Process for the purification of water The present
invention relates to a process for the purification of
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carbonate in such a process. There is a wi de range of

water purification techniques that can be used to

renmove fine solids, mcro gani, gﬂ di ssol ved
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wi Il depend on the quality of the water being treated,

the cost of the treatnment process and the quality
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floccul ants or coagul ants used are al um ni um sul phate
or pol yal um nium chloride (PAC). Al um nium sul phate
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hydr oxi d ul ation w.th umnmi num co un
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as | eaves and/or inorganic materials such as iron and

manganese conpounds

Common flocculants or coagulants used are aluminium sulphate or polyaluminium
chloride (PAC). Aluminium sulphate 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. In solutions of poly-aluminium chloride (PAC), aluminium ions have
formed into polymers consisting of clusters of ions bridged by oxygen atoms. PAC is
used e.g. for the treatment of brown drinking water comprising organic materials
such as leaves and/or inorganic materials such as iron and manganese compounds
which cause the brown discolouration. However, PAC is generally not sufficient to

remove all brown discolouration from the water.

Iron(I1I) chloride is another common coagulant. Iron(I1I) coagulants work over a
larger pH range than aluminium sulphate but are not effective with many source
waters. Coagulation with iron compounds typically leaves a residue of iron in the

finished water. This may impart a slight taste to the water, and may cause brownish
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anot her common coagul ant. lron(l11) coagul ants work
over a larger pH range than al um ni um sul phate but are
not effective with many sourge waters. Coagul ati on

with iron conmpounds typically | eaves a residue of iron
in the finished water. This may inpart a slight taste
to the water, and may cause browni shstains on

porcelain fixtures. Furthernore, iron(ll1l) chloride
presents corrosion risks in the water treatnment
syshi@son porcehr fix@tds - Rurtharmad s ot @int chlbride fri@nwababsion risks
treaénent based on a high specific surface area such
as!nd8¢ Mkt 88ERPHBHRH bent onite have the genera
drawback that they are very difficult to separate

after the adsorption of the substance to be renoved
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puritication process providing for an efficient
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has been solved by a process for the purification of

wat er, wherein surface-reacted natural cal cium

C aThey) 8181 deFind fheAdi@Batks SBERBHS hot<CORRAtcS blidfication mentioned
surface-reacted natural cal cium carbonate and having a
pHsvegf sanerbiqchahthe pocseifeRIiod taproyBio@n impraygd aiero
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natural cal cium carbonate wth carbon di oxi de and one
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wherein surface-reacted natural calcium carbonate or an aqueous suspension
comprising surface-reacted natural calcium carbonate and having a pH of greater
than 6.0, measured at 20°C, is added to the water to be purified, the surface-reacted
natural calcium carbonate being the reaction product of a natural calcium carbonate

with carbon dioxide and one or more acids.

The term “purification” is to be interpreted broadly and means any removal of

harmful compounds and/or other compounds not tolerated in the water.

The water preferably treated by the process of the present invention includes
industrial waste water, drinking water, urban waste water, waste water from
breweries or other beverage industries or water in the paper industry, be it white or

waste water, as well as agricultural waste-water.

The surface-reacted natural calcium carbonate as defined above and further below is

efficiently adsorbing organic as well as inorganic impurities on its surface.
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wast e water, drinking water, urban waste water, waste

water from breweries or other beverage industries or

water in the paper industry, be it white or waste

water, as well as agriculturar wast e-wat er. The

surface-reacted natural cal cium carbonate as defined

above and further below is efficiently adsorbing

organic as well as inorganic inpurities onits

surface. The surface-reacted natural cal cium carbonate
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natpé 4i6@lgel um carbonate is selected fromthe group

conprising narble, chalk, calcite, dolonmite, |inestone

and m xtures thereof. In a preferred enbodi nent, the
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than 6.0, preferably greater than 6.5, nore preferably
greater than 7.0, even nore preferably greater than

fa‘%-lréac%% n%i% ;&%gc?lgn Qgrlb&géte Lr 0 g#{ifl % ov!}a?% cation

na ura cal crum car can

W prdcéHef rt@eschoinbent puris f)tepdrebyts addiugus alsgerawjelmwmg a pH,
suspensi on to the wat is also possible to nodif

e
t hBepresk at PR eC R aehier t@%@@ferr‘%rﬁ IBHISE thap 6. gty refifably
t Ogfh@r WA €70, even more preferably greater than 7.5. As will be discussed below,

the surface-reacted natural calcium carbonate can be brought into contact with the
water to be purified by adding said aqueous suspension to the water. It is also
possible to modify the pH of the aqueous suspension prior to its addition to the water
to be purified, e.g. by dilution with additional water. Alternatively, the aqueous
suspension can be dried and the surface-reacted natural calcium carbonate brought
into contact with the water is in powder form or in the form of granules. In other
words, the increase of pH to a value of greater than 6.0 subsequent to treatment with
an acid and carbon dioxide is needed to provide the surface-reacted calcium

carbonate having the beneficial adsorption properties described herein.

In a preferred process for the preparation of the aqueous suspension, the natural
calcium carbonate, either finely divided, such as by grinding, or not, is suspended in
water. Preferably, the slurry has a content of natural calcium carbonate within the
range of 1 wt% to 80 wt%, more preferably 3 wt% to 60 wt%, and even more
preferably 5 wt% to 40 wt%, based on the weight of the slurry.
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carbonate brought into contact with the water is in
powder formor in the formof granules. In other

words, the increase of pHto,a value of greater than
6.0 subsequent to treatnent"With an acid and carbon

di oxi de is needed 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 suspension, the
naln adxt si@p Cinlati CB radddibdoahe &iuebeay suspdislon whnisirdegtheaaial

as by grinding, or not, is suspended in water.
Pr @Q@P@maghonﬁ%el’@fwtﬂy, thaacid hapmpBnpt DF Credtluy o less. If the pK. at

cab SicUGRNaNaE %cimi% )o%ﬁbr&th? s518Q8L 8 sjayh%% Qci80h Y JBhloric

more preferably 3 to 60°wt% and even nore
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slurry.ln a next step, an acid.is.added to the eous
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Pr i t ) T |

[t PP fERM L bBSIRR § fPSsBrRIEh &l ERleriyic sB1uPon oP Epore
sellibatdsbliticomPsaitpblyr the nadadiatibplthechidao itlee @edurd] cabeium

m xtures thereqf. |f the pl 250C js fromO to 2.5,
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H3PO4, oxalic acid or m xtures thereof. The one or

nore acids can be added to the suspension as a

c oAs entltemataves glisials@powiblatorsidghaladiditeetdic satartbietome the natural
Pr ef, er abl mol ar, rratio of the acid to the natural
c

th
a?%?ﬂ%ﬁ’ﬁ?ﬂ@ﬁ§§8”P9“FPonuo.os to 4, nore preferably

from0.1 to 2. As an alternative, it is also possible
to add the acid to the water before the natural
calicd it step b attardl salsiygpessbrngte is freated aith aarlos digyide. If a

gia%t%rn leew':tlla%u%g ﬁﬂlﬁgﬁlﬁ&rﬁ%aeoﬂ @d%c%?o%%qac}'& & l‘Llisecd”‘irop A acid treatment
of the natural calcium carbonate, the carbon dioxide is automatically formed.
Alternatively or additionally, the carbon dioxide can be supplied from an external

source.

Acid treatment and treatment with carbon dioxide can be carried out simultancously
which is the case when a strong acid is used. It is also possible to carry out acid
treatment first, e.g. with a medium strong acid having a pK, in the range of 0 to 2.5,

followed by treatment with carbon dioxide supplied from an external source.

Preferably, the concentration of gaseous carbon dioxide in the suspension is, in terms
of volume, such that the ratio (volume of suspension):(volume of gaseous CO,) is

from 1:0.05 to 1:20, even more preferably 1:0.05 to 1:5.

In a preferred embodiment, the acid treatment step and/or the carbon dioxide

treatment step are repeated at least once, more preferably several times.
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fornmed. Alternatively or additionally, the carbon

di oxi de can be supplied froman external source. Acid
treatnment and treatnment w th_carbon di oxide 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 pKa in the range of 0 to 2.5, foll owed by
treatment with carbon di oxide supplied from an
exseisoqhens Q)lt.)ﬂlé egi_d ﬁfe@gnm’na bhdy %arb&edioﬁﬂe eehtn@int, ahe BH of the
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carbonate as an aqueous suspension having a pH of

gr earremaerg rcferably Infoe¥ kbl y greater than 6.5, nore
preferably greater than 7.0, even nore preferably

greater than 7.5. If the agueous suspension is all owed

t oAttemetivegyirlor by feaehing beuilibtiurs, Whiekbedurs farpH groAtepbhan 7, the
of greater than 6.0 can be adjusted w thout the i
adﬂﬁtog g}? BHCHISFHIENHAR ﬁlagtherlmrﬁ%gsegfo 1 kelug giratsy ghat 6 by adding a
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prefera hour
hydroxide or potassium hydroxide can be used.

With the process steps described above, i.¢. acid treatment, treatment with carbon
dioxide and pH adjustment, a surface-reacted natural calcium carbonate is obtained
having good adsorption properties for organic as well as inorganic impurities which

might be present in waste water.

Further details about the preparation of the surface-reacted natural calcium carbonate
are disclosed in WO 00/39222 and US 2004/0020410 A1, wherein the surface-
reacted natural calcium carbonate is described as a filler for paper manufacture, the

content of these references herewith being included in the present application.

In a preferred embodiment of the preparation of the surface-reacted natural calcium
carbonate, the natural calcium carbonate is reacted with the acid and/or the carbon
dioxide in the presence of at least one compound selected from the group consisting

of silicate, silica, aluminium hydroxide, earth alkali aluminate such as sodium or
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be increased to a value greater that 6 by adding a

base subsequent to carbon di oxide treatnent. Any
conventi onal base such as sogiun1hydroxide or

pot assi um hydr oxi de can be useéd. 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 calcium carbonate i s obtained
havi ng good adsorption properties for organic as well
aspotagiuga bliutn ih41) thdgnie s 8mwdxii &) onin@titireb eheprof SR erabiy, the at least
waste water. Further details about the preparation of
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content of these references herewith being included in
th%mﬁgﬁsent application. In a preferred enmbodi nent of
the preparation of the surface-reacted natural cal cium
carbonate, the natural cal cium carbonate is reacted
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reference herewith being included in the present application.

The surface-reacted natural calcium 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.

Alternatively, the aqueous suspension described above can be dried, thereby
obtaining the surface-reacted natural calcium carbonate in the form of granules or a

powder.

In a preferred embodiment, the surface-reacted natural calcium carbonate has a
specific surface area of from 5 m?/g to 200 m?/g, more preferably 20 m*/g to 80 m*/g
and even more preferably 30 m*/g to 60 m*/g, measured using nitrogen and the BET

method according to ISO 9277.
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al um ni um hydr oxi de and/or earth al kali alum nate
w@easo13smagnesi um oxi de component (s) can be adPETEPIN08/053339

t he aqueous suspension of natural cal ci um carbonate

while the reaction of natural calciumcarbonate with

an acid and carbon di oxi de hzs al ready started.

Further details about the preparation of the

surface-reacted natural cal ciumcarbonate in the

presence of at |east one silicate and/or silica and/or

al um ni um hydr oxi de and/or earth al kali alum nate

conmponent (s) are disclosed in WO 2004/ 083316, the
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the present application. The surface-reacted natura
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cationic. A preferred dispersant is p acrylic acid.
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natural cal ¢cium carbonate has a specific surface area
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nmeasur e and the od accordi ng
10to I SO 9277.Furthernnre it is preferred that the
| ci um car bonat e . has
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f I P BicRubRecZreMithBMBOr4MBE 6f PS5 &F RJ0ARY Y add b 9116119 F‘ﬂﬂl diameter
nmeasured according to the sedi nentation nethod

within the range of 0.1 to 50 um. 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
15 25 um. Even more preferably, the specific surface area is within the range of 30 to 60

m’/g and the mean grain diameter is within the range of 0.7 to 7 um.

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,

20  drinking water, urban waste water, waste water from breweries or other beverage
industries or water in the paper industry, be it white or waste water, as well as

agricultural waste-water by any conventional means known to the skilled person.

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

25  suspension, ¢.g. the suspension described above. Alternatively, it can be added in
solid form, e.g. in the form of granules or a powder or in the form of a cake. Within
the context of the present invention, it is also possible to provide an immobile phase
comprising the surface-reacted natural calcium carbonate, the water to be purified

running through said immobile phase, e.g. in the form of a cake or layer, comprising



sedi nentation nmethod is an anal ysis of sedi nentation

behaviour in a gravinetric field. The neasurenent is
woreme/1vdsth a Sedi graph(tm 5100 of M croneritiBGI/EP2008/053339

I nstrument Cor poration. The nethod and the instrunent

are known to the skilled person and are commonly used

to determ ne grain size of fgllers and pignents. The

nmeasurenent is carried out an aqueous sol ution of

0.1 % Na P O. The sanples were dispersed using a

hi gh speed stirrer and supersonic. In a preferred

enbodi nent, the surface-reacted natural cal cium

carbonate has a specific surface area within the range
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25 mm Even nore preferably, the specific surface area
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i ndustrial waste water, drinking water, urban maste
wat e ste ter fro re es or_other beverage
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pr%@%?nt%‘@ﬁgh@ﬂfmq yale topestpealids isiadded-t o provi de an

i mobi | e phase

15  The water may contain organic impurities, e.g. resulting from human waste, organic
materials, soil, surfactants as well as inorganic impurities, in particular heavy metal
impurities such as iron- or manganese-containing compounds. Harmful components
that can be removed from the water with the purification process of the present
invention also include microorganism such as bacteria, fungi, archaea, or protists.

20
Further harmful substances such as polycyclic compounds, cholesterol, or endocrine
disrupting compounds (EDCs), such as ¢.g. endogenous hormones such as 17f3-
estradiol (E2), estrone (E1), estriol (E3), testosterone or dihydro testosterone; phyto
and myco hormones such as [3-sitosterol, genistein, daidzein or zeraleon; drugs such

25  as 17a-ethinylestradiol (EE2), mestranol (ME), diethylstilbestrol (DES), and
industrial chemicals such as 4-nonyl phenol (NP), 4-tert-octyl phenol (OP),
bisphenol A (BPA), tributyltin (TBT), methylmercury, phthalates, PAK or PCB.
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| ayer, conprisingthe surface-reacted natural cal cium
carbonate, the water to be purified running through
sai d i mobil e phase. This wi ||l be discussed in further
detail below. In a preferred”enbodi nent, the pH of the
water to be treated is adjusted to a value of greater
than 6.0, nore preferably greater than 6.5, and even
nore preferably greater than 7.0 prior to the addition
of the surface-reacted cal ci um carbonate. Preferably,
t hEuﬁhHé’lﬁlgﬁEe 1dd&|idtcedret$ahgﬁhﬁd foe Xl ayLaimIG ek b(gnaixﬁhhlamate
su pended in the wat . by agitation means.
ripclnolops e e tasheae Rid U Rotcal ke drcEdidBo e %l?fonamldes
depmntis Ay L6y IRfodls YRS hrekhi R chligRt od as well as
e type and un urities. Preferably an
anDunt of 10 ppn1- W . 96 preferably 100 ppm- 0.5

sultfan s? B anifi?ﬁ% b RO GHAPRHE Bery sffisigtly adsorbs

t hé‘ct%!eg Qﬁl‘b@fl tp bRAVBS RS ashPel PR defiCabe Elarbbl§p@«,d§’&dfvhla_lhﬁas already
wat er contain organic inpurities, e.g. resulting

fr mprh@danbaﬁmme Asom@amdcabm eetivaltas] caghiniis 2 syl iflenovarpatent

i.nor ganic i articul ar
o R o P DARE B by BB B R RS ey
C OfRO4HAdBat ifsatmbid] fdmRIestism td1BE treadd ke cHeamyat cﬁfeamw fine
the water with the purification process of the present
i ndigistanon the wedivpe| ude ni croor gani sm such as bacteri a,
fungi, archaea, or protists. Further harnful
substances such as pol ycyclic conpounds, chol esterol,
or glemﬂ:@@lnhg ﬁo@lpssnuep,tﬁomﬁao mﬁpmk‘i)tdﬁg éLEﬂ@S—)reacﬁddCﬂ'alcaﬁn eafponate,
en ogenous or nones . su as 17b- estradiol (E2
esttiyaed e@b)m g wt&naﬁzsf)mhqrégb%@%%? maruﬁ&ieﬁ%%bed to the
t eshOSH §irl ’caf?lBWerﬂgrkg APIER 0] IRRESerY 6P fifficd
b-sitostero geni st dali dzei n or zeral 8 d
such

rugs

The use of surface-reacted calcium carbonate together with activated carbon on the
one hand provides for a very efficient adsorption of impurities, such as the
substances mentioned above, by the excellent adsorption properties of both of the
adsorbents, and on the other hand additionally improves the removability of activated
carbon by forming composites therewith, also if it has already substances, e.g. the
substances mentioned above as impurities, adsorbed onto its surfaces, resulting in a
further improved removal of impurities due to the synergistic interaction between
surface-reacted calcium carbonate and activated carbon, the resulting composites

being easily separable from the aqueous medium.

In this respect it is especially preferred that the activated carbon is added to the
aqueous medium prior to the addition of the surface-reacted natural calcium
carbonate. In this embodiment, the substances are essentially first adsorbed to the

activated carbon and the resulting composite is essentially subsequently adsorbed by



as 17a-ethinyl estradi ol (EE2), nestranol (M),
di ethyl stil bestrol (DES), and industrial chemcals
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bi sphenol A (BPA), tributyltin (TBT), methyl nercury,

pht hal ates, PAK or PCB. Furt hernore iodi sed contrast
agents for X-ray-analysis e.g i oxi t hal anat e,

fl uorochi nol ones |ike ci prof Qacine and antibiotics

i ke macrolides and sul fonam des can be renoved by the
process of the present invention. It has al so been
found that surface-reacted cal cium carbonate very
efficiently adsorbs activated carbon powder al one as
wethe sagageichatad edciaardacionpevievidingifeihaniagredadaatiyvability of the
adsor bed substances, As outllneg above, actlvated

c arsiater sarbopeand_theBuwprisiss afiichsd disreresperaalng

however the drawback that the adsorption very often is
not very fast and that its renoval fromthe nediumto
beAty eativeitbd @rboarknodinfifi itleudrt cahue used it the ﬁ)'mweswb'f\thespmmnt
in the.medium Th resultl ggco sites, howeve

c ofSFRtaN, fxapples pkactivatet S ) Hwaﬁs?m@nvenﬂon are ¢.g.

acaxbawameq*m@@mw,su@m fs ar@Ble NN @k V2 (f A NRE oRib§iEan! 9%@ 0 5 mm;
like inpurities ‘adsorbed to the carbon surgace can

eabilk ylemetw;m@ﬂ@&n%)r fmmt/hléflvlmt@h ap @rtisde lpunbe{r|4§é|156‘|'(|géassy
oo AP D E K AR PR e ARSI T aff i Ne.

ef 240176 IDaRYBOG O] fEv@dr, Jmp Mdsﬁ p%cle%lﬂz(é?'\ fassm Ri&lel-de Haen
subst ances nenti oned above, by the excell ent

ade®iighe Nen! 308 pirtime gra@ﬂlatféﬂ h)r é#lrgl A&y digfior b 30 (Iaenpu Carbon
OnGhﬁ) &tdﬂ rK@ af*}gnlﬁq welgﬂc ék%o ng@{) %¥ g&l\Iaté% carbon avaltlaéb%e from

renova |I| y of ac orm ng conpos
t hBluewi(drticleos05112)j t has al ready substances, e.g. the
subst ances nentioned above as inpurities, adsorbed
onto its surfaces, resulting in a further inproved

r eppvEbn ?te 'tHEpa,léﬁ{fété@t?arg&?pérﬁcl%p@ansﬁ/a@@ A sth e of 0.1 um to Smm,

i nt eract bet ween
preferably 10 um to 2 mm, 0.1 mm to 0.5 mm, ¢.g. 0.3 mm.

Preferably, the weight ratio of the surface-reacted natural calcium carbonate to the
activated carbon is from 1:1 to 100:1, more preferably from 5:1 to 80:1, especially
10:1 to 70:1 or 20:1 to 50:1, e.g. 30:1 or 40:1.

Optionally, additives can be added to the water sample to be treated. These might
include agents for pH adjustment and conventional flocculants such as

polyaluminium chloride, iron chloride or aluminium sulphate.

In a preferred embodiment, a natural calcium carbonate which has not been surface-

reacted as described above is added as well.

After the adsorption has been completed, the resulting composite can be separated
from the water sample by conventional separation means known to the skilled person

such as sedimentation and filtration.



surface-reacted cal ci um carbonate and acti vated
carbon, the resulting conposites being easily
waeepanaske from the aqueous medium In this reBQEBEEP2008/053339
is especially preferred that the activated carbon is
added to the aqueous nediumprior to the addition of
the surface-reacted natural | ci um carbonate. In this
enbodi ment, the substances are essentially first
adsorbed to the activated carbon and the resulting
conposite is essentially subsequently adsorbed byt he
surface-reacted cal ci um carbonate providing for an
i mproved renovability of the activated carbon, and the
inmpurities attached thereto, respectively. Any
activated carbon known | he art can be us din
pr Beasaltegrativy appypadis Hic | r%@mhedﬂm passe& through a
ac I t r
oML TR R e e BLREE dlﬁﬁ%%a@ 5d being
pcapable off oetaigmg, graize esclpsgon, tBe irop@itles mmthdofiltde sdefac dsythe
om Al drich su as, article nynber, 484156
5 ( ooy Tebiech DN Bowesity S ar ATl yac G sne) Vg ey This

SI gr@r@es/s\hpédu‘eb “SiHERe &rAloncl € No. 242276 (Darco(r)

powder, -100 mesh particle size); from R edel -de
Haen (article No. 18002, purum granul ated), or Lurgi

e BTl Pt RO Ry A (T atone G4Feid comprisng of
avahlmbte fite@mbukiptidagdsativiaslin NomeRb indléonfigh®ition retains
exanpl e, the activated carbonépartlcles can have a

10 gr mpyrigies By siolguler and/poelseiral fprsrerdipryng the impriotics anfg the

; a%l} L o—%&c%dﬁla 1 &ic%im Qar%o \xﬁfc%f FB % .’wﬁlﬂ? na%%es’

ace reacted natura ci um car
t Oaﬁdzi@f Badizevaxt Rdiodarddming shef ibpaidy Jarticlesl@@hel;, arerasodarge to pass
especially 10:1 to 70:1

fer bLy from5:1 to 8 ,
thensiye fltoplayer tigRicshr . 5.
15  The techniques of depth filtration and surface filtration may additionally be
combined by locating the depth filtration layer on the surface filter; this

configuration presents the advantage that those particles that might otherwise block

the surface filter pores are retained in the depth filtration layer.

20 One option to introduce a depth filtration layer onto the surface filter is to suspend a
flocculating aid in the liquid to be filtered, allowing this aid to subsequently decant
such that it flocculates all or part of the impurities as it is deposited on a surface
filter, thereby forming the depth filtration layer. This is known as an alluvium
filtration system. Optionally, an initial layer of the depth filtration material may be

25  pre-coated on the surface filter prior to commencing alluvium filtration.

The following figures, examples and tests will illustrate the present invention, but are

not intended to limit the invention in any way.
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to be treated. These m ght include agents for pH
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pol yal um ni um chl oride, iron chloride or alum nium

sul phate. In a preferred enbodi ment, a natural cal cium
car bonat e whi ch has not been_ surfacereacted as

descri bed above is added as"well. After the adsorption
has been conpleted, the resulting conposite can be
separated fromthe water sanple by conventiona
separati on neans known to the skilled person such as
sedinentation and filtration.In an alternative
appeg@iption bhhelfiggtisd to be purified is preferably

passed through a perneable filter conprising the
surface-reacted natural cal cium carbonate and being

cap: A . | usi

oL o b hdloRop BB b DIIE MA ARt gn SRCC for
passed tdifforeghedylilgniaat timeaand/ or under vacuum and/ or
under pressure. This process is called "surface
filtration". In another preferred techni que known as
depighrd 2 LHohatth©Rdsofbtioh lidRidrg & tHle G@IBRSticRI 9T 70 ctiBnylestradiol on
nunber of tortuous passages of varying di aneter and

conf i gur 3RCoOnadtierizid werbonpod imangancky digwide s feams ahtheadsorbed
el ectrical f?rces q%&qu%pﬂ)tEe impurities onto the

sur f ace- TEREY 84" HATUY & *“C]IME"um carbonate which is
present wthin said passages, and/or by size

exclusion, retaining the inpurity particles if they )
ar Bigbsod showgdhe @)dseﬁg@ntlﬁmﬂ@ﬁﬁ@lﬁ f@ﬁé@ adrorptonsaf| 17 grethinylaptradiol on
t hi cknes h ' iltrati

sur f ace TRECT S EROTLANE SnflnaiERR, bigke3h kORGP fle adsorbed
| ocat i ngarhdent pepdunfaté hich af adsordedayer on the surface
filter; this configuration presents the advantage that
those particles that m ght otherw se bl ock

Figure 4 shows the turbidity reduction by the adsorption of activated carbon by
SRCC

Figure 5 shows a SEM image of activated carbon.

Figure 6 shows a SEM image of activated carbon and the SRCC.

Figure 7 shows an enlargement of Figure 6.

EXAMPLES:

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 instrumentation from Perkin-Elmer. The samples

were directly analysed following treatment with SRCC.



the surface filter pores are retained in the depth
filtration layer. One option to introduce a depth
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a flocculating aid in the liquid to be filtered,
allowng this aid to subsequently decant such that it
flocculates all or part of tr inpurities as it is
deposited on a surface filter) thereby form ng the
depth filtration layer. This is known as an all uvi um
filtration system Optionally, an initial |layer of the
depth filtration material may be pre-coated on the
surface filter prior to comrenci ng all uvium
filtration. The follow ng figures, exanples and tests
will illustrate the present invention, but are not

in olimt the invention in any way. Description
of the figures: Figure 1 shows the adsorption

behavi our of 17a-ethinylestradi ol on SRCC for

di Tf asple Bghkt ddsbrpaibn @apdcitpes theRugacercdctsth outmral halcium
adsorption.jsother or the adsorptjon of

175 et o ErAnicheary MR G APl Matibon and
manganese dioxide in terns of the adsorbed anount per
amount of adsorbent. Figure 3 shows the adsorption

i sothephshtayy ndie satigionpiongamiog S ppan edchiofh gadegiuma dhrgimium,

on SRCC, activated carbaon and. se dioxi.de in, .,
DT N T M R e D
adsipfloendactddi@tirel Alciif verbbhte tTHeoHitio) wag defE fir@a HoMrs at pH
the adsorption of activated carbon by SRCC Figure 5

shblé and empparlilidPhase tay apdpscdariolRn chrtesrapishdlignex DX
a ﬁ%ﬂ&;@@gng&gﬁ&k5vated carbon and t he SRCC.

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

A finely divided natural calcium carbonate originating from Omey, France, 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
specific surface area of 35 m?/g according to ISO 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.



Figure 7 shows an enl argenent of Figure 6. EXAMPLES:

The type and anount of

inmpurities which are present

in

wo besasiser sanpl es before and after treat ment BCOBPIIO$IE3339

to the process of the present

i nvent

i on were

determ ned using Optim 3200 XL ICP- CES
i nstrunentation from Perki n-
directly anal ysed foll owi ng
SRCC. Exanple 1 In exanple 1,

of the surface-reacted natural

B 2at

eat rren

t with

The sanpl es were

the adsorption capacity

cal cium carbonate with

regard to different heavy netals is determ ned. 500 g

of a heavy net al

SO

| ution,

contai ning 5 ppm each of

c allableim Tehhosmt uhhead 9 piedl iomBylativrywith bk refunel ¢atdgin
was stirred for 15 mnutes with 3% (wW wog

su?afrla@@ereact ed natur al cal ci um carbonate. The

T ot Ik, "PAaddnl’ Amé Wth&moéman%ﬂﬁm Amount
chr omat ogrcgfw W% 'TZ rorrato Oéh c.kell'heoflead
suf f ace-regé Bfn cal c X?vagB par f§P™)
aslfollows: m)m npl v divide n::n‘llr ::|I (PBml um-carbonate

or  gtreatpehqg sfor om Oney0 Fr anceé,0 was sldspended| 1@ 5.0
acsobiona duspensi op of apprjoxi matelly 16 % by wei ght

of | Slytiomt tler. The slurry thus forngd is then treated

by| eftepw addi<td-bn of | phdsphor|i<cV-bci d |at0-4 t enpe? at ur e[< 0.1
of | tp@anfeit mat el y 55C, sufficlient to [provide ja product

f el i@ @ BET Specific surfface area of 35 2/ g

ac ' t SO standard 92777, and _an apprioxi mate

nu %E%hggerg di angter of 18- cro Qrs esti frat ed |26
friomscannilng el ectyon m croscope i nages obtfi ned

usl tmatg‘ep E® 435 \Pel scanning electrdn

It is obvious that the surface-reacted natural calcium carbonate was able to reduce
5  cadmium, chromium, copper, mercury, and lead very efficiently. From the originally
dissolved 5 ppm, 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.

10  Example 2

In Example 2, the adsorption capacity of the surface-reacted natural calcium
carbonate with regard to microorganisms is determined.

15 A barm suspension of 100 ppm was used with a germ count of 6 * 10° cfu/cm’. In a
first experiment, the barm suspension was filtered through a blue band paper filter. In
a second experiment, the suspension was filtered through a layer made of the
surface-reacted natural calcium carbonate, the layer having a diameter of 90 mm and
a thickness of 30 mm.

20

The surface-reacted natural calcium carbonates was prepared as follows:



m croscope. Tabl e 1: Treatnent of heavy netal ion
solution with surface-reacted calciumcarbonate It is
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carbonate was able to reduce cadm um chrom um

copper, nercury, and |lead very efficiently. Fromthe
originally dissolved 5 ppm ss than 0. 1ppm was
recovered in the treated sanpfe. For nickel, 90% of

the starting amount of 5 ppm was adsorbed and thus
renoved fromthe solution. Exanple 2 In Exanple 2, the
adsorption capacity of the surface-reacted natura

cal cium carbonate with regard to m croorgani sns is
determ ned. A barm suspensi on of 100 ppn1mas used with
a germcount of 6 * 105 cfu/cnB. In a

ex pEPiSABRALCS Veratepad Andpropkisd |tlaﬂqsawgsrewlt'|5tve}h@a0t5?{? ough a
bl ue band paper filter. In a second experinent, the
suspension was filtered through a | ayer nmade of the
suFitacerfaeactadd natiat edlcioal cirbomaar bonat e, the | ayer
having a dianeter of 90 nm and a thickness of 30 nmm
The surface-reacted natural cal ci um carbonates was

pr Rﬁﬁfeﬁdd@ﬁlea AhhuLNRaIEWEn SABPH8S oMBH & SRR DrR&Y France, was
provi déd the sanme results within 596 Fi rst

S uwsa@eied @am@@emwm&on aif @pmmmted@dét”/e by aveightef gry matter.

anbh S Fl iy e TG B SRAE aRlbE PSRl e

ap&h@étaﬁ&b @r yppkém%am{y B8R FRAend ty/praide @prodite fatudinigs BET
thus fornmed is then treated by sl ow addition of

phisphisrsuefagcirep aft 35mi/gpeqrding te I stapdardRE bt end a5,
S ugﬂﬂr&hﬁl‘a{e Ptk Qx\/érgfe (ﬁaIBEt%{jHF fo ﬁl?&&ﬂgfefkgesﬁmgég from scanning

electron microscope images obtained using a LEO 435 VPe scanning electron

microscope.

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
specific surface area of 50 m?/g according to ISO standard 92777, and an
approximate number average diameter of 20 micrometers estimated from scanning
electron microscope images obtained using a LEO 435 VPe scanning electron

microscope.

The results are shown in Table 2.



specific surface area of 35 n2/g according to I SO
standard 92777, and an approxi mate nunber average

waolc@seize2 of 10 m croneters estimted from scap@i/BB2008/053339

5

10

15

20

el ectron m croscope i mages obtai ned using a LEO 435
VPe scanning el ectron m croscope. Second
surface-reacted natural cal chgm carbonate: A finely

di vi ded natural cal cium carbohate originating from

Mol de, Norway, was suspended to achi eve a suspension
of approximately 16 % by weight of dry matter. The
slurry thus fornmed is then treated by slow addition of
phosphoric acid at a tenperature of approximtely 55C,
sutdble 2 eRilltrdtn @t Guwing susperpicdihedugheifferentnfited nBlckials
spegiHi —according to SO
s?a dard 92111, and an appr oxi nat@ennepunt of sappgasion (cfu/ml)

di aenteated sapensionomet ers estinpted from scan®l ng

el egt+on—m-ecroscope_i-rages—obtat-hed—using—a+LEQ-435
VPe %‘@Bﬁ?ﬁ‘%aﬁf%ﬁﬁ?r&g Hrer8 copel The resulGsl@re
shoyPeRftt8h| ¢ 2 Tahle 2 : Filtration of bharm

suspaspeasion afteuilending fhaough filter f er material s The
r esjhyes madié chsurfachakatthe calsmmof | t he surf ace* f8act ed
nat Wwaabow:k ci um car bonat e reduced the germ count by a

factor of 100. Exanple 3 In Exanple 3, river water was

subgct ed to the purification nethod of the present
i nVentaswis indigare piahtlairse ¢ dhorwsfeeetbaptad uptaral ealcginuegrbonate

carAon: ttge g&% &, RPI R YA MR um chl oride were
suspende N R TTVer “wat er sanple. After two mnutes,
the flocculated solids were filtered off and the
filtrate was anal ysed for its content of

Example 3

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. After two minutes,
the flocculated solids were filtered off and the filtrate was analysed for its content of

iron and manganese.

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 to achieve a
suspension of approximately 16 % by weight of dry calcium carbonate. 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 specific surface
area of 68 m*/g according to ISO standard 92777, and a d50 of 10 micrometers

measured by means of the Sedigraph™ 5100 from Micromeritics™ .



i ron and manganese. The surface-reacted natural
cal ci um carbonate used in Exanple 3 was prepared as

wo edoBovass2 A finely divided natural cal ci um car PONEPE08/053339

originating fromVernont, U S. A containing 800 ppm of
magnesi um oxi de and 2500 ppm ani oni ¢ pol yacryl ate

di spersant per equival ent dri gram of cal ci um
carbonat e, was suspended to" thieve a suspensi on of
approximately 16 % by wei ght of dry cal ci um carbonate.
The slurry thus fornmed is then treated by sl ow

addi tion of phosphoric acid at a tenperature of
approxi mately 55C, sufficient to provide a product
featuring a BET specific surface area of 68 n2/g
according to | SO standar 92777, and a d50 of 10

i ERGTRsElEY e sEREgTERd ahs of the Sedigraph(tm
5100 fronlwlcronerltlcs(tn) . The results are
summarized in Table 3. Table 3 : Treatnent of river
walahle i Tieasguamt aﬁﬁveremtredltlc alrfacamacmdbmh:aum cdithenate

relllfc r\laarl\linrllr\ trant th thao

SAZLELES 4 ot uLlLu LlluL vlLll TTITC

suf f ace-react ed nat ur af\mennt |°ﬁ?ﬁ°EZF'cgz¢1at g Amount of manganese
sipnificantly reduces|the amunts of heay{mgd}al ians

supiivak wiateyrsampde rrangaggse. Exanpl e 4 A dg%sensi on of
appradodiertaeaginenP5 W . - % based on the dry vei ght of

fi River diavdrdachpr@aferall (gak ci um car bonat e |grjogi nat i ng
fr piedomae France, was prepared. The slurlry thus

5forrrec1 was then treated by slIow addition of phosphoric
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acid at a tenperature of approximtely 55C The
r e§hﬁt teswitp deanlyripdinatd tlzat Bedtnspewithithe sufatacm@ced @atupd] c8Bium
a(%bona eosrlgrlnﬁganttgl rLcﬁ%es the amounts of heavy metal ions such as iron and

manganese.

Example 4

A suspension of approximately 25 wt.-% based on the dry weight of finely divided
natural calcium carbonate originating from Omey, France, was prepared. The slurry
thus formed was then treated by slow addition of phosphoric acid at a temperature of

approximately 55°C.
The resulting slurry had a BET specific surface area of 60 m*/g according to ISO
standard 92777, and a dso of about 7 um measured by means of the Sedigraph™

5100 from Micromeritics™ |,

1. Adsorption of 17a-ethinylestradiol

17a-ethinylestradiol (EE2) (> 98% pure) was used, which is supplied by Sigma
Aldrich (Bornem, Belgium) (article No. E4876).



standard 92777, and a dso of about 7 mm neasured by
nmeans of the Sedigraph(tn) 5100 from Mcroneritics(tm

WO 2@8/1/83Dr pt i on of 17a- et hi nyl estradi ol PCT/EP2008/053339

10

15

20

25

30

17a-ethinyl estradi ol (EE2) (> 98% pure) was used,
which is supplied by Sigma Al drich (Bornem Bel gium
(article No. E4876). a) Prepa! tion of the test m xture
A standard experinent was perfornmed using the

foll ow ng procedure: 0.4 g SRCC suspension having a
solids content of 25 Gew. -% was added to 7 ml of
17a-et hi nyl estradi ol sol ution having different
concentrations of 50, 100, 200, 500 and 1000 ngy/1 and
shakRrephisiiod Of Metiest nilixthre 2 h and 24 h at 25 0C.
Determ nation of the equilibriumconcentration in the
adsorption of 17aethinylestradiol onto the surface of
SuRf = [ | :

e B A & Ao TR e SOl procsdur
17a-ethinylestradiol with respect to the adsorption

on t urface of SRCC, the initi nd fi nal

cohd G PhieaeE b Hes SRANCOBI P SHoR oV reded 7 ml of
at 1 TR EthflyTbsGRN6 BRMIEHRI R gatfe b hE@h B&MatibRGKI0N 90, 200, 500
times. It can be taken fromfigure 1 that the

adarst Ki00oye/laind Biakendoh hipiest hatih end dhhet 2he&Csur f ace
of SRCC was very fast and no change was observed after
30 mnutes for any concentration, which indicates that

bNBeRASKLPLL ONHhe QYlib RNt Sitragiak Weme s BptidPof 1 70-

m nutes, independently fromthe concentration. The

c oG @mtesaediohoriagiedet/as ninedasy redseedheldiug Gerkiendist hod

of HPLC (Colum: Gemini 5 urn C18 / ODS C18; Eluent A

Water (45 % ; Eluent B: Acetonitrile 55 % El uent

TyPpex: th¢ deemaihition &l theveduilibriim con@iatichSo f0CH-ddahglestiaeiv] with

UV- Vi s Absorption .
respect to the adsorption onto the surface of SRCC, the initial and final concentration
after the addition of SRCC was measured at certain concentrations and treatment
(shaking) times. It can be taken from figure 1 that the adsorption of 17a-
cthinylestradiol onto the surface of SRCC was very fast and no change was observed
after 30 minutes for any concentration, which indicates that the adsorption

equilibrium is reached after 30 minutes, independently from the concentration.

The concentration was determined by the well-known method of HPLC (Column:
Gemini 5 um C18 / ODS C18; Eluent A: Water (45 %); Eluent B: Acetonitrile 55 %;
Eluent Type: Isocratic; Flow 1ml/min; Temp. 25 °C; Detection: UV-Vis Absorption
@ 205 nm)

¢) Determination of adsorption isotherms of 170-ethinylestradiol for several

adsorbents

For determining the efficiency of 17a-cthinylestradiol adsorption the adsorption

isotherms were determined.
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adsorption the adsorption isotherns were

determi ned. After the equilibriumtinme, the SRCC is

separated fromthe liquid phﬁfe by settling,

filtration or centrifugation.” The concentration in the

upper liquid phase is determ ned by the above

descri bed HPLC nethod, resulting in the equilibrium

concentration. The | ower solid phase is isolated by

decantation of the supernatant phase. The SRCC is

d Lgﬁeﬁ the dquilibAudeinq itic SROA N sephirafyddien helidquid pldsd baettling,

t concentratjon nmeasured with the above nentioned i

negh@&sm PESTEH fugRfiqny Tiﬁ songgaBRinEdn Ahpouner Pavid phpigrs determined

S ' h ' P .
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ad$he jpiwicosolidsdtabe rsnsadited Ba-detantatiph ef theasdpahatant phase. The SRCC
ect to.SRCC .Furthernor the adsorption isotherm

resp , ,
£ of disp N i et RO W of Ry iaghipHe SGA B plsrfenggiration measured
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nmeasured after 16 hours. The activated carbon used was
t hBR€EEmerci al |y available Lurgi Hydrafm CC 8 x 30
(Donau Carbon GrbH & Co. KG Frankfurt am Min,
Germany). It has a grain size of 0.5 to 2.5 nmand a

deBgictonQhe A8ANngHEbok/ difoquifibeiih tie e 1 B, wdstuséd@for Bige
taken that in terns of the adsorbed anmount of 17a-

et fiteryieatonaafites agserptighiwtcrafof ddestiaviestiadiol gig, regnset to

acthypted carbon is superior in

Furthermore, the adsorption isotherm for activated carbon acting as the adsorbent
was determined. The data for the activated carbon were measured after 16 hours. The
activated carbon used was the commercially available Lurgi Hydrafin CC 8 x 30
(Donau Carbon GmbH & Co. KG, Frankfurt am Main, Germany). It has a grain size
of 0.5 to 2.5 mm and a density of 480 + 50 kg/m’.

From figure 2, it can be taken that in terms of the adsorbed amount of 17a-
ethinylestradiol per amount of adsorbent in ng/g, the activated carbon is superior in

17a-ethinylestradiol adsorption.

However, in terms of adsorbed amount of 17a-cthinylestradiol per surface arca of
adsorbent as given in figure 3, it can be seen that SRCC shows the same level of
efficiency in 17a-cthinylestradiol adsorption, which is markedly higher than that of

activated carbon.

These findings show that less activated carbon in terms of weight amount might be

needed for adsorbing 17a-ethinylestradiol, but that SRCC is more effective in terms
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that SRCC shows the sane |evel of efficiency in
17a- et hi nyl estradi ol adsorption, which is markedly
hi gher than that of activateg carbon. These fi ndi ngs
show that |ess activated carbdn in terms of wei ght
amount m ght be needed for adsorbing
17a-ethinylestradiol, but that SRCC is nore effective
in ternsof its surface area, i.e. although it has a
| oner specific surface area, nore estrogen per surface
ar efitd sirddsaehdd. alfwuphérimwadowert spadisic boing akdaamotdestrogen
use of SRCC together wi th activated carbon shows an
un@%é&@?%ﬁ“@&ﬁéﬁﬂy ¢hb  Adsorption of activated carbon
As mentioned in the description, activated carbon
cannot be separated easily fromwater. However,
s uFtﬁrﬂmeHmeattt\m foal dcthatnthe aseoaf iR €C itapetist evithactlaed arbon
activated carbon suspension nicely sinplifying the
se PSENIHCICHSYAL Y ve carbon. Activated carbon,
which is commercially avail able from Fl uka (article
No. 051 12 (p a . for gc; grain size 0.3 to 0.5 mm
JA dhor fagtivateyd earhorand t he SRCC were subjected to
the foll ow ng treatnEnt 0.02 g activated carbon was
added to 30 g water. Then, 0.2g SRCC was added, and

t hgas hatibiddig the d’dsbkﬁlﬁldﬁﬁﬁctﬁ)ﬁﬁb@%@rﬁoﬁrcaﬁndﬂbe sepﬁ%ed easﬂy from
m xture was allowed to settle. Subsequently, the uppe

phagisr ieywayep anHredrengiodien it Gagbonmica il ¢ elerity, an 4ctlvated
ggu rgcﬁbéﬁggﬁlotnqﬁée@ %ﬁ%ll‘#ylhé’ tl%fse{)ei}gtl(lﬂp&et{le Iaét%' CCArb%tﬂaS €

Activated carbon, which is commercially available from Fluka (article No. 05112
(p.a. for gc; grain size 0.3 to 0.5 mm; bulk density 410 kg/m’) and the SRCC were

subjected to the following treatment:

0.02 g activated carbon was added to 30 g water. Then, 0.2g SRCC was added, and
the resulting mixture was shaken for 2 min. The mixture was allowed to settle.

Subsequently, the upper phase was separated by decanting.

From Figure 4, it can be taken that turbidity of the upper liquid phase could be
significantly reduced. The turbidity of pure activated carbon was constantly above
1000 NTU which is the maximal value which can be measured with this device (a
Hach 2100P Iso Turbidimeter).

The resulting composites can be easily separated, e.g. by filtration.

Figure 5 shows a SEM image of activated carbon.



significantly reduced. The turbidity of pure activated
carbon was constantly above 1000 NTU which is the
woreoostreds4r/al ue whi ch can be nmeasured w th thi SPCPEPINES/053339
(a Hach 2100P Iso Turbidineter). The resulting
conposites can be easily separated, e.g. by
filtration. Figure 5 shows a. SEM inmage of activated
carbon. Figure 6 shows a SEM Bge of activated carbon
and the SRCC. Figure 7 shows an enl argenent of Figure
6.Clains 1. A process for the purification of water,
wherei n surface-reacted natural cal cium carbonate or
an agueous suspensi on conpri sing surface-reacted
naFigusd 6 sihciaSEMamagnaf «tiandd babon gndithelSREC drig@t drshows an
than 6.0, neasured at 200C, is added to the water to
beCBHRFMFPEPT ENHES & n the surface-reacted natura
cal cium carbonate is the reaction product of a natura
cal ci um carbonate carbon di oxi de and one or nore
acids. 2. The process according to claim1,
characterised in that the surface-reacted natura
cal cium carbonate is prepared as an agueous suspension
having a pH of greater than 6.5, preferably greater
than 7.0 and nost preferably 7.5, neasured at 200C. 3.
The process according to any one of clains 1 or 2,
characterised in that the natural cal ciumcarbonate is
selected fromthe group conprising marble, calcite,
chal k, dolomte, linmestone and m xtures thereof. 4.
The process according to any one of the preceding
clainms, characterised in that the acid has a pKa at
25C of 2.5 or |ess.



5. The process according to claim4, characterised in
that the acids are selected fromthe group conprising
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hydr osul phat e, phosphoric acid, oxalic acid and

m xtures thereof.6. The process according to any one

of the preceding clains, cha£$ct erised in that the

natural cal cium carbonate is“reacted with the acid

and/ or the carbon dioxide in the presence of at |east

one silicate and/or silica, alum nium hydroxide, earth

al kali netal alum nate, nmagnesi um oxi de, or m xtures
thereof. 7. The process according to claim®,
characterised in that the atCldast one silicate is
selected froman alumniumsilicate, a cal cium

silicate, or an alkali netal silicate. 8. The process
accor dl -ng Ddreasys ©neheafurifisation efcedfehgrherean shsface-reacted natural
ch eri [ - - ot e

cof ATl RR R ah dheoV Gy B A ARTEARL HiBlog

5 edldigmtcarbobbterid Gavipg @fpél aibdryatér than 80, MRA@irédat®0°C, is added to

n2/ g, measured ysing nitrogen and the BET nethod i
ach§ratergo ﬁs p}nsﬁ?%z\%?rel@.th&ﬁﬁéfaiﬁr@e@gi nafurad FREE aEborie is the

0 nteefagtfiont ﬁ}gd&& ST AL E%ll@i.u carGaIfat 50 G6HdL Ind B ol e

surface-reacted natural cal cium carbonate has a nean
gradids. di aneter dso of fromO0.1 to 50 mm preferably
from1l to 10 nm neasured according to the

sedi mentati on nmethod. 10. The process according to any

one oft hery Qeeds Atotdifh BPelaigh@r act eri sed in that the
agueous suspension conprising surface-reacted natural
cathrrasteriaedbnduat thesusfoebichétsédatwial haloing ewrbansteeis prepared as an
di g’(ﬁl%ggsasrﬁtspension 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 any one of claims 1 or 2,
characterised in that the natural calcium carbonate is selected from the group

comprising marble, calcite, chalk, dolomite, limestone and mixtures thereof.

4.  The process according to any one of the preceding claims,

characterised in that the acid has a pK, at 25°C of 2.5 or less.

5. The process according to claim 4,
characterised in that the acids are selected from the group comprising hydrochloric
acid, sulphuric acid, sulphurous acid, hydrosulphate, phosphoric acid, oxalic acid and

mixtures thereof.



11. The process according to any one of the preceding
clains, characterised in that the surface-reacted
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and/or in the formof granules.12. The process
according to any one of the preceding clains,
characterised in that the suz{ace-reacted nat ur a

cal cium carbonate is added i an anount of 10 ppm- 1
Ww.-% preferably 100 ppm- 0.5 w.-% nore preferably
400 ppm - 2000 ppm based on the weight of the water
to be treated. 13. The process according to any one of
the preceding clainms, characterised in that the pH of
t he was. e][ Tlo;ebl}nec@s atdordidg itdsam%ﬁdfe% pmcaim/ggdl?mspf >
6.5, prefera > 6.5, nore prefera > 7 be
befhyaghesiserh %‘ﬁ deaBhiralaplc KaPRRats fyeacted Weth dheeapid andor

naydr Qllboﬁ%l CB(I ?r% 39 of %ﬁeas?gﬁe Qﬁﬂeﬁ@ §1§d/6”’1£§1‘?d'ad hibhinium

to any one o I ng clains, racterised In

t hiagdrotide, wattk lalktah nwalmlmnmaedmagnesemmldd drmoirturrdsethereof.
group conprising industrial waste water, drinking

wat er, urban waste water, waste water from breweries

or oth¢r bENEeFBERs hdYShE kESainyBt er i n the paper
i ndustry and agricultural waste-water. 15. The process

acdwaclnglsc(bmaﬂyt theet &fasttdne sgreetsdelpelected apmein aluminium silicate,
char%cter| ter to be purified

C IR AFRET RG0S onab ARk RS MGG, ' S6  Tha b beass

according to any one of the preceding clains,
characterised in that the water to be purlfled

cont ai fis i lka yeEgaaresding o smpnc afithaspreqedingrglaingss ocess
aC&PJrQH%Pis&P irf(hht %%uﬁgc -Qgctgcﬁ S&tﬁlql'l Qgcﬁhf"éaqﬁonate has a specific

surface area of from 5 m*/g to 200 m”/g, preferably from 20 m*/g to 80 m*/g,
measured using nitrogen and the BET method according to ISO 9277.

9.  The process according to any one of the preceding claims,
characterised in that the surface-reacted natural calcium carbonate has a mean grain
diameter dso of from 0.1 to 50 wm, preferably from 1 to 10 wm, measured according

to the sedimentation method.

10. The process according to any one of the preceding claims,
characterised in that the aqueous suspension comprising surface-reacted natural

calcium carbonate is stabilised with one or more dispersant.

11. The process according to any one of the preceding claims,
characterised in that the surface-reacted natural calcium carbonate is used in

powder form and/or in the form of granules.



characterised in that the water to be purified
contains EDC i npurities being selected fromthe group
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(E2), estrone (El), estriol (E3), testosterone or

di hydro testosterone; phyto and nyco hornones such as
b-sitosterol, genistein, daigfein or zeral eon; drugs

such as 17a- ethinyl estradi of* {EE2), nestranol (M),

di et hyl stil bestrol (DES), and industrial chem cals such

as 4-nonyl phenol (NP), 4-tert-octyl phenol (OP),

bi sphenol A (BPA), tributyltin (TBT), nethylnmercury,
pht hal ates, PAK or PCB. 18. The process according to

aﬂy ONg. OfThdﬁ%oD&’s@@éGfﬂirdlgg & aiyane dfhlaer@eteeiﬁﬂdgsadlmgn t hat

the water to be purified contains activated carbon
nﬁmrafﬁeé'ée @thaprﬂvé syifagcasacty @ aﬂ? RYciug arkgnaferig added in an

%T'lé fml M §ha, eﬁr@fé da%g;f L(Y(gﬁlﬁfﬂ G4 RO ABHY drbfcfibly 400

have urthe I mpuriti onto their surface.
20pprhe 060 pors basad oartik weighofathy watee tawbe tréwedpr ecedi ng
clainms, characterised in that the water to be purified
is brought into contact with the surface-reacted

nat ur a3 catied et &I RBRAE tdihySHel Tk ﬁﬂe&édﬁ@gt élQiEhs dept h

filtration and/or alluviumfiltration. .~ Use of the
sueliavaeterised inehan theypthpf tdaalmitanm bepmﬁﬁadtle aé]@stdétq angglue of >
urifi.cati

|n th ains 1.to g
D6 SalreBtir ¢ O atvrtfd ol Bl ekt Pidhid @Rt with e
camﬁearr@caﬁ mefrhinaitiin cadynage of the clains 1 to 20
and the inpurities renoved fromthe water.
14.  The process according to any one of the preceding claims,
characterised in that the water to be purified is selected from the group comprising
industrial waste water, drinking water, urban waste water, waste water from

breweries or other beverage industries, water in the paper industry and agricultural

waste-water.

15. The process according to any one of the preceding claims,

characterised in that the water to be purified contains heavy metal impurities.

16. The process according to any one of the preceding claims,
characterised in that the water to be purified contains microorganisms as

impurities.

17. The process according to any one of the preceding claims,
characterised in that the water to be purified contains EDC impurities being
sclected from the group comprising endogenous hormones such as 17B-estradiol
(E2), estrone (E1), estriol (E3), testosterone or dihydro testosterone; phyto and myco
hormones such as -sitosterol, genistein, daidzein or zeraleon; drugs such as 170.-

cthinylestradiol (EE2), mestranol (ME), diethylstilbestrol (DES), and industrial
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chemicals such as 4-nonyl phenol (NP), 4-tert-octyl phenol (OP), bisphenol A
(BPA), tributyltin (TBT), methylmercury, phthalates, PAK or PCB.

18.  The process according to any one of the preceding claims,

characterised in that the water to be purified contains activated carbon impurities.

19. The process according to claim 18,
characterised in that the activated carbon impurities have further impurities

adsorbed onto their surface.

20. The process according to any one of the preceding claims,

characterised in that 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.

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

the claims 1 to 20 for water purification.

22. A composite of surface-reacted natural calcium carbonate as defined in

any one of the claims 1 to 20 and the impurities removed from the water.



