRI T ot OreTe e BT RG St il Srcium
| teakifon@cSMeR@&is RhRitn® cadshdihR réfhd Wigh thR&ciaiglor the carbon
before the natural cal ciumcarbonate is suspended. In

a hexitlc 8tlbp prespieedplealt csarenprndackseination degramedsisting

W (;f sichg{epgﬂcaq Iaﬂl)l(}lligﬁfm f})];drg&idc, earth alkali aluminate such as sodium or
potassium aluminate, magnesium oxide, or mixtures thercof. Preferably, the at least
one silicate is selected from an aluminium silicate, a calcium silicate, or an carth
alkali metal silicate. These components can be added to an aqueous suspension
comprising the natural calcium carbonate before adding the acid and/or carbon
dioxide. Alternatively, the silicate and/or silica and/or aluminium hydroxide and/or
carth alkali aluminate and/or magnesium oxide component(s) can be added to the
aqucous suspension of natural calcium carbonate while the reaction of natural
calcium carbonate with an acid and carbon dioxide has already starfed. Further
details about the preparation of the surface-reacted natural calcium carbonate in the
presence of at least one silicate and/or silica and/or aluminium hydroxide and/or
earth alkali aluminate component(s) are disclosed in WO 2004/0833106, the content

of this reference herewith being included in the present application.

The surface-reacted natural caleium carbonate can be kept in suspension, optionally
further stabilised by a dispersant. Conventional dispersants known to the skilled
person can be used. The dispersant can be anionic or cationic. A preferred dispersant

is polyacrylic acid.



strong acid such as sul phuric acid or hydrochloric
acid is used for the acid treatnent of the natural
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10

15

formed. Altcrnativciy or additionally, the carbon

di oxi de can be supplied froman external source Lcid
treatnment and treatnment with garbon di oxi de can be
carried out sinultaneously which is the case when a
strong acid is used. It is also possible to carry out
acid treatnment first, e.g. with a nediumstrong acid
having a pK. in the range of 0 to 2.5, foll owed by
treatment with carbon di oxide supplied from an
exf\écmaﬂi vedpuhcaeu cansea‘uem calsiop desduived obaervan &t idopd dhercby

ﬁsgln w@?r gtﬁgdﬁctl l R utzrdacflﬁ:bune \(}@%aﬁﬁ!g gkt.ac ’forimno[I gez'ermu esora
SU&ﬁﬁﬁﬁlon) (vo!unme of gaseous CQ2) is from1:0.05 to
1: 20 even nore preferably 1:0.05 to 1:5. In a

pr ﬁ]fdelslf:ﬁq 8 mg&mt thd §8r:8& clch @atuiB bR e ParBHH OFas a
t he carbon di oxi de treatnent step arc repeated at

| esvstifio rsuré"acqmcrceofpfr@fl éma*rég y) %Dé}\m &l m@ncrm@el dMJeq Ueie 80 m/g
the acid tr n di oxi
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naﬂhb't'h@ﬁ hycor@aghesoyal ue of greater than 6.0,
preferably greater than 6.5, nore preferably greater

t hﬁﬂll%x HoreeN N IR t%d @Ha‘?fﬂﬁf AbhYe gneal ﬁﬁtul; MR cilinPearbonate has a

t hereby preparing the surface-reacted natural cal cium
canbonatm dsnelar fa[qum ts! t@lﬁé)pﬁn,snmm phefeiahly i?amp . Sotfo 2 5 um, even
greater than 6. preferably greater than_ 6.
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addi tion of a base when stirring of the aqueous
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preferably 1 hour to 10
specific surface arca within the range of 15 to 200 m*/g and a mean grain diameter
within the range of 0.1 to 50 wm. More preferably, the specific surface area is within
the range of 20 to 80 m*/g and the mean grain diameter is within the range of 0.5 to
25 wm. Even more preferably, the specific surface area is within the range of 30 to 60

2 . . “ . .
m*/g and the mean grain diameter is within the range of 0.7 to 7 pm.

Preferably, the surface-reacted natural calcium carbonate has an intra-particle
porosity within the range of 20%vol to 40%vol, measured by mercury porosimetry.

Details about the measuring method are provided below in the experimental section.

In the process of the present invention, the surface-reacted natural calcium carbonate
is brought into contact with the water to be purified, e.g. industrial waste water,
drinking water, urban waste water, waste water from breweries, or water in the paper
industry, by any conventional means known to the skilled person.

The surface-reacted natural calcium carbonate can be added as an agucous

suspension, ¢.g. the suspension described above. Alternatively, 1t can be added to the

water to be purified in any appropriate solid form, e.g. in the form of granules or a



hours, nore preferably 1 to 5 hours. Alternatively,
prior to reaching equilibrium which occurs ai a pH of

w@e@atiess4a han 7, the pH o f the aqueous suspenBCT/RPI0A/053337

25

be increased to a value greater that 6 by adding a

base subsequent to carbon di oxide treatnent. Any

conventi onal base such as sodlgn1hydroxide or

pot assi um hydr oxi de can be use Wth the process

steps descri bed above, i.e. acid treatnent, treatnent

wi th carbon di oxi de and pH adj ustnent, a

surface-reacted natural cal ciumcarbonate is

obt ai nedhavi ng good adsorption properties for organic
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be described in further detail below Further details
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cal ci um carbonate arc disclosed in WO 00/39222 and US
20047 90202y QOIARIN Orger gt i@'m, eqf rashibwe [roef Bwemcesste, organic
herewi.t h bei ng.i c uded.in sent
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paper manufacture. In a preferred enbodi ment of the
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t herwofics Peiefiet GobyadioheEt cdivas tE k)n%sttécbll(l"&hm%d%s:ronc or
sel. ed from an alunlnlum ilicate, al.ciu
i ﬁé( E)écsl(gl,cuaw gl&ét? ﬁn( myco hormones such clS% snosluol genistein,
datdzein or zeraleon; drugs such as 17w-cthinylestradiol (EE2), mestranol (ME),
diethylstilbestrol (DES), and industrial chemicals such as 4-nonyl phenol (NP), 4
tert-octyl phenot {OP), bisphenol A (BPA), tributyltin {TBT), methyimercury,

phthalates, PAK or PCB.

In case the water to be purified contains one or more polycyclic compounds,
cholesterol, and/or endocrine disrupting compounds, the surface-reacted natural

calcium carbonate is preferably used in combination with activated carbon.

The EDCs, which can be removed from the walter by the process of the present
invention are seiccted from the group comprising, ¢.g. endogenous hormones such as
173-estradiol (E2), estrone (E1), estriol (E3), testosterone or dihydro testosteronc;
phyto and myco hormones such as 3-sitosterol, genistein, datdzein or zeralcon; drugs
such as 17a-ethinylestradiol (EE2), mestranol (ME), diethylstilbestrol (DES), and
industrial chemicals such as 4-nonyl phenol (NP), 4-tert-octyl phenot (OP),

bisphenol A (BPA), tributyltin (TBT), methylmercury, phthalates, PAK or PCB.



al kali nmetal silicate. These conponents can be added

to an aqueous suspension conprising the natura
wa@adositssuecar bonat e bef ore addi ng the aci d and/ PCT/ERZ00®053337

di oxi de. Alternatively, the silicate and/or silica

and/ or al um ni um hydr oxi de and/ or earth al kal

al um natc and/or magnesi um oxi;de componcnt(s) can be

added to the aqueous suspension of natural cal cium

carbonate while the reaction of natural cal cium

carbonate with an acid and carbon di oxi de has al ready

started. Further details about the preparation of the

surface-reacted natural cal cium carbonate in the

priegEseBotsf iodised earytasortisnti Py SateabdHdy be-Lsiok itedarane/ or
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optlonall further stabilised by a diSpersant.
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of granules or a In a preferred enbodi nent,

t hie beurchiedes yaucl I%Gulh deaiodls fowl division dafsoratienhas a
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preferred that the surface-reacted natural cal cium
c at Bowdivaled garbgnate can be added simultancously with, prior to or after the

addition of the surface-reacted natural calcium carbonate.

The use of the surface-reacted natural calcium carbonate together with activated
15 carbon on the one hand provides for a very cfficient adsorption of substances such as
EDCs by the excellent adsorption properties of both of the adsorbents, and on the
other hand additionally improves the removabilily of activated carbon by forming
composiles therewith, also if it has alrecady substances adsorbed onto its surfaces,
resulting in a further improved removal of EDCs due to the synergistic inferaction
20 hetween surface-reacted natural calcium carbonate and activated carbon, the

resulting composites being castly separable from the aqueous medium,

In this respect il is especially preferred that the activated carbon is added to the
aqueous medium prior o the addition of the surface-reacted natural calcium
carbonate. In this embodiment, the EDCs are essentially {irst adsorbed to the

25 activated carbon and the resulting composite is essentially subsequently adsorbed by
the surface-reacted calcium carbonate providing for an improved removability of the

activated carbon, and the EDCs attached thereto, respectively.



mean grain dianeter of from0.1 to 50 mMm nore
preferably fromO0.5 to 25 mm even nore preferably 0.7

w0 0008/1038¢0 neasur ed accordi ng to the sedi nent at POTYEP2008/053337

10

15

20

25

nmet hod. The neasurenent of nean grain diameter was
performed on a Sedigraph 5 100 I Minstrunent, as
described in further detail in,the experlnental

section below. In a preferred énbodi ment, the
surface-reacted natural cal ci um carbonate has a

specific surface area within the range of 15 to 200

nm2/ g and a nean grain dianeter within the range of 0.1
to 50 nm More preferably, the specific surface area
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surface-reacted natural calcium carbonate can be added
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water to I'n any appropriate so orm
e. (@rlicdiaNo hes(hdy mroh, graroleds oohuagsblwde*mncﬁi‘ Brx J(hd>dher arbon

of .a.ca j n.the caontext, of t
| n@@ﬁfﬁ%ﬁ.‘;o.ﬂd,%mgqﬁ%ma ANHPEMAnY p iy ‘&llaé&%hdl ﬁ?‘rﬁﬁ [Iag](, from
Phase (a8ide Nonod h@)_form of a cake or layer, conprising

For example, the activated carbon particies can have a grain size of 0.1 wm to Smm,

preferably 10 pm to 2 mm, 0.1 mm to 0.5 mm, e.g. 0.3 mm.

Preferably, the weight ratio of the surface-reacted natural calcium carbonate to the
activated carbon is from 1:1 to 1:100, more preferably from 1:5 to 1:80, especially 1:

10to 1:70 or 1:20 to 1: 50, c.g. 1:30 or 1:40.

Preferably, the surface-reacted natural calcium carbonate is suspended in the water,
e.g. by agitation means. The amount of surface-reacted natural caleium carbonate
depends on the type of water to be treated as well as on the type and amount of
impurities. Preferably, an amount of 10 ppm to 1 wt%, more preferably 100 ppm to
0.2 wt% surface-reacted natural calcium carbonate, based on the weight of the water

to be treated, 1s added.



the surface-reacted natural cal ciumcarbonate, the
water to be purified running through said i mmobile
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The water may contain organic inpurities, e.g.
resulting fromhuman waste, organic materials, soil
surfactants as well as inorganyc inpurities, in
particul ar heavy netal inpurities such as iron- or
manganese- cont ai ni ng conpounds. Harnful conponents
that can be renoved fromthe water with the
purification process o f the present invention also

i ncl ude_m croorgani smsuch as bacteria, fungi,
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testostero
polyclcotloly{cs deCd on polyacrylates, polyethyleneimines, or mixtures of these,

and natural polymers such as starch, or natural modified polymers like maodified
carbohydrates. Other preferred flocculants that can be mentioned are egg-white and

o0

gelatine.
The polymeric flocculant can be ionic or non-ionic.

Preferably, the polymeric flocculant has a weight average molecular weight of at
least 100,000 g/mole. In a preferred embodiment, the polymeric flocculant has a

weight average molecular weight within the range of 100,000 to 10,000,000 g/mole.

As already discussed above, the surface-reacted natural calcium carbonate can be
used in combination with a cationic polymeric flocculant as well with an anionic
polymeric flocculant, thereby improving process flexibility in water treatment. Thus,
in a preferred embodiment the polymeric flocculant which is added {o the water
subsequent to the addition of the surface-reacted natural calcium carbonate is
cationic whereas in another preferred embodiment the polymeric flocculant is

anionic.



phyto and myco hornones such as b-sitosterol,
geni stcin, daidzcin or zcralcon; drugs such as
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di cl hyl stil bcstrol (DES), and industrial chem cals

such as 4-nonyl phenol (NP) 3 4-tert-octyl pheno

(OP), bisphcnol A (BPA), tribuytyltin (TBT), nethyl
mercury, phthalatcs, PAK or PCB. Furthcrnore iodised
contrast agents for X-ray-analysis e.g. ioxithalanmate,
fl uorochi nol oncs |ike ciprofoxacine and anti biotics

i ke macro lidcs and sul fonam des can be renoved by

the process of the present invention. It has
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car@g orm ng conposites therewith, also if it has
al ¥ ay>§u— PUPices adsorbed onto its surfaces,

A preferred polymeric flocculant of the present invention is polyacrylamide. By
appropriate modifications which are known to the skilled person, the polyacrylamide

can be used as a cationic flocculant as well as an anionic flocculant.

Preferably, the polyacrylamide contains at least 50 mol%, more preferably at least 60
mol%, even more preferably at least 75 mol% monomer units derived from
acrylamide.

An anionic polyacrylamide, i.e. a polyacrylamide having a ncgative overall charge,
can be obtained by introducing appropriate comonomer units, e.g. derived from

(meth)aerylic acid.

A cationic polyacrylamide, i.e. a polyacrylamide having a posifive overall charge,
can be obtained by introducing appropriate comonomer units, ¢.g. derived from
aminoalkyl(meth)acrytates such as dimethylaminomethyl(meth)acrylate,

dimethylaminoethyl(meth)acrylate, dimethylaminopro-pyl(meth)acrylate,



resulting in a further inproved renoval of EDCs due to
the synergistic interaction between surface-reacted

woadosnadsscal ci um carbonate and acti vat ed car boPCT/ERE08/053337
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resulting conposites being easily separable fromthe
aqueous nmedium In this respect it is especially
preferred that the activated g rbon is added to the
aqueous nmedium prior to the addition of the
surface-reacted natural cal ciumcarbonate. In this
enbodi nent, the EDCs are essentially first adsorbed to
the activated carbon and the resulting conposite is
essentially subsequently adsorbed by the surface-
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carbon. Thus hin the context of the present
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of activated carbons useful in the present invention

arteot éscganya\ﬁditloa@l o erdipnd inkeganis dohcdantgpel & /@ Ndum@Bim
11 rain. si 0.3 to 0.5 mm bulk
dé%%%ﬁm ﬂmlﬂ ”9% %%““¥”8E¥Bﬁﬁ?lch such as article

rugher 4841 SE LSSk TR C8l BRSO BT, Site 100
( Dese:@88ihRAWEES is adddOR wigsh particle size); from
Ri edel -dc Hacn (article No. 18002, puruin,
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separated from the water sample by conventional separation means known to the

skilled person such as sedimentation and filtration.

[n an alternative approach, the liquid to be purified is preferably passed through a
permeable filter comprising the surface-reacted natural calcium carbonatc and being
capable of retaining, via size exclusion, the impurities on the filter surface as the
liquid is passed through by gravity and/or under vacuum and/or under pressure. This

process is called “surface filtration”.

In another preferred technique known as depth filtration, a filterimg aid comprising of
a number of tortuous passages of varying diameter and configuration refains
impurities by molecular and/or electrical forces adsorbing the impuritics onto the
surface-reacted natural calcium carbonate which is present within said passages,
and/or by size exclusion, retaining the impurity particles if they are too large to pass

through the entire filter layer thickness.



GH & Co. KG Frankfurt am Main, Germany) or
activated carbon available from Fluka (article No. 05
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have a grain size of 0 .1 mmto 5nm preferably 10 mm
to2mm O .1lmmto 0.5 mMm e.g. 0.3 nm Preferably,

the weight ratio of the surface-reacted natural

cal cium carbonate to the activated carbon is from1:1

to 1:100, nore preferably from1l:5 to 1:80, especially

1: 10 to 1:70 or 1:20 to 1: 50, e.g. 1:30 or 1:40.
Preferably, the surface-reacted natural cal cium

carbonate is suspended in the water, e.g. by agitation
medhs . emigusrountcrh Slirtiacearkastiacs mdralioal nwal edditipnally be

ga(,(n nf tE lgj plgct:ﬂl%fbt 1 h(%h{hy Q‘q[lg{l({limq%\ﬁll 19 H}% Suﬁ“? eq'ilicr; this

Pr af]ﬁ‘ﬁ}abaluym pa(ﬂ;cﬁimvhmhd\%t&g@ R0 Mdse phr tiMc%thdiID’ﬁ@hl otherwise block
preferably 100 ppmto 0.2 W % surface-reacted natural

cal helsu%w@aﬁ %ﬁﬁ*tcéamdékilét?dé‘hl PRl l§REOHRY¢he water to

be treated, is added.In preferred enbodi nent, the pH

of Ot?hél“\r@t rintreduse agdeett fé]é! apan &WFM@ti@élhq wirfacy Hitreis 6 Suspend a

qr ﬁé‘éc% agihl a\ld 1@1 l%b Irg?u ng eIfI?CI?(P a¥1 m aL%nesralEi t(?sulgoc?ucnlly decant

rea

pr ﬁfcﬁflhﬁdll ensb@dmmn cmfpanhﬁ" e em@mmsnaeeﬂntm @Bposed on a surface
pol.ymeric flocculant is added to the water to be
qu ¢} alper giub§(§qulég1tlllq depthellihadey ilgwrof hishis known as an alluvium

Suﬁflzalﬁﬁ rsrgs%iﬁeg S am ﬁml(ﬁl g}fggeg)"i}vﬁ@@&}lﬁ £il {2 ﬂﬁ)ﬁ}eﬁ*ﬂ@}l){]’ may be

t he ric floccutant 18 a dsor ption
[ rrmtaraotucésm oine gniacs ffitgoer teaehadnaag hadiurc dllcitiom
car bon{'jlt e lias reached [ t[s{]mam mum. i.e. there is no

f uPEHBE Pder YN E APRPUP HiC B HI TR ogpPosic material is

HOMBV &lcel chinpliSin@hiROsiPRes (pllc@:dtiﬂuﬁlg%cﬁchtﬁn K%Qllb)éﬁﬁt 1§ (lcﬁ ned above
fl occul ant at an earlier stage, e.g. when at |east

and at lcast one of the impuritics as disclosed above, 1 particular inorganic

impurities such as heavy metal ions, organic impurities including endocrine

disrupting compounds, and/or microorganisms.

Preferably, the composite material further comprises a polymeric flocculant as

defined above and/or activated carbon as defined above.

When the surface-reacted natural calcium carbonate is used it combination with a
polymeric flocculant as defined above, in particular with a polyacrylamide flocculant
as defined above, it has surprisingly been found that a floceulated material of
improved compaciness is obtained while still maintaining flocculation efficiency on

a high level.

[f the flocculated material is separated from the water by filtration, the composite
material can be present in the form of a filter cake.

The invention is now described in further detail by the following examples, which

are not limiting the scope of the present invention.



75% at |east 85%or at |east 95% of maxi num
adsorption of inpurities on the surface-reacted
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pol ymeric flocculant known in the art can be used in

the process of the present invention. Exanples of

preferred polyneric floccul ant;s i ncl ude

pol yacryl anmi dcs or pol yel cctrol'ytcs based on

pol yacryl ates, pol yethyl enci mi ncs, or m xtures of

these, and natural polymers such as starch, or natura

nodi fi ed polyners |ike nodified carbohydrates. O her

preferred floccul ants that can be nentioned arc

egg- whhe and gel ati ne. The Buimpiesic fl occul ant can be

ionic or non-ionic. Preferably, the polyneric

f | Meguirdéng mhdwda wei ght average nol ecul ar wei ght of at

| east 100,000 g/nole. In a preferred enbodi nent, the

poMynar pranfdigacst addo)has a wei ght average mol ecul ar

MEIght within the range of 100,000 to 10, 000, 000

9/ wRhiegralssdidhbRAN shcHssae: @eNeiion N determined via the

surface-reacted natural calciumcarbonate can be used

i recdiomilH@nirorihad. 8. @ wabisiomil éCCb@]ICW#’éW eelfaveet Ul ageviggtic

VVei"élc V‘f“hc e a@m%megp llm{:()l% Vylpe{ §0d1ghtd tmjéerl%ptr ’ﬁ\% ﬁé’ﬁm”%’q The

Thu&hod ﬁncﬂll@ﬁ@;‘h@sl’ﬂcﬁdm@ ndaeeh nemk skied pelsyimeiid &c commonly used

floccuiant which is added to the water subsequent to

t He datfanticaridiBpize ke D8 pisPaE elonsatt d8° AEEUFENCE af €iried out in an

C?TL Q&Qts% th% %@b']qpl'/cl\l\{m% alshcI RIDY) Q:gtwrb% dL@g E(,Qir [&ﬁg high
di ment the polynerlc "occul ant i's ani oni c. he

COﬂtﬁanUﬁdhh@@ET@ﬁ&ﬂt invention, the term"cationic"

refers to any pol yner having a positive overal

chsyic@dic slitti&e akhie presence of sone ani oni c nononer

units is not excluded as long as there are stil

sufifd S8t sGF#dcdLis TRAQTES vidMhd SEPHAMhE Rdording to 1SO 9277

using nitrogen.
Dewatering according to the “Sieving Test Method”

An agueous sludge sample, e.g. from a municipal sewage plant, is {reated with the
flocculant(s) to be tested. Subsequent to the flocculation treatment, the sludge sample
is filtered and dewatered on a metal sieve having a mesh size of 200 um. The time
needed for dewatering a given amount of filtrate and the clarity of the water running
through the filter are determined. Values for clarily are provided on a scale from 0 to
46, wherein 46 indicates the highest level of clarity.

Type and amount of impurities

The type and amount of impurities which are present in the water samples before and
after treatment according to the process of the present invention were determined
using Optima 3200 XL ICP-OES mstrumentation from Perkin-Elmer. The samples

were directly analysed following treatment with SRCC.



a positive overall charge and enabling its use as a
flocculant. Furthernore, the term "cationic polyneric

wo basawdsamt " al so conpri ses those pol yners havP@mEP2008/053337

nmonomer units with functional groups which becone
cationic upon addition to the water to be treated,

e.g. am ne groups becom ng ammni um groups in acidic
water. The term "anionic" refers to any pol yner having
a negative overall charge. Thus, the presence of sone
cationic nonomer units is not excluded as |ong as
there arc still sufficient anionic nononer units
providing a negative overall charge and enabling its
usBUEARY £ | occul ant. Furthernore, the tern1"anionic
pol ymeric flocculant” also conprises those g yners
halithih oh diterateinianplei s rhenterch osag @ groipsOtihise Aurbidimeter.
becone anionic upon addition to the water to be

t rgfdtog dhe sasgensa@i d gr oups such as sul fonic acid
groups. A preferred polyneric flocculant o f the
priefsesit of theanticodd sispepby Bahdasaid dcing BY (aappei gpr-indtce
nodi fi cations which are known to the skilled person,

t hﬁltﬁﬂ')ix’lafd!é’]'uﬂﬁkl@@b@ﬂfbl Beryyssdsiafend cationic
fl occul ant as well as an anionic floccul ant.

Pr"ﬁﬁ)‘i—’é@b\k Yre Hﬂn@c pf?b%a%{léﬂcﬁﬁbﬁc CFO{‘ztcagtﬂ'?dc@ti cdBRS tna%@al caleium

mol % nore preferably | east % even nor
pr(@fléma'@l yTlat thideist aizb fmmhf% rhyn(anpljymugmat sodﬁmﬂvedsimomo the
ni on

oo YRR S iR Ay PaTRll I Tl Rl Pl otg trough o

beriiebt a2 naeh Bied lﬂbfﬂigﬂﬁﬂl@|1Mltﬂ%ﬂhQpédlﬁicl%tc@lqmlglné’mt pigment. The
units, e.g. derived from (ntth acry ic acid

) catbleioee seloyad frymaht deparatueandad pﬁhya&pywanﬁ@d?ﬁHWMﬁ@um
a positive overall charge,
Once dried, single portions from each of the tablet blocks were characterised by

mercury porosimetry for both porosity and pore size distribution using a
Micromeritics Autopore IV mercury porosimeter. The maximum applied pressure of
mercury was 414 MPa, equivalent to a Laplace throat diameter of 0.004 um (i.e. ~
nm). The mercury intrusion measurements were corrected for the compression of
mercury, expansion of the penetrometer and compressibility of the solid phase of the
sample. Further details of the measuring method are described in Transport in

Porous Media (20006) 63: 239-259.

Example 1

In example 1, the adsorption capacity of the surface-reacted natural calcium

carbonate with regard to different heavy metals is determined.

500 g of a heavy metal solution, containing 5 ppm cach of cadmium, chromium,
copper, mereury, nickel, and lead was stirred for 15 minutes with 3% (w/w%)
surface-reacted natural calcium carbonate. The solution was lefi for 24 hours at pH
1.5 and the upper liquid phase was analysed with ion chromatography (Dionex DX

120 Ton-Chromatograph).
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can be obtai ned by introducing appropriate conononcr
e.g. derived from am noal kyl (ncth)acryi ates
wa@ nais/1a384@i met hyl am nonet hyl (net h) acryl at c,

units,

di nct hy! am noct hyl (nctb) acryl at c,
di nct hyl am nopr o- pyl (ntt h)acryl atc, di cl hyl am nontt hyl (

nmel h) acryl al e,

di ct hyl am poe
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yl (ncl h)acryl atc or

di cl hyl am nopr opy] (nct h)acryl al'c whi ch can be

qual crni scd by al kyl
enmbodi nent

halidcs In a preferred
t he pol yacryl am dc has a wei ght average

nol ecul ar weight within the range of 100 000 g/niolc

to 10 000 000 g/ nolc Optionally,
bel ddedce-teaciyd nwatd calsamptabemtbeas prepdredias Mhlewe:
i ncl ude agents for pH adjustnment and

m ght

further additives can
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n chloride or _al um.niu
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nat ur al
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ssEpak-BOSE 1Y

HF”% a separation neans known to the
[ed pe pérson such as sedinentation and filtration.

the liquid to be purified

a perneable filler

gﬁacte cal ci um
W@"}é@ﬁ o8 sgRutioa vy} hrﬁuh@cc :\Flagleg |cilé1um

| et ed,
ctum:;n swalicetyon

t he

the inmpurities on the filter surface as the
liquid s passed through by graV|ty and/ or under

vacuum-and OAmd! uﬂe Ahnsam” eAmé{ulli Amount | Amount { Amount
of of of copper of of nickel | of lead
cadmium | chromium | (ppm) mescury {ppm) (ppm)
{ppm) (ppm) (ppm)
Untreated | 5.0 5.0 5.0 5.0 5.0
solution
Solution
after < (.1 < 0.1 < 0.1 <01 0.5 < (.1
reatment
Sediment
obtained | ¢ 25 3.2 2.1 3.7 2.6
after
treatment

1t 1s obvious that the surface-reacted natural

calcium carbonate was able to reduce

cadmium, chromiwm, copper, mercury, and lead very efficiently. From the originally

dissolved 5 ppn, less than 0.1 ppm was recovered in the treated sample. For nickel,

90% of the starting amount of 5 ppm was adsorbed and thus removed from the

solution.




process is called "surface filtration". In another
preferred techni que known as depth filtration, a
wo péosarisag ai d conprising of a nunber of tortuPUEEP2008/053337
passages of varying dianmeter and configuration retains
i mpurities by nolecular and/or electrical forces
adsorbing the inpurities ontogjhe surface-reacted
nat ural cal ci um carbonate mhlc is present within said
passages, and/or by size exclusion, retaining the
impurity particles if they are too |arge to pass
through the entire filter layer thickness. Thc
techni ques of depth filtration and surface filtration
maljx&@piet3 onal |y be conbi ned by |ocating the depth
filtration layer on the surface filter; this
cokmflihglunm 2.0he gxtseanimuls:ape‘r@iayaxﬂuwwﬁga: tehatd nhtose calcium
parH fghag,mrght ot herwi se bl ock the surface
fi5Y éP“‘EC VeSS P QUSOREE N SHS C“a‘é}ﬁt‘ filtration
| ayer. One option to introduce a depth filtration
| SR A PRI QUk04wE TR vsse Wigh g ger gw@hd Gg* 10° cfu/em’. Ina
5 al llgs\n&uﬁghftlﬁl ﬂ']cqjgh gsb%bés é‘gw(%%{ &e glgg I’“ﬁ%@gb?’ﬁg paney filter. In
f | .oecohdtesriaicht, dre sp@gdnsmﬁ V\tahﬁ Ilcfmuhzlotzgles B8r hhdd 8f the
deposited on a surface fil ter, thereby form ng the
de"b‘f RegToaeied piigral palgam carponats, el aviima s anliangienal gihmm and

fl{&hﬁhbgqﬁgw%;ﬁn1 Optionally, an initial layer of the
Itratlon material may be prc-coatcd on the

{cat;%fm caied RcrltlL Pz{ c]il?]élﬁ]g mﬁ$ CrS] fvag é)b%jél{c:lji 1?§|1]ows
10 P r},\éenfgm'ﬂgs}/gg} 'tgsﬂa;q(gugén 0Ras] b Sg{g% erLRl R A QYT ded

bona}e as defined above and at | east one of the
piace Tepele el e ”HBGW@O“#ﬁ particul ar inorganic

urities such as heavy netal ions, organic
bpelyidegdechedtiral srdeiemdetionple ogicealipg fing Qonpdimnes, was

a%{é %}dgﬂ (6'&1%8{09@@ &gg%l\sloz] of approximately 16 % by weight of dry matter.
The slurry thus formed is then treated by slow addition of phosphoric acid at a
15 temperature of approximately 55°C, sufficient to provide a product featuring a BET
specific surface area of 35 m*/g according to 1SO standard 92777, and an
approximate number average diameter of 10 micrometers estimated from scanning
electron microscope images obtained using a LEO 435 VPe scanning electron

microscope.
20 Second surface-reacted natural calcium carbonate:

A finely divided natural calcium carbonate originating from Molde, Norway, was

suspended to achieve a suspension of approximately 16 % by weight of dry matter.

The slurry thus formed is then treated by slow addition of phosphoric acid at a

temperature of approximately 55°C, sufficient to provide a product featuring a BET
25 specific surface area of 50 m¥/g according to 1SO standard 92777, and an

approximate number average diameter of 20 micrometers estimated from scanning



Preferably, the conposite material further conprises a
pol yneric floccul ant as defined above and/or activated
waeacosamsas defi ned above. When the surface-r eaeCEEP2008/053337
natural cal cium carbonate is used in conbination with
a polyneric fiocculant as defined above, in particular
with a polyacrylam de floccul apt. as defined above, it

has surprisingly been found that a fl occul at ed

mat eri al of inproved conpactness is obtained while
still maintaining flocculation efficiency on a high
level. If the flocculated material is separated from
the water by filtration, the conposite nmaterial can be
pr &g Misrashepcfiglgeofdlaned nyeg a EHRA3STHE scamang icleatrers
noyw. ibed in further detail by the foll ow ng
exﬁ%%%%ggémhich arc not limting the scope of the

present .invention. EX j es Measuring nethods Mean

gr@i?%m&li'] et g}o“(“d’g d%[\‘%an gram di ameter and grain
: : : . : : h

S Gt A 9GH0 e PHBERSP 1310l o B G et macrial

sedi-nent.at.i.on..behaviour in a gravinetric field. .The

measurenent is made with a Sedigraph, bMR oFQQp8ision (cfumi)
M crotronics. The nethod_and _the_instrunent are known

detler i ne SroraBEL e AL, B e Coana b aments. Uihe
neas neggq%]kﬁ?qﬂ%ﬁugglpuﬁ]LQKar aqueous sol ution of
0.1 W9 REP 'f1~ég AP e Rikerie di spersed «Bi'ng a
hi gh speed stirréfand supersoniic. Specific surface
ar da

Suspension after filtering through filter
: 3

layer made of surface-reacted calcium 7 10
carbonate

The results indicate that the use of the surface-reacted natural calcium carbonate

reduced the germ count by a factor of 100.

Example 3

10 In Example 3, river water was subjected to the purification method of the present
invention. 100 ppm surface-reacted natural calcium carbonate and 4 ppm
polyaluminium chloride were suspended in a river water sample. Afler two minutes,
the floccuiated solids were filtered off and the filtrate was analysed for its content of

iron and manganese.

15 The surface-reacted natural calcium carbonate used in Example 3 was prepared as

follows:

A finely divided natural calcium carbonate originating from Vermont, U.S.A,
containing 800 ppm of magnesium oxide and 2500 ppm anionic polyacrylate
dispersant per equivalent dry gram of calcium carbonate, was suspended fo achieve a

20 suspension of approximately 16 % by weight of dry calcium carbonate. The slurry
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The specific surface area is neasured via the BET
nmet hod according to |1 SO 9277 using nitrogen.
wdewatiessikng according to the "Sieving Test MethoODEPL008/053337

aqueous sl udge sanpl e,

pl ant,
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The results clearly indicate that treatment with the surface-reacted natural calcium

carbonate significantly reduces the amounts of hcavy metal ions such as iron and

mangancse.

Exampl

ed

The example concerns the process of treating water coming from sludge samples

which were provided from a municipal sewage plant. To these samples the following

compositions were added in varying amounts:

(a)

a cationic polyacrylamide having cationic acrylic acid monomer units, the

polyacrylamide being commercialised under the trade name Pracstol™ 857

BS

(b}

2

the polyacrylamide mentioned under (a) in combination with iron(111)

chloride. FeCl; was provided as an 10 vol% aqueous solution,

(c)

reacted natural calcium carbonate

the polyacrylamide mentioned under (a) in combination with the surface-

The surface-reacted natural caleium carbonate was prepared as follows:




fine 0.025 mmfilter menbrane resulting in a conpacted
tabl et of the pignent. The tablets arc renoved from

w0 b@sapsar at us and dried in a oven at 8Q0C f or PRWEP2008/053337

15

hours. Once dried, single portions fromeach of the
tabl et bl ocks were characterised by nmercury

porosi netry for both porosi ty_ﬁrld pore size

di stribution using a Mcrontritics Lutoporc IV nercury
por osi nctcr. The maxi mum applied pressure of nmercury
was 4 14 MrPa, equivalent to a Laplace throat dianeter
of 0.004 mm (i.e. nn) The nercury intrusion

nmeasur enent s vvere corrected for the conpression of

mslr @glwyh\flé%beﬁ@nbw @f_lmtqaémpewaz mweﬂeﬁoah\dm mom US.A,

the.so
ForTHE bbb of B T PG 2R hoh SR g
I ndidfcansppétequivalar @’g&%ii\ﬁ@? 3al(iZ2R0& b Hdte, %39518p&hded to achieve a
Exanple 1 I n exanple 1, the adsorption capaC|ty of the
SUTFRYBLONSA @pR@x Waately AP “e Ay avoight @gﬁib@ﬁlﬂléﬂ WibAngtegdedlurry
thotggé ﬁ)frlr@t (gn;tl 1[‘]1?9%1' %(nFE); @éﬁtagﬁm_%ﬁ ?gm%ﬁgnc ?(%9 d? a (P(gmpudmle of
Ca‘(jmcbmmmmmiﬂﬁllmf ficeppepones @pgo%ucmbzaklelh g a BT dpeddc surface

was stirred for 15 mnputes with 3%
su%l‘?%aeé %lea(&rl@%rﬂ %lgw? RO atav%mﬁ%?a{’p Bleﬂqafi%ﬂ ofrifgmicrometerss

S 01111H§s'uRﬂ H%§Cc!ﬂ§f0? (HeWed? %ﬁﬂﬂ@“ 5$0@k oﬁ’l"ll/lilc:l‘ozﬁel?im1 i he

upper |1iquid phase was ysed wth 1on

Chﬁfcg%&%ﬁ%ﬂ*s‘&d%ﬁdﬁg 1Pg(a OQ)I I\Cﬂmm %]C{gt%leyt?i %‘P}Q?m /\/SC

sur reacte ‘tal ci um car was prepared

gr r&’?ﬁé‘fl\l\ﬁ Wgs, sblh%ac% hﬁ'éi%@l&”%ﬁ@ﬁk%@&% ngd ove anai time for

achiveveing 115@151@@{1382{3&%1953 ARAY QX IFRY LErudBin YaYu MO M (or were
of dry matter. The slurry thus forned is then Treated

bydestrBwiedddi ti on of phosphoric acid at a

The results are summarized in Table 4.

Table 4: Dewatering according to Sieving Test Method
De- |Clarity| De- |[Clanity] De-  |Clarity] De-  1Clarity
watering watering watering walering
time time time fime
|sec] [sec] [sec] [sec)
with added wiih added with added with added

amount of PAA { amount of PAA {amount of PAA | amount of PAA
of 45 kg/tdry Jof4.8kg/tdry |of 5.2 kg/tdry [of 5.5 kg/tdry
matier maiter matier matter

83 6 38 10 25 19 17 34

Polyacryl-amide,
no pretreatment
PAA with 1 kg
FeCly/m’ sludge
PAA with 1 kg
surface-reacted 20 5 22 16 18 26 17 46
CC/m” sludge
PAA with 2 kg
FeCly/m® sludge
PAA with 2 kg
surface-reacted 22 46 18 46 17 46 14 46
CC/m’ siudge

16 46 12 46 il 46 10 46

18 46 14 46 12 46 9 46




tenperature o f approximately 55C, sufficient to
provi de a product featuring a BET specific surface

wae@a/ 1088485 nr/ g according to | SO standard 927F@T/ER2008/053337

10

20

25

an approxi mate nunber average di aneter of 10

mcroneters estinmated from scanning el ectron

m croscope i nages obtained usi,gg a LEO 435 VPe

scanni ng el ectron mcroscope. The results are

summarised in Table 1. Table 1: Treatnment of heavy

metal ion solution with surface-reacted cal ci um

carbonate It is obvious that the surface-reacted

nat ural cal ci um carbonate was able to reduce cadm um

chFlgnicetis iedppie hat H’@rseitfﬁgﬁ reagied nea! vzéelynmamcmid@nm y.

E\I;(gml 1'?&109 g Pﬁ&i{% nere ?Jég UY’lzqu{lC pq@g‘olyﬁgl y?”m}i (H:Eesl an %6@811[

ofﬂddaelaab:aﬁ)tstdng cammpufibicab f@c@ﬂﬁﬂd&ﬁ@sl@dﬁ@bﬁ@%n@,@tcﬂ@w@} as
noved fromthe solution, Exanple 2 I n Exanple 2, the

ads%w{).%’ Wapaermyingon wEh sabrgekntdact ed nat ural

cal ci um carbonate with regard to m croorgani sns is

deternmi ned. L barm suspensi on of 100 ppm was used with

a germcount of 6 1( cfu/cnr . In a first experinent,

t HexdaplnmSsuspensi on was filtered through a bl ue band

paper filter. In a second experinent, the suspension

weibhef dxhingteadnt dinmotgiprecckayfreaimgeart cbahg from sludge samples

surface-reacted natural cal cium carbonate, the | ayer

haViiAly VaTeha e fropra ghisihifarage PRk KiedBesesrmplys Hia following

g?ggi)%ﬁlﬁlﬁﬁ&vp%a\l@]ti@cglnr\a&}HﬁQ LmG&lel um carbonat es was

(a) a cationic polyacrylamide having cationic acrylic acid monomer units, the
. . C . ™
polyacrylamide being commercialised under the trade name Praestol ™ 853

BC,

(b) the polyacrylamide mentioned under (a) in combination with iron(}T)
chloride. FeCly was provided as an 10 vol% aqueous solution,
(c) the polyacrylamide mentioned under (a) in combination with the surface-
reacted natural calcium carbonate.
The surface-rcacted natural calcium carbonate was prepared as indicated above in
Example 4.
Each sample was subjected to the Sieving Test Method described above and time for
dewatering the filtrate as well as clarity of the water running through the filter were
determined.

The results are summarized in Table 5.



Two sanples were tested and provided the sane results
within 0.5% First surface- reacted natural cal cium
waeacosamstse: A finely divided natural cal ci um ceebhePED®053337
originating from Oney, France, was suspended to
achi eve a suspension of approximately 16 % by wei gh!
of dry matter. The slurry thus.formed is then treated
by sl ow addition of phosphoric acid at a tenperature
of approximately 55C, sufficient to provide a product
featuring a BET specific surface area of 35 nR/g
according to I SO standard 92777, and an appr oxi mate
nunber average di aneter of 10 microneters estinated
from scanning el ectron m croscope i mages obt ai ned
using a LEO 435 VPe scanning el ectron m croscope.
SetandSsur f deevateayy edomataup alicwat Cesuiatlardonat e: L
finely divided natural cal cium carbonate originating

from Mol de, Nobway, wasasuspeaded t@laa'mmil?%e a | Clarity
suspénsi on of |apprioxi mat el y| d8ei%gby wei ghtwaodringr
matt er. The sliumeysetlhus f or pade jsec]tthen treaiedetcby sl ow
addi ti on of phesphéted amanitd| atth aldteimpenat wig «dfied amount of
appr oxi mat el y |bBICA st .§ kgl endr Paoy @rsavigde @At OTBUCky/t dry
featuri ng a BEdryspewei fic surdraeauar ea of SR/ g
accorpdipgrio 11SO standard 92777, and an approxi nat e
nunbesmiavenage dignmeter jof 20 25 cioneters estimated o
from se@nnhdgcl ccl ron m croscope iimages obt ai ned|usi ng
a LEQA8%iYPe |[scanni ng el ectron mjcroscope. The
resukt.sxarc showy in Tahle 2. Table 2 _: Hltration oJ
bar m saspansi on t-hr ough Qitfer'ént |fil%er mat&tials -2
Ger m geigot of |suspensjon (cfu/m)

PAA with

0.5 kg

surlace- 32 18 23 22 20 26

reacted

CC/m?

siudge

PAA with 2

kg FeClym’ 10 46 9 46 8 46

studge

PAA with 2

kg surface-

reacted 24 28 19 33 14 40

CC/m’

sludge

The results indicate that the surface-reacted natural calcium carbonate in
5 combination with a polymeric flocculant such as polyacrylamide is an cfficient
flocculation system, comparable to flocculation systems commonly used such as

iron(1i) chloride in combination with polyacrylamide.



Untreat ed suspension 6 10s Suspension after filtering
t hrough paper 6 105 filler Suspension after filtering

wo boosugis4di | ter | ayer nade of surface-reacted eel/&P2008/753337
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20

10 carbonate The results indicate that the use of the
surface-reacted natural cal cium carbonate reduced the
germ count by a factor of 10Q.7Exanple 3 In Exanple 3,
river water was subjected to the purification nethod
of the present invention. 100 ppm surface-reacted
natural cal ci um carbonate and 4 ppm poi yai um ni um
chloride were suspended in a river water sanple After
two mnutes, the flocculated solids were filtered off
anbX4BIefG | trat e was anal ysed for its content of iron
and manganese. The surface-reacted natural cal cium
catvorratelugedeing tlmﬁfpﬂssao Rrentin g pragpy apeah galsorh glaygwspengions.

i Phcs H%{lga%gb&a %np cs & 1c(i1|cg{yd Bbc%nl%n%llg h%l Qlatﬂog(gu]am a

from con a|n|ng nagnes um

oxdigRcaneci2dQ0lcppim abb i €hial }M@Béﬁ:}lﬂ}ﬁ&;ﬁl &l i% m@cr SIREINCPET a
equi val ent. dré@ gram of cal ci um car bonat e,
K

sulipevdey! s slabdiedea aﬂtsqu@ﬁaﬁi Bt (ﬂbb@ﬁwe@x SRl gndpgsurface-
]‘Z/"olfr%%{r%éé‘dﬁ&cg&% wgc%u LQ) Mtc%@]&%g't' Eps?é?‘gﬁ? g%ﬁ) c\fla-mwe %ss(lfﬁ%)g yﬁ%ﬂ&%{ vely. In

acdotheatx parimenper @il yceyl E‘mﬁudc flocculant, cnhe: PAA] or PA/—\2 was

additionally used.

For each sample, the following properties were measured:

(1) turbidity of the solution after sedimentation,

(11)  the time needed 1o achieve the final turbidity value,

(111)  mass, volume, and density of the filter cake.

The surface-reacted natural calcium carbonate CC1 was prepared as follows:

A high solids slurry of finely divided natural calcium carbonate originating from

Vermoni, U.S.A, is diluted to achieve a suspension of approximately 20 % by weight

of dry matter. The slurry thus formed is then treated by slow simultancous addition

of phosphoric acid and sodium silicate at a temperature of approximately 55°C. A

slurry of 19 % by weight of dry matter of a product featuring a BET specific surface
2 . o

arca of 55 m*/g, a d50 of 1.5 pm measured by means of the Sedigraph™ 5100 from

Micromeritics™ is obtained.

The slurry 15 then dewatered to 32% by weight of dry matter and

subsequently dispersed using a cationic dispersant.

The surface-reacted natural calcium carbonate CC2 was prepared as follows:

Finely divided natural calcium carbonate originating from Omey, France, is

suspended to achieve a suspension of approximately 20 % by weight of dry matter.

The slurry thus formed 1s then treated by slow addition of phosphoric acid at a

temperature of approximately $5°C. A slurry of product featuring a BET specific



approxi mately 550C, sufficient to provide a product

featuring a BET specific surface area of 68 nR/g
wa@eaendisag to | SO standard 92777, and a d50 of P&)/EP2008/053337

m cronctcrss neasured by neans of the Sedigraph(tn) 5

100 fromMcroneritics(tnm) . The results are

summari zed in Table 3. Table 3g_ Treatnment of river

water with surface-reacted cal ci um carbonate Amount of

iron (nmg/1l) Amount of manganese River water sanple

before 2.03 0.88 treatnent River water sanple after

0.023 0 .104 treatnent The results clearly indicate

that treatnment with the surface-reacted natura

catiecfagprisarhdhat & @p@ﬁilm tedpPIsipnded P27, i Varrd uintiy nefasured

e et SRR R0 BB R lRR N R ey ©

co fro e sanpl es.which were provjded from
i pE AT %@9& Srtonrdlachugs. DEmerbae PHBET b Molitaguecd
Col')@@ﬁl‘otﬂcoﬁﬁf YWRilde d@g@ﬁ@c TRt ATAA NG RN §ndc( A t8de fpme

cationi ¢ pol'yacrylam de having cationic acrylic ac
S nORRAESTORI 4 ). t he pol yacryl ani de bei ng commerci al i sed
under the trade nane Praestol |M 857
Polyacrytamide PAA2 1s a medium anionic flocculant, available under its trade name

PRAESTOLR 2540,

The results are summarized in Table 6,



BS,

conbination with iron(l11) chloride.
wW@2008n1138@ vol % aqueous sol ution,

ment i oned

under (a)

sur facereact ed nat ur al

sur face-reacted natur al

(b) the polyacryl am de nenti oned under (a)

in

FeCl was provided
(c) the pol yaecyEpmogias33s7

in conbination with the

cal ci um car bonate The
i um car bonate was prepared
as follows: Finely divided natural cal cium carbonate

ca

ori gi nat i mg—from-Vernont IoSOA T qont & ning 800 ppm-of
magnesi um; oxi de and 2500 pprja |ani anijc |pol yacryl ate
di spcrsanli per equijval ent drly igriam of |cal ¢ci um
carbonat e}, was sugpended| tp fachiieve |a suspens| on_of
. P gl WO W [ ND e | I~ =F | o
approxi mately 16 %by we| ght| of dny g&a%:glJﬁngaf.mrgam.
The slurry thus fofned|is then treated by;slow
addi tion of phosphoric|acid ati a tenperature of
approxi mately 55C, [suftficient to provide a propduct
f eat uri ng a—BEF—spgei-fi-ersprface cr-magf gJ .L’;g@c gl g
accordingito | SG g@vandard 02777, Fard Sa®&d50Co¥F 40+ 7| 8 & &
m crontt eSS meagued by| neans oi, t;ﬁg §eg araphi{xm ,\rg f
100 from M cronetiti ¢s(th] . The "proodult “was™ spray” | = =
dried using a Mbigd M npor spray [dry@r (fr8m Nero/AVS. | 2|5
Each sampl e was s@j ected to the S‘i?vi ng—Test| Methad E g
descri be& above afEl tife| for dcvatering the &iltsatie o °
as well |gs claritg of the water running tihxotgh 4 he
filter were determ ned he Tresults jane{summarized |i n
Table 4} = Table 45 Dewaferiing eccorgi;’ ROt @ S:gv,'jr;r};g;g
Test Met hodThe regul {s|ipdi catle it hat keS| sl (& o]~
surfaceireacted natural _fal ciumicarhbonafe]i
conbi nation with %g)l ymer c fll accullant |such as
pol yacryl ami de i s:zag| 8f ¥| ejerd J5hco| gt £oB EyStRF| 3
conparabl e to fl og¢ul ati pnl systens c¢ommpnly: used sucH
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iron(lll) chloride in conmbination with polyacryl am de.
Exanpl e 5 The exanpl e concerns the process of treating

wowdsniseni ng from sl udge sanpl es which were pPOWERBUS/053337

10 ef Vicclrb‘éHF off | B ¢ eliGagmihayibe ém 0
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froma mnunicipal sewage plant. To these sanples the

foll owi ng conpositions were added in varying anmounts:

(a) a calionic polyacrylam de -having cationic acrylic

aci d nononer units, the polyacrylam de being

conmerci al i sed under the trade nanme Pracstol iVl 853

BC, (b) the polyacrylam de nentioned under (a) in
conbination with HOW(I1I11) chloride. Fed.- was

provi ded as an 10O vol% aqueous sol ution, (c) the

pot G acyylaamirerstadeatur drrébttlun d@rbchay wihiehowrtiretdcon t pigsence

t ted nakur ar bonate. The
gff‘hsglrég&? suﬁ?%mscf ir %{E\llomcud‘r:nS Pear ?onat e was prepared

su oob gd% ‘Cféc%cgfég‘é c;ej}) E@H'FE&@*b%%gﬁa%@%%w above
Py ]dB]rVC ‘A X@spfiqiqdrqét%pggn\,\é]qnya(gﬂ sturry)
cl%lrlﬂ't“yi sefids Helaater3%unni ng through the filter were
delPersmy wédolulitretakesad + § gdmle surmmari zed in Tabl e
5. Tabic 5 : Dcwatcring according to Sieving Test
Met hod The results indicate that the surface-reacted
nat ural cal ci um carbonate sn corrbi nation with a
yneric floccul ant such as fya(:r ylam dc is an
dbﬂhﬁﬁf'ﬁ@-ﬂ giacteg natural calcium

1 apgahat LAt Sy hEn S OB ¥ Y589 SYGR @Sflocculant, significantly

reduces turbidity at high flocculation rate (i.e. quickly achieving final turbidity
vatue), Furthermore, a low volume filter cake (i.e. improved compaciness) can be

obtained, thereby significantly reducing disposal costs.

Example 7

The example concerns the process of treating water coming from cow manures, The
cow manure samples were treated with an iron(I1l) chloride flocculant, a surface-
reacted calcium carbonate which has been prepared in the presence of a silicate and
is stabilised by a cationic dispersant (abbreviated as CC1), and a surfacc-reacted
calctum carbonate without dispersant (abbreviated as CC2), respectively, In some
experiments, a polyacrylamide flocculant, either PAAL or PAA2, was additionally
used.

For each sample, the following properties were measured:

(1) solids content,

(1) the time needed for settlement of the precipitated solids,

(i1} mass and volume of the filter cake.



iron(lll) chloride in combination wth
pol yacryl am dc. Exanpe 6 The exanpl e concerns the
worasasm4of treating water coming fromclay  PCT/EP2008/053337
suspensi ons. These cl ay suspensi on sanpl es were
treated with an iron(l1l) chloride flocculant, a
surface-reacted cal ci um carbaonate whi ch has been
prepared in the presence of a silicate and is
stabilised by a cationic dispersant (abbreviated as
Cd ), and a surfacereacted cal ci um carbonate w t hout
di spersant (abbreviated as CC2), respectively. In sone
experinments, a poly acrYIan1dc floccul ant, either PAA
Cl

or | ppaplacepicieddivhirgralcnyn gabenatesdrC barhCEanysieprepiied as
f
i géwg\é\q)(g?c}bgggH%%&ﬁé%ﬁ%&i@ﬁ?@%%ﬂ dc(f&()cc#]]%lpcg] éaﬁmﬂ lo&hosu

t ouadhi Evanplee. final turbidity value, (iii) mass,

vol unme, and density of the filter cake. The sur f ace-
r eagd ROuIardE@hmealeliimagrrhonate CA was prepared as
follows: A high solids slurry of finely divided

nat ural cal cium carbonate originating from Vernont,
US .A is diluted to achieve a suspensi on of
approximately 20 % by wei ght of dry matter. The slurry
thus fornmed is then treated by sl ow sinmultaneous
addi ti on of phosphoric acid and sodiumsilicate at a
tenperature of approximtely 55C. A slurry of 19 % by
wei ght of dry matter of a product featuring a BET
spcci fie surface area of 55 nr/g, a d50 of 1.5 mm
nmeasured by nmeans of the Sedigrapl | 5 100 from
Mcrontritics(tn) is obtained. The slurry is then
dewatcred to 32% by wei ght of dry matter and



subsequent |y di spersed using a cationic di spersant.
The surface-reacted natural cal cium carbonate CC2 was
w@e@parmdo as foll ows: Finely divided natural cedTEPINS/053337

carbonate originating from Orey, France, is suspended

to achieve a suspension of approximately 20 % by

wei ght of dry matter. The slurry thus forned is then
treated by sl ow addition-@¢f -phosphoric acid at a
tenperature of approximtely 55C. A slurry of product

featuring arBET-specifi-gsurfagcrarea af 41 nRfg
according tp 1SO stanhdand|9211|~a §50§pf 1.5.mm .,
neasured by| means o % he g$edigEEPh(EM| D 100 Erane 2
Mcronerilics(tm is|abtaized EPol ygcr)yl ang dePAAL| Tis
a cationic floccul atits theEpaskts veschar ges beind o| o
i ntroduced by cationig afryianede déri|vat|ye|GnEtsls
PAAI is avajlalll e utiger |7ty €rdde ngme PRAESTOLR 6| A1
Pol yacryl am deFPAAzg.s azmedELE) @ni enile £l ocea| GnE| <
avai | abl e under it $=1% ade Bare’ PRAUBTOEIZHA0S| The| £
results arc sunmmar géﬁﬁﬁ 3§i Le-g . Fapliec 6 Tr eatent
of clay suspensi ons=(DGCE| 5| BUEf.AgeSrEdchél nat B1 3l S
cal ci um carbonate WH| 5k Was frepared 4 i £hezpEesence
of a silicafe and @i spefsed W th ajcatjionjc dispcrsant
CC2: Surface-rgact ed nat ural scal cf mriag%onal e w thout
di eper sant [Prishry| apdi { Fye| ¢ SRCC2of e wa's | ‘added
as kg per nr %1Hrr g/l slurry) Startiing solids| of
clay was 3% [ef@sity of solutjon taken asj ~ 1 g/m.
The resul ts| off Tabl & 67 gdizcate tBat 3 heSuse pfclhes
surface-react@@%natural ¢al ci um carbonat'e, opt| opal |y
i n conbi nat rofr—wtth—a-potyacrytam-ge-fil-occut-ant;
significant|ly 4 ES S Pt I Bt B B e i
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reduces turbidity at high flocculation rate (i.e.

qui ckly achieving final turbidity value). Furthernore,
w@ 26001380 ue filter cake (i.e. inproved conpaeCTVEBR)S/053337
can be obtained, thereby significantly reducing
di sposal costs. Exanple 7 The exanpl e concerns the
process of treating water com fromcow manures. The
cow manure sanples were treated with an iron(l11)
chloride fiocculanl, a surfaccreacted cal ci um
carbonat e whi ch has been prepared in the presence of a
silicate and is stabilised by a caiionic dispersant
(abbreviated as CAd ), and a surface react ed cal ci um
caPBoHu: Ol 9%91zﬂcwsep\tﬂ%lam ‘(abbr eviated as CC2),
r edgéet 3.0l of O3V distrersanpeeli mearsithed0ppiy haP Y sahilgmaterial
fl0&tul ant, either PLL1 or PAA2, was additionally
usedxﬁﬂhﬁﬂea@hasamﬁbémsmhgmjbylomﬁng properties were
nmeasured: (i) solids content, (ii) the time needed for
settlenment of the precipitated solids, (iii) mass and
vol une of the filter cake. The surface-reacted natura
cal ci um carbonates CC and CC2 were prepared as
descri bed above in Exanple 6 . The pol yacryl am de
f | dbeipsali wdicaiertie ;blamdscwéi terfgsfecamaeicdl natBed apreneearthate
g?%ﬁ!é]ﬁ]suapg m&‘%’ﬁ?&%& sé‘] o4 A1 ongl 1D1L eof ﬁ%}]gﬁgm\?\&””}_g‘%‘g‘a‘% /ﬂec volume of
Adghedii@r 6ak@ daa1i>eqcsd&%sd&§@ﬁrfﬁ:amu .each time of the 20Qg
of 1.79% solids material 0.01 3.6*.005/(200*.0.1
10 79) - 0. 00509/ g=5 kg/1



5 The results indicate that the use of the
surface-reacted natural calciumcarbonate results in

webdosaimma fl occul ation at high rate of settl| eP€EP2008/053337
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Furthernore, the volune of the filter cake can be
decreased significantly. KyClains 1. A process for the
purification of water, mherei€¥€ surface-reacted

natural cal cium carbonate is jught into contact with
the water to be purified, the surfacereacted natura

cal ci um carbonate being the reaction product of a
natural cal cium carbonate wth an acid and carbon

di oxi de, which is forned in situ by the acid treatnent
and/ or supplied externally, @ndmishe surface-reacted

nat ural cal cium carbonate being prepared as an aqueous
suspensi on having a pH of greater than 6.0, neasured

at 200C. 2. The process according to claim1l, wherein
the_sur A3fsses CRE IR ARG o CRAE!, WRRA PORRIE. rbtcd natural
prepared as an aqueous suspension having a pH

gr edtiem daizma. 15bropgmfletoachﬂn§ac‘gwethtﬂe€rwath1aﬂ0 be. Iﬁu’lﬁndl thosurface-

D CORaT RS CRF DU a3 eaghap BitHBred e galcium

cabfboimERItRanatig ahd c&%bﬁ? aloRetcf ﬁv‘ﬁfﬁhéls el & sifh by the acid
calcite, a chalk, a dolomte, a |linestone, or mXxtures

t hispasoEnt amd/OTh@pmmd@é@maél&c@wdhn gurtfztsetm@tqﬁ natyyel calcmrn

pr e% dl n e(%n al r%sareﬁih se ane a nuet hsesuacendloh aV1 pKafF % 1c ter than 6.0,
of 780 S PR AR P HERES S\Bééﬁ o 11 81 BN°H,
V\:hﬁl%@ui’edehaoa@‘l d has a pKa at 25C of O or

2. The process according to claim 1, wherein the surface-reacted natural calcium
carbonate is prepared as an aqueous suspension having a pH of greater than 6.5,

preferably greater than 7.0 and most preferably 7.5, measured at 20°C.

3. The process according to claim 1 or claim 2, wherein the natural calcium
carbonate is selected from a marble, a calcite, a chalk, a dolomite, a limestone, or

mixtures thereof.

4. The process according to one of the preceding claims, wherein the acid has a
pKa at 25°C of 2.5 or less.

5. The process according to claim 4, wherein the acid has a pK, at 25°C of 0 or
less.

6. The process according to claim 5, wherein the acid is sulphuric acid,

hydrochloric acid, or mixtures thereof.



| ess. 6. The process according to claim5, wherein the
acid is sul phuric acid, hydrochloric acid, or m xtures

WO b@saofs«y. The process according to claim4, PEER2008/053337
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the acid has a pKa at 25C of fromQo 2.5. 8. The
process according to claim7, wherein the acid is

H2SO3, HSO4 , H3PO4, oxalic aﬁtg, or m xtures thereof.

9. The process according to one of the preceding

cl ai ms, wherein the natural calcium carbonate is

reacted wth the acid and/or the carbon dioxide in the
presence of at | east one conpound selected fromthe
group consisting of silicate, silica, alumnium

hydr oxi de, earth alkali netal alum nate, magnesi um
oxide, or mxtures thereof. 10. The process according

t o7cl ai Thdprovkie hedoidihp € Akink 8aFherbin@hShdid 6 £pKSat 25°C of from
sel ected froman aluniniumsilicate, a cal ci um

sifVtedbe, or an earth alkali metal silicate. 11. The
process according to one of the preceding clains,
wherein the surfacereacted natural cal ci um carbonate

has a specific surface area of from5 n2/g to 200

m2gg, NEaSpioeshs usdondingitd lagen, whdeinhke BEd isTIIMIHSO,~, Hi:PO,,
according to |1 SO 9277. 12. The process according to
onex#dit agifeopmedegs tyredfai ns, wherein the

surfacereacted natural cal cium carbonate has a nean
grain dianeter of from0.1 to 50 mm neasured

according to the sedinentation nmethod. 13. The process
ac@or di fige proconecairdinpeo pieetete pg:cediag nhimsgménemimtltehmtural

surfacere cted .nat ur C|u nat S

i nt3 YU farqonpe %WB@alt“ﬁ}ﬁ\/d“? A" aP 8r @’081% OZ%E/%/]&I thg gresence

4080 QleasMBRSWHER URY sdTBAEHFYmRAE gﬁ)'uﬂ%Bﬁs)fstmg of silicate, silica,
aluminium hydroxide, earth alkali metal aluminate, magnesium oxide, or mixtures

thereof.

10.  The process according to claim 9, wherein the at least one silicate is selected

from an aluminium silicate, a calcium silicate, or an earth alkali metal silicate.

11.  The process according to one of the preceding claims, wherein the surface-
reacted natural calcium carbonate has a specific surface area of from 5 m*/g to 200

m’/g, measured using nitrogen and the BET method according to ISO 9277.

12.  The process according to one of the preceding claims, wherein the surface-
reacted natural calcium carbonate has a mean grain diameter of from 0.1 to 50 pm,

measured according to the sedimentation method.



14. The process according to one of the preceding
clains, wherein the surfacereacted natural cal ci um

w@arosomate i s added to the water to be purifi ePlCT/RP10b®053337
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form of an aqueous suspension, optionally stabilised

with a dispersant. 15. The process according to claim

14, wherein the surface-reacted natural cal cium
carbonate is stabilised with @%ationic di sper sant,

and wherein the surfacereacted natural cal cium

carbonat e has been prepared frommarble in the

presence of at |east one silicate. 16. The process
according to one of the clainms 1 to 13, wherein the
sut3.aceTkeagioeshs Aadoidial t€ahcolint prebdinatiains vitpetdadrface-
in the water to be purified in powder form and/or in

t hesasted prigral grlsivg egbonpte hapra ipympatslcporsitivtm hegpee of
of ' ' . r to be

o PFeIb A0 ke bR pb G

surface-reacted natural cal cium carbonate by surface
filtration, depth filtration and/or alluvium

filtration. 18. The,process cor di t.0. one.of .t he
B oS O R R Pl HRirBy nlei P sugguce-
PoteyeRa hetufdl eslehArbdtd R AdYRL tBlthd ValetoPdé pulrifRE in the form of
subsequent to the addition of the surface-reacted

natiufgucogafuspansionapimatle stabiliscthwith psléwsssante cor di ng t o
claim18, wherein the polyneric flocculant is anionic.
20. The process according to claim 18, wherein the
pol ynmeric flocculant is cationic. 21. The process
acthr di Tige procanacairdinpeo clammh %, vligeréia tROsurdbetaicredmhgiral
ol ymeric flocculant. i s pol yacryl am de.
P ca%iciurn carbonate 18 stabiﬁised wgh a%at?on%c dispersant, and wherein the surface-
reacted natural calcium carbonate has been prepared from marble in the presence of

at least one silicate.

16.  The process according to one of the claims 1 to 13, wherein the surface-
reacted natural calcium carbonate is suspended in the water to be purified in powder

form and/or in the form of granules.

17.  The process according to one of the claims 1 to 13, wherein the water to be
purified is brought into contact with the surface-reacted natural calcium carbonate by

surface filtration, depth filtration and/or alluvium filtration.

18.  The process according to one of the preceding claims, further comprising the
addition of a polymeric flocculant to the water to be purified subsequent to the

addition of the surface-reacted natural calcium carbonate.



22. The process according to claim 21, wherein the

pol yacryl am de has a wei ght average nol ecul ar wei ght
wohoosniise range of 100, 000 g/ nole to 10, 000, OPOT/EP2008/053337
g/ nmol e. 23. The process according to claim2 1 or 22,
wherei n the pol yacryl am de has a negative overal
charge and conpri ses connnoner%fnlts derived from
(meth)acrylic acid. 24. The process according to claim
2 1 or 22, wherein the pol yacryl am de has a positive
overal | charge and conprises cononomer units derived
from am noal kyl (nmet h)acryl ates. 25. The process
according to one of the preceding clains, wherein the
pHI®f tTig: pratek atcrdiag palclafn egl Wiscradjtspatgmtc foscaldneis
of greater than 6.5 before being brought into contact
wi #HOlke surface-reacted natural cal ci um carbonate.
26. The process according to one of the preceding
clainms, wherein the water to be purified is selected
fromindustrial waste water, drinking water, urban
wadd.e whheprovesstecondingto £lamml Brehwreinelse wolymeheflocculant is
bev%ragg i ndustries, or water in the paper industry.

process according to claim26, wherein the

water to be purified contains heavy netal inpurities
and/ or organic inpurities. 28. The process according
to claim?26 or 27, wherein the water to be purified
coAt-ai nEhGPIOERss eecaidig o omof thrp @lam&ah?e@smawélém thg pebymeric
on to 28, wherein the water to be

ﬁO(Lk%pﬁéhb%g arg%‘eleast one conpound sel ected from
polycycllc compounds, chol esterol, and/or endocri ne
di srupti ng conmpounds.

10 22.  The process according to claim 21, wherein the polyacrylamide has a weight

average molecular weight My, in the range of 100,000 g/mole to 10,000,000 g/mole.

23.  The process according to claim 21 or 22, wherein the polyacrylamide has a
negative overall charge and comprises comonomer units derived from (meth)acrylic

15  acid.

24.  The process according to claim 21 or 22, wherein the polyacrylamide has a
positive overall charge and comprises comonomer units derived from

aminoalkyl(meth)acrylates.
20

25.  The process according to one of the preceding claims, wherein the pH of the
water to be purified is adjusted to a value of greater than 6.5 before being brought

into contact with the surface-reacted natural calcium carbonate.

25 26.  The process according to one of the preceding claims, wherein the water to be

purified is selected from industrial waste water, drinking water, urban waste water,



30. The process according to claim 29, wherein the
surface-reacted natural calciumcarbonate is used in

w@oonilnste on with acti vated carbon. 31. Use of P¢TYEP2008/053337
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surface-reacted natural cal cium carbonate as defi ned
in one of the clains 1 to 17 for water purification.
32. Use according to claim 31, wherein the
surface-reacted natural cal ciuticarbonate is used in
conmbi nation with the polyneric flocculant as defined
in one of the clains 18 to 24. 33. A conposite
materi al conprising the surface-reacted natura

cal cium carbonate as defined in one of the clains 1 to
17wasid water fi@as bre@ficOdr dthe beniugd ndasrias ofl@hich@dthe Paper
one of the clainms 27 to 29.34. The conposite materi al
acE@Pﬁﬁhg to claim 33, further conprising a polyneric
floccul ant as defined in one of the clains 18 to 24
and/ or activated carbon.

27.  The process according to claim 26, wherein the water to be purified contains

heavy metal impurities and/or organic impurities.

28.  The process according to claim 26 or 27, wherein the water to be purified

contains microorganisms.

29.  The process according to one of the claims 26 to 28, wherein the water to be
purified contains at least one compound selected from polycyclic compounds,

cholesterol, and/or endocrine disrupting compounds.

30.  The process according to claim 29, wherein the surface-reacted natural

calcium carbonate is used in combination with activated carbon.

31. Use of the surface-reacted natural calcium carbonate as defined in one of the

claims 1 to 17 for water purification.

32.  Use according to claim 31, wherein the surface-reacted natural calcium
carbonate is used in combination with the polymeric flocculant as defined in one of

the claims 18 to 24.

33. A composite material comprising the surface-reacted natural calcium
carbonate as defined in one of the claims 1 to 17 and at least one of the impurities as

defined in one of the claims 27 to 29.
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34.  The composite material according to claim 33, further comprising a

polymeric flocculant as defined in one of the claims 18 to 24 and/or activated carbon.



